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METEOROLOGY.
INTRODUCTORY OBSERVATIONS.
(1.) The condition of Man is so intimately connected
with the various phenomena of the atmosphere, that he
may, without impropriety, be regarded as a Meteorolo
gist by nature. In all the varied circumstances of his
state, whether as a wild and uncultivated savage, ex
posed to the fury and inclemency of the weather, or in
the first stages of his civilization, when he has discovered
some feeble means by which he can shelter himself from
the descending torrent and the scorching energy of the
sun ; or when, as a shepherd and agriculturist, his in
terest leads him to watch with more anxiety the varying
aspect of the sky, or as a mariner to connect the agita
tions of the ocean with the terrible force of the sweep
d
dogj witb- ing wind, he finds much of his happiness, and, at times,
llie cosdi- even his safety and existence, identified with the mighty
tkmof Man. and changeful character of the great fluid ocean, in
which it has pleased the Almighty to place him.
(2.) It would be difficult to trace the probable steps by
Kicnlt to which
Man, during a long succession ofAges, has arrived
l-ut the
Sep* of its at his present limited knowledge of atmospherical pheno
o-ly His- mena. The great causes which impeded the general
march of Physical Science, necessarily exercised their in
fluence on this branch as on others; and when we consider
the peculiarly intricate conditions connected with every
atmospherical problem ; the large advances that must
be made in many capital portions of knowledge, before
one successful step can be made in this ; the subtile
Casts
«htch have nature of the medium which is the subject of investi
raided its gation ; its singular relations to moisture; the changes
it undergoes with every alteration of temperature ; in
one region influenced by the full power of a vertical
sun, and in another chilled by the frozen masses of the
Polar zones ; altering its circumstances on lofty hills,
and again assuming new conditions in valleys ; the
islands of the West receiving the air that a few hours
before lingered over the countries of the East ; the warm
breath of the South softening the rigours of the colder
regions of the North ; the vapour rising from the
bosom of the Atlantic, dropping richness and fertility
vol. v.

on the verdant shores of Britain ; all these, and a Meteor
thousand more complicated inquiries, beset the investi ology.
gator at the very threshold of Meteorology, stimu
lating him to ardent investigation, and inspiring him
with wholesome caution.
(3.) Meteorology, therefore, is not an insulated de Connected
partment of knowledge, detached from every other, but with many
is intimately related to many of its most important of the most
branches. With Chemistry, for example, it stands con interesting
of
nected in a highly interesting manner, and is blended branches
knowledge.
with almost every page of its splendid History. The
Chemical constitution of the atmosphere, must at all With Che
times have been an interesting object of research ; and mistry.
in later days, when this beautiful branch of inquirv
has assumed so perfect a form, and unravelled so many
of the hidden mysteries of Nature, its relations to
Meteorology have been contemplated with redoubled
interest. With the properties of Heat, and with the Heat.
distribution of temperature over the varied and unequal
surface of the globe, Meteorology necessarily holds an in
timate connection. The principles are singularly curious
which mark the gradations of climate, and disclose the Gradations
interesting system of changes by which the atmospheric of climate.
currents are produced ; and a fertile and instructive
branch of inquiry is opened by tracing, amidst the ap
parent uncertainty which characterises these diversified
operations, something like the existence of laws ; and
by endeavouring to embody, in general analytical forms,
representative values for them. It is thus that the
Meteorologist has been enabled to obtain at the level of
the sea, an approximative value of the temperature of
his place of observation ; and it is some evidence that
a few successful steps, at least, have been made in the
inquiry, when the mean temperature of a place can
thus be obtained, sometimes within the fraction of a Gradations
degree. Connected also with the same inquiry, is the of temper
as we
consideration of the laws which mark the gradations ature
ascend
of temperature, as we ascend above the Earth. There above the
are approximative laws which the ingenuity of the Earth.
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Meteor- Scientific Meteorologist has reached, which connect
ology. ^e temperature of the loftier regions of the air with
s—"~~<~m~/ that of strata more accessible to Man ; and in following
up the gradual system of changes which mark the de
crements of Heat, to the point at which water con?
Plane of geals, he has been enabled to fix in every latitude the
perpetual limits of perpetual frost in the air ; tracing it to its
irost.
greatest point of elevation between the tropics, follow
ing it as it descends in the temperate regions, until it
Vicissitudes sinks to its lowest possible level in the frigid zones. In
of this great tracing also the varying altitudes of this magnificent
plane.
plane during the uncertain vicissitudes of the seasons ;
marking its ascent during the tide of summer, and its
descent when chilled by the blasts of winter ; its
Northern portion rising, when by the increments of the
solar declination the temperature of Europe and Asia
are augmented ; or its Southern portion falling, as cor
responding regions of the globe lose a part of the sun's
vivifyingpower,—the subject has become connected with
many other departments of the Natural Sciences, with
the Geographical distribution of plants, for example,
and has given to Meteorology another claim to high and
attentive consideration.
(4.) With all the inquiries connected with radiant Heat,
Radiant
the subject of Meteorology is also most intimately con
Heat.
nected. The atmosphere is influenced in different (brms
by the innumerable objects of the material world, each
having a radiating power of its own, and all exercising
an influence on the air. To trace in their fullest
Solar radia extent all the conditions connected with solar radiation,
tion.
it became necessary for the Meteorologist to measure
its effects in different latitudes ; to follow its changing
influence through the different months of the year;
to estimate its progress during the several hours of
the day ; to trace its power on the varied tribes of
vegetation ; and to discover, under all its diversified
Terrestrial circumstances, its maximum force. In like manner, in
radiation. order to trace the laws which regulate terrestrial radia
tion, the Meteorologist has found the extent of its power
indifferent latitudes; compared its influence upon plains
and mountains, and measured its effects in the several
months. All these inquiries have much extended the
labours of the Meteorologist, and opened to him most
fertile and instructive fields.
(5.) While, by the agency of the Thermometer, these
Density of
the air.
interesting phenomena have been disclosed, the Baro
meter has unfolded the most singular relations respecting
the density of the air. The early cultivators of Meteor
Incessant ology must have almost despaired of being able to trace
fluctuations, any thing like uniformity, amidst the incessant fluctua
tions which the Barometer displayed. Influenced, ap
parently, by a multitude of capricious causes, it must
have seemed as if no clue existed by which any
resemblance to a law could be detected ; yet later
observers, employing instruments of a more perfect
construction, and extending their observations over a
longer period of time, have arrived at many important
conclusions of the greatest interest to Meteorology, and
to the Physical Sciences in general. One of the most
useful of these, is that equality of pressure which the
mean altitude of the Barometer, at the level of the sea,
has in every latitude disclosed, and which, as a standard
Applica- 'n so many interesting Physical investigations, is of
tions of the vei7 great importance. In the applications of this
Barometer instrument, also, to many important objects connected
to Physical with Physical Geography ; in making us better acGeography, quajnte<{) fttr example, with the varied irregularities

existing on the surface of the globe ; determining the Meteoraltitudes of the loftiest mountains, fixing the elevations olosyof the sources of rivers, and of the positions of cities v^**—
whioh the enterprise of Man has reared, in many situa
tions far above the level of the sea; and making
known, in all its minutest forms, the exact conditions
of the terrestrial surface, an interest of the most im
portant kind is given to this application of the re
sources of Meteorology. The refinements, also, which Refinements
have been introduced into Barometrical measurements, J^'^Jl"'8
by the employment of corrections ; for the infill- duced'into
ence of capillary attraction, and the accession of the Barometriminutest atoms of moisture ; the varied shapes which cal measurethe ingenuity of the analyst has given to the for- menWmills of computation, all impart deep interest to this
important branch of Meteorology. But it is from Atmosphethe delicate and uniform changes which the almo- ric tides,
spheric tides display, that the Barometer becomes
most important. In the torrid zone, these remark- Their reable oscillations are disclosed with such admirable markable
uniformity, that the Meteorologist contemplates the ^'"heTtomd
horary changes of the mercurial column, with a part of zone
the certainty which marks the anticipations of the
Astronomer. And even in the more varying regions of Discovcrthe temperate zone, where the changes from heat to cold able also iu
are most capricious, and where the winds, ever chang- tllc ,emPer"
ing, seem to impress the character of perpetual uncer- * e zone*
tainty on every thing connected with the Barometer, the
Meteorologist has been enabled to detect an analogous
system of changes.
(6.) The state in which aqueous vapour exists in the Various reatmosphere is also another important branch of Meteor- lations of
ology, and has been the object of much anxious in- a1ueous
quiry. It is connected with all the interesting relations M^'^oloeY
of the Hygrometer; with the series of laws regulating
the force, the weight, and the expansion of vapour ; the
discovery of the term at which precipitation takes place
from an alteration of temperature ; the rate of evapora
tion under different temperatures and with different
velocities of the wind ; the consideration of the altera
tion of volume which air undergoes from Heat, and from
the accession of vapour ; its alterations of density, and
the changes of its Specific Gravity in different states of
saturation.
(7.) The subject of dew likewise unfolds to the in- Dew.
quiring Meteorologist very interesting properties. No
other investigation developes in a more perfect man
ner the singular relations of radiant Heat, and the
laws by which caloric is communicated from one body
to another. The vegetable world in particular opens a
fertile and most interesting train of observation. Of the
different grasses, each draws from the atmosphere during
the night a supply of dew to recruit its energies, de
pendent on its form and its peculiar radiating power.
Every flower has a force of radiation of its own, sub
ject to changes during the day and the night ; and the
deposition of moisture on it is regulated by the peculiar
law which this radiating power obeys ; and this power
will itself be influenced by the aspect which the flower
presents to the sky, unfolding to the contemplative mind
the most beautiful examples of creative wisdom.
(8.) With the phenomena of rain, its primary forma- Bain, hail,
tion, and the principles which regulate its descent ; the snowformation of hail, the consideration of the laws that
occasionally impart to it its beautiful crystalline forms ;
the still more delicate creation of snow, and the in
vestigation of the endless groups to which particular
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conditions of temperature, and the peculiar circum
stances attendant on the vapour actually existing in
the air give birth, it is needless to say how closely
Meteorology is connected.
(9.) The formation and classification of clouds, the
varied and incessant changes which they present ; the
laws which regulate their suspension, and their gradual
and sometimes sudden destruction by rain, belong all
to this branch of Meteorological inquiry. So also the
consideration of the laws which appear to influence the
formation of haloes, corona?, parhelia, &c. all of which
owe their origin to the presence of aqueous particles
existing in the air, place Meteorology in a most interest
ing relation to Light.
(10.) With all the. phenomena of Electricity, the
Ettcuiol
Meteorologist has claimed an intimate connection, ever
since Franklin identified lightning with the ordinary
electric fluid. The first conception of the thunder rod,
was one replete with magnificence. To draw down
silently from a cloud the matter, which, if discharged,
would hurl destruction upon thousands, and destroy the
finest monuments ofArt, is an operation which seems to
impart to the feeble hand of Man, a portion of the power
of the Supreme. The beautiful phenomena of the Aurora
Aurora
Bcrtilii. Borealis, illuminating by their splendour those unex
plored regions of Nature, which are covered at all times
with a hoary desolation ; their occasional descent into
the temperate zones ofthe Earth ; and the influence which
their changeful coruscations is sttid to exercise in par
ticular cases on the Magnetic needle, have identified in
an especial manner the Science of Electricity with that
of Meteorology.
(11.) The general theory of winds, and their many
modifications, opens also another interesting and in
structive field of Meteorological inquiry. To trace
the sources which produce those tremendous hurri
canes and storms, that spread desolation over the
fairest prospects of Nature, and which communicate
likewise to the ocean its awful character and power;
to consider the causes also of local winds ; to account
for the economy of Nature, in providing for the in
habitants of the tropical regions the refreshing inter
Saisd changes of sea and land breezes ; and for the exist
ed brews ence of those periodical winds, which in some of the
regions of the Earth perform, for definite periods, with
the most exact uniformity, their stated and particular
courses ; facilitating the objects of navigation, and
impressing a character of uniformity on the latitudes
in which they abound ; these, and many other inquiries
of an analogous kind, awaken in an uncommon degree
the attention of the Meteorologist.
NV.ml
(12.) The cultivation of Meteorology is connected
HlSOfT. also, in an especial manner, with many of the depart
Is&aiioM
anils. ments of Natural History. With the habits of particular
animals it is intimately identified, the sagacious ob
server being enabled to anticipate many atmospheric
ehanges from an attentive observation of them. The
common Swallow has always been considered as a
weather-guide ; and not only may the approach of
rain be expected when she dips her wings in the
stream, but even the gradations of climate may be
marked by her approach. The voice of the solitary
Crow, the clamours of the Pintado, and the activity of
Ants, are all indications of coming rain ; and by the
mariner, the approach of the stormy Peterel, seeking for
shelter under the wake of his vessel, is regarded as the
harbinger of a storm. So that of the Fulmar to land,
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is a sign to the inhabitants of St. Kilda, that the West Meteorwind is very distant from them.
o\agy.
(13.) With the most exalted branch of Physical v^v—~^
knowledge, Astronomy, the Science of Meteorology u,^,"™!0^
stands in many interesting relations. In determining Practical
the exact situation of a celestial object, the conditions Astronomy,
of the internal and external temperatures require con
stant observation ; nor must the movements of the
Barometer be neglected, when the delicate problem of
the Astronomical refractions is to be applied. Meteor
ology has indeed furnished to the latter many of its
most important elements.
(14.) In the inquiries also connected with the figure Figure and
and extent of the atmosphere, the most beautiful appli- extent ofthe
cations of the law of gravitation have been made. The atmosphere.
Mathematician, in considering the figures of the atmo
spheres of the Planets, is necessarily led, in a peculiar
degree, to notice the volume of air surrounding the
sphere which he inhabits. Its spheroidal form has called
into action the most profound theories of analysis; and
the Meteorologist rejoices to find, that the great laws
which Newton delivered respecting the system of the
World, meet with some of their most interesting appli
cations in that atmosphere, whose incessant mutations
it is his constant object to watch and record.
(15.) In this rapid sketch of the relations of Meteor- These difology to some of the leading departments of Physical ferent relaScience, an attractive picture is exhibited of the im- tionsof Meportancc and value of the inquiry. The Meteorologist, Jj;"™^08^
while he is engaged, either for his amusement or in- importance
struction, in tracing some of the steps of the great and value
system of atmospheric changes; in recording the in- of ,t,ie
cessant fluctuations of the Barometer, marking the 1u"7vicissitudes of temperature, or estimating the force and
influence of aqueous vapour, is thus preparing, some
times unconsciously, materials for perfecting many of
the other Sciences. While his primary object is, per
haps, to arrive at some of the elements connected with
the great problem of climate, he is aiding the Astrono
mer in forming his catalogues of the stars. The inquiry
therefore is not only valuable in itself, but is rendered
doubly so by the relations which it bears to so many of
the other Sciences.
(16.) The condition of Meteorology at the present Present
moment is one of very great interest Much has been condition of
attained, and much, very much, remains to be done. Meteorol°gy
The chief wants appear to be improvement in the in
struments of observation, and unity amongst the ob
servers. To copy the example of the most perfect of
the Physical Sciences, Astronomy, it may be remarked,
that that splendid department of knowledge has ad
vanced to its present perfection, by the improvements
that have been gradually imparted to its instruments
of observation, and to the cautious and accurate deduc
tions that have been drawn from their successful em
ployment. In like manner must Meteorology advance, if
similar methods be adopted. It is true that the i
connected with the inquiries of this Science
more uncertain and variable ; but an extension ofthefield
ofobservation, both as regards space and time, must :
mount many of them. The successive improven
of the Telescope have revealed to the Astronomei
numbered clusters of stars ; and the Micrometer,
ing from year to year in improvement, has enabled him
to measure, with unhoped-for accuracy, the minutest
intervals of space. So must an improved construction
of the Barometer and other instruments employed in
B 2
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Meteorological observations, guided by a more cau
tious spirit of induction, lead, in process of time, to
like satisfactory results. When we reflect on the general
condition of Physical Science, at the time when Bacon
laid down the rules according to which Philosophical
inquiries ought to be prosecuted, and contrast it with
its condition uow ; how by the steady application of his
inductive precepts many of its branches, which were
characterised by uncertainty and doubt, have been re
duced to comparative certainty and order ; it is not too
much to expect, that Meteorology, although still sur
rounded with so much difficulty and error, will here
after attain its proper rank in the scale of the Sciences.
The indefatigable recorder of atmospheric changes will
then no longer be classed with the mere empiric. A
survey of the past History of Physical knowledge will
lead us to consider this conviction as neither romantic
Sources of nor unnatural.
error which (17.) The great error which the cultivator of Meteor
the Meteor ology has to avoid, is that tendency, which has more
ologist has or less existed in different stages of its History, to a
to avoid.
premature generalization departing from the narrow
and cautious path which Bacon laid down. To
His objects. accomplish an analysis of all the complicated phe
nomena of the atmosphere into simple and original
principles, ought to be the aim and object of the Philo
sopher, and it is one well worthy of his lofty ambition
and hope. But to proceed with success, " it is neces
sary to ascertain facts before we begin to reason, and
to avoid generalizing in axiy instance, till we have com
pletely secured the ground which we have gained. Such
a caution, which is necessary in all the Sciences, is, in
a more peculiar manner, necessary here, where the
very facts from which all our inferences must be drawn,
are to be ascertained only by the most patient atten
tion."* There is something specious and seductive in
General
theories
all attempts at generalization ; and it seems as if the
specious and mind, from the influence of improper habits, rather
seductive. clung to the consideration of general principles, than
to those severe and rigorous modes of observation,
which the pure principles of the Inductive Logic re
quire. But the History of knowledge is filled with
the most melancholy proofs of the absolute futility
of all attempts of the kind ; and notwithstanding the
splendour and success that have resulted from the
application of the legitimate rules of Philosophy as
laid down by Bacon, we yet find a strong tendency
to violate them. It seems as if the mind delighted
in hanging every thing on a single point, and adopt
ing some principle as an infallible rule, to make
the whole framework of Nature bend to its dictates.
" It required nothing less," says an eminent Philosopher.t " than the united splendour of the discoveries
brought to light by the new Chemical School, to tear
the minds of men from the pursuit of a simple and
primary element ; a pursuit renewed in every Age with
an indefatigable perseverance, and always renewed in
vain;" and the History of Meteorology is filled with
like impotent attempts. But checked as its growth
has been by the application of mistaken rules, it
must yet advance with success, if the principles of
the Inductive Logic be rigorously applied to it. In
all the other Sciences,! the progress of discovery has
* Stewart's Philonphy of the Mind, vol. i. p. 400, 3d edition,
f De Gerando, Hut. de Syttfmet, torn. ii. p. 481, 482.
j We have here applied to Meteorology what the eloquent Dugald
Stewart has with so much truth said respecting the peculiar difficulties

been gradual, from the less general to the more gene Meteor
ral laws of Nature; and it would be singular, indeed, if, ology.
in so complicated an inquiry as Meteorology, one
which labours under so many disadvantages peculiar to
itself, a step should, all at once, be made to a single
principle comprehending all the particular phenomena
which we know. The Meteorologist must be content,
like the cultivators of all the other departments of
Natural Science, to advance by careful induction ; to
interrogate Nature under all her forms, and not to aban
don the subject in despair, if her responses be not im
mediate.
(18.) There is one peculiarity, however, belonging Helps
to the Science of Meteorology, which distinguishes it in which
a particular degree from all the other Sciences ; and Meteorology
that is the helps it may receive from popular observa may derive
from popu
tions of phenomena. Saussure has remarked,* that lar
observa
" it is humiliating to those who have been much occupied tions of
in cultivating the Science of Meteorology, to see an phenomena.
agriculturist or a waterman, who has neither instru
ments nor theory, foretell the future changes of the
weather many days before they happen, with a preci
sion, which the Philosopher, aided by all the resources
of Science, would be unable to attain." But there
are no just grounds for the humiliation which the Swiss
Philosopher has here alluded to ; for " the knowledge
of the Philosopher differs from that sagacity which
directs uneducated men in the business of life, not in
kind, but in degree, and in the manner in which it is
acquired."t And when we consider, that the agricul
turist and the waterman are always employed in the
open air, with their minds constantly occupied with an
object which interests them more immediately than it
does the Philosopher, it can be no matter of surprise
that they often group together facts, which, like the
instinct of animals, serve to guide them in their
predictions. The local sign which directs them may Exampiesbe a fog which rises at a particular hour, in some
peculiar locality, the appearance of a cloud on the
summit of a mountain, to which their attention has
been directed by many early associations, or the song
or migration of certain birds. But if these limited
interpreters of Nature be transported to new seats, the
symbols which guided them in their own locnlity will
no longer be efficient ; and other trains of observation
must be begun, to fit them for their new condition. The
views of the Philosopher are much more extended and
general. His aim is not to limit his conclusions to a More gene
views of
single locality, but to develop them under their most ral
the Philo
general form ; and it is then that the superiority of well- sopher.
directed observations becomes manifest. If, indeed,
the Scientific Meteorologist could be constantly occupied
like the agriculturist and the waterman, in watching
the appearances of the heavens, our knowledge of at
mospheric phenomena would soon be prodigiously in
creased ; but unable thus to employ himself it will be
the object of the genuine cultivator of Meteorology to
draw from the experience of even uneducated men all
the helps he is able.
(19.) In the present rage for innovation, and for
which beset the Philosophy of the Mind. Many of the reasonings
of Stewart, such is their truth and generality, are as applicable to
Physics as to Metaphysics.
• EttaiM sur fHyyromftrie, ch. x.
t This beautiful and highly Philosophic maxim is taken from
Stewart's Outline! of Moral Philotophy, p. 4, 4th edition, and is
peculiarly applicable to the subject before us.
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rooting up what are commonly called popular supersti
tions, much valuable information may be lost. Many
of the common adages respecting the weather, have
doubtless had their origin in the observance of Meteor
ological phenomena ; and that Philosopher would but
half perform his duty, who, dazzled by the splendid re
sults which modern Science now discloses, should aban
don without any examination the traditions that time
has handed down. There are some phenomena of the
atmosphere, which seem to have suggested to Man
in different conditions of his state, ideas and forms
of expression of the same common kind. In investi
gating these, under the dark and shadowy forms which
the mutations of language have imparted to them,
much important information may be disclosed ; and
connected as many of them are with cycles and periods
of observation, they possess a very high value. Some
attempt at a classification of the phenomena to which
these traditions relate, would not be unproductive of
advantage. Most of them have some foundation in
Nature, and it is at least prudent for a Philosopher to
keep them in view in the course of his inquiries.
(20.) It is thus by watching appearances, and dili
gently recording phenomena, generalizing observations,
and disclosing in their fullest extent the grand system
of signs by which Nature works, that Meteorology will
advance to that perfection which its ardent cultivators
desire.
Constilulio/i of the atmosphere.
Cesia(21.) The great volume of the atmosphere is com
ta of tin posed of permanently elastic fluids, the whole of which
are retained on the surface of the Earth by the law of
gravitation. All eudiometrical processes, when skil
fully performed, concur in proving that, apart from the
carbonic acid and aqueous vapour which are present in
atmospheric air, 100 volumes consist of 79 oxygen,
and 21 nitrogen; or, including the two former ingre
dients, that it is constituted, at a mean temperature and
pressure, of
Nitrogen gas. . . . 77.5 by measure, 75.55 by weight.
23.32
Oxygen gas
21.0
Aqueous vapour . 1.42
1.03
0.10
Carbonic acid . . . 0.08
100.00

100.00

(22.) It is the business of Chemistry to unfold the
delicate processes by which these different relations
are determined, and for these we refer the reader
to our Essay on that Science ; but we may notice here
the remarkable fact, that with the exception of the
aqueous vapour, the quantity of which varies with the
temperature, as will be hereafter explained, the other
ingredients of the atmosphere bear at all times, in
Tiaomti everv refPon °f *ne globe, whether on the summits of
sub V " 'ne loftiest mountains, or at the lowest levels of the
■Ma deepest valleys, the same relative proportion to each
™y«|io« other. Thus, air from the Alps analyzed by the younger
<<ii«E»t4. Saussure, from Spain by De Marti, from France and
Egypt by Berthollet, from England and the Coast of
Guinea by Davy, from the Peak of Tcneriffe and from
near the summit of the Andes by Humboldt, and from
the still loftier elevation of 22,000 feet by Gay Lussac
and Thenard, all gave results approaching as nearly as
possible to each other.
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(23.) It has been commonly supposed that the at- Meteormosphere must contain, diffused throughout it, minute ology.
portions of the vapours of all those substances with ^^v^"^
which it is in contact, even down to the earths and
metals ; and although the unknown ingredients which
are occasionally mingled with the atmosphere, and
which impart to it deleterious properties, are either of
too subtile a nature, or present in too small a propor
tion, to be discovered by our imperfect instruments, yet
Mr. Faraday has shown, in the Philosophical Trans- Mr.Iaraactions for 1826, that a limit exists to the production of 'lay'» dls;
vapour of any tension by bodies placed in vacuo, or in ,imit (0 va_
elastic media, beneath which limit they are perfectly porizaiion.
fixed.
(24.) Two views have been entertained of the nature Chemical
of the union which exists among the several elastic constitution
fluids constituting the atmosphere. By the greater "j 1 '
part of Chemists it has been considered as a Chemical
compound, chiefly from the uniform nature of its com
position, and from the fact that its several ingredients
do not separate and arrange themselves according to
their relative Specific Gravities. Mr. Dalton was the
first who presented, under a distinct point of view, the
remarkable theory, that of the various elastic fluids
constituting the atmosphere, the particles of one have Mechanical
neither attractive nor repulsive power towards those of con*lltul,on
'he atanother, but that the weight or pressure, upon any one °f
mosphere.
particle of any fluid mixture of this sort, arises solely
from the particles of its own kind. According to this
hypothesis, oxygen, azotic, and carbonic acid gases
may exist together under any pressure, and at any tem
perature, while each of them occupies the whole space
allotted for all. Each ingredient of the atmosphere,
according to this view, exerts its own separate pressure
in supporting the mercury of the Barometer, and per
forms, says Dr. Henry, the part assigned to it in the
following table :
Inches of
mercury.
The nitrogen gas exerts a pressure equivalent to 23.36
The oxygen gas
6.18
The aqueous vapour
0.44
The carbonic acid gas
0.02
30.00
(25.) In the Philosophical Transactions for 1826, Latestviewi
Mr. Dalton has entered into an extended view of the of Mr. Dalprinciples by which he conceives the constitution of the fonre»pectatmosphere may be regulated; and to illustrate his iiuutionCof"
views, he imagines two equal cylindrical tubes, A and the atrooB, to exist in contact with each other, perpendicular to sphere,
the horizon, of indefinite lengths, closed at the bottom,
but open at the top. Into the tube A he supposes an
atmosphere of hydrogen to be introduced, equivalent
to a mercurial column of 30 inches ; and into the other
tube B, an atmosphere of carbonic acid gas, capable
also of supporting a column of 30 inches of quick
silver. Now supposing, he says, these atmospheres to
remain, tor an instant, of uniform density throughout the
extent of each column, and that density to be the same as
exists at the surface of the Earth, the altitude of the
atmosphere of hydrogen would be about 66 miles, and
that of the carbonic acid about 3.3 miles ; these heights
being to each other nearly in the ratio of 20 to 1. And
if these atmospheres be afterwards expanded to their
natural extent, equal elasticities of the two gases would
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be found to exist at altitudes, also in the ratio of 20 to
1 ; that is, if at two miles of elevation the atmosphere of
carbonic acid supported 15 inches of mercury, that of
hydrogen would support the same at 40 miles' elevation.
Conceiving now these atmospheres to have acquired
their perfect equilibrium, Mr. Dalton imagines nume
rous air-tight, horizontal partitions to be formed across
the tubes, at equal intervals from the ground upwards ;
these intervals being either a foot or a mile, as may suit
our purpose.
(26.) Supposing now a communication to be opened
between each two horizontal portions of the tubes,
an intermixture of the gases would follow, and finally
such an equilibrium be obtained, that one-half of the
gas existing at first in each division, would pass into the
division opposite, and the other half remain in its ori
ginal position. The whole weight of the gases in each
entire tube would therefore be unchanged, and equi
valent as before to 30 inches of mercury, half in each
tube being carbonic acid, and half hydrogen gas.
(27.) In tracing the conditions of the gases as we
ascend in the tubes, great differences would be found
to exist, both as regards volume and weight. In the
lowest division we should find equal volumes of carbo
nic acid and of hydrogen. At the height of two miles,
one volume of the former gas would be found mixed
with two of the latter; at four miles' elevation, the
carbonic acid would be to the hydrogen nearly as one to
four ; and at 40 miles all the carbonic acid will have
probably disappeared, but the hydrogen would remain
of one-half its density in the primitive cell. Above the
limits of the carbonic acid, wherever it may be, nothing
but hydrogen gas would be found in each tube, up to
the limits of the hydrogen atmosphere.
(28.) After a complete equilibrium has taken place
between every two adjacent cells, Mr. Dalton conceives
the horizontal divisions to be withdrawn. The descent
of the upper part of the hydrogen column in each tube
will be immediate, as there will be vacuities to be filled
up in it. The same would take place in the column of
carbonic acid, but the great body or weight of the mixed
atmospheres would remain unchanged, excepting a
slight condensation. The column of hydrogen in each
tube would support 15 inches of mercury, and in all
respects wotild resemble the upper half of the first
column A, of hydrogen, that supported 30 inches, ex
cepting a slight difference occasioned by distance from
the earth and temperature ; and the same may be said
of the carbonic acid column in each tube.
(29.) But would this constitution of the mixture,
Mr. Dalton asks, be permanent ? Would a mixed
atmosphere, which, in fact, as a whole, consisted of equal
weights of carbonic acid and hydrogen, continue to ex
hibit, at the surface of the Earth, equal volumes only in
mixture ? Or, on the other hand, would not the whole
be wrought up in due time into one uniform composi
tion in all its extent, of twenty volumes of hydrogen
with one of carbonic acid, as many suppose to be the
nature of the Earth's atmosphere with regard to its com
ponent parts ? To these questions, Mr. Dalton replies,
by observing, that from what we know of the nature of
mixed gases, each of the two gases would be disposed
in the same manner as if the other was not present.
They would be mixed in equal volumes at the Earth's
surface.; the carbonic acid would rapidly diminish in
density as it ascends, terminating perhaps at 28 or 30
of elevation; and the hydrogen would slowly

diminish in density, terminating perhaps at an altitude Meteorof eleven or twelve hundred miles.
oloey.
(30.) In applying this doctrine to the Earth's atmo- v-""~v""-''
sphere, supposing it to be in a quiescent state, Mr.
Dalton neglects the carbonic acid and aqueous vapour,
as inconsiderable in weight, and fixing the weight of
the atmosphere at 30 inches of Mercury, he finds
of 30 = 6.3 inches, for the weight of the oxygenous
atmosphere ; and yfe of SO = 23.7 inches, for the
weight of the atmosphere of azote, since the weights of
the respective atmospheres in this view are proportional
to the volumes found at the surface of the Earth, and
totally independent of their Specific Gravities. The
weight of the aqueous vapour being variable, he fixes
at 0.4 inches of mercury, and that of the carbonic acid
at 0.03 inches.
(31.) This train of investigation has been conducted
on the supposition of a quiescent atmosphere, or of one
in a state of perfect equilibrium. How the case would
be with regard to the Earth's atmosphere, such as it
actually is, in a state of continual agitation, it is not
easy to ascertain ; and it is besides, says Mr. Dalton,
rather a question to be decided by experiment and ob
servation than by theory. Mr. Dalton, it appears, has
a series of observations already made on this important
subject ; and he has promised to add them, as a sup
plement, to the paper from which these interesting ex
tracts have been made.
(32.) The labours of Mr. Dalton, on the constitu
tion of the atmosphere, have become the foundation of
much of our knowledge in this important department of
Science ; and, accordingly, Mr. Daniell, the latest writer Inquiries of
on the subject, has grounded his inquiries entirely on Mr. Daniell.
the principles established by the Manchester Philoso
pher. In his Essays on the Constitution of the Atmo
sphere, Mr. Daniell has divided his inquiries into four
branches. In the first part, investigating the habitudes Division
of an atmosphere of perfectly dry, permanently elastic mto four
fluid, under particular conditions ; in the second, those Pirts"
of an atmosphere ofpure, aqueous vapour ; in the third,
the compound relations arising from a mixture of the
two ; and in the fourth, the application of such principles
as theformer sections of his inquiry may have disclosed,
to some of the observed phenomena of the atmosphere of
the earth.
(33.) In tracing the habitudes of an atmosphere of Investigaperfectly dry, permanently elastic fluid, surrounding a tion of the
sphere in a state of rest, of uniform temperature in all °""jj'l'^nst
its parts, and to the centre of which it gravitates °irt> thes
equally, Mr. Daniell first shows that its height, density, temperature
and elasticity must be everywhere equal at equal uniform,
elevations ; and that the column of mercury which it
would support in the Barometer, would be everywhere
the same at the surface of the sphere. This is a neces
sary consequence of the law of Hydrostatics. The
second condition is, that its density must decrease in a
geometrical progression, in ascending through equal
stages to its higher regions, because the density must
be everywhere proportional to the superincumbent
weight; and, thirdly, that its sensible heat must de
crease progressively from below upwards.
(34.) Mr. Daniell next supposes the temperature The temof the sphere to rise generally and equally in all its pe"ture to
parts, and traces the consequent increase of elasticity, ^.e,"j"
and total augmentation of height. There being no equally in
alteration in the ponderable matter of the vertical sec- all its parts,
tions into which the atmosphere may be supposed to
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be divided, the total pressure will remain the same as
before, and the Barometer at the base remain unaf^
tit ie<l ; but as a different distribution of the weight in
the different horizontal sections must take place, the
altitude, of the mercurial column will be changed in every
other situation.
Tf-pen(35.) Advancing a step higher in his inquiry, Mr.
ariuio- Daniell next imagines the temperature of the sphere
ewe by round which the atmosphere is diffused, to increase by
-ra'tron ^J"*' increments from the Poles to the Equator; and
• Wa to assuming zero for the temperature at the former, supuEqutor. poses that of the latter to be 80°. By limiting the
pressure of the atmosphere to 30 inches of mercury at
all parts of the surface of this sphere, the elasticity of
the air must remain constant, but its Specific Gravity at
the Poles vfi\l be much greater than at the Equator, and
hence the atmospheric column in the Polar regions must
be proportionally shorter than that in the Equatorial.
Juried
(36.) The unequal densities of the aerial columns
Huuriil must produce a current from the Poles to the Equator ;
"*"*• but as the difference of gravity becomes less as we
ascend from the surface, and at a certain point is neu
tralized ; so, on the other hand, the elasticity, which is
constant at the surface, varies with the height ; and the
barometer stands higher, at equal elevations, in the
equatorial than in the Polar column. This dispropor
tion increasing with the elevation must, at some defi
nite elevation, much more than compensate for the
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unequal density of the lower strata, and thus occasion Meteora counter-flux from the Equator to the Poles.
ology.
(37.) These differences of gravity aud elasticity may v,^^/~~
be regarded as distinct and opposite powers, their forces
being measured upon the same scale. The excess of
gravity may be estimated from the consideration, that
the pressures of equal columns are as their Specific
Gravities ; and as, by Mr. Danicll's supposition, this
excess of gravity is unopposed at the surface of the
sphere by any excess of elasticity, so is it the exact
measure of the force with which a Polar atmosphere
would press upon an Equatorial, supposing the two in
juxtaposition. The same excess of gravity is also the
measure of the pressure which would be required at the
Equator to equalize its density with that of the Poles.
Could this increase of pressure actually take place,
the aerial current would be reversed, and flow with the
same force from the Equator to the Poles, the current
being now occasioned by excess of elasticity, as it was
before caused by excess of gravity.
(38.) After assigning limits to the elevations of these illustrative
currents, Mr. Daniell proceeds to estimate their velo- Table,
cities, and then furnishes, as in the following Table, the
elasticity, Specific Gravity, and temperature of such an
atmosphere, calculated upon his peculiar data, for
every ten degrees of latitude, from the surface, by equal
altitudes, to the height of 30,000 feet.

Table I. — Numerical Values of the Elasticity, Specific Gravity, and Temperature, for every Ten Degrees
of Latiude, of an Atmosphere of Dry Air surrounding a Sphere unequally heated from the Poles
to the Equator, together with the Decrease of each, due to different Elevations.
H0fb'..

Poles.

lm.

S. Oirnv.

<r
WOO
10000
1M0O
20000
3000

.30.000
23.597
18.587.
14.591
11.411
9.90©
6.906

Height.

Lalitude 70.

Latitude 80.
Temp.

1.066S6 0
.86935 -18.5
.70856 -37.8
.57752 -58.8
.47071 -82.1
.39365 -109.1
.31270 -110.3

Elut

S.Qn*.

30.000
23.652
18.630
14.642
11.484
,8.965
6.978

Temp.

1.06038
3.2
.86542 -15.2
.70637 —34.3
.57654 -55.1
.47057 -78.2
.38408 -104.7
.31352 -135.7

S. Orar.

Elut
30.000
23.707
18.724
14.775
11.617
9.102
7.100

Latitude 60.
Temp.

Elut

1.04685
9.6
.85684 - 8.5
.70140 -27.3
.57407 -47.7
.46991 -70.2
.38463 -96.3
.31483 -126.5

30.000
•23.793
18.893
14.962
11.827
9.314
7.302

S. Grav.

Latitude 30.

Latitude '.20.

Lalitude 10.

Elut S. Grav. Tcm|>.

Elut S. OrtT. Temp.

Elut. S. Or»T. Temp.

Elut. S. Oar, Temp.

60.8
44.6
27.9
10.
- 9.4
-31.2
-55.9

30.000
24.279
19.675
15.898
12.811
10.312
8;313

.91978
.77135
.64693
.54258
.45507
.38166
.32010

70.4
54.5
38.1
20.7
1.7
-19.4
-43.2

30.000
24.319
19.738
16.012
12.974
10.467
8.424

Temp.

1.02707
19.2
.84427
1.5
.69405 -16.9
.57061 -36.8
.46904 -58.8
.38558 -83.8
.31699 -112.7

Latitude 40.

0 30.000 .96668 48 30.000 . 93360
5000 24.072 .80402 31.4 ,24.215 .78533
10000 19.338 .66878 14.1 19.531 .65639
15000 15.525 .55629 - 4.3 15.739 .54863
20000 12.409 .46273 -24.5 12.673 .45856
25000 9.915 .38489 -47 10.162 .38327
7.852 .32016 -75.3 j 8.135). 32035

Latitude 50.
Elut

S.-Gn».

Temp.

30.000
23.949
19.106
15.229
12.044
9.579
7.566

1.(10000
.82656
.68321
.56472
.46677
.38582
.3)890

32
14.8
- 3.1
-22.4
-43.6
-67.5
-95.1

Equator.
Elut

.90625 76.8 30 . 000
.76160 61.1 24.342
.64017 44.9 19.779
.53806 27.7 16.060
.45220 9.3 13.043
.38010 -11.6 10.521
.31948 -35. 8.483

8 One. Temp.
.90000 80
.75737 64.4
.63735 48.4
.53640 31.4
.45150 12.8
.37980 - 7.6
.31980 -30.7

(39.) The force of the Polar and Equatorial currents, as estimated on the same hypothesis, is given in 'he
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Table II.—Showing the Force of the Currents for different Heights at every Ten Degiees of Latitude.
Height.
F«ct.
0
5000
10000
15000
20000
25000
30000

Latitudes 90 & 80.
Elut S. Om.

Bat.

+ .178 + .178
— .055 + .112 + .057
— 043 + .062 + .019
-.051 + .028 -.023
-.073 + .004 -.069
-.065 -.013 -.078
-.072 -.023 — .095

Latitudes 80 & 70.

Latitudes 70 & 60.

Latitudes 60 & 50.

Elait. 8. Grav.

Blast. 8. Gra».

Elut. 8. Gist.

-.055
-.094
— .133
-.133
-.137
-.122

+ .387
+ .246
+ .142
+ .070
+ .021
-.015
— .039

Bal.
+ .387
+ .191
+ .048
-.063
-.112
-.152
— 161

—
-.086
-.169
— .194
- .210
-.212
-.202

+ .575
+ .367
+ .214
+ .101
+ .025
-.028
-.062

Latitudes 40 & 30.

Latitudes 30 & 20.

Latitudes 20 & 10.

ElarU 8. Ba>

ElaM. s. Qnv,

Bal.

ElaM.

+ .648
+ .392
+ .165
+ .038
-.024
-.128
-.170

-.040
-.063
-.114
-.163
-.125
-.111

-.143
-.193
-.214
-.264
-.247
-.283

+ .854
+ .597
+ .408
+ .245
+ .133
+ .051
-.008

Bat.
+ .854
+ .454
+ .215
+ .031
-.131
-.196
-.291

- .064
-.144
-.159
-.136
-.18C
-.176

+ .648
+ .456
+ .309
+ .197
+ .114
+ .052
+ .008

Bal.
+ .447
+ .322
+ .222
+ .150
+ .095
+ .051
+ .021

Remarks on (40.) It may be remarked, with reference to these
the preced- Tables, that a change of temperature, which equally
ing Tables, pervades a column of air throughout its whole length,
may effect an adjustment of density without disturbing
the equiponderant mercurial column situated at its
base ; but the force of the compensating currents will
be altered, and, under some circumstances, their courses
even changed. An alteration of temperature, for ex
ample, in latitude 50°, will increase the force of the
current from latitude 60° to 50° in its original direction,
while that from 50° to 40° will be reversed : the wind,
which had blown on the surface between the former
parallels with a force of 0.810 inches, being increased
to 2.560 inches ; and that which moved between the
latter parallels with a force of 1.034 inches, blowing
now in the opposite directions with a force of 0.840
inches. Corresponding changes ofvelocity and direction
ensue in the upper currents, and thus the compensation
of pressure takes place.
(41.) Any cause also which tends to diminish gra
dually the Specific Gravity of a permanently elastic fluid
column at its base, or, on the contrary, to augment its
temperature at its superior limit, will affect it through
its entire length ; so that, if its heat be slowly increased
below, its temperature must rise from one extremity to
the other, and vice versa. But although such a change
may take place, without increasing the length of the
mercurial column at its lower extremity, at all higher
stations the Barometer will rise.
Effectsofan (42.) Let us next follow Mr. Dnniell, when he imaincrease of gjnes heat to be communicated to the upper strata of
ofrife upper
atmosphere, and which, from some temporary
strata of the cause, does not originate in, or extend to the lower,
atmosphere. For this purpose, he supposes some increase of tem
perature at a definite altitude. The influence of the

+ .447
+ .282
+ .159
+ .036
-.068
-.074
-.090

Bal.
+ .575
+ .281
+ .045
-.093
-.185
-.240
-.264

M
-.156
-.213
- .260
-.217
-.265
-.264

+ .810
+ .531
+ .325
+ .176
+ .068
-.007
-.057

Latitudes 50 & 40.

Bal,

Elm.

+ .810
+ .375
+ .112
- .084
- .149
.272
- .321

-.123
-.232
-.296
-.365
-.336
-.286

8. Grar.

BaL

+1.034 +1.034
+ .693 + .570
+ .449 + .217
+ .261 -.035
+ .126 -.239
+ .029 -.307
-.036 -.322

Latitudes 10 & 0.
Elast. S. Orar.
—
-.023
-.041
-.048
-.069
-.064
- .059

+ .208
+ .141
+ .094
+ .056
+ .024
+ .010
-.011

Hal.
+ .208
+ .118
+ .053
+ .008
-.045
-.054
-.070

1
> Lower Polar Current.
•>
>-Upper Equatorial Current.

heat communicated will be felt in the superior strata,
but those in the lower regions must, by the supposi
tion, remain unchanged. The first effect which results
will be an augmentation of elasticity in the upper beds
of the atmosphere, which, exerting its force upon the
high Equatorial current, will accelerate its velocity on
one side, and diminish it on the other. The expanding
air, not being laterally confined by a proportionate ex
pansion of the neighbouring sections, will not accumu
late above, but, flowing off, will cease its vertical pres
sure upon that column. The upper regions, therefore,
will be rarefied, and become lighter, and pressing with
less weight upon the lower, the Barometer will fall at the
surface of the sphere, in proportion to the degree of
expansion. The density of an elastic fluid being the
result of its gravity acting upon its elasticity, by the
reaction of these powers, any change in the vertical
column must be communicated instantaneously through
out its entire length, and no inequality of density can
for a moment exist.
(43.) To generalize still further, let us again imagine Local ac
with Mr. Dank 11, the local accession of heat, instead cession of
ofpervading at once the whole of either horizontal sec heat, com
tion, to commence at some definite point, and gradually mencing a.
definite
extend itself in depth. The disturbing cause will then apoint,
and
affect the lower current, and the expanding volumes gradually
of air, not being checked by a simultaneous increase of extending
elasticity in the adjoining columns, will rush forward in depth.
with accelerated velocity, and the diminution of density
occasioned by the excessive drain will be distributed
throughout the column by mechanical adjustment. The
fall of the Barometer would be proportionate to the
extent to which the rise of temperature would reach in
this progressive manner. A small increase, thus ope
rating, will produce the same amount of depression, as
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Mtteor- if a greater expansion had been exerted in a more limited Barometer is exhibited of a small partial increase of Meteorol«fJ' space.
temperature, gradually extending1 itself throughout the ology.
'—v-*-' (44.) In the following Table, the effect upon the aerial column, in conformity to the preceding changes.
libit

Table III.—Showing the Effect upon the Barometer ofa small partial Increase of Temperature, gradually
extending itself throughout the Column.

Height
0
5000
10000
15000
200O0
250OO
300O0

Latitude 30,
1st Change.

Latitude 30,
2d Change.

Latitude 30,
3 1 Change.

EUat- S. Gra». Temp.

El.it. S. Orat. Temp.

E1..1. 8. Gr.». Temp.

♦29.87
24.21
•19.45
•15.68
•12.62
•10.12
• 8.10

.9355
.7819
.6546
.5463
.4565
.3816
.3190

60.8
• 46.6
27.9
10.
- 9.4
-31.2
-55.9

•29.74
•24.11
19.45
•15.62
•12.57
•10.08
• 8.07

.9314
.7785
.6518
.5440
.4545
.3800
.3177

Latitude 30,
4th Chan
S Urar.

BM.

60.8 •29.61 .9273 60.8
• 46.6 •24.01 .7751 • 46.6
» 29.9 •19.37 .6490 * 29.9
10. 15.62 .5417 * 12.
- 9.4 •12.52 .4525 - 9.4
-31.2 •10.05 .3784 —31.3
-55.9 * 8.04 .3164 -55.9

•29.49
•23.91
•19.29
•15.56
12.52
•10.01
8.01

Latitude 30,
5th Change.

Telnp.

.9232 60.8
.7717 • 46.6
.6462 * 29.9
.5394 * 12.
.4505 •- 7.4
.3768 -31.2
.3151 -55.9

Etot.

S. tint.

•29.37
•23.81
•19.21
•15.50
•12.47
10.01
• 7.98

Temp.

.9192 60.8
.7683 * 46.6
.6434 * 29.9
.5371 • 12.
.4485 •- 7.4
.3752 *-29.2
.3138 55.9

Tible iKoj, (45.) In the next Table, the effect of the preceding changes upon the force and direction of the currents is
retire ML
a
Ik fa, sh0WDad dineceratf*
Table IV.—Showing the Effect of the preceding Changes upon the Force and Direction of the Currents.
Second Modification.

First Modification.
Latitudes 40 & 30.

0
5000
MM
BM
awoj
2MW»
SO*

+ .63
+ .37
+ .31
-.21
-.26
-.25
-.28

Latitudes 20 & 30.

8. Qtwt.

B.I.

Elaot. 8. Gear.

Bal.

+1.44
+1.09
+0.81
+0.60
+0.43
+0.30
+0.21

+2.07
+1.46
+1.02
+0.39
+0.17
+0.05
-0.07

+0.63 0.
+0.58 +0.08
+0.55 +0.140
+0.16 +0.18
+0.14 +0.20
+0.18 +0.21
+0 18+0.22

+0.63
+0.66
+0.69
+0.34
+0.34
+0.39
+0.39

Latitudes 40 & 30.
Hil.

ElML S. Ot»t.
+ .63
+ .12
+ .0
+ .11
+ .0
— .03
— .11

+ 1.44
+ 1.09
+0.81
+0.60
+0.43
+0.30
+0.21

+2.07
+1.21
+0.81
+0.71
+0.43
+0.27
+0.10

From latitude 40 to 30, it will be observed, that the
force of the Polar current is greatly increased ; while
from 30 to 20, the effect is entirely reversed.
(46.) It may readily be imagined, continues Mr.
Daniel), that irregularities thus introduced into these
compensating movements, the consequence of dimi
nished mechanical pressure, must of themselves be
liable to produce changes of temperature in the atmo
spheric columns, foreign to the natural gradation ; and
that, amongst others, the atmosphere, in its upper parts,
may be liable to greater depressions of heat than would
result from the elevation alone. A gradual process of
cooling taking place in the higher portions of a body of
air, would communicate itself to the whole mass, in an
analogous manner to the equal diffusion which would
ensue from the slow communication of heat to the
lower parts ; that is to say, without producing any
effect upon the Barometer at the surface of the sphere,
or any irregularity in the gradation of temperature. But
where the change is effected suddenly, by the admixture
of a large body of cold air, a mechanical eftect is pro
duced by the increased pressure of the mass ; and the
vol. v.

Third Modification.

Latitudes 20 & 30.

Latitudes 40 & 30.

El.it. S. Grav.

H.I.

RlMt.

S. Grav.

ii.ii.

El.it.

S. Ur...

Bal.

+0.63
+0.81
+0.49
+0.66
+0.61
+0.61
+0.57

+ .63
+ .26
+ .12
+ .02
-.06
-.10
— 13

+ 1.44
+ 1.09
+0.81
+0.60
4 0.43
+0.30
+0.21

-12.07
+1.35
+0.93
+0.62
+0.37
+0.20
+0.08

+ .63
+ .47
+ .46
+ .39
+ .34
+ .33
+ .33

0.
+ 0.08
+0.14
+0.18
4 0.20
+0.21
+0.22

+ 0.63
+0.55
+0.60
+0.57
+0.54
+0.54
+0.55

+ .63
+ .73
+ .35
+ .48
+ .41
+ .40
+ .35

0.
+0.08
+0.14
+0.18
+0.20
+0.21
+0.22

Latitudes 20 4 30.

equilibrium of density takes place before the adjustment
of temperature. An atmosphere hence results, the heat
of which decreases in a greater proportion than is due to
the decrease of density ; and the effect is analogous to
that which arises from an irregular increase ; and the
Barometer must also rise to equalize the specific gravity.
(47.) It is not required here that we should point
out all the means by which such changes of heat as we
have alluded to may be effected, or that we should trace
further the endless modifications of densities and cur
rents which would result from their different applica
tions. It is sufficient, says Mr. Daniell, at present, to
have shown that, supposing them to arise, certain gene
ral consequences must follow.
(48.) In the preceding review of the labours of Mr.
Daniell, we have found that he has contemplated the
various changes that have been alluded to, with reference Effects of
to the particular column of the atmosphere in which jhe precedthey had their origin. We shall now make our readers 'J'^'j^j'
acquainted with his estimate of their effects upon those j!£°"t
'
with which they are connected. For this purpose, we lumnsofthe
must remember, that it has been established as a prin- atmosphere.
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ciple, that the equal height of the Barometer, in every
situation upon the surface of the sphere, was dependant
upon the maintenance of the Equatorial and Polar cur
rents, with a certain determinate velocity in the different
parts of their courses; and that no disproportionate
alteration or interruption in these could take place,
without a corresponding effect upon the mercurial
column. Now, upon a reference to Tables I. and II.,
continues Mr. Daniell, it will be found, that to keep
the Barometer at 30 inches, under the parallel of 40, a
current is required of the force of 0.854 inches towards
the parallel of 30, counterbalanced by one in the con
trary direction, of the force of 0.291 inches at the eleva
tion of 30,000 feet ; but by the unequal alteration of
temperature, arising from the gradual extension of heat
from one stratum of the atmosphere to another, the
current at the surface will be increased to 2.07 inches,
and continue with decreasing force to the height of
80,000 feet in the same direction. It is clear, there
fore, that a much greater drain takes place upon this
latitude, without an adequate compensating supply ;
and the Barometer must fall throughout the column.
The atmosphere incumbent upon the parallel of 20 will
be similarly affected by the same change of temperature
at latitude 30. In its original state, the lower Polar
current flows upon the surface with a force of 0.648
inches, and feeds this column with a supply of air. It
is balanced at the height of 30,000 feet by an Equatorial
current of 0.170 inches. The course of the former is now
reversed, and the drain is increased in the contrary direc
tion. A rapid fall of the Barometer must therefore ensue.
(49.) On the other hand, an increased afflux of air,
beyond the usual supply, to any portion of the atmo
sphere, occasioned by the expansion of any of the
neighbouring parts, must cause an increase of density ;
and the equiponderant column will of course be length
ened. It is easy to perceive, that these secondary
effects must widely extend the influence of the original
disturbing cause ; and it is obvious, that every depres
sion of the Barometer must be accompanied by an equi
valent rise in distant parts of the elastic medium, and
vice versa. The local impulse, continues Mr. Daniell,
extends its influence in this, as in all other fluids, by the
laws of undulation. The mean pressure, at any moment
of time, of all the waves upon the surface of the sphere,
will be the pressure of the atmosphere at rest, and the
average of a large number of oscillations at any parti
cular spot, will approximate to the same quantity.
(50.) In the preceding inquiries we have considered
the atmospheric changes to operate alone in a direction
from the Equator to the Poles, or from the Poles to the
Equator, as if the changes of temperature had operated
Effects of entirely in parallels of latitude round the sphere. But
analogous Mr. Daniell enters also into the changes produced in
changes in a a longitudinal direction from the operation of similar
dXonnaI CaUSe9(51.) The atmospherical arrangements represented in
Tables I. and II. resulted from the temperature of the
sphere itself; but let us suppose the change referred to
immediately following the last-quoted Table, to extend
its influence to 10 degrees of longitude as well as to 10
degrees of latitude ; is it not apparent that currents will
be established at right angles to the directions of the
former winds, and that they will tend to compensate
the irregularity which has been introduced ? The fol
lowing Tables present the results of the calculation of
these easterly and westerly currents.

Table V. —Showing the Effects upon the Atmospheric MeteorColumns of a general Alteration of Temperature in olosythe direction of the Longitude.
Illustrative
Longitude 20 and 360.
Longitude 10.
Height.
0
5000
10000
15000
20000
25000
30000

S. Gr»r.

EUst.

Temp.

30.000 1.00000 32.
23.949 .82656 14.8
19.106 .68321 -3.1
15.229 .56472 -22.4
12.044 .46677 -43.6
9.579 .38582 -67.5
7.566 .31890 -95.1

KlaM. I. On. Temp.
JO. 000
24.215
19.531
15.739
12.673
10.162
8.135

.93960 60.8
.78533 44.6
.65639 27.9
.54863 10.
.45856 -9.4
.38327 -31.2
.32035 -55.9

Table VI.—Showing the Force of the Currents occa
sioned by the preceding Alterations.
Longitudes 360 or 20 and 10.
Bright.

Eljutitity. Sp. Gravity. Balance.

0
5000
10000
15000
20000
25000
30000

0
.266
.425
.510
.629
.583
.569

+ 1.929
+ 1.301
+0.837
+0.496
+0.251
+0.076
-0.043

+1.929
+ 1.035
+0.412
-0.014
-0.378
-0.507
—0.6131

(52.) The preceding forces operating, one in the Interraecur
direction of the meridian, and the other at right angles diate
rents pro
to it, must necessarily produce a system of interme duced by
diate currents, which will reach their destination with a the Polar
and Equa
Northern or Southern deflection.
(53.) There is, however, another of Mr. Daniell's torial cur
views on this interesting subject, which we must not rents.
Effects of
omit to notice ; and that is, the increase of ten degrees an
increase
of temperature which he supposes to take place along of tempera
the entire range of a given meridian, and a diminution ture along
of heat of equal amount at the opposite point, all the an entire
meridians on each side being similarly affected in some meridian.
ratio between the two. Mr. Daniell has computed the
distribution of heat upon these two meridians, and also
the two intermediate, for every ten degrees of latitude,
the results of which are to be found in the next Table.
Table VII.—Showing the Distribution of Heat all over illustrative
the Sphere, upon the supposition ofa gradual Increase Table.
of Heat between the opposite Meridians.
Longitude Longitude Longitude Longitude
270
0
SO
180
Lat. 90
Lat. 80
Lat. 70
LaL 60
Lat 50
Lat. 40
Lat. 30
Lat. 20
Lat. 10
Lat. 0

0
3.2
9.6
19.2
32.
48.
60.8
70.4
76.8
80.

10.
13.2
19.6
29.2
42.
58.
70.8
80.4
86.8
90.

0
3.2
9.6
19.2
32.
48.
60.8
70.4
76.8
80.

-10.
- 6.8
- 0.4
+ 9.2
22.
38.
60.8
60.4
66.8
70.
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lliaor(54.) This increase of heat Mr. Daniell limits to the
"■"ST- condition, that it takes place in so gradual a manner,
'■"V™"' as not to affect the Barometer at the bases of the differ^ ent atmospheric columns. There will then be two curfjreaeof reats established upon the surface of the sphere, in
lei.
opposite directions on either side of the cold meridian
towards the hotter, with a force of 1.304 inches ; or
rather, the body of air, which was before in motion from
North to South, will now be deflected with this force
to the East and West ; and the whole lower atmosphere,
excepting upon those lines where the effect would be
null, will move from the Poles to the Equator with a
bend to the East and West. If the
this variation of heat be supposed to
sphere from East to West, then will
i succession be subjected to alterations
of currents from the East and West.
(55.) Let us now suppose motion to be communi
cated to the sphere with an uniform velocity from West
to East, that the force of gravity is equal, and for the
present that centrifugal force produces no effect. Since
this rotatory motion must be greatest at the Equator,
and is directed Eastward, the air in its passage from
tbe Poles, not having attained the maximum velocity,
will have a relative motion Westward ; and hence the
motion of the wind in the Northern hemisphere will be
from North-East to South-West, and in the Southern
hemisphere from South-East to North-West. When
ever this apparent tendency coincides with an actual
impulse in the same direction, derived from other
sources, it will augment its force ; and when opposed
to one in a contrary direction, it will tend to neutralize
it. Thus, in the supposition which has been just made,
of an accession of temperature through the entire range
of any meridian, the current, which we found would
thence arise from the East towards that meridian, would
be increased by this further mechanical impulse ; while
the Western current acting on the opposite side would
be decreased, if not annihilated.
But as the lower Polar current would thus have a
relative Westerly direction, with regard to the motion of
the sphere itself, so the upper Equatorial current would
have an absolute movement in the contrary direction.
The particles of air, which are transported from the
Polar regions to the Equator, have not time to assume
the velocity of the different parallels of latitude as they
reach them ; and are, therefore, necessarily behind as
they revolve. To other bodies, therefore, possessing
that velocity, they oppose a resistance which appears
to proceed from the Eastern quarter. Those, however,
which are transported above from the Equator to the
Poles, have an excess of absolute motion from West to
East above those parts of the globe towards which they
are carried. And as the heating power, which is the
source of all the motions of the imaginary atmosphere,
is in the sphere itself, it follows that the upper parts,
which are most remote from it, will become cooled ;
while those which are nearer to, or in contact with it,
maintain their proper temperature. As they cool they
of course become specifically heavier and descend ;
their place being supplied by the subjacent wanner strata.
Another kind of circulation becomes thus established in
a direction perpendicular to the horizontal currents ;
and if we contemplate the motion of a single particle of
air. we shall find that it maintains an angular course,
in a direction compounded of these two motions. The
upper Equatorial current having also a movement of
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rotation from West to East, greater than that of the
Polar latitudes towards which it is carried, the effect
must be felt by the particles in their descent from the
higher to the lower stream, and the consequence will
be, that the latter will be deflected from its course, the
Northern current receiving a Westerly direction at the
point where this influence reaches its stream with suf
ficient power.
We shall now proceed to the second part of Mr.
Daniell's inquiry,

Meteor
ology.

On the Habitudes of an Atmosphere of Pure Aqueous
Vapour.
(56.) This atmosphere of vapour must be first con Atmosphere
templated as surrounding a sphere entirely covered with of vapour
water, and of uniform temperature throughout. This surrounding
a sphere
temperature is limited by Mr. Daniell to 32°, as in hie covered
first hypothesis of the permanently elastic fluid.
with water,
(57.) The elastic force of steam, for the different of uniform
degrees of heat within the range of atmospheric temper temperature
ature, has been determined with great precision by Mr.
Dalton ; the results of which may be seen in the Table at
p. 333 of our Essay on Heat. According to that Table,
with a temperature of 32°, the equivalent column of
mercury would be .200 inch, which would moreover be
the same at every point of the spherical surface. The den
sity of the vapour, like that of the gaseous atmosphere,
must diminish in a geometrical ratio for equal eleva
tions, and the temperature also will decline proportionally
with it. The ratio, however, of its diminution will be
of a different value. Mr. Daniell then traces the decrease
of density and temperature in an atmosphere of aqueous
vapour, ofthe force alluded to, at different elevations ; and
infers, that with such an arrangement, there would be a
perfect equilibrium in the aqueous mass in all points of
the sphere. Neither would precipitation or evaporation
take place, but the atmosphere would remain transpa
rent and undisturbed. Such also must be the state to
which an atmosphere of vapour would tend, notwith
standing any obstacles that might be presented to
oppose it. And hence also Mr. Daniell infers, that, if
condensation were to take place in any part of an
atmosphere so constituted, evaporation must also take
place to maintain the equilibrium ; and conversely, that
evaporation must be accompanied by precipitation.
(58.) Should the temperature of the sphere rise
gradually and uniformly over every part of its surface,
the elasticity of the steam would increase without any
disturbance; and obeying its own law of decrease for
different elevations, it would remain perfectly transparent.
(59.) In considering again, with Mr. Daniell, the Effects of
second condition, namely, that of an elevation in an elevation
the temperature of the sphere from the Poles to the of tempera
Equator, it may first be remarked, that a pure unmixed ture from
the Poles to
atmosphere of vapour could by no means render itself the
Equator.
obedient to such a law. The elasticity of the whole
would be measured by that of the lowest point ; and
the water would distil from the hottest to the coldest
point with such a rapidity, as to occasion a strong ebul
lition at the former. The condensation of vapour may
be effected not only by decrease of temperature, but by
an increase of pressure ; it is not necessary, therefore,
that it should pass from the hottest to the coldest point
to be precipitated, which would be a gradual process ;
but the elastic force, arising from an increase of density
at one extremity, would instantly be felt at the other,
c 2
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the impression being conveyed as through a spring.
Mr. Daniell illustrates this effect by the beautiful Cryophorus of Dr. Wollaston, in which the force of the
Illustrated vapour is so much reduced by the cold applied to one
by Wollas- extremity of the instrument, as speedily to produce con
ton's Cryophoius. gelation at the other by the rapidity of the consequent
evaporation. The rapidity of action is, however, not
necessary for the present investigation ; for we must
imagine the passage of heat from one point to another
to be so mechanically retarded, as to enable it to assume
all the gradations due to the heat of the sphere. This
will enable us to estimate the relative force and pressure
of two of the vertical columns at different stations ; and
Mr. Daniell having computed the decrease of density
and temperature in an atmosphere of aqueous vapour
of the force of 1.00 inches, at different elevations, ob
serves, that unlike the case of the permanently elastic
fluid, both the density and elasticity will be found greatly
to increase with the temperature ; and that therefore
the Equatorial columns must press upon the Polar
columns throughout their entire length. A circulation will
hence arise very different from that of the aerial currents.
The vapour would flow in a mass from the Equator
to the Poles ; and being necessarily condensed in its

course, would return from the Poles to the Equator in
the form of water. Great evaporation would be con
stantly going on at the latter station, and condensation
at every other ; so that the atmosphere, excepting at the
Equator, would be rendered turbid by perpetual clouds
and rain. As in the case of the permanently elastic
fluid, the temperature of the sphere would by this pro
cess soon become equalized, did not our hypothesis
provide for its permanency : the Equatorial parts would
become quickly cooled by the evaporation, and the
Polar become warmed by the heat evolved during the
process of condensation.
(60.) It is further worthy of attention, that the elas
ticity of vapour increasing nearly in a geometrical pro
portion for equal increments of heat, the decrease of
temperature in ascending in this atmosphere will be in
arithmetical proportion only ; the diminution being
nearly three degrees for every 5000 feet.
(61.) Upon the hypothesis of the gradation of tem
perature before assumed, in the case of the gaseous
atmosphere, Mr. Daniell furnishes the following Table
to represent the corresponding elasticity and density of
the vapour at the surface of the sphere, for every ten
degrees of latitude.

Illustrative Table VIII.—Shotting the Force and Density of an Atmosphere of Aqueous Vapour, for every Ten Degrees of
fable.
Latitude, surrounding a Sphere unequally headed.
Latitude 80.

Poles.
EUsL

Dcnsltj. Temp.

Elut.

Deruitj. Tamp.

.351 1.700
The ternperature of
tiuufin"'
creasedto
that which
adjoins it.

3.2

Elut.

48

Dcniily. Temp.

.089 0.4GG

9.G

Latitude 50.

Elut. Denilty. Temp.

Elut.

.125 0.641

.200 1.000

19.2

Demlty. T«,p.

Latitude 20.

Latitude 10.

Dentil;. Temp.

Elut. Dentlty. Temp.

Elut. Deruty. Temp.

ElMU

.539 2.547 60.8

.731 3.403 70.4

.900 4.143 76.8

1.000 4.571

Latitude 30.

Latitude 40.
Elut.

Density. Temp.

.0/2 0.380

.064 0.340

Latitude 60.

Latitude 70.

Elut.

(62.) Let us next imagine, that the temperature of
anv particular latitude is raised to the level of that
which adjoins it. This will cause condensation to cease
at that point, evaporation to commence, and the atmosphere to become transparent. The quantity of water
precipitated will be proportionally increased oii the

32

Equator.
Derulty. Temp.
80

other side. But if, on the contrary, the temperature of
the parallel be lowered to that of the parallel next
above, the precipitation will be increased, and the
higher latitude be cleared of its turbid matter. The
next Table represents the condition ofLatitude 30 under
these interesting circumstances.

Illustrative Table IX.—Showi7ig the Stale of the Atmospheres arising from Alterations of Temperature in any intermediate
Table.
Columns.
Latitude 40.

.351

.351

CLOUDY.
1.700 |
CLEAR.
1.700 |

48

.731

.35.

Latitude 30.

Latitude 20.

CLEAR.

CLOUDY.

3.403 j 70.4
CLOUDY.
1.700 |

.731 1 3.403 J 70.4
CLOUDY.
.731 | 3.403 j 70.4

Effects of
(63.) Again, if the mechanical retardation of the to the velocity of its passage : thus, supposing the
Evaporation flowing' vapour were subject to variation, the quantity of evaporation from a given surface at a given temperaevaporation and precipitation would be proportionate ture, and under a given resistance, to be three grains
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per minute, that quantity would be doubled with half
the resistance. The changes at the surface affect the
whole of the superincumbent column equally, and the
temperature of the vapour follows its own particular
law of decrease. But what, says Mr. Daniell, will be
the consequence, if the vapour should be forced to adapt
itself to a progression of temperature different from its
own ; and if, from some cause, the heat of the upper
regions should diminish at a greater rate than is due to
its natural gradation ?
(64.) Let us, for instance, suppose that the heat of
the water upon the surface is 80°, but that at the height
of 5000 feet above the surface, a temperature exists
of only64°.4, which from that point follows the former
decreasing scale. The water in such a case will have
a tendency to throw off vapour of the same constituent
heat as its own temperature ; but the pressure above,
being rendered too little by the influence of the forced
degree of cold, to preserve the necessary elasticity below,
the atmosphere will only possess the tension due to the
lower degree ; that is to say, the constituent temperature
of the vapour will be only 67°.9. Evaporation must
therefore ensue below, and its concomitant precipitation
above. The calculation of these effects is entered in
the next Table.
Table X.—Showing the Effect upon the Atmosphere
of Vapour of a forced gradation of Temperature.
Half*.

Elasticity.

Comtltacm
Temp,
Vapour.of

0
5000
10000
15000
20000
25000
30000

.673
.606
.542
.490
.443
.401
.363

67.9
64.4
61
58
55
52
49

Rlata of
R.n«Me
Temp. Atrawpbere.
80
64.4
61
58
55
52
49

Clear
Cloudy
Clear
n
»

(65.) The consequence of this supposition will be,
that a Cloud will be formed at the height which has
been named ; for the atmosphere will be forced up
wards by the nascent vapour existing below, and a con
densation at this point will ensue. The Cloud, how
ever, supposing the process to be sufficiently gradual,
would not extend very far below, because the water,
during its precipitation, would be redissolved by the
excess of heat in the lower regions, so that they might
remain transparent and undisturbed. The ultimate
effect would be, that the temperature would be slowly
equalized, and the balance of force restored. The
water, in its circulation backwards and forwards, would
act as a carrier of the heat, which it would abstract
from the lower parts by its evaporation, and give
out to the upper by its condensation. The atmo
sphere would thus gradually recover its state of equi
librium and repose, the upper regions remaining clear,
because the gradation is there undisturbed.
3«t.of
(66.) The sudden decrease of heat need not, however,
>d»m- be confined to a single point ; but may be supposed to
•aef u-m.
continue throughout the entire column, and to adapt
itself to some progression. Instead also of ks being
limited to a single vertical atmospheric column, it may
be taken in connection with other adjacent sections. As
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an example, Mr. Daniell gives the annexed Table, Meteoradapted to the Equator with a temperature of 80°, and ol°gythe parallel of 10°, with a temperature of 76°.8, and in v"^v™"'
which also the flow of the lateral currents is exhibited.
Table XI Showing the State of the Atmosphere occa- Illustrative
Tablesioned by the Intermixture of Lateral Currents.
Latitud e 10.
Height.

Latitude 0.

SenilMc
State off Sensible Congtit.
(fate of
Temp. Conatit.
Teinp. Elatt. Atmot. Temp- Temp. Elan. Atmot.

0 76.8 51
5000 61.1 48
10000 44.9 45
15000 27.7 12
9.3 9.3
20000
25000 -11.6 -32
30000 -35. -35

.388
.351
.316
.09G
.087
.019
.016

Clear
67.9
80
Clear
64.4 64.4
Cloudy 48.4 19
31.4 16
Clear
Cloudy 12.8 12.8
Hazy - 7.6 -27
Hazy -30.7 -30.7

.673
.606
.124
.112
.100
.027
.020

Clear
Clear
Clear
Clear
Clear
Clear
Clear

(67.) In the Equatorial division of the Table, the first Remarks
point of condensation is supposed to take place at the relating to
the last
height of 5000 feet, while, in the other division, it is Table.
limited to 10.000 feet ; and it will be perceived, that
up to the former elevation, the vapour of the first
column is of much greater elasticity and density than
that of the latter, and that it must consequently flow
towards it with considerable force. No Cloud, how
ever, will be formed, as before, at the point of conden
sation, because the supply arising from the evaporation
at the surface, will be carried off in a lateral direction,
or, if previously formed, would soon be dissipated by
the same operation. Nor would the transparency
of the parallel of 10° be affected up to this height;
for the current which it would receive would, in its
constituent temperature, still he below what its sensible
heat would maintain. But above this line a dense
Cloud would be precipitated. A counter flow of small
extent towards the Equator will be established at the
altitude of 10,000 feet ; and above this, again, the pres
sure will return to the first direction. The constituent
temperature of the returning current being below the
temperature of the elevation, the transparency of the
Equatorial column will be preserved throughout.
(68.) The preceding hypotheses have been framed upon
the assumption, that the sphere round which the aqueous
atmosphere has been diffused, was covered entirely
with water, from which a continual supply of vapour
would flow, equivalent to every circumstance of tem
perature. Let us now suppose, with Mr. Daniell, that Case where
the water is only partially diffused, and that the un in the water
covered portions are absolutely dry. Vapour, not in is only par
dif
contact with water, is known to be affected in the same tially
fused, the
manner as the permanently elastic fluids, by variations uncovered
of temperature, its volume expanding or contracting portions
5^,jth part for each degree of change above its point of being dry.
precipitation, by Fahrenheit's scale. If a current,
therefore, were to pass over a dry space, of a higher
temperature than itself, the same changes would takft
place, in miniature, as we have already traced in the
dry atmosphere. Its density would diminish, while its
elasticity would remain the same upon the surface, and
be increased at all the higher stations. In the case of
vapour becoming heated in this manner, out of the
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Effects of a
stream of
vapour
passing
from a part
ofthesphere
covered
with water
to a part
perfectly
dry.
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contact of water, it may reach its point of deposition at
a high elevation without producing any sensible Cloud ;
for although it would be slowly precipitated, it would
be instantly restored to the elastic form by the excess
of heat in the inferior strata ; and no accumulation
could be formed for want of a supply from the dry
surface below. A slight haziness might possibly be
the result.
(69.) Let us now imagine, continues Mr. Daniell, a
stream ofvapour, of known density, filtering its way late
rally, from one part of the sphere, which is covered with
water of a certain temperature, to another which is
perfectly dry, but of equal or superior temperature. As
the vapour arrives at the dry space, it will be rapidly
diffused; and its elasticity, being no longer confined
by an incumbent atmosphere of like density, will be

reduced, and will assume that force which its own dif- Meteorfusion will enable it to maintain. Or a stream of ology.
vapour, of high elasticity, flowing into a space where ^■'^v™—
there already exists an atmosphere of inferior force,
will be reduced in density to that of the general mean.
(70.) But the surface upon which an atmosphere of Case whercany particular density rests, may be neither water, nor »n thf siyyet perfectly free from it ; it may be earth differently |*°e '* dlf"
embued with moisture and variously heated. A partial clnbued
supply of moisture, varying in quantity in different with mo
places, but of the same degree of density, would arise, tureand
and Clouds of more or less opacity would be formed, at J*™ jS'v
corresponding situations, in the planes of deposition ei 6
above. Mr. Daniell has calculated the following Table
to illustrate these interesting positions.

Illustrative Table XII.—Showing that the Elasticity of Vapour, yielded by different Surfaces variously heated, is governed
e"
by the incumbent Atmosphere.

Moist Earth,
Temperature 70.

Water,
Temperature 60.8.

Dry Earth,
Temperature 80.

Height.

Gmenl
Temp.

CoMLant
Stale of Rvaporatiun.
Force of Con,tact
Suite of F.rrci' of Constant
Suite of Evaporation.
Fore* of
Temp. AUnosulieTe.
Temp. Atauotphere.
Evaporation. Temp. Atmotphere.

0
5000
10000
15000
20000
25000
30000

60.8
44.6
27.9
10.
- 9.4
-31.2
-55.9

34
31
28
- 6.4
- 9.4
-31.2
-55.9

Clear
Clear
Cloudy
Clear
Cloudy
Hazy
Clear

.368
Density
.368
.126
.020

34
31
28
- 6.4
- 9.4
-31.2
-55.9

(71.) This atmosphere, which is supposed to be
of equal force in every part, and in which the same
general temperature prevails, rests upon a surface
covered with water in one part, with moist earth in
another, and on a dry surface in a third. The first
point of precipitation is placed, it will be perceived, at
10,000 feet. The water upon which the first part of the
column rests, is of the same degree of heat as the
general temperature at the surface. The force ofevapo
ration is estimated by Mr. Daniell at 368, and the
supply being equal to the force, the density of the Cloud
is denoted by the same number. The moist earth upon
which the second portion rests, is of the temperature of
70°, which makes the force of evaporation 507; but
less steam being given off from the earth than from the
.water, the quantity precipitated is proportionally dimi
nished. In the Table, Mr. Daniell has estimated it at
one-fourth. The dry surface of the earth, which sup
ports the third portion, being heated to 80°, yields no
vapour; the evaporating force, which is equal to 786,
is wholly unapplied, and no Cloud can therefore be
maintained. The higher points of the atmosphere are
subject to similar modifications. The temperature of
the evaporating surface regulates the quantity of water
raised in vapour, and the tension of the pre-existing
atmosphere determines its elasticity.
We shall now proceed to the consideration of Mr.
DanielPs third division of his inquiry, viz.

Clear
Clear
Cloudy
Clear
Hazy
Clear
Clear

.507
Density
.092
.021

34
31
28
- 6.4
- 9.4
-31.2
-55.9

Clear
Clear
Hazy?
Clear
Clear
Clear
Clear
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On the Habitudes of an Atmosphere of permanently
elasticfluid, mixed with aqueous vapour.
(72.) The properties which each possessed in its Considera
separate state, will be retained in this connection un tion of the
changed ; and the two fluids will exercise no further case of an
action upon each other, than a mechanical opposition atmosphere
of perma
when in motion. The particles of steam, in penetrating nently elas
tic
the interstices ofthe permanently elastic fluid, experience fluid,
mixed with
the same species of retardation, as may be supposed to aqueous
exist, if they flowed through the pores of sand or cotton. vapour.
When an equilibrium is attained, this mutual action
ceases, and the particles of each press only upon those
of their own kind. There are, therefore, continues Mr.
Daniell, two principal points of view under which such
a mixture may be regarded ; first, that in which the
particles are in a state of perfect equipoise amongst
themselves ; and, secondly, where they are seeking to
attain an equilibrium by means of intestine motion.
With respect to the first, there is no distinction between
such a complete mixture, and that of two or more per
manently elastic fluids ; and it may be regarded like a
mixture of gases, as an homogeneous fluid.
of such an
(73.) Let us now inquire what would be the natural atmosphere
condition of such an atmosphere, when surrounding a when sur
rounding a.
sphere of uniform temperature throughout.
atrruwphe r »
The first effect of mixing known measures of gases, of unifo.
with vapour of different degrees of force, is to produce density.
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an increase of bulk, under an equal pressure in the
permanently elastic fluid ; not, however, in proportion
to the measure of the vapour communicated to it, but
in proportion to its elasticity. The second result is,
that the Specific Gravity of the gas is diminished, but
not exactly in proportion to its expansion ; for while
the atoms constituting the vapour are all dilated, their
own weight is added to the mixture. But this weight,
though increasing with the elasticity, being, in all cases,
less than that of an equal bulk of common air, a
decrease of density must follow. This diminution of
temperature becomes greater with every increment of
temperature.
(74.) To place all the circumstances connected with
fnpta of
npoar ia a this interesting subject in a clear point of view, let us,
pefecuy continues Mr. Daniell, trace the progress of vapour just
beginning to form in a perfectly dry atmosphere. For
this purpose, let the temperature of the sphere be 77°.
The first arrangement will be the same as that repre
sented under the parallel of 10° in Table I. If we now
suppose water suddenly to overflow the surface, evapo
ration will instantly commence. No atmosphere of
vapour exists to impede its progress, and the nascent
steam will merely assume such a degree of tension, as
is necessary to overcome the vis inertice of the air which
obstructs its motion. What this force may be, we have
not, perhaps, sufficient data to determine. For the
present, we must give to it an arbitrary value, and
assume, that, at the temperature of 77°, aud pressure
of 30 inches, it amounts to .200 of an inch. The con
stituent heat of vapour of this elasticity is 32°, so that
at the height of 13,500 feet it arrives at its point of
condensation. An aqueous atmosphere of such a degree
of force being now established, a resistance proportioned
to this amount is made to the progress of evaporation ;
and the elasticity of the rising steam must in conse
quence be doubled. Its constituent temperature, there
fore, by Table V. p. 333 of onr Essay on Heat, is raised
to 52°, and it cannot pass the height of 7500 feet with
out decomposition. The resistance upon the surface
now amounts to .601 inch, to overcome which, vapour
at 65° must be emitted. The first point of precipita
tion, in ascending from the surface, would thus be
fixed at about 3600 feet ; and it may now further be
remarked, that the diffusion of vapour does not cease at
the height of 3500 feet, to which point we had first
traced it, but that the mechanical obstruction is pro
portionality reduced, and is carried by successive stages
Mrteor»
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to loftier regions, where its tenuity is so much increased,
ology.
that it rapidly eludes all observation.
(75.) With regard to the various points of condensation, it is probable, continues Mr. Daniell, that, as in comjens,_
the atmosphere of pure steam, no cloud will be formed tion.
at any of them. The process of evaporation would be
so gentle under these circumstances, that little above
six grains of water would be raised per minute from a
square foot of surface ; so that, as the gradual precipi
tation of this quantity took place between the different
stages, it would instantly be redissolved by the excess
of heat into which it would be naturally inclined to fall.
The circulation thus becomes a process of equalization,
by which the temperature of the upper regions is raised :
the heat which is abstracted below by evaporation is
evolved by condensation, the pressure of the vapour
becomes increased, and all the changes tend to that
peculiar distribution of heat, which we before contem
plated as the natural state of an unmixed atmosphere of
steam.
(76.) The average quantity of vapour which would Approxi
exist upon the hypothesis we have just assumed, while tion t0 'he
the atmosphere maintained its proper progression of 1uantl,v of
temperature may be roughly approximated as follows : which
—A stratum, of the force of .616 inch, extends to the WOu!d exist
height of 3600 feet ; another, of the force of .401 inch, upon such
reaches 3900 feet higher ; a third, of only .200 inch, hypostretches almost as far as both the former together ; ebls'
making a total of 13,500 feet. The mean, therefore,
,..
, -616 , -401 , .200
„ .. ,
to tins point is nearly — j—- ) — = .354 inch.
4
4
.tf
For the further distance of 17,500 feet, Mr. Daniell
thinks we cannot greatly err in taking .064 inch, as the
mean pressure, making the average to the height of
31,000 feet, .209 inch. One-third of the atmosphere
beyond this being considered free from vapour, reduces
the mean to .139 inch.
(77.) Changing now our hypothesis of a sphere of Change of
uniform temperature, for one. whose temperature in- hypothesis
creases from the Poles to the Equator, let us assume 10 that of a.
that the Barometer stands every where upon its surface ^jJooTttni
at the constant height of 30 inches. The constituent peratiire intemperature of the vapour, also, in the different columns creases from
of tli is mixed atmosphere, at the surface of the sphere, 'he Poles to
is to approach to within eleven degrees of the tempera- 'he Equator,
ture of the several zones. The succeeding Table has
been calculated by Mr. Daniell, to develope the con
sequent arrangements
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(78.) By comparing the results contained in this course be increased by its motion in opposition. When
Table with those recorded in Table I., it will be seen, this is stopped, as it soon is, by any small diminution
that the Specific Gravity and elasticity of the air is but of the mercurial column, the vapour will rush forward
very slightly influenced by the intermixture of the with its whole force, retarded only by the kind of fil
aqueous vapour ; so slightly, indeed, that the course tration which must lake place through the quiescent
and velocity of the currents, as represented in Table II., air ; and the temperature of the higher latitude being
may with safety be adopted, without producing any unable to support its elasticity, precipitation must fol
sensible error in the investigation. Their balance also low. From the operation of these causes, the tern- precipiis to be that by which the Barometer is maintained at perature of the latitude will be partially affected, the ution of
an unvarying height. It will also be remarked, that density of the air be still further reduced, and the ™>'sture>
while the great aerial ocean is divided into two great aerial column become reversed. The course of the
strata, flowing in opposite directions from North to vapour being thus greatly accelerated, an abundant
South, and South to North, the aqueous part, which is precipitation must follow.
nearly confined to the lower current, presses in a con
(81.) The progress of the precipitated moisture, Further
trary direction. The adjustment of these particulars from the time when its first streaks would be found to effects of
remaining as now supposed, the compensating winds shoot in a visible form across the atmosphere, to the PreclPlta"
flow on in the courses which have been described, and period when it descends in rain upon the globe, is not tlon*
the balance remains undisturbed.
without its interest. In proportion to the density of the
Lnporelioo (79.) The admixture of vapour, hitherto considered, vapour, must be the magnitude of the condensed
* . iStct has not yet affected the gradation of temperature, re particles. When first formed in the higher regions,
tit puia- sulting from the decreasing density of the atmosphere the cloud would probably assume a light cirriform
tiea of
mperUure in its upper parts, but the process of evaporation must appearance, but at lower elevations, their precipi
in time necessarily induce such an alteration. The tation would be more dense, and the attraction of
steam, as it reaches its point of condensation, must aggregation stronger. The mass would thus gently
give out its latent heat, and, during its precipitation, subside to a lower station, where the density of the
tapper combining with a fresh proportion, it must again air would oppose a greater resistance to its descent.
tuts of the ascend, and again be evolved in the middle regions. Here, in a higher temperature, the cloud would begin
The atoms of steam may thus be considered as carry again to be dissolved, and assume a rounded and more
ing caloric from the surface of the sphere to the higher compact form, and thus the equalization of the tem
strata ; and it is obvious how a considerable section of perature, and the diffusion of the vapour, would be
any one column may thus have its temperature carried on from several points at once. The different
equalized and fully saturated with aqueous particles. beds obey the impulse of the winds, and, as they sail
The currents thus become affected both by the expan along, enlarge the sphere of their action, till, at length,
sive power of the vapour and of the liberated heat; the natural equilibrium of the atmosphere can be no
—causes, the influence of which so applied, must be further checked. Hence precipitation will increase,
partial, and cannot reach the higher regions. This the strata of the clouds unite, and the air no longer be
unequal action must produce a fell in the Barometer.
capable of buoying up their load.
(80.) Again, as, on the one hand, this effect upon the
(82.) In the next Table Mr. Daniell furnishes us ™£* J™
Barometer is produced by the augmentation of the with a view of the force of the aerial current, and the renl3 i,e.
quantity of aqueous vapour, so, on the other, a rapid counter pressure of the vapour in a mixed atmosphere, tween the
increase of the latter may be produced by a fall in the surrounding a sphere unequally heated in the manner Poles »nd
Equator.
former. The mechanical resistance of the air must of already set forth,
Table XIV.—Showing the Force of the different Currents in a Mixed Atmosphere of Air and Vapour, between
the Poles and Equator.

0
MOO
MM
15OO0
20000
S5OO0
30004

Latitudes
90 «id 80.

Latitudes
8U an d 70.

Latitudes
70 aud 60.

Latitudes
60 and 50.

Latitudes
50 and 40.

Latitudes
40 and 30.

Latitudes
30 and 20.

Latitudes
.20 and 10.

Latitudes
10 and 0.

Wtoi Vipooi.

Wind. Vapour.

Wind. Vapour-

Wind. Wipour.

Wind. Vapour.

Wind. Vapour.

Wind. Vapour.

Wind. Vapour.

Wind. v^».

+ .178 -.003 + .387 -.010 + .575 -.028
+ .057
+ .191
+ .281 -.014
+ .019
+ .048
+ .045
-.023
-.063
-.093
-.069
-.112
-.185
-.078
— .152
-.240
-.095
-.161
-.264

+ .810 -.049 + 1.034 -.103 + .854 -.138 + .648
+ .375 -.032 + .570 -.060 + .454 -.082 + .392
+ .112
+ .217 -.023 + .215 -.044 + .165
- .084
+ .031 -.009 + .038
-.035
-.024
-.149
-.131
-.239
-.196
-.128
— .272
-.307
-.170
—.321
-.322
-.291

iSScatties (83.) We have already stated our difficulties, with
~^tc;m5 regard to the amount of resistance which the pores of
"tdfcred ^* S3560118 constituents of the atmosphere offer to the
»^
passage of the vapour in motion. Experiments are
^■rftke wanting to elucidate this subject, but the observations
t»- of Saussuxe and Dalton throw some light upon the
i*TL? *** ^jed. The resistance here alluded to may be
COD" regarded as twofold ; first, in connection with the pervol. v.

-.132
-.107
-.050
-.022
-.012

+ .447
+ .282
+ .159
+ .036
-.068
- .074
— .090

-.109
-.073
-.038
-.019
-.018

+ .208 -.0S2
+ .118 - .042
+ .053 - .029
+ .008 -.013
-.045 .007
-.054
-.070

manently elastic fluid at rest, and secondly, with it in stituents of
motion.
the atm
(84.) With regard to the state of rest, the opposition sPhcrewith which vapour passes through air, is in proportion
to its density. Saussure concluded from his experi
ments, that a diminution in the density of one-third
doubled the rate of evaporation.
(85.) With respect to motion, a breeze acting in
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opposition to the stream of vapour, must retard its
progress as much as one in the same direction favours
it. Much obscurity, however, envelopes this inquiry,
from the vagueness of the terms employed in denoting
the velocity of the air. Mr. Dalton has determined
that the rate of evaporation, in a perfect calm, being
denoted by 120, that of a brisk wind is 154, and of a
high wind 189. The retardation of opposing currents
of the same respective forces, may therefore be
reckoned in proportion.
Velocity
(86.) It is impossible, in the present state of our
with which knowledge, continues Mr. Daniell, to determine the
aqueous
absolute velocity with which vapour travels under any
vapour
of the circumstances mentioned ; but the relative rates
travels.
of different parts of the same column may be approxi
mated.* Thus, taking as an example the latitude of
30 laid down in the last Table, the current which blows
in the direction of the parallel of 40 may be deemed
high, and retards the motion of the vapour towards
latitude 20 accordingly. At the elevation of 10,000
feet, the density of the air is reduced one-third, and the
velocity is consequently doubled. To this must be
added the consideration, that the opposing current, at
the same elevation, declines in strength, thereby
increasing the force in the still higher ratio of 189 to

154. More vapour, therefore, would probably pass at Meteor
this elevation than at the surface, although its excess ology.
of elasticity is only .044 inches at the former station,
and .138 inches at the latter. Whenever a deep
stratum of air has had its temperature and vapour
equalized, in the manner before described, it is easy to
conceive that the aqueous atmosphere may travel in its
upper parts with considerable velocity, in a course
directly opposed to the wind at its lower. The
approximation, however, has been carried a little further
by Mr. Daniell. The effect of a brisk wind, in accele
rating evaporation, is equal to an increase of about
three-tenths of the elasticity, that of a high wind being
six-tenths. The retarding influence of the Polar
current, in its regular state, may therefore be appor
tioned to the different latitudes in Tables XIII. and
XIV., as follows: g
From the Poles to latitude 80 =
of the elasticity,
to latitude 70 = ^j, latitude 60 = -fa, latitude 50 =
latitude 20 ;
latitude 40 = A. latitude 30 =
and from latitude 10 to the Equator
latitude 10 =
The following Table will then represent the effi
cient force of the vapour in a lateral direction, calculated
for the surface of the sphere, and for the altitude of onethird the density.

Table XV.—Showing the efficient lateral force of Fa-pour between the Poles and Equator at the Surface of the
Sphere, and at the Altitude of one-third the Density.
Latitudes
Latitudes
Latitudes
Latitudes
Latitudes
Latitudes
Latitudes
Latitudes
Latitudes
10 and 0.
90 and 80.
80 and 70. 1 70 and 60.
20 and 10.
60 and 50.
30 and 20.
50 and 40.
40 and 30.
• Effects of
Effectsind
of
Krftcwand
of Balance
Effectsund
of
F.ir.cttana
of
Effectsand
of
Effectsand
of
Effectsand
of
Effectsand
of
M'iml and
Wind
Donwij. 1 of 7uro«. Wind
Height. ofBalance
Force. Wind
Force. Wind
Density. offlaianrc
Force. Density. of Force. Demitj
Density. ofBalance
Force. Wind
Density. ofBalance
Force. Wind
Density. ofBalance
Density. ofBalance
Force. Wind
Density. ofBalance
Force. Wind
0 -.003 -.002 -.010 -.008 —028 -.017 -.049 -.025 -.103 — .042 -.138 -.069 -.132 — .093 —109 -.088 -.082 -.074
10000 -.001 -.002] -.004 -.006 -.008 -.017 -.012 -.026 -.023 - .045 -.044 -.072 -.050 -.090 -.038 -.070 -.029 -.05b
i
This last Table, Mr. Daniell remarks, will give some
idea of the retardation of force, in the vapour, occa
sioned by the wind, at the surface of the sphere, and
also of the increase of velocity occasioned by diminished
pressure in the upper regions. It is easy to under
stand that, whenever the aerial current coincides with
the direction of the vapour, the progress of the latter is
accelerated in the same proportion.
* Mr. Herschel, at page 51 of the third volume of the Transaction)
of the Astronomical Society, has the following remarks :—" On the
night of the 19th of April, the sky had continued perfectly cloudless,
with not a breath of air stirring, and a dew so copious as to run off
the telescope in streams till about half past two A. m. I had to take
the transit of 25 Herculis as a settling star, which passed at 16
hours 21 minutes, (per Chron.) At 16 hours 8 minutes, one of
Piazzi'j stars passed, and was taken; after which I continued sweep
ing, the heavens continuing beautifully clear. About 5 minutes
before the expected passage of 25 Herculis, I noticed a dusky cloud
bank in the East; it advanced rapidly. Immediately before the
transit, Arcturus was completely invisible : while yet in the act of
bisecting my star, the edge of the haze was on it, and in less than
three minutes from that time had extended to the Western horiron,
obliterating every star by a thick uniform coating of cloud. All the
time the calm remained quite undisturbed. The least supposable
rapidity of propagation in this case is 300 miles an hour, in the
direction of the Sun's motion ; and the cause is obviously the exact
attainment of a determinate temperature in the region of the atmo
sphere, where the cloud formed, either by radiation, or by a diminu
tion of atmospheric pressure taking place in succession along the
whole rone of sky, ami as it were pursuing the point of the heavens
opposed to the Sun."

(87.) The permanency of the Barometric pressure,
on the surface of the sphere, is dependent, as already
remarked, upon the equal balance of the aerial cur
rents ; and its fluctuations have been traced to the
destruction of this equipoise, by unequal and local ex
pansions and condensations. One of the chief causes
of these latter, Mr. Daniell attributes to the increase
and decrease of the aqueous vapour, counteracting the
natural progression of temperature by the caloric
evolved in its condensation. But there is another
cause, which must exercise a powerful influence, and
to which no allusion has yet been made. It has
hitherto been supposed, for the sake of simplifying the
subject, that the source of heat has been in the sphere
itself, and that all the regular changes of temperature
emanate from its surface. This so far agrees with the
condition of the atmosphere of the earth, with which
it is Mr. Daniell's final object to identify his different
hypotheses ; for while in a transparent state, the sun's
rays pass through the air without materially affecting it,
and exhaust their influence upon the surface of the
globe. But if the atmosphere become cloudy and Effects of
opaque, the rays of heat, emanating from an externa cloudy an.
source, are in great part absorbed before they reach the "f^""'™
surface, and an increase of temperature and elastic mc.sphero
vapour must take place in the middle regions. Here on the
arises another source of partial and powerful expan- temperat<sion. To this also may be added the property which
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of preventing the radiation of heat
the surface beneath them, and the greater con
ducting power of damp, than of dry air.
(88.) Amongst the numberless modifications of con
dition, to which an atmosphere of the nature we have
been considering is liable, there are yet two or three to
which it will be necessary shortly to refer. The surface
of the sphere has hitherto been chiefly considered as
perfectly plain, and either thoroughly dry or every
where covered with water. Let us now contemplate it
as covered with water to the extent of three-fourths of
its surface, and the remaining fourth of dry earth, un
even and inters ected by eminences ; conditions which
assimilate it still more closely to the actual terrestrial
atmosphere. Such an intermixture of land and water
must at once introduce inequalities of temperature of a
different character from those which have been hitherto
considered. These will arise chiefly from the greater
rapidity both of heating and cooling, in the dry surface,
dependent upon the peculiar constitution of the watery
element As the processes by which their impressions
are communicated to the incumbent air are slow and
gradual, they mostly affect the different columns in an
equable manner ; so that their influence upon the atmo
spheric currents resolves itself into the cases which
have been already proposed, of total and regular ex
pansion. With respect to the vapour, however, the
case is different. The parts of the atmosphere above
the dry spaces cannot remain free from its admixture,
because the elasticity of the surrounding medium will
soon supply the vacuum. The law of this equalization
will depend upon the mechanical obstruction of the air,
which is influenced also by the conditions of the wind.
When once diffused over the land, it will be more sub
ject to condensation ; and the amount of precipitation
must be restored from the great expanse of waters.
(89.) Finally, unevenness of surface will tend, says
Mr. Dasiell, to modify the atmosphere in some minor
degree. Any elevation will obviously partake of the
temperature due to the stratum of air into which it may
rise ; but the action must be reciprocal ; and as the
beating surface is raised to higher regions, those re
gions must be proportionally aud unequally affected.
We shall now pass to the consideration of some of
the phenomena connected with the actual atmosphere
of the earth.
Figure of the Atmosphere.
F.cat of
(90.) The problem of the figure of the atmosphere is
"« Earth1! connected with some very refined and delicate points
1 of analysis. Had the Earth been truly of a spherical
form, and entirely at rest, every portion of the atmo
sphere surrounding it, would, by the action of gravity,
have assumed a perfectly globular form. But any
velocity of rotation imparted to the Earth, would be gra
dually communicated to the atmospheric strata that
surround it ; and the friction of these strata against
each other, and against the surface of the body, would
accelerate the slower motions, and retard the more
rapid, till a perfect equality was established.
(91.) At its surface the atmosphere is only retained
by its weight ; and the form of this surface is such, that
the force which results from the centrifugal and attract
ive forces of the body, is perpendicular to it. The
atmosphere is flattened towards the Poles, and dis
tended at its Equator; but this ellipticity has limits,

and in the case where it is the greatest, the ratio of the
Polar and Equatorial axes is as two to three.
In the seventh chapter of the third Book of the
Mecanique Celeste, Laplace has entered on the consi
deration of the figure of the atmospheres of the celes
tial bodies, with his usual generalization and skill.

Limit to tba
atmosphere
first con
ceived by
Kepler. "

On the Limits of the Atmosphere.
(92.) The existence of a definite limit to the
altitude of the atmosphere was first conceived by
Kepler ; and he sought to determine its elevation by
means of the duration of the twilight. By an ingenious
and interesting process, which most writers on Astro
nomy explain, it is known to extend to between 40 or
50 miles above the Earth's surface, and even at that
altitude it still continues to possess a density sufficient
for refracting and reflecting the rays of light.
(93.) The authors* who have written, says Mr.
Ivory.t on the height and figure of the atmosphere,
have likewise assigned a boundary beyond which it
cannot reach. But in this they have rather fixed a
limit to the domain peculiarly belonging to the Earth,
than reasoned upon any distinguishing properties of
the atmosphere itself. If we conceive a body that cir
culates round the Earth by the force of gravitation, in
the time of a diurnal revolution, the path which it de
scribes will mark the limit whereat the centrifugal force
arising from the rotatory motion of the Earth will just
balance the opposite centripetal force. Therefore any
body that participates in the rotatory motion common
to all, if placed beyond the boundary we have men
tioned, would continually recede from the Earth, and
be eventually lost in the immensity of space ; or, if
placed within the same boundary, would fall to the
common centre. The radius of the orbit described by
the revolving body is about 25,000 miles, or something
more than three diameters of the terrestrial globe.
Now the air surrounding the Earth cannot reach so far,
for if it did it would be continually dissipated ; a sup
position which is extremely improbable, since we are
acquainted with no source from which a constant waste
of so necessary a fluid could be supplied.
The first writer^ who attempted, from Physical con- rjr- Wollassiderations, to fix a definite limit to the atmosphere, was ton's atDr. Wollaston, in the Philosophical Transactions for 'omp* fo fix
1822, who remarks in his interesting Paper, that, in J^*"11^
attempting to estimate the probable height to which the atmosphere.
Earth's atmosphere extends, no phenomenon caused by
its refractive power in directions at which we can view
it, or by reflection from vapours that are suspended in
it, will enable us to determine it. From the law of its
elasticity, which prevails within certain limits, we know
the degrees of rarity corresponding to different elevations
from the Earth's surface ; and if we admit that air has
been rarefied so as to sustain only -^fa of an inch Baro
metrical pressure, and that this measure has afforded a
true estimate of its rarity, we should infer from the law,
that it extends to the height of forty miles, with proper
ties yet unimpaired by extreme rarefaction. Beyond
* D'Alembert, Opui, torn. vi. Laplace, Mecanique Ciktte, liv. iii.
ch. vii.
t Philosophical Trantactiont for 1823.
j Mr. Cavendish communicated to Mr. Davies Gilbert, President
of the Royal Society, in the year 1808, the substance of a very in
teresting investigation relative to the definite limits of the atmo
sphere; but this appears never to have been published.
D2
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this limit we are left to conjectures founded on the supposed divisibility of Matter ; and if this be infinite, so
also must be the extent of our atmosphere. For, if the
density be throughout as the compressing force, then
must a stratum of given thickness, at every height, be
compressed by a superincumbent atmosphere, bearing a
constant ratio to its own weight, whatever be its distance
from the Earth. But if air consist of any ultimate par
ticles no longer divisible, then must expansion of the
medium composed of them cease at that distance, where
the force of gravity downwards upon a single particle
is equal to the resistance arising from the repulsive force
of the medium.
Observa
(94.) Mr. Faraday, when alluding to the admirable
tions of Mr. argument of Dr. Wollaston, observes, that on passing
Faraday. upwards from the Earth's surface, the air becomes more
and more attenuated, in consequence of the gradually
diminishing pressure of the superincumbent part, and
its tension or elasticity is proportionally diminished ;
and when the diminution is such, that the elasticity is a
force not more powerful than the attraction of gravity,
a limit to the atmosphere must occur. The parti
cles of the atmosphere there tend to separate with a
certain force ; but this force is not greater than the
attraction of gravity, which tends to make them approach
the Earth and each other ; and as expansion would ne
cessarily give rise to diminished tension, the force of
gravity would then be the strongest, and, consequently,
would cause contraction, until the powers were balanced
as before.
Views of
(95.) Dr. Wollaston, however, has not confined his
Dr. Wol
laston ex inquiries to the Earth's atmosphere ; and, in extending
tended to his views to the probable existence of atmospheres
the atmo round other bodies, he properly remarks, that since the
spheres of law of definite proportions discovered by Chemists is
other
the same for all kinds of Matter, whether solid, fluid, or
bodies.
elastic, if it can be ascertained that any one body con
sists of particles no longer divisible, we then can scarcely
doubt that all other bodies are similarly constituted ;
and that we must conclude, without hesitation, that those
equivalent quantities, which we have learned to appre
ciate by proportional numbers, do really express the rela
tive weights of elementary atoms, the ultimate objects
of Chemical research.
Absurdity
(96.) In the first place, the views entertained by
of attempt those,
who, believing in the existence of a terrestrial
ing to dis
atmosphere of indefinite extent, sought to discover the
cover an
atmosphere existence of an atmosphere of a similar kind round the
of infinite lunar spheroid, may, from the reasoning of Dr. Wollas
divisibility ton, be proved to be utterly fallacious. For, since the
around the
density of an atmosphere of infinite divisibility at the
surface of the Moon would entirely depend on her gra
vitating force at that point, that density could not be
greater than the density of our atmosphere at the point
where the Earth's attraction is equivalent to the Moon's
attraction at her surface. At this height, which by a
simple computation is about 5000 miles above the
Earth's surface, we obviously can have no perceptible
atmosphere, and, consequently, should not expect to
Approach of t'iscern an atmosphere of similar rarity around the Moon.
Venus totlie (97) In tne next P^ce. the approach of Venus to the
Sun proving Sun, if the latter body were surrounded by an atmothat no at- sphere of infinite divisibility, might be reasonably ex
mosphere pected to present some degree of retardation in her
of infinite
divisibility apparent motion ; whereas, from the very precise and
surrounds accurate observations of Captain Kater, no such retarda
the latter. tion can be perceived. If we calculate at what apparent

distance from the body of the Sun his attractive energy
is equal to the gravitating influence at the surface of the
Earth, it is there that his power would be sufficient to
accumulate (from an infinitely divisible medium filling
all space) an atmosphere* fully equal in density to our
own, and, consequently, capable of producing a refrac
tion of more than one degree in the passage of rays
obliquely through it.
(98.) By considering the mass of the Sun as 330,000
times greater than that of the Earth, the distance at which
his gravitating force will be equivalent to the force of
gravity at the surface of the Earth, will be V330,000,
or, in ' other words, about 575 times the terrestrial
radius; and if the radius of the Sun be 111.5 times
that of the Earth, then will the distance here referred
575
*° De
z. • or 5.15 times the solar radius. Now the
1 11.5
Sun's apparent semi-diameter on the day of observa
tion (May 23d) having been 15' 49", it follows that
15' 49' X 5.15 = 1° 21' 29" was the distance from the
Sun's centre, at which his gravitating force was just
equivalent to the ordinary force of gravitation at the
Earth's surface.
(99.) But the approach of Jupiter's Satellites to that Strong con
Planet, instead of being retarded by refraction, is well firmation
by
known to be perfectly uniform, till they appear in afforded
the ap
actual contact ; showing that there is not that extent proach of
of atmosphere surrounding Jupiter, which that body Jupiter's
should attract to itself from an infinitely divisible Satellites t<
tha
medium filling all space. For since the mass of Jupiter,
atmo
Jupiter is full 309 times that of the Earth, the dis the
sphere of
tance at which his attraction would become equivalent that planet
to the ordinary terrestrial gravity, must be as V 309, is not one
or about 17.6 times the Earth's radius. And since his of infinite
diameter is nearly eleven times that of the Earth, we divisibility.
shall have ^-j? =1.6 times his own radius, for the dis
tance from his centre, at which an atmosphere, equal in
density to our own, should occasion a refraction exceed
ing one degree. To the fourth Satellite, this distance
would subtend an angle of about 3° 37' ; so that an
increase of density equivalent to 3J times the density
of our ordinary atmosphere, would be more than suf
ficient to render the fourth Satellite visible to us when
behind the centre of the Planet, and, consequently, to
make it appear on all sides of the Planet at the same
time, or rather as a luminous ring surrounding the
entire disc of the Planet
(100.) Now, though with regard to the argument
respecting the Solar atmosphere, some degree of doubt
may be entertained in consequence of the possible
effects of heat which cannot be appreciated, it is evi
dent that no error from this source can be apprehended
in regard to Jupiter ; and as this Planet has certainly
not its due share of an infinitely divisible atmosphere,
the universal prevalence of such a medium cannot be
maintained ; while, on the contrary, all the phenomena
accord entirely with the supposition that the Earth's (jcnerai
atmosphere is of finite extent, limited by the weight of conclusior
. — of Dr. W«
• Such an atmosphere would, in fact, be of greater density on ac- 'ast°n re
count of the far greater extent of the medium affected by the Solar specting tl
attraction, although of extreme rarity; but the addition derived from n""e e*tliis source, may be disregarded in the present estimate, without pre- jj;11' j*^
judice to the argument, which will not be found to turn upon any karth s at
minute difference.
mosphere
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ultimate of atoms of definite magnitude no longer
<^r*J"^e repulsion of their parts.
(101-) Mr- Iv°ry. ia a Paper in the Philosophical
Transactions for 1823. on Astronomical Refractions,
in treating of this highly interesting question, conceives
a cylinder of air to extend indefinitely in a vertical direc
tion, and to be divided into equal parts of a moderate
length, so that the density of every division may be
considered as uniform ; and by abstracting the di
minution of Gravity and the increase of the cen
trifugal force, which are inconsiderable at the dis
tance of 200 or 300 miles from the Earth's surface,
the weight of air in every portion of the cylinder
will be proportional to its density. If now, conti
nues Mr. Ivory, we admit the elastic force to be pro
portional to the density, as it would be in an atmo
sphere of uniform temperature, it will follow, that the
weights of the several divisions of the cylinder will
vary in the same proportion as their elasticities. But
in the lowest part of the cylinder, the weight of the
small quantity of air contained in one division, is
incomparably less than its elastic force, which is an
equipoise to the whole atmosphere ; and the same
thing will therefore be true of every portion of the
cylinder, however high it is placed. Hence an atmo
sphere constituted as we have supposed, must neces
sarily be infinite in its extent. For if it were finite,
since there is no pressure at the surface, the weight of
a volume of air situated there would be in equilibrium
with its elastic force, whereas it has been proved that
the former is always an inconsiderable part of the
latter.
(102.) But in the foregoing reasoning, says Mr.
Ivory, a cause has been neglected which diminishes the
elasticity of the air as we ascend above the Earth's
surface, without affecting the force of Gravity in any
degree. In the higher parts of the atmosphere a con
tinually increasing degree of cold is found to prevail,
the effect of which is to contract all bodies in their
dimensions; and therefore, by the operation of this
cause, as we ascend in the atmosphere, the expansive
force of a given volume of air is constantly diminished
and brought nearer to an equality with its weight. To
estimate this effect with greater precision, let p1, z', t,
denote the Barometric pressure, the density, and the
temperature by the centigrade Thermometer at the
Earth's surface ; and let the same letters, without the
accent, denote corresponding elements at any height
r; then if j3 — 3 the expansion for one centigrade
degree, the known laws that obtain in the expansion
of elastic fluids will lead to this formula, viz.
p _ I+pt
z_
pf "~l+/3f * 3f'
Now, here it may be remarked, that —, is the measure
P
of the elastic force at the height x in parts of the same
force at the surface ; and we see also that it depends
on the temperature, as well as on the relative density
—
1 -4- 3 1
At the Earth's surface the quantity —
is
equal to unity, but continually diminishes as the tem
perature becomes less in ascending. We cannot con
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ceive that it will become negative, nor can any bounds Mcieor1 -f B t ologybe set to its approach to zero. But when
—- v"—v"
is evanescent, or when t = — 266°, the elastic force of
the air will cease, and gravity will stop the further
dilatation of the atmosphere. This reasoning, observes
Mr. Ivory, is independent of the law of the densities ;
and it proves both that the atmosphere may be finite in
its extent, and that it may have a finite density at its
upper surface.
( 103.) But it may be objected, that the effect of tem
perature on the air's elasticity has been verified only
to a certain extent ; and that in the case of air of a
great rarity, and subjected to extreme degrees of cold,
the law of dilatation and contraction may be very dif
ferent from what it has been proved to be in the
limited range of our experiments. This observation is
probably well founded, but it will not destroy the
force of what has been advanced. We know that air
always gives out heat when it is compressed into a less
volume, and absorbs heat when it expands. As long,
therefore, as that fluid retains its elasticity, so long, we
must conclude, will temperature continue to modify
the changes of bulk which that force produces. The
law of dilatation and contraction may, no doubt, under
go some change in different circumstances, but every
expansion must be productive of cold, and every new
degree of cold must diminish the elastic force of a
given volume of air. Gravity continuing to act with
nearly the same energy, while the elastic force of the
air is continually diminished, these two forces will at
length become equivalent, and will counterbalance one
another, which is all that is necessary for imposing a
limit to the extent of the atmosphere. We have
proved, says Mr. Ivory, that air, if it were confined by
the action of Gravity alone, would extend indefinitely
into space ; and it is not unreasonable to consider the
effect of temperature as a contrivance for accurately
attaching to the terrestrial globe a fluid so necessary
in every point of view to the economy of nature.
(104.) Since it is found, continues Mr. Ivory, that
all elastic fluids follow the same laws in regard to heat
and pressure, the foregoing reasoning will be found
equally true, whether we conceive the atmosphere as
composed of one homogeneous fluid, or as a col
lection of many elastic gases and vapours, however
much they may differ from one another in Specific
Gravity.
(105.) It may even be possible, adds Mr. Ivory, to His con.
form some reasonable conjecture as to the actual height jecture
of the finite atmosphere. Gay Lussac ascended in a respecting
balloon to the altitude of 3816 English fathoms, or J[£e
nearly four miles and a quarter above the level of the garth's at.
Seine at Paris ; the proportion of the heights of the mosphere.
Barometer in the balloon and at the surface of the
Earth being 0.467 nearly, which is therefore the rela
tive elasticity of the air. The temperatures, as ob
served at the extremities of the elevation, were 30°.8,
and —9°. 5 on the centigrade scale; and if we in
crease 0.467 to what it would have been, had the tem
perature remained unchanged during the ascent, we
shall find 0.500 for the density of the air at the height
ascended, in parts of the density at the surface of
the Earth. Thus, in the decreasing scale of elasti
cities, the diminution is from 1 to 0.467 ; but in the
decreasing scale of densities, it is only from 1 to 0.500.
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Meteor- The quantities of the one scale continually fall behind
ol°gy- those of the other at a rate that must bring them to
""■"v^" zero, whatever be the gradation of the latter. If we
divide 3816 fathoms, the whole height ascended, by
40°.3 the difference of temperature, the elevation for
depressing the Thermometer one degree will come out
equal to 95 fathoms ; and if we suppose that the same
rale prevails in all parts of the atmosphere, the whole
height will be 266x95 fathoms, or nearly 29 miles.
The observations of the twilight show that this is less
than the true altitude ; and hence we must infer, that
the Thermometer falls at a slower rate in the higher, than
in the lower parts of the atmosphere. But, taking
the observed rate of 95 fathoms for the first 40 degrees,
and allowing, on an average, a double, or even a triple,
elevation for the remaining 226°, we shall still find that
the atmosphere will extend only to a moderate height
above the Earth's surface.
Mr. Dil
(106.) Mr. Dalton, in a Paper on the consti
lon's views tution
of the atmosphere, published in the Philoso
respecting
the finite phical Transactions for 1826, and before alluded to,
extent of the has also referred to its finite extent. He commences
atmosphere, his observations by referring to the 23d Proposition
of the lid Book of the Principia, wherein Newton
demonstrates, that if homogeneous particles of Matter
were endued with a power of repulsion in the inverse
ratio of their central distances, that, collectively, they
would form an elastic fluid agreeing with atmospheric
air in its mechanical properties. Newton does not,
however, infer from this demonstration that elastic
fluids must necessarily consist of such particles ; and
his argument requires that the repulsive power of each
particle terminates, or very nearly so, in the adjacent
particles. .
(107.) From the Scholium to this Proposition,
Newton was evidently aware of the difficulty of con
ceiving how the repulsive action of such particles could
terminate so abruptly as his supposition demands ; but
in order to show that such cases exist in nature, he
finds a parallel one in Magnetism.
Principle on (108.) Following up his reasoning Mr. Dalton ob
which he serves, that on the hypothesis of the density of any
founds a
limit to the atmosphere diminishing in Geometrical progression
atmosphere. ^° intervals of ascent in Arithmetical progression, every
atmosphere must be unlimited, or of infinite extent.
But if an atmosphere is constituted of particles on the
Newtonian hypothesis, it-must have a limit ; and which
limit will exist where the repulsion of two particles
becomes equal to the weight of one of them.
Comparison (109.) We have no data, continues Mr. Dalton, from
of the re
which to determine the absolute height above the sur
lative
heights of face of the Earth to which any one atmosphere can
twi> atmo ascend ; but we can form a pretty accurate comparison
of the relative heights to which two atmospheres would
spheres.
ascend, especially if the relative weights of their atoms
be known.
(110.) For instance, says he, we know that the dia
meter of an elastic particle of carbonic acid is nearly,
or exactly, the same as that of a particle of hydrogen
under the same pressure ; also that their weights are
as 20 to 1. At two miles' elevation, the elasticity of
an atmosphere of carbonic acid gas is diminished one
half; and at 40 miles' elevation, that of hydrogen is
diminished one half. Now let it be supposed that at
30 miles' elevation the carbonic acid atmosphere ceases
to exist, or terminates, at which elevation its elasticity
must be, according to the Geometrical progression,

near'y 33000 5 theD' by *e Same laW* *e •:«sticity Of "'ogy?"
the hydrogen atmosphere must be

— at the height

of 15 x 40 = 600 miles ; also the diameters of the
particles of the two gases are still equal at those ele
vations, because they vary as the cube roots of the
elasticities inversely ; that is, if the diameters of the
particles of carbonic acid and hydrogen at the surface
of the Earth be denoted by 1, that of carbonic acid at
30 miles will be represented by ^33000, and that of
hydrogen at 600 miles' elevation will also be 1^/33000.
But by the hypothesis, this distance is capable of sup
porting a weight as 20, (namely, the weight of one
atom ofcarbonic acid ;) the hydrogen atmosphere, there
fore, must be further elevated, till it is capable of sup
porting a weight only as 1, (namely, the weight of an
atom of hydrogen;) this will take place when the
elasticity is still further diminished in the ratio of 205
to I3, or 8000 to I. Hence, we shall have to extend
the atmosphere about 13 X 40 = 520 miles further
before it can terminate, or the height of 1 120 miles.
In this estimate we have not taken into consideration
the variable force of Gravity. At the height of 1400
miles the force of Gravity is reduced one half, nearly ;
on this account the elevation of the hydrogen atmo
sphere will be increased between one and two hundred
miles more, so as to make it amount to twelve or thir
teen hundred miles. The variation of temperature in
ascending does not materially affect Mr. Dalton's
views.
(111.) Thus it appears, that, upon the assumption
made by the Manchester Philosopher, the hydrogen
atmosphere must be 40 times the altitude of the car
bonic acid atmosphere. If he had assumed the utmost
height of the carbonic acid atmosphere less than 30
miles, the disproportion of the two heights would have
been still greater ; and if more than 30 miles, it would
have been less ; but, in this case, the absolute differ
ence would be greater.
(112.) By applying these principles to the terrestrial
atmosphere, composed as it is of azote, oxygen, car
bonic acid, and aqueous vapour, and fixing the limit of
altitude in a full atmosphere (of 30 inches of mercury)
of oxygen gas at 45 miles, Mr. Dalton finds that of an
atmosphere of the same gas of 6.3 inches of mercury
will be found to be about 38 miles, the atom of oxygen
being 7 ; and that of azotic gas of 23.7 inches weight
will be found 54 miles, if the atom of azote be taken
as 5 j but if the atom of azote be double this weight,
as is supposed by many, but Mr. Dalton thinks with
out sufficient reason, then the height of the azotic
atmosphere will be only 44 miles. The very fine and
attenuated carbonic acid atmosphere must ascend to
the height of 10 miles, if a full atmosphere of this gas
ascend to 30 miles ; and that of aqueous vapour to the
height of 50 miles, allowing the Specific Gravity of
steam to be .625, and the weight of its atom 8.
(113.) Mr. Luke Howard, in alluding to this in- Views of
teresting subject, remarks, that the surface of the Mr. Luke
atmosphere is less elevated, and better defined, than Howard,
many imagine. A portion of air, says he, rarefied by
means of the air-pump, does indeed exhibit an elasticity,
which seems limited only by the imperfection of the
instrument. For the most minute residuum still
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appears to £11 the vessel, and to press against it in all
directions. But this is done at a temperature which,
pared with that of the extreme boundaries of the
" ere, is probably that of the steam in a highengine to the water in a well. We know that,
in ascending into the atmosphere, the temperature is
with the decreasing density of the
under a vertical Sun, between the
of perpetual snow on the mountains
within our reach, which the heat
to penetrate. There is
from whence air, conveyed to
the summit of the atmosphere, could obtain heat neces
sary to sueh extreme rarefaction ; the whole sensible
heat of the atmosphere being derived originally from
the Earth's surface, and distributed in an inverse pro
portion to the elevation. At an elevation, therefore,
not perhaps on a mean more than ten times that of
the highest mountains, or fifty miles at the Equator,
and considerably less at the Poles, there exists a per
petual zero of temperature, and with it an effectual
limit to the further expansion of the atmosphere.
Here, the spheroidal body of gases, enveloping our
globe, has probably a well-defined surface, (its extent
considered,) where the air, though greatly attenuated,
is much less rare than we can make it in the receiver of
ip ; in a word, a fluid, capable of rising and
like the waters of the Ocean, by alterations of

On the Distribution of Temperature on the Surface of
the Earth. Isothermal 'Lines, 8fc.
(114.) The distribution of heat over the surface of
3 vat m the globe, says Humboldt, belongs to that class of phe
nomena of which the general principles have long
been known, but which were incapable of being sub
mitted to an exact calculation, till experiment and
observation had furnished the data from which the
theory might obtain the corrections of the different
elements It requires.
(115.) An investigation of the temperature of the
•a St surface of the globe is a problem connected with the
ems- most interesting inquiries. It involves in its consider
away ation the conditions of the arid plains of a tro
pical climate, where the various orders of vegetable
beings are so powerfully influenced by a vertical Sun ;
or passing from these into the luxuriant regions of the
olive and the vine, and to the milder and more uni
form temperature of Italy and Spain ; and thence
igain to the variable climates, and the more verdant
Kingdoms of the North, until at length we arrive at
the Tegion of blighted vegetation, where nothing can
exist but the birch and the pine, and the chain of
vegetable existence is at last terminated in the hoary
desolation of the Arctic Zone.
(116.) Amidst this great circle of Physical changes,
the Philosopher looks for materials on whieh to rear
the beautiful theories of his creation ; though it is
much to be feared, that theoretical considerations have
too often usurped the place of the laborious and less
inviting task of experimental observation.
(117.) It is a remarkable circumstance in the history
of this interesting problem, that Philosophers have
been accustomed to consider the distribution of heat in
a parlicidar region, as the type of the laws which
govern the whole globe ; and, in place of estimating the
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distribution of heat in its general relations to continents Meteorand seas, it has been usual to consider as exceptions, ology.
every thing which differed from the adopted type ; or, *—"~"v—~by pursuing a method still more dangerous in inves
tigating the laws of Nature, to take the mean tempera
tures for every five degrees of latitude, und confound
ing together places under different meridians.
(118.) The distribution of heat depends by its nature The distrion many diversified causes. The Sun may exert its bution of
influence on a single point, but that influence will heal debe immediately modified by the influence of local cir- Pends on
cumstances, and hence the distinction that has for a ^ises.
long time been made between the solar and the real
climate of a place. It will be sufficient to mention, in
order to render this distinction evident, how much the
temperatures of different latitudes are influenced by the
mixture of different winds ; the vicinity of seas which
are immense reservoirs of an almost invariable tem
perature; the unequal and varied surface, the Chemical
nature, the colour, the radiating power, and the rate of
evaporation from the soil ; the direction of the chains
of mountains, which act either in favouring the play
of descending currents, or in affording shelter against
particular winds ; the shapes of different Countries, their
mass and prolongation towards the Poles ; the quan
tity of snow which covers them in winter, their tem
perature, and their reflection in summer; and, finally,
the fields of ice, which form, as it were, circumpolar
continents, variable in their extent, and whose detached
parts, dragged away by currents, modify in a sensible
manner the climate of the temperate zone. These
modifying causes will be sufficient to show, that a great
and necessary distinction exists between the solar and
real climate of a place. We must not, however, forget,
that the local and multiplied causes which modify the
action of the Sun upon a single point, of the globe, are
themselves but secondary causes, the effects ofthe motion
which the Sun produces in the atmosphere, and which
are propagated to great distances.
(119.) It is from theory alone that we must expect Ha!Iey'«
to determine the distribution of heat over the surfuce theory,
of the globe, so far as it depends on the immediate
and instantaneous action of the Sun. In the year 1693,
previous to the use of comparable Thermometers, and
to precise ideas of the mean temperature of a place,
Halley laid the first foundations of a theory of the
heating action of the Sun under different latitudes.*
He proved that these actions might compensate for the
effect of the obliquity of the rays. The ratios which he
points out do not, however, express the mean heat of
the Seasons, but the heat of a summer-day at the
Equator and under the Polar Circles, which he finds
to be as 1.884 to 2.310, or as 100 to 127.
(120.) In two Memoirs.t Mairan attempted to solve Mairan's
the problem of the solar action, by treating it in a 'he°rymuch more extended and general manner, and for the
first lime compared the results of theory with those of
observation ; and as he found the difference between
the heat of summer and winter much less than it ought
to be by calculation, he recognised the permanent heat
of the globe and the effects of radiation. Without
mistrusting the observations he employed, he conceived
the strange theory of central emanations, which in
crease the heat of the atmosphere from the Equator to
• Phil. Tram, for 1693.
t Mem. de FAcad. 1710 and 17G5.
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Meteor- the Pole. He supposed these emanations to decrease
ology. to the parallel of 74°, where the solar summers attain
~v-"—' their maximum, and that they then increase from that
latitude to the Pole.
Euler's
(121.) Euler was not more successful than Mai ran
theory.
j„ njs theoretical Essays on the solar heat. He sup
posed the negative sines of the Sun's altitude during
the night to give the measure of the nocturnal cooling,
and obtained the extraordinary result,* that, under the
Equator, the cold at midnight ought to be more rigor
ous than during winter under the Poles. Fortunately
this transcendant analyst attached but little importance
to the result, and to the theory from which it was
deduced.
Invesliga(122.) Lambert.t dissatisfied with the route followed
tions of
by his predecessors, directed his attention to two very
Lambert. different objects. He investigated analytical expres
sions for the curves which express the variation of
temperature in a place where it had been observed, and
resumed in its greatest generality the theorem of the
solar action. He gave formula;, from which he found
the heat of any day at all latitudes; but being per
plexed with the determination of the nocturnal dis
persion of the acquired heat, or the subtangents of the
nocturnal cooling, he gave tables of the distribution of
heat under different parallels, and in different Seasons,
which differ, however, so widely from observation, that
it would be difficult to ascribe their deviations to the
radiating power of the Earth, or to the influence of
disturbing causes.
Of Mayer.
(123.) In 1755, Mayer, the celebrated reformer of
the Lunar Tables, published an Essay J essentially dif
fering from those we have quoted, and in which the
learned author attempted to deduce the mean heat
empirically, by the application of coefficients furnished
by observation. We shall hereafter allude more parti
cularly to this interesting performance, when we come
to treat of the formula? of temperature.
Of Kirwan
(124.) Kirwan, in his Work on Climates, and in a
learned Meteorological Memoir, contained in the
VHIth volume of the Memoirs of the Royal Irish
Academy, attempted at first to follow the method pur
sued by Mayer ; but richer in observations than his
predecessors, he soon perceived that, after long calcutions, his results agreed ill with observation.§ In
order to try a new method, he selected, in the vast
extent of sea, those places whose temperature suffered
no change but from permanent causes. These were in
that part of the Pacific Ocean comprised between the
parallels 45° North and 40° South latitude, and that
portion of the Atlantic Ocean, contained between the
parallels of 45° and 80°, from the coasts of England
to the Gulf Stream. Kirwan also endeavoured to
determine, for every month, the mean temperature of
these seas in different latitudes ; and these results
afforded him terms of comparison with the mean tem
peratures observed on the solid part of the terrestrial
globe. But it is easy to conceive, says Humboldt,
that this method has no other object, but to distinguish
in climates, that is in the total effect of calorific in
fluences, that which is due to the immediate action of
• Comment. Petrop. torn. ii.
f Pyrumetrie oder Vom Muate del Feuert, 1779.
\ De Variationibut Thermometri accuratiut definiendit, {Opera
Jnedita, vol. i.)
S Kirwan's Etlimale of the Temperature of the Globe, ch, iii.

the Sun on a single point of the globe. Kirwan first Meteorconsidered the Earth as uniformly covered with a thick ology.
stratum of water, and then compares the temperatures v^v*»''
of this water at different latitudes, with observations
at the surface of continents identified with mountains,
and unequally prolonged towards the Poles.
(125.) This interesting investigation may enable us,
says Humboldt, to appreciate the influence of local
causes, and the effect which arises from the position of
seas, on account of the unequal capacity of water and
Earth for absorbing heat. It is even better fitted for this
object, than the method of means deduced from a great
number of observations made under different meri
dians ; but in the actual state of Physical knowledge,
the method proposed by Kirwan cannot be followed.
A small number of observations made far from the
coasts, in the course of a month, fixes, without doubt,
the mean annual temperature of the sea at its surface ;
and, on account of the slowness with which a great
mass of water follows the changes of the temperature
of flie surrounding air, the extent of variations in the
course of a month is smaller in the Ocean than in the
atmosphere. But it is still greatly to be desired,* that
we should be able to indicate by direct experience, for
every parallel and for every month, the mean tempera
ture of the Ocean under the temperate zone.
(126.) Kirwan was succeeded by many ingenious of Cotte.
and interesting writers, among whom may be men
tioned the useful and laborious compiler Cotte ; but it of Humis to the enlightened and enterprising traveller Hum- boldt.
boldt, that we owe our comparatively enlarged notions
of the distribution of terrestrial heat. In his Me
moir on Isothermal Lines, published in the Memoires
d'Arcucil, torn. iii.,f he has entered with the utmost
generality on the consideration of all the circumstances
connected with this interesting inquiry ; and in the
excellent translation given of it by Brewster, in the
early volumes of the Edinburgh Philosophical Journal,%
that Philosopher justly remarks, " that it must be
constantly referred to in all subsequent speculations on
Meteorology, and should be familiar to every person
who pursues this important study."
(127.) Humboldt was led to the consideration of
this highly interesting subject, by visiting the most
elevated plains of the New Continent, and tracing the
different vicissitudes of climate existing in the mighty
chain of the Cordilleras. To connect the system of
climates of the Old World with those of the New, this
accomplished traveller endeavoured to find at every 1 0°
of latitude, under different meridians, a small number of
places whose mean temperature had been correctly ascer
tained, and through these, as so many standard points,
he supposed his isothermal lines, or lines of equal heat,
to pass. These lines were traced upon a map, in a Hislsothet
manner analogous to the ordinary Magnetic lines ofmal''nes.
dip and variation, and their properties contemplated in
* Humboldt, Rilation Hittoriqve, torn. i.
t The interesting Papers contained in the Mtmoirei d'Arcueil,
owe their origin to a Society of distinguished men, who assembled
once a fortnight, at the elegant retreat of the elder Berthollet, in the
little village of Arcueil near Paris. The day was spent in perusing
the latest Scientific publications, reading and discussing Philosophi
cal papers, projecting new experiments, and in other Philosophical
occupations. Besides La Place, who appeared rather as a patron and
counsellor, the members consisted of Humboldt, Decandolle, Biot,
Gay Lussac, Malus, Thenard, the younger Berthollet, and ColletDescostils.
J Edinb. Philosophical Journal, vols, iii., iv., and v.
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a twofold point of view ; first with relation to the
Mean Meteor
Latitude. Temiwra*
ology.
same horizontal plane on the surface of the Earth ;
tare.
and, secondly, as rising on the declivities of mountains
"Philadelphia
39° 56' 54" 9'
New York
40 40 53 8
in a vertical plane, embracing in this comprehensive
St. Malo
48 39 54 5
view, the three rectangular coordinates of latitude, lon
Nantes
47 13 54 7
gitude, and elevation above the sea.
Naples
40 50 63 3
(128.) In tracing the courses of these magnificent
Cvsatt
Difference. 7 0 9 5
lines through the different regions of the Earth, the III. Parallels of Pennsylvania,
Jersey, Connecticut, La-^
choice of Meteorological positions, and the character of
tium, and Romelia.
Ipswich
42° 38' 50° 0
bin the observations made at them, became of the highest
importance. No observations could be adopted, but
Cambridge,(Amer.).42 25 50 4
Vienna
48 13 50 5
such as had been spread over a wide surface of time,
Manheim
49 29 51 3
measured by instruments constructed with Philosophic
Toulon
43 7 62 1
accuracy, and registered with fidelity and care. Many
Rome
41 53 60 4
good observations were rejected, says Humboldt, solely
because the absolute height of the place of observation
Difference.. 6 30 11 0
was unknown. This was the case with the observa
tions made in Asia Minor, in Armenia and Persia, and 1 V. Parallels of Canada, Nova Quebec
46»47' 41° 9'
41 9
with the greater part of Asia ; and at the time that
Scotia, France, and the57 7
Humboldt wrote, the phenomenon, for such it may
South of Germany.
51 4
with the most perfect truth be called, was presented, of
500 well-determined points in the Equinoctial regions
Difference. . 13 0 12 6
of the New World, the greater number of which were
simple villages and hamlets of recent growth, contain
fNains
57° 0' 26°4'
57 20 29 8
ing only the germs of civilization, whereas the heights V. Parallels of Labrador, the Okak
Umea
63 50 33 3
of Erzerum, of Bagdad and Aleppo, of Teheran,
South of Sweden, and Enontekies
68 30 27 0
Courland.
Ispahan, Delhi, and Lassa, places whose names have
I Edinburgh
55 58 47 8
been known from a remote antiquity, and associated in
^Stockholm
59 20 42 3
our recollections with all the charms of Oriental Poetry
Difference. . 1 1 0 17 1
and Romance, have their levels above the surrounding
seas, and their temperatures at this moment undeter(131.) This Table* indicates the difference of cli Remarks
(129.) In another part of our Paper we shall dis- mates, expressed by that of mean temperature, and by on the forethe admirable precautions adopted by Humboldt the number of degrees which it is necessary to go going Table.
in taking his averages of temperature, and also in Northward in Europe, in order to find the same quan
reducing his different temperatures to general expres tity of annual heat as in America; and the differences
sions. We now proceed at once to trace the course of under the column of latitudes, are the differences between
the Isothermal lines on the surface of the globe, and at the latitude of a place in Europe and a place in Ame
rica, which have the same mean temperature ; and the
the level of the sea.
(130.) A slight attention to the difference of cli differences under the column of mean temperatures,
'.-si wltit mates, at once reveals that the temperatures are not are the differences between the mean temperatures of a
the same under the same parallels ; and that advancing place in Europe and of one in America, having the
70° to the East or West, a sensible alteration in the same latitude. As a place could not be found in the
heat of the atmosphere is found. Places situated, Old World, whose mean temperature was 48°, the
however, under the same latitudes do not differ in same as that of Williamsburg, Humboldt supplied it
America and Europe by so many degrees of tempera with an interpolation between the latitudes of two
points, whose mean temperatures are 56J.5, and 59°.4.
ture, as has been commonly supposed.
By an analogous method, and by employing only good
observations, he found also :
1°. That the Isothermal line of 32° passes between Uleo Position of
Table XVI.
and Enontekies in Lapland, (latitude 66° to 68°, East the Isother
Km longitude, from London, 19° to 22°,) and Table Bay mal line of
Latitude. Tempera
32°.
tur». in Labrador, (latitude 54°, West longitude 58°.)
INatches
31" 28' 64° 8*
2°. The Isothermal line of 41° passes by Stockholm Of 41°.
Funchal
32 37 68 7
OroUva
28 25 69 8 (latitude 60°, East longitude 18°) and the Bay of
Rome
41 53 60 4 St. George in Newfoundland, (latitude 48°, and lon
Algiers
36 48 70 0 gitude 59°.)
3°. The Isothermal line of 50° passes by Belgium Of 50°.
Difference.. 7 0 4 1 (latitude
51°, East longitude 2°) and near Boston, (lati
tude 42° 30', West longitude 70° 59'.)
4°. The Isothermal line q/59° passes between Rome Of 59'.
1Williamsburg... 38° 8' 58*0'
and Florence, (latitude 43° 0', East longitude 11° 40*,)
^"'P6'1'"
" 36 59 4 and near Raleigh in North Carolina, (latitude 36° 0*,
Rome
41 53 60 4
Algiers
36 48 70 0 and West longitude 76° 301.)
Difference.. 7 0
V.

7 7

* See Humboldt's Prolegomena de dittributione. geographici
plan/arum, secundum cali lempcriem el alliludinem monlium, p. 63.
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(132.) The direction of these lines of equal heat, almost as in the Atlantic part of the Old World, at 50" Meteor
gives for the two systems of temperature known by of latitude. The Western coasts of the two worlds ology.
precise observations, viz. part of the middle and West resemble one another to a certain point.* But these
The differ of Europe and that of the coast of America, the fol returns of the Isothermal lines do not extend beyond
ences
60°. The curve of 32° is already found to the South
afforded oy lowing differences :
of the Slave Lake, and it comes still further South in
these lines
Table XVII.
of equal
approacing Lakes Superior and Ontario.
heat.
(135.) In advancing from Europe towards the East,
Mean
Temperature
the Isothermal lines again descend,f but the number of
of
the
Eajt
ot
the
Difference
Litlrade.
Now World.
Old W orld.
fixed points are few. The few good materials which The nodes
Humboldt possesses, have enabled him, however, to of the Iso
3°.60
70°52
66°.92
thermal lin
30°
trace the curves of 32° and 55°.4 ; and the nodes of of
f>5».4
40
63.14
54.50
8.64
the latter curve are known round the whole globe. It known
passes to the North of Bourdeaux, (latitude 45° 46' round the
50
50.90
37.94
12.96
North, longitude 0°37' West,) near Pekin (latitude whole
60
40.64
23.72
16.92
39° 54' North, longitude 1 16° 27' East) and Cape gbbe.
Foulweather to the South of the embouchure of the
(133.) In tracing the directions of the Isothermal Colombia, (latitude 44° 40' North, and longitude 104°
Isothermal
lines ap
lines from Europe to the Atlantic Provinces of the
proach each New World, they are found to approach each other West,) its nodes being distant at least 162° of longi
tude.
other to
(136.) It is worthy of observation, that the position of The Isothe
wards the from parallelism towards the South, and to converge
South, and towards the North, particularly between the Thermome- the Isothermal line of 32° bears a remarkable analogy to mal line of
bears
converge
tric curves of 41° and 50°. In pursuing these lines to
Magnetic Equator, whose singular inflexions in the a32°remark
towards the the West, the Thermometric means prove that they do the
South Sea create so many diversities in the inclination able ana
North.
not again rise, the quantity of heat which each point of of the needle. The direction and the inflexions of the logy to the
the globe receives under the same parallels being curve of 32° influence the neighbouring Isothermal Magnetic
nearly the same on the East and West sides of the lines, and we may even believe, continues Humboldt, Equator.
Alleghany range.* The presence of the Glediisia that, in the distribution of climates, the line of 32°
Monnspcrma, the Catalpa, the Aristolochia Sypho, and determines the curve of greatest heat, creating as it
other vegetable productions several degrees further to were an Isothermal Equator, and that in America and Isothermal
the North, in the basin of the Ohio, than on the coast Asia, through 78° of West and 102° of East longitude, Equator.
of the Atlantic.t led at one time to the supposition, that the Torrid Zone commences more to the South of the
there was a difference of temperature amounting to Tropic of Cancer, or that it there presents temperatures
three degrees ; but Humboldt has now clearly ex of less intensity. An attentive examination ofthe pheno
plained, that the migration of vegetables towards the mena, however, proves that this is not the case. When
North are favoured in the basin of the Mississippi, by ever we approach the Torrid Zone below the parallel of
the form and direction of the valley which opens from 30°, the Isothermal lines become more and more
the North to the South ; whereas in the Atlantic Pro parallel to one another and to the Earth's Equator ;
vinces, the valleys are transverse, and oppose great and hence Humboldt infers, that the great colds of
obstacles to the passage of plants from one valley to Canada and Siberia do not extend their action to the
another.
Equatorial plains.}
Other re
(134.) If the Isothermal lines remain parallel, or
(137.) There are partial inflexions of the Isothermal Partial in
marks re nearly so, to the Equator, from the Atlantic shores of lines, forming systems by themselves, modified by par flections (
lating to the the New World to the East of the Mississippi and the
Isothcrma
parallelism Missouri, it cannot be doubted that they rise again ticular local causes. An example of the kind is pre lines.
of Isother
sented in the strange inflexions of the Thermometric
mal lines. beyond the Rocky Mountains, on the opposite coast of curves on the shores of the Mediterranean, between
Asia, between 35° and 55° of latitude. In New
California, the olive is cultivated with success along
* On account of the influence of West and South-West winds.
the Canal of Santa Barbara, and the vine from Monterey
Meteorological Observations, p. 125.
to the North of the parallel of 37°, which is that of the Seef Dalton's
In comparing places from West to East, and nearly under the
Chesapeake Bay. At Nootka, in the Island of Quadra same parallel, we find :
and Vancouver, and almost in the latitude of Labrador,
West.
East.
the smallest rivers do not freeze, before the month of
Mean
Lit. Temp.
January. Through 122° 40' of West longitude, the
St. Malo
48°39' 54°.5 Vienna
48° 13' 50°.5
Isothermal line of 50° of temperature appears to pass
52 14 48.6
Amsterdam .... 52 21 53.4 Warsaw
Naples
40 50 63.3 Pekin
39 54 51.9
Copenhagen
...55
41
Moscow
55
46 40.1
45.7
* The following comparison of the mean temperatures has been
Upsal
59 52 41.9 Petersburgh...,59 56 38.8
deduced with great care.
The elevation of Pekin is inconsiderable. That of Moscow is 984
Cincinnati.
Philadelphia.
The absolute temperature of Madrid, to the West of Naples, is
Lat. 36" 6' N, Long. 84° 24' W. Lat 39° 56' N., Long. 75°16'W. feet.
59° ; but the city is elevated 1978 feet above the level of the sea.
Winler
32°.9
Winter
32°.2
\ If we have long regarded the Old World, says Humboldt, aa
Spring
54.1
Spring
51. 4
warmer between the Tropics than the New World, it is first because,
Summer
72.9
Summer
73.9
till 1760, travellers used Thermometers of spirits of wine, coloured,
Autumn
54.9
Autumn
56.5
and affected by light; secondly, because they observed them either
under the reflection of a wall, or too near the ground, and when the
Mean. .53.7
Mean.. 53. 5
atmosphere was filled with sand; and thirdly, because, in place of
calculating the true mean, they used only the Thermometric maximum
• f Humboldt, Essai sur la Geographic del Plmtet, p. 154.
and minimum.
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Marseilles, Genoa, Lucca, and Rome,* and those which
determine the difference between the climate of the
Western coast and the interior of France. The causes
of these aberrations depend much less on the quantity
of heat received by a part of the globe during the whole
year, than upon the unequal distribution of heat
between winter and summer,
twrlston (138.) The distribution of heat over different parts
ffioiui of the year, differs in the same Isothermal line. This
banal js remarkably exemplified in the succeeding Table :
Table XVIII.—Difference) of the Seasons from the
Equator to the Polar Circle.
Transatlantic Region.
Cisatlantic Region.
72° W.
Long. 1° W.and 17° E. Long. 58°

raolofline*
68°
59
50
41
32

Mean Temperature.

Mean Temperature.

Winter. Sominer. Din".

Winter. Summer. DBT.

59°.0
44.6
35.6
24.8
14.0

80°.6
73.4
68.0
60.8
53.6

21°.6
28.8
32.4
36.0
39.6

53°.6
39.2
30.2
14.0
1.4

80°.6
78.8
71.6
66.2
55.4

27°.0
39.6
41.4
52.2
54.0

(139.) This Table shows the increase of the differ
ence between the winters and summers from 28° and
30° to the parallels of 55° and 65°. This increase ia
more rapid in the transatlantic zone, where the Iso
thermal lines of 32° and 50° approach one another
very much ; but it is remarkable, that, in the two
zones which form the two systems of different climates,
the division of the annual temperature between winter
and summer is made in such a manner, that upon the
Isothermal line of 32°, the difference of the two seasons
is almost double that which is observed on the Isother
mal line of 68°.
(140.) There are also some differences worthy of
examination between the winters and summers, in fol
lowing the same Isothermal line from West to East.
The differences between the seasons of the year are
less near the convex summits of the Isothermal carves,
where these curves rise again towards the North Pole,
than near the concave summits. The same causes
which affect the inflection, or the greatest curvature of
the Isothermal lines, tend also to equalize the temper
atures of the seasons.
(141.) The whole of Europe, says Humboldt, com
pared with the Eastern parts of America and Asia,
has an insular climate, and, upon the same Isother
mal line, the summers become warmer and the win
ters colder, as we advance from the meridian of Mont
Blanc towards the East or West. Europe may be
considered as the Western prolongation of the Old
Continent ; and the Western parts of all continents
are not only warmer at equal latitudes than the Eastern
' Pulngna
Genoa

Lot.
44° 29'
44 25

Men
Temp.
56°3 Marseilles
66.6 Rome

IM.
43° 17'
41 53

Mean
Temp.
5U".8
CO. 4

parts, but even in the zones of equal annual tem
perature, the winters are more rigorous, and the sum
mers hotter on the Eastern coasts than upon the
Western coasts of the two continents. The Northern
part of China, like the Atlantic region of the United
States, exhibits seasons strongly contrasted,* while the
coasts of New California, and the embouchure of the
Colombia, have winters and summers almost equally
temperate. The Meteorological constitution of these
countries in the North-West, resembles that of Europe
as far as 50° or 52° of latitude. In comparing the
two systems of climates, the concave and convex sum
mits of the same Isothermal lines, we find at Niw
York, the summer of Rome and the winter of Copen
hagen ; at Quebec, the summer of Paris and the winter
of Pelersburgh. At Pekin, also, where the mean tem
perature of the year is that of the coasts of Brittany,
the scorching heats of summer are greater than at
Cairo, and the winters as rigorous as at Upsal.
(142.) The mean temperature of the year being Mean temequal to the fourth part of the winter, spring, summer, peralure of
and autumnal temperatures, we shall have upon the
l™c"n
same Isothermal line of 53°.6,
Isothermal
At the concave summit in 1
32°-)-52°3+75°.6+5 l.°5
.Hue.
America, 74° 40' W. long.)53 -64
At the convex summit in Eu
40°.l
+5
1
°
8+68°.4+54°.l
rope, 2° 20* West long. ]r>3°.6—
At the concave' summit in 1
• -2'l°.8+54°.7+80°.6+54',.3
Asia, J 16° 20' East long. p3°.6=4
'
(143.) This analogy between the Eastern coasts of Analogy
Asia and America sufficiently proves, says Humboldt, between the
that the inequalities of the seasons depend on the pro- Eastern^
longation and enlargement of continents towards the A»ia aod
Pole ; of the size of seas in relation to their coasts; and America,
on the frequency of the North-West winds, which are
the Vents de Remons of the Temperate Zone, and not on
the proximity of some plateau or elevation of the adja
cent lands. The great plateaus of Asia do not stretch
beyond 52° of latitude ; and. in the interior of the
New Continent, all the immense basin bounded by the
Alleghany range, and the rocky mountains, and co
vered with secondary formations, is not more than from
650 to 920 feet above the level of the Ocean, according
to the levels taken in Kentucky, on the banks of the
Monongahela, at Lake Erie.
(144.) The following Table indicates, for all the
habitable parts of the Temperate Zone, the division of
the same quantity of annual heat between the seasons of
summer and winter. The numbers which it contains,
says Humboldt, are cither the result of direct observa
tions, or of interpolations between a great number of
observations made in neighbouring places, and situated
under the same meridian. Humboldt traced each
Isothermal curve from West to East, giving the pre
ference to places situated near the summits of the curve,
as presenting at the same time the greatest differences
in the distribution of the annual heat. The longitudes
are reckoned from the Observatory at Greenwich.
* BufFon distinguishes places which exhibit great difference in their
warmest and coldest months, by the name of Excessive Climate).

E 2

28

METEOROLOGY.

Table XIX.— Isothermal Lines from 32° to 68°.

Longitude.
'
I»oth. line of 68".
•
Isoth. line of 63°.5.
•
Isoth. line of 59°.
'
Isoth. line of54°.5. •

-

Isoth. line of 50°.

Isoth. line of 45°.5.

Isoth. line of 41°.

•

|
Isoth. line of 3G°.5.
1
f
Isoth. line of 32°.
I
Detero!natetype
for the division of
Heat.

82° 10' W.
16 56 W.
3 0 E.
89 40 W.
14 11 E.
84 10 W.
3° -4° E.
84 40 W.
74 10 W.
1 32 W.
9 20 E.
116 20 E.
« 84 20 W.
71 10 W.
6 40 w.
0 40 w.
2 20 E.
19 0 E.
116 20 E.
71 0 W.
2 10 W.
12 35 E.
21 20 E.
71 10 W.
9 20 E.
17 20 E.
24 20 E.
36 20 E.
71 40 W.
18 5 E.
22 20 E.
57 40 E.
19 50 E.
25 20 E.

Mean Temperature.

Latitude.
29" 30/
32 37
36 48
32 30
40 50
35 30
43 30
38 30
40 0
47 10
45 30
40 0
41 20
42 30
52 30
53 30
51 0
47 30
40 0
44 42
57 0
55 40
53 5
47 0
62 45
60 30
60 0
58 30
50 0
62 30
62 50
53 0
65 0
71 0

(145.) It is impossible to examine the preceding
Table without ' observing, that the division of the
annual heat between summer and winter follows, on
each Isothermal line, a determinate type ; that the
deviations of that type are contained between certain
limits, and that they obey the same law in the zones
which pass by the concave or convex summits of the
Isothermal lines : for example, by 58°—68° of West
longitude, and 116° of Eaft longitude.
(146.) The following Table shows the oscillation,
or the maxima and minima, observed in the division
of the heat between the seasons. Humboldt has also
added to it the means of the winters and summers
found at different degrees of longitude, and under the
same Isothermal line.

Florida
Madeira
North Africa
Mississippi
Italy
Basin of the Ohio
Middle of France
America, West of Allegh
America, East of Ditto
West of France
Lombardy ....
East of Asia
America, West of Allegh
America, East of Ditto
Ireland
England
Belgium
•■ • •
Hungary
Eastern Asia
America, East of Allegh
Scotland
Denmark. .
Poland \
Canada
West of Norway
Sweden"
Finland
Central Russia
Canada
«
West coast of Gulf of Bothnia . .
East coast of Ditto
Labrador
Sweden
North extremity of Norway. . . .

Wtaler.

Summer.

53<\6
63.5
59.0
46.4
50.0
39.2
44.6
34.7
32.5
39.0
34.7
26.6
31.1
30.2
39.2
37.4
36.5
31.1
23.0
23.9
36.1
30.3
28.0
14.0
24.8
24.8
23.0
22.1
6.8
17.6
16.5
3.2
11.3
23.9

80°.6
72.0
80.6
77.0
77.0
77.9
75.2
75.2
77.0
C8.0
73.4
82.4
71.6
73.4
59.5
62.6
63.5
C9.8
78.8
71.6
56.5
62.6
66.2
68.0
62.6
GO. 8
63.5
63.0
60.8
57.2
59.0
51.8
53.6
43.7

Table XX.
[
Isother
mal ciamim-d.
Longitude
i Lints.
32"
41
50
59
68

83
107
200
87
84

Oscillations observed in the
Means.
Wintm.
3°.2 to 24«.8
14.0
24.8
23.0
37.4
39.0
44.6
53.6
59.0

Summen.

Means cal
culated.
Summers.

51°8 to 53°.G 14«.0 52»7
62.6
60.0 19.4 65.3
62.6
78.8 30.2 70.7
75.2
77.0 41.9 75.2
71.6
80.6 56.3 77.9
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(1-17.) If we endeavour to discover on different ature of the months above 51°.8, that is, the temper Meteor
Isothermal lines, points at which equal degrees of atures of those in which deciduous trees vegetate, we ology.
winter temperature prevail, a new system of lines will shall have a sufficiently exact mean of the continuance
of
be created, which have been denominated Isocheimal and strength of vegetation. As we advance towards Method
determining
lines. In Europe, it has been found that these Iso the North, the duration of vegetable life is confined to the exact
cheimal lines cut systems of Isothermal lines which are a shorter interval. In the South of France, there are mean of the
9° distant ; and hence it is that the Isocheimal lines 270 days of the year in which the mean temperature continuance
deviate much more than the Isothermal lines from the exceeds 51°.8 ; that i3 to say, the temperature which and strength
vegeta
terrestrial parallels. The latitudes of two places that the birch requires to put forth its first leaves. At of
tion.
have the same annual temperature cannot differ more St. Petersburgh, the number of these days is only
than from 4° to 5°, while two places, whose mean winter 120. These two cycles ofvegetation, so unequal, have
temperature is the same, may differ more than 9° or a mean temperature which does not differ more than
10° of latitude. The further we advance to the East, 5°.4*
(151.) The whole of the preceding observations, it
the more rapidly these differences increase.
(148.) If, again, we connect on different Isothermal will have been perceived, relate to the temperature of
lines, points at which equal degrees of summer tem that part of the lower strata of the atmosphere resting
perature prevail, another system of lines will arise, on the solid surface of the globe, in the Northern
which have been denominated Isolheral lines. These hemisphere, and it now remains to follow the steps of
Itotheral lines are found to follow a direction exactly Humboldt in his interesting inquiries respecting the
contrary to the Isocheimal lines. The same summer temperature of the Southern Hemisphere.
temperature prevails at Moscow, in the centre of Russia,
(152.) In few departments of Natural Philosophy Tempera
as towards the mouth of the Loire, notwithstanding a have Philosophers differed more widely in opinion, ture of the
difference of 11° of latitude,—the effect of the Earth's than in the comparison of the temperatures of the two Southern
radiation on a vast continent deprived of mountains.
hemispheres, From the beginning of the XVIth cen hemisphere.
(149.)
It
would
be
interesting
to
our
readers,
and
to
tury,
the notion prevailed that the Southern hemisphere
Tsipn1aaat £ it ourselves, did our limits permit, to follow Humboldt was by far the coldest. Mairan and Buffonf com
through the whole of his inquiries respecting the con bated this opinion theoretically, but on inaccurate
sat pro. nection of the Isothermal lines with the varied pro grounds. jEpinusJ established it anew; and the dis
ductions of the vegetable world ; to trace the tem covery of the vast extent of ice round the Southern
peratures necessary for the coffee-tree, the olive, and pole by the immortal Cook, appeared to widen the dif
the vine, or the different conditions of the atmosphere ference between these comparative temperatures. Le
which the varieties of grain require. We may, how Grentil, and, particularly, Kirwan,§ had the merit of
ever, remark, that the olive is cultivated in our con having first demonstrated, that the influence of the
tinent between the parallels of 36° and 44°, wherever circumpolar ice extended much less into the temperate
the annual temperature is from 62°.6 to 58°. 1, and zone than was generally admitted. The less distance
where the mean temperature of the coldest month is of the Sun from the winter solstice, and his long con
not below 41°.0 or 42°.8, and that of the whole sum tinuance in the Northern Signs, act in an opposite
mer 71°.6 or 73°.4. The region of potable wines manneiil on the temperature of the two hemispheres ;
extends in Europe between the Isothermal lines of and as Lambert has demonstrated in his theorem, that
62°.6 and 50°, which correspond to the latitudes of 36° the quantity of light which a Planet receives from the
and 48°. The cultivation of the vine extends, though Sun increases in proportion to the true anomaly, the
with less advantage, even to countries whose annual different temperatures of the two hemispheres cannot
temperature descends to 48°.2 and 47°.48 ; that of be the effect of unequal radiation. The Southern,
winter to 33°.8, and that of summer to 66°.2 and 6S°. hemisphere receives the same quantity of light, but
These Meteorological conditions are fulfilled in Europe the accumulation of heat in it is less,^[ on account of
as far as the parallel of 50°, and a little beyond it. the emission of the radiant heat which takes place
In America, they do not exist further North than during a long winter. This hemisphere being also in
40°. On the continent of Western Europe, the win a great measure covered with water, the pyramidal
ters, whose mean temperature is 32°, do not com extremities of the continents have there an irregular
mence till on the Isothermal lines of 48°.2 and 50°, in
from 51° to 52° of latitude; while in America, we find
* The geographical distribution of insects, also, may be made to
them already on the Isothermal lines of from 51°.8 to illustrate the general phenomena of temperature and climate. Latreille
has remarked, in his Introduction i la Geographic Gtnlrale des
53".6, under from 40° to 41° of latitude.
et des Insectes, on des Climatt propret A cet Animaux,
(150.) In all places whose mean temperature is Arachmdes
that the temperature adapted to the developement of one species, is
below 62°.6, the revival of nature takes place in not always proper for that of another ; and the extent of country
Spring, in that month whose mean temperature reaches which certain species occupy, has necessarily determinate limits
which they cannot exceed, at least suddenly, without ceasing to
42°.8, or 46°.4. When the temperature of a mouth
exist. The Southern insects of the Western Hemisphere, do not
[41°.9, the Peach tree (Amygdalus Persiea) flowers,
■extend so far to the North as in the Eastern. The intelligent Ento
rises to {46*8, the Plum tree (Pruwa domestica) flowers.
mologist ought always to take into consideration the height above the
[i\°M, the Birch tree* (BettUa alba) pushes out its leaves.
sea of the places in which he collects his specimens, and likewise their
Barley, in order to be, cultivated advantageously, mean temperature, and it may be added, to record precisely their
requires, during ninety days, a mean temperature of geographical positions.
+ Thiorie de la Tcrrc, torn. i. ; Mimoiret de rAcad. 1765.
from 47°.3 to 48°.2.t By adding the mean temperX De Distributive Calorit, 1761.
§ Estimate, Sfo. ; Irish Transactions, vol. viii. ; Le Gentil, Pbyagc
dans Vlnde, vol. t.
» Cotte, Metiorologie, p. 448 ; Wahlenberg, Flor. Lap. PI. 51.
II Mairan, M(m. Ar.ad. 1765 ; Lambert, Pyromitrie.
+ Playfair, Edm. Tram. vol. v. p. 202 ; Wahlenberg in Gilbert"!
•J] Prevost, De la Chaleur Rayonnanle.
' m. xli.
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climate. Summers of a very low temperature are suc
ceeded, as far as 50° of South latitude, by winters far
from rigorous. The vegetable forms also of the tor
rid zone, says Humboldt, the arborescent ferns, and
the orchideous parasites, advance towards 38° and 42°
of South latitude. The small quantity of land in the
Southern hemisphere,* contributes not only to equalize
the seasons, but also to diminish the annual temper
ature of that part of the globe. This cause, Humboldt
thinks, is much more active than that of the small
eccentricity of the Earth's orbit. The continents in
summer radiate more heat than the seas, and the
ascending current, which curries the air of the equi
noctial and temperate zones towards the circumpolar
regions, acts less in the Southern than in the Northern
hemisphere. The cap of ice which surrounds the Pole
to the seventy-first and sixty-eighth degree of South
latitude, advances more towards the Equator, when
ever it meets a free sea ; that is, wherever the pyra
midal extremities of the great continents are not
opposed to it. There is reason, Humboldt thinks, to
believe, that this want of dry land would produce an
effect still more sensible, if the division of the con
tinents was as unequal in the equinoctial as in the
temperate zones, t
(153.) Theory and experience prove, that the dif
ference of temperature between the two hemispheres,
cannot be great near the limit which separates them.};
Le Gentil had already observed, that the climate
of Pondicherry is not warmer than that of Mada
gascar, at the Bay of Antongel, in 12° of South
latitude. Under the parallels of 20, the Isle of
France has the same annual temperature, viz. 80°. 1,
as Jamaica and St. Domingo. The Indian Sea
between the East coasts of Africa, the Isles of Sonde
and New Holland, form a kind of gulf which is shut up
to the Nortli by Arabia and Hindostan. The Isother
mal lines there appear to go back to the South Pole ;
for further to the West, in the open sea between Africa
and the New World, the cold of the Southern hemi
sphere already causes itself to be felt from the twentysecond degree, on account of insulated mountains and
particular localities. The mean temperature of Rio
Janeiro is only 74°.3, whilst, notwithstanding the
North winds which bring the cold air of Canada dur
ing winter into the Gulf of Mexico, the mean temper
atures of Vera Cruz (lat. 19° 1 1') and of the Havannah (lat. 23° 10') are 77°.9. The differences of the
two hemispheres become more sensible in the warmest
months.
Table XXI.
Rio Janeiro.
Havannah.
Me»n
Mean
.Temp.
Temp.
June
68°.0 December
71°.8
July
70.2 January
70.2
January
79.2 July....
83.3
February
80.6 August
83.8
(154.) The great equality in the division of annual
heat in 34° of North and South latitude, is, as Hum
boldt remarks, very surprising. If we attend to the
three continents of New Holland, Africa, and America,
* Humboldt calculates that the dry lands in the two hemispheres
are in the ratio of 3 to 1.
f Humboldt remarks, that the dry lands between the tropics arc
in the two hemispheres as 5 to i, and without the tropics as 13 to 1.
% Prevost, p. 343.

we shall find, that the mean temperature of Port Meteor
ology.
Jackson (lat. 33° 51') is, after the observations of
Hunter, Peron, and Freycinet
66° 7
That of the Cape of Good Hope (lat. 33° 53')
66.9 Two parti
That of the City of Buenos Ayres (lat. 34° 36')
67.5 cular tem
peratures
(155.) Again, 60°.8 or 69°.S of annual temperature correspond
corresponds to the same latitude in the Northern to the same
in
hemisphere, according as we compare the American* latitude
the North
system of climates or the Mediterranean one ;—the ern
hemi
concave or the convex parts of the Isothermal lines. sphere, ac
At Port Jackson, where the Thermometer descends cording as
sometimes below the freezing point, the warmest month we compare
concave
is 77°.4, and the coldest 5b°.8. We find here, con the
or convex
tinues Humboldt, the summer of Marseilles and the parts of the
winter of Cairo,t In Van Diemen's Land, correspond Isothermal
ing nearly in latitude to Rome, the winters are more lines.
mild than at Naples ; but the coldness of the sum
mers is such,| th&i the mean temperature of the month
of February appears to be scarcely 64°.4, or 66°.2 ;
whilst at Paris, under a latitude more distant from the
Equator by 7°, the mean temperature of the mouth of
August is also from 64°.4 to 66°.2, and at Rome above
77°. Under the parallel of 51° 25' South, the mean
temperature of the Malouine Isles is ascertained to be
47°.3. At the same latitude North, we find the mean
temperature in Europe from 50° to 5l°.S, and in Ame
rica scarcely from 35°.6 to 37°.4. The warmest and
coldest months are at London 66°.2 and 35°.6 ; at the
Malouine Isles 55°.8 and 37°.4. At Quebec, the mean
temperature of the water is 14°; at the Malouine Isles
89°.6, though those isles are 4° of latitude further from
the Equator than Quebec. These numerical ratios prove,
says Humboldt, that, to the parallels of 40° and 50°,
the corresponding Isothermal lines are almost equally
distant from the Pole in the two hemispheres; and
that, in considering only the system of transatlantic
climates between 70° and 80° of West longitude, the
mean temperatures of the year, under the correspond
ing geographical parallels, are even greater in the
Southern than in the Northern hemisphere.
(156.) The division of heat between the different Thedivisior.
heat be
parts of the year, gives a particular character to of
dif
Southern climates. In the Southern hemisphere, on tween
ferent parts
the Isothermal lines of 46°.4 and 50°.0, we find sum of the year,
mers which in our hemisphere belong only to the gives a par
Isothermal lines of 35°.6 and 40°.0. The mean tem ticular cha
to
perature is not precisely known beyond 51° of South racter
Southern
latitude, but it may be observed, that the eternal climates.
snows, which in 71° of North latitude support them
selves at the height of 2296 feet above the level of the
sea, descend even into the plains, both in South
Georgia§ and in Sandwich Lund, in 54° and 58° of
Mean
Latitude.
Temp.
31°
28'
Gr.s
* Natchez
53.3
Cincinnati
39 06
Temp.
latitude.
f Cairo
30° W
72*.
Funchal
32 37
68.5
Algiers
36 48
70.0
\ In Van Diemen's Land the Thermometer descends in February,
in the morning, to 45°.5. The mean of mid-day is u'0°,8. At Paris
it is in August 73°.4. In Van Diemen's Land, in February the mean
of the maxima is 78°.8 ; of the minima 54°.5. At Rome these means
are 86° and 64°.5. D'Entrecasteaux, Voyage, torn. i.
§ It is the more surprising, says Humboldt, to find, in the Island of
Georgia, snow on the banks of the Ocean, because 2°3y' nearer the
Equator, at the Malouine Isles, the mean temperature of the summers,
is 53°.l, or 9" greater than at the point in our hemisphere in 71° of
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South latitude. But these phenomena, however strik
ing' they may appear, do not by any means prove that
the Isothermal line of 32° is 5° nearer the South Pole
than the North Pole. Nor would an equal altitude of
the line of perpetual snow in both hemispheres by any
means indicate an equal mean temperature of the year.
This limit depends particularly* on the coldness of
summer, and this again on the quick condensations of
the vapour caused by the passage of the floating ice.
Near the Poles, the foggy state of the air diminishes in
summer the effect of the solar irradiation, and in winter
that of the radiation of the globe.
ifTOvtrjti (157.) The lower strata of the atmosphere, resting
-j* anno- upon the aqueous surface of the globe, receive the in
fluence of the temperature of the waters. The sea
radiates less absolute heat than the continents ; it
cools the air by the effect of evaporation ; it sends
the particles of" water cooled and heavier towards
the bottom ; and it is heated again, or cooled, by I he
currents directed from the Equator to the Poles, or by
the mixture of the superior and inferior strata on the
sides of banks.
lfetoeia
(158.) It is from these causes combined, that, befajseninre tween the tropics, and, perhaps, as far as 30° of latiL> *j^r t,H^e' 'ne mean temperatures of the air next the sea are
.
3°.6 or 5°.4 lower than that of the continental air.
; that of Under high latitudes, and in climates where the atmo^coati- sphere is coolest in winter, much below the freezing
x^
point, the isothermal lines rise again towards the Poles,
or become convex when the continents pass below the
seas.t
Fx7 citei
(159.) With respect to the temperature of the Ocean,
rapUao. Humboldt refers to four very different phenomena :
Hftiof
1st. The temperature of the water at the surface cor; c/itj responding to different latitudes, the Ocean being consi
(Xtu
dered at rest, and destitute of shallows and currents.
2d. The decrease of heat in the superimposed strata
of water.
3d. The effect of billows on the temperature of the
surface of water.
4th. The temperature of currents, which impel,
with an acquired velocity, the waters of our zone across
the immovable waters of another zone.
Z-*ff
(160.) The region of warmest waters, observes Hum
boldt, no more coincides with the Equator than the
region in which the waters reach their maximum of
saltness. In passing from one hemisphere to another,
we find the warmest water between 5° 45' of North
latitude, and 6° 15' of South latitude. Perrins found
their temperature to be 82°.3, Quevedo 83°.5, Churruca 83°.7, and Rodman 83°.8. To the East of tiie
Galapagos Isles, Humboldt found it to be 84°.7. The
variations of the mean result do not extend beyond
1°.3 ; and it is remarkable, as Humboldt observes, that
in the parallel of warmest waters, the temperature of
the surface of the sea is from 3°.6 to 5°.4 higher than
that of the superincumbent air. As we advance from
the Equator through the torrid zone, the influence of
latitude, where the limit of perpetual snow exists at 2296 feet of
absolute elevation. But it must be observed, first, That the Malouine
Isles are near a cootineut which is heated in summer. Secondly,
That Georgia is covered with mountains, and placed not only in a
tea open to the North, but is also under the influence of the perennial
ices of Sandwich Land. Thirdly, That in Lapland 20° of latitude
produce, in certain local circumstances, 10°.8 of difference in the
temperatures of the summers.
* Baron Von Buch's Travels in Lapland, vol. ii.
t Humboldt's Retat. Hittor. torn. i. p. 67. 230.242.
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the seasons on the temperature of the surface of the sea Meteorbecomes very sensible ; but as a great mass of water oloe7'
follows very slowly the changes in the temperature of
v^"*'
the air, the means of the months do not correspond at
the same epochs in the Ocean and in the air. Besides,
the extent of the variations is less in the water than in
the atmosphere, because the increase or decrease in the
heat of the sea takes place in a medium of variable
temperature; so that the minimum and the maximum
of the heat which the water reaches, are modified by
the atmospherical temperature of the months which
follow the coldest of the wannest months of the year.
It is from an analogous cause, continues Humboldt,
that in springs which have a variable temperature, for
example, near Upsal,* the extent of the variations of ■
temperature is only 19°.S, while the same extent in the
air from the month of January to August, is 39°.6\ In
the parallel of the Canary Islands, Von Buch found the
minimum of the temperature of the water to be 68°,
and the maximum 74°.8. The temperature of the air
in the warmest of the coldest months, is, in that
quarter, from 64°.4 to 75°.2. In advancing towards
the North, we find still greater differences of winter
temperature between the surface of the sea and the
superincumbent air. The cooled particles of water
descend till their temperature reaches 39°.2, the point
at which water attains its maximum of density; and
hence in 46° and 50° of latitude, in the part of the
Atlantic which is nearest to Europe, the maximum and
minimum of heat are
In the water at its surface
68°.0 and <U°9
In the air from the mean of the warmest and 1 gg0 0 ■ ^jog
coldest months.
i
The excess in the . mean temperature of the water
over that of the air, attains its maximum beyond the
Polar circle, where the sea does not wholly freeze. If
it is true that even in these high latitudes the bottom of
the sen contains strata of water which, at the maximum
of their Specific Gravity, have 39°2, or 41° of heat, we
may suppose that the water at the bottom contributes
to diminish the cooling at the surface. These circum
stances have a great influence on the mildness of
countries in continents separated from the Pole by an
extensive sea.
(161.) We must hasten, however, to conclude this Tempervery interesting part of our Essay, by a few observa- ature °' tne
tions concerning the distribution of temperature in the uPPer
?. .,
.
r ,
. gions of the
upper regions of the air, reserving our remarks respect- Jjri
ing the gradations of temperature in ascending to the
upper regions of the atmosphere.
(162.) Since the heat of the higher regions of the
atmosphere depends on the radiation of the plains, we
cannot find under the same geographical parallels, in
the transatlantic climates, the Isothermal lines at the
same height above the level of the sea, as in the system
of European climates. The inflexions which these
lines experience, when traced on the surface of the
globe, necessarily influence their position in a vertical
plane, whether we unite points in the atmosphere
placed under the same meridians, or consider only
those that have the same latitude-. Future inquiries pccunar;ty
may enable us to trace the Isothermal lines through 0f inflexions
the different regions of the air ; and we may briefly of Isotherremark, that on the. back of the Cordilleras, at 2000 mal lines.
metres of elevation, we find the mean temperature of
* Gilbert's Aimalen, 1812, p. 129.
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Calabria and of Sicily. In our temperate zone, in 46°
of latitude, we meet, at the same elevation, with the
mean temperature of Lapland. In the plains of the
Orinoco we find the temperature of the month of
August of Rome ; at Popayan (2988 feet) the tem
perature of the same month of Paris ; at Quito (4894
feet) that of the month of May ; and in the Para
mos (5904 feet) the temperature of March, at the
same city.
(163.) Humboldt also finds, in prosecuting this
interesting inquiry, that every hundred metres of per
pendicular height diminishes the mean temperature of
the year, by the same quantity that a change of 1° of
latitude does in advancing towards the Pole. Tf we
compare only the mean temperature of summer, the
first 1000 metres are equivalent to 0°.81 Fahrenheit.
From 40° to 50° of latitude, the mean heat of the plains

in Europe decreases 12°.6 of Fahrenheit; and this Meteor
same decrease of temperature takes place on the decli
ology.
vity of the Swiss Alps from 0 to 1000 metres of ele
vation.
(164.) In the following Table of the distribution of
heat, which embraces a general view of Humboldt's
results, the temperatures are expressed in degrees of
Fahrenheit; the longitudes are reckoned from East to
West of the meridian of Greenwich. The mean tem
peratures of the Seasons have been calculated, so that
those of the months of December, January, and
February, form the mean temperature of winter. An
asterisk (*) is prefixed to those places whose mean
temperatures have been most accurately determined,
in general, by means of 8000 observations. The Iso
thermal lines have a convex summit in Europe, and
two concave summits in Asia and Eastern America.

Table XXII.
•General
Table of
Humboldt's
results.

Distribution of Heat in the
different Seasons.

Position.
Names of Places.

57° rr
68 30
46 30
71 0
65 3
63 50
59 56
63 24
55 45
60 27

Mean
Mean
Mean TtmperMean Temper
Mean TemperTemper
MHn Temof Temper
ature
HdRht
In
ature
of
Longitude.
ature
or
alure
of
ature
of
the Year.of perature
Winter. Spring. Summer Autumn. , Wanncit
Month.
0 26°.42 -0°.60 23°.90 48°J8 330.44 51°.80
61°20'VV.
20 47 E. 1356 26.96 + 0.68 24.98 54.86 27.32 59.54
8 23 E. 6390 30.38 18.32 26.42 44.96 31.82 46.22
32.00 23.72 29.66 43.34 32.08 46.58
25 50 E.
0 35.08 11.84 27.14 57.74 35.96 61.52
25 26 E.
0 33.26 12.92 33.80 54.86 33.44 62.60
20 16 E.
0 38.84 17.06 38.12 62.06 38.66 65.66
30 19 E.
0 39.92 23.72 35.24 61.24 40.10 64.94
10 22 E.
970 40.10 10.78 41.06 67.10 38.30 70.52
37 32 E.
0 40.28 20.84 38.30 61.88 40.64
22 18 E.

59
59
46
59
47
55
54
51
50
51
47
55
52
46
53
46
46
49
48

51
20
47
55
47
41
17
25
5
32
22
57
14
50
21
5
12
29
12

17
18
71
10
10
12
2
59
14
9
8
3
21
9
6
7
.6
8
16

38
3
10
48
34
35
46
59
24
53
32
10
2
30
19
26
8
28
22

E.
E.
VV.
E.
E.
E.
VV.
W,
E.
E.
E.
W.
E.
E.'
W.
E.
E.
E.
E.

42.08
42.26
41.74
42.80
42.98
45.68
46.22
46.94
49.46
46.94
47.84
47.84
48.56
48.92
49.10
49.28
49.28
50.18
50.54

24 .98
25.52
14.18
28.78
28.58
30.74
30.86
39.56
31.46
30.38
29.66
38.66
28.76
32.36
39.20
32.00
34.70
38.80
32.72

39.30
38.30
38.84
39.02
42.08
41.18
45.14
46.58
47.66
44.2-1
48.20
46.40
47.48
50.00
47.30
48.92
47.66
49.64
51.26

60.26
61.88
68.00
62.60
58.46
62.60
56.84
53.06
68.90
64.76
64.04
58.28
69.08
63.32
59.54
66.56'
64.94
67.10
69.26

42.80
43.16
46.04
41.18
42.98
48.38
46.22 ;
48.46
50.18
48.74
48.92
48.56
49.46
50.36
50.00
49.82
50.00
49.82
50.54

62.42
64.04
73.40
66.74
59.36
65.66
58.10
55.76
_
66.38
65.66
59.36
70.34
64.58
61.16
67.28
66.56
68.72
70.52

22.46
22.82
13.81
28.41
30.20
27.14
34.88
37.40

45
47
42
48
51
51
52
50
52
39
40
39
48
47
39
45
44

46
29
25
50
30
2
22
50
36
56
40
6
39
13
54
28
50

3
19
71
2
0
2
4
4
6
75
73
82
2
1
116
9
0

5
1
3
20
5
22
50
22
22
16
58
40
1
32
27
11
34

E. 1260 50.00
E 494 51.08
W.
0 50.36
E.
222 51.08
W.
0 50.36
E.
0 50.54
E.
0 51.62
E.
0 51.80
E.
0 51.80
W.
0 53.42
W.
0 53.78
VV. 510 53.78
W.
0 54.14
W.
0 54.68
E.
0 54.86
E.
390 55.76
W.
0 56.48

34.52
33.98
33.98
38.66
39.56
38.48
36.86
36.68
36.68
32.18
29.84
32.90
42.26
40.46
26.42
36.32
42.08

50.54
51.08
47.66
49.28
48.56
48.56
51.62
53.24
51.08
51.44
51.26
54.14
52.16
54.50
56.30
56.12
56.48

64.40
70.52
70.70
64.58
63.14
64.04
65.84
66.20
67.28
73.94
79.16
72.86
66.02
68.54
82.58
73.04
70.88

51.26
52.34
49.82
51.44
50.18
50.90
51.62
51.08
54.32
56.48
54.50
54.86
55.76
55.58
54.32 1
56.84
56.30

66.20
71.60
72.86
65.30
64.40
64 76
66.92
67.28
69.08
77.00
80.78
74.30
66.92
70.52
84.38
74.66
73.04

28.04
27.78
29.84
36.14
37.76
37.75
35.42
35.60
S2.90
32.72
25.34
30.20
41.74
39.02
24.62
36.14
41.00

Latitude.

an
o

A

o
o
h
e

O■ft

Nain
•Enonlekies
Hospice de St. Golhard.
North Cape
Uleo....".
Umeo
*St. Pctersburgh
Drontheim
Moscow
Abo
•Upsal
'Stockholm
Quebec
Christiana
•Convent of Peyssenburg
'Copenhagen
•Kendal
Malouine Islands
•Prague
Gotlingen
•Zurich
•Edinburgh
Warsaw
•Coire
Dublin
Berne
•Geneva
•Manheim
Vienna
•Clermont
•Buda
Cambridge, (U.S.)....
• Paris
• London . . .»
Dunkirk
Amsterdam
Brussels
•Kraneker
Philadelphia
New York
•Cincinnati
St. Malo
Nantes
Pekin
•Milan
Bourdeaux

Maximum and
Minimum.

0
0
0
0
3066
0
0
0
0
456
1350
0
0
1876
0
1650
1080
432
420

Mean
Temof
perature
Coldest
Month.
-1R20
- 0.58
15.08
22.10
7.70
11.48
8.60
19.58
6.08
—

29.66
26.78
38.30
27.14
29.48
35.42
30.56
34.16
33.44
26.60
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Distribution of Heat in the
different Seasons.

Position.
Names of Places.
Latitude.

Ixinjitnde.
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Mean
Temper
Tem
Height
li>
ature
of Mrail
perature
Feet. the Yesr.
Winter.of

Mean
Temper
ature
Spring.of
57».56
56.66
57.74
60.80
57.56
65.48

Mean
Temper
ature of
Summer.
72°.50
75.74
75.20
75.02
82.94
79.16

Mean
Temparaturc of
Autumn.
60«,08
60.98
62.78
G4.40
64.22
66.02

Maximum and
Minimum.
Mean
Temof
Temper
perature
ature of Mean
Coldest
Warmest
Month. Month.
74°.66 44M2
78.08 42.08
77.00 42.26
77.00 46.40
86.90 37.40
79.70 46.94

« s5,'
i" J"°
»
■5-S
o c £.—

43° 17' 5 22 E.
43 36 3 52 E.
41 53 12 27 E.
43 7 5 50 E.
32 45 129 55 E.
31 28 90 30 W.

0
0
0
0
0
180

59-.00
59.36
60.44
62.06
60.80
64.76

45°.50
44-06
45.86
48.38
39.38
48.56

°3 E °"
let
■£O -3C O—
x a ao
-JO

32 37 16 56 W.
36 48 3 1 E.

0
0

68.54
69.98

64.40 65.84 72.50 72.32 75.56
61.52 65.66 80.24 72.50 82.76

64.04
60.08

30
19
23
10

0 72.32
0 77.72
0 78.08
0 81.86

58.46
71.96
71.24
80.24

56.12
71.06
69.98
79.16

"
£ ££."
! - .»
Si J
*

2
11
10
27

31
96
82
65

18
1
13
15

E.
W.
W.
W.

73.58
77.90
78.98
83.66

85.10
81.50
83.30
82.04

71.42
78.62
78.98
80.24

85.82
81.86
83.84
84.38

1

On the Mean Temperature of the Equator.
(165.) The determination of the mean temperature
of the Equator,* is a Meteorological element of the
greatest importance and value. If we survey the mag
nificent line to which this part of our inquiry extends,
we shall immediately perceive that many obstacles,
besides those of a Physical kind, present themselves at
the very threshold of our investigation. In the Equa
torial regions of America, it passes through a region
almost unknown, and in which the light of civilization
and liberty has been but recently kindled ; and in its
passage across the still more inhospitable deserts of
Africa, obstacles still more formidable are presented.
Nor would observations at Sumatra, Borneo, Celebes,
and Gilolo, unless made on a very extended scale, and
under circumstances variously modified, determine, with
any tolerable approach to precision, the average tem
perature of this great line. The Ocean, too, occupies by
far the greatest portion of the Equatorial regions, the
land occupying but 80 degrees of the great circle, and
I**, cahr water the remaining portion of 280 degrees. Under
wereo the these circumstances, we cannot feel surprised at the
>v*it0f rernarl{ mat,e by Humboldt, that at the present day we
*± > are not acquainted with more than one mean temper
ature observed with any degree of precision between
the parallels of 3° North and 3° South, and that is of
St. Louis de Maranham in Brazil, 2° 29' South lati
tude, made by Colonel Antonio Pererira. Deprived
thus of actual observations at the Equator, Philoso
phers have endeavoured to deduce its mean temperature
from observations made at a distance from it. Mayer,
for example, by knowing the mean temperature under
two different parallels, endeavoured by means of an
empirical equation to deduce the mean Equatorial tem
perature. This he estimated at 84°, and in this value
he wa,s followed by Kirwan.
(166.) But it is evident, that observations made in
the temperate regions of Europe, could not supply the

mean temperature of a line, situated so remotely from
them, and it became therefore desirable to collect the
mean temperatures of places situated as nearly as pos
sible to it. Accordingly Humboldt collected his ele- Humboldt's
ments in the Old and New World, and among them are 0Dserva*
the following :
Table XXIII.
Old World.

Mean
LaUtude. Temp.

Senegambia . . 15° 0'
13 5
6 12
14 36

New World.

79°.07
80.42
80.42 Vera Cruz. . ..
78.08 Havannah ....

Mean
LaUtude. Temp.
10° 27'
17 0
19 11
23 10

81°.86
81.05
78.08
78.08

(167.) From a review of all the circumstances con
nected with these places, Humboldt was led to adopt
81°. 5 as the mean temperature of the Equator; and
our learned contemporary, Dr. Brewster, employed it,
with some modifications, as the coefficient of his for
mula for mean temperature. In the second volume of
the Transactions of the Astronomical Society of Lon
don, however, Mr. Atkinson, in an elaborate Paper on
Astronomical and other Refractions, has questioned
the accuracy of Humboldt's conclusion ; and we shall,
therefore, present to our readers the grounds of his
objections.
(168.) Let t, V, I", represent, says Mr. Atkinson, the Doubted by
observed mean temperatures in the latitudes I, I', I", Mr. Atkin&c. ; and if the mean temperature be supposed to vary S0IU
as any function tp (/) of the latitude, we shall obtain
the following equations :
" • ? (0 + * = t
x . <p (I') -f z = f
(A)
x . <p (/") -f- x = <",
* The determination of what may with propriety be termed an
&c.
&c.
holhermai Equator, or Curve of greateti heal, will, if the future pro
x
and
z
being
unknown,
but constant quantities, to be
gress of Meteorology be successful, open a beautiful and instructive
object of inquiry.
determined from the equations.
VOL. V
F
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(169.) If the form of the function ($) were rightly
assumed, and the observations made of the temperature
were accurate, the resolution of any two of the above
equations would determine the values of .rand z. Keither of these conditions can, however, be fulfilled with
accuracy, and we must therefore be contented with a
close approximation. To accomplish this, we must
first observe that the difference between the first and
second equations gives
* \ * © - p £0 } - * - f,
from which we deduce

obtain for x the value ofS0°/53, and for z that of 3°.98 Meteor
ology.
neatly.
(172.) These values being substituted in the general
V"*-'
equation, give
SO0. 53 cos1 1 -f 3°. 98 = t ;
so that when the latitude vanishes, the value of t
becomes
80°.53 + 3°.98 = 84°. 51,
which is hence the mean temperature of the Equator
according to the observations made at Cumana and
Fort Churchill. If, again, we suppose the value of I
to be 90°, we obtain for the mean temperature of the
*~9C0-*(/)
(B)'
pole 3°.98.
(173.) Mr. Atkinson next endeavours to obtain a Mr. AtkinThis value for x being substituted in the -first equation, formula of the same kind by means of the four observa- so".'5 abor
we obtain by transposition
tions contained in the following Table, drawn from the xatlonss=zt_ <t-o.no
^
same Paper of Humboldt.
<p (0 - ? (0
Table XXIV.
(170.) Hence the values both of x and z being
found in functions of the observed temperature, will
Names of Places.
furnish the necessary elements for the determination of
Lautmde.
Umm
Tcmpcriture.
the function (p). This function, however, is probably
of a complicated nature, it being obvious that the
81°.86
10° 27'
mean temperature of any place must be influenced by
01.05
:
17
0
the state of those countries from which the prevailing
• 78.ee '
Vera Cruz
19 11
winds at that place blow ;—by the extent and nature of
the land that surrounds it, by the proximity of open
78.08
23 10
seas, or of seas that are frozen, and by a variety of
other causes. The obliquity of the Sun's rays is, how and for this purpose, he assumes
ever, the principal cause of the diminution of temper
(80°.5S + *') cos« I + 3°.98 + i — t = E,
ature, as we proceed from the Equator towards either
Pole ; but this obliquity is dependent on the latitude ; some unknown error, x' and £ being corrections so
and hence we may consider the variation in the tem adapted to the formula, as to make it agree with the
perature, as some function of the latitude, as has temperatures of the places last recorded. Applying
already been done in the equations of condition, and this formula to each, we shall obtain the following
afterwards endeavour to estimate what correction must equations of condition:
be applied on account of such disturbing causes, as
.967^' + ^+ o°.oa=E'
may exist in the place selected for consideration. Or,
.915
x> + z' - 3.42 = E"
if we have a sufficient number of good observations
.892 a/ + z' - 2.27 = E'"
within a given district, we may, says Mr. Atkinson, by
a judicious application of the powers of calculation,
.845x,-f/ -6.03 = E"",
deduce a formula, which shall present in its results a and if we regard the sum of the squares of the errors
near approximation for any other place within the same E', E", E'", E"", as a minimum, and deduce the values
district, and which may even be extended beyond it, of x' and z' according to the method of minimum
without producing any material errorwe shall have a/ = — 40.664, and z' — 39.72.
(171.) If now we suppose with Humboldt, that squares,
Hence
the
formula which best represents the observa
tp (/) = cos* I,* the equations before deduced for the
tions made at Cumana, the Antilles, Vera Cruz, and
values of i and s, will assume the forms of
the Havannah, if the law of variation be as cos* I, is
t - t'
39°.866cosV-j-43°.7 = <.
■l1'
cos* I
This will give forthe mean temperature of the Equator,
where I vanishes, t — 83°.566 ; and for the Pole, when
(t - f) cos'Z'
and
z= tthe cos I becomes zero, t = 43°.7 ; a result altogether
cos* I — COS* ( '
inadmissible, since it makes the temperature of the
and if we apply these equations to the mean temper Pole 5°.8 greater than that of Quebec. Both the
atures of Cumana and Fort Churchill, as recorded by numerical elements of the formula require therefore
Humboldt in his Paper on Isothermal lines, the values modification.
(174.) To obtain a formula which shall agree with
of which are respectively 81°.86, and 25°.3, we shall
as many places as possible between Cumana and Fort
* Mr. Atkinson found it necessary to adopt the same law of varia Churchill, Mr. Atkinson presents the following equa
tion for the temperature as that employed by Humboldt.
tions of condition.
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Table XXV.
Names of Places.

Nain

North
LMlnule.
10"
17
19
23
31
39
39
40
42
41
57
50

27'
0
11
10
28
56
6"
40
25
47
10
2

Observed Tempera,
HniilVn.
by the
peratore. tare
Formula.

Equations of Cond itic n.

8I»86
81.05
78.08
70.08
64.80
54.90
53.60
53.80
50.40
41.90
26.40
25.30

.967 a> + *> + o°.oo as E1
.915* + *' - 3.42 =5 E"
.892*- + *' — 2.27 Eiu
.846*'+,*' — 6.03 " : E"
.728 x> + z> - 2.23 — E»
.588 x> + «' - 3.57 E"
— 1.12
.602**
.575 »/+-*/ — 3.49 = B""
.545 a/ +•*' — 2.53 E'«
.469 j/-4-«/ - 0.16 3S E*
.294 a* + zl + 1.25 = E«
.265 a/ + «f - 0.00 = E,ii

The application of minimum squares to these equa
tions, will give x = 4°.38, and -J = — 0°.84. The
formula, therefore, which best represents the whole of
these mean temperatures, on the hypothesis adopted
by Humboldt after Mayer, that the temperature varies
as the square of the cosine of the latitude, is
84°.91 cos'/ +3°. 14 = t,
and which gives for the Equatorial temperature 88°.05,
and for the Polar 3°. 14.
(175.) The next step of Mr. Atkinson's inquiry is,
to deduce the mean temperature of the Equator from the
supposition that the law of variation is not as the
square of the cosine, but as some other function of the
latitude ; and for this purpose he adopts cos* I to
represent it, the exponent n being some unknown but
quantity, to be determined by subsequent
ations. In this case the formulas (B) and (C)
ne the form of
t- e
x —
•(D),
cos" I — cos" I' '
.
t
(t-f)cOS"l
and
2=t
-~
(E).
cos" / - cos" I'
'
(176.) These values being substituted for x and x
in the third of the conditional equations (A) will give
(/ - f) cos" /
(/-/') cos" /"
,
= 1",
oos" I — cos" /'
cos" / — cos" /'
from which we deduce
I — I" cos"/ - cosT
t—e
cos" / — cos" /''
a function from which an approximative value of n may
be obtained, in terms of the latitudes I, l\ I", and of the
observed temperatures /, t', t".
(177.) To obtain this value of the exponent n, Mr..
Atkinson selects three observations near the Equator,
three near the middle regions of North America, and
other three towards the Northern parts of the same
great country, as in the following Table :

85°.2fi
80.79
78.88
74.91
64.91
53.06
54.28
51.99
49.42
42.95
28.10
25.62

+3»40
-0.26
+0.80
-3.17
-f 0.11
-1.84
+0.68
-1.81
-0.98
+ 1.05
+1.70
+0.32

Table XXVI.
Names of Places.

Philadelphia

Okak

Latitude. TemiK-rature.
10° 27'
17 0
19 11

81°.86
81.05
78.08

39 56
42 25
40 40

54.90
50.40
53.80-

57 10
57 20
59 2

26.40
29.80
25.30

(178,) These temperatures and latitudes Mr. Atkin
son has combined by threes^ and deduced the value of n
for each combination. The following are the results:
r.ure._
Cumana
Gumana . .
New York '. l«=T.J0.
Cantliridgc
rhiladt'lpli. a. | « =:0
Okalr
AmUIm
...
.1
..... J)> ■=1.80.
New
Yot* . j' .1 = 1.55 AmMal
Philadelphia
Fort Churchill
Nain
I
Vera
Cnn
.
.
Vera
Cnii
VcraCnii
.
.1
Oainhridge
rhlladel)>Iila
New
York . . J\ »=1 . Nain
Okak . . . |aan;at,
Pert Churchill
(179.) These form of course only a part of the sys
tem of combinations which might be framed, but there
is little probability that the mean of the whole would
differ more than three or four hundredth parts from the
mean of the nine values of n, and which is found to be
3
1°.46, or - nearly.
(180.) This value of n being substituted in the for*
mulse (D) and (E), will produce the equations
t - i
x =z ■
3 '
COS"1 / COS7 /'

* The last three columns hare been added by Mr. Atkinson, to
show the errors of the formula resulting from the equations of con
dition ; and from which we may readily perceive the degree of and
: that ought to be placed on it.

(t - Q COS7/
z-tcos' I — COS* /
v2

36

METEOROLOGY.

(181.) To apply these formulae, Mr. Atkinson adopts
(98°. 48 + a!) cos* I - 1 1°.05 -f z> - t = E,
the observations made at the Antilles and Fort
Churchill, and finds * = 98°.48, and z— - 11°.05 ; which being applied to each of the places at, or near,
and hence the formula for the temperature will become the level of the sea, whose mean temperature is known
by observation, will furnish as many equations of con
9l°.48cos* I - 11°.05 = t.
dition as there are places, as in the following Table :
(182.) The general expression for finding the equa
tions of condition will therefore become
Table XXVII.
ntaerred
North Temperature.
Latitude.

Names of Places.

10°
17
19
23
28
31
30
39
.40
42
42
57
57
59

27'
00
11
10
25
28
08
56
40
25
38
10
20
02

81°.86
81.05
78.08
78.08
69.80
64.80
58.00
54.90
53.80
50.40
50.00
26.40
29.80
25.30

Equations of Condition.

References for Tem >erature.

.9752 «<+«/ + 3".13 E,
.9352
*> + 0.00 E,
.9179 x> + z> + 1.26 — E,
.8815 * + z' - 2.32 E,
.8248*'+*' + 0.38 Es
.7877 j' + z' + 1.73 - E,
.6976^+z' - 0.35 = E7
.6715 a) + »' + 0.17 — E.
.6606 x> + z' + 0.21 — E,
.6343 1'+ z' + 1.02 E„
.6310 x< + z> + 1.09 — E„
.3992*+ *' -j-1.87 ----- E„
.3965 * + z> - 1.80 = E„
.3691 *' + «' + 0.00 Eu

Eilin. Phil. Jour. vol. iii. p. 263.
Ditto.
Ditto.
Ditto.
Ditto.
p. 256.
Ditto.
Ditto.
p. 257.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
p. 265.

(183.) By the application of minimum squares, we
find y = - 1°40, and z' = + 0°.52 ; and therefore the
formula that harmonizes best with the whole of the pre
ceding observations, is
97°.08 cos* I — 10°.53 = t,
which furnishes for the mean temperature of the Equa
tor 86°.55, and for that of the Pole - 10°.53.
(184.) Such is the result of this new expression for
Attempt to
deduce the the law of the variation of the temperature adopted.
mean tem But Mr. Atkinson truly remarks, that could we dis
perature of cover any near approximation to the law by which the
the Equator,
from places altitude and the corresponding variation of temper
situated
ature are connected, we might, in all probability, de
above the duce the mean temperature of the Equator from a few of
level of the the places situated above the level of the sea, and whose
sea.
latitudes are less than any previously employed. By a
very laborious investigation, founded on an expression
for the diminution of temperature, and which will be
given in the section of our Paper devoted to that in
teresting inquiry, together with the Table of results
deduced from it, Mr. Atkinson has found, that from the
limits of perpetual snow at the Equator to Winter
Harbour in Melville's Island, the formula
97°.08 cos7 1 - 10°.53 -

at the elevation h in the free atmosphere, will corre
spond in its results very nearly with the mean tem
peratures observed. Hence he observes, that a for
mula which answers so very nearly the whole way from
latitude 10° 27' North to 74° 47' North, will not be far
wrong if it be extended to the Equator itself. The law,
also, he continues, which holds so nearly the whole
way from the level of the sea up to more than 15,000
feet of elevation, cannot well lead to any error of con
sequence in the first 3000 or 4000 feet of altitude.
We have, therefore, only to calculate by the formula,
what corrections must be applied, on account of lati
tude and altitude, to the observed mean temperature of
any place, situated not too far from the Equator, and
whose elevation above the level of the sea does not
exceed 4000 feet, to enable us to find the mean tem
perature of the Equator itself, with almost as great a
degree of accuracy as that with which the mean tem
perature of the place of observation has been obtained.
There are only nine places in South America whose
mean temperature has been given by Humboldt, and
whose latitude is less than 11°, and altitude below
3500 feet. By applying this method to each of them,
Mr. Atkinson has obtained the results of the following
Table :-

= t,
251 +
200

■
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Table XXVIII.

Names of Places.

Curaana

Height.
3437
1702
1581
3149
1279
1666
2959
....
2906

Lattttde.
2°
3
4
4
5
7
9
10
10

34/
10
16
46
33
01
SO
27
31

N.
—
—
—
S.
N.
—
—
-

Ob*™*
Mean •count
Correction
on Correction on ofTcmuei'Aluie
Equator, aa
Temperature.
ofHeifht.
fSSt£ '"rac'hlpiM™
Fehr.
Fihr.
Fahr.
Fmhr.
74«.66
+12-.81
+0-.13
87-.60
77.00
0.22
83.78
6.56
81.50
0.40
88.00
6.10
74.84
11.80
0.50
87.14
84.08 •
78.44
0.68
4.96
77.00
6.42
1.09
84.51
65.30
78.56
11.13
2.13
81.86
84.27
2.41
69.44
82.82
10.94
2.44
Mean =84.53

CatKjaot (185.) The mean temperature, therefore, would
Icspe- appear to be S4°.53 ; but if Caripe be excluded, as it
cm of seems probable it ought to be, from its differing so
much from any of the rest, the mean among the remain
ing eight would be 85°.275. And should it be thought
that those places whose altitude is below 2000 feet are
better adapted to give a correct result, by taking the
mean of the five places so situated, we shall obtain
S4°.93 for the mean temperature of the Equator.
(186.) The general results of Mr. Atkinson are,
therefore, as follows :
1°. The whole of Humboldt's observations in botk
North and South America, at or near the level of the
sea, indicate that the mean temperature of the Equator,
at the same level, is 86°. 55 Fahrenheit.
2°. All the observations, nine in number, made
within 1 1° of the Equator, where the height does nol
exceed 3500 feet, indicate that its temperature is 84°.53.
But if Caripe be excluded, the remaining eight give
S5°.27b for the mean temperature of the Equator.
33. if those places only be taken which are within
the same limits, and whose height is less than 2000 feet,
they indicate that its mean temperature is 84°.93.
(187.) Humboldt, in referring to the objections of
^krlt- Mr. Atkinson, has entered on the consideration of the
question, with all that amplitude and generality for
which he is so deservedly celebrated. In an able
Paper On the Temperature of the different Parts of
the Torrid Zone at the Level of the Sea, published in
the Annates de Chimie for September, 1826, he dis
cusses particularly the question of the mean Equatorial
temperature, and adduces strong and plausible reasons
that he has not underrated the temperature of that line.
If the Equatorial temperature, says he, were that of the
Equatorial zone surrounding the whole globe, and
bounded by the parallels of 3° North and 3° South, we
must first examine the temperature of the Equatorial
Ocean, forming as it does so very considerable a pro
portion of the Earth's circumference in this region. The
mean temperature of the Ocean, says Humboldt, be
tween the limits alluded to, varies in general between
80°.24 and 82°.4. I say in general, continues the dis
tinguished traveller, because we sometimes find be
tween these limits maxima restricted to zones scarcely
a degree wide, and whose temperature rises in different
longitudes, from 83°.7 to 84°.7. I have observed this
last temperature, says lie, "which may be regarded as

very high in the Pacific Ocean, to the East of the Gala
pagos Islands, and recently M. Baron Dirckinc, of
Holmfeldt, a well-informed officer of the Danish Navy,
who, at my request, made a great number of thermometrical observations, has found (in latitude 2° 5' North,
and longitude 81° 54' West) almost in the parallel of
Punta Guascama, the surface of the water at 87°. 1.
These maxima, however, do not belong to the Equator „„!„m"1"
ir* m,
.
, »t ,
,
mum lemUselt. Iney occur sometimes to the North, and some- peraturesdo
limes to the South of it, and often between the lati- not belong
tudes of 2J°. and 6°. The great circle which passes 10 theEqua
through the points where the waters of the Ocean are the ,cr ltself"
warmest, cuts the Equator at an angle which seems to
vary with the Sun's declination. In the Atlantic Ocean
we may sometimes even pass from the Northern to the
Southern temperate zone, in the zone of the warmest
waters, without observing the Thermometer to rise
above 82°.4. The maxima are according to
Perrins
82°.76
Churrucca
83.66
Quevedo
83.48
Rodman
83.84
Dr. Davy
82.58
Mean
83.26
(188.) The air also which rests upon these Equato- The air
rial waters is from 1°.8 to 2°.7 colder than the Ocean ; resting on
and it results from these facts, that over nearly five- ^
sixths of the circumference of the globe, the Equatorial is coidor
aqueous zone, instead of presenting a mean temperature than the
of 84°.5, has probably not one of 83°.3 ; and Mr. At- Ocean,
kinson himself admits, that the union of the aqueous
and continental parts tends to diminish the mean
temperature of the Equator.
(189.) In alluding to Mr. Atkinson's investigations Humboldt's
to deduce the mean temperature of the Equator from the further
assumed law of increase of heat from the Pole to the remarks on
Equator, by the observations made at Cumana, and from A11"115011,
the temperatures observed on the declivity of the Cor
dilleras, to a height of 500 toises, corrected according
to his hypotheses for the latitude, and for the progres
sive diminution of heat in a vertical plane, Humboldt
remarks, that in studying in all its generality the pro
blem of the distribution of heat on the surface of the
globe, and in freeing it of the accessory considerations
of localities, (for example of the effects of the conn-
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eviration, the colour and the geographical relations of
the soil ; of those of the predominance of certain winds,
~ the proximity of seas, of the frequency of clouds and
fogs, and of the nocturnal radiation towards a sky more
or less serene,) we shall find that the mean temperature
of a station depends on the different ways in which the
influence of the meridian altitude of the Sun manifest?
itself. This altitude determines at once the duration of
the semi-diurnal arcs, the length and the transparency
of the portion of the atmosphere which the rays traverse
before reaching the horizon ; the quantity of the ab
sorbed or heating rays, (a quantity which augments ra
pidly when the angle of incidence, reckoned from the
level of the surface, increases ;) and, lastly, the number
Remarks on of solar rays which a given horizon embraces. The
the law of law of Mayer, with all the modifications that have been
Mayer.
introduced into it, is. an empirical law, which represents
the generality of the phenomena by approximation, and
often in a satisfactory manner, but it cannot be em
Remarks ployed against the testimony of direct observations. If
relative to the surface of the globe, from the Equator to the parallel
Ci
of Cumana, was a desert like that of Sahara, or a Sa
vannah uniformly covered with grass like the Liuuos
of Calabozo and of Apure, there would undoubtedly be
an increment of mean temperature from 10V'J of lati
tude to the Equator, but it is very probable that this
increase does not amount to 2^° of Fahrenheit. If I
have fixed, continues M. Huuiboldt, the mean temper
ature of the Equator in round numbers at SI A°, it was
to attribute to the Equatorial zone from 3° North to 3°
South the mean temperature of Cumana 81°.86 This
city, surrounded with arid sands, situated under a sky
always serene, and whose thin vapours seldom re
solve themselves into rain, possesses a more burning
climate than all the places which surround it, and which
like it are on the level of the sea. In advancing
Southward in America, towards the Equator, by the
Orinoco and Rio Negro, the heat diminishes, not ou
account of the elevation of the soil, which from the fort
of St. Carlos is very little, but' on account of the
forests, the frequency of rains, and the transparency of
the atmosphere.
Examples of (190.) Below 10^° of latitude, we know only the
mean tem
perature. mean temperatures of
Latitude.
Fahr.
Batavia
6° 127 S
80°.42
Cumana
10 27 N
81.86

Captain Lyon assure us that they saw, during whole
months, (perhaps from the sand disseminated in the
air,) the Thermometer at 117° and 128°, can charac
terise the climate of the temperate zone in the North of
Africa. The three or four degrees nearest to the Equa
tor, continues Humboldt, are a terra incognita for cli
matology. We are still ignorant of the mean temper
atures of Grand Para, Guayaquil, and even Cayenne.
(193.) From every consideration, therefore, M. Hum Humbolilt
boldt concludes that the Equatorial temperature never concludes
that
reaches 84°.56, as is supposed' by Mr. Atkinson. Father the
mean
Seza, says he, the first traveller who recommended temperature
observations on the warmest and coldest periods of the never reachday. believed that he had found in 1686 and 1699, in es the
comparing Siam, Malacca, and Batavia, " that the heat quantity
assigned
is not greater under the Equator than under 1 4° of lati by Mr.
tude." I am of opinion, continues Humboldt, that Atkinson.
there is a difference, but that it is very small, and marked
by the effect of many causes,, which act simultaneously
on the mean temperature of a place. The observations
hitherto collected do not afford us any measure of a
progressive increase between the Equator and the lati
tude of Cumana.
(194.) There can be little doubt but the numerical Necessity
elements we possess relating to the tropical regions in for further
obser
general, require still further observations to correct and vations.
improve them ; but there is one circumstance connected
with Mr. Atkinson's calculations, which merits consider
ation. Mr. Atkinson has confined his investigations
entirely to the temperatures of the New World, and
omitted those of the Old World ; and although Hum
boldt has shown that the temperature of the Equatorial
regions is nearly the same under all meridians, yet
Dr. Brewster has proved that the gradations of temper
ature from the Equator to the Poles are not the same in
the Old and New Worlds ; and it is probable, that a
set of observations made in different latitudes of the
Eastern hemisphere, would furnish some other result
for the mean temperature of the Equator. Humboldt,
on the contrary, has generalized his views, and formed
his ostimate of the mean Equatorial temperature from
observations made under different meridians, and
situated a3 nearly as possible to the Equator. Indeed
of the two, observations made in the Old World are to
be preferred to those in the New, because the distribu
tion of heat is subject to fewer anomalies. Still the
investigations of Mr. Atkinson are of a nature to make
us pause on the inquiry, and not to be hasty in adopting
(191.) Between 10J° of latitude, and the extremity a numerical value for an element of so important a kind
of the torrid zone, we have
as the mean temperature of the Equator. Dr. Brew
ster, however, is decidedly of opinion that Humboldt
Latitude.
Fahr.
has not underrated the mean temperature of that line,
Pondicherry
11°55'N. . 85°.28
and adduces several observations in support of his opi
Madras
13 4
80.42
nion in the Vlth volume of the Edinburgh Journal of
Manilla
14 36
78.08
Senegal
15 53
79.70
Science.
(195.) His first series of observations are for Ceylon,
Bombay
18 56
80.06
as follows :
Macao
22 12
73.94
Mean Temp.
Rio Janeiro
22 54 S. . . 74.30
Trincomalee
80°56
The Havannah
23 9N... 78.26
Point de Galle
81 . 10
And after the observations of Pereira,
Colombo
80.75
Maranham
2 29 S„ . 81.32
Kandy*
78.50
(192.) Hence it appears that the only place in the
Ditto, according to Dr. Davy
79.20
Equinoctial regions, whose mean temperature exceeds
If now we deduce the Equatorial temperature from
81 .86, is Pondicherry, whose climate can no more
serve to characterise the Equatorial region than the
* A correction of 5°.7 is added for altitude, according to Mr. AtkinOasis of Mourzouk, where the unfortunate Ritchie and
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Eq. temp.

accord
•iffipt to
drdttrt [he
a«B Itin- ing to the principle of Mayer's formula, we shall obtain
the following results :
i-sfcaatM
Mean Temperature of Equator.
„
T „
T
Eq. temp.
— Eq. temp. = cos'L
—-=r = cosL
Trincomalee
81°.46
82°.37
Point deGalle
81.55
82.02
Colombo
81.34
81.93
Kandy
...79.14
79.78
Do. according to Dr. Davy 79 . 84
80 . 49
Means
80.66
..81.32
Mean of both = 80°.99.
Reaction It follows, therefore, from the Ceylon observations,
£r Ceyioa. that the mean temperature of the Equator is less than
Sl£°.
fs Batata (196.) By a series of observations furnished by Pro
fessor Moll, of Utrecht, for Batavia, Dr. Brewster
finds the mean temperature of the Equator to be 81°.S2 ;
and from a series of observations made at the Sand
wich Islands, he also deduces 81°.04 for the measure
«f the same element.
fate <3e- (197.) In the VHIth volume of the same Journal,
Dr. Brewster has given the results of observations
fc»<J».
at Prince of Wales's Island, within 5° of the
ind at Singapore and Malacca, within 1° and
antral
f>na«f 8° of the same line. At Singapore, according to the
Wiia"« observations of Colonel Farquhar, the
Isaa<Sw- &fe*n annual temperature at G r2"
a.m.noon
and 6——
P. w. for 1822 = 84
79° 45'
00
rcvt. and
Xifacca,
and to deduce the mean daily temperature from these,
Dr. Brewster applies certain corrections deduced from
the hourly observations made atLeith Forth for 1824 and
1825 ; viz. that the mean daily temperature exceeds the
mean of the morning and evening observations by 0.29,
and is less than that of noon by 2°.51, (the grounds of
which corrections will hereafter be explained,) we shall
find the mean Equatorial temperature to be S0°.47.
(198.) It may be objected, however, that corrections
deduced from a Northern climate marked with the
vicissitudes of summer and winter, cannot be strictly
applied to the tropical regions of the Earth, where the
variations in the monthly temperature are so exceed
ingly small To meet this objection. Dr. Brewster has
deduced the corrections from the hourly temperatures
of the three summer months, during which the varia
tions of the dairy curve must have a greater resem
blance to those of the torrid zone. These corrections
are — 3.08 and —3.00, and, though differing from
those used above, produce, as will be seen, very little
difference in the mean results.
Mean Temperature of the Pole.
(199.) The probable mean temperature of the Pole
*-^n of is an interesting problem in Meteorological inquiry.
In the absence of all positive observations, we are left
entirely to conjecture. It is obvious the Poles of the
world must undergo some remarkable alterations of
temperature, between the periods when the Sun, con

stantly shining on one of them, sinks below its horizon,
to shed a lustre on the other. In the present state of
our knowledge, we can only approximate to the temper
ature of the Pole, by availing ourselves of the observa
tions of those who have so intrepidly navigated the icy
seas of the North.
(200.) Previous to the publication of Scoreshy*s
Account of the Arctic Regions, the North Polar
temperature had been universally assumed by Meteor
ologists, at 30°, 31°, or 32° of Fahrenheit ; and it
was that active, ingenious, and enterprising man,
who first ventured to place the temperature of the
North Pole "below the quantity that had been com
monly assigned to it. The mean temperatures of the Mr. Scoresparallels of 76° 45' and 78° North, were deduced by by's obserMr. Scoresby from a series of 650 observations, made vations.
by himself in nine successive years. In the former
latitude he found the mean temperature to be 18°.86,
and in the latter 16°.99, whereas the temperatures
usuiilly assigned to these latitudes by the formula
of Mayer, then commonly employed by Meteorologists,
differed from the former observation nearly 16°, and
from the latter more than 17°. The difference between
the actual temperatures, and those estimated by the
empirical formula,' Mr. Scoresby attributed to the frigorific influence of the ic«v; and having found what
this anomaly amounted to at the Pole, he subtracted it
from Mayer's Polar temperature, to obtain the real
temperature of the Pole, which he thus found to be
10°. But this result, Dr. Brewster remarks, is ob- Dr. Brewviously too great ; for since Mayer's formula errs s'er's remuch in excess, in those parallels where there is no jjj*^ 00
accumulated ice to produce an anomaly, it must give
at least an equal error in excess, for the parallel of
76° 46'. Now this error in the latitudes of 63° and
65° in Lapland is 8°: and therefore calling it also 8°,
which is far too low for the latitude of 76° 45', we have
for the mean temperature, uninfluenced by the ice,
33°.8 - 8°.0 = 25°.8 ; from which subtracting the
Polar anomaly of 21°, as computed by Mr. Scoresby,
we obtain 4°.8 for the mean temperature of the Pole.
(201.) Later inquiries, however, have shown, that Mean lemin attempting to calculate the temperature of the Pole, porature of
a considerable alteration will take place, whether we J^*^" ^ JJ1"
endeavour to approach the Pole on a meridian of the the "meriOld World, or one of the New. In the Old Conti- dian on
nent, for example, the mean heat in the parallel of 60° which it is
is 40°, whereas in the same latitude in the New approached.
World, we shall encounter a cold of 24° ; and in the
parallel of 78°, the second latitude adopted by Mr.
Scoresby, this cold will have increased to 4°. If then
we deduct for the frigorific influence of the ice, says
Dr. Brewster, according to Mr. Scoresby's ingenious
process, we shall find the Polar temperature to be
many degrees below the zero of Fahrenheit's scale.
Or to state the argument more popularly, since the
cold at the Pole is 10°, as inferred from observations
made in the mildest meridian, it must fall greatly below
this, and even below zero, if inferred from observations
made in the coldest meridian. The winds which*blow
from the continent of Greenland, from the Northern
extremities of America, and from the frozen coast of
Siberia, must produce at the North Pole an influence
scarcely to be felt in the Spitzbergen seas. Dr. Brew
ster proves from the observations made in the second
voyage of Captain Parry, that the temperature of the
North Pole must be less than — 3° of Fahrenheit.
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(202.) But Dr. Brewster has communicated quite
a new aspect to this interesting inquiry, in his Paper
on the mean temperature of the globe published
New views in the Edinburgh Transactions, by comparing the ob
of Dr.
Brewster. servations made by Parry in his voyage of 1819, 1820
with those deduced by Scoresby in the Spitzbergen
seas. By means of 4300 observations made in the
parallel of 74° 45', and in the meridian of 110° West,
Captain Parry found the mean temperature to be so low
as 1°.33, whereas, as we have before remarked, Mr.
Scoresby found the temperature in the latitude of 78°
to amount to 16°.99. A comparison of these observa
tions indicates a very singular state of the Isothermal
lines at the Pole itself. The thermometric curve of
17°, which rises in the meridian of Spitzbergen to 78°
of North latitude, descends in the meridian of Melville
Island to 65° ; and unless we imagine the climate
of those regions to be subject to no law, we are forced
to conclude that the Geographical Pole of the globe is
not the coldest point of the Arctic hemisphere ; and that
Two points there are two points of greatest cold not many degrees
of greatest from the Pole, and in meridians nearly at right angles
•cold.
to that which passes through the West of Europe.
(203.) Observations are still wanting to determine
Their pro
bable posi the exact positions of the Isothermal Poles ; but they
tions.
appear to be situated in about 80° of North latitude,
and in 95° of East, and 100° of West longitude; the
Transatlantic one being nearly 5° to tho North of Gra
ham Moore's Bay in the Polar Sea ; and the Asiatic
one to the North of the Bay of Taimura, near the North
East Cape.
(204.) By combining the results of Dr. Richardson
Further ap
proximation with the observations made by Parry in his second
In one of the voyage, Dr. Brewster finds the Pole of maximum cold
Poles of
to lie within a quadrilateral figure, formed by joining
maximum the four points of observation, viz. Fort Enterprise,
cold.
Melville Island, Igloolik, and Winter Island. Observ
ations, however, continued for many years, on more
distant Isothermal lines, will be necessary to give the
accurate position of the Pole of maximum cold ; while
observations made near the Pole itself are extremely
valuable in fixing its probable temperature.
(205.) But we are by no means confined to the sup
These
Poles are position that these Isothermal Poles are limited to the
not limited same temperature, or confined to nearly opposite meri
to the
dians ; and Brewster imagines, that we may obtain even
temper
a better expression of the temperatures, by placing the
ature.
Poles at different distances from the Equator, and
ascribing to them different intensities of cold. The
existence of a cold and a warm meridian, is a proof that
there are causes which powerfully influence the mean
temperature of the year, independently of the position
of the Earth's axis with respect to the Sun ; so that the
effects which they produce can have no symmetrical
relation to the Pole either in position or intensity.
Formula of Temperature.
General re
(206.) No greater contrast, it may be remarked, can
marks on well.be exhibited than the beautiful uniformity of the
formula: of celestial movements, and the capricious and evertemper
changing character that distinguishes the atmosphere
ature.
of the Earth ; and it is therefore somewhat remarkable,
that the attempt to discover some law or connection
among the anomalous Meteorological results, should
have been made by a man distinguished for his splendid
researches in the heavens, and for his successful attempt

to reform and improve the lunar tables. From an al
lusion made in a preceding division of this Essay, our ology.
readers are prepared to anticipate the name of Mayer;
*v^"'
and occupied as he was in the difficult task of unravel- ^1uiries of
ling the intricate problems connected with the move'
ments of the Moon, and of endeavouring to trace uni
formity and order in the midst of changes more consi
derable and capricious than distinguish any other body
of our system, it was natural that the energies of such
a mind, being directed to Meteorological registers,
should produce some important and beneficial change.
(207.) The method adopted by this eminent man is His method
analogous to that which Astronomers in general have analogous
pursued with so much certainty and success, when they '°elja^ put*
correct by small steps the mean place of a planet,by means Astronomers
of the inequalities of its motion. It does not, as Hum
boldt has remarked, present the result of the solar action
disengaged from the influence of foreign circumstances;
but estimates, on the contrary, the temperatures such
as they are distributed over the surface of the globe,
whatever be the cause of that distribution ; and hence
the object was, by having the mean heat of two places
situated under different parallels of latitude, to discover
by the aid of a convenient formula the temperature of
every other parallel.
(208.) To accomplish this at the time when Mayer Difficulty ol
wrote was a question of no ordinary difficulty. The J^in "a""
mean temperature of the Equator, which forms so im- the'ume
portant an element of the inquiry, could only be arrived Mayer
at by a rude sort of an approximation ; nor were the wrote,
mean temperatures of three points on the Earth's sur
face at that time accurately known. The materials for
the creation of his formula were only to be found, with
any tolerable accuracy, between the parallels, of 40° and
50° of North latitude ; and from a diligent examination
of these, he imagined that the temperature at the surface
of the Earth varied as the square of the sine of the
latitude. His formula was exhibited under the form of
T = 84 — 52 sin» L,
which by a ready transformation by the arithmetic of
sines, becomes
T = 58 + 26 cos 2 L.
(209.) By allowing the latitude to vary in the first of Mayer rcthese formulae, we shall perceive that Mayer regarded ^arde^jjl1'
84° as the mean Equatorial temperature, since when t^pcratu
the latitude is zero, sinJ Jj vanishes, and the value of T ^ 84°.
becomes that quantity. On the other hand, he esti
mated the temperature of the Pole at 32°, because
when the latitude is 90°, sin* L being radius, the value
of T must become that of the freezing point.
(210.) In the second formula, the mean temperature The tcnl"
of the parallel of 45° was estimated at 58°, and the f.erat"re,'i
_ ,1
, ,
,
.
the pnrall
coefficient 26 was regarded as the difference between „r 450 as
the last-mentioned temperature and that of freezing 58°.
water at the Pole.
If these formula! be adapted to Reaumur's scale, we
shall have
T = 24 cos4 L,
which, by the arithmetic of sines, becomes
T = 12 + 12 cos 2 L.
(211.) Kirwan, who adopted the views of Mayer, Labours (
gave an example by which he deduced the constant co- Kirwan.
efficient of the formula, as well as the Equatorial tem
perature. Thus regarding the elements referred to as
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Irtfor- indeterminate quantities, the formula may be exhibited
*Tf- under the form of
T = a — /3 sin« L ;
and taking the temperatures of the parallels of 40° and
50° at 62° 1 and 52°.9, we shall obtain the equations
a - g sin2 40°= 62°. 1,
and
o - ft sin« 50° = 52°.9.
These equations reduced will give for a the Equatorial
temperature 84° nearly, and for the coefficient ft 53°
nearly. Hence the temperature of the Pole must be
regarded as 31°.
GsaibM
Playfair. by adopting Mayer's formula under
Jairiljoc the form
T = 58 -f 26 cos 2 L,
above deduced, furnishes a neat Geometrical construc
tion for determining the mean temperature. In any
line graduated into equal parts to represent the divi
sions of the Thermometric scale, (fig. 1 . plate ] . Me
teorology.) take A C = 84, the mean Equatorial tem
perature, (according to Mayer,) and AB = 58, which
in the formula indicates the mean temperature of the
parallel of 45°. From B, as a centre, let a semicirele
be described with the radius B C equivalent to 26, the
coefficient of the last term of the formula. Take the
arch C G equal to the double latitude of any parallel ;
and from G draw G O at right angles to A C, then will
A O represent the mean temperature of that parallel,
according to the scale of Fahrenheit.
I^tes(213.) M. Lichtenberg, the Editor of Mayer's post' "P?*1" humous Works, applied this formula to thirteen observa
uoa of tions of mean temperature made between the Cape of
Hirer's
Good Hope and Stockholm ; and their agreement was
considered at that time to be remarkable.
(214.) In the year 1819, M. Daubuisson, in his
Traite de Geognosie, resumed the subject of the Earth's
temperature, and gave the formula
T = 27° cos' L
for finding the mean temperature according to the cen
tigrade scale. This formula is superior in accuracy to
Mayer's ; but M. Daubuisson considers it as applicable
principally between the parallels of 30° and 60° North
latitude. The coefficient 27° is regarded by the author
of the formula as the mean temperature of the Equator,
in order to make the results agree with observations
made in the temperate regions, whereas the mean tem
perature of the Equator, as ascertained by Humboldt,
is 27°.5.
BtmtH's (215.) Among other advantages resulting from the
c=*»t«isuo publication of Humboldt's Memoir on Isothermal
tnjCritt s' was Dr. Brewster's comparison of Mayer's for
mula with the observations collected by that distin
guished traveller. Brewster found by comparing the
temperature of the Equator with that of the parallel of
45°, and also with that of the highest latitude in
Humboldt's series, that the cold increased much more
rapidly towards the Poles than had been believed ; and
upon extending the comparison to the intermediate
temperatures, he found the mean heat of any place to
be well represented by the radius of its parallel of lati
tude ; or, in other words, that the temperature varies
as the cosine of the latitude. By adopting 81°.5 for
the mean temperature of the Equator, Brewster's
formula therefore assumed the form of
vol. v.

T= 81°.5 cos L
(F),
Meteor
and which will be found to agree exceedingly well with ology.
observations made at the following places ; the positive Brewster>,
and negative errors approaching very nearly to an equi- formula,
librium.
Table XXIX.—Of Mean Temperatures.

Names of Places.
Equator
Columbo
Chandernagore
Cairo
Funchal
Rome
Motitpellier
Bourdeaux
Milan
Nantes
St. Malo
Paris
Brussels
Dunkirk
London
Bushey Heath
Kendal
New Malton
Lyndon
Dublin
Copenhagen
Edinburgh
Carlscrona
Fawside
Kinfauns
Stockholm
Upsal
Abo
Umeo
Uleo

0" 0'
6 58
22 52
30 2
32 37
41 54
4:3 36
44 50
45 28
47 13
48 39
48 50
50 50
51 20
51 30
51 37J
54 17
54 10
54 34
53 21
55 41
55 57
56 16
• . 56 58
56 23$
59 20
59 51
60 27
63 50
65 30

Mean Tern|*ritnr<*
Observed
culated cal
by
Mean
Tem
perature. Brewster**
formula.
81°.50
81° 50
79.50 80.90
75.56 75.10
72.82 70.56
68.54 68.62
60.44 60.66
59.36 59.03
56.48 57.82
53.28
57.18
51.68 55.35
54.14 53.85
53.65
51.89
51.80 51.47
51.25
50.54
50.74
50.36
51.20 50.58
46.02 47.58
47.53
48.28
48.90 49.37
49.10 48.65
45.68 45.95
46.23 45.64
46.04 45.46
44.30 44.26
46.20 45.12
42.26 41. 57,
42.08 40.94
40.00 40.28
33.08 35.96
33.26 34.38

Difference
0°00
1.40+
0.461.760.08 40.22+
0.331.34 +
1.10+
0.67 +
0.29—
1.76+
0.330.71 +
0.38 +
0.621.56+
0.750.47+
0.450.27+
0.590.580.041.080.691 . 14 —
0.28+
2.88+
1.11 +

(216.) Reasoning on general principles, we should Comparisoa
first imagine that the distribution of heat over the of ™ tem"
meridians of the New World, would coincide with ob™t °
servations made in the Old World ; but as the condi- meridians;
tion of more distant climates was better known, the
severity of a Canadian and a Siberian winter became
proverbial. Humboldt has shown, that though the
temperature of the Equatorial regions is nearly the
same under all meridians, yet in higher latitudes it
declines rapidly in the New World, and also under the
Eastern meridians of Asia. According to this view, it
would seem as if some correction were necessary for
longitude, and that the latitude is not the only Geogra
phical element that requires consideration. The sub
ject, however, must be approached with extreme caution,
on account of the limited number of observations that
have been made in the regions referred to ; and Dr.
Brewster has hence contented himself with the following
modification of his first formula, to denote the temper
ature of the New World,
T = 81°.5 cos' L x 1°.13. .
This formula makes the Equatorial and Polar temper- Modifica—
atures of the New World coincide with those of the tion of
Old World, while in intermediate latitudes, the calcu- Brewster"*
lated and observed results do not differ, upon an formula,
average, so much as 1°, as may be seen by a reference
to the columns of the succeeding Table.
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which, applied to the thirteen places before
to, gave the following results :

Table XXX.
Lautude30°
40
50
60

DlflVrenc*
lx*twr?vii
ObTernpprature
Temperature
between
Old ofNewWorld
ttHi-ditioa
and
ofOld
oTNew
calculated
bj
and
New
Worll.
World.
World. the formula. Calculation.
70°52
63.14
50.90
40.64

6> °92
54.50
37.94
23.72

3°60
8.64
12.96
16.92

69°.07
54.04
38.06
23.02

+2<U5
-0.46
+0.12
-0.70

(217.) In following up this interesting inquiry, Dr.
Two points
Brewster was led to imagine, as we have before re
of maxi
mum cold. marked, the existence of two points of maximum cold
within the frigid zone as extremely probable, and
deduced a formula of mean temperature according to
such a supposition. The gradation of heat on the
Transatlantic meridian is so essentially different from
that in the West of Europe, that it is impossible to re
present the two classes of phenomena by a single
formula, in which the limiting temperatures are to be
found at the Equator and the Pole. Such, indeed, are
the anomalies existing in the distribution of heat in the
Polar latitudes, that observation alone must determine
the form of the Isothermal lines. Dr. Brewster endea
voured to trace their resemblance to the Isochromatic
curves, and to calculate the temperatures by the pro
duct of the sines of the distance of the place from the
two Isothermal Poles ; but he found, after much labo
rious inquiry, that this law did not accurately represent
the facts, and that they might be more accurately repre •
sented by the formula
Formula
Mean temp, = 82°.8 sin D ;
relating to
the Hole of upon the supposition that the greatest cold is 0° of
Fahrenheit, or
cold.
Mean temp. = 86°.3 sin D - 3J°,
upon the supposition that the maximum degree of
cold is — 3£° of Fahrenheit, 82°.8 being the mean
temperature of the Equator in the warmest meridian, and
D the distance of the place nearest the Isothermal Pole.
(218.) To bring these formula: to the severest possible
Application
of the for- test, Dr. Brewster contrasted them with observations
made in intermediate meridians, both in the Old and the
New World. In this comparison he began with the Asiatic
Pole, supposing it to have a temperature of — 3£",
and to be placed in 80° North latitude, and 95° East
longitude ; and by employing the formula before given
Mean temp. = 86°.3 sin D - 3J°,
he
found
that the observed temperature exceeded the
Erroneous
assumption. temperature calculated by the formula, in eleven cases
out of thirteen; from which he very properly in
ferred that he had assumed too great a degree of cold
for the Asiatic Pole. By assuming the temperature of this
Pole at zero of Fahrenheit, as supposed in the formula.
Mean temp. = 82°.8 sin D,
he
found
that
the differences between the observed and
Corrections
of the for- calculated temperatures of the same thirteen places,
were far within the limits of the errors of observation ;
but that being negative in general, a more correct ap
proximation might be found by supposing the Asiatic
Pole to have a temperature of 1° Fahrenheit, which is
4^° warmer than the Transatlantic Pole. The last
formula in this case became, therefore, transformed into
Mean temp. = 81°.8 sin D -f 1°. . . . (G)

Table XXXI.
DUtanoe
fromPot*.
AfcUtJc
20° 39'
23 16
25 06
St. Petersburgh . . . 27 11
29 44
Stockholm
29 55
36 06
37 25
40 37
40 58
48 57
68 04
73 12
Names of Places.

Maun
Tern,
perature
Observed.
31 ".03
33.08
33.26
38.84
42.30
43.16
48.56
49.08
51.76
54.86
60.80
77.00
79.50

Mean
Tern.
perature
Calculated.
29».85
33.31
35.70
38.37
41.57
41.80
49.20
50.70
54.25
54.59
62.69
76.92
79.33

Diffwenee.
-1°.18
+0.23
+2.44
-0.47
-0.73
-1.36
+0.64
+ 1.62
+2.49
-0.27
+ 1.89
-0.08
-0.17

(219.) A comparison of theory with observations
made round the Transatlantic Pole, affords results
equally satisfactory. In this case Dr. Brewster had
^ ' .
» * ,
recourse to the formula
Mean temp. = 86°.3 sin D - 3J°
(H),
the Pole being supposed to be situated in 80° North
latitude, and 100° West longitude, and to have a tem
perature of — 3^°.
Table XXXII.
Names of Places.

Distance
from
the
"roie!™
5° 15'
12 15
13 68
17 08
20 19
20 58
24 25
24 08
25 16
24 47
34 44
39 04
39 53
41 08
43 40
60 00

Melville Island.
Upernavick. . . .
Omenak
Qodhavn
Godthaab
Fort Churchill .
Julianeshub . .
Eyafiord
Nain
Okkak
Quebec
Cambridge ....
New York ....
Philadelphia. . .
Williamsburg . .
Orotava
fW.
W.lon.lOOM
Equat.
80 00
1e.:Ion. 95° J

Mean
Tern- Mean Tern.
perature
perature
Observed.
Calculated.
1».33
4».39
16.34
14.81
16.60
17.33
22.04 21.92
26.07 26.46
25.34 27.38
30.33 32.17
32.16 31.78
30.03 33.34
31.00 32.68
41.90 45.67
50.36 50.89
53.78 51.84
53.42 53.27
58.10 56.09
70.11 71.24
81.50
81.50
81.56

Application
of the theory
j? °bserv»tions made
round the
Transatlan
110 0 '

Difference.
+3".06
—1.53
+0.42
-0.12
+0.39
+2.04
+1.84
-0.38
+3.31
+1.68
+3.77
+0.53
-1.94
-0.15
-2.01
+1.13
0.00
+0.06

(220.) By comparing the mean temperature of Van
Diemen's Land with that of the Cape of Good Hope,
as ascertained by many accurate observations reduced
by Mr. Colebrooke, we obtain a position for the Eastern
Pole of maximum cold in the Southern hemisphere,
corresponding with the position of the opposite Pole in

Position o
the Easter
f°'e °fma
.™mg^
ern hemisphere.

METEOROLOGY.
the Northern hemisphere. In order to determine this
point, Dr. Brewster computed the mean temperature
of Hobart Town, by supposing the Poles of maximum
cold to have the same position in the Southern as they
have in the Northern hemisphere. If we suppose the
Pole nearest to Hobart Town to have the same degree of
cold as the American Pole, then the mean temperature
of Hobart Town will be 53°. 11, differing little more
than half a degree from the observed mean temper
ature ; and if we suppose it to be the same as the
Asiatic Pole, the mean temperature will be 54°. 67,
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differing 2° from observation. It deserves to be remarked, however, that both these computed results lie
between the mean temperature actually observed at
Hobart Town and Macquarie Harbour.
(221.) Having reviewed the different formulae that
have been presented for the purpose of finding the
mean temperature of a place, we shall add the following comparative Tables of their application ; for
which we are indebted to Mr. Atkinson's excellent
Paper before quoted. The places selected are all
situated nearly at the level of the sea.

Meteorology.
V"*~V^
Mr. Ailtins°n's,«omtables of
the differen
formula.

Table XXXIII.
Brewster's formulae.
Mayer's.
Names of Places.

Amsterdam

Obaereed
Mean
Temjwrature
Flacs. of
Fahr.
50*36
50.54
51.62
51.80
51.26
54.14
54.68
56.48
59.00
59.36

No.ef
Van' Catenated
T«rnpa
Obaersture.
radons
Fuhr.
50».74
7 51.25
5 49.76
13 51.47
11 49.50
3 53.84
6 55.36
10 57.80
7 59.33
10 59.02

Mean Errors

Daubuisson's.

2nd.

It*.

+0°38
+0.71
-1.86
-0.33
-1.76
-0.30
+0.68
+1.32
+0.33
—0.34

Calculated
Temper
Error.
ature.
Fahr.
51°.05
+3».69
54.11
+3.57
+0.60
52.22
fi3.94
+2.14
51.70
+0.46
+3.18
57.32
58.66
+3.98
60.81
+4.33
+2.28
61.28
+1.87
61.23

-0.12

+ 2.61

Error.

(222.) From this Table, it appears that Brewster's
Era of
oe several first formula gives the temperature too low by 0°.12,
and the second too high by 2°.61. Mayer's formula is
too high by l°.72, and Daubuisson's too low by 0°.64,
at the level of the sea. These differences Mr. Atkinson
correctiom for the level of the sea.

Calculated
Temper
ature.
Fahr.
52°.93
53. 3C
52.13
53.54
51.92
55.57
56.91
59.16
60.62
60.32

Error.
+2°57
+2.82
40.51
+1.74
+ 0.66
+1.43
+2.23
+ 2.68
+1.62
+0.96

Calculated1
Temper.
stun.
Fah.r.
5C.83
51.22
50.12
51.39
49.93
53.21
54.42
56.44
57.76
57.49

+ 1.72

Error.
+0°.47
+0.68
-1.50
-0.41
-1.33
-0.93
-0.26
-0.04
-1.24
-1.87
-0.04

(223.) The same formulae may also be compared by
means of places situated above the level of the Ocean,
and thus some notion be formed of their comparative
accuracy; and Mr. Atki nson has prepared the following
Table to illustrate this view of the subject.

Table XXXIV.
Brewster's formulas.
Mayer's.
Names of Places.

Observed
Mesh
Tem
HtlfhU. perature
MM Year.of
Feat.
Fahr.
Montmorency.... 498 50°74
222 51.08
Paris*
480 49.28
432 50.18
Manheinj*
420 50.54
Vienna*
494 51.08
Buda*
390 65.76
Milan
456 46.94
Gottingw

1st
No
of
Yean* Calculated Error.
Obeer.
Temper
rations
ature.
Fahr.
33 53M9 +2».75
+2.57
11 53.65
53.93 +4.65
+2.77
7 52.95
+3.78
54.32
+4.00
55.08
+1.40
24 57.16
+3.76
50.70

424
• The heights of these four places are

Daubuisson's.

2nd.
Calculated
Temper,
sture.
Fahr.
56<>.21
56.37
55.65
54.59
54.47
54.70
58.54
52.14

Error.
+5«.47
+5.29
+0.37
+4.41
+3.93
+3.62
+2.78
+5.20

Calculated
Temper
ature.
Fahr.
55°.26
55.40
55.65
54.79
55.99
56.66
58.56
52.90

Error.
+4».52
+4.32
+6.37
+4.61
+5.45
+5.58
+2.80
+5.96

Calculated
ature.
Fahr.
52°.93
53.06
53.28
52.51
53.59
54.20
55.90
50.81

+4.95
+4.fti
•
from the Edinburgh Philotofhicat Journal, vol. v. p. 32.
o2

+3.21

+2M9
+1.98
+4.00
+2.33
+3.05
+3.12
+0.14
+3.87
+2.58

Application
of the same
formu,iC. to
tuated above
the level of
the sea.
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(224.) Hence it appears, that at the mean elevation
of 424 feet, Brewster's first formula makes the temper
ature too high by 3°.2l, and his second by 4°.63.
Errors ofthe
also gives it too high by 4°.95, and Daubuisseveral for Mayer's
son's by 2°. 58. These numbers being the corrections
mulae.
to be applied when the temperature of a place is required
424 feet above the level of the sea.
(225.) As the places in Table XXXIV., with the ex
Remarks
relative to ception of Montmorency and Paris, lie further to the
the pre
East than those in Table XXXIII., it is manifest that
ceding
the
results obtained by employing the corrections de
Tables.
duced from the latter Table will not be the same as
those obtained by adopting the former ; for Humboldt,
as we have before remarked, has shown, that temper
ature varies with the longitude as well as the latitude,
only in a mach less degree. If, therefore, the given place
be situated in the Western regions of Europe, or near the
primary meridian, the corrections in Table XXXIII.
are to be preferred ; but if it lie in about 15° or 20°
of East longitude, the corrections in Table XXXIV. ;
and if it be situated in a region about the middle be
tween these, the corrections in both Tables should be
employed, and the mean of the whole taken.
(226.) Hence, says Mr. Atkinson, if we wish to
Attempt to
estimate the know what the temperature would be directly below a
temperature given place, supposing the ground taken away from
of a given beneath it to a great extent, we have only to calculate
place by
supposing its temperature by each of the above four formula.
the ground Then if the first set of corrections be applied to the
taken away calculated temperatures, each to each, the four results
from bei it.
Meteor
ology.

would be the temperature, as deduced from the formulae
respectively, on the supposition that the ground was
removed from under the place, down to the level of the
sea. But, if the second set of corrections had been
applied, the mean of the results would be the temper
ature of a point, directly below the place, but 424 feet
above the level of the sea. And if the mean temper
ature of the place itself had been accurately observed,
the difference between the observed and calculated tem
peratures would be the change of temperature, due to the
whole height, if the first set of corrections had been
employed ; but if the second set of corrections had
been adopted, the difference would be the alteration of
temperature due to the height diminished by 424 feet.
(227.) The next Table exhibits the differences be Differences
tween the temperatures of the eleven places mentioned between the
in it, calculated as directed above, and the observed calculated
tempera
mean temperatures of the same places. From what tures of
has been already mentioned respecting the apparent certain
connection between the longitude and the mean temper places, and
ob
ature, it might be expected that the differences as de their
served tem
duced from the corrections in Table XXXIII. would peratures.
give different results from those deduced from the cor
rections in Table XXXIV., and accordingly Mr. Atkin
son found it to be so. But as the eleven places adopted
in the succeeding Table occupy nearly the central parts
of that portion of Europe in which the eighteen places
in Tables XXXIII. and XXXIV are situated, it seems
highly probable that the mean of the whole will be a
tolerable approximation to the truth.

Table XXXV.

Difference between the Tem Difference between the Temperature at
perature at the Level of the the Height of 424 Feet, and the Mean
Observed Temperature of each Place.
Sea and the Observed Tem
perature. The 1st Set of The 2nd Set of Corrections is used
Corrections is used here.
Names of Places.

Convent of Pys-scnburg*
Chamouni*
Zarichf
Coi ret
Municht
Ratisbon
Bernet
Geneva*
Clermont
Dijon
Besancon
•

of Brewster'JBrewster-*
Observed
| No.
Yean'
Height*
Tem
Obser
FMt. in Mean
perature. vations
Fahr.
Fahr. Fahr.
U°96 10<\36
3264 42VJ8
17.52 16.68
3372 39.20
7.48 6.29
1393J 47.84
6.96 5.57
1933) 48.92
3.77 2.14
1C59§ 50.74
6.00 4.23
1104 47.66
17024 49.28
7.37 6.33
1177 49.64
7.25 6.45
6.97 6.70
1260 50.00
4.47 3.90
810 50.90
4.18 3.44
804 51.26
87 72.09
18480

* The heights of these three places are taken from the Edinburgh
Philoiophical Journal, vol. iv. p. 276.
f The heights of these four places, as given above, are obtained
by taking a mean between the heights adopted in the note at p. 275,
toI. iv., and those giveu in the Table and its notes, p. 32—39, voL v.
of the same Journal. There is, probably, a mistake in the observed
mean temperature of Munich. Had it been, rejected, the mean result

IIclBhtj
Mayer's Pptuhulldimi Brewster's
formula.
Ion's
nished
iatmula.
for
mula.for by***feet
Fahr. Fahr. Feet. Fahr.
11°58 11°.60 2840 8°.57
17.12 1C.88 2948 14.19
7.21 7.09 9691 4.15
6.63 6.47 1509J 3.63
3.69 3.55 1285J 0.44
5.92 5.95
680 2.67
6.98 6.74 1278J 4.04
6.51 6.28 753 3.92
6.56 6.29
836 3.64
4.20 4.08 386 1.14
3.92 3.79 380 0.85

Mayer's
formula.
Fahr. Fahr. Fahr.
8°.34 8«J5 8»J8
14.66 13.89 13.66
4.27 3.98 3.87
3.55 3.40 3.25
0.12 0.36 0.33
2.21 2.69 2.73
4.31 3.75 3.52
4 '.43 3.28 3.06
4.68 3.33 3.07
1.88 0.97 0.86
1.42 0.69 0.57

80.22 78.72 13816 47.24 49.87 44.69 43.30

of the whole would have been a little different from the above, but
varying still more from the quantity generally adopted by Philosophers.
It may serve, however, as an example, to show how necessary it is to
employ a great number of places in investigations of this kind,
particularly where the altitude is not great. When the height is
considerable, a small error in the mean temperature makes a less

METEOROLOGY.

45

(228.) It is useful sometimes to be able to approxi that the mean temperature of April approached the Meteormate to the mean temperature of the year, by the aid nearest to that of the year, but Humboldt conceives it ology.
of observations made during a particular part of it ; and to be October. In the next Table, some comparative s^"v"^''
accordingly some have been made to discover the month results are afforded of the two months.
which approaches the nearest to it. Kirwan supposed
Tadle XXXVI.
Mean Temperature.
Names of Places.
Cairo
Algiers
Natchez
Rome
Milan
Cincinnati
Philadelphia
New York
Pekin
Buda
London
Paris
Geneva
Dublin
Edinburgh

.■

OfYear.
ihe
72°.3
69.8
65.0
60.4
55.8
53.6
53.4
53.8
54.7
51.1
51.8
51.1
49.3
48.6
47.8

Ofber.
Octo
72».3
72.1
68.4
62.1
58.1
54.9
54.0
54.5
55.4
52.3
52.3
51.3
49.3
48.7
48.2

Mean Temperature.
Names of Places.

OfApril. 1
77°.9
62.6
66.4
55.4
55.6
56.8

Gottingen. . ,
Franeker. . . .
Copenhagen .
Stockholm . .
Christiana . .
Upsal
53.6 j Quebec
49.1 Petersburgh .
57.0 Abo
49U Dronthelm . .
49.8 Uleo
48.2 Umeo
45.7 North Cape .
45.3 Enontekies . ,
46.9 Nain

rlijiur*,
(229.) Playfair, following the steps of Kirwan,
feialafer adopted the temperature of the latter end of April as
Xt^T* t'le mean temperature of the year, and endeavoured to
create a formula which should enable him to approxi
StBffcj. mate to the mean temperature of any day. This
formula is the following
y = T + F sin (X - 30). . . . (I),
in which T denotes the mean temperature of the given
place, F a constant coefficient determined by observa
tion, X the mean longitude of the sun computed from
the first of Aries, for any day of the year, the mean
temperature of which is y.
(230.) That the mean temperature of the latter end of
April is however nearly that of the year, may be seen by
the following admirable series of observations, made in

OfIho
Year.
46°.9
52.3
45.7
42.3
42.6
41.7
41.9
38.8
41.4
39.9
33.1
33.3
32.0
27.0
26.4

Ofber.
Octo
47°.l
54.9
48.7
42.4
39.2
43.3
42.8
39.0
40.0
39.2
37.9
37.8
32.0
27.5
33.1

Or April.
44°4
50.0
41.0
38.5
42.6
39.7
39.6
37.0
40.8
34.3
34.2
34.0
30.2
26.6
27.5

the Observatory ofthe Academy of Sciences at Stockholm,
during a period of fifty years, and embracing no less
than 54,750 observations. An excellent account of it
will be found in Kongl. Vetenskap's Academiens nya
Handlingar, torn. xxix. p. 294, for 1808, or the Annals
of Philosophy for 1813, vol. i. From these observa
tions, it appears that the mean temperature of the place
ofobservation, from 54,750 observations, is 5f°, or 5°.765
above the freezing point of the thermometer of Celsius,
or 42°.377 Fahrenheit. The year has been divided by
M. Ofverbom, the author of the abstracts of the observations, into 73 penlhemerons, or periods of five days
each, with some little anomaly for the intercalary days ;
and we have added the whole series, in order that our
readers may be able not only to judge ofthe mean temper
ature of April, but also of the other months of the year.

Observa
tions made
at Stock
holm tc
determine
the mean
temperature
of the dif
ferent
months of
the year.

METEOROLOGY.
Table XXXVII.
Number of
Penihemertms.
l
2
3
4
5
6
7
8
9
10
11
12
IS
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
1
42
43
44
45
46
47
48
49
50
51
52
53
64
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

Middle
Day ofOu
Fraihemeron*.
Jan.

Feb.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Mean

3
8
13
18
23
28
2
7
12
17
22
27
4
9
14
19
24
29
3
8
13
18
23
23
3
8
13
18
23
28
2
7
12
17
22
27
2
7
12
17
22
27
1
6
11
16
21
26
31
6
to
15
20
25
30
5
10
15
20
25
30
4
9
14
19
24
29
4
9
14
19
24
29

Medium
of Yean*
OtMCTTSllotU.
- 5°.596
- 5.098
- 4.791
- 4.215
- 4.193
— 3.401
- 3.942
- 4.731
- 4.690
— 3.683
- 2.995
- 2.685
- 3.229
- 3.660
- 2.272
- 2.190
- 1.168
— 0.281
+ 1.273
+ 2.470
+ 3.009
+ 3.776
+ 4.926
+ 5.773
+ 6.572
+ 7.502
4- 8.279
+ 10.136
+10.888
+11.446
+ 13.026
+ 13.978
+ 14.442
+15.237
+15.423
+16.089
+16.572
+17.272
+17.556
+17.839
+18.068
+ IB.180
+17.856
+ 17.449
+17.211
+16.446
+ 16.197
+15.094
+14.326
+ 13.734
+12.924
+ 11.993
+ 11.132
+ 10.459
+ 8.998
+ 8.785
+ 7.513
+ 6.612
+ 5.604
+ 5.251
+ 4.177
+ 3.787
+ 3.155
+ 1.872
+ 0.176
- 0.383
- 0.611
- 1.405
- 1.602
- 2.165
— 3.155
- 3.164
- 4.334
+ 5.765

Probable Una
Temperature.
- 4°521
- 4.898
- 5.214
- 5.456
- 5.572
- 5.421
- 5.165
- 4.838
- 4.451
- 4.018
- 3.532
- 3.008
- 2.446
- 1.848
- 1.216
0.552
+ 0.143
+ 0.867
+ 1.620
+ 2.399
+ 3.205
4.037
+ 4.893
+ 5.775
+ 6.828
+ 7.849
+ 8.838
+ 9.793
+ 10.713
+11.597
+12.442
+13.248
+14.013
+14.733
+ 15.406
+ 16.028
+ 16.596
+ 17.102
+ 17.538
+17.892
+ 18.133
+18.103
+17.838
+17.470
+17.020
+16.503
+15.926
+15.295
+14.614
+13.886
+13.114
+12.301
+11.449
+10.559
+ 9.633
+ 8.672
+ 7.678
+ 6.651
+ 5.618
+ 4.746
+ 3.894
+ 3.067
+ 2.265
+ 1.490
+ 0.742
+ 0.023
0.667
- 1.326
- 1.952
- 2.544
- 3.100
- 3.617
- 4.092

- 1°075
-0.200
+0.423
+1.241
+ 1.371
+2.020
+1.223
+0.107
-0.239
+0.331
+0.537
+0.323
-0.783
-1.812
— 1.056
—1.638
-1.311
-1.148
-0.347
+0.071
-0.196
-0.261
+0.033
-0.002
-0.256
-0.347
-0.559
+0.343
+0.175
-0.151
+0.548
+0.730
+0.429
+0.504
+0.017
+0.061
-0.024
+0.170
+0.028
-0.053
-0.069
+0.077
+0.018
-0.021
+0.191
-0.057
+0.271
-0.201
-0.288
-0.152
-0.190
-0.308
-0.317
-0.100
-0.635
+0.113
-0.165
-0.039
-0.014
+0.505
+0.283
+0.720
+0.890
+0.382
-0.566
-0.406
+0.056
-0.079
+0.350
+0.379
-0.055
+0.453
-0.242
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TABLE XXXIX.
Meteor(231.) It is also some argument in favour of the
plogy.
preceding observations, and of the advantages to be
r22T ^er*ve<^ from *ne employment of formula; of temperMean Temperature.
Observations
sksTrj'' a<ure- 4034 tne quantity of heat which any point of the
of
M.
BouOf
On
Of
WinOfmer.
Sum Of Janu- or Am. Orber.
Octo
is pcaoc of globe receives, is much more equal during a long series
Yexr.
vard.
tar.
at ^«k. of years, than we should be led at first to conceive from
the uncertain testimony of our sensations, and the va
Paris 1803 5K1 36°.7 67°6 34°3 67°.6 50».5
riable product of our harvests. In a given place, says
1804 52.0 41.0 65.5 43.9 64.6 52.7
Humboldt, the number of days during which the North49.5 36.0 63.1 31.9 64.8 49.3
1805
East or South-West winds blow, preserve a very con
53.4 40.6 65.3 43.0 64.6 51.8
1806
stant ratio ; because the direction and force of these
1807 51.4 42.3 67.8 36.1 70.5 54.3
winds, which bring wanner or colder air, depend upon
general causes,—on the declination of the sun,—on the
1808 50.5 36.7 66.2 36.3 66.6 48.2
configuration of the coast,—and on the position of the
1809 50.9 40.5 62.4 40.8 64.2 49.6
neighbouring continent. It is less frequently a dimi
1810 50.9 36.5 63.3 30.6 63.7 52.9
nution in the mean temperature, than an extraordinary
1811 52.7 39.2 65.1 26.6 63.7 57.6
change in the division of the heat between the different
months, which occasions bad harvests. M. Humboldt
1812 49.8 39.6 63.1 34.7 64.2 51.1
also states, that a careful examination of a series of
1813 49.8 36.1 61.7 32.5 62.6 53.1
good Meteorological observations, made during ten or
Mean of these 1 51.1 38.7 64.0 36.6 65.1 51.9
twelve years between the parallels of 47° and 49°,
11 Years. J
proved that the annual temperatures varied only from
1°.S to 2°.7 ; those of winter from 3°.6 to 5°.4, and
those of the months of winter from 9° to 10°.8. The
(233.) With reference to this Table it may be re
next Table illustrates the mean temperature of Genera marked, that the greatest aberration from the mean of
for twenty years.
the year, is in 1806, amounting to -j- 2°.S, the posi
tive errors amounting to + 5°.l, and the negative
to — 5°.5J. For the winter temperature, the greatest
Table XXXVIII.
deviation from the mean is + 3°.6, in 1807, the sum
of the positive errors being + 11°.0, and of the nega
Mean
Temp.
Mean Temp,
Y—ii
v«.
tive — 11°. 5. In like manner for the summer temper
il'A
1806
1796
49°3
ature of Paris, the maximum deviation is -j- 3°.2, the
sum of the positive errors being -j- 9°. 9, and of the
49.3
1807
1797
50.5
negative — 9°.4. And if we take the corresponding
46.9
1808
50.0
1798
years from Table XXXVIII, we shall find the maximum
1809
48.9
48.7
1799
deviation from the mean amounting to — 2°.8, the posi
51.1
1810
1800
50.5
tive errors amounting to -j- 8°.8, and those of a nega
tive kind to — 7°.6. So that in two places distant, like Variations
51.6
1811
1801
51.1
Paris and Geneva, eighty leagues from each other, the °f annu^
47.8
1812
1802
50.9
variations seem to be very uniform in the annual tem- hjt—Mi
1803
1813
48.6
50.4
perature ; and also if the succeeding Table be referred Paris and
48.2
1804
1814
51.1
to, uniform in the seasons, although the Thermometri- Geneva
cal quantities differ widely from each other.
!eem verv
50.0
1815
1805
47.8
uniform.
49". 67
Mean
*»»•

Table XL.

Bat»
(232.) In the succeeding Table is shown the Thersarai mometrical oscillations during eleven years at Paris, for
■<-*f&a the whole year, the winter, the summer, the coldest and
warmest mouths, and the month which represents most
accurately the mean annual temperature.
1803
1804
1805
1806
1807
1808
1809

MeanofTemperitart?
Suramnr
at Geneva.

Mean ofTemper
ature
Winter
at Genera.

67<>.6
66.2
63.0
64.6
68.2
63.5
63.1

32°2
38.3
33.8
38.5
35.8
33.8
35.1

(234.) But it is often useful to be able to approxi-' pormuia for
mate to the mean temperature of places situated at greater elegreater elevations above the sea ; and, accordingly, Mr. vations.
Atkinson has furnished the formula
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97°.08 cos* lat. - 10°.53 -

(K)
h
251 +
200
for the mean temperature of a place at the elevation h.
Remarks on (235.) In submitting the formula, however, to the
lt>
test of actual observation, the Table which he has fur
nished, although very copious and valuable, is confined
to observations made in America, and must therefore
be received with caution. At the same time also it
should be remarked, that it is open to another objec
tion, grounded as it is on the high temperature he has

attempted to assign to the Equator. Still it must be
admitted, that the temperatures deduced from it ap
proach more nearly to the actual values found by
observation, than could have been anticipated from the
great elevations of the places computed, and the va
riable conditions of temperatures found in tropical val
leys, and on the plateaus by which those regions are
distinguished. The great range of observation from
the Equator to Winter Harbour in Melville Island,
embraced by the Table, is also another feature which
entitles it to consideration.

Table XLI.
Names of Places.

I.aUlude.

Limits of perpetual snow
Quito
Llactacunga
Hambato
•
Pasto

0°00'
0 13 S.
0 55 —
1 14 —
I 15 N.
1 56 —
I 42 S.
2 12 —
2 24 N.
2 28 —
2 29 —
2 34 —
2 55 S.
3 10 N.
3 59 S.
4 16 N.
4 36 —
4 46 —
5 05 —
5 24 —
5 33 S.
6 54 —
7 01 N.
7 14 —
9 50 —
10 27 —
10 31 —
17 00 —
19 11 —
23 10 —
28 25 —
31 28 —
38 08 —
39 06 —
39 56 —
40 40 —
42 25 _
42 38 —
46 47 —
57 10 —
57 20 —
59 02 —
74 47 -

Nuevo . .
La Plata
Malbasa
Popayan
Plateau de los Pastos. . .
Cuenc,a
Neiva
Loxa
TocayitM
Les Paramos
Carthago
Tunja
Santa Fe de Bogota ....
Tomependa
Caxamarca
Pamplona
Antioquia
Caripe
Cumana
Caraccas
Antilles Vera Cruz
Havannah
Orotava
Natchez
Williamsburg
Cincinnati
Philadelphia
New York
Cambridge
Ipswich
Quebec
Nain
Okak
Fort Churchill
Winter Harbour!
Melville Island f

Otaerreil
Tem Temperature
by the Difference.
Localities.
Height. Mean
formula.
perature.
F«hr.
Pahr
PthT.
Feet.
37°.81 +2°.93
15744 34°.88
9538 57.92 54.95 -2.97 At the foot of Pinchincha, a narrow valley.
9473 59.00 54.80 -4.20 Bottom of one of the valleys of Quito.
56.55 -3.89 Ditto.
8849 60.44
58.11 -0.17 Near the foot of a volcanic mountain.
8308 58.28
7413 62.60 60.73 -1.87 Gentle declivity, covered with thick vegetation.'
9482 61.16 54.72 -6.41 Arid plains of Tupia, covered with pumice stones.
7970 59.00 59.04 +0.04
73.61 -1.05 Very warm valley, joining that of L'Alto Magdalena.
3437 74.66
plains cooled by the snows of the volcano
54.50 53.28 -1.22 [' Elevated
9971
of Purace-.
65.65 -0.01 Small plateau, a little above the valley of Cauca.
5815 65. G6
10099 54.50 52.90 -1.60
57.01 -2.97 A valley among the higher Andes.
8633 60.08
79.77 +2.77 Iu the extensive valley of Magdalena.
1702 77.00
6855 64.40 62.17 -2.23 Small plateau, in a beautiful and extensive valley.
1581 81.50 80.04 -1.46 Very warm valley near the Rio Bogota.
11480 47.30 48.86 + 1.56 Top of a mountain-pass.
74.24 -0.60 Very warm valley of Cauca.
3149 74.84
9522 56.66 54.09 -2.57 Among the mountains of New Grenada.
57.74 56.30 -1.44 Plain surrounded with hills, vegetation
8721
1279 78.44 80.90 +2.46 Surrounded by thick woods, on the A
plateau, sky serene, sheltered by
60.80 54.01 -6.79 [[ Extensive
9381
tains free from snow.
61.16
57.92
Plain
surrounded
by mountains.
8016
-3.24
78.97 +1.97 About two leagues from the river Cauca.
1666 77.00
73.31 +8.01 Thick and damp forests.
2950 65.30
81.86 84.14 +2.28 Sea-coast.
«...
73.17 +3.73 Foggy sky, valley of small extent.
2906 69.44
81.05 80.26 +0.21
- ■ ••
78.00 78.58 +0.50
78.08
75.05 —3.03
••••
69.80
69.54 -0.26
64.80
65.94 +1.14
•• ••
58.00 57.20 -0.80
53.82 +0.12
'512 53.70
54.90 54.65 -0.25
53.60 -0.20
53.80
50.40
51.05 +0.65
■.*•
50.73 +0.73
50.00
43.68 + 1.78
200 41.90
26.40 28.23 + 1.83
29.80 27.97 -1.83
25.30 25.30
0.00
....
1.33
3.52 +2.19

(236.) Of all the formula:, however, which have been
^ience'of contrived to enable us to approximate readily to the
Brewster's probable mean temperature of a place, at the level of
formula. the sea, that before given, and represented under the
form of
81.5 C09 L,

is most distinguished for its simplicity, and on the
whole agrees best with observation; and as it is often
useful to be able at once to refer to a Table which shall
indicate, within certain limits, the mean temperature of
a given parallel, we have computed the following
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Table XLII.
AcMan Ton.
0"
i
2
3
4
5
6
7
8
9
JO
11
12
13
14
15
16
ir
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

81"50
81.49
81.45
81.39
81.30
81.19
81.05
80.89
80.71
80.50
80.26
80.00
79.72
79.41
79.08
78.72
78.34
77.94
77.51
77.06
76.58
76.09
75.57
75.02
74.45
73.86
73.25
72.62
71.96
71.28
70.58
69.86
69.12
68.35
67.57
66.76
65.93
65.09
64.22
63.34
62.43
61.51
60.57
59.61
58.63
57.63

M-nTemLfttlhide.
46°
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

56-.61
55.58
54.53
53.47
52.39
51.29
50.18 .
49.05
47.90
46.75
45.57
44.39
43.19
41.98
40.75
39.51
38.26
37.00
35.73
34.44
33.15
31.84
30.53
29.21
27.87
26.53
25.18
23.83
22.46
21.09
19.72
18.33
16.94
15.55
14.15
12.75
11.34
9.93
8.52
7.10
5.69
4.27
2.84
1.42
0.00

Temperature of the Interior of the Earth.
(237.) Fourier, in his elaborate and interesting
Treatise on the analytical theory of Heat,* has properly
remarked, that the question of terrestrial temperatures
offers one of the most beautiful applications of the
theory of Heat. The different parts of the surface of
the globe, says he, are unequally exposed to the impres
sion of the solar rays, and the intensity of this action
depends on the latitude of the place, on the changes
which take place during the day and the night, and on
the effects of other inequalities of a less sensible kind.
Between this variable condition of the surface, and that
of the temperature of the atmosphere, some relation
must exist, which a well-devised theory must ultimately
unfold.
(238.) The heat existing from day to day in that
"it is. ' portion of the atmosphere which is next the Earth, is
t-»rf »t no time, says Mr. Howard, the simple product of
the direct action of the solar rays on that portion ; and
ls«atin : the accumulation of heat near the surface, is evidently
due to the stopping of the rays at that surface ; to their
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multiplied reflections and refractions, in consequence of Meleorwhich they are as it were absorbed and fixed, for a ologytime, in the soil and in the incumbent atmosphere. v""
By this process, the Earth, when in a cold stute at the
end of winter, becomes gradually heated to a certain
depth as the warm season advances ; and, on the other
hand, as the Sun declines in autumn, the heated soil
acts as a warm body on the atmosphere, and gives out
again the heat it had received, and as it were stored up.
Similar vicissitudes during the day and the night,
according as the Sun's action is exercised or withdrawn
from the terrestrial surface, contribute in their part to
that unceasing variety which characterises all the con
ditions of the great body of air surrounding it.
(239.) It appears from experiments that have been Influence of
made, that were the Earth's surface at a mean temper- lhe !0,ar
ature, and the solar rays suddenly intercepted, it would S5".^ the
l
.v . j
i
i j
j
Earth's suxrequire about thirty days to cool it down seven degrees,
and about the same time to heat it to its former tem
perature, on their return. In fig. 2 is a diagram, con
structed originally by Mr. Howard to illustrate this
interesting subject. The oblique circle marked with
the signs of the Zodiac denotes the varying declination
of the Sun, and the irregular line which intersects it in
something like opposite nodes, represents the curve of
temperature for a year. The area comprised between
the line of temperature and the Sun's path, and shaded
with parallel lines, represents the cold produced by
absorption on the side turned towards Spring ; and the
nearly similar portion covered with dots, and turned
towards autumn, the heat derived by the atmosphere
from the Earth's radiation. A like figure might be
constructed to illustrate the vicissitudes of day and
night, and may serve to illustrate, in a general way, the
effect which the temperature of the Earth exercises on
the great volume of the air.
(240.) Our knowledge, however, of the actual con- Condition of
dition of the Earth's internal temperature, must be the Earth's
derived from observations made below its surface. By lnlerna'
pursuing the subject, Philosophers have discovered temPeraturethat, at a certain depth below the surface, the temper
ature preserves a nearly constant character during the
circling changes of the year; and this permanent tem
perature is less, according as the place is more distant
from the Equator. The great volume ol the Earth, Division of
therefore, may be supposed to be separated into two tne Earth's
portions ;—the exterior, which may be regarded as a vo,unle 11,10
kind of envelope, of a thickness incomparably less than tjo^or"
the length of the terrestrial radius, and subject to the
greatest vicissitudes of temperature ; and an internal
mass, or nucleus, of a form nearly spherical, the surface
of which may be subject to a constant temperature,*
through all the points of what may be denominated, in
a general way, a given parallel, but which undergoes a
variation in passing from one parallel to another.t It

* To investigate the conditions of a great internal Isothermal plane,
will open, at some future time, a noble subject for Philosophical inquiry.
t To treat this inquiry in all its generality, would be to fol
low Fourier through all the stages of his profound and valuable
Work ; to advance with him through his multiplied and refined
applications of the Differential Calculus, to pass through the succes
sive orders of his integrals, and sum the varied and important series
which have enabled him to trace the law of the propagation of heat
in a solid sphere. Our limits will by no means permit us to do this,
and we can only recommend his elaborate Work to the deepest
attention of our readers.
Wc may, however, briefly remarit, that the general equations
* Tkiorit Analytique de la Chaleur, par M. Fourier, i Paris,
relating to the propagation of heat belong to the calculus of partial
1822.
VOL. V.
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is the consideration of the former of these, that I
immediately interests the Meteorologist, and to which
we shall now briefly direct the attention of the reader.
(241.) Among the most interesting and important
Observaobservations that have been made to prove the existthe'observa enCe °^ a P'a,le De'ow tne surface of the Earth, which
to f Paris preserves during all the mutations and changes of the

year a nearly invariable temperature, may be men
tioned the results obtained in the Caves below the
Observatory at Paris, and of which the following
Table contains an abstract for three years, together
with the temperature of the Earth's surface during the
same period, both in degrees of the centigrade scale.

Table XLIII.
Months.

Me*n
atureTemper
on the

Meanof Temper
ature
for the
law.Caret

12«161
12.165
12.170
12.174
12.170
12.182
12.171
12.171
12.170
12.170
12.168
12.171

- 1*7
+ 6.4
+ 7.4
+10.2
+12.6
+18.8
+20.7
+21.2
+17.1
+13.4
+ 5.4
+ 5.8

12.170

+11.44

•lurebruSS.
of the <£™

12M72
12.175
12.175
12.176
12.176
12.176
12.166
12.171
12.181
12.182
12.184
12.187

SurfaceforofWl,
th.
Earth
- 0°.2
— 0.9
+ 8.0
+11.4
+14.6
+17.0
+19.8
+18.0
+16.2
+13.1
+ 5.8
+ 6.9

12-.194
12.202
12.230
12.191
12.196
12.197
12.193
12.190
12.210
12.210
12.215
12.212

Mean TemperSurfaceoftie
Earth
for 1828.
+ 5».9
+ 5.2
+ 7.0
+10.8
+15.1
+17.5
+19.1
+17.6
+16.6
+10.8
+ 7A
+ 4.5

12.177

+16.8

12.203

+11.5

From these observations it may be inferred, that through the whole series of observations made in the
while an uniform temperature is nearly preserved Caves, an increase of temperature will be found from
the surface to the point where the limit is attained,
differences, anil though their forms are very simple, they are not during the months of January, February, March, April,
susceptible of integration by the ordinary methods.
The question of the propagation of heat depends oa the integration November, and December ; but during the remaining
months, a decrease of temperature takes place, till it has
of au equation of the form
gained a like point of uniformity.
dv
/d*v 2 dv \
(242.) If Caves of a like nature existed in different
TV ~ \dtf m ' dW'
and observations of an equally accurate kind
so that the integral is satisfied when x =: X, at the same time latitudes,
could be made in them, a most important series ofresults
dv
— + A v ~ 0. The functions A and K represent, respectively, the might be obtained, respecting the internal temperature
dx
of the Earth. But as this is obviously impossible,
ratios KA and. l>KD , the four elements being specific coefficients observations have been made at various depths, as cir
which the progress of the inquiry developes. The function v denotes cumstances would permit. Saussure, among others,
the temperature observed in a spherical lamina whose radius is x, made an interesting set of observations near Geneva, in
after the time /. X is the radius of the sphere, and v is a function of October 1785. At the deptli of 4 feet, he found the Observsx and r, equivalent to Fx when we suppose / = 0. The function temperature to be 60°. 8 ; at 16 feet 56°; at 21 feet tions of
Fx is given, and represents the initial and arbitrary state of the 53°.6 ; and at 28 feet 51°.8 ; the temperature, at the "
solid.
In applying this general equation to the propagation of heat in a surface, having been 60°.3, by Fahrenheit's scale. A
thermometer, also, which had been placed 31 feet
solid sphere, it assumes the form
below the surface of the earth, when examined in
sin
«i
xfx
sin
tt\
x
Fx
.
d
x
_t>a
t'X
summer, indicated a temperature of 49°.5 ; whereas a
~2 '
X - —— sin 2 ni X
similar observation made in winter was 52°.2. It is
2 ft,
, sin b, xfx sin »i x Fjcix
+
i
e~ "V +&c.
digious influence upon what is to be inferred respecting the temper
ature of the entire mass of the globe. If we proceed according to
X - 2 n2 ■in 2 «■ X
the approximative law deduced from the experiments hitherto pub
lished, an error of one degree of Fahrenheit in excess, for a depth of
which satisfies all the conditions of the problem.
In treating of the practical applications of the subject, it may be 180 feet in a given Country, will cause the point at which it is pre
remarked, that we ran only arrive at a knowledge of it, by measuring sumed water would boil, to approach within 1600 feet of the place of
the temperatures of subterraneous excavations, or of those springs observation. And, again, if we compare the depth of the deepest
which issue from the depths of the earth. The small depths, how mine in which observations have been accurately made on subter
ever, to which the persevering industry of Man has penetrated, form ranean temperatures, with the entire length of the terrestrial radius,
but a small portion of the terrestrial radius. Cordier has properly we shall find the latter dimension to exceed the former, nearly in the
remarked, in his excellent Paper on Subterranean Temperatures, that ratio of 20,000 to 1 ; a ratio sufficient to inspire the most salutary
as it is proposed to apply ultimately to the great, the inferences caution, when the attempt is to deduce the Physical condition of the
deduced from the minute, the smallest errors will exercise a pro- antecedent from that of the consequent.
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worthy of remark, that the greatest of these temper
atures was found in winter. A series of observations
made near the same place, and continued for ten years,
proved that the minimum temperature occurred when
the greatest heat prevailed in the atmosphere, and the
maximum at the time of the greatest cold.
(243.) Mr. Fox,* of Falmouth, also has made many
tn»;fMr. interesting observations relative to the influence of
fa.
the seasons on the temperature at considerable depths.
In fig. 3., which refers to Dolcoath mine in Corn
wall, A represents the bottom of the engine shaft 235
fathoms deep ; B C the deepest galleries, or levels, on
the course of the vein at 230 fathoms deep, and D E
galleries 220 fathoms deep on the same vein. A great
portion of the water finds its way to A, whence it is
pumped by a steam-engine, the quantity discharged in
24 hours being 500,000 gallons. At the point a, a
stream issued whose temperature was 82°, and at e,
another stream, whose temperature was 78°, the air
near A being 80°.f A hole, three feet in depth, was
made at O iit the deepest level, 15 fathoms from the
engine shaft. It was usually quite dry, and for some
years no men had been employed nearer to it than at
A. In this hole was inserted the bulb of a thermo
meter, four feet in length, the space round the lower
extremity of the instrument being carefully filled with
clay. The persons employed below D E were usually
two, and occasionally three at a time, on an average
two and a quarter constantly. In D E there were four
or five at a time.
In the galleries, 10 fathoms higher up, lOmen ata time.
Ditto
10
ditto
14
ditto.
Ditto
10
ditto
14
ditto.
The total number of men was 360, but, as each worked
only six hours at a time, 100 may be regarded as the
average number constantly at work in the mine. From
the erroneous views which have been entertained up to
a late period on this very important subject, the minute
attention given to all the conditions of this experiment
will not be undervalued.
* ten
(244.) The thermometer which was placed at O in
on Ha
iosasoas January 1821, being examined in September 1822,
exhibited no alteration from the seasons ; but other
thermometers buried eight inches in the rock, at differ
ent stations, in many of the superior galleries of the
mine, (that nearest the surface being 100 fathoms
deep.) indicated temperatures varying, according to the
depth, from 57°.5 to 70°. The surface of the mine is
about 62 fathoms above the level of the sea, the deep
est workings being in granite, and those nearer the
surface in clay slate.
(245.) The Treskerby Mine, which is worked under
circumstances of strata and elevation very similar to
Dolcoath, had the following observations made in it.
In December 1819 the temperature at the surface
being 50°, those of two streams proceeding from the
opposite extremities of the deepest gallery, 149 fathoms
below the surface, were 72° and 76°. The temperature
of these streams was precisely the same in January
• To this gentleman we are indebted for the first annunciation of
the general law of an increase of temperature at considerable depths
id the Earth, as well as for much of the information which has now so
satisfactorily established its accuracy.
t To the same respectable authority we also refer for the fact that
the mean temperature of the Earth's surface in a considerable |
of the mining district of Cornwall is below 50°.
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1820, when the surface was two degrees below the Meteorfreezing point. In September of the same year, the "logytemperatures of the streams were respectively 73° and v*""*v™
76°, when the air at the surface was 67°.
(246.) Mr. Fox has also recently given us a series Monthly
of Monthly observations, made in the Mines of Huel observations
Gorland and Dolcoath, in the Hid volume of the ™*^wj,
Transactions of the Royal Geological Society of Corn
wall. The thermometers were circumstanced like
those first alluded to. The results are contained in the
next Table.
Table XLIV.
Months.

M»r

Huel
GorUnd.
52°.74
53.94
55.30
56.20
53.70
49.10
46.00
44.00
43.63
42.80
43.78
46.69

Dolcoath.

48.99

49.94

53»60
53.35
56.60
57.80
52.70
49.67
47.57
44.44
44.85
44.08
44.62
47.85

temperature of Falmouth in the
vicinity of these Mines is 50.67.
(247.) Professor Leslie has likewise given us a series Observaof excellent observations made by Mr. Ferguson att'onsofMrAbbotshall in latitude 56° 10' North, in which mer- l"«aKncurial thermometers with stems of unusual length
were employed. The results are contained in the next
Table.
Table XLV.
1816.

1817.

1 Fool. S Feet. tFeet. 8 Feel.
33°.0 36°3 40° 7 J3°0
33.7 36.0 39.0 42.0
35.0 36.7 .39.6 42.3
39.7 38.4 41.4 43.8
44.0 43.3 43.4 44.0
51.6 50.0 47.1 45.8
54.0 52.5 50.4 47.7
50.0 52.5 50.6 49.4
51.6 51 .3 51.8 50.0
47.0 49.3 49.7 49. 6
40.8 43.8 46.3 45.6
35.7 40.0 43.0 46.0

1 Foot. SJ'eel. 1 Feet. 8F«eL
35°6 38°.7 40°.5 45°.l
37.0 40.0 41.6 42.7
39.4 40.2 41.7 42.5
45.0 42.4 42.6 42.6
46.8 44.7 44.6 44.2
51.1 49.4 47.6 47.8
55.2 55.0 51.4 49.6
53.4 53.9 52.0 50.6
53.0 52.7 52.0 50.7
45.7 49.4 49.4 19.8
41.0 44.7 47.0 47.6
37.9 40.8 44.9 46.4

Months
January
February
March ..
April
May
June
July
August
September
October
November
December

Means ..... 43.8 44.1 45.1 46.0 44.9 45.9 46.2 46.6
B9
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(248.) Observations of a similar kind, but on a more
extended scale, are at this time carrying on in the
Garden of the Observatory at Paris, by the distinguished
Extensive Astronomer M. Arago. The Scientific world waits with
observations
now making impatience for the results. It is obvious that all these
by M.Arago. observations must be much influenced by the peculiar
oonductibility of the solid mass, in or near which the
thermometer of observation is placed.
(249.) But the permanent temperature before referred
The temper
ature below to, although it may be constant for the same parallel,
the Earth's which however is extremely doubtful, varies consider
surface
varies with ably with the latitude, being less according as the
the latitude. place is more distant from the Equator. In the follow
ing Table it will be seen that between Vadso and
Cairo, a difference of 40° of latitude, the temperature
of the interior of the Earth varies 36°.5, and between
the former place and Equinoctial America nearly 43°.
Table XLVI.
Latitude.

Places.

70° 0'
52 31
48 50
8

Mean
Tern,
perature
of
the
interior
or the Earth.
35°.96
49.28
53.60
72.50
(77.00
\78.08

(250.) Humboldt has remarked that from the Polar
Observa
Circle to the Equator, and from the tops of mountains
tions of
Humboldt downwards to the plains, the progressive increase of
on spriugs. the temperature of springs diminishes with the mean
temperature of the ambient air. Wablenberg also
observes, that the mean temperature of the soil and
subjacent rock rises higher and higher above that of
the air, the further we advance towards the North.
The observations of Wahlenberg illustrating this re
Observa
markable result, were published by Von Buch in Giltions of
Wahlenberg bert's Annals, and compared with the temperature of
the atmosphere. The following Table contains an
abstract of the results, and perfectly illustrates the
nature of the phenomenon.
Table XLVII.
Places.

Giworten Fiall, 1600 feetl

Temper
ature
Latitude. Temper,
autre
Atmoof Differ
ence'.
Spring.of sphere.
56J°N. 47°.3 4C°.2 l°.l
43.7 42.1
1.6
60
37.2 33.3 3.9
64
34.2 25.2 9.0
66

Temper(251.) Many interesting inquiries have also been
ature of the made respecting the temperature of the air in mines,
ainn mines. tne resl,lts 0f which might be fairly regarded as repre
senting the exact temperature of the zone of roek in
which they are situated, had they been circumstanced
like the Caves of the Observatory at Paris—unin
fluenced by the presence of miners, freed from the

access of water having the temperature of other strata, Meteorand also from the introduction of the external air.
olagjr.
(252.) The latest writer on this subject* is M. Cor- v"—*v-—dier, who, in a Paper read before the Academy of ^1"^
Sciences in 1827 on subterranean temperatures, has cortUgr '
ably discussed it. If we suppose for a moment, says
he, what might take place in a mine of some extent,
under the conditions here alluded to, we may fairly
infer that the air in each stage would assume the tem
perature of the surrounding rock. And if we proceed
on the hypothesis commonly received, and which seems
justified by observation, that the heat increases in pro
portion to the depth, the air would continually circu
late from the lower to the upper stages of the mine,
and vice versa, on account of the alteration of Specific
Gravity, produced by the inequalities of heat at the
different levels. A greater activity would prevail in
these motions, the wider and less sinuous the subter
ranean excavations were, and the greater the number
of their communications.
(253.) If, therefore, a uniformity of temperature
would not be found to take place in the case of a mine
circumstanced like one here alluded to, still less would
it be found to prevail in common mines, to which the
air has continual access, in which the filtering waters
incessantly act as a cause of variation, and where the
lights and workmen daily disengage large quantities of
heat.
(254.) Moreover, the external air, by continually influence o
mixing with the air contained in a mine, acts in the the exterratio of the temperature which it brings to each point, n»l
and of the mass which is introduced at the same point
in a given time. These two elements are continually
varying, and their influence necessarily extends to the
most distant excavations. The temperature of the air
which enters, varies every instant, and it is also in
fluenced more or less in consequence of evaporation.
At the same time the augmentation of temperature it
may receive from the increasing effects of atmospheric
pressure as the air penetrates into deeper cavities,
cannot be considerable.t
(255.) In pursuing these interesting considerations, Mean lemCordier has noticed the important fact, that the mean perature of
temperature of the mass of air introduced into a mine 5lr,ntr.°F course ofr. a year, is inferior
. « . to the mean temper.
in the
aduced
mine into
in x
ature of the country for the same year. He estimates vearj ;«, tess
the difference at from three to five degrees of Fahren- than the
heit, in most of the mines of our climates. Hence, not me*n ten>only does the introduction of the external air increase JJJ1"'"^
and diminish incessantly the temperature of the air
contained in the different parts of each stage, but it
also tends ultimately to lower the proper temperature
of the whole excavation, and in an unequal manner, in
different parts of the same level.
(256.) The filtering water, which also operates as a Effects 0f
disturbing cause, acts in an uniform manner, whether the filterisi
we consider its influence confined to a very short water,
period, or extended to one very long. This cause
tends to diminish the temperature of the air contained
in the excavations in which it occurs, since it depends
* Since this was written, Mr. Henwood has published a very
interesting Paper on the Temperature of Mines in the Edinburgh
Journal of" Science, No. XX.
t The increment of temperature produced by the increased atmo
spherical column has been much overrated. Cordier, with juster
views, estimates the increased effect at about five or six tenths of a
degree of Fahrenheit, for a depth of 180 feet.
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¥<wcr. upon the influence of the proper heat of the affluent
waters; and these waters arrive at the point whereat
they make their exit, with a temperature derived from
more elevated zones of rocks. There is, indeed, an in
finity of chances against the water of filtration and
springs indicating a temperature perfectly equal to that
of the rock from which they issue. The temperature of
the rain-water which penetrates into the soil con
tinually varies, being sometimes superior, and some
times inferior to the mean temperature of the Country.
The original degree of heat is also subject to many
modifications, dependent on the depth to which the
waters descend, the number and length of the canals,
the slowness of the circulation, the length of time that
it has been established, and the number and extent of
the masses of water traversed, if there be any such in
the lines of passage.
(257.) A multitude of results have been obtained
tesahs de- respecting the temperature of springs in mines, of the
ii'ej from water of their engine pits, and also of those great inun
dations to which mines are occasionally subject, but the
s -ags in. conclusions derived from them are by no means satis
factory. In many of them, the expressions of the in
crease of heat which have been found in the same mine,
present variations, the extent of which infinitely sur
passes that which might be admitted as resulting from
anomalies arising from particular circumstances of the
rock, or from those inaccuracies to which observations
of this kind are liable.
(258.) Another disturbing cause arises from the heat
by the workmen and the lights, which pro
duces an effect the reverse of the preceding. Accord
ing to the calculations of M. Cordier, the grounds of
which are added in a note,* the presence of two hun
dred miners, and two hundred lamps suitably distri
buted, would be sufficient to raise a volume of air,
which should fill a gallery whose length is 656,900 feet,
(nearly 124 miles,) and transverse section 6 feet by
3 feet, one degree of Fahrenheit in an hour.
* According to the researches of M. Despretz on Animal Heat, a
middle-sized man disengages, in twenty-four hours, by respiration,
a quantity of heat equal to that which would raise one ounce of
water to 205°.709 Fahrenheit, and this heat is only three-fourths of
the quantity produced by the same individual during that time.
Hence it follows that the total heat disengaged in an hour is equi
valent to what would raise 4640 pounds of water one degree of
Fahrenheit. By employing the ratio 1.000:0.2669, which accord
ing to MM. Berard and De la Roche expresses the difference of tha
Specific Heats of water and air, and adopting the Specific Gravity
possessed by air at a temperature of 54° of Fahrenheit, it ii found
that a miner disengages hourly a quantity of heat capable of raising
oae degree of Fahrenheit, a cubic mass of air containing 34,456 feet,
taken at the temperature of 54°.
Of the effects produced by the lights employed in mining two
cases necessarily arise, according as oil or candles are employed. If
linseed oil be employed, the combustion of one ounce will, according
to the experiments of Rumford, raise the temperature of an ounce of
water to 16°.28 of Fahrenheit ; and hence Cordier remarks, that the
presence of a lamp burning IS grammes of oil, increases by one de
gree of Fahrenheit the temperature of a mass of air of 26,000 cubic
feet, taken at the before-mentioned temperature of 54°. Thus, four
of these lamps produce about as much heat as three workmen.
Count Rumford also found, that the heat furnished by the combus
tion of one ounce of tallow raised an ounce of water to 15°.064
Fahrenheit ; and hence it follows that, in a single hour, the light
obtained by the consumption of grammes of candles, raises 12,015
cubic feet of air one degree of Fahrenheit's scale, taken at the ori
ginal temperature of 54° Fahrenheit.
These facts will be found of great value and importance to our
reader*, in pursuing the interesting problem of the Earth's temper
ature,, as connected with the subject of mines.
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(259.) M. Cordier's results respecting the depths at Meteorwhich a depression of a degree of Fahrenheit's ther- olo6ymometer is found, are exceedingly variable. They
*"
may be useful to our readers in helping them onwards M/(;or'
in the investigation, and we therefore subjoin them.
Observations derived from Springs in Mines.
1. By four observations made in three mines in
Saxony, the depth at which a depression of a degree of
Fahrenheit is found, varies from 102 to 64 feet, mean
83 feet.
2. By three observations made at Poullaouen, in
Bretagne, the same result was obtained, from 351 to
82 feet, mean 206 feet.
3. By four observations at HuelgoSt, a similar result
was obtained, from 90 to 36 feet, mean 57 feet.
4. By one observation at Dolcoath, 45 feet was
obtained.
5. And by one observation made at Guanaxuato,
46 feet.
Observations made on the Temperature of Water in
Engine-Pits of Mines.
From these observations it was found, that the depth
corresponding to the increase of one degree of heat
would be, in round numbers, as follows :
1. By six observations made in four mines of Corn
wall, from 37 to 27 feet, mean 32 feet.
2. By three observations made in three mines of
Devonshire, from 71 to 35 feet, mean 60 feet
3. By one observation made at the salt mine of
Bex, in Switzerland, 48 feet.
4. And by two observations at Poullaouen, in Bre
tagne, from 137 to 95 feet, mean 116 feet.
Observations made on the Temperature of Water of
great Inundations in Mines.
From these observations it was found, that the depth
corresponding to the increase of one degree Fahrenheit,
will be, in round numbers, as follows :
1. By seven observations, made in seven mines of
Cornwall, from 75 to 23 feet, mean 52 feet.
2. By one observation in a mine of Saxony, 63 feet
3. And by one observation at Huelgoet, 56 feet
Lastly, by means of Observations made on the Temper
ature of the Rock in Mines,
we find the depth corresponding to the increase of one
degree of heat, as follows:
1. By two series of observations made during two
years, in two points of the mine of Beschert Gluck, in
Saxony, the depth being from 101 to 68 feet, mean 84
feet.
2. By four series of observations made in 1815, in
four points of the mine of Alte Hoffnung Gotes, in
Saxony, from 175 to 64 feet, mean 93 feet.
3. By two observations made cursorily in the conso
lidated mines in Cornwall, 31 feet.
4. And by a series of observations which lasted 18
months, in a patt of the Dolcoath mine, 54 feet.
(260.) Our limits will not permit us to do justice to

54

METEOROLOGY.

this very important subject, and we can, therefore, only
briefly remark, that the connection existing between
some of the mutations of the atmosphere and the
internal temperature of the Globe, renders it worthy of
a more extended investigation. An idea started by
Cordier, at the end of his excellent Paper, opens also
Irregularity a new field for Philosophical inquiry. " The differ
id distribu ences," says he, " between the results collected in the
tion of
same place, do not depend solely upon the imperfect
Internal
nature of the experiments, but also upon a certain irre
Keat.
gularity in the distribution of the subterranean heat
in different Countries." This idea, replete with inter
est both to the Meteorologist and the Geologist,
will, we trust, be effectually explored by the many
active and patient cultivators of natural knowledge
Isothermal with which happily the present period abounds.* In
lines within the mean time wc must not omit the observation of
the Earth. Mr. Fox, that " the Isothermal lines within the Earth

may in some measure coincide with the form of its
surface."
(261.) We have only room to add the single remark,
that the lower strata of the atmosphere are also in- [^fl^"^n°'
fluem.-ed by the temperature of the waters of the Ocean; e
and forming as they do so considerable a portion of
the Globe, could not be omitted in an inquiry of this
kind. Although the sea radiates less absolute heat
than continents, it exercises an important effect on the
portion of the atmosphere resting on it, in consequence
of evaporation. It sends the particles of water which
are cooled, and therefore heavier, towards the bottom;
and it is heated again, or cooled, by the currents di
rected from the Equator to the Poles, or by the mix
ture of the superior and inferior strata on the sides of
banks. Having also alluded to some of the phenomena
connected with the temperature of the Ocean in a pre
ceding part of the Paper, we conclude by adding

Table XLVIH.
Containing the Results of some Observations made by late Navigators on the Temperature of the Ocean, at variout
Depths below its Surface.

Position.

Temperature of the
Depth in
FafuMDfc

Latitude.

Longitude.

All

80° O'N.
79 4

5° 0' E.
5 4

40°0
34.0
•* • ■

• •••••
79
78
78
77

4
2
0
4

77 15

"s * ib

38.0
36.0
40.5
30.0
■ ••
.6.0

76*34

M 50

25.0

•••••>
io' 50*

••••
>•••
16.0

9 0

12.0

76 16

75 28
75 2
73 37
73 35
Winter
72 7
72 5
72 0
71 24
69 0
68 25
68 24
68 12
68 19

5 38
0 10 W.
2 30 E.

60 36 W.
105 14
31.0
77 28
*••■
39.0
89 1
Harbour
-16.0
42.0
19 11 W.
31.0
76 0
33.0
73 0
38.0
71 0
59.5
34.0
65 0
31.0
63 32
29.0
63 8
31.5
60 5
60 5
34.0

Surface
Wan.
29°.7
29.0
•••
»■**
•.»•
29.0
32.0
••••
29.0
....
29.3
....
t
30.6
•■*•
..- .
28.3
....
....
28.8
34.0
30.0
34.5
34.0
+28.0
34.0
30.5
32.0
35.0
32.'6
30.5
30.0
32.0
32.0

120
13
37
57
100
400
730
761
118
50
100
20
40
60
100
20
40
60
100
20
50
123
50
123
230
314
94
80
185
5
118
110
75
88
673
35
170
318
770
146

Difference
TermpermluTc
betveen
ihc
atin the
Depth
Temperature
preceding
ofduifAce
Column,
Water
and
sounded to.that
36°3
31.0
33.8
84. 5
36.0
36.0
37.0
38.0
31.0
29.3
31.0
29.3
29.3
30.0
30.0
31.0
36.0
34.0
34.7
28.9
28.4
30.0
31.8
33.8
33.3
32.0
31.25
32.0
34.0
30 0
29.0
30.25
32.25
33.0
32.0
31.5
30.5
30.0
33.0
34.0

6°.6
2.0
4.8
5.5
7.0
7.0
8.0
6.0
....
0.3
2.0
0.0
0.0
0.7
0.7
1.4
5.0
4.0
4.7
0.3
0.0
1.7
• ■•
'h'.o
1.75
2.5
....
2.0
5.0
0.25
0.25
2.0
....
0.5
0.0
....
1.0
2.0

Names of Observers.
Scoresby.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Lord Mulgrave.
Scoresby.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Ross.
Parry.
Ross.
Parry.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Lord Mulgrave.
Parry.
Ditto.
Ditto.
Ditto.
Ditto.

* We recommend the whole of Cordier's Paper to the particu- Journal, edited by Professor Jameson. M. Cordier has also beea
lar attention of our readers. A translation of it may be seen in occupied with some experiments of his own on this highly interesting
the Xth and Xlth numbers of the Edinburgh New Philosophical subject, for which the learned wait with impatience.
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Temperature of the
Depth in
Fathoms.
Longitude.

Surface
WtttCT.
31»0
34.5

68" CN

62° 9M
6o e

67
61
60
60

0
11
44
44

31 ' 12*
59 20
59 20

59
58
57
57
57
57
56
39
39
37
36

40
52
44
39
26
0
59
4
27
3
9

47
48
47
13
25
17
24
13
12
199
148

46
12
31
31
11
52
33
8
57
17
9

35.0
38.5
46.0
50.0
49.0
60.5
49.0
72.5
71.1
63.0
73.0

37.0
38.5
45.0
49.5
49.0
50.0
48.5
69.1
68.5
61.0
71.9

36
35
29
27
23

0
51
24
50
3

15
147
199
152
181

0
38
26
22
56

72.5
75.0
75.0
77.1

75.0
72.0
74.0
77.0
78.0

20
9
9
8
2
2
0
0
0
3
15
18
24
30
34
55
44

30
25
21
59
55
50
00
00
56 ,
26
26
17
0
39
44
40
17

83
205
204
204

30
0
44
24

177
146
7
133
124

5
16
59 E.
42 W.
56

345*33'
57 31

3I°0
30.0
48.5
48.0

85.7
84.0
85.0
81.0
83.1
75.5
83.0
82.0
79.8
79.2
72.5
68.0
60.5
47.0
57.6

47.5

83.0
87.4
83.0
87.0
81.0
84.5
74.0
82.5
82.0
73.0
80.0
78.5
70.0
67.0
59.0
40.5
54.9

809
200
810
320
100
200
400
660
260
290
650
140
130
100
1020
138
100
10
25
100
300
95
100
100
200
25
50
125
1000
100
250
100
10
20
85
300
100
1000
10
125
80
35
100
110
196

Solar Radiation.
(262.) Of the general laws which influence the
radiation of caloric, we have already treated under
Heat. It will be our object in this part of the Essay
on Meteorology, to direct the reader's attention to two
beautiful examples of its power, denominated Solar and
Terminal Radiation.
(263.) Many distinguished Philosophers have been
occupied with the delicate and abstruse researches con
nected with the general question of radiation ; but before
the publication of Mr. Daniell's Meteorological Essays,
the subject of Solar Radiation had hardly been eman
cipated from the region of conjecture. Dr. Wells, it is
true, in his Essay on Dew, had shown its important
relations to the vegetable kingdom, but scarcely any
accurate attempts had been made to estimate the de
gree of Solar influence in any latitude, or at any eleva
tion abore the sea.
(264.) Mr. Daniell published his Essays in 1823,
mod it may, perhaps, surprise the reader of an after Age
to learn, that at that date, and even at the time at

I between
Difference
Temperature
the
atin the
Depth Temperature
nrecvaiDg
of Surface
Column. Water
and
•minded to.that
27»0
33.25
26.0
44.25
30.0
29.0
28.0
25.5
39.0
38.75
40.5
47.8
48.0
49.0
45.5
56.0
56.7
59.5
57.1
52.8
44.0
74.7
51.0
62.0
51.5
75.0
70.5
61.5
45.5
49.5
77.0
56.2
81.0
81.0
66.0
55.0
60.0
42.0
79.0
68.5
70.0
49 5
57.0
51.5
38.8

4°.0
1.25
....
3.25
*■••
■*••
••••
•« •
2.0
0.25
4.5
1.7
1.0
1.0
3.0
13.1
|1.8
1.5
14.8
19.1
27.9
1.7
21.0
12.0
25.5
3.0
7.S
6.5
37.5
37.9
6.0
30.8
0.0
3.5
8.0
27.5
22.0
31.0
1.0
10.0
0.0
17.5
2.0
11.0
16.1
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Names of Observers.
Parry.
Ditto.
Lord Mulgrave.
Parry.
Ross.
Ditto.
Ditto.
Ditto.
Parry.
Ditto.
Capt. Franklin.
Parry.
Ditto.
Ditto.
Ditto.
Kotzebue.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Krusenstern.
Kotzebue.
Ditto.
Ditto.
Krusenstern.
Ditto.
Ditto.
Sabine.
Kotzebue.
Ditto.
Ditto.
Blarlh.
Ditto.
Wales and Bayley.
Kotzebue.
Krusenstern.
Wauchope.
Kotzebue.
Ditto.
Wales and Bayley.
Kotzebue.
Wales and Bayley.
Bladh.
Kotzebue.

which we are writing, no satisfactory answer can be Difficulty of
given to the question—What is the maximum calorific obtaining an
impression which plants are subject to in any latitude ? *"ec|)™(e*"
And influenced as the atmosphere is by the varying tern- p0wer.
peratures of the terrestrial substances acted upon by
the Solar power, it becomes an interesting branch of
Meteorological inquiry to examine, in all its generality,
the principal conditions of this problem.
(265.) We shall, therefore, direct the reader's atten- Experition, in the first place, to Mr. Daniell's researches on fnents of
this subject, and briefly review some of the objec- r-Dame"tions that have been urged against them ; at the same
time earnestly impressing the importance of the
question on the attention of the Philosophical inquirer.
The thermometer employed by Mr. Daniell in his ex
periments on Solar Radiation was of the register kind,
of a large range, having its bulb covered with black
wool, and placed for observation about an inch above
the Southern border of some garden mould, with a full
exposure to the Sun. Mr. Daniell's results are con
tained in the following Table.
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Table XLIX.
maxiof force
Maximum
Mean
maxi Meanforce
ofsolar
mum
the air.of mum
tolarradiation
radiation.
39°.6
4°4
12°
42.4
10.1
36
50.1
16.0
49
28.1
47
57.7
30.5
62.9
$7 .
69.4
39.9
ft65' '
69.2
35.8
55
70.1
33.1
32.7
65.6
27.5
43
55.7
47.5
0.7
43.2
5.4
:

Months.

September

Solar Radia
(266.) From this Table it appears, that the power of
tion varies the Solar Radiation varies with the declination. The
with the de
clination, greatest intensity, it will be remarked, occurs in June,
while the maximum mean temperature of the atmo
sphere does not take place till July. This beautiful
arrangement of nature has no doubt, as Mr. Daniell pro
perly remarks, an important influence upon the processes
of fructification, in the whole range of the vegetable king
dom. Agriculturists are well aware of the advantage
of direct Solar heat in the flowering of wheat and other
corn crops; an advantage which is never compensated
by any elevation of temperature under a clouded sky.
and also
(267.) But not only does the power of the Solar
during the
Radiation vary with the declination, and change with the
different
hours of the successive seasons of the year, but during the day it
day.
likewise undergoes great modifications, increasing with
the altitude of the sun from its appearance in the East
until it has a little passed its meridian splendour; and
again declining, till evening. In order to determine the
Experi
system of changes, Mr. Daniell selected a perfectly calm
ments to
illustrate it. and cloudless day in June, and his results are registered
in the following Table.
Table L.
Time.
A. M. 9"
n
10
10|
n
"4
12
P.M. 0}
1
1*
2
24*
3
3}
4
4}
5
H
6

Temperature
ill the tun.
93°
103
111
119
124
125
129
132
141
140
143
138
138
132
124
123
112
106
100
. . 124J

Temperature
in the thadc
68°
69
70}
71
714
72}
73
74
74}
75
75}
76
76*
77
76
77
76
75
73
73}

(268.) In the next Table, derived also from the Meteorauthority of Mr. Daniell, are recorded the mean results ology.
of five other sets of experiments directed to the same v—^»i
point
Table LI.
Force
th.
Burtofroj«.

Time.
A.M.

P.M.

9i
10*
ni
m
H
2J
31
4i.
5£

32°
46
55
63
65
63
58
49
35
29

(269.) At the time Captain Sabiue was engaged Captain Si.
in his inquiries • v/itli Captain Kater's pendulum in bine's exp«.
the tropical regions, he undertook to repeat Mr. "ments on
Daniell's experiments. His first observations were s„bj*cTat
made at Sierra Leone, and are recorded in the two sierra
succeeding Tables. The numbers in the column marked I
1, are the means of two thermometers, one having a
silvered and the other a blackened bulb. Those re
corded in No. 2. were derived from a thermometer
with a blackened bulb. The results of No. 3. are from
a similar thermometer placed in vacuo in a glass-case.
No. 4. indicates the temperature derived from a ther
mometer in the same glass-case with No. 3. but having
its bulb enclosed in a double case of polished silver,
not in contact with the glass or bulb. No. 5. denotes
the numbers derived from a differential thermometer
placed in vacuo, the sentient ball being coloured dark,
and the other enclosed in a double case of polished
silver. The divisions of this last were according to
the millesimal scale.

Difference.
Table LII.
25°
34
401
48
621
52|
56
58
66}
65
67*
62
61}
55
43
46
36
31
27
5U

Pay
and No. 1. No.,. DUTerence.
Hour.
March 2d.
A.M.10" 79°.3 95°.0 15°.7
11 80.0.93.0 13.0
12 80.2 91.5 11.3
P.M. 1 81.1 88.0 6.9
2 80.9 85.0 4.1
3 83.4 91.0 7.6
4 82.9 90.0 7.1
5 81.483.5 2.1
5} 80.0 ! 81.5 1.5

No. a No. 4. Differ
ence. N0.5.

Obwrrattons.

70"
110°.0 —
109.0 — — 78
82 Hue.
103.0 —
clear and
109.0 102 7.0 81 \1 More
wind freshening;.
109.5 102 7.5 64 Light clouds.
118.0 107 11.0 70 Clear.
116.0 108 8.0 53 Wind dying away.
100.0 98 2.0 —
86.0 86 0.0 —
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Table LIII.

March
A. M

P. M.

No.l.

No. 1

Differ
ence.

No. 8.

No,*. Differ
ence. No. 5.

80.°0
80.5
80.0
60.2
80.8
81.0
83.0
82.5

95°.0
93.0
94.0
98.5
96.0
97.0
90.5
89.5

15°0
12.5
14.0
18.a
15.2
16.0
7.5
7.0

110°
110
110
115
118
118
113
109.5

102° 8°
105 5
105 5
108 7
108 10
110 8
105 8
102 7.5

69°
79
86
93
88
77
69
59

(270.) Other experiments tending to like results
ptraats were performed by Captain Sabine, at Bahia, on the
coast of Brazil, and at Port Royal in the Island of
Jamaica ; and from their united testimony, compared
with that derived from his own experiments in London,
Mr. Daniell was led to the conclusion, that the inten
sity of the Solar Radiation diminishes as we approach
the Equator. This distinguished Meteorologist be
came, also, confirmed in his views on the subject, when,
by referring to some experiments performed by Cap
tain Parry at Melville Island, he found greater effects
recorded than were obtained in the same mouth, in
the vicinity of London, thereby intimating an increase
of Solar Radiation as we advance to the North. The
results for Melville Island are entered in the next
Table.
Table LIV.
Dole.
March 16.

March 25.

Scs-abr-j

Son.

. Shade. Difference

Time.
A.M. 9b
10
11
12
P.M. 3

+24°
+27
+28*
+29
+19

-24
-23
-22
-21
-13

48
50
50}
50
32

12
P.M. 1
2
3

+30
+ 17
+25
+21

-25
-22
—22
-22

55
39
47
43

(271.) Mr. Daniell's views on this subject were,
moreover, strengthened by some interesting remarks of
Scoresby, in his Account of the Arctic Regions. The
force of the Sun's rays, observes that enterprising man,
is sometimes remarkable. Where they fall upon the
snow-clad surface of the ice, or land, they are in a
gTeat measure reflected, without producing any mate
rial elevation of temperature ; but when Ihey impinge
on the black exterior of a ship, the pitch on one side
occasionally becomes fluid, while ice is rapidly gene
rated at the other ; or, while a thermometer placed
against the black paint-work on which the Sun shines,
indicates a temperature ol 80° or 90°, or even more, a
cold of 20° is sometimes round to prevail on the op
posite side of the ship. This remarkable force of the
Sun's rays is accompanied with a corresponding inten
sity of light.
vol. v.

(272.) To form some estimate of the 'temperature Meteor
ology.
referred to by Mr. Scoresby, the author of the Meteoro
logical Essays performed the following experiment.
He covered the bulb of a thermometer with pitch to Daniell's
of
the thickness of about one-tenth of an inch, and suf estimate
the temper
fered it to 'remain till it had become quite hard. He atures re
then held it at some distance from a fire, and remarked ferred to by
the following temperatures. At 110° the pitch might Scoresby.
have been moulded into any forrrj, and from 120° to
136° it rapidly approached fluidity, and at the latter
temperature dropped from the ball. The degree de
noted cannot, therefore, be placed lower than 120°;
and if ice were forming at the same time in the shade,
the force of the Solar Radiation could not, Mr. Daniell
observes, have been less than 90°.
(273.) Another observation of Mr. Scoresby is ad Another
duced by Mr. Daniell in confirmation of the subject. observation
The Sun broke through the clouds, says the former of Scoresby.
observer, and produced a powerful effect upon the tem
perature. At two a. >i. the thermometer was 3° or 4°
below zero. At eight o'clock it was -f- 6°, and at ten
a. m. about 14° in the shade. But the genial influence
of the Sun was still more striking. In sheltered air, it
produced the feeling of warmth ; the black paint-work
of the side of the ship, on which the Sun shone, was
heated to a temperature of 90° or 100°, and the pitch
about the bends became fluid. Thus, while on one
side was uncommon warmth, on the other was intense
freezing. The radiating force of the Sun, therefore,
must, Mr. Daniell thinks, have been 80° in the month
of April.
(274.) Since the publication of Mr. Daniell's Essays, Observa
the subject of Solar Radiation in the Polar regions has tions on
been resumed by Dr. Richardson, the naturalist to the Polar
by
the expedition under Captain Franklin, and pursued regions
Richardson,
with an earnestness worthy of their splendid enter Back, and
prise. In an Appendix to Captain Franklin's Second Kendall.
Journey, Dr. Richardson, Captain Back, and Lieu
tenant Kendall have furnished the results of many
interesting experiments ; and, although they are not in
all cases capable of comparison with each other, in con
sequence of the different results obtained by mercurial
and spirit-of-wine thermometers, yet many most valu
able conclusions may be drawn from them.
(275.) In the first place it may be fairly inferred Solar
from the register kept by Captain Back and Lieu Radiation
with
tenant Kendall, that the force of Solar Radiation varies varies
the declina
with the declination, and is some function of it. This tion.
will be apparent from the next Table, which, though
not embracing the whole circuit of the year, affords
very strong evidence in favour of such a supposition.
Table LV.
Year.

Month.

1826

November
December
January
February
March
April

1827

10°.78
6.99
15.29
34.55
45.16
53.18
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These results were obtained by the aid of spirit ther
mometers ; the bulb of that exposed to the solar in*
fluence being covered with thin paper, blackened with
China ink and indigo, and sheltered from the wind by
a thin glass bottle, and the other protected from the
effects of radiation by two metal cylinders.* The hours
of observation from which the results of the preceding
Table were deduced, were 8, 10, and 1 1 a. m., and 1,
2, and 4 p. m. ; and after the middle of February, an
observation was also regularly made at noon. The
maximum excess of temperature derived from the direct
action of the Sun above the temperature indicated at
the same time by the thermometer in the metal cylin
ders was always recorded by the observers.
(276.) The same principle also is confirmed in some
Confirmed
by soma degree by the results obtained for the months of May,
experi
July, and August, by Dr. Richardson, with the aid of
ments of mercurial thermometers employed under the same cir
Richardson.
cumstances as the preceding. These are shown in the
next Table, and though so limited and brief, are to be
highly valued, in the infancy of an inquiry like the pre
sent, obtained as they were under circumstances so
trying and difficult.
Table LVI.
Font
ofMm
Radiation.

1827

May
July
August

S5°.39
28.00
26.12

Table LVII.

Dak.
Sept. 1825.
1—10
11—20
21—30
October.
1—10
10—20
11—31
November.
1 —10
11 —20
21 —30
December.
1—10
11—20
21—31
Jan. 1826.
1—10
11—20
21—31
February.
1 10
11—20
21—28
March.
1—10
11—20
21—31
April.
1—10
11—20
21—30
May.
1—10
11—20
21—31
June.
1—10
11—20
21—30
July.
1—10
10—20
21—31
August.
1—10
11—21
21—31

Marimum Erceis
Maximum
Temperature
of a Maximum [ Mtrdmnm | Mean DlfIridiratMi
lij
blackened
aThermometer
blackened. Thermometer Temperature
of Air In the Temperature
inattheSunrise,
Shade
in Swuhlne
In the TtJiipt'ratoTi
erpoaedto
one In Shade. ofAir
Shuie.
Suiuhlne.the ever
the Shade.
and S r. x.
*■ ••
....
....
....
+50.0
+30.0

....
....
....

+55».0
+60.5
+52.6

+33°.0
+36.8
+33.7

2°0
8.2
4.8

....
+25.2
+17.5

+40.3
+32.0
+31.0

+13.4
+ 6.8
-18.0

7.2
6.1
4.5

+28.0
+32.0
+40.0

+35.0
+23.2
+17.5

+32.5
+18.0
+29.4

-20.5
-22.0
-12.0

4.6
3.6
1.5

+44.5
+11.0
- 4.8

+28.0
+16.0
+25.5

+27.5
- 0.5
— 5.0

-42.6
-29.3
-47.5

2.7
2.6
1.9

..
....
+17.0

+23.0
+27.0
+42.0

- 8.8
- 3.0
+ 11.8

-49.0
-38.0
-47.5

3.3
0.9
5.5

+ 8.8
+39.0
+38.5
+50.8
+52.0
+6'2.0

+30.0
+57.0
+50.9

- 3.0
+27.8
+22.1

-39.0
-38.0
-34.6

+46.0
+65.0
+55.0

+31.8
+ 7.2
+20.5

-29.3
-43.0
-31.0

+90.0
+82.0
+52.6

+51.0
+42.7
+23.5

+93.7
+41.6
+34.0

-19.7
— 1.0
- 6.5

3.1
6.8
4.4
10.3
22.0
18.2
16.6
16.4
14.3

+71.5 +32.3 +45.0 + 1.0
13.1
It must be remarked, however, that some little un
+85.5 +42.8 +51.5 +17.5
12.0
certainty exists in the numbers from which the results
+85.0 +25.0 +61.0 +28.0 20.2
for July and August were obtained, on account of the
+97.0 • • > ■
observer, Mr. Dease, having lent his watch to the
....
Eastern detachment of the expedition, a sacrifice which
....
was however repaid by other interesting results.
Virion!
(277.) The following Table contains the maximum
....
•»••
•• •
maxima
+99.0 +35.0 +80.0 +37.0
temperatures that occurred during the expedition, con18.9
obtained
CheapolarB necled with ,ne Solar Radiation, the highest and lowest
+107.0 +38.5 +73.0 +34.0
13.7
the Polarir temperatures of the air in the shade, and the difference
regions.
+109.5 +42.0 +74.0 +33.5
13.1
between the temperature at sunrise, which was gene
+97.5 +32.0 +71.0 +41.5
5.1
rally the lowest in the twenty-four hours, and that at
+109.0 -4,41.5' +64.7 +35.0
15.2
two p. m., which, on an average, was the highest. All
the observations are thrown into periods of ten or
(278.) Amidst the cheerless solitude of the fort im- Horary ol
eleven days.
mortalized by the name of the English Franklin, the ^* ^°nr]
entire month of May, and the greater portions of July May, Jul)
• The thermometer was enclosed in a brass cylinder, an inch and and August, were dedicated to the object of watching and Aug.
a half in diameter, having a cover and bottom of the same material, the power of the Solar Radiation, during many successive
fitted loosely to obtain a free passage to the air. This brass cylin
der was shut up in another cylinder of tinned iron, four inches in hours of the day. In the next Table the results of
diameter, which also gave free admission to the air. This apparatus the first mentioned month are recorded, and embrace
completely answered the intended purpose ; for even when the Sun twelve successive observations for each day, the maxima
shone brightly on the outer case, the enclosed thermometer indicated being all denoted by asterisks.
as low, and frequently a lower temperature, than one hung in the
most shady spot that could be selected.
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(279.) The means of the successive columns of this
valuable Table are recorded in that which next follows ;
and it appears from a comparison of the different nu
merical results, that the force of Solar Radiation is at
its maximum when the Sun is on the meridian, but
that the greatest temperature in the shade occurs an
hour later. The Solar Radiation increases also from
the morning to noon, and declines from noon to the
evening.
Table LIX.

Momh.

Hour.

May.

A.M. 5
8
9
10
11
Noon
P.M. 1
2
3
4
5
6

Eihh
Mean Tem
ofMean
a Hlnrkencd
perature
In the
Mercurial
Shade
by
a
Thermometer
^Mercurial
in ihe
SunJilne.
3Jo.79
6°.33
20.41
36.86
23.83
38.10
26.58
39.02
30.09
40.47
30.75
41.42
30.15
41.73
26.27
41.65
23.70
41.61
21.14
41.17
18.14
40.59
15.56
39.45

(280.) By contrasting also the last Table with the
horary observations of Mr. Daniell, given in Table
XLIX., we shall arrive at some other useful results.
To enable us to make this comparison more readily,
we have in some degree anticipated a subject into which
we shall hereafter enter more fully, the method of exhi
biting the alterations of atmospheric phenomena by
means of graphical illustrations. For this purpose fig. 4
has been constructed from the Tables last quoted. The
horizontal line AB in the diagram is divided so as to
represent the times at which the observations were
made ; and the vertical lines springing from it repre
sent the mean temperatures in the shade, and the effects
of the solar radiation. Hence the curve E F denotes
the mean temperature in the shade as recorded in Table
LIX., and the still more irregular and dotted lineC D the
measure of the Solar Radiation. The nearly uniform
line I K also in the diagram, denotes the temperature
in the shade, as registered in Table XLIX., and the
towering dotted curve G H represents, in like manner,
the unequal and varied effects of the Sun's radiating
power. The maximum temperature of the air in the
shade for each hour during the month is denoted by
the line L M, and the greatest power of the Solar
Radiation for the same hours, by the dotted line N O.
(281.) There is one thing, however, which we must
Remarks
relating to mention with regard to this comparison, and that is,
the curves for the Polar regions have been constructed
this com
parison,
for the means of an entire month, whereas those repre
senting the labours of Mr. Daniell are confined to a
single day. At the same time we must also bear in
mind, that one system of results belongs to May and
the other to June. Such are the limited materials we

Graphical
illustration
of the power
of Solar Ra
diation ia
the Polar
regions and
in London.

have to work with, that v/e cau offer no better method Meteo
of comparison.
ology
(282.) If we consider for a moment these different
curves, one of the most obvious results is, that the ^l'etc°t *J
power of Solar Radiation in the temperate and frigid SJepmp
zones is by no means the same. In the former region Cal can
it would seem as if the Solar power was much more
capricious in its changes, thau in the colder regions of
the North. The horary changes are much more rapid,
and the entire aspects of the curves are different.
(283.) Dr. Richardson remarks, that the intensity of Dr. Rithe Solar Radiation shown by the blackened ther- chardsoi
mometer was generally greatest when the sky was of ^™
a deep blue colour, and it was not much affected by ioteaaiT]
scattered clouds, however dense, unless they passed Solar Ri
over the face of the Sun. The temperature produced ''Go
by the Sun's rays (except when the exposed ther
mometer was cooled by Southerly winds) generally in
creased, as might have been expected, gradually from
sunrise to noon, and decreased again to sunset, but
on an average the radiation was found to be more
powerful in the forenoon, than at corresponding alti
tudes of the Sun in the afternoon. Dr. Richardson
also found the radiation to be much stronger in the
Spring months when the ground was covered with
snow, than in the summer months when the altitude of
the Sun was greater.
(284.) The difference of intensity of the Solar Radia- lntensit
tion at equal altitudes ofthe Sun is, Dr. Richardson ima- »•» equal
gines, dependent upon variations in the clearness of tltuJ" '
the atmosphere ; and, perhaps, the greater transparency jhe ciea
of the air in the Spring, before the snow disappears, ness of
may, as he conceives, be explained somewhat as follows, atmospt
In the month of March, for example, the Sun in the lati
tude of Port Franklin has sufficient power to heat the at
mosphere considerably ; but the snow then lies unmelted
on the ground, and the temperature sinks very low in the
night, frequently as low as it does at any time during the
winter. Hence the cold, during the night, causes much
of the moisture of the atmosphere to be deposited in
the form of hoar frost ; whilst, on the other hand, the
warmth which the air acquires after sunrise renders its
solvent power greater than the slow evaporation from
snow, cooled most frequently below zero, can satisfy.
The consequence is, that all the haze or mist floating
in the air is completely dissolved shortly after sunrise,
and the sky becomes clear to a degree which is un
known there in the summer, or in any season in more
Southerly latitudes. The greater haziness of the sky
after the Sun has passed the meridian, probably de
pends in some degree on the currents of air produced
by the heat of the Sun, mingling portions of the atmo
sphere at different temperatures.
(285.) During the summer, the power of the Sun Solar E
was perceived to be the greatest, when partial thunder- tiongri
clouds were floating over a deep blue sky, and after a when 1
few large drops of rain had fallen. When the Sun shone jjjjj^jj
out at such times, its heat, Dr. Richardson remarks, yaiiej,
was very oppressive.
(286.) The highest peak of a chain of hills, distant
about forty miles from Bear Lake, was visible in clear
weather ; and in particular states of the atmosphere a
considerable portion of the range was seen, so that the
amount of refraction of the air was in some degree corme
indicated by the extent of hill that appeared over the witr,re
low intervening grounds. The refraction measured in tioo.
this way was greatest in a clear sky, when the tempera-
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tare had been very low in the night, but was rising1
rapidly in the day, evidently through the influence of
Solar Radiation.
(287.) The whole of Mr. Daniell's inquiries led him
to the conclusion, that the power of Solar Radiation in
the atmosphere increases from the Equator to the
Poles. This opinion of Mr. Daniell has not been withio lb. D»- out its opponents. In the Annales de Chimie for
*£l™". August 1824, the accuracy of the experiments on which
that it is grounded, has been questioned. It has been
urged that the thermometers were influenced by the
ins from vegetation on which they rested, that they were not
tM
always placed at equal distances from the ground and
Mb
from
vegetation which covered it, nor were they
n tic Ja equallythesecured
from the action of currents of air. Mr.
via it
Daniell, in his reply to these objections in the XVIIIth
volume of the Journal of the Royal Institution, ob
serves that there is ample room for allowances of this
kind, and yet to save the conclusion, that the power of
Solar Radiation is less between the tropics than in
higher latitudes.
Mr.Foggo's (288.) Mr. Foggo in adverting to the same subject,
in the XXVIIth number of the Edinburgh Philosophical
Journal, is of opinion, that Mr. Daniell has confounded
the actual power of the Sun's rays with the excess of
temperature indicated by a thermometer exposed to the
Sua above the temperature of the air, and that the
situations of the thermometers of observation were not
free from objection. Captain Sabine's thermometer
with a blackened bulb, and covered with black wool,
when placed on grass, did not, Mr. Foggo thinks, pre
sent the full measure of the solar influence in the
experiments at Bahia. In support of this opinion, he
adduces some experiments of his own, performed near
Edinburgh, on the 7th of July, On a part of that
day, when the temperature of the air was 59°, with a
brisk wind, he exposed a large thermometer, having its
ball covered with black wool, to the direct rays of the
Sun, but unsheltered from the wind. On exposing the
instrument to the direct action of the Sun, it rose to
95° in ten minutes. By laying it horizontally on short
grass, it fell to 60° ; but on restoring it to its former
situation, it again rose to 94°. On the 29th of the
same month, at 3h 10' p. m., the same thermometer,
which had been exposed all day in a sheltered corner,
rose to 150°; when another instrument, similarly pre
pared, and resting in contact with the herbage, indi
cated only 119°. On the same day at two p. m. the
former thermometer indicated 140°, and the latter
110°. Mr. Foggo, therefore, remarks, that we have
here a difference of 30°, arising solely from the manner
in which the instruments were exposed.
"rcpieal
(289.) These experiments are, however, too few in
number to ground any hypothesis on ; but they, never
theless, open some room for supposing that, in the
observatoins performed in the tropical regions, the full
measure of the solar influence was not obtained ; and
we have indirect evidence from other quarters to
strengthen such a view. Many detached observations
exist in the writings of different travellers respecting
the heat measured with naked thermometers, which
seem to indicate a much higher measure of the solar
influence. In Caffraria, Mr. Barrow saw an exposed
thermometer mark 106°. The missionary Campbell,
during his interesting journey in the winter through the
Country of the Botchuanas, when the air at eight a. m.
was 28°, saw the thermometer in the sun at noon rise
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to 84°. At Gondar, Mr. Bruce mentions a temperature
of 113°; while at Benares 110°, 113°, and 118° re
spectively are recorded.
(290.) Other detached observations respecting the Temperatemperature of the Earth, where it has been fully ex- ture °f the
posed to the effects ofinsolation, tend also to strengthen rth fy"v
the supposition that the Solar Radiation is greater in "Soiation°
the tropical regions than the observations of Captain
Sabine would seem to indicate. At Sierra Leone,
Dr. Winterbottom saw a thermometer placed on the
ground rise to 138°. Humboldt also gives many in
stances of the temperature of the Earth amounting to
118°, 120°, and 129°; and at one time he found the
temperature of a loose and coarse-grained granitic
sand 140°.5; another, finer and more dense, 126°, the
thermometer in the sun being at the same time 97°.16.
It is probable, remarks the distinguished traveller, that
the mean temperature of the dried mud, in which the
alligators bury themselves during their state of perio
dical torpor, is more than 104° Fahrenheit.
(291.) Mr. Daniell is also of opinion, from some Solar radiaexperiments performed by Captain Sabine on the moun- tlonlntains of Jamaica, and also from some observations "l^T "P"
made by Saussure, in his Voyage dans les Alpes, that
the power of Solar Radiation increases from the surface
of the Earth upwards.
(292.) In the absence of positive experiments per- Concluding
formed on a much more extended scale than we possess remarks,
at present, it would be a departure from the rules of
Philosophic prudence to adopt any hypothesis whatever.
There are too many conditions involved ; the range of
observation is too wide, spreading out as it does from
the Equator to the Poles ; the circumstances of climate
are too diversified ; too little, indeed, is known con
cerning the force of Solar Radiation in those Countries
most favoured by the presence of men devoted to the
advancement of Meteorological knowledge, to justify
the adoption of any theory to represent its varying
conditions in other latitudes.
Terrestrial Radiation.
(293.) It is a beautiful discovery of our own times, Introduc
that if two bodies of different temperatures are placed tory re
at a certain distance from each other, even in a va marks.
cuum, that the one whose temperature is the highest,
will gradually communicate its caloric to the other. In
our Essay on Heat we have unfolded some of the leading
phenomena connected with this interesting inquiry, and
we shall, therefore, only add such observations as will
enable us to disclose its relations to Terrestrial Radia
tion.
(294.) Since every portion of the Earth's surface in Supposition
cessantly loses heat by radiation, let us suppose that a of a good
be
small body, whose surface radiates freely, is placed radiator
ing placed
beneath a clear and tranquil sky, on a vast uncovered beneath
a
plane. Such a body will emit calorific rays towards clear and
tranquil
every point of the visible heavens, and unless it can
receive heat in return from the upper sky, which (in sky.
the portion of this Essay devoted to Dew will be proved
not to be possible in the case under consideration,)
a body circumstanced like that in our hypothesis will
undoubtedly be cooled. Applying this reasoning to the Application
Earth's surface generally, when not exposed to the direct to the
action of the sun, to' the plains and the valleys, the moun Earth's sur
face l
tains with all their varieties of surface and all their rally.
diversities of radiating power, and we shall recognise
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an active and powerful principle, tending under some
circumstances to cool the atmospheric strata in contact
with it.
Inquiries of (295.) The experiments of Dr. Wells which relate
Dr. Wells. to the subject now under consideration, were directed
in a great measure to establish the important fact,
that a thermometer placed on the ground beneath
a clear and tranquil sky, will exhibit a lower tem
perature than one suspended freely in the air. The
clear and convincing experiments by which he esta
blished this important principle will be shown in the
portion of our Essay just referred to. It was no part,
however, of his inquiry to estimate the force of Terres
trial Radiation through the successive months of the
year, and to communicate those general views which
the later labours of Mr. Daniell have so successfully dis
closed. We shall hereafter see that the laborious in
quiries with which Dr. Wells was occupied, were suf
ficient, considering his health, to occupy all the ener
gies of a single mind.
(296.) Mr. Daniell devoted considerable attention to
Of Mr.
Daniell.
the subject of Terrestrial Radiation, and in the following
Table will be found the mean effect of radiation for
every month, deduced from the averages of three suc
cessive years, together with its greatest observed inten
sity in the same intervals.
Table LX.
Months.

Mem
Man Maximum
Deprcuicn
Minimum
Depreafrom
■ion
from Radiation.
Air. Radiation.
10°
32".6
3*5
10
4.7
33.7
10
37.7
5.5
42.2
14
6.2
4.2
13
45.1
48.1
5.2
17
13
52.2
3.6
52.9
5.2
12
50.1
5.4
13
42.1
4.8
11
38.3
10
3.6
35.4
3.5
11

by a temperature below that of the freezing point; and Meteor,
that even in the months of July and August, the radiant olosythermometer sometimes falls to 35°.
v"^v *
(299.) Captain Sabine performed also a number ofComparative
comparative experiments on the same subject, in the experiment
tropical regions. At Bahia and Jamaica, he exposed gabine at"
upon grass to the aspect of the sky an alcohol ther- ]
mometer, registering the extreme cold, and having its .
bulb covered with black wool. The following Tables
contain a comparison of its indications with those of a
register thermometer placed under shelter.
Table LXI.—For Bahia.
Day.
July 24
25
26
27
28
29
30

TemperTemperaim*
Air.of Rjuiiatiun.
68°
63°.5
63
63.5
72
62.5
70
61.0
64
60.5
59.5
67
65
64.0

Differ
ence.
4°.5
4.5
9.5
9.0
3.5
7.5
1.0

Otwrratlwa,
Dew.
Dew.
Dew.
Dew.

(300.) Captain Sabine remarks, that the register of
the cold was the same, whether the thermometer was
placed on a grass plat, or on a thick bed of rotboelia,
or on thick tufts of poa—a curious and valuable remark
connected with the radiating powers of vegetables.
Table LXII.—For Jamaica.
Day.
October 25
26
27
28
29
30
November 3

Tempar- Temporofatuxe
Ra
Alr.
diation.
72°
76°
69
76
65
76
76
66
65
76.5
76 1
65
67
76

4°
7
11
10
11.5
11
9

(301.) Upon the mountains of Jamaica, 4000 feet
(297.) The last column of the Table seems to indi above the level of the sea, Captain Sabine found the
cate an approximation to the law of radiation established thermometer laid upon grass to afford the following
by Dulong and Petit, that the velocity of cooling tn results.
vacuo, or the force of radiation, increases as the terms
of a geometrical progression for increments of temper
Table LXIII.
ature in arithmetical progression. The force of radia
tion as developed in the Table, has manifestly a tend
Tem.
Tem
Fe DBency to increase with the heat, although the effect is
per
ature
ature
*jrObservations.
Time.
concealed by too many disturbing causes to enable us
of dia
Raat etioe.
Air.
to determine the law of the progression. From the
tion.
third column we may also form an estimate of the
Oct. 31 P. M. 10" 65° 51° 14° Clear and calm.
clearness of the atmosphere, and the comparative bright
ness of the different months. April appears to be the Not. 1 A. M. 5 63 45 18 Ditto.
clearest month of the year, and the cloudy state of July
P. M. 11 64 51 13 Clear and gentle breezes.
Important is deserving notice.
2 A.M. 5 64 55 9 Ditto.
(298.) Mr. Daniell infers from his diary, that for ten
inferences
of Mr.
months in the year in our climate, vegetation is liable
Daniell.
Mr.
(302.) Prom all these
to be affected at night, from the influence of radiation,
Analogy of
his results
with the
law of ra
diation of
Dulong and
Petit
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infers that the same cause which obstructs the passage
of radiant heat in the atmosphere from the Sun, opposes
also its transmission from the Earth into space ; and
that the force of radiation for a given temperature, is
less between the tropics than in the latitude of Lon
don, and that it obviously increases as we ascend above
the Earth.
(303.) In the Annates de Chimie some remarks
ath« have been made, tending to prove that the results
•V belonging to the tropical regions were obtained at
times when the air was less clear or calm than at Lon
don, but there seems no reasonable ground for such a
0f supposition. There are two circumstances, as Mr.
Foggo justly remarks, which are sufficient of them
selves to explain the anomaly :—first, the high temper
ature of the soil, which, in the torrid zone, frequently
retains a heat of several degrees above that of the air,
even when the latter has reached its minimum ; and,
secondly, the law established by Mr. Anderson, that the
minimum temperature of the night is regulated by the
constituent temperature of the aqueous atmosphere ;
the great quantity of moisture in the air equally pre
venting the diminution of its temperature beyond a
certain degree, and checking the cooling of the ground
by evaporation.
3t.Dk
(304.) Very little is yet known respecting the force
DslTi nfer- of Terrestrial Radiation in the Polar regions. Mr.
act tl u Darnell imagines from the intense cold which was
" found to prevail during calm weather in Melville
Island, that a strong argument may be derived in
favour of an increase of the radiating power as we go
r?
North. He also infers from the following remark by
Mr. Scoresby, that the power of Terrestrial Radiation
is developed in a very powerful degree.
Mr. Score*- (305.) In cloudy weather, observes Mr. Scoresby,
kT'»».
no freezing of the sea ever occurs when the temperature is above 29°; but in clear, calm weather, the sea,
■Bt'pw*" m
interstices of the ice, generally freezes on the
decline of the Sun towards the meridian below the
Pole, though the temperature be 32°, or higher. In
the instance now alluded to, the freezing commenced
when the temperature was 36°, being 7J° or 8° above
the freezing'point of sea-water. About two a. m. the ther
mometer in the air fell to 33°, by which time the bay
ice was of such consistence, that the head-way of the
ship, under a light breeze, was sometimes stopped
by it.
(306.) These effects of radiation vary with the
aviation aspects of the sky, operating vertically and in every
ty with oblique direction. Dr. Wollaston was the first to
« aa sky. attempt to measure the effect, when a metallic mirror
Dr. Wofe*. was presented to the upper sky ; and we shall here
after see, in the portion of our Essay devoted to
Ikfats. Meteorological Instruments, that Mr. Leslie contrived
his .Ethrioscope to enable us to estimate the effects at
intermediate altitudes.
*• Da
(307.) Mr. Daniell, in estimating the effects of radia
te?! re- tion under different aspects of the sky, employed the
apparatus of Wollaston. The standard thermometer to
which all his observations were referred, when not
otherwise expressed, had its bulb covered with black
wool. Another thermometer was placed upon the
grass. The next Table exhibits a series of his inteiesting results relating to the force of radiation in a
reflector and on the grass.

63
Table LXIV.

Temper
ature
Air.of
42°
47
62
44
44
54
58
57
56
51
45
60
Means 50

Temper*
Mure
Gra«a.of
34°
39
44
35
36
48
52
51
51
41
35
42

alurl^n
Reflector.
30°
35
42
32
34
49
52
49
SO
41
35
41

42.3

40.5

Observations.
Very fine and clear.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto.
Dull.
Very fine. Moon hazy.
Light clouds.
Very fine and clear.
Ditto.
Ditto.

(308.) Mr. Daniell's next attempt was, by means Mr. Da.
of the same apparatus, to compare the force of radia niclt's
com
tion when the Sun is above the horizon, with its parison of
power when that luminary is below. Under the most effects when
favourable circumstances, in a clear and tranquil the Sun is
above and
atmosphere, he could never obtain an effect of more below
the
than five or six degrees with the thermometer covered horizon.
with black wool. Imagining, however, that colour Effect of
might in some degree modify the results, he had ano colour.
ther reflector constructed precisely similar to the former,
the radiating thermometer falling to an equal amount
in each. In the focus of one of these reflectors he
placed a thermometer, having its bulb covered with
white wool, and in the focus of the other another ther
mometer, having its ball covered with black wool. A
cloudless day was selected for the experiment, and the
two instruments, placed side by side, were inclined at
equal angles towards the Eastern sky. The following
Table contains the results.
Table LXV.

Day.

Hour.

May 16 P. M. 34°
4
8
11
During -1
night J

Radia
tion
from
Black
Wool.

Ra.!iAfrom Temper
ature
Whlta
Wool. ofAir.

58°
58
44
36

53°
53
43
36

63°
63
54
47

35

35

45

Observations.
Cloudless. During
the experiment
the reflectors
were changed.

.) Hence it appears, that the amount of radia- inference.;
im the white wool was equal, during the time
the Sun was high in the heavens, to what it was during
the night; while it was one half less from the black
wool. During the absence of the Sun, the radiating
power of the two was the same.
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(310.) Mr. Daniell repeated these interesting expeol°8y' riments under many varieties of circumstances ; and in
v—^-~' examining his results contained in the following Table,
rimen "Pe" U is esPeciallv necessary to attend to the collateral cir
cumstances.

May 17

its.
<H«lion
from
Black
Wool.
P.M. lih 64»
68
2
2h 73
34 74
76
4
11 51
Night. 42
Hour.

R»di»tioii
from
White
Wool.
59"
60
62
62
64
51
42

Tern,
pereture
of
the
Air.
65°
65
65
G6
68
55
51

Hour.

Dale.

Remarks on (311.) On this Table Mr. Daniell makes the followthe prcced- ;„g remarks. The power of radiation was nearly nett
ing iable. tra]jZC(j in jhe black wool while the sky was overcast,
but in the white wool it was only reduced to about one
half. As the sky cleared, the reflectors being turned
towards the Sun's place, the black thermometer rose
above the temperature of the air, and the white ther
mometer still gave off more heat than it received.
Exposed to the full power of the Sun, the reflectors
being just turned out of the direct rays, the black ther
mometer rose 8° above the temperature of the air, and
the white thermometer fell 4° below it. In estimating
these different effects, it must be remembered, that the
Action of action of the reflector, in receiving and transmitting
heat, is different. In the former case, the action is unthe re
flectors.
duely increased, the heat which falls upon the surface of
the speculum being thrown upon the thermometer in
a concentrated form. In the latter case, the heat which
radiates from the thermometer in the focus falls upon the
concave metal, and is reflected into space in parallel
lines. The effect is, therefore, only slightly aug
mented from the larger aspect of the sky. Mr. Da
niell also found, whenever the reflector with the black
Effect of a, woolled thermometer was turned towards a cloud,
during the presence of the Sun above the horizon,
cloud.that the mercury rose above the temperature of the
air, excepting in the winter months; and a visible
effect was produced even from the quarter most distant
from the Sun. The concrete vapour, Mr. Daniell thinks,
disperses the radiant matter, and acts upon it much in
the way that ground glass operates upon transmitted
No effect light. No effect is produced by any cloud after the
after the Sun has sunk below the horizon ; and in an overcast
Sun is be night the action of radiation is perfectly neutralized.
low the
The following Table tends to illustrate this poiut ; and
horizon.
to show the effects of two similar thermometers placed
Experiment in the foci of similar reflectors, directed to different
to illusquarters of the heavens,
trate iL

TV.ipcrarure
of
Air.

Observations.

Horizontal
inclined 30°.

o

Horizontal
inclined 30°.

86
86

63

Ditto.

2i

Horizontal
inclined 30° E.

83
82

63

Sun's place
not visible.

3

Horizontal
inclined 30° N.

79
79

63

Ditto.

Inclined 30° N.
30° S.

76
79

63

Ditto.

Inclined 30° N. E. 85
30°S.W. 88

63

Ditto.

Inclined 30°N.E. 96
30°S.W. 100

63

H

4

Tem
per.
3'ure
of
Black
Wool.
76°
79

1 P.M.
Observations.
Overcast, with cnmulo stratus.
Clearing—reflectors to clearing
space.
Faint sunshine.
. Strong sunshines—reflectors
1 turned, so that the shadows of
j the bulbs just appeared on the
' metal.
Lightly overcast
Fine.

Petition
of the
Beuector.

Sky overcast—Cu63° mulo
stratus—Sun's
jlace not visible—
and brisk windS.W.
Sun's place just vi
83 63 able,
but no sha
dows.
83

July 2 Noon.

Table LXVI.

Day.

Table LXVII.

Horizontal
inclined 30°.

Inclined W.
E.

55
55

61

11

Inclined N.
S.

57
57

61

Night.

Inclined N.
E.

40
40

48

All
Night. |

Horizontal
Vertical

41
43

51

Just before
sunset.

Fine.
Very fine.

(312.) We commenced this division of our Essay Concluditk,
by stating, that we owe to Mr. Daniell nearly all the r
'""
information we possess on this very interesting subject;
and being anxious to lay before our readers all that we
are'able to obtain, we draw from the same respectable
source the following Table by way of conclusion, to
denote the results obtained by a black radiating ther
mometer in a concave reflector, turned to the North, at
an angle of 30°.
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Table LXVIII—
Hour.
■1
it 13 P.M. -1
11
Night.
U AM. 10
P.M. 4
11
Night.
ISAM. 9
P. M. 1 1
Night
]« A. M. 9
P.M. 4
11
Nigbt
17 AM. 9
P M. 11
Night
19 A. M. 9
P.M. 4
11
Nightn AM. 9
s AM. 9
P.M. 11
Night.
AM. 10
P.M. 4
11
-VighL
i.AM. 9
I P. M. 11
Night
SAM 9
P.M. 11
Night
* AM 9
P. M. 1 1
Night.
Jl.AM. 9
P.M. 11
Night,
to. 11A.M. 9
P.M. 11
1A.M. 9
P. M. 1 1
Nijht.
JAM. 10
P.M. 11
Nigbt.
* AM. 9
P.M. 11
Night.
S AM. 10
P.M. 11
■: \ ■ m.rift10
J7. PM.in
AM. 9
P.M. 3
11
Night,
8 AM. 9
P. M.11
Night
A.M. 10
P. M. 1 1
Night
P. M. 11
Night
AM. 10
P.M. 11
Night
11 AM. 9
P.M. 4
Xtght.
9'
«» AM. 10
P.M. 11
Night

D»j.
Air.
48 45
45
40
42 35
42 35
39
40 ..
40 32
31 . ,
30
31 22
31 21
Li J
29
33 33
33
32
35 30
39 34
39
38
41 41
40 32
40
32
34 27
47 47
40
35
45 43
41
35
37 31
38
32
34 26
34 ..
30
35 33
35
35
42 37
38
47 47
49
39 . .
44 39
37
33
38 36
47
38
49 42
39 „ ,
32
35 27
41
45 43
48 45
47 . „
45
48 45
45
42
47 47
49
46
47 45
47
41
44 41
39 . ,
37
41 38
44 38
40 . .
46 48
48
46
VOL. V.

37
32
30
36
21
20
19
19
26
25
..
37
33
..
35
22
40
33
39
27
34
30
23
..
28
28
29
45
39
28
25
,.
45
37
30
22
35
43
41
42
36
47
47
41
45
33
.
36
33
.
32
46
43

iant of a Biaei Radiating Thermometer, in a Concave Reflector, turned to the North, angle 303.

Date.
1822. Hour.
Fine but misty.
- 3
Feb. 25 A. M. 10
P. M. 1 1
- 8
Ditto.
Very fine.
Night.
- 8
- 7
Spots of rain.
Very fine and clear.
26 A.M. 10
P. M. 4
- 7
Cloudless.
- 9
Light clouds.
11
— 4
Ditto.
Night.
Very clear.
- 8
Bright.
27 A. M. 10
-10
Ditto.
P.M. 11
-10
Night.
Ditto.
Bright,
Ditto.
A.M.
10
- 9
28
-10
P.M. 5
Ditlo.
-10
Ditto.
11
-10
Ditto.
Night.
0
Snow.
Mar. 1 A. M. 10
- 7
Very fine.
P. M. 11
- 7
Ditto.
Night.
- 5
Ditto. Misty.
Bright.
2 A.M. 10
- 5
Ditto.
P. M. 11
- 2
Overcast and dull.
11 P.M. 4
- 5
Dull.
5
0
Dull and foggy.
Tarnished.
11
Very fine.
- 8
14 A. M. 10
_ 5
Dull.
19 A M. 10
-10 Dull and spotted. Very fine.
5
- 7
Ditlo.
11
0
Overcast and dull.
Night.
0
Ditto.
20 A. M. 10
- 2
Dull.
P.M. 5
- 2 Spotted with rain. Mild and misty.
Night.
- 2
Overcast and dull.
21 A.M. 10
Very fine but misty.
- 8
P. M. 5
- 6 Blacks in the mirror. Ditto.
11
- 4
Lightly overcast.
Night.
-10
Very fine.
27 A.M. 10
- 8
Ditto.
P. M. 5
- 4
Fog.
Nigl t.
- 7
Fine.
April 1 A. M. 10
- 2 Dew upon lower half. Light clouds.
P.M. 5
— 7
Drops of rain.
11
- 7
Fine.
11$
- 5 Spotted with raiu. Very fine.
Night
- 9
Ditto.
3 A.M. 10
0 Tarnished and spotted.. Small rain.
P.M. 1
- 4
Fine.
2
0
Rain.
Full of rain.
3
- 5
Very fine.
5
- 9
Ditto.
11
- 8
Ditto.
Night.
- 2 Moisture running ofr the bulb. Foggy4 A.M. 10
- 2
Overcast.
101
- 1
Stormy.
11
- 7
Fine.
12
- 9 »• ••
P.M. i
[«tem. Very fine.
-10 Hoar frott upon the bulb and Ditto.
1
- 8
Ditto.
3,
- 6
Dull and close.
5
— 2
Tarnished.
Ditto.
11
- 3
Ditto.
Night.
- 4
Ditto.
5 A.M. 10
- 4
Full of rain.
Ditto.
P. M. 5
- 3
Overcast but fine.
11
- 3
Ditto.
Night.
- 6 Spotted with rain. Ditto.
6 A.M. 10
0
Overcast and mild.
P. M. 5
- 2
Ditto.
11
- 5
Ditto.
Night.
o
Ditto.
7 A. M. 10
— 2
Light rain.
Night.
- 8 Spotted with rain. Very fine.
8 A.M. 10
- 3
Ditto.
P.M. 5
Stained.
- 3
Fog.
Night.
_ A
Some water.
Ditto.
15 A. M. 10
- 3
Fine but misty.
16 P.M. 5
- 6
Ditto.
11
- 8
Very fine.
Night.
+ 2
Lightly overcast.
28 A.M. 10
- 2
Overcast and dull.
Night.
- 3
Ditto.

Nl«tit. DiHerrace.
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State of Reflector.

State of Weather.

Temu
of
Air.
51
47
44
49
51
45
36
42
35
31
34
43
35
30
34
39
34
46
43
46
44
37
51
56
59
54
51
54
56
46
51
56
51
41
52
56
46
42
46
42
43
39
50
t
53
53
50
43
40
49
51
51
51
52
52
51
49
47
43
51
51
46
43
52
49
41
39
45
36
45
39
35
57
54
46
41
56
46

D.,. Night. Differ
euce. State of Reflector. State of Weather.
55
53
54
34
30
37
31
47
50
40
60
61
57
.,
58
50
52
51
57
49
44
46
.,
59
60
61
50
42
58
61
62
60
64
58
53
47
#.
62
50
52
49
51
46
39
t
67
53
67

Lightly overcast.
+ 4
43 - 4
Ditto.
39 - 5
Ditto.
Bright.
Ditto.
+ 4
Overcast, rain.
+ 3
ii - 4
Clearing.
26 -10 Spotted with rain. Very fine.
Ditto.
- 8
24 -11
Ditto.
22 - 9 Hoar-frost on bulb. Dilto.
Ditto. Fog.
_ 4
Ditto.
- 6
Ditto.
26 - 9
20 -10 Hoar-frost on bulb. Ditto.
Ditto. Fog.
— 3
Light clouds.
33 — 6
Ditto.
31 - 3
Overcast and mild.
+ 1
Very fine.
36 — 7
Turn. ,I to adense cloud. I
+ 4
Very tine.
_ 4
Ditto.
28 - 9
Overcast and dull.
+ 6
Lightly overcast.
+ 5
Dilto.
- 2
51 - 3
Ditto.
Fine.
46 - 5
Lightly overcast.
+ 4
Very fine.
- 6
Ditto.
37 - 9
Overcast.
., + 1
Very fine.
- 5
Overcast.
49 - 2
Very fine.
31 -10
Overcast.
+ 5
Very fine.
— 7
Ditto.
37 - 9
Dense clouds.
+ 2
Overcast and dull.
0
Very fine.
32 -10
Lightly overcast.
39 - 4
Fine.
31 - 8
Lightly
overcast.
+ 9
Ditto.
+ 6
Ditto.
+ 8
Clear.
- 3
Very fine.
- 8
Ditto.
35 - 8
Ditto.
31 - 9
Lightly overcast
+ 9
Dilto.
+ 10
Ditto.
+"
Ditto. Dropsofrain.i
+ 9
Dilto,
+ 12
+ 6
Ditto.
+ 2
Clearing.
- 2
Ditto.
42 - 5
Overcast.
34 - 9
Fine.
Lightly overcast.
+ 11
- 1
Ditto.
Very fine.
37 _ 9
Ditto.
33 -10
.,
0
Ditto.
0
Ditto.
Ditlo.
31 -10
30 - 9
Ditto.
+ 6
Overcast.
27 - 9
Very fine.
+ 1
Ditto.
0
Hail showers.
30 - 5
Fine.
+ 10
Lightly overcast
- 1
Dull.
Very fine.
37 - 9
Foggy.
34 - 7
Very hazy.
+ 11
40 - 6
Fine.
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On the Gradation of Heat in the Atmosphere.
(313.) We owe to Mr. Dallon the discovery, that
the natural condition of the equilibrium of heat in an
Dalton's
discovery atmosphere is found, when each atom of air in the
that in
same perpendicular column is possessed of the same
creased
capacity of quantity of heat ; and, consequently, that such an
air is cause equilibrium results, when the temperature gradually
of cold of diminishes in ascending. This indeed is the natural
upper
consequence of the increased capacity for heat derived
regions.
from rarefaction. When the quantity of heat is limited,
the temperature is governed by the density. We shall
hereafter refer to the delicate experiments and formula
by which Professor Leslie determined the law of the
progression.
(314.) There is an essential difference between that
Essential decrease
of temperature which arises from the in
difference
creased capacity of air for heat, and the cooling of
between
cold from the atmosphere produced by radiation. The amount
this cause of the former is governed by the altitude, and is a
and that
arising from constituent element of the density due to the elevation ;
radiation. but by the exercise of the latter, the air is cooled below
its natural standard, and thus becomes specifically
heavier in its successive strata. From the unequal
action of the Sun's rays, says Professor Leslie,* and
the vicissitudes of day and night, a perpetual and
quick circulation is maintained between the lower and
upper strata ; and for each portion of air which rises
from the surface, an equal and corresponding portion
must also descend. But that which ascends, acquiring
an enlargement of capacity, has its temperature pro
portionally diminished, while the correlative mass, de
scending, carries likewise its heat along with it, and, by
contracting its capacity, seems to diffuse warmth below.
A stratum at any given height in the atmosphere is
hence alike affected by the passage of air from below,
and by the return of air from above, the former ab
sorbing heat, and the latter evolving it. But the mean
temperature at any height in the atmosphere is still on
the whole permanent ; and, consequently, those dis
turbing causes must be exactly balanced, or the abso
lute measure of heat is really the same at all elevations,
suffering merely some external modification from the
difference of capacity in the fluid with which it has com
bined. Hence that temperature is inversely as the
Meteor
ology.

* Leslie on the Relations of Air to Heat and Moisture.

capacity of air possessing the rarity due to the given Meteor
ology.
elevation.
(315.) All our knowledge respecting the gradation
of heat in the atmosphere, as resulting from the varied Knowledg
of the gra
causes which operate upon it, has been derived from the dation
uf
useful observations that have been made with the baro heat in th
meter and thermometer, for determining the mensura atmosphei
tion of heights ; and the exactness of such measure obtained
the
ments, within certain limits, cannot be questioned, be from
mensuratii
cause they have been verified in so many instances, by of heights
the nicest operations of Geometry, and the most delicate
and refined operations of levelling. The numerous and
diversified theoretical investigations which have been
made respecting the beautiful problem of the terrestrial
refractions, have also tended in no inconsiderable
degree to throw a light on this important inquiry.*
(316.) If we admit the temperature of a column of air Suppositi
to diminish in the same ratio as the altitude increases, that the
and also suppose the rate of decrease, or the elevation lemperati
necessary for depressing the thermometer a single of a colut
of air dim
degree, to be known, we shall be enabled to deduce with nishes
wi
ease and facility the temperature at any altitude in the the alliiui
atmosphere, from the temperature observed at the
Earth's surface, and also to compute the height of a
column of air, by knowing the temperatures at its.
extremities. To determine the decrement of temper
ature, recourse must be had to actual observation.
A reference to the best authorities, however, is some Observed
times productive of considerable anomalies, even in
circumstances where it is impossible to discern any
cause for an apparent difference. In the following
Table are forty-two measurements, taken from the
Memoires tur la FormuleBaromitrique de la Mecanique
Celeste, by M. Ramond, made in circumstances of a
very varied kind, and free from suspicion of errors of
any considerable magnitude. Four of these, however,
marked with an asterisk, deviate so widely from the
rest, they may with propriety be omitted in estimating
the
f La constitution de fatmosphere tlant comprise enite lee deux
limites (Cunt density de"croissante en progression arithtnetique, et
(Tune deneiti de'eroissanie en progression geometrique ; une kypotheme
qui participerait de fune et de fautre de cet progressions, semble
devoir representor a la fois les refractions et la diminution observe*
dans la chaleur Ues couches atmospheriques. La Place, Mecanique
Cdlele, tome iv. lirre x. 261.
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Table LXIX.

Meteor
ology.

Decrements of Temperature observed at different Altitudes.
theorColumns
Air in

Names of Places.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
lf>
lfi
17
18
19
20
21
•22
23
•24
25
26
27
23
29
30
31
32
33
34
35
35
37
•33
39
40
41
•42

Gay Lussac's Aerostatic Ascent . .Paris
Chimborazo
South Sea
W ont Blanc
. . . . . Geneva . . .

3816.12
3214.64
2391.70

Peak of Teneriffe
Mont Blanc

2039.01
2035.19

Etna
Mont Perdu
Giant's Neck
Maladette
Pic du Midi

Giant's Neck
Mont Perdu
Pic d'Eyrf
Guanaxuoto
Pic de Montaigu
Pic de Bergons
Pic du Midi

Puy de Dome

Mountain above Bagneres
Bedat de Bagneres
Font du Berger
The Barracks
Prudelle

at noon
at 2 o'clock
Orotava . . . .(Cordier)
Chamouny .
at noon
at 2 o'clock
Catania . . . .(Saussure)
Tarbes
Geneva . . .
Tarbes
.(Cordier) ....
Tarbes .... .July 26, 1809
Sept. 15
Sept. 4, 1803.
Sept. 12
Sept. 23
Sept. 27
Sept. 30
Chamouny .
Bareges . . ,
Tarbes ...
South Sea ,
Tarbes ....
Tarbes
Barege; . , , Aug. 30, 1805 . .
Sept. 15
Aug. 15, 1809 ..
Sept. 23
Oct. 19
Sept. 11, 1810 ..
Sept. 22
Sept. 28
Clermont . . . .June 25, 1806 . .
Oct. 11, 1807, at noon
1 o'clock
June 29, 1808..
Aug. 7
Tarbes
Tarbes
Clermont
Clermont
Clermont

1 769^99
1704.38
1673.21
1587.91
1428.79

1303.57
1176.71
1173.98
1139.53
1122.58
979.32
904.95

582.89

519.46
306.75
269.03
207.78
156.93

Temper
ature
at
theStation*.
LowMt
87.4
77.5
82.9
81.7
76.8
73.4
77.0
73.6
78.1
76.8
69.4
81.5
67.3
72.5
74.3
65.8
66.4
58.6
70.9
77.0
70.3
77.5
58.1
66.2
80.1
71.4
70.3
65.3
60.6
64.0
66.0
65.1
70.3
64.0
65.5
76.6
91.2
50.5
51.6
32.5
74.5
82.9

Temper
ature At
14.9
29.1
26.8
29.1
47.1
26.8
29.1
39.9
44.4
40.1
38.1
52.9
47.5
46.6
50.7
46.6
39.2
39.7
40.1
44.4
51 .8
70.3
37.6
56.3
61.5
46.4
46.8
42.8
36.5
44.6
42.4
41.4
57.9
SI .4
53.1
59.4
74.1
49.3
46.4
26.8
71.2
77.0

Dtcrrmvnt
a lirprctftion9m
In KuJuim.
95.14
119.75
76.55
82.02
123.58
78.74
76.55
97.33
91.32
82.02
91.32
89.68
130.14
98.97
108.81
133.42
94.60
136.15
76.01
65.07
113.73
284.88
98.42
178.26
88.03
65.07
69.44
72.18
67.26
83.66
68.90
68.35
84.21
83.11
84.21
60.69
61.24
742.01
105.53
84.21
115.37
47.57

Mean decrement resulting from the 42 Observations
= 111.274 fathoms).
Mean decrement by eliminating the Observations 22, 24, 38, and 42 = 90.058 fathoms J one degree of temperature.
:*Vf?'jrei
(317.) From this Table it appears, that the most
ma cbe rapid decrement of heat is at the rate of 61 fathoms,
and the slowest 136 fathoms, to a centesimal degree.
The mean rate deduced from all the observations is
just 90 fathoms ; and the extremes differ from the
mean quantity, not by a small part of it, but by a half.
And in reference to this subject, Mr. Ivory remarks,* that
as we cannot doubt that the principle which distributes
the difference of temperatures equally through the
whole height of the column is nearly true, we must
infer that the rate of decrease depends in a great mea
sure upon circumstances peculiar to each particular
case. In this respect, he says, causes seem to operate,
which the observer is not only unable to appreciate,
but even of the existence of which he has no indica
tions. Very little confidence, therefore, can be placed
in temperatures at different heights in the atmosphere,
estimated by the rate of the decrease of heat ; although
the exactness of barometrical measurements is not by
* Philoiophica! Magazine, July 1821.

this means affected, the heat of the column of air
being always determined by the temperatures actually
observed at its extremities.
(318.) In endeavouring to account for the observed The instruanomalies, Mr. Ivory remarks, that we may, perhaps, ments emfind in the nature of the instrument with which the heat Ployd in
is measured, some reason for the irregular deviations of theumperthe observed temperatures of the atmosphere from any atUre may
theoretical law. The thermometer measures the tern- be one cause
peratures of such bodies only as are in immediate con- °f l.ne '
malies ob
served.
appreciated, may therefore so much affect a thermo
meter placed at the extremity of a column of air, as to
make it indicate a temperature very different from that
which would occur at a medium, and when all the
causes which influence the propagation of heat through
its entire length, have produced their due effect. In
this manner the observed temperature may be made to
diverge from that which is true, by the influence of a
current of air in which the thermometer is placed ; by
the reflection of the Sun's rays from the surrounding

68

METEOROLOGY.

objects ; by evaporation, and the radiation of heat
depending upon the nature of the adjacent soil; and
by other causes.
The deduc- (319.) The rate of the decrease of heat deduced
tious of
from the above-mentioned observations of Ramond,
totnond fur viz. 90 fathoms to a centesimal degree, or 100 yards
ment of"heat to a degree of Fahrenheit, seems to be the quantity
generally most generally adopted by Philosophers. By means
adopted by of this relation, the temperatures which prevail at given
Philoso
altitudes in the atmosphere are sometimes determined
phers,
with great precision, although in other cases the calcu
lation differs much from the truth. Thus adopting the
great height of 3817 fathoms, as determined by Gay
Lussac in his magnificent aerostatic ascent, the differ
ence of temperature, at the rate of 90 fathoms to a
degree, will be found to be 42°.4, which is a near
approximation to 40°.3, the quantity actually observed.
On the other hand, if we apply the same rule to the
extreme cases in the Table of Ramond, we shall obtain
results quite unsatisfactory. The decrease of heat in
the atmosphere, observes Mr. Ivory, as determined by
the ascent of balloons, seems to follow a slower rate
than in the case of altitudes on the Earth's surface.
There can be no doubt that this manner of experiment
ing is free from many causes of irregularity to which
terrestrial observations are subject. We may, there
fore hope that by this means much light will be ulti
mately thrown on the gradation of heat in the atmo
sphere ; but a sufficient number of accurate experiments
are wanting to establish a conclusion in which confi
dence can be placed. In the case of Gay Lussac's
ascent, we obtain a rate of nearly 95 fathoms to a cen
tesimal degree, which is not very different from the
mean found by terrestrial altitudes.
Observa
(320.) Could we remove from the atmosphere, the
tions re
many causes by which the natural and regular pro
specting pagation of heat is continually disturbed, there is no
the incre
ments of doubt that the temperature would be found to de
crease nearly in the same ratio as the altitude inaltitude
and the de- creases. This, however, must be understood with
P™^0"^0' limitations. If we conceive the height of a column of
e icrni
^o ^ jjjyjjgjj mj0 p0rtions corresponding to a con
meter.
stant difference of temperature, it is much more pro
bable that these portions will form a progression
increasing or decreasing slowly, than that they will
constitute a series of increments perfectly uniform.
Such, however, are the anomalies attending observa
tions of the temperature of the atmosphere, that it is
extremely difficult to determine, by experiment, whe
ther the heat decreases in a less or greater ratio than
the altitude augments. According to some Philoso
phers, the increment of altitude necessary for depress
ing the thermometer a single degree, is a quantity
continually increasing the higher we ascend. But the
contrary opinion, that the heat decreases more rapidly
than the altitude increases, is most generally adopted,
and, among others, by Humboldt and Ramond.
(321.) Professor Leslie has given a precise and
Theory of
mathematical theory of the variation of heat in the
atmosphere, and exhibited it in a formula distinguished
for its simplicity and beauty. . If 6 denote the altitude
of the mercury in a barometer, at the lower of two
stations, and (3 the height at the upper ; then if t de
note the difference of temperature in centesimal degrees,
we shall have, according to the Professor, the following
relation

This formula was first published in 1811, in the admi
rable Notes to that Author's Treatise on Geometry.
(322.) In the Paper on Climate, contained in the
Supplement to the Encyclopedia Britannica, the Pro
fessor, however, has exhibited it under another form, by
substituting the ratio of the densities at the extremities
of the elevation, for that of the barometrical pressures.
This alteration in the elementary conditions of the for
mula, gives it the form of
25

(M),

His
formula.

where 6 represents the density of the air.
(323.) On this modification of the formula, Mr. Mr. Ivory'
Ivory properly observes, that the ratios of the densities remarks o
second
and the barometrical pressures are not rigidly equi the
formula.
valent. For at the top of the column, the temperature
is always less than at the bottom, and the density of a
mass of air depends both on the pressure and the temper
ature. In all Mr. Leslie's investigations, however, in
the Paper above quoted, he seems to have estimated
the density by the pressure alone, making no distinction
between the two formulas.
(324.) Of the ingenuity and sagacity displayed by
Professor Leslie in the experimental investigation of
the formula? too much cannot be said ; and although it
is Mr. Ivory's opinion, that their accuracy is limited to
small elevations, it is wonderful, considering the cir
cumstances attending the experiments, that their
author has been able to deduce a result at all conform
able to Nature.
(325.) To investigate the analytical conditions of the Analytic:
investiga
first of Leslie's formula?, let b, /3, denote, as before, the tion
of I ■
barometrical pressures at the inferior and superior lie's first
limits of a column of air, whose altitude in fathoms is mula.
x. Then neglecting the correction dependent on tem
perature, as unnecessary in the present inquiry, we
shall obtain by the usual rule*
b
10000 log. — = x;
and as the logarithms in this formula are of the ordi
nary sort, and that they are to the hyperbolic loga
rithms in the ratio of 4343 to 10000, we shall, there
fore, have
10000 log. -x = 4343 h . Iog.-|- ;
P
P
and from which we may derive
A-l0ff-7= 4343To simplify this last equation, let a =

and
4343
adopting I as the base of the hyperbolic logarithms,
we shall obtain
A. log. j = A.log.f";
or passing from logarithms to numbers,

* Playfai.-, Outlines of Natural Philoiopky, vol. i. p. 247.
sec. 341.
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Taking the reciprocal of this last equation, we have

density of the air and its reciprocal, and the result Meteorwill represent the measure of heat due to the change of ology.
condition. This result may be either plus or minus : it
"V^
6
'
may
express
the
heat
emitted
in
the
condensation
of
air,
and therefore
or the heat absorbed during its opposite rarefaction.
b
B
(328.) To illustrate, by a practical example, the uses Practical
— - ~ = V - ift
b
of this formula, let it be required to estimate the heat example of
or by expanding the latter member into a series, we liberated from air, when its density is tripled. In this 'ts U8e>
have
case the formula will assume the numerical form of

If now we adopt for the decrement of temperature,
90 fathoms for every centesimal degree, which is the
quantity employed by Leslie, we shall have
* = 90 t ;
and therefore the preceding equation will become
b
0
f
1
1
£ = 180 at jl + - (90 a 0* + &c.J.
ft
Bat
180
190 a =s
= - nearly;
4343
and

which is the measure of the heat liberated ; and the
same quantity is withdrawn, either when the air re
covers its former density, or when air of the ordinary
state expands into triple its volume. A computation
of equal simplicity will enable us to estimate the copious
liberation of heat extricated by great and sudden con
densations. The pneumatic matches invented by
Mollet, which produce their effect by the momentary
action of a small syringe, afford a beautiful experi
mental proof of the theory.
(329.) Professor Leslie was led to the creation of
the preceding formulae, by many delicate and refined
experimental investigations connected with the in
90 a = .0207 =
nearly.
100
creased capacity of rarefied air. Mr. Atkinson, in pur
suing the same inquiry, has adopted another course,
and endeavoured to deduce the laws which connect
the altitude and temperature together, by an appeal to
actual observation. His investigations on this import
ant subject are contained in his Memoir on the Astro
nomical Refractions before quoted.
or
(330.) Mr. Atkinson adopts as a basis for his in- views of
quiries, the results of a number of barometrical and Mr. Atkin» G- f)=
W
thermometrical observations collected by General Roy, son on
But, for small differences of temperature, the series and others, with a view of obtaining a more correct of1;^™.
forming the right-hand member of the equation may rule Tor determining the altitudes of mountains. These a(urebe regarded as equivalent to unity ; and therefore we Tables may be seen in the Transactions of the Astrono
shall obtain
mical Society, vol. ii. p. 151, &c, and their results are
contained in the next Table. It will be remarked, that
•
<=»(!-!)•
all the observations are confined to the North tem
perate zone.
which is the first of Professor Leslie's formulae.
(326.) The truth of Mr. Leslie's theory is therefore
Table LXX.
Luali of confirmed, at least for moderate elevations. Mr. Ivory,
who was at first disposed to question its accuracy in
Sum»
of
Number
t-.'stltorj. the case of its application to Gay Lussac's ascent,
DifferSum,
of the
of•erTaOb- themcfi
of
Names of Places.
making its deviation a tenth of the whole,* in a
Altitude*.
tloiu. TemperMures.
later publication! seems to regard it with a more
favourable eye. The mean elevation, says he, for one
15143.0
52°.75
9
degree of depression of the centigrade thermometer,
13224.5
56.00
14
is very nearly 90 English fathoms ; and in the great
12345.4
32.25
17
height ascended by Gay Lussac, rather more than four
7040.8
miles and a quarter, the same quantity comes out 95
33.00
8
fathoms. To this great extent the law of a uniform
153.25 39108.0
12
decrease of temperature holds good, without much
6857.0
32.00
2
deviation from the truth. It therefore seems to be the
Certain
heights
determined
by
1
assumption most likely to guide us aright in approxi
15 109.50 26041.2
mating to the true constitution of the atmosphere.
31 240.00. 64764.6
Observations of M. de Luc . .
(327.) Of the second formula furnished by Mr.
112.00 28710.0
20
Leslie, it may be remarked, that nothing can ex
ceed its simplicity and beauty. It may be enun
128 820.75 213234.5
ciated in ordinary language as follows : Multiply the
constant coefficient 25 into the difference between the
(331.) Of the third column in this last Table, named Deductions
Differences of Temperature, it may be remarked, that from Table,
* Phihtapkital Magazine, vol. lviii. p. 30.
it contains the sums of the successive differences of
\ Philosophical Traruactiom, 1823, p. 437.
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Meteor- temperature observed at the highest and lowest sta°l°6y- tions of observation contained in the Tables referred to
in the Aslronwnical Transactions ; and the column
devoted to the Altitudes, the aggregate amount of the
different altitudes between the same points of observa
tion.
By dividing the aggregate amount of these altitudes
by the number of observations, we shall obtain the
mean altitude of all the observations
213234.5
14.-,.0, ,
—
= 1665.9 feet.
128
In like manner, the sum of the differences of tem
perature divided by the same number of observations,
will give ^.^V,' 5 = 6°. 412 of Fahrenheit, for the mean
128
i height of
depression of the thermometer due to the s
the observations.
(332.) By referring also to Table XXXV., we shall
find the
Feet.
Sum ofthe altitudes in the second
first column ofheights ==
=13816
18480

Total .
. 32296
And dividing this total by 22, the number of ob
servations contained in the Table, we shall obtain
32296
22 = 1468 feet, the average altitude of the whole ;
and hence the depression of the thermometer due to the
same elevation will, by the same Table, be accord
ing to
■a
. - s cfirst. rformula
, B3°.87+47°.24
Brewster
-i
= 5°.960,
22
'72°.09 +490.87
Brewster's second formula
— '■— = 5°.544,

Table LXXII.
Nomber of
OwRemlu.
1
2
3
4
5

Arms, Deprenioii,
Height doe toetch
Degreeof
In Koto.
25S.360
259.825
264.854
276.604
310.215

(334.) By a reference to this last Table it appears, The grada
that the law which represents the gradation of heat in tion of
the atmosphere, is far from being that of an equable heat is not
decrease, when the altitude increases uniformly. At that of an
the same time it appears, that when the decrements of equable
decrease
temperature are uniform, the increments of altitude con when the
altitude
stitute an arithmetical series.
(335.) To determine, however, whether this law is uniformly
in conformity to Nature, let the uniform decrement of increases.
temperature be represented by a single degree of Fah
renheit's scale, and the corresponding increments of
altitude by the series
x, x + y, x + 2 y, x + 3 y, &c.
wherein the first term x represents the height due to
the first degree of diminution of temperature from the
level of the sea, and y the common difference apper
taining to the whole progression. Let also n and n'
denote the number of degrees which the temperature
is depressed, at the elevations h and A'. We shall then
have
*+ +
(x + 2y)....(x + (n-l)y) = h,
and
* + (* +V) + (* + 2y). . . . (* + in'- 1) y) = h',
or
n* - 11
-y = h,
nx +

. formula
<•
, 80°.22+44°.69
and
Mayer's
^
= 5°.678,
mm
n'x+K—^
y = h'.
^
^
•
i
,
,
78°.72-t-43°.30
KOKilandbyDaubuisson sformula
—
= 5 .546.
From these last equations we obtain
369S
h
n — 1
The mean of these gives 5°.682 for the mean depres
«=s-y.....(N),
sion of the thermometer at the height of 1468 feet, as
deduced from the twenty-nine places recorded in and
Tables XXXIII., XXXIV., and XXXV.
(333.) From the preceding and other analogous
V »'
71 / . . (O).
y= —„/ „
•
considerations, Mr. Atkinson deduces the five following
results :
(336.) Applying these formulae to the five mean Applicati
of the for
results before obtained, and comparing the
Table LXXI.
mulrje to i
Feet. mean
re
5th with the 1st, we obtain y = 3.73 and x = 249.63 sults befc
Number of
Diflto.ni
Altitudet
^Dcpreaion
of
the
5th
2d
y = 3.72
* = 249.76 obtained
lnFeiu
5th
3d
y = 4.58
x = 235.81
4th
1st
y=2.01
x = 253.66
1
1468
5°.682
4th
2d
y
=
1.92
x = 254.63
2
1666
6.412
4th
3d
y = 2.31 . . . . x = 250.21
3
3624
13.683
which makes the mean value of.
y = 3.045
and the mean value of
x — 248.95
4
6597
23.850
(337.) All the depressions agree, it may be remarked,
5
10386
33.480
in giving a positive value to y, although it varies by a
comparison of different results. It seems not impro
A.nd from this last Table may be derived
bable, however, that this variation arises from the un-
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Kftwr- avoidable errors of observation : for if the 4th depres
sion be diminished only 0°..6, and the 5th increased by
—Vthe values of y, found as above, will be found
i-.Aik.c to approach to uniformity. It may hence be inferred,
k*i iosays Mr. Atkinson, that the law which has been
assumed, is either the true law, or nearly so ; though
it is evident that we are not yet in possession of obser
vations sufficiently numerous and varied, to enable us
to determine whether the law has an actual existence
or not. The observations at present known are, how
ever, sufficient to bring the uncertainty that may exist
respecting the values of x and y, into comparatively
narrow limits.
(338.) If we adopt for the mean value of y just
deduced, the numeral 3, we shall find, by employing
the depressions corresponding to the height of 1468
feet, the value of x equivalent to an altitude of 251.3
feet. Hence the following formula is obtained for the
height due to any given depression of the thermo
meter n :
|251.3 + -L (n - 1) J n= A. .. . (P) .•
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(340.) Let us next endeavour to inquire if the same Meteor
system of gradation holds good in the temperature of °l»gythe tropical atmosphere.
v-"■V***-'
Mr. Atkinson, in entering on this subject, endea- ^fpt^''cal'on
vours by the application of certain corrections, to de- system5*™*
duce the temperature of the free atmosphere., from the gradation
temperatures of the elevated places that have been to the trovisited in the tropics. The air which rests on the plains P'cal atm0*
of the Andes, says Humboldt, although it becomes sPheremixed with the great mass of the free atmosphere, pre
sents, nevertheless, a surprising stability of temperature.
However enormous be the mass of the Cordilleras, it
acts but feebly on the strata of air which are unceasingly
renewed. From these, and other considerations, Mr.
Atkinson has deduced the following
Scale of Corrections.
When the plain is of small extent we may 1 o° 70 / 'rom <',e °'3serve^
subtract
J * \ mean temperature,
For a small valley, or a plain of considerable extent
3.42
Ditto.

For large extended plains, or for warm
(339.) By applying this formula to the depressions
valleys
4.14
Ditto.
and altitudes recorded in Table LXX., we shall obtain For large sheltered valleys at great
the results recorded in
heights above the sea
4.50
Ditto.
And hence he remarks, that if the correction due to the
Table LXXIII.
situation of any place iu South America, near the
Equator, be taken from its observed mean temperature,
VTher, the The height
Difference
according The height by
the remainder will be a close approximation to the
Difference
inFahrenheit.
degree* of
the
formula
f»
Infect.
mean temperature of the free atmosphere, at the same
UonJ""
elevation.
In this manner the sixth column of the fol
5*682
1468
1467.8
- 0.2
-0.°00
lowing Table was computed ; and the depression of the
6.412
1666
1663.4
- 2.6
-0.01
thermometer due to the elevation of each place, is evi
13.683
3624
3698.8
dently found, by subtracting the temperature of the free
+ 74.8
+ 0.26
atmosphere from the mean temperature at the level of
23.850
6597
6811.0
+214.0
+0.67
the
sea in the given latitude. The altitudes, it will be
33.480)
-341.3
-0.98
f 10044. 7
perceived, are comprised between 2000 and 5000 feet.
or
10386
or
or
or
34.680J
(.10467.1
+ 81.1
+0.23

Table LXXIV.
Names of Places.
Caraccas .
Carthago .
La Plata .
LaMeya

Height
he
feet.

Latitude.

2906
3149
3437
3772
4225
4858

10»31'N.
4 46
2 24
....
....
■•..

Observed
Temat Depretaion
Correction
Temof Correction Mean
of the
perature
Mean
of Tern,on Mean
perature
at
the Thermometer
fortude.
Lati Level
Temperature
IMe
Atmo
perature
due
to the
Sea
in that
of
at tame
Height.
Place.
Latitude.
LocaliUea. sphere
Height
690.44
12*62
82*06
69°.<14
0».00
2°,44
13.30
70.70
84.00
74.84
0.50
4.14
13.85
84.37
0.13
74.66
70.52
4.14
17.04
84.50
67.46
67.46
... .
....
12.00
72.50
72.50
•■ . •
•■.•
15.60
68.90
68.90
• • *•

5)19441

5)71.79

Mean heights 3888

Mean depression of the thermometers 14.36

' A veryiretft approximative value for n may be (bus obtained.
But
fine*

- (. - 1) beng nearly - x ^ = ^5,

{251.3+i(»_l) J„ = A,
we shall have

we shall obtain

n=

h
251.3 + -(» - 1)

n—

251 +
T~
200
This will enable the reader fully to understand the formula (K), p. 48,
aud which we before employed in p. 36.

Scale of
corrections
deduced
from the
observations of
Humboldt.
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(341.) By a similar method of proceeding, the tudes in Table LXXV. are comprised between five
succeeding; Tables have been computed. The alti thousand and eight thousand feet.
Table LXXV.

Names of Places.
Estrella . .
Popayan . •
Loxa . . . .
Almaguer .
Alausi . . . .

Height
IB
■tat.

Latitude.

5645
5815
6855
7413
7970

....
2° 29' N.
3 59 S.
1 56 N.
2 12 S.

ObsemA
Mean
Temperature
of
Place.
65°.84
65. GC
61.40
62.60
59.00

Corrcctioii
Temat Depression
Temof Correction Mean
of the
of Tem on Mean
perature
perature
fortude.
Lati Level
perature
rreeAtmoofthat
the Thermometer
due
to the
account
of
Sea
in
aphere
at
aame
Height.
LocaUUci.
Height.
Latitude.
18°.66
6b°&i
84°.50
••••
••
22.12
84.36
62.24
0°14
3°.42
23.17
84.15
3.42
CO. 98
0.35
84.42
24.52
2.70
59.90
0.08
28.09
84.39
56.30
0.11
2.70

5)33698

5)116.56

Mean height cr 6740

Mean depression of the thermometers 23.31

The altitudes in the next Table are comprised between eight thousand and ten thousand feet.
Table LXXVJ.

Names of Places.

Santa F6 de Bogota

Height
In
feet.

latitude.

8016
8308
8459
8633
8721
8849
9381
9473
9482
9522
9538
9971

7°01'N.
1 15
2
5
1
6
0
1
5
0
2

55
24
14
54
55
42
05
13
28

S.
N.
S.

N.
S.
N.

Obaerred
Mean
Temperature
of
Place.
61-.16
58.23
57.74
60.08
57.74
60.44
60.80
59.00
61.16
56.66
57.92
54.50

Temat Deprewlon
Correction
Temof Correction Mem
of the
perature
of Tem on Mean
perature
perature
free
Atmofor
Lati
Level
of
the Thermometer
due
to the.
Sea
In that
account
atsame tude.
HeightLatitude.
Height.
Localities.of epbere
26°.75
83-.41
4-.50
56°.G6
1-.09
30.33
4.14
84.47
54.14
0.03
26.76
54.74
84.50
....
28.37
4.14
84.31
55.94
0.19
4.14
30.25
83.85
53.60
0.65
28.53
4.50
84.47
55.94
0.03
9.10
31.75
83.45
51.70
1.05
4.50
29.98
54.50
0.02
84.48
9.10
32.38
52.06
84.44
0.06
31.41
4.14
52.52
83.93
0.57
4.50
84.50
31.08
53.42
0.00
33.26
3.42
84.34
51.08
0.16

12)108353

12)360.85

Mean height = 9029

Mean depression of the thermometer = 30. 07

(342.) The altitudes also in the succeeding Table are found between ten thousand and twelve thousand feet.
Table LXXVII.
Names of Places.

Height
m
feet.

Latitude. '

10099
11480

4»36'N.

Obserred
Mean
Temperature
of
Place.
54-.50
47.30

Correction
ofTem on
perature
account
Localitic*.of
2°70
•..*

Mean
Temof Correction Mean
Temat Depression
perature
perature
ofthe
free
Atmo
fortude.
Lati Level
ofthat
the Thermometer
sphere
at
same
dueHeight.
to the
Sea
In
Height.
Latitude.
51°.80
84°.50
32°.70
0°47
84.03
47.30
36.73

2)21579

2)69.43

Mean height = 10790

Mean depression of the thermometer = 34 .715

(343.) In addition to these. Mr. Atkinson adds, that of 57°,39 was found on Chimborazo, at the elevation of
at the altitude of 15748 feet, the inferior limit of per 19,286 feet.
petual snow, a mean depression of temperature was
(344.) The different results thus obtained are in
found equivalent to 49°.62 ; and by an observation of serted in the following Table :
Humboldt, made at One p. m., in June, a depression
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Table LXXVIII.
Xember
oTthe
Koala.

Altitudes
Feet. in

1
2
3
4
5
6

3724
6740
9029
10790
15748
19286

Corresponding
mean
drpreuioiuInofthe
Thermometer
degrees
ofFahrenheit,
14°.070
23.310
30.070
34.715
49.620
57.380

'■■'eaea
(345.) From this Table it may be inferred, that the
,ym'* gradation of heat in the portion of the atmosphere
surrounding the torrid zone, actually coincides, or
nearly so, with what has been shown to exist in the
atmosphere of Europe. And, in order to investigate
its condition more accurately, we may, as before, de
monstrate, that if the decrements of temperature be
regarded as uniform, the increments of elevation may
be very nearly represented by an arithmetical series,
whose first term is x, and common difference y.
.'jeatka Applying therefore the formulas (N) and (O) deduced
c m far* from this supposition, to the results contained in the
~
preceding Table, we shall obtain by comparing
Feet«' * *
the 6th with the 1 st,' y = 3 . 30
6th
2d, y = 2.76
6th
3d, y=2.62
5th
1st, y = 2.96
5th
2d, y = 2.14
4th
1st, y = 4.47
which makes the mean value of y — 3.04.
Taking, therefore, y = 3,
Feet.
the 1st result gives x = 245.08
2d
^ = 255.64
3d
x= 236.66
4th
x= 260.23
5th
x = 244.37
6th
a; = 251.53
which makes the mean value of x = 252 . 25.
And therefore in a general way we may regard the
values of x and y, as 252 and 3 respectively. .
F«e«r
(346.) But to obtain these values as accurately as
caeptto the observations will admit, let the true value of
J*" *i * = 252 + of, and that of y = 3 4- y'. Substituting
^J8* * these in formula (N), and transposing, we obtain
252 + y-f ^ (3 + }/) - ~ = 0,
if both the observations and formula be correct. If,
however, one or both be incorrect in a small degree,
we shall then have
252 + x> + ?i-=-l (3 + y') - - = E,
•'Sen. in which E represents some unknown error.
(347.) Applying this last formula to each of the six
'"-'Sea.0' mean resu'ts> we sna^ obtain the following equations
of condition, for determiuing the values of x1 and y' :
vol. v.

Meteor
a! + 6.535 y' + 6.92= E,
ology.
a? + 11.155^ -3.68 = E,
*' + 14.535 y'-4.66 = E,
a? + 16.860 y< - 8.25 = E4
x' + 24.310 y1 + 7.64 = E3
.r' + 28.190 y' - 6.46= E,.
And hence by the method of minimum squares we find Application
of minimum
squares to
/ = + 1.428,
them.
and
y> a - .06889.
Hence we shall have
x = 253.4 feet,
and
y = 2.9311 feet.
If the last be omitted, we shall have x = 253 .478 and y = 2 .927 Values of
the ele
5th
251 .060 and y = 3.180 ments
when
4th
x = 251.796 and y=2.933 particular
5th and 6th
x= 237 .330 and y = 4 .390 quantities
3d and 4th
x =249.380 and y = 2.988. are <
And since the values of x and y, already adopted for
Europe, were 251.3 and 3, it is evident that, so far as
the observations in Europe and America can be de
pended on, the law representing the gradation of heat
in the atmosphere, is the same both for the temperate
and torrid zones. Reasoning also on general princi Inference
ples we may infer, that it will either be the same, or respecting
nearly so in the frigid zones.* The formula (P) there the frigid
fore before deduced for the temperate zone, may be
likewise applied to the torrid zone, and to all the varie
ties of altitude contained in Table L. The following
Table has been added to indicate the degree of con
fidence that may be placed in the formula.
Table LXXIX.
America.
Europe.
Obwrrad
Error
Error Height ItepreaHeight Oh&errcd
Pep»es- Calcu
lated | F»'™ul"'
of
Depres
DXT*
sion. Formula.
1468' 5°.682 5".682 0°.00
166g[ 6.412| 6.422 -0.01
3624|13.683 1 4231+0.26
6597 23.850 23.180 +0.67
10386 33.480 34.450 -0.97

3724 14">.070 13°.77 +0°.300
6740 23.310 23.63 -0.320
9029,30.070 30.551 -0.480
10799 34.715 35.62 -0.905
15744 49.620 48.75 + 0.870
19286 57.380 57.41 -0.030

* We are only acquainted with a single experimental observation
made with a view of discovering the decrement of temperature in
high latitudes. This experiment was performed by the Rev. George
Fisher, and the intrepid navigator Captain Sir Edward Parry, at the
Island of Igloolik, in lat. 69° 21' N, and long. 81° 42' W.
A paper kite was hoisted, to which was attached an excellent
register thermometer, in a horizontal position. Its height above the
level of the frozen sea, upon which the experiment was made, was
determined by two observers in the same vertical plane, taking its
altitude at the same time above the distant horizon ; and thence it*
height was computed. The greatest height observed was 379 feet, ai
which it was nearly stationary for a quarter of an hour, although it had
probably'been more than 400 feet above the sea. The experiment was
made under very favourable circumstances, the kite being sent up and
caught in comingdown, without the slightest agitation. " Theindicci,"
says Mr. Fisher, " had not altered (heir potition in the tlightett degree,
and they would have indicated any variation of temperature, had it
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The differences between the observed and calculated
temperatures are quite within the limits of observation ;
and t>'e formula employed may therefore be regarded
as exhibiting, with tolerable accuracy, the relation
between the temperature and the height, in the mean
state of the atmosphere, up to the greatest altitude at
which observations have yet been made.
(348.) On the decrease of temperature in the atmo
Humboldt's
opinions re sphere of the torrid zone, Humboldt is of opinion, that
specting the in its mean state, the heat does not decrease uniformly
decrease of
heat in the in an arithmetical progression. This he infers from the
atmosphere observations recorded in the following Table.
of the torrid
zone.
Table LXXX.
Meteor
ology.

Heights in
rm.
0
974
1949
2923
3900
4872

Alterations
in the de
crements of
temperature
at different
altitudes.

Attempt to
explain ths>

0
3195
G393
9587
12792
15965

Equatorial Zone,
from 0° to 10°.

Temperate Zone,
from 45° to 47°.

Muan
Temper
ature.
81°.50
71.24
65.12
57.74
44 . 60
34.70

Difference.

Mean
Temper
ature.

10°.26
6.12
7.38
13.11
9.90

53<>.60
41.00
31.64
23.30

Difference.

12°.60
9.36
8.28

In the Cordilleras, says Humboldt, (and the fact is
extremely curious,) we observe the decrease getting less
and less between 1000 and 3000 metres, particularly
between 1000 and 2500 metres of elevation, and then
increasing anew from 3000 to 4000 metres. The
strata, says that distinguished traveller, where the
decrease attains its maximum and minimum, are in
the ratio of 1 to 2. From the height of the Caraccas to that of Popayan and Loxa, 1000 metres pro
duce a difference of 6°.3. From Quito to the height
of Paramos, the same 1000 metres change the mean
temperature more than 12°.6.
Do these pheno
mena, inquires Humboldt, depend only on the con
figuration of the Andes, or are they the effect of
the accumulation of clouds in the aerial ocean ? In
considering that the Andes form an enormous mass,
from which rise lofty peaks or domes insulated and
covered with snow, we may conceive how, from the
point where the mass of the chain diminishes so
rapidly, the heat decreases also with rapidity. It is
not easy, however, to explain by an analogous cause,
why the progressive cooling diminishes between 1000
and 2000 metres. This eminent man supposes the
slowness with which the heat decreases in the (stratum
of air between 1000 and 2000 metres to be the triple
effect of the extinction of light, or the absorption of the
rays in the clouds, of the formation of rain, and the
obstacle which the clouds present to the free passage
of radiant heat. The bed of air here referred to by
existed, to less than a quarter of a degree, Fahrenheit." The temper
ature at the time was — 24° Fahrenheit.
Dr. Young, in alluding to this interesting experiment, remarks,
that the law of decrease of temperature must be supposed to be
very different in the Arctic regions from that which prevails in
more moderate latitudes. The inference, however, is by far too
sweeping, resting as it does on a single experiment. We may hope,
however, that time will make known more perfectly many of the
Physical conditions of the Polar regions.

Humboldt, is the region in which are suspended the Meteor
large clouds which the inhabitants of the plains see above ology.
their heads. The decrease oftemperature, which is very
rapid from the plains to the region of the clouds,
becomes less rapid in that region ; and if this change
is less sensible in the temperate zone, it arises from the
effects of radiation being less sensible at the same
height, than above the burning plains of the equinoctial
zone.
(349.) The following Table contains the results of Humboldt'
Humboldt's researches on this interesting subject. results re
The measures recorded in the third column indicate the specting ti
mean result, or the measure of the distribution of heat decrement
of temper
in the whole column of air.
ature.
Table LXXXI.

Part of the Globe.

InAlUtudel
Metres.

Equinoctial Zone. .
Temperate Zone . .

0—4900
0—2900

Altitude,
corresponding
to the Temof Temperatures.
peratures
the nestin
Columns
Metres. Cenr. Fahr.
187
174

1°
1°

1°.S
1.8

(350.) By observations made during solitary i
sions to the tops of some lofty mountains, Humboldt
has deduced the results contained in the next Table.*
Table LXXXII.
Part of the Globe.
Equinoctial Zone. . . .
Temperate Zone

. Altitudes
stmndlrig rorreto ofthethe
Temperatures
u«t
Columns
In Metres.
190
160—172

Temperatures.
Cent.
o

Fahr.
1°.8
1.8

(351.) The coincidence in the results of the two last
Tables is certainly remarkable ; and when we consider
that we have compared stationary with insulated obser
vations, and hence confounded the mean state of the
atmosphere in the course of a whole year, with the
decrease which corresponds to a particular season, or
some accidental hour of the day, the agreement is still
more singular.
(352.) Dr. Young, in the VHIth number of the Astro- Dr.Youni
nomical and Nautical Collections, published in the attempt t
Journal of the Royal Institution, has also endeavoured d^J,cf 11
to deduce the gradations of temperature in the atmo- ^ ation
sphere, from the mean refraction ; and the result of his [rom lne
inquiry is to give 208 feet for the altitude correspond- mean reing lo the depression of a single degree of Fahrenheit's fractions,
thermometer.
of
* Humboldt obtained a series of partial results from the
the Andes, of which the following is an
Metrel
Fahr.
Itight- In Metres. Cent.
0—1000 1° or I'JS for 170
1000—2000 1 .. 1.8 .. 294
2000^-3000 1 .. 1.8 .. 232
3000—4000 1 .. 1.8
131
4000—5000 1 .. 1 .8 . . 180.
In these numbers, we recognise the influence of the region of cloudi
upon the decrease of heat.
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(353.) The erperimental data on which all our con
clusions on this interesting subject rest, are not entirely
unexceptionable. The circumstances are so varied
Eearta under which many of the experiments have been per
atiiaoa formed, and such is the changing character of the
atmosphere, even in the short intervals of observation,
that much remains to be done to perfect the inquiry.
Not only do the results of observation vary for the same
place, under different conditions of the atmosphere, but
many anomalies arise from the various "circumstances
attending the relative situations of the heights at which
the observations are made. If the lowest point, for
example, be on a level plain, and the highest exist in
the free air, the decrease must be very different from
what it would be, if the lowest point were at the bot
tom, and the highest on the summit of a mountain ; or
if the observations were marie at the lowest and highest
points of a great city, at the sea-side, or on the summit
of a hill in the interior. Nor is it always that the
highest point is of the lowest temperature during the
day, the atmosphere exhibiting sometimes, in this re
spect, a remarkable analogy to what takes place on
nights most favourable to the production of dew.*
(354.) Among the observations made by General
sxk by Roy on the temperature of the upper regions of the air,
it may not be unimportant to notice the following, on
account of their exhibiting anomalous results.
Ketwr-

Table LXXXIIL
Time ofObservation.
Green Wharf at Wool- 1774, April 27, 4 P.M 6° warmer at the]
wich Warren, and | Mean of 4 observations,
higher station.
the upper story of April 27, 6h30m P. M.i 0£° warmer, do.
Shooter's Hill 'inn Mean of 2 observations.
Difference of height April 28, 5 A.M.
1J° colder, do.
444 feet
|Mean of 5 observations.
j Station at Weem, and 1774,Julyl6/llh30">A.M.| 51° colder, do.
lop of Weem Craig, Bright sunshine.
700} feet.
Station at Weem, and July 16, 6" 30™ P.M. 3\° colder, do.
top of BolfracksCalmt and cloudy.
Cairn, ] 1764 feet.
at Weem, and July 18, 7*20™ A.M 2° colder, do.
top of Dull Craig,
1244$ feet
|Level of the Clyde at Sept. 7, 7h47m A.M 1° colderj do.
Lanark Bridge, andj — 9 0
6° colder, do.
the Station at the,
Garden, 362J feet,
Level of the Clyde, and Sept. 7, 8" 15" A. M 1° colder, do.
Stonebyre Hill, 654
feet.
Baseof Hawk-hill Ob 1776rIan.31,10M5mA.M.] 6° warmer, do.
servatory, and bot
July 25, 2 20 P.M. 21° colder, do.
torn ofthe small rockl
on Arthur's Seat, 684
feet.
8 40
iHawk-hill Garden-! 1775,Dec.27>llh30"'A.M.
Ao difference.
door, and bottom of|
3J° colder at the
the rock on Arthur's 1776, Feb. 1, 9 30
, higher station.
Seat, 730.8 feet.
2° warmer, do.

(355.) As
diminish, but
appear from
tions made at
don.
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the altitude increases, the fluctuations
they still exist to a great degree, as will
the following Table, containing observa
With
Caernarvon Quay, and the top of Snow- greater
alti
tudes the
fluctuations
Table LXXXIV.
diminish.

Hour of
Alti Pat
Obserof
Observation.
tude.
vation.
1775,
3555 Aug. 7. 6' 7»> A. M.
feeU
9 7
0 7 P.M.
2 7
14. 8 7 A.M.
0 7 P.M.

Different* of Temperature oftwo Station*.
11J° Colder at the higher station.
12}° ditto
7J° ditto.
1 1° ditto.
121° ditto.
16° ditto.

(356.) In like manner we shall find with reference
to the observations made on the Pic du Midi, and
given in Table LXIX., that the following differences
of temperature were found on the different days
recorded.

Different
™?"^ ^
t|ie pic
du Midi.

Table LXXXV.

Altitude.
1428.79
feet.

Difference of
the
tw,>
Stations,
thethe
upper
being
coldest.
July 26, 1809.
60-.G
51.8
Sept. 15
57.9
Sept. 4, 1803.
55.6
Sept. 12
51.3
Sept. 23
Sept. 27
■
59.2
50.9
Sept. 30
Day ofObierrauon.

(357. So also for two observations made with refer For Mont
ence to Mont Blanc, one at noon, and the other at Blanc.
two p. m., the difference of the temperatures for the
former period was 88°.2, and for the latter 84°.6.
These variations necessarily produced corresponding
changes in the values of the decrements of altitude,
that for the first set of observations being 76.55
fathoms, and for the second 82.02 fathoms. But with Equality in
respect to the Puy de Dome, contained also in Table the obser
LXIX., we shall find that for two observations made vations for
Puy de
respectively at noon, and one p. m., the difference of the
temperature for the former was 44°.6, and for the latter Dome.
44°.4. The decrements of temperature hence nearly
correspond. Similar observations made at the same
place on the 29th of June, 1808, and the 7th of August
of the same year, produced in the former case, a differ
ence amounting to 49°. 3, and in the latter to 49°. 1.
These equal differences of temperature produced
nearly equal decrements of altitude, but when compared
with the former decrements of the same kind afford a
difference of nearly 23 fathoms for a single degree of
Fahrenheit.
Brisbane s
(358.) Sir Thomas Brisbane, to whom Astronomy observations
• " On every clear and still night, the air nearest the eann is
colder than that which is more distant from it, to the height at least in particular is under such lasting obligations, pursued for different
of 220 feet, this being the greatest to which Mr. Six's experiments the subject of the variations of temperature at a con hours of
lelite." Wells, On Dew, p. 95. 2d edit.
stant difference of altitude for different hours of the day, the day.
h2
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at Port Macquarie, Van Dieman's Land. His results
are contained in the following Table, and were derived
from a difference of altitude corresponding to 52 feet. *
Table LXXXVI.

Mean difference of temperature at Sunrise.
at 9 A.M.
at Noon.
at 3 P. M.
at Sunset.
Mean..
Maximum difference at Sunrise.
at 9 A.M.
at Noon.
at 3 P.M.
at Sunset.
Minimum difference at Sunrise.
at 9 A. M.
at Noon.
at 3 P. M.
at Sunset.

■
1
Difference
of FahTompcrature
In
rcnhteifj degree*.
-6-.00
-9.01
—7.55
-5.50
-3.50
-6°J1
-13°.0
-25.0
-18.0
-11.0
- 9.5
0.0
+ 1.5
+ 0.5
+ 0.0
+ 3.0

These anomalies in the temperature must be attended
with corresponding differences in the decrements of
altitude.
(359.) Saussure, in his Meteorological inquiries,
Observa
deduced the decrements both for summer and winter,
tions of
Saussure on assigning to the former season a decrement of 292
the effects feet for a degree of Fahrenheit's thermometer, and
of the sea to the latter 419 feet. For the whole year he assigned
sons on the
decrements 356 feet.
(360.) The preceding remarks show, that to pro
of altitude.
ceed successfully in this inquiry, a great number of
contemporaneous observations should be made, at dif
ferent seasons of the year and at different times of the
day, in order to deduce from them the mean condition
of the atmosphera.
Dr. Wil
(361.) One of the best methods that could be
son's sug adopted for determining the decrements in question,
gestion of
determining would be the carrying into execution, on an extended
the decre scale, a suggestion originally made by the late Dr.
ments of Wilson, Professor of Practical Astronomy in Glasgow.
temperature An account of Dr. Wilson's method may be seen in
by balloons. the Transactions of the Royal Society of Edinburgh,
vol. x. p. 2. and is briefly as follows.
Several paper kites of a large size were raised
one above another, upon the same line, with (register)
thermometers attached to them. Mr. Wilson began
with raising the smallest kite, which, being exactly
balanced, soon mounted steadily to its utmost limit,
carrying up a very slender line, but of a strength suf
ficient to command it. In the mean time, the second
kite was supported by two assistants, in a sloping
direction, with its breast to the wind, and with its tail
laid out evenly upon the ground behind, whilst a thirfl
person, holding part of its line tight in his hand, stood
at a good distance directly in front. Things being thus
ordered, the extremity of the line belonging to the kite
already in the air was hooked to a loop at the back of

the second, which being now let go, mounted very
superbly, and in a little time also took up as much line
as could be supported with advantage ; thereby allow
ing its companion to soar to an elevation proportionally
higher.
Upon launching these kites, and affording them
abundance of proper line, the uppermost ascended to
an amazing height, disappearing at times among the
white summer clouds, whilst all the rest, in a series,
formed with it in the air below such a lofty scale, as at
once changed a boyish pastime into a highly useful
Philosophical experiment.
(362.) The Earl of Minto* has somewhat varied Lord Miathe experiment by employing balloons, having register to's applithermometers attached to them, hung freely in a cylin- cation of
drical case of glazed pasteboard, open at each «nd. lhe wrae
The thermometer below was suspended in a similar men'""
case.f
On the Plane of Perpetual Snow.
(363.) The preceding researches respecting the pro- General
gressive diminution of temperature as we ascend considerathrough the air, must conduct us at last to a region of Uonsperpetual snow. We have proved, at least approxima
tive! v, the existence of a law, common to all the regions
of the Earth, by which the decrease of heat in the
atmosphere is measured, but which, nevertheless, de
pends, in the extent of its operation, on the different
temperatures of the terrestrial parallels. If we go to
the Equator, where the maximum mean temperature is
found, and trace the law of its descent in the great
volume of the air, until it reaches the limit which Na
ture assigns to the existence of perpetual snow, we
shall arrive at an elevation much greater, than if we
ascended from the mean Geographicsil parallel, or en
deavoured to trace its limits above the Polar circle.
Thus the great heats of the torrid zone influence the
temperature of the air at a much greater elevation above
the Ocean, than the temperate regions of Europe, or
those cheerless climes of the North, where the domi
nion of cold holds a more unlimited sway.
(364.) In setting out from the Equatorial regions,
where the magnitudes of the mountain masses fill the
traveller with amazement and awe, he is led to contem
plate those hoary summits, which in so many latitudes
invite his examination ;—unfolding the existence of a
plane—magnificent from its extent and operations—at
and above which, all the dreary powers of winter are
called into perpetual action ; which, even in the torrid
zone, destroys the fairest and most gigantic forms of
vegetation, aud permits within its vast and boundless j^-0 ani_
domain, the existence of no animated being to disclose, mated
amidst the fearful sublimity, those living functions and beings o:
powers, which communicate happiness and joy to the ^8cta°*
forms ex
more favoured regions of the Earth.J
above it
• Edinburgh Journal of Science, vol. vii. p. 249.
t Lord Minto seems to have enclosed his lower thermometer in a
case of writing paper. The circumstances of an experiment will be
much altered by the employment of thermometers enclosed in cases
of different materials. Dr. Wells has given some interesting obser
vations on this head, in his valuable Essay on Dew. When the
bulb of a thermometer was enclosed in a metallic paper, the temper
ature indicated by it was found to be greater than the actual temper
ature of the air ; whereas one enclosed in a similar case of white
paper, was commonly found, when a difference did exist, to be
lower.
X This observation cannot be regarded as rigidly true; although
when contrasting the dreary regions of the perpetual snows, with the
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stria*
(365.) By the plane of perpetual snows, we are to
*'*7- understand the curved surface which passes through the
—
greatest heights at which the snows are preserved dur
ing the entire year. To trace the altitude of this plane
ta-j»T«op- above the different terrestrial parallels, has long been
tfsiit an object of interesting inquiry. At first it was ima
gined, that its range through the atmosphere partook of
some character of uniformity ; but later and more Phi
losophic views have proved, that its altitude above the
level of the sea, is the result of a great variety of causes,
—of all the uncertain conditions of the terrestrial surbaiiobe fece,—of tjje unequal distribution of heat,—of the ano
malous effects of mountains and plains, the great oceans
alone contributing a partial uniformity to it.
Gtml
(366.) A general idea of its figure may, however, be
fcnof ttl gathered from fig. 5, in which NESQ denotes the
surface of the Earth, and C D E F the superior limit of
the atmosphere. The curve A N B S may be supposed
to represent a section of the plane of perpetual snow,
attaining, but for peculiar anomalies, its greatest ele
vation at AE and B Q in the Equatorial regions, and
gradually descending towards the Earth's surface, until
it at length meets it in some point of the Polar zone.
(367.) The known points are comparatively few,
b»» b»: which mark the elevation of this plane above the ordi111 fe" nary level of the sea; and they ought to be highly valued, notwithstanding the chances of some uncertainty
existing in them, when we consider the immense
difficulties attendant on theirdetermination. We shall,
therefore, take a rapid review of its position on some
of the principal mountain chains of the Globe.
Fi« st
(368.) It is in the Equatorial regions of the New
asia is
i^a'£nal World that we meet with the most magnificent exam
njBSi ts ples of this splendid plane, as it was in that region
faiitieW the first efforts were made to ascertain its height.
The first and earliest attempt was made by the French
and Spanish Philosophers, who were employed in the
operations connected with the measurement of the great
arc of the meridian in the tropical regions. The mea
sures of Bouguer and Condamine appear to disagree,
although an inscription engraven on a table of marble,
—which, in spite of the destruction of the Order of the
Jesuits, has been preserved in one of the Galleries of
the College of that order at Quito,—seems to imply
that a common measure was agreed on by these cele
brated men : Altitudo acutiorli ac lapidei cacuminis
nice plerumquc operti 2432 hexapedes Parisienses, ut et
nicis infinite permanentis in montibus nivosis. Ulloa
and Don Juan, coadjutors in the same great enter
prise, assigned a different value to the altitude of the
plane.
<
(369.) The latest investigations of Humboldt on this
very important subject, are contained in an admirable
Paper, Sur la limile inferieure des Neigcs perpetueiles
dans les Montagues de VHimdlaya et les Regions Equa-
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toriaks, and published in the Annates de Chimie, torn. Meteor,
xiv. p. 5. The Volcano of Pichincha, he says, has four ology.
rocky summits, the altitudes of which were determined
by direct barometrical measurements, by angles of ele- Rocky sum*
vation taken near Quito, and by trigonometrical ope- £J,\nCifa,I>'"
rations carried on at Cachapamba, on a plane whose
elevation is 8576 feet. His results are contained in
Table LXXXVII.
N»me. of lh« Summits.

Altitud.infr«.
15924
15719
15354
15279

(370.) Of these summits, only the first is covered One only
covered
with snow during the whole of the year, the inferior with
per
limit descending from 25 to 35 fathoms below its top. petual
The Huahuapichincha, .the next in elevation, is nearly snow.
always destitute of snow, its peak seeming just to pene
trate the mighty plane of frost.*
(371.) On the great mountain of Chimborazo, Hum Perpetual
boldt found the perpetual snows, by a trigonometrical snows of
operation carried on in the Plain of Tapia, near the Chimbora?.o.
City of Biobamba-Neuvo, to be at an elevation of
15,802 feet above the level of the South Sea. He also
remarks, that the diameter of the mountain where the
snows commence, seemed, from measures made at dif
ferent epochs, to be 22,031 feet— a proof of the nearly
equal constancy of their elevation in those regions.t
(372.) On the sides of the Volcano of Cotopaxi, the Cotopaxi.
elevation of this plane was found, by a trigonometrical
operation performed in the plains of Mulalo, to be
16,231 feet, although from some other considerations,
Humboldt is disposed to regard it as 15,924 feet. This
volcanic cone is not well adapted for the determination
of the perpetual snows. Its form, however, is described
by Humboldt to be the most beautiful and regular of the
colossal summits of the high Andes. It is a perfect cone,
which, covered with an enormous layer of snow, shines
with dazzling splendour at the setting of the sun, and
detaches itself in the most picturesque manner from the
sky. The covering of snow conceals from the eye of
the observer even the smallest inequalities of the soil.
No point of rock, no stony mass, penetrates the coating
of ice, or breaks the uniformity of the figure of the
cone. We have given, in figure 6, a representation of
this magnificent mountain, because it affords a good
example of the well-defined limits of the perpetual
snows.
(373.) It is worthy of observation, however, that At timesde
notwithstanding the enormous bulk of this mountain, it entirely
prived of itsy
is liable at times to be despoiled of its snowy mantle, snows.
by the active agency of its internal fires ; and Hum
boldt, with his usual acuteness, has drawn from this
circumstance the useful Geological inference, that its
sides are therefore thinner than those of the other

beaotiful fertility of the climates below, an apology may be found for
the expression. Wahlenberg, in his observations on the Lapland
Alps, observes that the Snow Bunting, Embrriza Nivalis, is the
only In iog creature that visits an elevation of 2000 feet above the
perpetual snows. It has also been remarked, that the Ansouia but
terfly is occasionally found to fly over the very summit of Mont
Blanc. Wahlenberg also remarks, that a few plants of Ranunculus
gtatialis, and other similar ones, may now and then be found in the
• According to some very accurate measures, the summit of the
cleft of some dark rock rising through the snow. This happens even
to the height of 500 feet above that line. Further up the snow is mountain appears to rise above the plane of perpetual snow only
very rarely moistened, yet some umbilicated lichens, [Gyrophora;,') two fathoms.
Ac, still occur in the crevices of pei pendicular rocks, even to the
t See Humboldt, Rec. <T Obierv. Attr. torn. i. p. 72; and Zach.,
height of '2000 feet above the line of perpetual snows.
De tAttraction da Montagnct, vol. i. p. 7.
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ntains whose bosoms are the seats of equally active
volcanic fires. The disappearance of the snow is re
garded by the natives as a certain index of an approach
ing eruption.*
Mountain of (374.) The Mountain of Antisana is another exam
Antisana. ple given by Humboldt to illustrate the subject of the
perpetual snows. On account of its being surrounded,
however, at an elevation of 13,429 feet, by a vast plain,
exercising great radiating powers, he concludes that the
perpetual snows are pushed as a necessary consequence
to a higher region in the air. And, although the nume
rical mean of all the examples recorded, amounts to
15,803 feet, yet Humboldt, making an allowance for the
fires of Cotopaxi, and the force of radiation here referred
Altitude of to, is disposed to fix the altitude of the perpetual snows
perpetual at the Equator at no greater elevation than 15,748 feet,
snows at the or 4900 metres. The next Tabie contains the whole of
1
his results.
Table LXXXVIII.

Corazon • •*»•»..•»•«•• m
■
Cotopaxi ■ ■•■■»•...,..'••».*•...
Chimborazo ■ ••».•»•«•»•-»■•••..•

Altitude
of
the lower
limit,
of the
1'erpetual
Snow*
bet.in
0? 10' S. 15700
15732
15943
0 31
15719
0 32
0 41
15924
15802
1 28
Mean. . . .

15803

(375.) The determination of this Equatorial ele
ment, although of the utmost importance in any attempt
that may be made to trace theoretically the plane of the
perpetual snows, must rest entirely on the observations
that Have been made in the Andes. It is true that we
are not yet acquainted with the altitudes of all the
mountains of America to the East of Peru, although
we are certain the perpetual snows exist in this con
tinent only in the chain df the Andes, of which the
Cordilleras of Mexico are to be regarded as a prolon
gation towards the North, in the group of Merida, and
in that of Santa Martha. Not one of the summits of
the chain, it may be remarked, on the coast of Vene
zuela, of those of Parime, of Chiquittos, and of the Bra
zil, pass above the limit of perpetual snow ; and hence
Humboldt has remarked, that these snows are wanting
in all the Eastern and non-volcanic region of the New
The ele
Continent. Of the interior of Africa between Cape
vated plains Lopez and Melinda we know nothing, although the
of Africa traditions respecting the junctions of the mountains of
raise the
Lupata, and Al Komri, render it probable that the
limit of
perpetual Equinoctial regions of Africa yield but little in their
snows.
altitude to the Andes of Quito. The great size, also,
of the elevated plains of the continent of Africa, and
the immense accumulations of sand in the meridian of
Darfour, must have a tendency to elevate prodigiously
the inferior limit of perpetual snow by the influence of

The alti
tude of per
petual
snows at
Equator
can only be
deduced
from uie
Andes.

* In January, 1803, eight months after Humboldt and Bonpland's
visit to Cotopaxi, it threw forth enormous volumes of Are and scoria:,
and the catastrophe was preceded by a total melting of the :

radiation ; and still, according to the best authorities, Meteor
the mountains of Al Komri pass above this limit. ology.
Through all the remaining range of the Equator, not
one solitary mountain is presented, to mark the eleva
tion of the plane whose properties we are endeavouring
to trace. The phenomena of the perpetual snows is
equally unknown in the Galapagos Isles, and even in
Borneo and Sumatra, of which the highest peak, the
Gunong Pasaman, reaches only to an elevation of
13,842 feet.
(376.) The determination of the altitude of the per Attempti
petual snows in the Equatorial regions, necessarily led find elevi
to inquiries respecting its altitude in other latitudes ; tion of pi
petual
and their observed approximation towards the sur snows
in
face of the Earth, opened a most fruitful field of other lati
inquiry. In the immediate vicinity of the Equator, a
small change in the latitude was observed to produce
no sensible difference ; but as observations became
extended towards the Northern border of the torrid
zone, that difference became perceptible. It is still,
however, in the Cordillera of the Andes—of all the
mountain chains being the only one prolonged in the
direction of a meridian for the extent of 2000 leagues—
that we must seek for further elements of this in
teresting problem. It is true, indeed, that the Cor
dillera does not offer a continued chain of snowy sum
mits, as the Alps of Swisserland, and the mountains of
Himalaya, but it is, nevertheless, raised into seven
enormous groups to the North of the Equator, at a pro
digious elevation.
(377.) With respect to observations made at the
Northern extremity of the torrid zone, the most perfect
are those by Humboldt on the elevated plains of
Mexico. On the parallel of the great heights of Anahuac, between 18° 59' and 19° 12' of North latitude, six
enormous mountains are ranged in the same East and
West line. Four of these mountains, viz. the Peak of
Orizaba, having an altitude of 17,375 feet; that of Popo
catepetl, of 17,722 feet; that of Iztaccihuatl, or the
White Woman, exceeding 15,028 feet; and the Nevado
de Toluco, of 15,169 feet; are perpetually covered with
snow. Two others, however, the Col're de Perote,
having an elevation of 13,417 feet, and the Volcano of
Colima, exceeding 10,871 feet, are often destitute of
snow the greater part of the year. According to a tri
gonometrical measure made by Humboldt on the snows
of Popocatepetl, in latitude 18° 59', in the month of
November, the inferior limit was found at an elevation
of 14,977 feet; but by calculating the barometric ob
servations of M. Sonneachmidt, according to the for
mula of La Place, the altitude obtained was 15,163 feet.
An application of the same formula to some observa
tions of d'Alzate, gave for the altitude of the snows of
Iztaccihuatl, in 19° 10' of -North latitude, 15,060 feet.
Humboldt by an observation, on which, however, he
does not much depend, assigned to this elevation only
14,069 feet. The Nevado de Teluco, in lat 19° 11'
North, presents, like Rucupichincha, an immense cen
tral hollow, surrounded by rocks of a turretted form,
and of a very dangerous access. Like Rucupichincha,
also, the summit of the Nevado but just enters the limit
of the perpetual snows.*
* Humboldt carried his barometers to the most elevated summit
(Pico del Fraile) where he found the surface of the rock pierced and
vitrified by the effect of atmospheric electricity. This phenomenon,
according to Mr. Gilbert, is analogous to that of the hollow cylinders

METEOROLOGY.
(378.) Prom the whole of the observations made
and collected by Humboldt in this interesting region,
he draws the conclusion, that in the nineteenth de
Gneal gree of latitude, the plane of the perpetual snows is
found at an elevation of 15,028 feet, or at the lowest
vend estimate 14,708 feet. On the borders of the torrid
zone, therefore, this plane has only lowered 720 feet,
or at most 1040 feet; but it should at the same time
be remarked, that the Nevado.i of Mexico are encom
passed by an arid plain, which radiates heat powerfully,
and of which the mean temperature is 62°.6, and in
which, during the hottest months, the thermometer
ranges by day between 60°.8 and 69°.8, and through
the night from 55°.4 to 59°.0. This country is not, like
Quito, a narrow valley contained between two chains of
the Andes, but a country elevated in one enormous mass,
loan elevation of twelve or thirteen hundred toises.
(879.) From the latitude of 19° to the parallel of
30°, we are not acquainted with the altitude of a single
enowy peak. Of the mountains of Mexico, not one
peak penetrates the plane of the perpetual snows be
tween the parallels of 19° 12' and 40° North. The
Peak of Teneriffe can hardly be said to reach it, and we
are not acquainted with the interior of New Holland.
A portion of the zone, however, in the Eastern hemi
sphere, comprised between the latitude of 27^° and 36°,
embraces the stupendous range of the Mountains of
Himalaya—those holy haunts of superstition, where,
tlB=». enthroned on lofty and snow-capped pinnacles, the
divine Mahadeo sits and surveys the fertile plains of
Hindustan.*
(380.) Some of those extraordinary men, the Jesuit
Missionaries, were the first in modern times to scale
this stupendous buttress ; and although the British con
querors of India had long contemplated the snowy
summits from the plains of Hindustan,! yet many years
bsve not elapsed since we were ignorant of all but the
general name of this vast mountain range. The earliest
estimate of the altitude of one of its " conspicuous
arafc- peaks" was made by that very able and accomplished
scholar Mr. Colebrooke, in the year 1790, when he de
Ursfe. duced, from observations made at a station in Bengal,
an altitude of 26,000 feet. The subject was after
wards resumed by the same author in the year 1814,
in the Asiatic Researches, and in which he examined
with great acuteness and ability the information then
existing ; and announced, for the first time, that the
ludo-tartaric Mountains surpass the Cordillera of the
Andes, before esteemed the highest on the Earth.
This, indeed, had long been suspected ; or, rather, as
Mr. Colebrooke observes, had been very generally be
lieved in India ; for Major Rennel had remarked, in
one of bis able Memoirs, that the distance at which
could be viewed from the plains of
of TitriSed earth, which have been recently found in the sands of
Germany and other places, and which will be more particularly
ailoded lo hereafter.
* The mountain which is held to be the throne, or residence, of
Mahadeo has five principal peaks, called Roodroo H inula, Burrumpoorce, Bissinpooree, Ordgurreekauta, and Soorga Rounee. Theso
form a sort of semicircular hollow of very considerable extent, filled
with eternal snow. Mr. Baillie Frazer was the first European that
ei« penetrated to the holiest shrine of Hindu worship which these
stupendous mountains contain.
+ These mountains appear from the plains of Bengal in the dis
tant horizon, extending in a continued line through more than two
points of the compass, and appearing in clear weather like white
Clin, with a very distinctly defined outline.

Bengal exceeded 150 miles; and a simple computation
applied to the actual dimensions of the Earth would
naturally afford some inference of the kind.
(381.) In November, 1817, Captain Webb, who had Observabeen engaged in the important operation of surveying tion» °f
the Ganges to its remotest accessible source, pub- ^ebb"1
lished a Memoir on the same subject, containing the
measurements of more than two hundred elevated
positions, determined geometrically for inaccessible
heights, and by the same mode combined with the ba
rometer, for those stations that were found capable of
access. By tracing also the Gauri River to the place Determinawhere it emerges from the snow, at the elevation of tion of alti11,543 feet, he furnished the first element afforded by tude where
this interesting inquiry on the subject of the perpetual g^au"
snows. A copious abstract of this part of Captain emerges
Webb's labours, will be found in the Vlth Volume of from perthe Journal of the Royal Institution, drawn up by Mr. petual
Colebrooke, with his accustomed perspicuity, and in- snows,
tended probably as a reply to the objections that had
been made to the former measurements of Captain
Webb in the XXXIVth Number of the Quarterly Re
view. It is worthy of Historical notice, that the Num
ber of the Review, containing the objections to the
measurements of Captain Webb, was received by him
at the Temple of Kedar-nath,* a spot which had never
before been visited by any European. Animated by a
truly Philosophic spirit, he determined to recommence
his admeasurements, and, if possible, to verify or refute
the conclusions of the reviewer on the spot; a task
which he well knew his barometers would enable him
to effect.
(382.) But little, however, had been hitherto ad
vanced in all these discussions, connected with the main
,
object of this division of our Essay. The subject of the
perpetual snows had only been glanced at as part of
a magnificent picture, until Mr. Colebrooke published, Mr. Colein the VHth Number of the Journal oftlie Royal In- hrooke first
stitution, an Essay on the Limit of Constant Congelation j^"","™
in the Himalaya Mountains, derived from the Observa nor limit of
tions of Captain Webb ; and for the first time remarked, snows is
that the inferior limit of perpetual snows does not descend higher than
so low as theory would lead us to conclude. This was theory gives,
followed up by Humboldt's Memoir on the Mountains
of India, and by an Essay in the XLIVth Number of
the Quarterly Review, on the passage of the Hima
laya chain. In the XlVth Volume of the Annales de Humboldt's
Chimie, Humboldt published the admirable dissertation J"v^st^alh
before alluded to, on the inferior limit of the perpetual same aub_
snows in the Himalaya Mountains, in which he dis- ject.
cussed the latest observations of Captain Webb, and
remarked with respect to the anomalies they present,
that the more the results seem to be opposed to the
conclusions deduced from the snows of the Andes, the
more ought they to fix the attention of Philosophers.
(383.) It will be useful, therefore, to follow a few of Captain
the steps of Captain Webb in this interesting inquiry, Webb's conacquainted with some of g™stan" °f
in order to make our
* Kedar-nath is one of those numerous shrines, which neither dif malies disficulties nor dangers, mountain roads, fierce torrents, or steep preci
pices can deter the pilgrim from visiting, in order to perform those
duties which are enjoined by the Hindu Religion,—a Religion which
seems to delight, as Captain Webb justly observes, in practically de
monstrating to its deluded votaries, that rugged as is the path to that
region of beatitude to which in fancy they are continually pressing
forward, its ministers endeavour, by every means which human inge
nuity cau devise, to render it yet more intolerable by wantonly strew
ing it with additional thorns.
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the enormous deviations of the snow line on the moun
tains in question, from all the theoretical deductions
that had been previously made.
Great ele
(384.) The village and Temple of Milem were found
vation of by this enterprising surveyor at the respective eleva
Milem with tions of 11,405 and 11,66*2 feet above Calcutta; extensive
out snow.
fields of buck wheat and Tartaric barley occupying the
Also the
space between the two. A twelvemonth after these
ridge of
mountains observations were made, viz. on the 21st of June, 1818,
Captain Webb proceeded Southward from J<5shl-mat'h,
to the
South of and from the Dauli River, observed barometrically the
Dauli
altitude of a station on the ridge of mountains to the
South of that river. Its altitude he found to be 11,680
feet above the level of Calcutta, yet the place was sur
rounded by flourishing woods of hoary oak, long-leaved
pine, and arborescent rhododendron, and the whole
surface clothed with a rich vegetation as high as the
knee, extensive beds of strawberries in full flower, and
plenty of currant-bushes in blossom all around, in clear
spots of rich black mould.
Also the
On the following day Captain Webb reached the sum
pass of
mit of the pass Pilgointi Churhai, and found its eleva
Pilgointi tion
to be 12,642 feet above the same level, or more than
ChurhaV.
12,700 feet above the sea. A thick mist confined the pros
pect, but no snow was to be seen contiguous to the spot.
The surface exhibited a black soil, unless where the
bare rock appeared, covered with strawberry plants,
butter-cups, dandelions, and a profusion of other flowers.
Even a projecting part of a higher mountain was desti
tute of snow, and, as far as the view extended, it
appeared enamelled with flowers. The goatherds of
the country are accustomed to lead their flocks to pas
ture during the months of July and August upon a yet
loftier ridge, estimated to be as much above the pass of
Pilgointi, as this was above the preceding day's en
campment ; that is, nearly a thousand feet, and which
therefore removes the actual boundary of congelation
to a still higher elevation.
Snows not
(385.) The Temple of Kedar-nath before alluded to,
perpetual according to a mean of five barometrical observations,
at 12,000 is 11,897 feet above Calcutta, or 12,000 feet above the
feet on
Southern level of the sea; but no snow remained in the vici
side, in lat. nity of the Temple later than the beginning of July ; so
30° 40'.
that under the latitude of 30° 40', at the last-mentioned
elevation, the snows were not perpetual on the South
ern side of the Himalaya Mountains.
Remark
(386.) Another remarkable example is afforded by
able exam Captain Webb's observations on the crest of the Nitee
ple afforded Ghaut. On the 21st of August, at 3 p. m., four baro
by Nitee
meters gave a mean elevation of the quicksilver equal
Ghaut.
to 16.27 inches, the temperature at the same time
being 47°. From a Journal kept by General Hardvricke at Dumdum, about fifty feet above the sea, the
mean of five observations, of which that on the 21st
of August formed the middle term, gave for the baro
metric pressure 29.51 inches, and for the average tem
perature 84°.4. These comparative results, after allow
ing for the height of Dumdum, gave for the total ele
vation of the Nitee Ghaut above the sea, 16,814 feet.
Lower limit At this great elevation not a vestige of snow was to be
of congela seen on the Ghaut, nor on the projecting shoulder of
tion on
Northern the mountain ridge, rising about 300 feet on the West
tide not less ern side of the pass ; and we may hence conclude from
than 17,000 it, that the height of the lower limit ofcongelation, on the
Northern side of the Himalaya range, cannot be less
than seventeen thousand feet.
(387.) The great elevation of the Table Land of

Tartary is deserving also of milch consideration in an
inquiry of this nature, influencing, as all extensive plains
do, every circumstance of temperature. By observa
tions made on the crest of the Nitee pass, Captain
Webb found the Sutledge to flow in a plain elevated
14,924 feet above the level of the sea; yet so far are
the great plains known to the Hindus by the name of
Undes, or Oondes,* from being buried in eternal snow,
as our ordinary theories would lead us to suppose, the
banks of the river afford the finest pastures for myriads
of quadrupeds throughout the year. The town of
Daba, also, which Moorcroft asserted to be only a sum
mer residence, appears to be tenanted in all seasons.
In the neighbourhood of this place, and near Doompoo,
both considerably higher than the bed of the Sutledge,
Captain Webb was informed that the finest crops of a
grain called Ooa were gathered, from which the natives
make their bread.
(388.) Captain Gerard observes, in his surveys Ciptai
published in the 1st volume of the Transactions of Gerard
the Royal Asiatic Society of London, that when pro found i
ceeding by the Charang pass, 17,348 feet high, to the tinuous
snow-l
valley of Nangalti, many snow-beds were crossed, comiLe
and that, at about the height of 16,300 feet, the " con ing at
tinuous snow-beds commenced." In another place, 16,300
however, he remarks that the mountains in the neigh
bourhood of Chdrang are all of blue slate, naked to
their tops, and exhibiting decay and barrenness in their
most frightful forms. They tower in sharp, detached
groups to about 18,000 feet ; no vegetation approach
ing their bases, nor do their elevated summits offer any
rest to snow.f Upon the left bank of the Tdgld river,
mountains of an elevation of 16,000 feet are found, on
which no snow appears. Upon the. right bank, the
summits seem to be 18,000 feet, and with but little
snow in streaks. The mountains also which enclose
the dell of the Tagla river, are between 19,000 and
20,000 feet in elevation, and but just tipped with
snow.
(389.) A proof, likewise, of the disparity "between Reniirl
altitade
the altitudes of the perpetual snows on the North perprU
ern and Southern sides of the Himalaya moun snows <
tains may be gathered from the following remarks of Nortbe
Captain Gerard. Zamsiri, a mere halting-place for andSn
travellers, on the banks of the Sh£lti, is 15,600 feet em sH
Ilirrnl
above the level of the sea, a height equal to that of the chain.
passes through the outer range of the snowy moun
tains, and yet, he says, there is nothing to remind the
traveller of the Himalaya. Gently sloping hills and
tranquil rivulets, with banks of turf and pebbly beds,
flocks of pigeons, and herds of deer, present the idea
of a much lower elevation. But Nature, continues
Captain Gerard, has adapted the vegetation to this
extraordinary country ; for did it extend no higher than
on the Southern face of the Himalaya, Tartary would
be uninhabitable both by man or beast. On ascending
the Southern slope of the snowy range, the extreme
height of cultivation is found at 10,000 feet, and even
there the crops are frequently cut green. The highest
habitation is 9500 feet, and 11,800 feet maybe reckoned
the upper limit of forests, and 12,000 that of bushes,
although, in a few sheltered situations, dwarf-birches,
* Signifying the Region of Wool. It is from this lofty region the
Cashmir manufacturers are chiefly supplied with the material from
which their celebrated shawls are made.
f It is possible that their great steepn may prevent the snow
from resting va them.
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•nd small bushes are found almost at 13,000 feet.
But if we go to the Baspa river, the highest village
will be found at an elevation of 11,400 feet, cul
tivation reaching to the same altitude, and forests ex
tending to 13,000 feet at least. Advancing further,
we find villages at the last-mentioned elevation, cul
tivation 600 feet higher, fine birch-trees at 14,000
feet, and tama bushes at 17,000 feet. Eastward, to
wards Manassar<5vai, according to the accounts of
the Tartars, crops and bushes thrive at a still greater
height.
(390.) From the preceding observations it is ap
parent, that excepting the determination of the spot
from which the Gauri river emerges from the snow, and
the observations made at the Charang pass, no direct
barometrical observations have yet been made at the
actual elevation of the perpetual snows on this mag
nificent range. The determinations that have been
made connected with the elevated points and plains on
which the perpetual snows are never found, aflbrd only
indirect evidence on the subject, but yet are sufficient
to awaken the most ardent curiosity respecting the de
viations which this region presents, from all our pre
viously received notions respecting the positions of the
perpetual snows in the latitudes referred to. Humboldt
emit- has truly remarked, that of all the phenomena con
tnia- nected with the distribution of heat, no one is more
complicated, or more dependent on the influences of
particular localities, than that of the perpetual snows ;
and it is not too much to say, in the present condition
of our knowledge, that we are unable to account satis
Dwciitr factorily for the extraordinary anomalies we have
alluded to. That the great elevation of the plane of the
perpetual snows, in the regions referred to, is an effect
of a very copious radiation of heat from the elevated
plains of Tartary, is certain ; but, unless we are able
to assign a numerical value to this radiating power,
we are deprived of every means of tracing its effects on
the higher regions of the air. We know, indeed, too
little of the nature of terrestrial radiation, to attempt to
form an estimate of its influence, when developed on
so great a scale as in the plateaus referred to. We
know but little of the effects of declivities in modifying
the circumstances of temperature ; or of the influence
that the very nakedness of the soil may exercise on the
air which reposes on it ; nor can we attempt to measure
the play of the currents which descend from the neigh
bouring summits, or to trace the effects of the humidity
ofthe forests which lie scattered at their base. Added to
this, we know that the summers are exceedingly short,
commencing about the middle of June, and ending about
the middle of August, scarcely ever extending to the
cloie of that month ; a circumstance which adds new
tonditions of difficulty to the whole inquiry. So early
as the 10th of August, we are told by Mr. Moorcroft,
the thermometer in the morning fell to the freezing
point, and his tent was covered two inches thick with
snow ; and on the 28th, near the Nitee pass, the mer
cury stood at "28°, ice being formed 2J inches thick.
The fact, also, of the ripening of grain at so great an
elevation, seems to favour Mr. Daniell's opinion of
the superior energy of the solar rays in the higher
regions of the air. We know, indeed, that on the
Southern side of the Himalaya chain, at an altitude
of eleven or twelve thousand feet, the temperature
varies during the hottest part of the day from 60° to
75° in the shade and during the night descends not
vol. v.

81

lower than 50° or 45° ; the sun developing its whole
power during the day, and a shower of rain but rarely
falling.
(391.) Humboldt has likewise remarked, that if all Effectsof
the mountains covered with eternal snow, instead of grouping- of
being connected together in continued chains, or sup- mottnU">V
ported by table land of a greater or less extent, formed
insulated cones of equal dimensions, it is probable that
the limits of the perpetual snow, under different meri
dians, would preserve a constant elevation above an
isothermal line traced at the level of the sea ; and
did such cones exist, the altitude of the perpetual
snows might enable us even to estimate the measure of
the summer heat in the plains below. But as the iso- Whore iso
thermal lines have convex summits in the interior of a f~**'
tho
large continent, and as the temperature of the summer lines
surfacaatnav>
in such a region exceeds that which otherwise the con- convex
ditions of latitude would aflbrd, the perpetual snows summits,
must attain a corresponding excess of elevation. Be- perpetual
sides this effect of the radiation of the summer heat of *n0"5are
the plains, there are also other causes operating in the * a'
higher regions of the air, which, together with the
peculiar conformation of mountains, unequally raise or
lower the limit of constant snow above the same iso
thermal band. Humboldt sometimes met with heats
in the middle of the Andes, equivalent to those of the
plains, and which he found to be more insupportable,
because the air of valleys of that kind is but seldom
agitated by the winds.
(392.) Finally, it is to be observed respecting the Final remountains of India, that they occupy a position in a marks °n
considerable degree central, and in consequence have jj,™*'4^*
what has been denominated a continental climate ; that
is, summers exceedingly hot, and winters very cold.
In a climate of this nature it is also found, that com
paratively but little snow falls, when the air is cooled
below 10° of temperature. The snows are, therefore,
not necessarily thicker, where the winters are more
rigorous, or where the atmosphere passes rapidly to its
extreme degree of cold. If, says Humboldt, the curves
of equal annual temperature, when traced on the plains,
have a concave summit in Asia, the lines of equal sum
mer, on the contrary, are raised considerably ; and
where this is the case, anomalies like the present must
exist. And when we consider that the enormous range
ofmountain and table land, the influences of which on
the atmosphere we have been endeavouring to trace, ex
ceeds 800 leagues in length, and 400 leagues in
breadth, disclosing in the whole extent of its surface, a
quantity exceeding 3,266,500 square British miles, we
cannot but expect that a mass, so extraordinary from its
magnitude and position, should disclose phenomena
connected with climate, the numerical effects of which
cannot be estimated in the present condition of Meteor
ological science.
(393.) The chains of Caucasus and of the Pyrenees Snows oT
occupy. nearly the same average latitude, and a com- Caucasus
parison of the perpetual snows in the two ranges uJ0^r0J|u*J
discloses a very interesting fact. Mount Kasbek, in pyre,,^
the first of these chains, is scarcely half a degree although
more South than the Pyrenees, and yet the per- nearly in
petual snows are supported on its Northern slope, ac1&ti*
cording to the barometric measurements of Englehardt
and Parrot, at an elevation of 10,552 feet, whereas
in the range of the Pyrenees, as we shall presently
see, Ramond estimated this limit so low as 7674 feet ;
and if we adopt the higher elevation given by Hum-
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boldt, we shall still find a, difference of 250 or 300
fathoms in the small range of half a degree of latitude.
The cause of this anomaly is to be attributed to the
peculiar position of this mountain chain ; partly from
its being situated in a narrow isthmus between two
seas, but principally from the effects produced on its
temperature by the very extensive plain which ranges
from its base through Moscowto the IcySea. And that
an increase in the altitude of the perpetual snows may
be reasonably inferred from the latter cause, may be
gathered from the great elevation of the isothermal
curves in this continent. Humboldt remarks, that at
Moscow, in latitude 55° 45', and on the isothermal
line of 40°.l, the temperature of the hottest month rises
to 70°.5 ; whereas at Paris, in latitude 48° 50', on the
isothermal line of 51°.l, the warmth of the hottest
month amounts in general but to 65°.3.
(394.) The altitude.of the perpetual snows on the
Altitude of mountains
of the Pyrenees, is differently reported by
perpetual
snows ou different authors. By Humboldt their elevation is stated
Pyrenees. at 1400 fathoms, but according to Ramond, their ge
neral range commences at 7674 feet, and presents a
snowy band of 500 or 600 fathoms in breadth. These
mountains are very abrupt, and numerous snow-fields
exist, some of which are of considerable extent; and
Ramond has deduced from them a most interesting
fact, that the snow-line along the breadth of the moun
tains constitutes a curve whose convexity is turned
towards the Earth, and whose apex is probably at a
middle distance between the opposite sides of the
Flexure in range. This flexure in the perpetual snows arises from
the plane a twofold cause. The warm air ascending the sides of
of perpe
the mountains has a tendency to elevate the plane of
tual snows. the perpetual snows ; whereas the chilling influence of
the great fields of snow, causes its middle portion to
descend ; so that instead of preserving its continued
concavity, as A B fig. 7, it presents a convex section, as
C D. The observations of Ramond were principally
directed to Mont Perdu, and he remarks, that snow
exists from the great glacier to its summit ; but that
the thickness gradually diminishes, and becomes very
inconsiderable towards the top, on account of its
trenched form not admitting of any great accumu
Difference lation. On the Northern side, the snows obtain,
jn snows of by degrees, an extraordinary consistency ; but on the
Northern Southern, the soil can be readily distinguished ; a fact,
and South
ern sides of however, which Ramond is disposed to attribute less to
Pyrenees. the action of the solar heat, than to the extreme precipi
tancy of that part of the mountain pass.*
(39a.) Saussure, in his most interesting journey,
■ of
the Alps
futes the limit of perpetual snow in the Alps at S313
feet, or 9273 feet, or at a mean elevation of 6793 feet.
We know, also, that very considerable differences exist
in the altitudes of the perpetual snows on the Northern
and Southern sides of the Alps. Of Mont Blanc, it
may be remarked, that the mantle of snow which covers
its top exceeds in elevation 4000 feet, and occupies
horizontally an extent of 9000 feet ; the total height
of the ice and snow, estimated from the source of the
Arveron, at the bottom of the glacier of Montanvert,
to the summit of the mountain, being not less than
12,000 feet in perpendicular height. According to
Meteor
ology.

Von Buch, the altitude of the snow-line between the Metew
parallels of 45jr° and 46£°, amounts to 9080 feet; olosyand that in Appenzel it must be 100 fathoms lower
than in the Valais and in Savoy, and cannot exceed
8402 feet.
Saussure made art ingenious estimate of the refri
gerating influence of the great snow-fields which exist
in the Alps, in sinking the line of the perpetual snows,
and found it capable of depressing their range 600 feet
below its level, even on the lesser mountains of the Saussare's
Alps. Both Ramond and Saussure have remarked the lngen'0"»
chilling influence of these snow-fields in producing con- JJ,™11^1
trary flexures in the snow-lines of the Alps, as in the gerating ii
case of the Pyrenees. These flexures may in some fluence.
cases be very numerous and varied. Thus, in a group
of elevated peaks, as in fig. 8, if vertical planes be sup
posed to pass from the peak A to the summits denoted
by B, C, D, and E, through the curve of the perpetual
snows, a series of sections may be presented of an ex
ceedingly diversified character, arising from the un
equal radiating powers of the surfaces below. And
these inequalities will be found not only to exist on the
innumerable surfaces of a great mountain range like the
Alps, or the Andes, as rendered visible by the snows
with which they are covered, but inequalities somewhat
analogous must exist in the atmosphere above those
mountains whose summits do not reach the range of
perpetual snow. A hot valley will have a tendency to
raise it,* whereas a snow-field will exercise an oppo
site effect. The flexures of the perpetual snows, also, in
the atmosphere of a level country like Russia, must be Perpetual
of a much less variable kind than in the mountainous *"°J** ™
regions of Norway or Swisserland. The plane of the "neOccaperpetual snows is most uniform over the Ocean.
(396.) The Carpathian mountains, also, present some Cirpath'u
interesting anomalies connected with the snow-line, mountain
Occupying a position between the parallels of 48° 55'
and 49° 15', and extending through a degree and a half
of longitude, they exercise, in conjunction with the
neighbouring plains, a considerable influence on Me
teorological phenomena. Although situated to the Althoug
North of the Alps, the perpetual snows are found at a Nortn °f
much higher elevation than on the mountains of Swis- mg^a'
serland. Mont Pilatus, for example, in the latter muchh"n
Country, although only 6927 feet above the sen, is than on
covered with perpetual snow ; whereas not One of the mounuii
peaks of the Carpathian range is found to be so, though j|n^wu*
the great Lomnitzerspitze attains an altitude of 8464 a
feet. From different considerations, Wahlenbergf sup
poses that if this mountain had an elevation of 8526)
feet, it would just reach the snow-line. Snow lie?,
indeed, during the whole year, in some of the gullies
and chasms of these mountains, and there is a kind of
glacier at Eisthalerspitze, arising from this cause. This
anomaly in the elevation of the snow-line is to be attri
buted to the hot winds from the plains of Hungary,
which being by far the most extensive in Europe, and
situated considerably to the South, the heat in summer
is very great. A confirmation ofthis anomaly is afforded
In the vegetation of the Carpathian range. Com and

* May not large towns have a tendency to raise the plane of
snows above ils proper elevation, from the currents of warm air
* This interesting geological featnre exercises an important in almost constantly ascending from them ? Howard remarks, that
fluence on the problem of the perpetual Bnow*, nor is the observation London is always warmer than the neighbouring country at a mean
to be confined to the mountains of tire Pyrenees. The Alps, like tale by more than a degree and o keif.
} Wahlt nberg ou the Carpathian Mountains. GoUingse impttuit
them, are steepest to the South, but the mountains of Scandinavia
have their most precipitous sides on the North.
Vandcuhbck el Kuprecht 1814.
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Ifetwr- fruit trees nourish at a greater elevation on the outJ skirts of these mountains, than in Swisserland, and the
^"Y""'' region of beeches is much richer in plants than the same
region in the range of the Swiss Alps.
fc» hub- (397.) Of the Scandinavian peninsula it may be repWper- marked, that Sweden, accordihg to Von Buch, presents
f*^. few examples of mountains upon which the snow rests
S*rira bat m summer ; but Norway, consisting of a range of
Buji» mountains extending from one of its extremities to the
other, presents many examples of the perpetual snows.
Esmark was the first to direct the attention of the Phi
losophic world to their range and elevation ; but it is
the later labours of Von Buch, Hagelstam, and Schouw,
that have fixed their limits with accuracy.
(398.) According to Hertzberg the altitude of the
snow-line on Folgefonden is 5115 feet; and, although
in the entire extent of this mountain range there occur
no separate eminences, the whole forming one immense
mass of snow without division or valley, there never
theless occur many diversities in the altitude of the
perpetual snows, which it may be proper to advert to.
The Melderskin and Solen-Nuden present examples of
Tmi«a in sudden depressions of the snow-line. The absolute
LjtBjeof eievation Df tne former mountain is 4860 feet, and of
the latter 4796 feet, and the summits of both are
covered with everlasting snow. Flakes of snow lie
even upon Age-Nuden, although its altitude is only
4587 feet. Von Buch attributes these changes to the
influence of the neighbouring sea. The almost con
stant fog, says he, which shrouds the outermost islands,
the canopy of clouds covering the sky, and the thick
rains which exclude the influence of the sun from the
ground, occasion the temperature of the summer
months, during which alone the snow never melts, to
be much less than in regions further removed from the
sea. As we pass, however, from the snow-field of
Folgefonden, the perpetual snows ascend, and after
allowing for all the circumstances connected with it,
Von Buch is disposed to regard the mean altitude of
the snow-iine, in the latitude of 61°, at 5542 feet.
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(399.) According to Wahlenberg, the altitude of MeiecrSulitelma is 5675 feet, and that of the perpetual snows 0'0gyon its sides 3837 feet. In the latitude of 70°, Von v—V»*
Buch assigns to them an elevation of 3517 feet; but
between Alten, to which this elevation belongs, and
Hammerfest upon the Island of Qualoe, in the neigh
bourhood of the great Ocean, the snow-line sinks to
2345 feet; affording the remarkable example of a de
pression of 1172 feet in an interval but little exceeding Remarkable
a degree; whereas between Fillefieldt and Alten, occu- depression
pying ten degrees of latitude, the perpetual snows sink °f snow-line,
but 2025 feet.
(400.) We have entered in the succeeding Table the
later observations of Hagelstam and Schouw* on this
subject, and we shall, therefore, merely observe, that,
according to the latter, the snow-line is lower on the s„0W3
Western than on the Eastern side of the Scandinavian lower on
chain, by 1000 feet in latitude 67°, and 490 in 60°.t the WestThis is, perhaps, not exactly what might have been ex- e™ ™" 0B
pected from the greater mean coldness of the Eastern slcfe 0f
side, nor does Professor Schouw explicitly assign the Scandinacause. Dr. Brewster, however, thinks it to arise from vian chain,
the greater range of temperature existing on the side
most distant from the Ocean subjecting it to a high
temperature in summer, which is the principal cause
in the reduction of the snow-line, notwithstanding the
greater intensity of the winter frost.
(397.) The following Table contains a recapitulation
•.
of the whole of the preceding results.
* The observations of Schouw are contained in his Specimen
Geographitc Physira Comparative, a Work which promises to be ot
the greatest importance to Science.
t Dr. Brewster suspects a misprint in the Memoir where the
latter number is called 140;*, which is not the difference of the
heights as printed in the text, unless 4349, the height of the snow
line on the Eastern side, is a mistake as very possibly it may be,
for 5340.
With respect te the difference in the altitudes of the snow-line
on the Eastern and Western sides of the mountains of Scandinavia,
it is worthy of remark, that similar differences are observed with
respect to ti e final limit of trees.

m e
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Table LXXXIX.

limit of
Perpetual
feet.
l^S. 15802
0 41 S. 15924
0 32 S. 15719
0 31 S. 15943
0 10 S. 15700
15732
?
0 0
15748
18 59 N. 14977
15163
18 59

Humboldt.
Ditto.
Affected by volcanic fires.
Ditto.
Ditto.
Affected by the radiation of a vast plain.
Ditto.
Ditto.
Ditto.
Ditto.
Sonncachmidt. Deduced from observations by the barometric fornjula of LaJ
Place.
1
Iztaccihuatl .
19 10
14069 Humboldt. Doubtful.
Ditto
Deduced from observations by the barometric formula of LaJ
19 10
15060 D'Alzate.
Place.
From whole of observations
made in Mexico
19 0
15028 or Humboldt
14708
Gauri river .
30 25
11543 Capt. Webb. Uncertain whether to be regarded as exact limit of perpetual|
snow.
Niteo Ghaut.
?
This is the estimated altitude on the Northern side, below which
17000 Ditto.
the perpetual snows do not reach.
Charang pass
?
16300 Capt. Gerard.
From
Mountains enclosing Dell of
19000 Ditto.
T6gla River
?
Just lipped with snow.
to
20000
42}
10552 Englehardt, Measured on the Northern slope of the mountains.
i{ Caucasus .
and Parrot.
8400 Humboldt.
Pyrenees
*n
42}
7674 Ramond.
Ditto ....
45| to 46
Alps
8313 Saussure.
to
9273
45J to 46J 9080 Von Bucli.
Ditto
47
Somewhat doubtful.
8402 Ditto.
Appenzell
48 55'
Carpathian range
852G Wahlenberg. No mountain in this range actually reaches the perpetual snow
though the Lomnitzerspitze has an elevation of 8464 feet, and
to
from the circumstances of temperature attending it, Wahlen
49 15'
berg infers the altitude of the perpetual snows to be but
little above it.
G000 Hagelstam.
Mountains of Sweden „ . , . 59
5800 Ditto.
59 to CO
Mountains of Norway
59 to 60
5200 Scliouw.
Ditto
60
Folgefonden
51 IS Hertzberg.
CO
5000 Hagebtam.
Ditto
The smro-line is in reality lower than these mimbm denote, run
48G0 Ditto.
Meldcrskin
account of their representing the alli udes of the mountains
4796 Ditto.
Solcn-Nuden
themselves. The depression of the snow-line is remarkable.
4587 Ditto.
Age-Nuden
Flakes of snow lie only on the latter mountain.
60 to 61
Mountains of Norway
4747 Schouw.
5800 Hagelstam.
61
Mountains of Sweden
5542 Von Buch.
61
Mountains of Norway
5600 Hagelstam.
Fillefieldt in Norway
61
5410 Ditto.
Langfieldt in Norway
61 to 62
61
to
62
5083 Schouw.
Mountains of Norway
62 to 63
5300 Hagelstam.
Above the Doorefieldt
62 to 63
5142 Schouw.
Mountains of Norway
63 to 64
5200 Hagelstam.
Mountains of Sweden
TotheWeslofFjallrygginNorway 63 to 64
4800 Ditto.
63 to 64
4925 Schouw.
Mountains of Norway
4800 Hagelstam.
65
Mountains of Sweden
4400 Ditto.
67
Ditto
67
3837 Wahlenberg.
Sulitclma
67
3600 Schouw.
Mountains of Norway
3900 Hagelstam. On the mountains.
67 to 68
Nordland in Norway
On the coast.
3300 Ditto.
67 to 68
Ditto
69 to 70
3600 Ditto.
Allen in Norway
3517 Von Buch.
70
Mountains of Norway
70
3300 Schouw.
Ditto
71
2-345 Von Buch.
Hammerfest
71
2200 Schouw.
Mountains of Norway
71 10'
2400 Hagelstam.
North Cape
Chimbomzo
Cotopaxi
Corazon
Antisana
Rucupichincha
Huahuapichincha
General result for the Equator.
Popocatepetl
Ditto
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rocks, and fix their roots where there appears to be but Meteor
little soil ; and the avalanches bring down whole forests ology.
in their overwhelming course, and dash the cedars into
splinters.
(405.) But much more striking vicissitudes will be Striking vi
in
found as we advance into the temperate zone. Fields cissitudes
temperate
of snow of an enormous width are alternately melted zone.
and congealed, creating in the lapse of time those
mighty glaciers, which by their varied and gigantic
forms impart so much sublimity to the Alps.
(406.) In order that glaciers should exist on a moun Glaciers.
tain, it must rise considerably above the limit of the per
petual snows. Prodigious masses of ice are also neces
sary for their formation, and an enormous pressure must
act from above, to force the inferior parts of the icy vo
lumes into the valleys below. Hence the frozen masses
precipitated by an avalanche, form groups below the lower
limit ofperpetual snow. In this position they undergo but
little change during the lapse of centuries; the altera Of the Alps.
tions produced by the gradual thaw being more than
compensated by other masses formed in the cold reposi
tories above, and thence precipitated to the valleys be
low. Hence it is that travellers have remarked the
successive invasions of the Valley of Chamouny, by the
avalanches that nave descended from Mont Blanc and
the adjoining peaks. It is worthy, also, of remark, that
the five glaciers which have forced their way into the
beautiful valley just mentioned, are separated from each
other, by forests, corn-fields, and meadows,—large tracts
of ice mingling with the cheerful fruits of cultivation.
(407.) The finest glaciers in Norway, are those pro Of Norway.
ceeding from the chain of the Justedals Eisberge.
They are known to the inhabitants by the name of
Jis-Braeer, and at times are much dreaded by them on
account of the rapidity of their motion, which exceed
that of the glaciers of Swisserland.* In Krondal, the
glaciers are described ,by Von Buch, as a huge, daz
zling, white carpet, fastened on both sides to mighty
rocks ; and when they have reached the valley, fhey
still continue to push on, like the glaciers of the Rhone.
Between the sixtieth and sixty-first degrees of latitude,
according to Hagelstam, the perpetual glaciers have a
breadth of 4600 feet, or nearly seven-eighths of a
mile.f
(408.) Our limits will not permit us to pursue this Causes of
alteration in
• It may be necessary to observe, that we do not confound the chain of inquiry in all its generality, and we must altitude
of
therefore
briefly
remark,
that
the
variations
of
tem
phenomenon of the perpetual snows with that of glaciers. The infe
perpetual
perature
occasioned
by
the
ordinary
changes
of
the
rior limit of ice is determined by other causes.
t These people have an ancient usage of giving "a snow-bath to
those who, for the first time, pass from the less elevated plains,
* An example of their terrific power may not be uninteresting. In
through the zone on the declivity of the Cordilleras, which may be the year 1744, the few persons inhabiting the valleys alluded to in
accidentally covered "with snow ; the burlesque ceremony agreeing the text, complained that they were not able to pay their taxes,
with the baptism which sailors undergo, who for the first time pass because the Jit-Braecr had rushed upon their fields, and completely
the Equator.
covered them. This statement was not credited, and Surveyors and
t When Humboldt published his Views of the Cordilleras, and Excisemen (Sorentcrivrr unrf Foged)\tere sent as Commissioners to
nis Alias of New Spain, many regarded with wonder the designs measure the distance of the middle of Miivirtdal from the foot of the
which represented the icy regions of the Cordilleras of Quito and nearest glacier, and it was ordered that the same measurement should
Mexico. Accustomed to the snowy mountains of the Alps and take place every three years, to ascertain whether or not these
Pyrenees, and to the vicissitudes which they undergo during the glaciers were advancing. Three years after, the same Commissioners
successive seasons of the year, they transferred similar ideas to the went to repeat their measurement, and were not a little astonished to
nonntains of the New World, and were surprised to find those find neither fields nor houses. The Jit-Bracer had advanced pro
glaciers wanting, which in Europe impart so much grandeur and digiously, the inhabitants were gone, and their possessions buried
beauty to Alpine scenery. See Vuct de Cordilleret, pi. 5. 10. 16. under the ice. (See Thaarup's Alagazinfur SlalisliA, 1802.)
25. 35. 42. 51. el 61. ; and Atlat de U Nouvelie Etpagne, pi. 16. el
In the Bibliotheque da Science! ct det Artt, Professor Pictet
17. j and Atlaz Gcographique dcVAmtriquc Me'ridumtdlc, pi. 1.
informs us, that the Glacier des Bossons has lately (1818) advanced
§ We must not confound the perpetual snows with the snows fifty feet, much to the dismay of the neighbouring villagers.
which in winter, sometimes, fall in much lower regions. This ephe
t There are many mountains in Norwegian Lapland, whose names
meral snow, says Humboldt, is never observed under the Equator at terminate in geikna, and from all of which glaciers proceed. In
12,467, or 12,795 feet; but in Mexico it is commonly seen at an Lapland, the name geikna, orjachia, is applied in the same way as
elevation of 9843 feet. Snow has been seen in the streets of Mexico the Icelandic word jackal ; the Norwegian word jiibrar ; the Tyroat 7471 feet, and at 6159 feet, in the City of Valladolid.
lese word ferncr; and the Swiss word g/ctcher, (glacier.)

(402.) Such are the lewer limits* assigned to the
altitude of this magnificent plane, by the celebrated
men whose names are recorded in the Table. If, how
ever, we stop our inquiries at this point, we shall leave
many interesting portions of the problem unresolved.
The plane of the perpetual snows does not maintain a
constant elevation in the same latitude, but varies with
the vicissitudes of the seasons, rising during the heat of
summer, and sinking by the cold of winter ; changing
also from one summer to another, as alterations are
experienced in the temperatures below.
^403.) If we first direct our attention to the Equa
torial regions, we shall discover some small oscillations
to exist in the altitude of the perpetual snows. To the
mountaineerst of the Andes, the limit of the perpetual
snows presents a phenomenon of a very constant kind ;
and to their uncultivated minds, the silvery line seems
to run through the enormous groups of their mountains,
in one continued horizontal plane : the greatness of the
distance preventing them from observing those small
oscillations of altitude, which the more refined inquiries
of the Philosopher have disclosed. This close approxi
mation to uniformity arises from the equality of tem
perature existing in the different strata of the atmo
sphere ; and accordingly it is found that the utmost
amount of the oscillation of the perpetual snows in
these regions does not exceed 30 fathoms,^ and at the
Equator itself rarely amounts to half that quantity. It
is often, indeed, insensible, notwithstanding the small
differences of temperature which are found to exist
between the season of rain and that of great dryness.
(404.) If we pass, however, from the Equatorial
regions, we shall discover new conditions presented
for investigation. No lonsrer confined to the feeble
oscillations we have referred to, we shall find all the
attendant phenomena become more irregular. In the
•iSaieo. mountains of Mexico, the oscillations will be found to
amount to 2405 toises, attaining their maximum in
January, and their minimum in September ;§ and,
although we are not acquainted with the actual extent
Eanr, of the oscillations on the mountains of Himalaya, we
may infer from the observations of Captain Hodgson,
that they must be considerable. The great cedar pines,
those gigantic sons of the snow, says he, fringe the bare
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sensons, are not the only causes which have a tendency
to produce alterations in the elevation of the plane of
the perpetual snows. There must be some differences
of altitude due to the diurnal changes of temperature,
although the present condition of our knowledge will
not permit us to estimate their value. The horizontal
winds, also, which mingle the temperatures of different
zones, contribute sometimes to augment the circum
stances of temperature, and at other times to diminish
it, in each case exercising some effect on the altitude of
the perpetual snows. The enormous beds of clouds
likewise, which are found sometimes to exist in the in
terval between the plains and the limits of constant
snow, cannot but be without their effects. The produc
tion of caloric, which, says Humboldt, is the effect of
the extinction of light, and which diminishes with the
density of the superincumbent strata of air, may not, it
is true, be appreciable by our instruments ; but the
masses of vesicular vapour, and the clouds which pre
sent distinct and perfect contours, and which in the
tropical regions attain an elevation of 3000 toises, be
come heated to a sensible degree, and emit radiant
caloric to great distances. On the other hand, at a less
elevation on the Eastern side of the Cordilleras of
Mexico, a thick stratum of clouds augments, during
several months, the cold of the superior regions, by in
tercepting the radiant caloric of the plains. Nor must
we omit the consideration, that while the directions
of the great mountain chains exercise a very import
ant influence on the figure of the plane of perpetual
snows, the grouping together of mountains has, in all
cases, an effect on its elevation ; tending to diminish
the altitude, when their summits penetrate above it.
(409.) We may also add, in again alluding to the
figure of the plane of perpetual snows, that on account
of the inequalities of temperature which exist in the
Northern and Southern hemispheres, some varieties,
both in form and elevation, are due on this account.
The elevation of the perpetual snows in the parallel of
Cape Horn must differ from that of Edinburgh, since
the former ranges freely over the Ocean, and the latter
is subject to all the vicissitudes of temperature arising
from the unequal radiating powers of large portions
of the Continents of Europe, Asia, and America.
Whatever circumstances, indeed, occasion diversities in
the temperatures of the two hemispheres, cannot be
without their effects on the altitude of the perpetual
snows.
(410.) We must now hasten to advert to another
most interesting branch of the inquiry. Jt had long
been believed after Bouguer, that the lower limits of
the plane of perpetual snow indicated everywhere a
temperature corresponding to the freezing point ; but
Humboldt has shown, in a Memoir read to the French
Institute in 1808, and, again, in his Paper on the
Inferior Limit of the Perpetual Snows on the Moun
tains of Himalaya, that such a supposition is contrary
to the truth, and that the perpetual snows do not follow
an isothermal plane. Their direction, indeed, follows
less the traces of the isothermal lines of the planes, than
the inflexions of the lines of equal summer. By uniting
many good observations, Humboldt found that at the
lower limit of perpetual snow, the mean temperature of
the air is as recorded in

Table XC.
LMItode, or Flac oTOtecraUon.

In the Frigid Zone, in lat. C8°—69°.

Oteorro)
AIM.
tude
of Plane
of Perpetual
Snow.abo.e
the
levelinof(he
Feet.Boa,
15747
8856
3444

Mean
attireofofTemperlowerof
limit
. PerpetualPlane
Snow.
34*70
25.34
21.20

(411.) The first theoretical attempt to trace the alti First theo
tude of the plane of the perpetual snows in different retical at
latitudes, was also made by Bouguer. Mayer, although tempt to
occupied with the subject of terrestrial temperature estimate
height of
twenty years later, having deduced, as we have before this plane.
seen, a formula to represent the same, did not venture
to trace the gradations of heat iu the atmosphere, and
to ascend to the frozen regions above. It was sufficient,
indeed, for his reputation, that, occupied w ith the mighty
subject of the lunar Tables, he was yet able to marshal
the terrestrial temperatures, and develope a law which
should approximate in some tolerable degree to that of
the geographical parallels. Kirwan, eager to embrace Kirwan
the whole question, ventured to combine the experi combined
mental observations of Bouguer with the theoretical de the observe
tious of
ductions of Mayer, and regarded the elevation of the Bouguer
perpetual snows in every latitude, as proportional to the with the
difference of the mean temperature and the constant deductions
of Mayer.
temperature of the freezing point.
(412.) Professor Play fair, also, by means of Mayer's Playfair's
formula of mean temperature, endeavoured to deduce formula foi
same
the altitude of the perpetual snows as follows. Since the
object.
that formula is represented, says he, by
T = 58 + 26 cos 2 L,
and that at the limit of congelation T becomes 32, the
equation may assume the form of
32 = 58 4- 26 cos 2 L - <j>,
provided we assign to the function 0 a proper value.
(413.) The value of this function is necessarily de
pendent on twn conditions, the altitude of the point of
congelation, and the decrement of altitude due to the
change of a single degree of Fahrenheit. It may hence
be denoted by —, if we represent by the numerator of
A
the fraction the first of the elements alluded to, and by
the denominator the second. This assumption will,
therefore, cause the preceding equation to be trans
formed into
32 = 58 -f 26 cos 2 L - ~,
and from which we obtain
h = 26 A (1 -f- cos 2 L),*
and which, according to Plnyfair, will furnish the alti
tude of perpetual snow for every latitude.
(414.) Professor Leslie has likewise been led to the Leslie's
consideration of this problem. Having deduced the vestigati
• Playfair, in his Ovtli»et of Natural Philotophy, assigned to the
altitude of perpetual snow at the Equator 13,577 feel, as before given
by Kirwan, and hence deduced 294 feet for the value of a. In
doing this, however, the Professor fell into aa error respecting the
formula of Mayer, by assigning to the constant coefficient of the dou
ble latitude, the value of 27 instead of 26 , and hence his equation for
the altitude of perpetual frost was
*= 7644 + 7938 00*21,
instead of the more convenient form given to it in the text.
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formula before alluded to for the decrement of temper
ature in the air, he was naturally led to that limit, which
gives to it the character of congelation. The Professor
communicated to his formula two forms, as we have
before seen in the functions represented by (L) and
(M), and deduced from either the altitude of the per
petual snows.
(415.) If we adopt that which we have denoted by
(M), and represent the temperature at the level of the
Ocean by t, we shall obtain the equation
25
G-0This value of t being known for every latitude, or at
least being capable of computation by any formula of
temperature, we may regard 0 as the unknown element
to be determined, and hence obtain, by a simple alge
braical reduction,
0 = ./(l + .0004 f>) - .02t . . .. (Q),
which gives in terms of the temperature at the level of
ijtmel the sea, the relative elasticity of the air at the limit of
kin it congelation. The question thus becomes reduced to the
■£■1 oru*nary methods of determining barometric altitudes,
and on this principle the Professor computed the follow
ing Table.
Table XCI.
Trite

Hfricht
of Plane
Height
of Plane
Hrirtt
of Plain
or Perpetual
Leat- Snow
of Perpetaal
of Perpetual
in EnglUli
InfeetCngllih Lati
tude. Snow
In English Lati
tude Snow fret.
tww.
(eet.

rfifj lati
tat

0°
•ti*.
far.
5
i;
w
n
12
13
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

15207
15203
15189
15167
15135
15095
15047
14989
14923
14848
14764
14672
14571
14463
14345
14220
14087
13947
13798
13642
13478
13308
13131
12946
12755
12557
12354
12145
11930
11710
11484

31°
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

11253
11018
10778
10534
102S7
10036
9781
9523
9263
9001
873S
8473
8206
7939
7671
7402
7133
6865
6599
6334
6070
5808
5548
5290
5034
4782
4534
4291
4052
381&
3589

62°
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

3365
3145
2930
2722
2520
2325
2136
1953
1778
1611
1451
1298
1153
1016
887
767
656
552
457
371
294
226
167
117
76
44
20
5
0

(416.) With respect to the preceding Table it may
be remarked, that Professor Leslie has computed the
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temperatures of the geographical parallels by the for
mula of Mayer, which not representing exactly the
distribution of terrestrial heat, must necessarily have
some effect on the computed values for the altitude of
the perpetual snows. It proceeds also on the suppo
sition that this plane is one of an isothermal nature,
which, we have before remarked, has been proved by
Humboldt not to be the case. Hence the differences
between the results of the Table, and those recorded
from actual observation in Table LXXXIX., are con
siderable. At the Equator, the formula is only in Differences
defect 541 feet, but in the parallel of Mexico the differ- between tha
ence, according to one observation, amounts to 1066 Table and
feet, and according to another to 1386 feet. With one actual ob"
of the observations made on the Himalaya chain, there
is a surprising coincidence between the formula, and the
point where the Gauri river emerges from the snow ;
but at the Nitee Ghaut, the Charang pass, and the
somewhat doubtful results relating to the mountains
enclosing the dell of the Tagla river, the differences are
of the most surprising kind. With the observations
made on the Caucasus, the theory is in defect the enor
mous quantity of 2213 feet ; but with the Pyrenees it is
for the first and last time a small quantity in excess.
With the Alps it is again considerably minus, and with
the estimated range of the perpetual snows above the
Carpathian chain, it is in defect upwards of 1900 feet.
In Sweden, admitting the observations of Hagelstam
to be correct, the difference is still greater, although a
somewhat closer approximation is obtained for Folgefonden, in Norway. With the snows on the mountain
of Sulitelma, given on the respectable authority of Wahlenberg, the difference amounts to 1512 feet; and at
the North Cape, where the last visible traces of the per
petual snows on land are found, the defect still amounts
to nearly 800 feet.
(417.) These anomalies may, however, be more clearly Graplu'eal
discerned by means of the graphical illustration denoted illustration
by fig. 9, in which the horizontal line E N represents the of,he»am«interval between the Equator and the North Pole, divided
so as to correspond with the principal latitudes contained
in Table LXXXIX. ; and on each vertical line raised at
the latitudes referred to, is laid off the altitude of per
petual snow, according both to theory and observation.
Thus, from E to B denotes the altitude of the perpetual
snows at the Equator, as indicated by the Table of
Leslie, and from E to G the mean of all the Equatorial
observations of Humboldt. A simple extension of the
same principle produces the curve of contrary flexure
B C D F N, of which the one half is nearly the reverse
of the other, for the general range of the perpetual
snows according to theory ; and the irregular line
F G H I K, that which is produced by connecting to
gether the points with which actual observation has
furnished us. C is the point where theory so nearly
agrees with the measurement found for the Gauri
river, and D the solitary example of its being in excess
of the actual observations made on the Pyrenees. The
towering summit at H is worthy the most attentive
consideration. The part of the horizontal line E A
refers to the observations of Humboldt made South of
the Equator.
(418.) Although the theory is in all cases in defect
excepting one solitary instance, it would be unjust to
charge upon it the whole amount of the differences that
have been found, since errors in the actual observations
on the perpetual snows do in all probability exist to
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some considerable amount. The remarkable circum
Table XCIII.
Meteor.
stance, however, that alt the differences between theory
and observation, excepting one, are of a negative cha
Computed
Observed
Mean Mean
racter, is sufficient to awaken a salutary caution respect
Temat
Temper
Computed
Latitude,
or
Placo
poralare
■
Values
ature
at
The results ing its results. That the conclusions of actual observa
ofObeerration.
Plane
uf Difference.
Plane
of
of
«*
Perpetual
of observa tion cannot in all cases be relied on, may be inferred
Perpetual
tinov.
Snow.
tion cannot
in all cases from an examination of the results of Table XC. By
At
the
Equator
....
48.74
32.76
34.70 +1°94
be relied on. computing the decrement of altitude corresponding to
In
the
Temperate
1
a
single
degree
of
Fahrenheit's
thermometer,
for
the
Proof from
30.04 27.59 25.34 -2.25
the decre whole range of elevation from the Earth's surface to the
ment of
plane of congelation, we shall find the results for the
In the Frigid Zone! 12.84 17.03 21.20 +4.17
altitude.
in lat. 68"—69". . J
three zones to be of a very anomalous kind. If we
adopt for the mean temperatures at the surface, the
values recorded in Table XLII., and for the mean Here the errors between the observed and computed
temperature of the lower limit of perpetual snow, those values of the mean temperature at the plane of per
contained in Table XC, we shall obtain the following petual snow, seem to indicate that considerable ano
results :
malies exist in the observations, probably in the tem
perate and frigid zones. It may also be remarked Inference
Table XCII.
respecting the formula last employed, that it affords by from it tha
its application to the principal results contained in it is not u
Obterredof Decrement
of
isothermal
Mean
Tem
Table LXXXIX., a confirmation of Humboldt's re plane.
Altitude
In
'Altitude
Mean
Tem
perature
of
fuel, com-to
Plane of fpondlng
Latitude,
or
Place
perature
at
lower
Limit
mark,
that
the
temperature
of
the
plane
of
the
per
Perpetual
of
Tt-tnpcrofUbatrraUon. tie Earth ! of Plane
Snow
above Fahrenheit*!
defrree of
Surface. ofPerpetual
petual snows is not of an isothermal kind. It may
Snow.
ofthethelevel
Sen. Scale.
likewise be added, that the altitude at which the mean
temperature of the freezing point is attained in the
At the Equa-1 81°.50 34°70 46°.80 15748
336
great range of the atmosphere, seems according to for
mula (P) to vanish in about latitude 66° 53' ; the great
In the Tem-1 57.63 25.34 32.29 8856
274
perate Zone. J
isothermal plane corresponding to 32° of temperature,
appearing to meet the Earth's surface in that latitude.
In the Frigid)
Zone, in lat. > 29.87 21.20 8.67 3444
This conclusion has been obtained by computing the
396
altitude due to 39° by aid of the formula last quoted,
68°-69°. J
and adopting the mean temperatures recorded in Table
Causes of These anomalies may again be attributed to two sources, XLII.
the ano- errors in the altitudes, or in the observed mean temper
(4 20.) There is another uncertainty also respecting the Probable
uncertain
atures of the plane of perpetual snow in the latitudes altitudes which have been assigned to the lower limits respectinj
referred to ; and that it exists with much probability in of the plane of perpetual snow, which must be briefly ad theobserv
the latter, may be inferred from the following considera verted to. The perpetual snows may be said in a general altitudes i
way to attain their maxima and minima of elevation at the the plane
tions.
(419.) We have before found that the formula repre opposite seasons, when the greatest and least tempera perpetual
sented by (P) denotes, in a convenient manner, the tures for the year take place at the Earth's surface ; and
relation between the depression of the thermometer, the periods when travellers are most likely to approach
and the altitude observed; and if we suppose by way them, will not be when they are most broadly deve
of subjecting the three observations in the preceding loped, but when they are approaching their mean, or,
Table to the same test, that the altitudes are correct, perhaps, their least state ; when the warmth of the
Atteinpt to and that the question for consideration is to determine atmosphere has caused the snowy boundary to rise con
compute the the mean temperature at the altitudes recorded in the siderably above the lower limit assigned to it by the
mean tem same place, let us find from the formula last quoted, minimum temperature of the year. This circumstance
perature at that value of n, which represents the depression of may afford room for supposing that the heights assigned
the limit of
perpetual temperature due to the elevation. By an ordinary to the lower regions of perpetual snow are above what
they ought to be ; and that hence by applying some
snow.
algebraical reduction, this will give
correction, which the future progress of Meteorology
may disclose, a closer approximation may be found be
n = - 83.26 ±\/(t+83-26S)'
tween the results of observation and the deductions of
and by adopting as successive values for h, the altitudes theory ; particularly in the temperate and frigid zones,
recorded in Table XCII., we shall obtain for the values where the discrepancies from this cause may be sup
of 7i, the depressions recorded in the first column of the posed to be the greatest, in consequence of the greater
next Table. By subtracting these from the correspond changes that take place in the altitude of the plane of
ing mean temperatures at the surface, we shall find in perpetual frost during the successive seasons of the
each case the computed mean temperature at the altitude year.
The whole subject is, as yet, entangled with many
of perpetual snow.
difficulties, and will require much laborious research to
carry it to perfection. All the anomalies which accom
pany its progress, must, however, be fairly stated before
such desired results can be obtained.*
* In the following sections (422.) ought to be numbered (421.),
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(422.) At the moment this sheet was going through
the press, a Memoir on the mean temperature of
the air, and of the ground, in some parts of Eastern
Russia, reached us, which was read before the Academy
of St. Petersburgh in February 1829. .M. Kuppfer
introduces to our notice in this able paper, a new species
of lines which he denominates Isogeothermal lints, and
which appears likely to lead to some new and interest
ing results. Kuppfer deduced these lines from the
temperatures of springs, and their projections were found
to deviate very widely from the isothermal lines.
(423.) Kuppfer determined the positions of his new
system of lines as follows. He supposed a relation to
exist between the latitude and the temperature of the
ground, capable of being represented by the equation
a — b sin8 1 = I,
in which / represents the latitude, t the corresponding
temperature, and a, 6 constant quantities necessary to
be determined for different meridians. Having deter
mined these coefficients, he found that the observed and
calculated temperatures agreed pretty well, excepting
forCumana, Teneriffe, Konigsberg, and Umeo, places
npon which local circumstances appear to impress an
anomalous character. The meridians assumed by
Kuppfer, reckoned from that of Paris, are contained in
the following Table, together with the corresponding
values of a and 6 in degrees of Reaumur.
Table XCIV.
Meridianit.
0°
20 E.
60 E.
SO W.

Valuesjjf a. Values of 6.
20°.9
25.6
27.5
33.7

2L°.3
24.4
22.9
24.0

By a ready transformation of the preceding formula
into the form
cos
Kuppfer has been enabled to calculate for each of the
preceding meridians, the particular latitudes where any
given temperature prevails, and the results of which are
" in the next Table.
Table XCV.
Given
Tem
pera
ture.

Corresponding Latitude under Meridian.

0°
5 62°. 12'
10 47.20
15 33. 18
20 14.27

20° E.

GU° E.

80° W.

77° 30'
60 31
48 36
37 18
24 30

65° 52'
53 47
43 14
32 25
18 57

57° 32'
48 40
40 8
31 7
19 44
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we have represented in fig. 1. pi. ii. by the dotted lines, Meteorthe isothermal lines being those of a continuous kind.
olosy-

On Atmospheric Vapour and its Distribution.
(424.) If the phenomena connected with the distri- Vapour
bution of heat have disclosed so many interesting existing in
results, in no less a degree does the vapour with which lh? atmo*
the atmosphere is stored. By vapour, we are to understand a very rare, light, expansible body, capable
like air of a reduction of volume by external pressure,
and also of resisting any force which may tend to
, compress it. This vapour exists in every climate,
and under every variety of temperature ; in the frigid
atmosphere of the polar zones, as well as in the burning
regions of the Equator ; nor is there a particle of air un
influenced by its presence, at least in the lower atmo
sphere, unless it be relieved from its agency by artificial
means. This moisture, extensively as it is diffused, 0wes i(J
owes its origin to the waters which cover so large a por- origin to
tion of the globe, and which penetrating by a thousand the waters
channels, communicate some of- their humidity to the which cover
earthy soil ; and it is to the active agency of heat, that ,ue8lo,5e•
the rising moisture, the result of evaporation, the
laws of which we shall hereafter trace, is compelled to
distribute itself throughout the different regions of the
great aerial volume.
(425 ) It will readily be imagined, that to trace in Problem of
all their generality the laws which regulate the dis- its distri- '
tribution of vapour, throughout the whole extent of bution a
the atmosphere, perpetually changing as are all its dlfficultone'
conditions of density and temperature, must have long
been regarded as a capital problem in Meteorology.
There is a wide interval, indeed, between the first rude
conceptions of the existence of vapour in the air, and
those comparatively perfect processes, which our own
times have disclosed, respecting the moisture of the
aerial columns ; and it would be an interesting employ
ment, did our limits permit, to trace up from its feeble
beginnings that magnificent chain of discovery, which,
connected with the existence and elastic force of vapour,
has imparted so splendid a successionof benefits to Man.
(426.) The ordinary purposes of Meteorology require Elastic
only a knowledge of the elastic force of vapour belong- force ot
ing to a comparatively small range of temperature, and vapour,
the latest inquiries have added but little to the accuracy
which Dalton so long ago imparted to them. Very
recently, indeed, we have seen the elastic forces pushed
up through the extraordinary range of twenty-four at
mospheres, by Prony, Arago, Ampere, Gerard, and
Dulong ; and we cannot sufficiently admire the inge
nuity and talent displayed in so laborious and hazardous
an inquiry, which we ardently hope will lead to some
really practical means of averting the tremendous cala
mities attendant on explosions by steam.*
(427.) We have already given, in p. 333 of our Essay Its practical
071 Heat, the practical results of Dalton and Ureforthe results caelastic forces ; and it affords another beautiful example
^f
of the power which analysis possesses, of bringing under ,',',"^1^™"
its dominion a variable force, which the early cultivators formula,
of Physics must have placed in almost hopeless ob- .
scurity, among the phenomena of Nature incapable of

By allowing lines to pass through these points of
* For a full account of these admirable experiments, see Annalet
equal temperature, we shall obtain a perfect idea of the lie Chimie, Janvier 1830, or the Edinburgh Journal of Science, July
positions of some of the isogeothermal lines, which 1 830, for a copioua abstract of the s
VOL. v.
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Meteor- being investigated by the ardent enterprise of Man.
ology. Dalton imagined, however, that he could trace in the
-v*—»■' columns of his elastic forces, the approximative law of
the elasticities of steam increasing nearly in geometri
cal progression, at the same time that the temperatures
augmented arithmetically; and Laplace adopting the
same priuciple, represented the elastic force by an ex
ponential whose exponent could be developed in a
parabolic series. To the author of the Mecanique
Celeste, the two first terms of the resulting series ap
peared sufficient ; but Biot proved the necessity of a
third ; and while the series thus obtained, represented
with considerable accuracy the measures of the elastic
forces so long as they were confined within the limits of
a single atmosphere, yet when the progress of inquiry
ventured on loftier developements of the elastic power,
the corrected series of Biot also deviated very widely
from observation. At the same time it is worthy of
observation, that the Prench Philosophers, with all the
advantages which the formulae of Prony, Laplace, Biot,
Ivory, Roche, Auguste, Tregaskis, Creighton, Southern,
Tredgold, and Coriolis could impart, found themselves
obliged to limit the application of their own formula to
Remarks on elasticities greater than a single atmosphere.* On the one
formula) in hand, therefore, we see a series accommodated to the
general of elastic forces below the ordinary pressure of the atmois nature. Spnere, deviating very widely from observation when
applied to forces above it ; and on the other, a formula
agreeing with wonderful accuracy up to twenty-four
atmospheres—its greatest aberration amounting only to
four-tenths of a centesimal degree when estimated in
terms of the temperature, yet in smaller pressures than
one atmosphere, exhibiting a divergence, to adopt the
words of the able Report of Dulong, which increases
more and more in proportion as we descend.
(428.) It will be sufficient for our purpose, however,
to adopt the formula of Biot, and the priuciple of which
he has so fully explained in his Traite de Physique,
torn. i. p. 273. He there shows, that the general term
of the series may be represented by
F, — 80#,
Formula of where F, denotes the elastic force corresponding to the
Biot.
temperature 100 — t according to the Centigrade scale,
and A is a constant ratio connecting the elastic force at
any temperature with that which precedes it. This
ratio, it may be necessary again to remark, is not abso
lutely constant in the experimental results, but without
sensible error may be assumed so, to bring all the
observations,—within of course the limits of a single
atmosphere, under the control of analysis. The series
hence employed by Biot is of the general form
log. F, = log. 30 + a t + b P + c t>,
and which he has limited to the third dimension of n,
on account of the coefficients of the higher powers of n
becoming so minute.

To fix the values of the constants, he has recourse to
the absolute measures of the elastic forces at the con
venient intervals of 0°, 25°, 50°, and 75° of the Centi
grade scale, and thus obtains for the general formula
the form of
log. F, = log. 30 - 0.0153741265 I- 0.00006743127 P
+ O.00000003385 t>
(R).
(429.) Thus may the elastic force for any temperature
within the limits alluded to be computed, by substituting
successively proper values for t. If we take the case of
t = 100°, belonging to the elastic force of vapour at the
temperature of melting ice, we shall obtain
F10o = 0.19918,
and we know the actual observation of Dalton gives for
the same
Frs = 0.200.
Considering the difficulty of the inquiry, this
regarded as a very close approximation.
(430.) The formula (R) may be converted into Conversion
degrees of Fahrenheit's scale by a well-known numerical of this for.
relation, and which will give to it the form of
Fahren-0
heit's scale
log.F,= log. 30 + 5Qaf+ |, bp +
of',
or by substituting the numerical values of the coefficients,
and restoring t to preserve uniformity of notation, we
shall have
log. F, = log. 30 - 0.00S54 11814 t
- 0.00002081212 P + 0.0000000058 P. . . (S),

in which t denotes degrees of Fahrenheit.
(431.) We regret that our limits will not permit us to
pursue this branch of our subject further ; but we strongly
recommend to the reader's attention the whole of the
XIHth Chapter of the 1st Book of Biot's Traite de
Physique, or the Xllth Chapter of the lid Book of the
same author's Precis Elemenlaire de Physique, if it be
desirable -to pursue the subject free from its more scien
tific details.
(432.) The preceding formulae enable us to discover
the elastic force of vapour existing in the atmosphere at
any temperature. Let us, therefore, next inquire, what
is the absolute weight of vapour contained in a given
volume, under given circumstances of density and tem
perature. To accomplish this object, Gay Lussac
employed small globules of glass of a nearly spherical
form, as B, B, fig. 2. One of these being accurately
weighed, had a portion of water introduced into it, the
contained air being expelled, and the narrow neck
hermetically sealed. The weight of the ball in this
new state, compared with its primitive weight, gave the
exact weight of water contained in it. The globule
being thus introduced into the glass vessel V V, pre
viously filled with mercury, was surrounded by the
* The formula adopted by Arago, Dulong, and their learned asso vessel MM, containing water ; and heat being applied
ciates it e = (J -J-0.7153 <)5, where e is the elasticity in atmospheres to it, necessarily caused the globule to break, and the
of Q™.76, and I the temperature setting out from 100°. It is worthy resulting vapour to ascend to the summit of V V. Sub
->( remark, that the late learned Dr. Young was the first who repre tracting now the altitude of the mercurial column above
sented the elasticities by a certain power of the temperature aug
mented by a constant number. M. Coriolis adopted 5.355 for the the external level, from the ordinary barometric column
exponent as deduced from Dalton's experiments below 212° of Fah existing at the same instant, must necessarily give the
renheit; and it is remarkable that his formula
measure of the elastic force ofvapour produced..
/] + 0.01878 A w«a
(433.) Such is Gay Lussac's accurate method of
V
2878 )
performing this important experiment, and Biot has
illustrated it by some equally beautiful
differs very little from that above given.

Weight of
vapour in
given vo
lume, at a
given densi tyand tel
perature.
Method of
Gay Lus
sac's.
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of an analytical kind, and which we regret our limits
will not permit us fully to follow. He denotes the
weight of water in grammes, contained in one of the
^rtiiou f^ass globules by P, and by t> the capacity in litres of
•itasae. one °f ,ne e(lual divisions of the receiver, of which N is
their number. The resulting volume of vapour might
thus be truly represented by N v, did not the receiver
itself undergo some change in consequence of the altered
circumstances of temperature. Representing, therefore,
the cubic dilatation of glass by ft, the actual volume of
• will become
N»(l+ 100 A).
But this volume, it should be further remarked, is not
subject to the whole atmospheric pressure, and if we,
therefore, represent the heightof the ordinary barometric
column by p, and that of the internal mercurial column
by A, reducing the whole volume to what it would
become under the standard pressure of 0m.76, we shall
obtain for the volume of a single gramme of vapour, at
the temperature oPthe boiling point, the formula
No(l + 100ft) (p - h)
P. 0m.76

(T).
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ture of the boiling point, and under an atmospheric
pressure of 29.9216 inches, weighs 257.7778 grains.
(435.) But the objects of Meteorology require that
a corresponding result should be found for any other
temperature. Accordingly Dr. Anderson, in his very
able article on Hygrometry, published in the Edinburgh
Encyclopedia, has modified with some advantage, the
formula given by Biot for this purpose. If we denote
with the author of the Paper alluded to, the weight in
grammes of a litre of vapour at the temperature t by V,
the corresponding elastic force by F„ the weight in
grammes of a litre of vapour at the boiling point by P ;
and adopting moreover the principle of Gay Lussac,
that vapours so long as they remain in the aeriform state,
expand by increase of temperature precisely in the same
manner as the permanently elastic fluids, and that they
suffer corresponding changes of volume by alterations of
pressure.and also that air uniformlyexpands three-eighths
of its bulk from the freezing to the boiling point of the
Centigrade scale, we shall obtain by making the requi
site substitutions
1.375 PF,
P' =
0.76 (1 -+-.00375 0'

ology.
Weight of a
cubic foot
of vapour at
the boiling
point.
Dr. Ander
son's me
thod of
finding the
same at any
other tem
perature.

or by substituting for P its value 0.5894S3 grammes,
and further reducing,
1.066499 F,
F=
1 +.00375 £
(436.) If again we are desirous of altering the tem
peratures into degrees of Fahrenheit's scale and the
pressure of 0.76 metres, or 29.92196 inches, into th'e
pressure of 30 inches, to which that scale oftemperature
is adapted, we shall obtaiu after the necessary correc
mercury for each degree of the centesimal scale jr^"jg tions*
P.=
-0068544 F'
rjj)
1 + .002086 (J, -32)
V "
of its bulk, we shall finally obtain the following elements,
(434.) This formula Biot illustrates by an appropriate
example, the weight of water contained in the globule
being 0f,6, the number of divisions occupied by the
vapour 220, and the capacity of one of them 0.00499316
litre*. The barometric column also at the same time
being; Om.7bbb at a temperature of 1-5°, and the mercury
within the vessel 0m.052 above the external level. By
reducing these mercurial columns to the common tem
perature of zero, and allowing lor the dilatation of

log. N
= 2.3424227 log.p
= 1.7781513
log. r
= 3.6983755 log. 0m.76 = 1.8608136
log. (p-A)
= 1.8465660 log. ^.0m.76 1.6589649
log.Nt?(p-A)= 1.8873642
log. p.0m.76 = 1.6589649
0.2293993 = F.6920
log. 100 it
= 3.4194865
3.6478858 ss 0.0044
1'.6964
from which it appears that a quantity of moisture,
equivalent in weight to a gramme, is contained in a
volume of vapour whose capacity is equal to 1.6964
litres, at the temperature of the boiling point, and under
an atmospheric pressure of 0.76 metres of mercury.
We know, moreover, that a gramme of water taken at
tbe temperature of the maximum of condensation, occu
pies precisely a cubic centimetre, of which the litre
contains a thousand ; and that hence a cubic centimetre
of water of this degree of temperature, when reduced
into vapour, will fill a space equivalent to 1696.4 cubic
centimetres. It may also be added, that a litre of this
vapour, under the pressure above mentioned, and of the
temperature of 100°, weighs - *

and which, therefore, furnishes the desired weight in
known terms of the temperature and elastic force.
To illustrate this useful formula by a single example,
let it be required to determine the weight of a cubic inch example,
of vapour at the temperature of 54°. In this case the
value of i being 54°, and FM computed by means of the
formula (It) becoming .42779, we shall obtain
F' =

.0068544 X .42779
= .00280358 grains.
1.045892

And by a similar method may the weight of a cubic
inch of moisture be computed for any other tempera
ture.
(437.) But it may be useful, however refined and Dr. Anderperfect the system of computation, to discover how far son's expethe processes of actual experiment will confirm it. riments to
Dr. Anderson accordingly made a large volume of determine
saturated air to pass slowly in a small stream through r^cy^f the
a sufficient quantity of sulphuric acid, or dry muriate of formula,
lime, cut off from all communication with the atmo
sphere; and then observing the increase of weight
which these substances acquired in consequence of the
air transmitted through them. A complete descrip
tion of his apparatus may be seen in his Paper

=0.589483 gram

mes. By reducing these results into English measures,
we shall find that a cubic foot of rapour at the

* An exposition of these important reductioas, which we regret we
have no room for m the text, may be seen at pages 275 and 276
of Blot's Traiti ds Phyriqut, torn. i.
n2
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(440.) To introduce the water we are desirous of
Meteor- before quoted, our limits only permitting us to record the
ology. results in
changing into vapour, another stop-cock R" is applied,
surmounted by a very small metallic vase V, in which *
Table XCVI.
the liquid is placed. This cock is not pierced through
its centre as stop-cocks ordinarily are, but a small he
Tabular
Volume Ternmispherical depression O below the surface of the in
Total
Grains of Moisture in a
of Air peraresults.
terior cone is made to contain a drop of the fluid. If
sub ture in Barome Quantity
"
Cubic
Inch.
jected ro De tric pres- of Mois
the stop-cock be then turned half a revolution, the
ture de
Experi crees rare. posited
watery drop will be brought into the interior of A B,
in
ment in of Fah
Grains. By Expe
By For
Cubic ren
and thus as many drops may be introduced as will pro
riment.
mula D.
Inches. heit.
duce the desired effects on the volume of air submitted
to observation.
3194 49 29.625 7 . 550 .0023641 .00235916
(441.) The introduction of the first drop of water
10892 54 29.750 28.780 .0026424 .00278021
must evidently augment the elastic force of the air, and
cause the mercury in the tube T T to ascend. The
35.545 .0032867 .00328366
10814 59 30.000
■
effect is sudden but not instantaneous, as it would be
•29.924
19.574 .0056880 .00568580
3442 77
if the liquid had been introduced into a vacuum ; and
by which we perceive that the pressure of the air
11240 83 29.846 75.840 .0067473 .00678455
opposes a resistance to the formation of vapour. If a
single drop of the liquid be not sufficient to form all
Remarkable It is gratifying to observe how closely the results of the vapour necessary for the given space and tempera
coincidence the experiment coincide with the numerical values of the ture, another may be added to increase the elastic force.
of llie expe formula, affording at once a strong confirmation of After a certain number of drops, however, have been
riments
Dalton's researches on the elastic force of vapour, introduced, the addition of any greater quantity will
with the
and of the relations which Gay Lussac has established produce no effect, the excess remaining above the sur
formula.
between a volume of dry atmospheric air, and of the face of the mercury without being .reduced into vapour.
quantity of vapour contained in the space which that Biot, with his usual ingenuity, supposes a case in which
air occupies.
some drops in excess have been added. By closing
(438.) Let us next inquire into some of the condi the cock R, and denoting the divisions of the tube occu
Union of
vapour and tions relating to the union of vapour and atmospheric pied by the mingled volumes of air and vapour by N',
atmospheric air. On this subject we may remark, as a general the elastic force of the two will be found equal to the
air.
law existing among the dry gases, that if among any pressure p of the atmosphere, as at the commencement
number of elastic fluids incapable of being blended of the experiment, the gas occupying, however, only N
together at a given temperature, which separately sus divisions. Its elastic force is thus diminished, and,
tain the pressures p, p', j/\ . . . . &c, the same volume since in its original condition it was equivalent to p, it
V of each be taken, and the whole afterwards reduced
into a volume of the same magnitude, we shall find must .in .its new state ,be represented,,by pN Denot
the elastic force P of the united volumes exactly equi
Elastic
valent to the sum of the separate elastic forces ; that is ing therefore the clastic force of the vapour by f, at the
force of
united vo
existing temperature, the measure of the whole elastic
P=p +p' +p»
lume equal
force will become
to sum of and we shall now proceed briefly to show that the same
separate
elasticities. remarkahle principle holds good in the union of vapour
and atmospheric air.
(439.) To demonstrate this problem, Gay Lussac And since this is equal to the pressure p, which is sup
Gay Lussac's expe employed a cylindrical glass tube A B fig. 3, divided posed to remain constant, we shall have
riment to into parts of equal capacity, and having two stop
,X?N _
prove this. cocks at R and R'. A little above the lower cock,
a bent tube of glass TT, of a smaller diameter than and from which we have
the cylinder, communicated with its interior at T. The
(N' - N)
whole apparatus being perfectly dried, the stop-cock at
N' '
R' is opened, and mercury well boiled and dried allowed
to fill the cylinder, and to ascend to its proper level in
(442.) If now, when the experiment is performed,
the tube. A globe filled with air brought to a com the actual values of N, N' and p be observed, the
plete state of dryness, is then screwed on at R, and a same value for f will be found, as the elastic force of
communication opened between the cylinder and globe, vapour in a vacuum would have afforded at the same
by turning the stop-cocks at r and R'. If air of the temperature. Hence the vapour in its state of union In nice' :
ordinary density be now introduced into the globe, the with air preserves its own proper tension, and thus cat union
mercury will not be depressed in the cylinder A B, and confirms the beautiful law announced, that in the sim vapour a
hence the stop-cock at R must be turned, to permit a ple mechanical union of vapour with air, each portion fir, each
part mail
portion of the quicksilver to descend, and thus allow of the mixture maintains its own elastic force dependent tains
its
some of the air to occupy its place. As soon as a on the volume it is made to occupy.
own elas
sufficient quantity of air has been introduced, its
force.
(443.) The preceding formula gives us the value of
expansion is arrested by turning the stop-cock R ; and the elastic force in functions of the whole atmospheric Further
by turning the other stop-cock at R' at the same pressure, and the volumes occupied by the air in its ori plication
this prin
time, the dry air introduced into the cylinder A B is ginal state, and when united to vapour. By a simple ciple.
prevented from escaping.
conversion, it may be made subservient, by aid of the
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Meteor- beautiful law just demonstrated, to another im
portant purpose. That law enables us to conclude,
that the elastic force of vapour in union with air, exer
cises its own elastic force, precisely as if no air were
present ; and hence the absolute value of /, under
any circumstances of temperature and pressure, may be
calculated by aid of the formula (R). The value of/
a utail thus becoming known, it is evident the formula before
. m of a alluded to will enable us to discover the actual volume
r-rare of which a mixture of vapour and dry air must occupy un
der the same conditions : for a simple transformation of
the formula gives us
P
N,
P~f
in which all the elements of the right-hand member are
known.
(444.) To apply this formula numerically, let it be
required to determine the actual increase which a given
volume of dry air undergoes, when saturated with va
pour at the temperature of 100° of Fahrenheit, and
under a pressure of 30 inches of quicksilver. Apply
ing this temperature to the formula (R), we have
/ = 1.85241 ; and regarding the volume represented
by N as unity, we shall obtain
N'

„.
30
, 1
,
* =30 - 1.85241 = 1 T5neafly'
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not, however, be equal to p as before, but to p -j- A, and Meteorology.
hence we shall have
pN _
" N "~
and from which
N>=
P" ,
p-f+h
This value of N' will always be greater than N, because
A — /must in all cases be a negative quantity. The
entire coincidence of this formula with experiment,
furnishes a new confirmation of the law whose truth
we are endeavouring to demonstrate.
(446.) In the preceding experiments we have sup Further mo
posed as much liquid to have been employed, as is dification of
sufficient to furnish all the vapour admissible into the the I
space occupied by the air ; but let us now suppose that
we only introduce a single drop, and that this quantity
is not sufficient to saturate all the space capable of being
filled with vapour. After reducing this drop to vapour,
let the mingled volume be brought back to the pressure
of the atmosphere, by allowing some of the mercury to
flow out by the inferior cock. The mixture will then
occupy some volume N', and the mercury in the two
branches will thus be reduced to the same level. Let
more of the quicksilver be now allowed to run out, so
that the mingled volume of vapour and air may occupy
any number of divisions N" greater than N'. The mer
cury in the smaller branch will thus be found depressed
below its level in the cylinder by a quantity A, the elastic
force of the mixture being thereby reduced to p — h.
But if the variation of the corresponding volume during
this change of the elastic force be observed, we shall
find it to be the same as if it had been perfectly dry gas ;
and hence we shall obtain generally
N"_ p
W ~ p - A*
the volumes being inversely as the total elastic forces.
(447.) To discover the kind of variation this result
supposes in the elastic force of vapour, let us represent
\
it by/' in its new state of dilatation, its value in the
case where the mixture occupied the space N' having
been / The air contained in the mixture will thus
sustain by itself only the pressure p — /; and since it
occupies at present the space N", its elastic force will
, ra«
N'
i»
become (p —■/)
By joining this to the unknown

and from which it follows, that dry air at the tempera
ture of 100°, when saturated with vapour, is expanded
one-fifteenth of its primitive volume.
If we inquire what must be the elastic force of va
pour, in order that the dry air with which it is mingled
may have its volume doubled under the same pressure
of 30 inches, we shall have
30
2 =
30 -/'
and from which we obtain / = 15, a measure of the
elastic force corresponding to a temperature of about
180°. If we inquire in what case the volume will be
quadrupled, we shall find it at a temperature of about
198°.
If we suppose p = /, the value of N' becomes infi
nite. For when the elastic force of vapour is equal to
the whole pressure of the atmosphere, the air mingled
with the vapour no longer bears any pressure, and con
sequently dilates as it would do in a vacuum, provided
force /' exercised by the vapour, the sum must
always that in proportion as it dilates, the vapour con elastic
be
equivalent
to p — A, and hence we shall have
tinues to form and extend with it.
(445.) The law which the preceding apparatus has
disclosed, may however be obtained without bringing
the mercury to the same level in both its branches.
,
N"
p
;
To accomplish this, let us suppose after the reduc But experiment (rives —— ss
N'
p
A
tion of the liquid to vapour, that the mingled vo
lume occupies any number of divisions N', and that the
p — h — p N'
—,
level of the quicksilver in the lateral tube may exceed consequently
its height in the cylinder by the quantity h. In this
N'
/'=/^:
case, the elastic force of the air dilated into the space or
N', will still be expressed by

and by adding to

pN
it the tension / of the vapour, we shall obtain / -f- ?—y
for the elastic force of the two.

This elastic force will

Quantity of
thus confirming the principle of Dalton, that the elastic vapour
force of vapour in all cases varies with the volume, pre- exiting ia
cisely as the gases do. And hence we may further air' the .
deduce also, that the quantity ofvapour capable of exist- a vacuam
ing in air, is precisely the same as would be found in a of equal
vacuum of equal capacity, under constant circumstances capacity.
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of temperature and pressure ; and that, therefore, the
formula (U) which enables us to compute the weight
of a cubic inch of vapour, will enable us also with equal
accuracy to find the actual weight of moisture in a cubic
inch of air, under the same measure of the elastic
force.
(448.) In making a practical application of the for
mula last quoted, the only thing requisite is a conve
nient mode of determining the elasticity of the vapour
already existing in the air, under any proposed circum
stances. Mr. Dal ton's simple method of filling a toll
cylindrical glass jar with cold spring water, and repeat
ing the observation until dew ceases to form on the ex
ternal surface, first enabled us to obtain this interesting
result ; but we shall reserve the practical developements
of this part of our inquiry, until we come to treat of
Daniell's hygrometer.
(449.) Having thus briefly investigated some of the
Actual phe
nomena ob essential conditions of vapour, let us next inquire into
served in a few of the interesting relations it presents, in its union
union of with the great and perpetually changing body of the
vapour with
the atmo atmosphere. Every volume ofair, from whatever region
sphere.
it may be brought, is more or less charged with vapour.
There are indeed two atmospheres which encompass
the earth on every side, one of air, and the other of
moisture. The union of these by Nature is mechanical
only, and each is governed by its own peculiar laws.
The atmosphere of air, as we have already seen, pos
sesses permanent elasticity, expanding arithmetically by
equal increments of heat, and decreasing in density and
temperature as it recedes from the surface. The atmo
sphere of vapour is also an clastic fluid undergoing
condensation by cold, and at the same time evolving
caloric, augmenting its force geometrically by equal
increments of heat, and permeating the former, and
moving in its interstices, like water when in the process
of filtration it passes through sand.
(450.) To supply the atmosphere with vapour, the
Limits set power of evaporation is in almost constant operation,
byNature to and we might suppose that an agent possessing so
aqueous
great an activity, would in time exhaust (he store,
rapour.
boundless as it is, by which that moisture is supplied.
But Nature has fixed limits beyond which the aqueous
element cannot pass, so as to prevent an undue accu
mulation of moisture on the one hand, and a state of
continued dryness on the other. These limits are
Tempera long
assigned by temperature, and which, whatever may be
ture the
its apparently capricious changes, is confined, in every
climate, within definite bounds. The same heat, there
fore, which warms and vivifies the air, and renders the
earth an agreeable abode to Man, controls with admir
able wisdom the rising moisture.
(451.) This power of the air to acquire moisture is,
however, modified by every alteration of temperature,
any increase thereof augmenting its store, and every
decrease of heat producing a proportional diminution.
The greatest and least degrees of heat, whether it be
that of a day or a year, must therefore afford some
phenomena which influence the condition of atmo
spheric vapour. In the case of the minimum tempera
ture of a given latitude, and a state of entire saturation
of the air, no addition can possibly be made to the
vapour it supports, so long as that temperature is main
tained. Any augmentation of heat, however, from
whatever cause it may proceed, is at once accompanied
by an increased power of supporting moisture, and new
accessions of vapour may be added to it. The mini

<

mum temperature of any period, therefore, whether it Meteor
be that of a day, a month, or a year, must set a limit to ology.
the accession of watery vapour in the air ; and thus in
every region, the equatorial, the temperate, or the polar, Minimum
temperatui
a strong and impassable barrier has been fixed by prevents
Nature to the continued accumulation of moisture in the accumula
air. And that there is au equally impassable limit on tion of
the other hand—that of extreme dryness, also existing, vapour.
is evident, when we consider, that as every diminution
of temperature tends to saturation, so every increment
of heat must produce a tendency to dryness ; and that Maximum
as the maximum temperature of the day has itself a temperatn
being finil
limit, and therefore governs this last condition of the
atmosphere, so the depression of temperature which entire dry
immediately follows, by at once increasing the humidity
of all the atoms of air which undergo that change, must
remove at once the possibility of any long continuance
of comparative dryness. There are some occasional
anomalies, however, in the extreme conditions of humi
dity and dryness to which Saussure has briefly alluded
in his Essais sur I'Hygrometrie, and which sometimes
embarrass the inquirer.
(452.) This dependence of moisture on the circum
stances of temperature will help us to trace some of the
phenomena of its distribution. There is a gradation of
heat, as we have before found, from the Equator to the
Poles, and also from the surface of the globe upwards,
into the loftier regions of the air. Generally speaking, Lowest al
the lowest stratum of the atmosphere, in whatever lati-. mospherii
tude it is found, must be most abundantly stored with stratum
abui
the watery vapour, on account of its being nearest the most
dandy
source front whence that moisture is supplied. If an stored wi
equality of temperature existed therefore at the surface, moisture.
a cubic foot of air, in whatever latitude it were taken,
would contain, when completely saturated, the same Moisture
diminish)
quantity of moisture. But since the temperature dimi with the
nishes with the latitude, a given volume of air in a state latitude.
of perfect saturation must contain less and less mois
ture as we approach the Poles.
(453.) From a similar cause, the moisture of the Moisture
atmospheric columns must diminish as we ascend ver diminish
tically above the Earth ; and hence that the whole store
of moisture contained in a vertical equatorial column of
air, must exceed the quantity found in a polar column
of equal diameter and in the same slate of perfect satu
ration. There are many difficulties, indeed, in the way
of proving experimentally the decreasing humidity of
the air, and one of the most interesting Meteorological
observations that can be made in the neighbourhood of
a mountain is to determine the exact condition of va
pour in the atmospheric strata at different elevations.
To resolve the question perfectly, such observations
should be made at the same instant at the two extre
mities of the same vertical line. This, however, is
hardly possible to be done, and we must hence select
such limes and places of observation as are not widely
separated from each other. Saussure made many
among the Alps with this view, from the valley of Chamouni through several successive elevations, and in a
general way found the law to hold good. He met
with some instances, however, in which the absolute
quantity of vapour was greater in the more elevated
regions of the air. Thus by comparing the 75th and
76th Meteorological observation of his Voyage dans le$
Alpes, we shall find that his hygrometer advanced 10°.l
towards humidity, by ascending to a height of 2°1
toises above his first station, the thermometer of
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y««ik Reaumur at the same time sinking only 1°.6- The seaisW- cond observation, it should be remarked, was made in the
N""v^"/ midst of the glacier of Hautema, and it is therefore pro'^JUj'by bable the iee and snow with which it was covered supv^jyn. plied this extraordinary humidity. And this opinion is
confirmed by another observation which he made on a
projecting rock seven toises less elevated, and where
be found the humidity 14°.7 less than at the lowest
station, agreeing, therefore, with the general principle
before advanced. In another observation, however,
Saussare is not disposed to attribute all this difference
to the ice. Another example is also given by the same
indefatigable and accurate observer. In the middle of
the glacier of Miage, his hygrometer indicated a hu
midity of SIM, but on the Col de la Seigne, 186 toises
above the glacier, it indicated 100°, though the decre
ment of temperature 3°,3 according to Saussure's table,
Twb ought to have indicated only a humidity of 89°.9. It
en-ass sometimes happens, therefore, that vapour is more
an Jim- abundant on the summit of a hill than in the valleys at
t~ " Tj]
base ; but as the exceptions are not numerous, aud
y be explained by the influence of peculiar 1<locas4bth» maybe
lilies, we may in general conclude, that the absolute
Ik
quantity of vapour in the air diminishes as we ascend.
It should be borne in mind in considering this part of
the subject, that the anomalies we have before proved to
exist in the temperature of the air at different elevations,
must necessarily impart a like irregularity to its humi
dity.
(454.) It would be possible to compute approxima
1-Jbcco. tive^ the actual weight of vapour contained in any of
the atmospheric columns, and if necessary the whole
iJTinco. quantity of moisture contained m the atmosphere. The
strit co- experiments of Biot and Arago have determined that
hajt, ud the weights of equal volumes of vapour and air at the
■Zhal subject
tenlP*rature
°f same
tne boiling
point,
and metres,
when both
^i^Us*'
to the
pressure
of .76
are are
as
.569481 to .9454476, or as 5 to 8 nearly; and since
bulk in the same manner, by
of temperature and pressure, the same
invariable relation may be supposed to be preserved,
to long as the vapour retains its elastic form. In
tome inquiries of this sort it has been assumed, that
the mean point of deposition for the globe in general,
k about 6° below the average temperatnre,—though
this assumption, from the limited nature of the obser
vations from which it is deduced, cannot be received
without caution ; and if we adopt in addition another
hypothesis, by supposing the same invariable difference
of temperature to be maintained, throughout all the
atmospheric strata, we may make an approximation to
the whole quantity of moisture contained in the atmo
spheric columns, by means of the formula
407.4
8"/X
" 30
wherein f denotes the elastic force of vapour at a
perature six degrees below the mean temperature of the
place of observation, and the numerator 407.4 the
height in inches of a column of water equivalent in
Weight to the mean condition of a corresponding
column of the air, and the numerical value of which
formula, will give the mean height in inches of a column
of water, equal to the whole moisture contained in a
column of tbe atmosphere, standing on the same base.
In this way we may compute, that if the atmospheric
columns at the Equator were to discharge their whole
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watery store, the moisture precipitated would cover the Meteorsurface of the earth only to die small depth of 7-^of
inches, and in the mean parallel of 45° only about 3£ „
inches. Supposing the whole atmospher
sphere, from a water if
state of absolute dampness, were to discharge its entire atmosphe
watery store, it would only form an uniform sheet of were <° disabout 4-k inches in depth. To furnish a sufficient supply ^h"^ lU
of rain therefore, as Leslie remarks, it was necessary the waterv
air should undergo very frequent changes from dryness store,
to humidity in the course of the year. Supposing the
mean quantity of water existing in a state of vapour in
an atmospheric column, having a square inch for its
base, to amount to about 4 cubic inches, we may infer,
that the quantity actually existing in the whole atmo
sphere amounts to about 12,500 cubic miles.
(455.) Such results, however, must be truly regarded Such conas approximations, and adopted only to enable us to elusions,
catch a glimpse of the mysterious phenomena of Na- j^^1^'
ture. We know too little of the humidity of the lower (ruiy
regions of the atmosphere, to speak with certainty of garded as
any of the phenomena connected with the higher. We approxiknow too little of the phenomena which may be said to matlon!be continually within our grasp, to permit us, without
the exercise of the greatest caution, to apply them even
as humble approximations to those lofty regions of the
air, which as yet have defied the aspiring ambition of
man. Of this, however, we are certain, that the higher
regions of the atmosphere are comparatively drier than
those below. Colonel Beaufoy, in his interesting ascent
of Mont Blanc, remarks, "that the air itself was thirsty,
its extreme dryness," said he, " had robbed my body of
its moisture,"
(456.) The vapour actually existing at any time in Moisture
the air is far however from being equally distributed in »?• equally
those volumes of it which possess the same degree of ^'"J^jj
temperature. A given volume of It, at the temperuture 0rsame
of 50°, in a portion of the atmospheric column reared temperaabove Plymouth, may possess a very different degree of ture.
humidity from a volume of a like temperature above Case of
Prague. The former, from its peculiar locality, may be Plymouth
in a state of high saturation, whereas the other, in the anJ PrilBue'
heart of a great continent, and governed by a wind from
a different quarter, may be comparatively dry. It is
not equality of temperature alone that we must seek for,
in applying practically the elements of the problem now
under review, but the quantity of moisture coexisting
with it. To-day, the air of Moscow may afford a greater Moscow
proportion of moisture than the warmer atmosphere of and IspaIspahau, and to-morrow the relation may be entirely han.
reversed. Contending winds not only influence the
temperature and pressure of the air, but its humidity
also ; and the peasant of our own country is familiarized
with their different effects. One breeze may bring to
him gentle and fertilizing showers, and another may
burn up tbe produce of his farm.
(457.) But we need not go to the atmospheric Different
columns of different Countries to seek for diversities of quantities
moisture, since like anomalies are sometimes to be found of moisture
in different strata of the same column. Saussure re- jj^*8™',^"
marked that his hygrometer, near the surface of the coiumn.
earth, often proved the air to be removed 30 or 40
degrees from extreme saturation, when the presence of
clouds in the upper sky demonstrated the entire humi
dity of that region. That eminent observer often re- E(fcct3 0f
marked this phenomenon when he ascended a mountain clouds,
whose summit was enveloped in a cloud. On the other of n
hand he as frequently observed, that when mists covered
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the plains, and a bright sun gilded the summits of his
noble mountains, the limit of extreme humidity was to
be found below, and air far removed from saturation
above. Bands of clouds were sometimes also found to
swim between masses of air necessarily less humid than
Actual
the clouds themselves. Of the effects of clouds in
example of augmenting the humidity of the atmosphere, he has
humidity of one conclusive observation. When on the summit of
a cloud.
Mont Brevan, 1306 toises above the sea, his hygro
meter, at a moment when the sky was free from clouds,
indicated a degree of moisture corresponding to 86°.8 ;
but when the summit of the mountain was soon after
enveloped in a cloud, the humidity increased to 94°.6.
(458.) Mr. Daniell has also deduced, both from
Elastic
force of
theory and the actual experiments of Captain Sabine,
vapour
that the elasticity of vapour does not diminish in an
does not
diminish uniform manner, according to the decrease of tempera
uniformly ture and density of the air, but the dew point re
as we
mains stationary to a great height, and then suddenly
ascend.
falls to a large amount. At Sierra Leone, the dewpoint at the level of the sea was found to be 70°, and at
the same hour upon the summit of the Sugar Loaf
mountain, 2520 feet above, it was found exactly the
Examples. same. At Jamaica also, by the sea-side, the tempera
ture of the air was 80°, and the point of deposit ion 73°;
while on the mountains, at an elevation of 4080 feet,
they were both 68°.5. At a station not 500 feet higher,
by an experiment twice repeated, the point of deposition
was found to be 49°, and the temperature of the air 65°.
Mr. Green the aeronaut also found, when ascending
from Portsea, that at an elevation of 9890 feet, the dewpoint was 64°, the same as at the surface of the earth ;
but at 11,060 feet it fell to 32°, making a difference of
thirty-two degrees in a little more than 1100 feet;
affording a decisive example, as Mr. Daniell observes,
of an immense bed of vapour rising in its circumambient
medium, unaffected by decrease of density or tempera
ture, till checked by its point of precipitation ; and also
of an incumbent bed of not much more than one-third
the density, regulated, no doubt, as the last, by its
Proofs
which they own point of deposition in loftier regions. Such pheno
afford of the mena afford strong experimental evidence of the mecha
mechanical nical mixture of the aqueous particles in the atmosphere,
mixture of
vapour with and admit of no explanation by any law analogous to
that of chemical solution.
air.
(459.) We have before lamented the want of correct
Want of
practical observations to assist us in our inquiries respecting tem
observa
perature ; and with equal reason may we deplore the ab
tions.
sence of accurate and extended results to illustrate the
much more varied conditions of humidity. The ther
mometer has existed for a long period in an accurate
form to assist the Philosopher in every inquiry respect
ing heat, but an hygrometer which should disclose the
absolute circumstances of atmospheric vapour has been
but recently known. Mr. Daniell's beautiful instru
ment, and which we shall hereafter describe, enables us
to trace with the greatest exactness all the conditions of
humidity; but the limited observations hitherto made
with it, afford but little information respecting that ge
neral distribution of vapour, which we are here de
sirous of tracing. As the observations made by the
thermometer have enabled us to trace the numberless
aberrations of temperature, and to distribute them in
isothermal lines, so, had this hygrometer existed a cen
Lines of tury ago and been diligently applied, might we have
equal hu traced some of the singular mutations of the great
midity.
ocean of vapour which surrounds us, and have deduced

perhaps from the mean results lines of equal humi- Meteordity.
olop-.
(460.) It is a great practical problem therefore now
opened to the ardent enterprise of Meteorologists, to Dcs,l!er»l1
discover, if possible—and what will not united labour the^humi?
and Philosophical enterprise effect,—some accurate rela- dity of tin
tions respecting the distribution of moisture ; to trace atmosphci
some of the varying conditions of humidity, which, for
ever working in the great aerial volume around, is one
of the main springs of the uncertain motions of the air,
and of tliose changes of the weather, which are not only
so much blended with our personal health and comfort,
but with all the important processes of agriculture. At What we
the present moment we can do little more than say, P'esent
that of this wide-spreading ocean of vapour, we can now. re'
merely estimate its elastic force and quantity at a given h^unidity
time, and in a general way trace an analogy between 0f the atthe course of its changes, and the progress of the mean mosphere
temperature of the year. We know not where to look for m0t able
the data which will enable us to contrast Philosophically contrast i
the humidity of different climates, to measure the influ- humidity
ence of mountains and valleys in modifying the condi- 'll.frcrcnt
tions of vapour, the sea which exercises its own peculiar
laws, and the islands and continents which diversify in so great a degree all the phenomena of humidity.
(461.) It is a useful problem, unquestionably, to deter- Connecti
mine the mean temperature of a place; but it is a pro- of thelin
blcm of no less interest to discover its mean humidity. dit)' of 11
In Great Britain the winds which transport the vapour a,mosP'"
„
,r
, ' , with lain
may be divided generally into two classes : the land an(j sel
winds blowing from off the great continent of Europe, winds,
and which comprise the North-East, East, and SouthEast : and the sea winds passing over the waters which
surround us on every side, the North, North-West,
West, South-West and South. In the former we might
expect to find the course of the mean temperature
exactly followed, because the sources which supply the
vapour must be comparatively shallow streams and re
servoirs of water, whose temperature readily adapts
itself to that of the surrounding air ; but in the un
fathomable depths of the great ocean which affords
humidity to the latter, the peculiar law by which the
density of water is governed, must at particular periods
maintain a temperature above that of the declining sea
son, whilst at others, the increasing heat of the latter
must outstrip the progress of the former.
(462.) Here then is a single problem, the elements
of which must vary with every locality. Swisserland,
surrounded on all sides by mountains, must present
different phenomena from Great Britain, surrounded on
all sides by the sea. For London, Mr. Daniell has Mr. D;
found that the vapour ofthe land winds declines in force niell's
from September to January, when it reaches its mini- s*"*^
muin, and from that lowest point gradually rises to a of the
maximum in August, thus following the course of the peculi;
mean temperature of the air. In the sea winds, how- winds
ever, the vapour declines from September to November, Londo
when an equality appears nearly to take place in the
humidity of the two winds ; but in December, the vapour
from the land descends below that of the sea, and the
same difference continues to January. In February the
former rises two degrees, and the latter remains sta
tionary. A difference of four degrees continues through
March, and which is diminished to three degrees
in April and May. In June they again attain
.
their former equality, because the temperature corre
sponding to the maximum density, cannot be lowered
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ifftMr- till the whole mass of waters has passed this limit ; and
in the deep seas this must necessarily be a process of
some duration. The shallow waters on the contrary,
over which the land winds pass, must soon acquire the
temperature of the ambient air, and continue to decline
with it in heat. Upon the return of Spring a contrary
effect takes place. The Ocean must again repass the
temperature corresponding to the maximum density,
before the waters can again obtain the higher tempera
ture of the surrounding air. A necessary consequence
of such an arrangement of things must be, an increase
of humidity in December and January, and a rapid dimi
nution in the four succeeding months, a phenomenon
found to agree with actual observation. Such is the
contrast exhibited by the prevailing land and sea winds
peculiar to London. How very different would be the
phenomena of the winds peculiar to Moscow !
The numerical results from which Mr. Daniell has
deduced these interesting conclusions are exhibited in
the following Table.
Table XCVII.
Of the Difference of the Dew Point in the Land and
Sea Winds.
Land Windj.
Sea Winds.
Months.
h.k. i. s.i.
h. H.W.W. s.w. s.
September
53°
53°
October
45
46
November
41
42
December
31
37
January
29
35
February
31
35
March
34
39
April
45
42
May
47
44
June
54
54
July
52
55
August
56
57
MxtCtol (463.) The peculiar locality of Great Britain may
be supposed in another way to modify the
ice* the also
tssiftt of production of vapour, by its having to the North, at
kiln. one season of the year, enormous masses of ice, which
during their formation evolve caloric, and, in the pro
cess of liquefaction, occasion its absorption. Dividing
the winds into two classes, Northerly and Southerly, Mr.
Daniell has been enabled to trace their effects on the
moisture of the air, as given in the succeeding Table.
Table XCVIII.
Of the Effect of the Ice in the North Seas upon the
Dew Point.
Southerly.
Northerly.
Months.
s.w.s. s.(.
n.k.n. rt.vr.
September
58°
48°
October
51
41
November
47
37
December
42
32
January
38
31
February
36
31
March
42
32
April
47
40
May
51
41
June
58
50
July
58
50
August
60
54
vol. v.
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By attending to the results of this Table we maty first Meteor
observe a constant difference of the temperature of the ology.
Dew point to prevail from September to December, in
the two classes of winds; but the Dew point belonging to
the Northerly winds, having reached that of the freezing
point in the last-mentioned month, continues nearly
uniformly to preserve the same temperature, during the
succeeding months of January, February, and March,
while in the Southerly winds, the declension continues
through January and February only. In March the
Southerly winds impart an increment of six degrees,
but the increase of the Dew point of the Northerly
winds does not take place till April, when the addition
it receives, amounts to eight degrees, at which point
it continues with little variation through the whole
month of May, the absorption of heat during the pro
cess of thawing, preventing that accession of tempera
ture which is due to the returning influence of the Sun.
As soon as this operation, however, has ceased, the
vapour rapidly regains its former relative degree of
force, imparting considerable increments to both classes
of winds in June and July, until their maximum con
ditions are obtained in August, and are followed of
course by a decline of both in September.
(464.) We must now take a hasty glance at the Mean re
few imperfect results we are able to offer respecting the sults of dis
distribution of aqueous vapour during the successive tribution of
seasons of the year, still, ofnecessity.limitingourinquiries aqueous
vapour in
to the locality of London.
successive
Beginningwith January, the time at which the minimum seasons of
temperature prevails, Mr Daniell found, from a mean of the year for
three years' observations, and a triple observation each txmdon.
day, the mean elastic force of the vaporous atmosphere
to be also at its lowest point, and represented by. 0.234
inches of quicksilver, the mean temperature being at the
same time 36°.l. As the mean temperature advances
through the month of February to 3S°, the force of
vapour increases feebly to 0.239 inches. With the
month of March, however, the mean temperature is
augmented nearly six degrees, the elastic force of the
vapour advancing at the same time to .272 inches. In
April the mean temperature of the air rises to 49°.9,
and the elastic force of vapour to .322 inches. In May,
the atmospheric temperature still outstrips the advance
of vapour, the former amounting to 54°, and the latter
to .354 inches, the air having then nearly attained its
greatest state of dryness. During the month of J une
the advance of the mean temperature and humidity are
nearly uniform, the former being 58°.7, and the force of
vapour .410 inches. Through July, the moisture aug
ments with rather greater rapidity than the tempera
ture, the elastic force being .468 inches, and the mean
temperature 61°. In August, these phenomena continue
nearly the same, the force of vapour being .481 inches,
and the mean temperature 61°.6. During September,
the reduction of temperature is first felt sensibly, its
mean sinking to 57°.8, the vapour at the same time
declining to .432 inches. In October, the mean tem
perature falls to 48°.9, and the elastic force to .336.
During the dark and dreary month of November, the
atmosphere becomes nearly saturated with moisture,
the mean temperature falling to 42°.9, and the mean
elasticity of vapour to .286 inches. December ex
hibits nearly the same characteristics, the mean tem
perature being 39°.3, and the clastic force of vapour
.261 inches.
(465.) The preceding abstract forms, as we have
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i the mean results for the respective months ; but
what, it may be asked, are the aberrations exhibited
during' each, by particular winds ? a cause which is for
' ever modify ing all the phenomena of vapour. The fol
lowing maximum and minimum temperatures of the
Dew point peculiar to each month, have been deduced by
Mr. Daniell.
Table XCIX.

Moiths.
January .
February .
March . . .
April ....
May
July
August . . .
September
October . .
November
December.
Monthly

Relation of
vapour and
muan tem
perature of
the year.
Diurnal
results.

Relation of
vapour and
minimum
tempera
ture.

Maximum
Temper
ature of Wind.
Dew
Point
42°.5
39.5
47.0
49.0
54.0
62.0
59.0
63.0
61.0
53.5
48.0
45.5

S.W.
s. w.
s.
S.E.
s.
s.
s. w.
s.
s.
s.
s.
s.

Minimnin
Temper
ature of
Dew
Toint.

Wind.

E.
23°. 5
N. E.
29.0
N. E.
31.0
N.
40.0
40.5
N. E.
49.5 N. or N.E.
N. E.
49.0
53.0 N.E. orN.W.
45.0
N.
38.5
N.
N. W.
35.5
27.5
E.

(466.) Mr. Daniell has graphically illustrated some
of his interesting results. In fig. 4, we have an exam
pie of the monthly progress of the mean tempera
ture and mean Dew point. The full line exhibits the
progress of the former, and the dotted line that of the
latter, the degree of dryness belonging to each period
being accurately represented by the interval between the
two curves. We may hence perceive how closely the
constituent temperature of the vapour follows the mean
temperature of the air, by the general resemblance of
the two curves ; and also how clearly they exhibit the
comparative dryness of the Spring and summer months,
and the dampness of the autumn and winter.
(467.) In fig. 5, which has also been derived from
Mr. Daniell, this general accordance of the mean tem
perature and of the Dew point is rendered still more
evident, by the variations of the daily mean for fortyfive days in September and October 1819. And to
exhibit the analysis of this relation more completely,
fig. 6 is given from the same respectable source, de
duced from observations made four times each day,
together with the daily maxima and minima. An accu
rate inspection of this last figure most clearly demon
strates that there is but little relation between the maxi
mum temperature and the elastic force of the vapour,
and that the vapour appears to be governed principally
by the daily minima, thus practically confirming the
principle before advanced on the authority of Dr. An
derson.
(468.) That the quantity of vapour existing in the
atmosphere near the level of the sea, must follow the
course of the mean temperature during the successive
seasons of the year, may also be inferred from the con
sideration, that the existence and quantity of vapour in
the air, must be governed entirely by its temperature,
and that the rate of evaporation is dependent on the
same cause. Hence it follows, that whatever influences
the temperature, must at the same time affect the quan

tity of vapour existing in the nir ; and as through the
changes of the year, the mean temperature rises and
falls, in a general way it is found that the quantity of
vapour in the air must rise and fall with it. In very
short intervals, it is true that aberrations may present
themselves apparently in opposition to the Principle
which has been advanced, but on a great scale it may be
clearly and satisfactorily traced.
(469.) It is also worthy of observation, that if the Changesof
pressure of the aqueous vapour be separated from that of pressure of
the aerial, it will in general be found to exhibit changes Jjr °^us^°
directly opposed to the latter. This can lie best dis- of Tap0uri
covered in the daily fluctuations of *he atmosphere ; and,
in the graphical projections which may be made to illus
trate the two, it will be found that the undulations of
the curve representing the pressure of the whole atmo
sphere, are directly opposed to those of the vapour, a
rise in the line of vapour being generally accompanied
by a fall in the barometric curve, and vice versa.
(470.) Another method, however, of a very different
kind has been adopted by some Philosophers to discover
the circumstances of atmospheric humidity. Instead of
regarding the elastic force of vapour, its density, and the
law of its dilatation, as so many independent elements to
be found, and by an operation connected with some
functions of the density and temperature, to discover
thence all the conditions of moisture at any given
time or place, an attempt has been made to connect the Attempts tc
indications of an instrument with the tensions of vapour connect the
at different temperatures, and thence to deduce all the indications
of an instru
hygrometric conditions of the air. Saussure first endea ment with
voured to establish a relation of this kind, but it is to the quan
the later labours of Gay Lussac that we would now tity of va
especially refer. Of the two methods we certainly pre pour found
fer the former, but we owe to our readers an explicit in the airaccount of the latter.
(471.) To accomplish this object, the celebrated Che Gay L' :
mist alluded to procured one of Saussure's Hygro employed
Saussure's
meters, as accurately and delicately made as the circum hygrometei
stances of its construction would permit ; and placed it for this pur
in a receiver containing some water, or a solution of a pose.
Salt of a known Specific Gravity, and then observed the
degree which the instrument marked, under the circum
stances of saturation in which it was placed. This ex
periment was repeated under the same conditions of
temperature, for different tensions of vapour between
the limits of perfect dryness and absolute saturation. In Results oh
by
this way the results of the next Table were obtained for t&ined
him at the
the temperature of 10° of the Centigrade scale, the ten
sions of the liquids employed being expressed in parts of ture of ten
the tension of pure water, which was represented by centesima
100.
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Table C.

Solutions*

Water
Muriate of Soda.
Ditto
Muriate of Lime.
Ditto
Ditto.
Sulphuric Acid.
Ditto

Specific Tension of the
Gravity al Solution at 10°
the Temper, of the Centesimal
atnre of 10" of Sosle. that of
Water beingthe Cen
tesimal
represented by
Scale.
1000
1096
1163
1205
1274
1343
1397
1493
1541
1702
1848

100.0
90.6
82.3
75.9
66.0
50.5
37.6
18.1
12.2
2.4
0.0

Degrees of
the Hygro
meter cor
responding
to the dif
ferent
Tensions.
100.0
97.7
92.2
87.4
82.0
71.0
61.3
33.1
25.3
6.1
0.0

(472.) The relation of these results may, however,
by means of a graphic
For this purpose their author had reto a curve whose coordinates x and y should
respectively denote the tensions and hygrometric de
grees observed. At the origin of this curve, the values
of i and y were to be severally zero, because that point
of the hygrometric scale answered to extreme dryness ;
and at the other extremity of the scale, the same coor
dinates were to be respectively equivalent to 100,
because 1 00 degrees of the hygrometer corresponded to
r
complete saturation. Between these limits, the experi
rbtSCMT- mental results obtained by Gay Lussac afforded many
entire intermediate
points for the curve, and which upon in
vestigation he found to be a hyperbola, having its con
atxi* cavity turned towards the line represented by x, and its
tris incHned in an angle of 45°, forming the diagonal
of a square whose base was the abscissa x — 100, and
altitude the ordinate 100 corresponding to x = 0 ; the
hyperbola being thus symmetrically disposed with re
spect to the two sides of the square. This result we
may venture to say could have scarcely been anticipated
a prion".
AalrieJ . (473.) To investigate these conditions analytically, ft
ETf5ti|j> will be necessary to transform the original coordinates
fcccftbe
i and y, into others xf and y', likewise rectangular, but
related to the same axis of the hyperbola, and having
their origin in some assumed point of it. This new
line of abscissa? must thus form an angle of — 45°
with the former abscissa? ; and by naming (x) and (y)
as the primitive coordinates of that line, we shall obtain

and
8 = 1- 0) +
and which by addition will further give

(474.) If we select, by way of application, the third Numerical
result given in the Table for the muriate of lime, and elamPlethe density of which is 1397, we shall have according to
the limitation before assigned to the abscissae
x = 0.376,
and
y — 0.613,
and which being substituted in the last equation will
give
y' rz ~ °;°n = - 0.00777818 ;

OofOc

* = Cx)+72(y+y>'
and

These equations, however, may be simplified, by i
by unity the abscissa x corresponding to the
100, and which assumption will enable us to
the expression
y= \ - x;
and since the primitive ordinates O) and (y) are simi
larly related, we shall in like manner obtain
(3/)=l-(x).
The general equations above given will thus assume the

and this being so minute a quantity, the point in the
curve to which it refers, may, without any sensible
error, be regarded as the vertex of the hyperbola.
But to avoid any unnecessary error, the origin of
the abscissa x' may be assumed at that point of the axis,
where the latter is intersected by y' ; and then the value
of (x) may be found by adding 0.376 to the projection
of y' on the axis of x, or in other words, to y' cos x, or
0.0054996, and which will hence give
fx) = 0.3814996,
thus determining completely the relations of the two
systems of coordinates. Hence we shall obtain tbe two
equations
x> = (x- 0.3815)
-y',
and
x+y - 1
When x and y are both given, we can readily obtain the
value of y' as before illustrated ; and this being substi
tuted in the former of these last equations, will give the
value of x/. According to this method the following
Table has been computed.
Table CI.
Primitive Coordinates.

New Coordinates.

X

y

x-

y

0.000
0.122
0.376

0.000
0.253
0.613

+0.167384
+0.074953
0.000000

-0.707107
-0.441942
-0.007778

(475.) These elements are sufficient to determine the Equation of
nature of the hyperbola. For since its axis coincides ,ne hyperwith the line on which the abscissae x" are reckoned, its boIa"
equation must be necessarily of the form
yR = a-f-2ox' + c x»,
the values of the constant coefficients being determined
by the respective values of x1 and y1 in the Table. Thus
we shall obtain
o2
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which quickened by" every wind, and augmented by
every increment of neat, is continually exerting some
effort to return the humidity which the rain and the dew
may discharge on the Earth.
c si 4.086S30.
(478.) The History of this department of Physics is Remarks
If, moreover, we assume (x — 0.3815) </2 ~ *• we replete with interest. Great names have been connected connected
shall further have y' = « - x1, and this being substi with it, and the subject has been a difficult one to pur with its
tuted in the equation for the hyperbola, will give
sue. Men at one time thought that an essential differ History.
ence existed between the vapour produced above and
(s _ £y=:a + 2bx' + cx'\
below the boiling point. In the lower temperatures, it
the resolution of which quadratic gives
was imagined that moisture was devoid of elasticity, and
(s + &) + J( (s + *>)'+(*' - a) (c - 1) )
x' =
. hence arose the famous theory of Halley that water is
dissolved by air. Deluc and Saussure achieved a great
step, therefore, when they proved that vapour of every
and hence
,c + 6 - y((t 4- by + (* - a) (c - 1) )
temperature had elasticity ; and a step hardly less im
portant was accomplished by Saussure and Pictet, when
2/ =
r-1
The value of y1 thus found, being substituted in the they found evaporation to be accelerated in vacuo. A
true and perfect theory of spontaneous evaporation was,
equation
however, reserved for Dalton, a name which seems to
j=l-i + yV2,
rise
in importance the further we proceed.
(479.) It is a law of Nature, now absolutely demon- Water*
Tormula will determine the function y in terras of x, and thus
enable us to compute the hygrometric degrees in terms strated, that water has a tendency to assume the elastic assume t
for com
puting the of the observed tensions ; and Biot, at page 533 of the form of vapour at all temperatures however low. Our forra °*
hygrome- 1st volume of his Traite de Physique, has furnished us ordinary experience, indeed, must tend to convince us of ^jjpt™^
in tenro of w'tn a ta'5'e °^ a" tne necessary results from zero to one its truth, since the product of every shower soon dis- atuies.
hundred degrees of Saussure's scale ; and a simple inspec appears, and ice and snow are wasted by its irresistible
the ob
served tcn- tion of which will at once afford the means of discover power. The sea too performs its part on a grand and
ing the relation between the degrees of the hygrometer, magnificent scale. Millions of tons are raised by its
and the density of the vapour to which the instrument is agency every day, and a copious evaporation is abso
exposed. If we multiply also the weight in grains of the lutely necessary to diminish the enormous accessions of
moisture in a cubic inch of vapour of the given temper water which the Ocean continually receives. The silent
ature, by the relative tension corresponding to the ob and unobserved process by which water is compelled to
served degrees of the hygrometer, we shall obtain the evaporate spontaneously at all temperatures, is one of the
weight of moisture in grains in a cubic inch of air.
most interesting and important in the whole economy of
(476.) Limited as these computations have been to Nature. The growth of plants and the existence of every
Inquiry if
the relation the temperature of ten centesimal degrees, it becomes living creature depends upon it.
of the ten important to inquire whether the relations of the ten
(480.) We have no materials for tracing experimen- i;0 m.i(
sions and sions and the hygrometric degrees will remain the same tally
the phenomena of evaporation in different climates, rials for
hygrometnc degrees at anv other temperature. We might, indeed, at first though we know from its general relations to heat, that compan
is general view, suppose, that when the index of the instrument it must exist in its greatest power in the Equatorial re- r
for all tern- marked a hundred degrees, under circumstances of en- gions, and, diminishing in some way with the latitude, differed
peratures. ^;re saturation at any given temperature, that at any will be found in a state of even comparative activity in climate
other degree of heat, and with as complete a saturation the icy regions of the Pole. Anomalies, however, and Anonu
as that temperature will permit, the same indication of some of a very remarkable kind, present themselves in
the instrument would take place. There is reason, these widely extended regions, and the same terrestrial
however, for supposing that such a desirable condition parallel possesses them in different degrees. The Medi
will not hold good ;—that the affinity of the hair for terranean Sea, surrounded on all sides by land, is more
moisture is somewhat modified by temperature, and that heated than the Ocean in the same degree of latitude, and
thus the relation of the coordinates ofthe hyperbola must the winds which blow over it, being thus rendered drier,
change. Ingenious and interesting therefore as the method promote a more copious evaporation than in the Atlantic
is by which these results for the observed temperature have itself. The annual evaporation at Whydah has been
been found, we cannot with perfect confidence extend estimated at 64 inches, but when the Harmattan blows
them to other temperatures ; nor must we omit stating that rate is augmented to 133 inches. With such ano
explicitly, that the relative results which this and other in malies therefore, and with so few facts to guide us, it is no
struments of a like kind exhibit, however convenient they wonder that difficulties arise on all sides when we en
may be for some Meteorological purposes where a rigid deavour to trace the laws, which, in spite of such great
Absolute and Philosophical accuracy is not required, are by no aberrations, undoubtedly govern evaporation in every
results to be means to be compared with those absolute results, which
preferred to an attention to the conditions of temperature and baro- climate.
(481.) Before we proceed to consider the experimental Rcmai
xelative.
'
metrical pressure afford. We must not, however, enter laws which the sagacity of the Philosopher has already
here on a discussion of the merits of Hygrometers, but determined, let us attend for a moment to the phenomena ration
hasten to the subject of evaporation.
disclosed by the evaporation of an atom of water when atom a
placed in the centre of a spherical manometer, sur- water
Evaporation.
rounded on all sides with an infinity of concentric spheEvapora(477.) We come now to the consideration of that pro- rical beds of dry air. In such a condition of things, the 0f „ jj
lion,
cess of Nature, which by its incessant activity affords all process ofevaporation must at once commence on all sides rical n
the moisture with which the atmosphere is stored, and of the spherical drop, and the stratum of air in immediate meter.
a = 0.0000605,
6 = 1.149338,
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MetaN contact with it, will he the first to become saturated with
»I«C. vapour. The vapour thus imparted to the first atmo'^rmm/ spheric stratum, from its occupying a station in imme
diate contact with another bed of dry air, will at once
exert its elastic power and expand according to the
mechanical resistance which this second bed permits. In
this way, we may imagine • moisture to be transmitted
from one successive bed to another, but in continually
diminishing quantities as the beds are further removed
from the centre ; and a moment of time may be con
ceived when the beds of the manometer most removed
from the origin of the vapour, are just beginning to
receive the first impressions of humidity, whilst the cen
tral beds have already acquired all that the circum
stances of their temperature will permit. As each par
ticle of vapour, however, tends continually to diffuse itself
in the space on which it immediately borders, if the
quantity of vapour be less than the circumstances of
temperature permit, the process of evaporation cannot
cease on the surface of the watery atom at the centre, nor
can the humidity imparted from one successive stratum to
the other be checked, until the whole mass of air which
occupies the manometer, shall have acquired all the
moisture which the given temperature demands,
l^iia.
(4S2.) In applying to the atmosphere the Principles
mtflhe of this illustration, we shall be able to trace the general
esafboe Principles of evaporation. The air confined within the
manometer may be supposed to be enlarged into the
magnificent volume surrounding the Earth, and the sur
face of water exposed to its free action in a vessel of any
kind, may be assimilated to the atom of water placed at
its centre. If we suppose as a first example the whole
extent of our atmosphere to be of one uniform tempera
ture, and that there already exists in it all the vapour
which this temperature will support, no evaporation can
possibly take place from the water that is exposed ; but
if with this condition of uniform temperature, the vapour
already existing in the air be below the maximum which
that temperature admits, the evaporating process must at
once commence, and the water in the vessel being only as
a point when compared with the whole extent of the air to
which it is exposed, will at length be entirely dispersed,
and that without sensibly increasing the tension of the
vapour already existing in it. This vapour, indeed, can
have no other effect than to modify the rate of evapora
tion, and which will be more and more rapid as the air
happens to be nearer a state of complete dryness.
(4S3.) To simplify the subject, we have supposed the
temperature uniform throughout the whole extent of the
atmosphere, but such a supposition, as we have before
seen, is far from representing its actual condition. In
equalities of temperature exist on every side, and the
unequal distribution of heat will at once produce its
effect on the water exposed for evaporation, A volume
of air in one position may thus gain a larger share of
humidity than another. Inequality of temperature may
exist, or one of the volumes may already possess a
greater proportion of vapour than the other. The rate
of evaporation will thus be changed, and every variety of
it may hence be supposed to exist on a surface so infi
nitely diversified as that of our Earth,
'-ia'*
" mav be announced as a general proposition, that the rate of evaporation is always propor^K,, tional to the area of the humid surface, and, in air
i of entirely quiescent, it appears, that position exerts but
*uw4 very little influence. A sheet of paper, observes Leslie,
applied to a plate of glass in a close room, will lose its
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moisture just at the same rate, whether it be held ver- Meteortically or horizontally, and whether it occupies the upper ology.
or under side of the plate. The quantity evaporated s,—"vfrom a wet ball will be the same as from an equal plane,
or by a well-known property of the sphere, as from a
circle twice its diameter. From water also contained in Remarks
vessels of any magnitude and form, and of equal or concerning
unequal depths, the rates of evaporation, at least in tran- wa,e^ eYaquil states of the atmosphere, and when the circum- P°ratlnff
Iruni vesstances of temperature and situation are the same, will sels of difbe proportional to the magnitude of the watery surface ferent magexposed to the action of the air. MuschenbroSk, in- niiudcsand
deed, asserts, that the deepest vessel is always found, fon5Safter a certain interval of time, to have suffered the
greatest waste, and that the quantities evaporated are as
the cube roots of the heights, their orifices and other cir
cumstances being the same. He remarks, however,
that when the experiment was performed in a room, no
sensible difference was perceptible. Leslie also as- Differentserts, that the deepest vessel evaporates most copiously, opinions,
and grounds his opinion on the Principle, that the shal
lowest vessel receives more readily than the other, the
chilling impressions which accompany evaporation ; and
that the larger mass being thus kept invariably warmer
than the other, must, as evaporation is always accelerated
by heat, afford a more copious supply of moisture
than the other. Lambert, however, like Leslie, a
refined experimenter as well as a great Mathematician,
found from observations continued through several
months, in different temperatures and under many vary
ing circumstances of situation, that in vessels of very
unequal dimensions both in diameter and altitude, all
other things being the same, the quantity evaporated was
always proportional to the surface of the water iu imme
diate contact with the air, and that no other exception
appeared to the law than the errors necessarily arising
from observation. Saussure, it may be added, entertained
the same opinion. Whoever has attended experimen
tally to the subject of evaporation, must have been fre
quently struck with the anomalous nature of the results
which the same course of experiments has disclosed. A
sudden gleam of the Sun immediately quickens the eva
porating power, and any alteration of wind will like
wise modify the course of the results.
(495.) It is necessary, however, to limit the assertion
to vessels whose differences of surface are not infinitely
great, and whose local conditions are entirely the same.
A surface of water contained in a vessel of finite dimen
sions, and placed in the midst of an open and arid plain,
must necessarily undergo a more copious evaporation
than if placed in the midst of a great lake, under similar
circumstance of heat, of the sky, and of the wind. The
reason, also, will be apparent when we consider that the
vessel is surrounded by a drier air in the midst of the
plain, than when encompassed by the waters of the lake,
and must hence undergo a greater evaporation. And
this remark may be employed as a useful caution when
we endeavour to estimate the amount of evaporation from
the sea, by the quantity of vapour raised in a given time
from a vessel in a garden.
(486.) The two great causes, however, which influ- Principal
ence evaporation, and modify its results, are the tern- causes
perature and movements of the atmosphere, into the j'^Jj,™0"
effects of which we must more particularly inquire. re's„]tse0f
And first with respect to temperature. Every degree evaporation,
of heat seems to produce evaporation from water, nor Temperacan the lowest temperature, in a proper condition of the *ure-
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air, entirely destroy this power. Evaporation, indeed, as
Dalton remarks, continues to act below the point of con
gelation as well as above it, and we owe to that pro
found inquirer, the best experiments we possess respecting
the rate at wliich water evaporates under different de
grees of heat. In an atmosphere perfectly dry and calm
he obtained the following results.
Table Clf.
Rate of Evaporation
Elastic Force of Vapoor
per Minute expressed
Temptraturc.
in. Inch**,
in Grain*.
30
30.00
212°
15
15.15
180
10
10.41
164
8.5
7.81
152
6
6.37
144
5
5.44
139
Rate of eva- Thus the rate of evaporation under the circumstances
poration mentioned is found to be proportional to the elasticity of
ScmaHothe the vaPour produced.
elasticity of (487.) Concerning the changes which the rate ofevapothe vapour ration undergoes in consequence of the air in contact with
produced, the evaporating water being either quiescent, or moving
Least eva with different velocities over it, it may in the first place be re
poration marked, that air in a state ofperfect repose and under con
produced stant circumstances oftemperature and pressure, produces
when air is
perfectly the least possible degree of evaporation ; and that, in such
quiescent. a condition of things, the vapour, as it forms, accumulates
over the evaporating surface, and by successively check
ing the evaporating power, ultimately reduces it to
A current of nothing. But a current of air with whatever velocity it
air accele may proceed, by bringing new portions of air less satu
rates it.
rated with humidity over the evaporating surface, must
again renew the evaporating power ; and thus the more
The more rapid the current, the more rapidly, ceeteris paribun,
rapid the must the water disappear. As a proof of this we may
current
the "^duce tne important experiments of Mr. Dalton, who
eater the
evaporation, found, that at the temperature of the boiling point, the
other things least evaporation took place from water, when the evabeing the porating surface was placed in the middle of a room,
same.
with the doors and windows closed. Under these cir
Mr. Dal cumstances the rate of evaporation was 30 grains per
ton's re
minute. On placing the water in the chimney, with the
sults.
doors and windows completely shut, the current of air
existing in the chimney increased the evaporating power
Effects of to 35 grains a minute. An increase in the fire, by aug
currents.
menting the current in the chimney, raised the evapora
tion from 35 to 40 grains a minute ; and by openiug the
windows of the room, and producing thereby a stronger
current in the chimney, the force was increased from 40
to 45 grains per minute. Had the experiments been
performed in the open air, and in a very high wind, the
rate of evaporation would have been much greater. In
air moving with an infinite velocity, as lliot remarks,
Mr. How- the rate of evaporation would be infinite also. An
ard'sexam- interesting example of the effects of the free acence ofthe" t'on °^ tne W'm* 0n tne annua' rates °^ evaporation
wjndj
at different heights is given by Mr. Howard. During
three years in which the gauge was elevated about fortythree feet from the ground, exposed to the South-East,
and subject to the free action of the wind in most direc
tions, the annual average result was 37.85 inches. During
other three years in which the instrument was lower and
less exposed, the annual rate rose to 33.37 inches ; and
during another triennial period when the gauge was
upon or near the ground, the yearly rates averaged only
20.29 inches.

(488.) In the next Table we have given Mr. Dalton's Meteor
results at the successive temperatures recorded in it, with ^"gjdifferent velocities of the atmosphere, but in a perfectly- '^^N^'
dry state of the air. The three last columns of the
Table show the quantity of vapour in grains driven off
in a minute from a circular vessel of water six ?" 1
diameter.
Table CIII.
Elastic
Force
Temper of Vapour
Eva.,*., Forced
ature.
in Inches.
212«
30.000
120
154
189
20°
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

0.129
0.134
0.139
0.144
0.150
0.156
0.162
0.168
0.174
0.180
0.186
0.193
0.200
0.207
0.214
0.221
0.229
0.237
0.245
0.254
0.263
0.273
0.283
0.294
0.305
0.316
0.327
0.339
0.351
0.363
0.375
0.388
0.401
0.415
0.429
0.443
0.458
0.474
0.490
0.507
0.524
0.542
0.560
0.578
0.597
0.616
0.635
0.655
0.676
0.698
0.721
0.745
0.770
0.796
0.823
0.851
0.880
0.910
0.940
0.971
1.000
1.040
1.070
1.100
1.140
1.170 1

0.52
0.54
0.56
0.58
0.60
0.62
0.65
0.67
0.70
0.72
0.74
0.77
0.80
0.S3
0.86
0.90
0.92
0.95
0.98
1.02
1.05
1.09
1.13
1.13
1 .22
l!26
1.31
1.36
1.40
1.45
1.50
1.55
1.60
1.66
1.71
1.77
1.83
1.90
1.96
2.03
2.10
2.17
2.24
2.31
2.39
2.46
2.54
2.62
2.70
2.79
2.88
2.98
3.03
3.18
3.29
3.40
3.52
3.65
3.76
3.88
4.00
4.16
4.28
4.40
4.56
4.68

0.f.7
0.69
0.71
0.73
0.77
0.79
0.82
0.86
0.90
0.93
0.95
0.99
1.03
1.07
1.11
1.14
1.18
1.22
1.26
1.31
1.35
1.40
1.45
1.51
1.57
1.62
1.68
1.75
1.80
1.86
1.92
1.99
2.06
2.13
2.20
2.28
2.35
2.43
2.52
2.61
2.70
2.79
2.88
2.97
3.07
3.16
3.27
3.37
3.47
3.59
3.70
3.83
3.96
4.09
4.23
4.37
4.52
4.C8
4.83
4.99
5.14
5.35
5.50
5.66
9.86
6.07

0.82
0.85
0.88
0.91
0.94
0.97
1.02
1.05
1.10
1.13
1.17
1.21
1.26
1.30
1.35
1.39
1.45
1.49
1.54
1.60
1.65
1.71
1.78
1.85
1.92
1.99
2.06
2.13
2.20
2.28
2.36
2.44
2.51
2.61
2.69
2.78
2.88
2.98
3.08
3.19
3.30
3.41
3.52
3.63
3.76
3.87
3.99
4.12
4.24
4.38
4.53
4.68
4.84
5.00
5.17
5.34
5.53
5.72
5.91
6.10
6.29
6.54
6.73
6.91
7.17
7.46
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H?tOT»
(4S9.) But this Table has been constructed on the
ok^j. supposition that no vapour previously exists in the air,
^,<^*/ & hypothesis which can never be verified in any conftz&ag (Jition of the atmosphere, since at every season, moisture
(sad a "wrc or k88 abounds in it. In cases where the elastic
r-j^aaon forces are considerable, the influences of this vapour are
4s» insensible, but at lower temperatures its amount must
&il5re by no means be neglected. If we suppose the water of
^J evaporation to have a temperature of 50°, we shall find
tea, the force of vapour at that temperature exactly -g^th of
its force at 212°, and therefore, from what has been be
fore advanced, the rate of evaporation ought to be ^th
also. If, however, at the time of observation, an
aqueous atmosphere already existed to that amount, or,
in other words, the air be completely saturated with mois
ture, no evaporation can possibly take place, and the
amount of vapour must remain unchanged. But if the
force of the aqueous atmosphere should be less than
that which a complete saturation admits, there will
be room for the evaporating power to become active,
and a quantity of vapour, dependent on the difference
of the temperature of the water and of the vapour
already existing in the air, will be raised.
>i.Wtao (490.) To measure the effect of this humidity of the
t*^38 atmosphere, Mr. Dalton endeavoured to discover the
^
exact quantity of vapour existing at the moment of
observation. He took a tall cylindrical glass jar, dry on
the outside, and filled it with cold water fresh from a
well. If dew were immediately formed on the outside,
be poured the water out, and allowed it to stand some
time to augment its heat, at the same time carefully
drying the outside of the glass with a linen cloth.
This operation was continued till dew ceased to be formed,
when the temperature of the water and the force of
vapour were determined. The experiment was performed
either in the open air, or at a window, on account of
the internal air being generally more humid than that
which is without. Spring water being commonly, also,
at about 50° of temperature, was made use of for the
three hottest months of the year, but, at other seasons, a
cold, artificial mixture was employed. To estimate the
evaporating power, water was introduced into a tin
vessel of a given diameter suspended from the arm of a
balance, and the exact loss of weight from evaporation
found. Then denoting the whole amount of the elastic
force of vapour at the term of saturation corresponding
to the observed temperature by /, and the actual force of
vapour already existing in the air by f, Mr. Dalton
^
found under all conditions of the atmosphere, whether
maixa P^kcdy quiescent or agitated by the wind, the rate of
pA.:- evaporation to be constantly proportional to
\j.p_
jf- Jr->
or, in other words, that if the whole tension of the
vapour at the temperature of the boiling point be denoted
by F, and that at this same temperature the weight of
water evaporated in a minute in dry air be denoted by
m for a given unit of surface, the quantity of vapour to
be obtained at any other temperature, but with the same
conditions of repose or agitation of the air, will be ex
pressed by the function
m (/-/')
V
'
(491.) The value of the coefficient m will of course
be different under different circumstances of the atmo
sphere. In a calm and tranquil air, as our Table CM.
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indicates, its value must be 120 ; in a moderate breeze Meteor150, and in a high wind 180; so that denoting the ologyresults of evaporation under these different conditions
~
Formula
by E, E', and E", we shall have
for esti
mating the
E=
(/-/")= 4 (/-/0
rate of eva
30
poration on
different
1 nO
velocities of
E' = -30 (/-/') = &(/- /') } (V.)
the air.
1 RO
E"=^ (/-/)= 6 (/(492.) These formula? will enable us to resolve some
interesting Meteorological problems. In the first place
by knowing the functions /"and/7, that is the maximum
tension of the aqueous vapour for the observed temper
ature, and the tension of the vapour existing in the
atmospheric beds at the same time, and multiplying
their difference by the coefficient depending on the
state of the atmosphere as to wind, will at once deter
mine the rate of evaporation. If we take the case when
a moderate breeze prevails, and suppose the tempera
ture 70°, and the amount of the observed humidity
in the air to be 0.388 inches of the mercurial column,
then the whole amount of the elastic force being 0.72 1
inches, we shall have
E' = 5 (/-/') = 5 (0.721 - 0.388) = 1.665 grains, ^™^of
being the rate of evaporation per minute from a circular poration desurface of water six inches diameter and one inch deep, temined.
under the circumstances stated.
(493.) This may be regarded as an example of the
direct use of one of the formula?, but they may be all
applied to other useful purposes. If we wish to deter
mine the actual tension of the vapour really contained in
the atmosphere at the time of observation, and we know
by some previous experiment the rate of evaporation,
and supposing, moreover, a high wind to prevail, we
shall have
E" = 6
and from which may be deduced
E"
f =f~ "g-<
and which will therefore give a measure for the actual Example of
humidity of the air under the given circumstances of /the actual
and E". If we suppose the first of these elements to be ^™?UJ of
0.524 inches, and the second 0.324 grains, the tempera- teremaj"ed°"
ture, as the value of /indicates, being 60°, we shall by aid of
obtain from the particular formula we have selected
the rate of
0 312
fTap0ra'
f = 0.524 - —- = 0.524 - 0.052 =r 0.472 inches, tloa'
6
and which may be regarded as an exact and simple
means of determining the value of/1.
(494.) We might also discover the whole amount of whole
humidity corresponding to the term of saturation for the tension of
observed temperature, by previously obtaining the values vapour if
ofE and/r but no real advantage would result from ncciissaryit, as we are already in possession of a better method of
determining it, and even by a formula which will giv_*
us its value at any temperature.
(495.) The rate of evaporation is also influenced by
0f evathe density of the air, increasing as that density lessens, poration inand exhibiting its greatest degree of power in a va- fluenced by
cuum. Mr. Daniell, in an ingenious course of cxperiments, has traced the relation between the increase of
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the evaporating power and the diminution of the atmospheric pressure. For this purpose he enclosed in a
glass receiver, upon the plate of an air-pump, a vessel
wjtn sulphuric Acid, and another with water, and by
ProPerly adjusting the surfaces of the two, was enabled
to maintain, in the included atmosphere of permanently
elastic fluid, an atmosphere of vapour of any required
force ; or, in the popular mode of expressing the same
fact, the air could be kept to any degree of dryness.
The density of the air also in such an arrangement
could be varied and measured at pleasure. There
are three methods of estimating the progress of evapo
ration in such an atmosphere; the first and most direct
is, to find the loss of weight sustained by the water in a
given time ; the second, to measure by a thermometer,
the depression of temperature of the evaporating sur
face ; and the third to ascertain the Dew point, by means
of the hygrometer.
(496.) The receiver which Mr. Daniell made use of
in his first experiment was of large capacity and fitted
with one of his Hygrometers. A flat dish of 7\ inches
diameter was placed under it, the bottom of which was
covered with strong sulphuric Acid. The glass bell but
just passed over it, so that the base of the included
column of air rested everywhere upon the acid. In the
centre of the dish was a stand with glass feet, support
ing a light glass vessel of 2.7 inches diameter, and 1.3
inches depth. Water to the height of an inch was
poured into the latter, the surface of which stood just
three inches above that of the acid. A very delicate
thermometer rested in the water upon the bottom of the
glass, and another was suspended in the air. The
sides of the vessel were perpendicular to its bottom,
which was perfectly flat. The height of the barometer
was 29.6, and the temperature of the water 56°. In
twenty minutes from the beginning of the experiment,
the Hygrometer was examined, and no deposition of
moisture was found at 26°.
(497.) This being the greatest degree of cold which
could be conveniently produced by the affusion of ether,
Mr. Daniell repeated the experiment with a contrivance
which admitted the application of a mixture of pounded
ice and muriate of lime to the exterior ball of the Hy
grometer. In this manner the interior ball was cooled
to 0°, without the appearance of any dew. The tem
perature of the air and water in this instance was 58°,
and the atmospheric pressure 30.5.
(498.) From this experiment, therefore, it appears,
that in the arrangement above described, the surface of
water was not adequate to maintain an atmosphere of
the small elasticity of .068 inches. In what degree it
was less than this, or whether steam of any weaker
degree of elasticity existed, the experiment of course did
not determine. We may reckon, however, without any
danger of error, that the sulphuric Acid, under these cir
cumstances, maintained the air in a state of almost
complete dryness.
(499.) In a second experiment, the same trial was
made with atmospheres variously rarefied. > No deposi
tion of moisture was in any case perceived, with the
utmost depression of temperature it was possible to pro
duce ; and the state of dryness was as great in the most
highly attenuated air, as in the most dense. In the
higher degrees of rarefaction, however, the water became
frozen.
(500.) In a third experiment, the water which had
teen previously exposed to the vacuum of the pump to

free it from air, was weighed in a very sensible balance,
before it was exposed to the action of the sulphuric
Acid under the receiver. Its temperature in this situa
tion was 45°, and the height of the barometer 30.4. In
half an hour it was again weighed, and the loss by eva
poration found to be 1.24 grains.* It was replaced,
and the air rarefied till the gauge stood at 15.2; after
the same interval of time the loss was found to be 2.72,
but the temperature was reduced to 43°. The loss from
evaporation, in equal intervals, with a pressure con
stantly diminishing one half, was found to be as
follows :
Table CIV.
Results.
Temperature.
Evaporation
in Grains.

Treasure.
Beginning.

End.

45°
45
45
45
45
44
45

45°
43
43
43
41
37
31

30.4
15.2
7.6
3.8
1.9
0.95
0.47

1.24
2.87
5.49
8.80
14.60
24.16
39.40

When the exhaustion was pushed to the utmost, the
gauge stood at 0.07, and the evaporation in the half
hour amounted to 87.22 grains. During this last
experiment, the water was frozen in about eight minutes,
while the thermometer under the ice denoted a temperature of 37°.
(501.) These results require, however, some correc- Correctio
tions for the variations of temperature which took place 0f th«* r
during their progress. The rate ef evaporation having suits fur
been proved proportional to the elasticity of vapour, we variatumi
must estimate the latter from the mean of the temper- J^*™1*
atures before and after the experiments, and calculate
the amount for some fixed temperature accordingly.
This will aiford us a close approximation to the truth,
although from the last experiment we may perceive
that the method of estimating the temperature of the
surface cannot be absolutely correct. The next Table
presents us with the former results corrected for the
temperature of 45°.

Pressure.
30.4
15.2
7.6
3.8
1.9
0.95
0.47
0.07

Table CV.
Evaporation in Grains.
1.24
2.97
5.68
9.12
15.92
29.33
50.74
112.32

* It will be remarked by referring to our Table CHI. that Mr.
Dalton found the full evaporating force of water at the temperature
of 4S°, to be 1.26 grains per minute, from a vessel of six inches.

METEOROLOGY.
Notwithstanding the slight irregularity of the above
♦HSJ- series, there can be no risk in drawing from it the con' elusion, that the rate of evaporation is, cteteris paribus,
^n£ia- inversely proportional to the elasticity of the incumbent
icT.^tjpro- a'r- This increased evaporation with a diminished den[vr uoilto sity of the air, will account for the high state of satura«fc«'«jor tion in which the air of mountainous Countries is geneauobtnt rally found.
Ij&^tf (502.) Mr. Daniell likewise endeavoured to discover
wTjtm if the elasticity of the vapour as it rose from water,
reaefeon- varied in any degree with the pressure of the air, or
whether any portion of the increased evaporation de' pended upon that variation. To determine this he
placed the sulphuric Acid in a glass having nearly the
same surface as the water, the two being arranged side
by side, upon the plate of the air-pump, and covered
with the receiver. By many successive experiments it
was found, that the elasticity of vapour given off by
water having a constant temperature, was not influenced
by differences of atmospheric pressure.
(503.) It is also a point worth inquiring in what
teapratore degree the temperature of an evaporating surface is intienfo- fiuenced by differences in the density of the air. To
J^f" estimate this, Mr. Daniell attached a very delicate meriexolif curial thermometer to a brass wire sliding through a
ea^utt collar of leathers in a ground brass plate. This was
to^T- fixed, air tight, upon the top of a large glass receiver,
which covered a surface of sulphuric Acid of nearly equal
dimensions with its base. Upon a tripod of glass, stand
ing in the Acid, was placed a vessel containing a little
water, into which the thermometer could be dipped
and withdrawn by means of the sliding wire, the bulb
of the instrument being covered with filtering paper.
At the commencement of the experiment, the barometer
stood at 30.2 inches, the temperature of the air being
50°. On withdrawing the thermometer from the
water it began rapidly to fall, and in a few minutes
reached its maximum of depression. The following
Table contains the results, the intervals of observation
being twenty minutes each.
Table CVI.<

Barometer.
30.2
15.1
7.5
3.7
1.8
0.9
0.4

Tempera- Temperature
tore of
of the Wet Difference.
the Air. Thermometer.
50°
49
49
49.5
49.5
49
49

41° •
37
34
31.5
28.5
24.5
23

9°
12
15
18
21
24.5
26

(504.) Here then in an atmosphere, proved to be in a
state of almost complete dryness, we find that at the full
atmospheric pressure, the wet surface of the thermo
meter was reduced 9°. It is worthy of observation how
small a quantity of water is necessary to produce this
cfRct. We have before seen that a surface of 2.7 inches
diameter, lost only 1.24 grains in half an hour, and
which would only have amounted to 1.41 grains, had
vol. v.
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the temperature been 49°. The surface of the wet ther
mometer, Mr. Daniell remarks, could not have exceeded
one-fiftieth of that of the evaporating vessel, and the
maximum effect was produced in ten minutes, or onethird of the time, so that the weight of water evaporated
in this case was not more than (.0094 grains) one-hun
dredth of a grain. It will be seen that the depression
increased with the rarefaction of the air, but at a much
slower rate. This increase is to be attributed, however,
not to the increased rate of evaporation, but to the dimi
nished heating power of the air. MM. Du Long and
Petit, in their experiments upon the cooling power of
air, determined it to be nearly as the square root of the
elasticity ; but whether the heat which it is capable of
communicating to a cold body, follows the same progres
sion, the experiments which we have here recorded, are
not sufficient to determine. We may, however, con
clude with certainty from them, that the temperature of
an evaporating surface is not affected by the mere quan
tity of evaporation.
,
(505.) The only series of horary rates we are ac- Dr. Bosquainted with are those of Dr. Bostock contained in the tock'n honext Table, and are the averages of 149 experiments of evapo'
performed during single hours on different days.
Table CVII.

Monthi.
January
February. . .

Rate or Eva
poration in
Grain* per hour.
0.287
0.400
0.393

April
0.897
0.930

Months.

August ....
September . .
October ....
November . .
December . .

Rate of Eva
poration in
Grains per hour.
0.983
0.932
0.555
0.346
0.369
0.392

The whole of Dr. Bostock's experiments embraced the
result of 1188 hours, the mean evaporation being 0.501
grains per hour from a vessel of two inches diameter.
Of these, 912 referred to the Winter, giving an average Deduction*
of 0.43 grains per hour, and 246 for the Summer, afford- from them,
ing a mean of 0.77 grains per hour. The maximum
evaporation in an hour amounted to 1.75 gittins, and
occurred on the 4th of August. The minimum evapo
ration was found on the 12th of November, when no
loss of weight could be traced. The greatest Winter
evaporation was found on the 28th of November,
amounting to 1.08 grains, and the least Summer evapo
ration on the 5th of August, the very day succeed
ing the maximum evaporation ;— another example of
the sudden and apparently capricious change of the
atmosphere. Of the horary observations which relate Horary obto the wind; Dr. Bostock observes, that the average of starvations
fourteen Winter observations, with the wind in a South or relating to
West point, gave 0.346 grains per hour. Of the same <he wmdnumberof Summer observations, with the wind blowing
between the same points, 0.882 grains. Of fourteen
Winter observations, with the wind in a North or East
point, 0.546 grains per hour; and of the same number
of Summer observations, with the wind from the same
points, 1.03 grains per hour.
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(506.) To discover in what way the rate of evaporaMeteor,
ology. tion was affected by the height of the mercurial column,
the barometric scale from 29.20 to 30.20 was divided
How evapo into ten equal parts, and the same number of observa
ration is in tions being made under each division, gave the follow
fluenced by
height of ing horary rates of evaporation.
mercurial
Table CVIII.
af
Height of the B«rometer.
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30.1
30.2

Rate of Evaporation per hour
in Grains from a Vessel of
two inches diameter.
0.381
0.451
0.436
0.386
0.760
0.750
0.510
0.545
0.565
0.471

weather commonly attendant on a low barometer is un- Meter*
favourable to evaporation ; and that when the barometer ology.
is high, the atmosphere may be supposed to be more s*v~
nearly saturated with moisture, and therefore less dis
posed to receive any additional quantity.
Horary ol
(507.) Of the horary observations made with respect wations
to the temperature of evaporation, Dr. Bostock has
given the results in
Table CIX.

Below
From
From
From
Above

Temperature.

Rate of Evaporation per hour
Id Graire from a Ve»»el
two inches diameter.

40°
40° to 50°
50° to 60°
60° to 70°
70°

0.470
0 . 352
0.450
0.878
1.000

The apparent anomaly in the results for the temper
ature below 40° may be explained on the principle that
the greatest degrees of cold are generally accompanied
by North or East winds, which in other respects are the
High and It would seem from these experiments, though any de most favourable to evaporation.
low baro duction from them, from their limited nature, must be
(508.) Of the monthly observations which have been Monthly
meter less received with caution, that either a very low or a very made to show the progressive rates of evaporation, we observatio
favourable
for Liver
for evapo high barometer is less favourable to evaporation than have those of Dr. Dobson, Mr. Dalton, Mr. Howard, pool,
Kin
an intermediate state ; a result, however, which is in and Mr. Daniell, which are contained in the several dal. Tot
ration.
some degree favoured by the fact, that the damp or wet columns of the following Table.
tenham,
and Lou
don.
Table CX.

Months.

May

September ....
November ....

tva"oration
follows"1 lon
nearly the
mean temperature.

Mr: Dalton's
Dr. Dobson's Mean Mean
Evapora
Evaporation for
for 3 yean
4 years in inches. intioninches.
Dia
Diameter
meter of Evapo
of Evaporating
rating
Vessel
10
Vessel 12 inches.
Locality
Locality Liverpool. Inches.Kendal.
1.50 in.
1.77
2.64
3.30
4.34
4.41
5.11
5.01
3.18
2.51
1.51
1.49

Mr. Howard*s
Mean Evaporation
for8f year*
in inches.
Diameter of Eva
porating Vessel 5
inches. Locality
Tottenham.*

1.008 in.
0.528
0.623
1.485
2.684
2.184
4.095
3.386
2.954
2.672
2.055
1.484

0.832 in.
1.643
2.234
2.726
3.896
3.507
4.111
3.962
3.068
2.208
1.168
1.112

Monthly Mean
Temperatures.

36°.34
89.60
42.01
47.61
55.40
59.36
62.97
€2.90
57.70
50.79
42.40
38.71

Mr. Daniell-s
Mean of 3 years
in inches. Dia
meter of Evapo
rating Vessel
6 inches.
Locality London.
0.413 in.
0.733
1.488
2.290
3.286
3.760
3.293
3.327
2.620
1.488
0.770
0.516

M-.intr.ly Mean
Temperatures.

36°. 1
38.0
43.9
49.9
54.0
58.7
61.0
61.6
47.8
48.9
42.9
39.3

again restored by a renewal of heat. The frosts of
Spring and of the latter months of the year also
retard it.
(510.) The following Table exhibits the average Results
elasticity of vapour in the atmosphere of Glasgow, and GU»sg«M
the rate ot evaporation for several months of the years
* In Mr. Howard's results, the evaporating gauge was at different 1923, 1824, obtained by Dr. Hugh Colquhoun. We
wish such observations could be extended.
heights from the ground.
(509
In of
tne9e
monthly follows
results in
ii amay
be perceived
that
the)rate
evaporation
general,
but not
uniform manner, the course of the mean temperature,
In some years the evaporation receives a check in the
Spring, from depressed temperature, but its energy is

METEOROLOGY.
Table CXI.
Year and Month.

Elasticity of
Vapour in the
Atmosphere.

Rate of
Evaporation.

0.3113
0.2937
0.3077
0.3766
0.3596
0.3126
0.3020
0.2431
0.2531
0.2314

0.1454
0.2746
0.2249
0.2143
0.1666
0.0782
0.0598
0.0253
0.0568
0.0720

(511.) According to Mr. Howard, the evaporation for
the four seasons at Tottenham, with the corresponding
i temperatures, are as follows :
Table CXII.
•is fa the

Seasons.

*m
Summer

oh el
I lor Leaden,

Evaporation
in Inches.

Mean
Temperatare.

8.856
11.580
6.444
3.587

48°.06
60.80
49.13
37.20

It will be seen from these results, that the rates of
evaporation are not proportional to their corresponding
mean temperatures ; the Spring and Summer being in
excess, and the Autumn and Winter in defect, arising
from the comparative dryness of the air in the former
seasons, and its dampness in the latter. It must be
borne in mind, however, that Howard's gaupre was not
always at a constant height above the ground.
(512.) The following Table contains a few results of
the annual rates of evaporation.

Table CXIII.
London
23.974 inches.
Tottenham
30.467
Liverpool
36.770
Kendal
25.158
Glasgow
32.413
Dr. Thomson is disposed to take 32 inches as the
mean annual evaporation for Great Britain. He con
siders it to be less than this in a great part of Scotland,
and a portion of England ; but that it exceeds it con
siderably in the South-East of England, and probably
also in East Lothian and Berwickshire.
(513.) But few observations have been made on the
rate of evaporation from the actual surface of the Earth.
Dr. Hales calculated that moist earth threw off only Cl
inches annually, but this calculation must be far below
2
Lbe truth. Dr. Watson, Bishop of Llandaff, found in a
r^2T'tBj dry season that there evaporated from a grass-plot
Stjk.
closely mowed, about 1600 gallons in an acre per day.
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In the years 1796, 1797, and 1798, Mr. Dalton and Meteor
Mr. Hoyle undertook an investigation of the subject. ology.
They prepared a cylindrical vessel of tinned iron, ten
incites in diameter, and three feet deep. Two pipes
were inserted into it and turned downwards, for the
water to run off from it into bottles. One of the pipes
was near the bottom of the vessel, the other was an inch
from the top. This vessel was filled up for a few
inches with gravel and sand, and the rest with good
fresh soil. It was then put into a hole of the ground,
and the space around filled up with earth, excepting
on one side, for the convenience of attaching bottles to
the two pipes. The earth was then moistened w ith
water. For the first year the soil was bare on the
top, but during the two succeeding years it was covered
with grass. A regular register was then kept of the
quantity of water that ran off from the surface of the
earth by the upper pipe, and also of the quantity which
descended through the column of earth and passed
through the lower pipe. A rain-gauge of the same
diameter was planted close to the apparatus to find the
quantity of rain. The mean result of three years gave
25.15S inches, to which five inches for dew being added,
gave for the mean annual evaporation from earth at
Manchester 30.158 inches. Mr. Leslie estimates the Leslie.
daily exhalations from a sheltered spot in Winter at
0.018 inches, and in Summer 0.048 inches; but this will
only afford 12 inches at a mean rate m the year; and is
evidently below the truth. As far as our knowledge at
present goes, it appears that the evaporation from water
is the greatest, from the grassy surface of the earth,
probably, next, and from bare earth the least.
(514.) Connected with this subject Mr. Dalton under Daltou's
took some experiments to determine the quantity of experiments
water in a given depth of earth, when the soil is at the on the
point of saturation. For this purpose he took a quan quantify
of water in
tity of garden soil that had been soaked with rain a day a given
before, and pressed it into a crucible. It was then ex depth of
posed to a moderate heat till it appeared of the same earth.
moisture as garden soil two inches deep in dry summer
weather. Afterwards it was exposed to almost a red heat
till it became a perfectly dry powder. In the former case it
lost one-twelfth of its weight, and in the latter one-third.
When it had lost one-sixth, it did not appear too dry to
support vegetation. When it had lost two-ninths, it
seemed like the top soil in summer. Hence Mr. Dalton
concludes, that every foot of earth in depth so saturated,
contains seven inches of water, and that it may part
with one-quarter, or even one-half of it, and not be too
dry for supporting vegetation.
(515.) Experiments on the evaporation of snow are Evapora
by no means numerous, and the Philosophers of North tion of
ern Countries would perform an acceptable service by snow.
attending in some degree to it. It is carried on in
some conditions of the atmosphere with great rapidity
and power. Howard mentions a case wherein the
vapour arising from a circular area of snow of five
inches diameter, amounted to 150 grains from sunset to
sunrise in January, and 50 grains more by the following
evening, the gauge being exposed to a smart breeze on
the housetop. An acre of snow, under such circum
stances, would hence evaporate, in the course of twentyfour hours, the enormous quantity of nearly 64,000,000
grains of moisture. Taking only the portion evaporated
during the night, a thousand gallons of water were raised
from the surface referred to. We may hence see why a
moderate fall of snow sometimes entirely disappears
p2

10S

METEOROLOGY.

during a succeeding Northerly gale, without the least
sign of liquefaction from the surface. It is worthy of
observation, also, that in deeper snows, the surface some
times becomes curiously grooved and channelled by the
wind acting unequally on it and thus promoting un
equally the evaporating power. This phenomenon is
best observed around the trunks of trees and near the
interstices of palings, or wherever a stream of air
acquires an increased force in a particular direction.
Wilson found-snow to evaporate at 27°.
(516.) Of experiments made on the evaporation of
Evapora
tion of ice. ice the principal are those of Mr. Dalton. A given quan
tity of water was allowed to freeze in a tin vessel of six
inches diameter. The vessel and ice were then weighed
together, and exposed in the open air for a certain time,
and the loss of weight found. The following are his
results.
Table CXIV.
Meteor
ology.

Rate of
KvapoLois by
Evapo
In
Time of Obsenratioa. ration hoars ration
per
ingrains.
minute
ingrains.
Nov. 5, at Night 110 9
0.20
5, at 10 A.M. 25
H 0.33
0.23
29, at 1 P.M. 24
0.15
P.M. 84
30, at Night 94 9 0.17
Dec. 19,
P.M. 75 8 0.16
11 0.05
At Night 33
20,
A.M. 21 2 0.175

Wind.

Temper
ature of
Air.

N.K. brisk. 28° to 31°
N.E. mod.
32
Cairn.
31
30
N.E. mod.
31
NE. calm 26 to 28
Calm.
29
W. mod.
31

According to M. Schuebler the evaporation from ice
sometimes exceeds that of water. In the early part of
January he found it to be twice as great as from an
equal surface of water in the middle of February, during
mild, cloudy weather. Gay Lussac has proved the eva
poration of ice to go on at two degrees below the zero
of Fahrenheit's scale. The great beds of ice in the
Of Polar Polar regions must therefore exert a considerable in
Regions. fluence on the humidity of the atmosphere ; and the
OfGlacierB. process of evaporation wastes also the glaciers of the
Alps, and even the Mer de Glace must feel the influence
of its power.
(517.) It has been remarked, that evaporation is not
Evapora
tion not
always suspended during rain. Howard has proved
always sus this by direct experiment. Its rate, however, is usually
pended in much less on those days in which rain falls, and it is
rain.
liable to a rapid increase immediately after. Howard,
Less on
those days also, found, that an excess in the rate of evaporation is
iu which sometimes found to precede rain.
rain falls.
(518.) Evaporation must be suspended when dew
Suspended
during form begins to form, as it would be absurd to suppose the
air can both give and receive moisture at the same
ation of
moment, when in immediate contact with the evapo
dew.
rating surface.
Affected by (5t9.) The calm which often attends a change of
calm pre wind very sensibly lowers the rate of evaporation. The
ceding
rate also diminishes on the passing off of a wind which
change of has blown steadily for some days.
wind.
Checked by (520.) Sometimes evaporation is checked by a cur
current of rent of air highly charged with moisture passing over
moist air, the spot on which the observation is made, even though
no rain be the result.

(521.) The most intense cold, yet observed, is insuf- Meteor,
ficient of itself to prevent the formation of vapour.
«logy.
(522.) The greatest evaporation ever observed by """""v—
Howard, in a single day, occurred on the 17th of May, Greatest
1809, and amounted to 0.39 inches, with the wind from "b^j ,
South-East, and a mean temperaturfi of 67°.
Howard i
(523.) Attempts have been made to estimate theo- a single
retically the mean daily evaporation, and, among others, by day.
Dr. Young, who assumes it equal to the tabular num- '^]leor<;tic
ber representing the elasticity of the vapour, sometimes *st^^
exceeding and sometimes falling short of it about one- quantity i
fourth. Dr. Anderson, also, in virtue of a hypothesis evaporaui
that the mean point of deposition is six degrees below the
mean temperature, has contrived a formula for the same
purpose, which seems to agree pretty well with observa
tion. By assuming t for the mean temperature, and
f„ 4>, for the elastic forces of vapour corresponding to the
•temperatures t and t, the value of t being t — 6, he
deduces the formula
Anderso
Iformula
E
for the mean annual ev
evaporation ; or the expression
t 1+
447.4 + -0
for the mean daily evaporation, or nearly
e =f, - 0,.
(524.) Suppose, by way of applying this formula, we
assume the mean temperature of London to be 50°, we
shall then obtain by means of formula (W)
Exampl
t- T
E = 365^/;- 0,^1
447 4 +
50 = 365^0 37345 — 0 30384(1 + 447.1
+ 44))
= 24.05 inches.
And we have before seen, that Mr. Daniell found it from Remarl
actual observation to be 23.974 inches, which is cer- a.l>le co
tainly a remarkable coincidence.
cidenc*
(525.) As a more convenient approximation he fur
ther transforms his formula into
■ = »»(>!-£*-.)
for the mean annual evaporation, or
■-(*-8*0
for the mean daily evaporation.
We may hence calculate approximatively the mean
annual evaporation for each geographical parallel.
Such formula?, however, in the present condition of our
knowledge, must be strictly received as approximations,
and as such they are to be very highly valued.
(526.) We conclude this interesting subject with the Equa
observation, that equality of temperature alone in two *er»i«
different years is not sufficient to allow us to infer that 1,1
'
ft-ren
the rates of evaporation in those years are the same. not s
With the same average temperature through all the dent
months of the year, the different velocities of the air xnaJu
will at once introduce diversities of a very considerable of ev
kind. Indeed, if equality of temperature alone could
determine the rate of evaporation, we might then sup
pose the equal temperatures found in the Spring and
Autumnal months, would afford equal degrees of
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evaporation, but this we know not to be the case.
olucy. Howard gives an example in point for March and
October 1807, when the temperature of each month
was just 42°, but the rates of evaporation were respect
ively 2.66 and 1.86, the difference being occasioned by
the increased humidity of the air in the Autumnal
months retarding the evaporating power.
Bain.
(527.) The humidity so constantly afforded to the
air by the process of evaporation, is returned again to the
Earth, principally by the agency of Rain. A variety of
theories have been proposed to account for the formation
of Rain, for the phenomena disclosed in its descent, and
for the many diversities which it presents in the different
climates of the Earth ; but none seemed to account
for it on principles at once simple, satisfactory, and
general, before that advanced by Dr. Hutton of Edin
burgh. In this theory, Rain was supposed to result
from the mingling together of great beds of air of un
equal temperatures, differently stored with moisture,
and the opinion has been adopted by Dalton, Leslie,
and other distinguished men.
(528.) We have before seen that a volume of air of a
given temperature, can be charged with only a limited
trHi»fli. portion of humidity, and that so long as the tempera
ture remains unchanged, the moisture cannot be aug
mented. We also know, that air in the act of cooling,
approaches to a state of saturation, and is disposed to
part with some of its humidity ; and on the contrary,
that when heat is gained at any time by it, the power of
receiving more moisture is at the same time obtained.
We moreover know, that while the union of two vo
lumes of unequal temperature must chill the one and
warm the other, the former will resign some of its
moisture, and the latter be disposed to receive it ; and
had the order of Nature permitted these opposite con
ditions of humidity and temperature to be precisely
balanced, the united volume might have preserved its
moisture unchanged, and no portion of the vapour what
Tapes- ever have been rendered visible. We have seen, how
ever, that while the temperature slowly mounts by uni
form arithmetical degrees, the moisture necessary for
' . iiJLS saturation ascends in a more rapid geometrical form ;
and that though two saturated volumes of unequal tem
peratures, may by their union afford a mean degree of
Ctm- heat, a mean degree of moisture cannot result, but some
quantity will be found in excess, beyond what the mean
temperature requires. This quantity, sometimes more
and sometimes less, according to the temperatures of the
mingling volumes, must be discharged in the shape of
Rain ; for the moisture which the air cannot support,
ought of necessity to descend.
tepfcal
(E>29.) A mode of illustrating this subject graphically
S: tntan was devised by Hutton, as follows. Let the abscisses
G'HbC<)o'(
A B, A B', fig. 7, denote the temperatures of two equal
portions of air, and the ordinates B C, B' C, the quanti
ties of humidity belonging to them, the curve C F C
passing through the extremities of the ordinates, being
convex to the axis A B'. If now the extremities C C
be joined, and B B' be bisected in D, the perpendicular
DE will denote the mean arithmetical measure of the
moisture contained in the mingled volumes, and D F
the actual quantity which the temperature A D can sup
port in entire saturation, leaving E F for the measure of
the moisture precipitated by the union.
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(530.) A numerical example or two, may, however, Meteormore clearly explain this simple but interesting princi- ologypie. Let it be required to mingle two volumes of air ^-^vof the temperatures of 40° and 60°, each being saturated Numerical
with humidity. The force of vapour at these tempera- examP estures are known to be respectively 0.263 and 0.524
inches of the mercurial column. The compound mix
ture will evidently have a mean temperature of 50°, and
the mean of the elastic forces is at the same time 0.393
inches of the same column. But if we now inquire
whether air at the temperature of 50°, requires an elastic
force of this last-mentioned magnitude to saturate it
entirely with vapour, we shall find that it does not ; and
that at the mean temperature here referred to, the mea
sure of entire saturation is really 0.375 inches of quick
silver. The difference of the two columns, or 0.018 Measure of
inches of mercury, is hence the amount of moisture that moisture
must ,be precipitated in some way or other from the £j*jP1"
compound i—
(531.) To prove, moreover, that this precipitation Precipitacannot be constant for equal differences of temperature, tion not
let us further take the example of the temperatures 60° constant for
and 80°. In this case we shall find the elastic forces to equal „,
be 0.524 and 1.000 ; and that at the mean temperature temperaof 70°, the force of vapour is 0.721 inches. But the ture.
mean of the two elastic forces is 0.762, thereby proving
that a quantity of vapour corresponding to 0.041 inches
of the mercurial column, must be discharged the mo
ment the aerial volumes are united.
(532.) An objection may, however, be started, that Objection
the quantity of moisture which can at any time be dis- to the
charged by such an union of masses of air, is by far too iheorysmall to account for the actual precipitations of humidity
which take place ; and the example of the mean temper
ature of the lowest atmospheric stratum may be referred
to as a proof, that were it to discharge, as Leslie ex
presses it, by some internal change of its constitution,
its whole store of moisture, not more than five inches of
water would be deposited ; and that the atmosphere
must therefore deposit five or ten times as much humi
dity in the course of a year, as it can at any one time
hold in solution. But it should not be forgotten, that Answered,
since only a very minute portion of the vapour contained
in any of the atmospheric columns is at any time sepa
rated from the air, precipitation and evaporation must
rapidly succeed each other, and that hence moisture is
in some degree restored, as soon as it is discharged. In
addition to this it should be also borne in mind, that in
the currents which exist at all times in the air, and which
bring into union volumes of very different temperatures,
we are by no means to calculate on the discharge of
one atmospheric column alone. The atoms of air which
have discharged their watery store over a given spot,
pass on, and are succeeded by others resulting from
another union, thus adding the humidity which they are
capable of discharging, to the Rain which has before
descended.
(533.) The order of Nature, however, requires, that Kainshould
Rain should not always result from the mingling together not always
ofopposite currents, and the theory before us amply con- J^J|,f™™j
firms it. Two volumes of the temperatures of 50° and atmos|iheric
60° may be blended, one of which contains vapour currents,
denoted by 0.2 inches of mercury, and the other by 0.3, Examples,
the mean being 0.25 ; whereas the quantity necessary
for entire saturation, at the mean temperature of 55°, is
0.443. In such a case it is obvious no precipitation can
take place. One volume, again, may have a temper-
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Meteor- ature of 52°, and be in a state of entire saturation, its
ol°gy- elastic force being 0.401 ; but the volume to be united
to it, with a temperature of 70°, containing moisture
equivalent only to 0.599. The mean amount of mois
ture will therefore be 0.495, whereas the humidity neces
sary to produce saturation, at the mean temperature of
61°, is 0.542, so that no precipitation can take place.
Some preci- But in cases where the mingling volumes are both enpitation
tirely saturated, however small may be the difference of
must take their temperatures, some condensation dependent on
eveTsmaH that difference must take Place- 11 is evident> indeed,
may■be the tnat combinations of this kind may be endless, the
difference absence of precipitation, as well as the amount of it when
of temper it takes place, depending on circumstances so varied and
ature.
uncertain, as to afford, on die one hand, a shower so
Such com
binations gentle as hardly to bear the designation of Rain, and on
infinitely the other to supply the torrents which occasionally
diversified. deluge the Tropics. Not only the existing state of
moisture in the mingling columns must be subject to
innumerable changes, but their different degrees of
heat must be altered also ; the elevation of their mean
temperature too, as well as the extent of combination
which takes place among all the moving volumes, must
impress necessarily on the whole of the phenomena the
greatest diversity. So varied, indeed, are all these
conditions in the great volume of the atmosphere, that
snow may be formed at great elevations, which de
scending into the lower regions of the air, must reach
the ground at length in the shape of Rain. On the
other hand Rain may be sometimes formed in the upper
regions, and become frozen in its descent. Precipita
tion may also be actually going on above, without any
indications of Rain below, the moisture entirely dis
appearing by the increased warmth of the lower strata.
Inquiryinto (534.) The great test, however, of a theory is its conUj^ ^"tn °^ formity to Nature, the capability it has of accounting
^' for the diversified conditions which appear to attend on
the phenomenon of Rain,—its generality,—the regularity
which appears to characterise it in one region, and its
great uncertainty in others ; and, moreover, the excep
tions which sometimes appear to take place to its
descent altogether.
This theory (535.) We may, in the first place, remark, that it
will account ^jj account for the generality of Rain. The only conneralit ^of d't'ons' as we nave before seen, necessary for the forma
tion of Rain, are those of unequal temperature and
Rain,
humidity, both of which must exist in every possible
degree on a surface so exceedingly diversified as the
Earth's. We have before remarked, in tracing the phe
nomena of vapour, how very variable is its distribution,
from the unequal surfaces of land and water which pre
vail, the mountains, woods, and deserts, which by modi
fying the temperature, tend to produce a greater or less
saturation of the atmospheric columns ; and as we shall
hereafter see, the great effects of variable winds in trans
porting this humidity in every direction, and by num
berless currents in every locality and at every altitude,
blending together the vapour raised in different climes,
and thus producing, according to the theory that has
been advanced, sufficient causes for precipitations of rain
more or less abundant in every zone. Over all the
globe, therefore, Rain should occasionally happen, and
with greater diversity as the disturbing forces are more
considerable. In places situated near land and water
unequally distributed, and where the atmospheric strata
are much broken and interrupted, either by their contact
with the irregular masses rising from the ground, or by

the unequal temperatures which separate the different
waters of the Globe, variable Rains should be most abun
dant.
(536.) Again, in those regions of the Earth in which
the movements of the atmosphere are more uniform, we
may naturally look for a greater uniformity in the de
scent of Rain. The great atmospheric currents produced
by the trade-winds, must in some region or other pro
duce a mixture of different portions of the fluid mass,
and if Rain be the result, we must conclude that the
mingled masses of air have been sufficiently saturated
with moisture, and of different temperatures. This we Periodical
know to be the case, there being periodical descents of descents o
Rain which harmonize with the causes here assigned to Itainthem.
(537.) According to the theory also under considera
tion, the Islands situated under the line in the Indian
Ocean, should form to themselves conditions of periodi
cal condensation, corresponding to the diurnal influence
of the Sun, and the nocturnal motions which take place
in the air. And this is observed to be the case. The
sea and land breezes which every day occur, by the
blending together of opposite currents, occasion, in con
ditions favourable to the condensation of vapour, either
always, or at particular seasons, the daily phenomenon
of Rain. These conditions, it is true, are not always to
be found where the periodical currents exist ; but it can
not be unreasonable to suppose that a sufficient supply
of aqueous vapour exists in those regions in the air, nor
that in the great system of diurnal currents, there may
not be some portions mingled together of unequal tem
peratures.
(538.) In like manner, Dr. Hutton accounts for the
periodical rains which occur upon the different coasts of
the Peninsula of India. In the great range of the tro
pical regions of Africa and Asia, the rivers indicate that it
rains in the Summer solstice, and that fair weather results
from the removal of the heating cause. The air elevated
by the intense power of the solar heat, has its place sup
plied by that which has been transported from the neigh*
bouring seas. But arrived here upon a heated continent,
this humid air must be elevated into the higher regions
of the atmosphere, and either be transported from thence
towards the Poles, there to be gradually condensed as
the depression of temperature goes on, or it must fall
again in rain on the surface from which it was raised.
On the first supposition, no Rain should be found to
take place in these regions in the Summer ; and the
rivers, by which we are alone able to judge of the phe
nomenon, should be found in their lowest state after that
season. But, as all authorities concur in stating the
opposite to this to be true, the rivers being then swollen,
it follows that the humid atmosphere which has ad
vanced from the sea, must have its vapour condensed
upon the heated continent at the time of the Summer
solstice. Indeed it is a well-known fact, that the heavy
Rains which fall in India, always take place during the
shifting of the Monsoon, and while they last the winds
are always variable.
(539.) The Summer Sun, however, which proves a
cause of Rain in some regions ofthe Earth, in which neigh
bouring seas affording a great evaporation exist, in other
regions becomes the cause of drought, where the eva
porating power is less, or is supplied from a more dis
tant source. A continent less abundantly supplied with
vapour than the tropical parts of Africa and Asia, when
heated by the full power of the Summer Sun, ought to
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be more disposed to drought than Rain, unless some
transient streams of air, properly charged with moisture,
should reach the place, and, by being blended, occasion
the descent of Rain. Such a phenomenon, however,
could not be regarded as a general season of Rain. On the
decline of Summer, the ah approaches saturation, and
becomes disposed to produce Rain with every mixture
resulting from unequal temperatures. Henee a source
of Autumnal Rains and Winter snows, which may fall
with all the uniformity of tropical Rains, and the effect is
manifested in the regular covering of the Northern con
tinental regions with snow, an event which happens with
so much constancy, that it may be regarded as analogous
lo a periodical Rain.
(540.) We have before remarked, that precipitation
is not at all times the result of the mingling together of
opposite currents, and the Sahara of Africa, the low
coasts of Caraccas, Egypt, and a portion of the coast of
Peru have been instanced as places where it never rains.
According to some authorities, a South-West wind con
stantly prevails at the latter, although, according to
others, it varies between the South-West and South
South-West points of the compass. Now a wind con
stantly uniform, or nearly so, must either produce con
stant precipitation, or no Rain at all ; and since the pre
vailing wind here alluded to, passes from a colder into a
warmer region, and thus becomes more and more re
moved from the term of saturation, it follows that the
constancy of the wind insures the permanence of the
result. But although no Rain falls in the lower regions
ofPeru, the atmospheric currents, as they move on, must
at length reach the lofty summits of the Andes, where
meeting with a diminished temperature they undergo
condensation, and occasion those almost constant precipi
tations with which those mountainous regions abound.
(541.) The rare occurrence of Rain in the constant
trade-winds, may also be regarded as an indirect con
firmation of the theory. The aqueous vapour rising into
the higher atmosphere, and flowing to the North and
South, without accumulation, on account of the steadi
ness of the temperature and the uniform direction in
which the vapour moves, occasions no formation of Rain.
But beyond the boundaries of these winds, precipitations
are very abundant. Not only the vapour becomes sub
ject to a rapidly decreasing temperature, but the variable
winds are constantly bringing atmospheric masses, pos
sessed of the necessary conditions of humidity, into union
with each other.
(542.) That the greater portion ofthe Earth should be
found destitute of Rain, would certainly militate against
the theory we have been anxious to explain ; but that a
few spots, having no diversity of climate, should be found
without it, confirms rather than invalidates it. In such
instances the conditions necessary for the precipitation of
humidity do not exist.
(543.) The theory of Hntton has, however, been in
some degree questioned by Mr. Howard ; but while this
distinguished Meteorologist seems to doubt the possibility
of an intimate mixture of large masses of the atmosphere,
to the extent which the hypothesis of the Scotch Philoso
pher requires, and that in Summer different currents
may be detected, flowing " quietly" over each other,
without any " extraordinary precipitation, or, in some
cases, without any turbidness at all, during several sub
sequent days of fair weather," yet he afterwards admits
as " matter of experience, that the contact and opposition
of different currents, charged with aqueous vapour and
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differing in temperature, is largely concerned in the pro
duction of our vernal andestival Rains." And with re
spect to the absence of precipitations in Summer, under
the circumstances referred to, we are by no means cer
tain that either the conditions of humidity or temper
ature, necessary for the formation of Rain, existed at the
time ; and we have before proved, that not every union
of the atmospheric columns will of necessity produce it.
Mixture, he thinks, may take place to a certain degree
and accelerate precipitation, but he cannot regard it as
" a necessary previous condition." He considers " the
great and universal cause of Rain in our latitudes, to be
the depression of the temperature of vapour alone ;"
whereas, in such an Island as Great Britain,—and we
would by no means be supposed to limit the assertion to
that little spot,—the very seat as it were of variable
winds, and consequently of the motion of masses of air
unequally stored with vapour, and of unequal tempera
tures, the theory of Hutton seems most abundantly con
firmed;—" frequent showers,"* as Howard observes,
' without extreme quantities of Rain falling at one time—
of the country inclining towards moisture."
We may add here, also, what is matter of common noto
riety, that steady dry weather is always accompanied by
some uniform direction of the wind, whereas in rainy
weather the winds are unsteady and variable.
(544.) Amidst the seeming diversities, however,
which characterise the descent of Rain, and which im
press on particular localities, qualities which seem to
set all investigation at nought, we may, nevertheless,
infer from those general inquiries before advanced re
specting the distribution of moisture, that the maximum
descent of Rain ought to be found in the Equatorial
regions, and that apart from all the disturbing causes
which more or less influence its formation and descent,
there ought to be a diminution in its quantity from
those regions to the Poles.
(545.) In a general way we may be said to know tne
mean quantity of moisture existing in the different atmo
spheric columns for all the parallels of latitude ; and
that since the cause of the descent of Rain may be re
solved into temperature only, we might determine its
whole amount at a given place, provided we knew all
the varied circumstances of temperature to which the
atmosphere above it is subject. But the present con* Some places have obtained a particular character for Rain, and
among others Plymouth. The following rhymes are popular in the
West, and though their Author has attributed to each of the great
Cardinal winds, the power of bringing Rain, yet the Philosopher,
hound by more rig d rules than the Poet, will at once recognise in
them a confirmation of the theory of Hutton. At Plymouth, the
winds are very variable, but the prevailing one is South-West for
by far the major part of the year ; and at Penzance, an equally
variable climate, and not a degree and a half to the West, the pre
vailing wind, according to the accurate Tables of Mr. Giddy, the
Curator of the Royal Geological Society of Cornwall, is NorthWest. Here then are two winds, to say nothing of the others,
or of the peculiar configuration of the land, which by their union
must prove constant sources of Rain to the whole of the peninsula
over which they pass. The theory of Hutton, however, does not rest
on a single example. Innumerable instances might, if necessary,
be found.
The South wind always brings wet weather;
The North wind, wet and cold together.
The West wind always brings us Raiu;
The East wind blows it back again.
If the Sun in red should set,
The next day surely will be wet ;
If the Sun should set in grey.
The next will be a Rainy day.

There
ought io be
a diminu
tion of Rain
from the
Equator to
the Poles.

Inquiry
into this di
minution.
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dition of our knowledge will not enable us to estimate
the temperature of the difFerent atmospheric strata on a
given day ; and hence all that we can do, must be to
compute the probable quantity of Rain, on the suppo
sition that some general circumstances of temperature
influence the atmosphere throughout. Under condi
tions like these, precipitations more or less abundant,
according to the mean conditions of vapour existing in
the difFerent atmospheric columns, will be the result.
Relation There must be, moreover, a relation of some kind
between
evaporation between the vapour imparted by evaporation to the air,
and rain in a given time, and the humidity discharged in the
and dew. shape of Rain and dew from it ; but whatever that rela
tion may be, it hardly follows in the troubled volume of
the atmosphere, that it is constant even for the same
latitude. There is a mean evaporation, and the air will
support in a mean state, a given portion of vapour ;
and as we have before remarked, that vapour is always
very much less than the mean result of evaporation
affords. The whole amount of evaporation, therefore,
being some multiple of the vapour contained in the air
at a given time, we may denote the relation by the equation
E = rn 0,
where E denotes the whole amount of evaporation, m
the quantity of moisture contained at one time in a
column of air when entirely saturated, and 0 a func
tion whose value is dependent on the relation which the
element m bears to E.
Anderson's
(546.) By making the function 0 constant for every
mode of latitude, Dr. Anderson supposed that we might approxi
computing
the rain in mate in some degree to the mean amount of Rain in every
every lati latitude, by multiplying the aqueous columns which re
tude.
present the columns of vapour existing in every latitude
by it. In this way he computed the Table he has given
in his able Article on Hygrometry before quoted, and in
which he makes the Equatorial Rain amount to 73
inches, the rain in the parallel of 45° to 29£ inches, and
that at the Pole ll£ inches nearly. These results,
however, as Brewster has remarked, are far from ap
proaching the truth ; and that supposing the formula of
temperature to be corrected on which the computation
is founded, it will even be then further removed from the
truth, as the annual amount of Equatorial Rain would
then only amount to 64J inches, whereas, as we shall
presently see, it is really much greater.
Another
(547.) A formula, contrived with a similar object in
theoretical view, has been also given in the Article Physical Geo
graphy, contained in the Supplement to the Encyclo
pedia Briiannica, in which the author supposes 83
inches to be the amount of the Equatorial Rains, and 8
that of the Polar, the formula thus assuming the shape of
83 (rad. — sin. lat.) + 8
(X) ;
but this will be found to deviate very widely from the
truth within the Tropics.
Humboldt's (548.) Humboldt with more propriety fixes the Rain
results for at the Equator, and in three several latitudes, as in the
reveral
following Table,
Meteor
ology.

Table CXV.
Latitude.
0°
19
45
60

But even here it is doubtful whether the amount of the
tropical Rains is sufficient,* if the results of the next
Table can be relied on.
Table CXVI.
Race.

Aironfit of
Rain in
inchest.

Latitude.

| Mean latitude 1
\ about 11£°N. j
12° N.
Cape Francois ....
19° 46' N.
22° 23' N.
41° 54' N.
England
50° to 55° N.
59° 16' N.
65° 1' N.
Coast of Malabar. .

123.5
126
120
81
39
31
16
13*

(549.) Such anomalies as these may well inspire us Renmi,
with caution respecting theoretical assumptions framed on the pi
independent of observations. The relations of temper- anomalie
ature, which seem to guide other phenomena with accu- On thett
racy within some tolerable limits, here absolutely for- {^yjj^
sake us; arid we cannot, with any propriety, connect either 0f Rain,
the Rain at the same place with its average mean tem
perature, or, passing from one geographical parallel to
another, trace any visible relation between the mean
temperatures of those parallels, and the average pre
cipitations of Rain upon them. If we take the results
of an excellent series of observations made on the
Malabar coast from 1810 to 1823 inclusive, as an
example of the prodigious aberrations which the Rain
undergoes, while the annual temperature oscillates
within very moderate limits, we shall have a striking
instance of the truth of the remark. The annual results
both of the Rain and of the temperature are contained in
the next Table.
Table CXVII.
Date.

Annual Amount of
Bain in inchei.

Annual Mean
Temperature.

1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823

125.90
104.90
102.70
93.85
115.10
133.40
100.00
136.70
169.19
135.47
147.18
98.44
145.60
121.67

80°. 16
80.13
80.50
80.35
78.56

Mean .

123.50

80.4

78.61
79.00
81.00
80.78
80.92
82.25
81.50
82.00

Observe
tions foi
Malabai

,

Mean Annual Depth of Rain.
96 inches.
80
29
17

Doubt if
tropical
Rains are
sufficient.
Another
Table fur
different

* The inhabitants of our temperate climes have a sort of timidity
respecting the amount of tropical Rains. Malte-Brun remarks,
that " the European born to the North of the Alps, is ready to form
a false idea of the character of the zone lying between the fortieth
and twenty- fifth degrees of latitude." With how much greater rea
son might this be said with regard to the whole of the Equatorial
regions.
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Here there are deviations between the results of two region to the North of the Alps, that in that to the
years amounting to more than 75 inches of Rain, at a South. The torrents which burst suddenly from the ^logy^
time when the difference of the mean temperature of the clouds in that part of Europe, recall, says he, the phe
Difference
same years does not amount to a single degree. And nomena of the rainy season in the Tropics. And as a also
in the
so also with deviations from the average mean temper contrast also between our climate and the climates of character of
ature of the whole, not amounting to two degrees of the Equator, and affording an indirect confirmation of its descent.
Fahrenheit's scale, there are differences fiom the average the decrease of Rain with the increase of the latitude,
we may add the remark of Malte-Brun, that while here
result of Raiu exceeding 45 inches.
(550.) As a contrast, however, to these results for the drops of Rain are only a few lines in diameter, in
the Malabar coast, let us take the case of Manchester the torrid zone they reach sometimes almost to an inch.
as recorded by Dalton in the following Table, and we-, (552.) It is not impossible but future observations Probability
rflaiaat shall find that with quite as much uniformity in the may prove that the greatest amount of Rain is not that line of
mean results of temperature, we have a much higher found at the Equator itself; and as the land appears to maximum.
fc
Rain will
l degree of regularity in those of Rain.1 The greatest influence so considerably all the precipitations of mois be found
deviation from the mean temperature amounts ouly to ture, that the line of maximum Rain will be found in North of
2.3, and that of the Rain but to 7.689, just a sixth part some irregular plane to the North of it.
the Equa
(553.) The magnitudes of what may be called the tor.
of that found in the Tropics.
tropical rivers afford additional evidence of an in Relation
between
direct kind, that the amount of Rain is the greatest in tropical
Table CXVIII.
those climes. There must be a relation of some kind rivers and
or other between the annual fall of Rain and the dis great
Mean Results of
Mean
Ve»n.
charge of rivers.* Mr. Dalton, indeed, deduced from amount of
Temperatures.
Rain.
some of his inquiries respecting Rain and evaporation, Raiu.
that in England the Rain and the dew are equivalent Dalton's
35.737
1802
47.4
on,
to the quantity of water carried off by evaporation and remarks
1803
27.472
47.2
and
by the rivers ; and he infers from it, that as Nature acts rivers
29.310
1804
48.2
Rain of
upon general laws, it ought to be regarded as the case England.
1805
27.542
48.0
in every other Country till the contrary is proved. This
33.495
1800
47.5
conditional equation, though deduced from very limited
1807
47.0
experiments, would seem in a high degree probable. It
1808
31.156
47.6
seems reasonable that the quantity of humidity dis
1909
47.3
•• ••
charged on a given surface in the shape of Rain or
1810
47.4
•■••
dew, should in some way or other escape from it, either
37.726
1811
49.3
by evaporation or the discharge of rivers ; and it is
34.000
47.1
1812
worthy of observation, that Nature seems to have made
48.3
33.828
1813
a provision of some sort for it, in the superior discharge
31.340
45.4
1814
of the rivers we have referred to. We know that the
37.506
1815;*
46.2
proportional discharge of these rivers, exceeds those of
1816
40.285
47.2
the temperate regions, and hence confirms the indirect
36.412
1817
48.5
evidence we have adverted to.
34.566
1818
49.7
(554.) In thusendeavouringto connect the fall of Rain The de
with the latitude, it is by no means intended to infer that scent of
33.596
Mean . . . .
47.6
for
the descent is constant through the whole range of the Rain
same pa
same parallel. In the instance of the Malabar observa rallel not
There seems a greater probability, therefore, of arriv tions before alluded to, the average ofwhich is 123 .$ inches, constant.
»«StTrf ing at correct conclusions respecting the phenomena of we can hardly suppose the same extraordinary fall to pre
r^wtcne- Rain in the temperate regions ofthe world, than in those vail throughout the whole of that parallel, in the middle of
of the Tropics. Mr. Howard has remarked with regard the Atlantic or of the Pacific, because the average descent
to the atmosphere of London, that the warm years are
* The discharges of rivers, particularly those belonging to the
uniformly dry, or below the average in Rain, and the
regions, are far, however, from being uniform, nor are the
cold ones uniformly wet, or above the average ; and tropical
superficial extents of their basins by any means constant. In Renthat there is probably in this region of the Earth a close nelKs
Paper on the Ganges and Burrampooter rivers, Phil. Trant,
connection between the mean temperature of many 1781, he remarks, that their courses are continually altering, steep
years, and the Rain at the Earth's surface which attends banks being formed on the sides which have concave forms, and
shelving sides on those which are convex. The outlet of the Jetthem.
linghy river has gradually removed three-quarters of a mile fur
(551.) That the Rain, however, does in some way or ther
down the Ganges; and, according to two surveys, made of
other decrease with the latitude is apparent from the a part of the adjacent bank of the Gauges, at an interval of nine
comparison of what may be termed neighbouring dis years, the breadth of a mile and a half had been washed away.
tricts. In Schow's inquiries concerning the two great A mile in ten or twelve years is, Rennet thinks, the usual rate of en
where the current strikes with the greatest force.
divisions of Europe situated to the North and South of croachment,
Some
of
the
rivers have indeed totally changed their
the Alps, he fixes at 25 inches the mean annual amount courses. The Bengal
Cosa river, equal to the Rhine in magnitude, once
of Rain for the former, and 35 inches for the latter, ran by Purneah, and joined the Ganges opposite Rajemal. Its
although these numbers must not be taken as measures junction is now forty-five miles higher up. Gour, the ancient Capi
of Bengal, once stood on the banks of the Ganges. These are
of the comparative humidities of the two, on account of tal
powers, as Malte-Brun observes, which, set in motion by the hand
the effects of snow being omitted in the former. The the
of Nature herself, and in whose operations ages are accounted as
same excellent authority also adds, that the Rain de moments, produce some of the great changes which have taken
scends more slowly, and with greater uniformity, in the place on the surface of the Globe.
VOL. V.
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of Rain on the sea, is in general less than on the land,
and certainly so in the case we have cited, influenced as
the humidity must be by the surrounding mountains,
Descent of and the woods which more or less cover them. The
Rain on
same principle is moreover confirmed by the well-known
sea less
fact, that the fall of Rain on the sea-coast, is much
than on
land.
more considerable than in places in other respects simi
Fall of
larly circumstanced in the interior. According to some
Rain on
the moisture of the air decreases in a sort of
sea-coast authorities,
more con geometrical series in proportion as it is progressively re
siderable moved from the sea, losing one-third of its moisture in
than in
the first four or five hundred miles, a third of that
interior.
which remains for another interval of the same kind, and
Decrease of so on ; but such a ratio must in a great measure be
moisture conjectural. We have a comparison by the indefatigable
somefrom^ ^otte' ma^e between the sea-coast and the interior,
sea-coast to though not confined to the same parallel, and which unthe interior, questionably demonstrates the fact. Gottingen, Paris,
Compara- and Toulouse, not far from the coast, he remarks, have
tive exam an, average fall of Rain amounting to 21.7 inches;
ples.
whereas at Prague and Buda, situated in the very heart
of Europe, and like the former not much elevated, the
annual deposit is only 15 inches.
(555.) But while in places placed at a considerable
distance from the Ocean, and nearly on the same level
with it, a decrease in the annual amount of Rain is
generally found to exist, an elevation of the land pro
Mountain duces a contrary effect ; and accordingly mountainous
ous Coun Countries are in all cases found more humid than those
tries most comparatively more level. This may, at first, seem
humid.
contrary to what has been advanced in a former part of
the Paper, namely, that the quantity of moisture ac
tually diminishes in some ratio of the ascent ; but from
the peculiar influences which mountains exercise on
the atmosphere surrounding them, the precipitations of
Causes.
moisture and the magnitude of its amount, become much
more frequent and considerable, than can possibly be found
in the lower regions of the air. The great mountain chains
of the globe, indeed, call into activity the real sources of
Rain, in their greatest power. To say nothing of
the unequal circumstances of humidity in the different
strata of the air, the incessant play of the currents gene
rated by the inequalities of the Earth's surface, must incessantly mingle together volumes of unequal tempera
tures, and thus create, in the lapse of time, a greater
amount of Rain than could be produced in the lower
regions of the atmosphere, where more uniform laws
Example of prevail. In our own Country, Keswick and Kendal,
Keswick situated among mountains, have annual amounts of
and Ken- Rain respectively 67.5 inches and 54, while many
places in the interior of the Country, not much raised
above the Ocean, or even on the sea coast itself, have
Contrast of hardly 25. At Puy, situated near the sources of the
Pay and Loire, the average fall of Rain is 29.5 inches, while
Rochelle. 24.5 only fall at the seaport of Rochelle near its mouth ;
—affording an interesting example of a comparatively
small increase of elevation compensating for a great
extent of distance from the sea. The annual fall of
Of Paris, Rain at Paris also, amounts but to 20 inches, whereas
Geneva,
Geneva discloses a mean result of 42.6 inches ; and the
and St.
Bernard. Great St. Bernard,* the highest Meteorological station
Meteor
ology.

in Europe, has an annual fall of no less than 63.13
inches. If we take also the mean result for Toulon, o'ogy.
Marseilles, Aix, Montpellier, Aries, Nismes, Cavaillon, ,%-"v-*<
and Avignon, places situated between the parallels of T,ou,°V
43° and 44° North, and but little raised above the sea, fa^"^
and compare it with a similar mean derued from level of thi
Orange, Viviers, Lyons, Villefranche, Bourg, and Ge- sea, comneva, found between the parallels of 44° and 46° North, ^rei "j*
, same Lyons,
but situated on higher ground, we shall fine the
j;,^Go
truth confirmed, the first mean amounting but to 22.6 raised
inches, and the latter to 34.3 inches. So also in a scries above the
of places to the North of the Alps ; viz. Carlsruhe, Man- »*•
heim, Stuttgard, Wurtzburg, Augsburg, and Regens- Carlsruhe,
burg, the mean amount of Rain is 25.1 inches ; whereas j^"^1'"^'
for Zurich, Bern, Lausanne, Peissenberg, and Tegernsee, o^ne ^
raised much higher above the sea, the annual average is compared
40 inches. If again we descend into the Lombardo- with ZuVcnetian plains, near the Apennines, the mean of eight ^ch> Bl'rn
places gives 29.5 inches ; but in the central plain of jjjjjjj,
Lombardy, the average of seven places is raised to 39 levels,
inches, and at the very bases of the Alps, and in the Lombard
lower valleys, the results of twenty places raise the mean Venetian
to 56.5 inches. In like manner the mean result of plains con
observations West of the Lagodi Guarda is 42.1 inches, J^mf^j'"'lU
but to the East of the same, in the rising country con- ^njn of
nected with the Carnic Alps, the average is increased to Lombard62.6 inches.
and with"
As examples of a single year, where the elevations of places at
the places are known, we may give the following:
1 ' Alps.
the
Heights above
Quantity of Raia
Counti
y
Places.
the Sea.
in a single Year.
West of
Venice
zero
31.8 inches.
Lago di
Guarda
Verona
232 feet.
35.0
compam
Udina
359
64.7
with coun
Tolmezzo
1535
109.2
try of Ca
(556.) But, although more Rain falls in mountain- nic Alps,
ous Countries than in Countries of the plain, it is never- Examples
theless an undoubted fact, that the depth of Rain is a single
greater at the bottom of a mountain than at the top, and f^?1 of
generally, that a greater quantity falls close to the ground, jj,;,,,^"
than at any height above it. Dr. Heberden was the first jjore
to remark this phenomenon, by comparing the results of ^ bottom
two Rain-gauges at different levels about a mile from amounts
each other, the Rain in one of them constantly exceed- than at t
ing the Rain in the other, not only in the average re- Dr. 17aV
suits of a month, but almost every time it rained. Jj™
Desirous of tracing the anomaly to its source, he had ^caw oi
three gauges constructed precisely similar, and one of Rain at ,
them placed on the square part of the roof of Westmin- lower lev
ster Abbey, and at such a distance from the Western His expe
towers as to be but little influenced by them. Another merit wit
was fixed on the top of a house, considerably lower than ibne
the first, and a third on the ground in a garden belonging jffj^nt'
to the house. A year's observations gave the following heights,
results :
a single
Gauge on the roof of the Abbey. ... 12 . 099 inches. Jear"
Ditto on the top of die house
18. 139
Ditto on the ground
22.608
This has since been confirmed in a variety of forms by
many observers. The best series of observations, how
ever, are those of the Observatory of Paris, under the
direction of the able and indefatigable Arago, one of the
rain-gauges being in the court of the Observatory, and

* Meteorological observations on high mountains were first sug
gested by the celebrated Pictet, and their great advantages are
unquestionable. The Monks of St. Bernard have thus a rare oppor at their hands, during the meeting lately held in that lofty region
tunity of adding to our knowledge of the atmosphere. We were for
various Philosophical purposes. M. de la Rive, the successor of
highly gratified to hear of the kind and hospitable reception which Pictet,
has published a very interesting account of it.
the Members of the Society of Natural History of Geneva received
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*!»«- the other on the terrace of that noble building, 28 metres
««°sy- higher. The mean of twelve years gives the following
-«"- -— results for the two positions ; viz.
fjj**™Centimetres.
f!*
For the terrace of the Observatory
50.471
And for the court of the Observatory .... 56 .374
(557.) The law appears to hold good, not only in
the mean results for a series of years, but also for the
ilsibb* different months, as maybe seen in the following Table,
twill
ntcno! the maximum for each situation being in July, but the
minimum of the terrace in November, and of the court
in February.
Table CXIX.
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(559.) In two of the results contained in the pre Meteorceding Table, viz. those on the 28th and 29th of Octo
ber, it will be perceived, that an equality was found in
Remarks on
the upper and lower gauges, but in all the others, the ex these
re
cess was found in the lower gauge. There are instances, sult:!.
however, exceptions to the law now under consideration, Rare ex
in which the upper gauge gains the most, but they are ceptions to
very rare. According to Howard, this will be found to the law ex
be the case, when the source of Rain is high, and the plained.
lower air so dry, that the evaporating power exercising
its influence on each drop, must occasion a diminution
in the amount of Rain. The cause here assigned must, Philoso
phers not
however, be received with caution, as Philosophers are agreed
by no means agreed on the point ; and with a similar cause ofon
limitation must the solutions that have been offered of this, or of
Mean Amount of Rain for
the excess in the lower gauge. Arago,—and he is with the increase
Months of the
Amount of Rain for the several
out doubt a very great authority, remarks, that the at the lower
1826, 1837. 18S8,
the several Months of the andYears
1829, in the Court of the supposition advanced by some, of the descending streams level.
Years 1826, 1827. 18S8, and Observatory
Paris in cen
1929, on the Terrace of the timetres, tlieatdifference
of moisture reaching the Earth in parallel directions Remarks
Observatory at Paris in level offlie two Gangesof
on the sup
centimetres. ,
less removed from the perpendicular, on account of the posed
28 metres, or nearly
99 feet.
diminished action of the wind, is far from satisfactory. causes.
The idea that the drops of Rain augment in mag
3.869
3.571
January . .
nitude, by appropriating to themselves some of the
3.694
3.264
February.
humidity belonging to the atmospheric strata comprised
4.592
3.978
March . . .
between the two rain-gauges, he holds to be fallacious
5.484
4.927
April
also, and to this it has been likewise objected, that the dif
6.152
5.596
May
ference
is equally found, when the hygrometer, during
3.797
3.601
June
Rain, does not mark saturation. Boisgiraud, indeed,
7.361
7.164
July
accounts for this latter difficulty by observing, that the
4.706
4.341
August . .
Rain is generally sufficiently cold, relatively to the atmo
5.329
5.037
September
sphere, to cause a precipitation of vapour from the sur
4.035
I October . .
3.590
face of each atmospheric stratum, and thus to augment
3.744
3.034
I November
the quantity of sensible humidity, even when the hygro
3.849
3.286
December
meter is far removed from the limit ofperfect saturation.
JtHor(558.) The same law may likewise be traced in And in the same way he explains, how it sometimes
individual observations, as the next Table illustrates, happens, that the air is not saturated after a shower of a
long continuance. Mr. Gough has remarked, that the
I^S. and which is due to Mr. Howard.
quantity of Rain at different heights appears to him to
•TO,
be nearly as the height of the plane of congelation
Table CXX.
above the gauge.
(560.) It appears from the last Table, that about Inquiry
Rain in the Rain in
one-fourth
of the Rain which fell during the term of concerning
upper
the
Rain form
1811.
Remark?. *
Wind. Gauges 43 lower
observation,
was formed within 43 feet of the Earth's ed
feet abore Gauge.
between
the lower.
surface ; and it appears also, that this quantity is sub different
.05
Oct 241 VaT.
.08} MiMj
windRain
veeringabout
frommid-day,
8.W. toE.little ject to very great diversity. In the next Table we have heights.
given the monthly differences between the results of the
.45
.50| hhowers chiefly by night.
26| Var.
higher and lower gauges for the Paris observations for
Rain
by
night.
.10
.11}
27 S. E.
Clear
A. M.P.M.
withAdew.
Nimbi.
the years 1826, 1827, 1828, and 1S29, and in which it
VaneS.B.
hear?
shower
28 Var.
.44
.44| to S. Wtad veered by S. toN W. may be remarked that the greatest discordances exist.
then much cloud and Rat
.18}
.18
S. W.
Table CXXL.
Three
currents
in theconsiderable
air. The
highest
and
most
Differences
in
Centimetres
between Results of higher
of clouds
moved from
the
30 Var.
.14 meat
.06
VV-, S.,
and
Intermediate
portion
and lower Gauges for the Years
from
andthe
wind
betuw
fresh
at E.
1826. 1827. 1828. | 1829.
.14 Rain by night.
31 W.
.18
Much
cloud
with
a
fresh
brecxe.
.05
Nov. 1 S. W.
.11
January . . .
.120 .375 .525 .170
.06
.14 Cloudy, much wind, I
2 S. W.
February
.
.
.585 .300 .595 .240
.08] Rain by night.
3 S.S.W. .06
.285 1.207 .790 .174
A M. Wet P.M.
.09
.25} Stormy
5 S. W.
.620 .835 .280 .490
Shjiwery
day.
Cirrottratus
evening
.31
.5«
6 S. W.
.430 1.575 .210 .010
May
.07 Rain by
.06
7 N. E.
.070 .110 .425 .180
.19;
.16
8 S.
.255 .190 .205 .140
July
.34
.29
9 Var.
.384 .130 .600 .345
August ....
10 S. W.
.21
.19
September . .305 .235 .130 .495
.03 Windy night. Nimbus at sunset.
.01
Ill N. W.
October . . . .525 .745 .050 .460
.22 Windy night.
.11
12 N. W.
November . .865 .565 .230 .180
December . . .810 1.220 .190 .030
2.82 " 3.73"
«8
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In the case of May for 1827 and 1829, the quanti
ties actually formed in the vertical space between the
two gauges, were in the ratio of 157 to 1, whereas the
whole quanties of Rain deposited at the two elevations
did but little exceed 5 to 1.
Relation
(561.) In the next Table we have given the actual
between
amounts of Rain deposited at the lower station, and
Rain on
the ground, likewise the absolute quantities formed in the vertical
and that space between the two stations. The ratio of these is
given in the third column of the Table.
formed
within
some defi
Table CXXII.
nite height
above it
Qaantitr
Annual Amount Annual
formea
of Rain in the ofin Rain
the
vertical
Ratio of the two.
Yean.
Coort in cen
space of S3
timetre*.
metres.

ficiency in the Rain collected at the higher level, from
whatever cause or causes proceeding, is very small in
the midst of Summer, and increases as we recede in
either direction towards Winter. In the former season,
the showers fall mostly from elevated clouds, and the
lower atmosphere is generally clear of that misty preci
pitation, which, in the Winter months, must contribute
something considerable towards the product at the
ground." Mr. Dalton found that a gauge fifty yards Mr. Dal.
high, afforded in Summer two-thirds, and in Winter one {•^'Jf1*
half as much as a gauge on the level of the ground.
gauges f*
(563.) A method, therefore, by which the results of different
a rain-gauge fixed at a given elevation, can be reduced seasons,
to what they would have been, had the gauge been en- Mode of
tirely on a level with the ground, is still a desideratum. coyrMtinf
It must, with very few exceptions, be at all times an ^"j^
increment, but one of a most variable kind, subject to heights s
great aberrations in the same locality, and differing also a dcsideri
47.209
6.254
100 to 13
1826
with different localities. The Paris observations are turn,
the only ones yet known to us where the observations
57.585
7.487
100 to 13
1827
are registered on a systematic plan ; and we may hope
62.765
4.230
100 to£7
1828
to receive from the hands of their distinguished observer,
when time shall have enabled him to extend them, the
*
58.
889
2.914
100
to
5
1829
element we so much desire, at least for the locality of
Paris. In the mean time we may remark, with what
Mean of thel
very great caution the results of Rain published in our
5.903
100 io 11
twelve years > 56.374
■
different Journals ought to be received.
above given. J
(564.) The phenomenon discovered by Dr. Heber- Th'splie
den is, therefore, entirely the reverse of the principle ^"°"h°'
(562.) From this Table also it may be inferred, as which guides evaporation at different heights. The revcrsc „,
well as from Table CXXI., that the quantity of Rain results of the latter are increased by elevating the sur- that oft
actually formed within the range of some constant ele face producing the vapour, but the amount of Rain is poratjon
Note
vation is exceedingly variable, and that, therefore, very almost universally diminished.
(565.) The amount of Rain in any parallel, although h'/'-I™'
af 1
considerable caution is necessary, in endeavouring to
deduce the quantity of Rain actually deposited on the presenting an average result for some definite period,
"f1
ground, from the results afforded by a rain-gauge at as a year, is nevertheless not precipitated with uni- ^-ithuuiMr. How any altitude above it. Mr. Howard has attempted, formity during that time. In some regions the Rains formity
ard's at
by the aid of Table CXX., to deduce a correction ofthis
tempt to sort, and to apply it to the Royal Society register from are confined to particular periods, descending almost jn ^
incessantly with very great violence ; whilst in others, gions cc
deduce a
correction 1797 to 1806, by increasing the average annual amount they may be said to be distributed over the whole fined to]
for it.
in the Society's gauge, which is elevated 75 feet, from year, exhibiting, however, in its two general divisions jj^Jj1" '
19.355 inches, to 25.577 inches, the quantity thus pre of the first and last six months, some considerable excess jn other
Not satis sumed to fall on the ground. The ratio employed was in the latter. The great amount of Rain that falls at distribut
factory.
that of 28 to 37, or 100 to 132, making the mean incre Bombay, descends in June, July, August, September, over awl
ment of Rain 32 for an altitude of 75 feet ; whereas the and October, very little appearing in the other months; J1**1average increment deduced from the Paris observations, whereas on the opposite, or Coromandel coast, such Exampl<
and for a greater difference of altitude, amounted only to are the peculiar effects of the mountain chain of the *j"m,M.v
11. Mr. Howard's observations, indeed, were too Ghauts, the wet and dry seasons occur at opposite periods p^j,'
limited in this respect to afford a correct ratio ; and it of the year. Thus the seasons of excessive conden- Malabai
may be remarked respecting his comparison of the ave sation, and those distinguished for serene and cloudless and Cor
rage Rain for each month, that while those deduced weather, succeed alternately on either side of the great tnandl:1
coasts.
from the Royal Society's gauge for the period between peninsula of India. But if we advance into the
1797 and 1906, were confined to a constant altitude of temperate regions of the Earth, we shall arrive at a Less Ra
75 feet, those of his own from 1807 to 1816, were many different arrangement of things. In every place we than"!,!
of them 43 feet above the ground and uncorrected, and shall find Rain precipitated during each month of the months
the rest on a common level with it. In addition to year, and at a great many an excess of quantity in the the \
this, it is hardly proper to compare together observa last six months of the year. This last truth may be
tions made in different localities, unless they possess confirmed by referring to the following Table, the mean
some principle in common, in the present case, either of the whole giving a relation of 10 to 14. We per
Howard's elevation or time. Mr. Howard has, however, con ceive even from Liverpool and Lancaster, that the
corrections structed a Table of monthly amounts of Rain, corrected
for the dif for the surface of the ground, in which the rate of results for the first six months being denoted by 10,
those for the remaining months require the proportional
ferent
allowance is made to increase from 0.05 of an inch in number 16.
July, to 0.50 in January, and decreasing again through
the remaining months in like proportion ; the rate of
gradation being 0.10 in Spring and Autumn, and 0.05
in Summer and Winter. He remarks, " that the de
Meteor
ology.
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Table CXXIII.
Mean Remits of the Quantities of Rain falling thefirst
Iterative and last Six Months of the Year at different Places.
Number
tee of Place. of Years'
Observa
tions.
Manchester S3
Liverpool . 18
Chatsworth 16
Lancaster . 20
Kendal . . . 25
Dumfries. . 16
Glasgow . .
17
London . . . 40
15
Viviers . . . 40
Mean of all Places.

Rain first Six
Months of the
Year in
inches.
14.383
13.040
11.652
15.361
22.764
15.655
8.483
8.539
8.845
15:223
13.245

R:iin last Six
Months of the
Year in
inches.
21.757
21.081
16.012
24.353
31.180
21.264
12.648
12.147
11.031
20.989
19.06S

Ratio of the
Results for the
Two Periods.
10 to
10 to
10 to
10 to
10 to
10 to
10 to
10 to
10 to
10 to
10 to

15
16
14
16
14
14
15
14
12
14
14
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whereas, in July, it is seven inches ; the atmosphere
containing thus in the latter month, four inches of water
more than in the former. Hence supposing the mixture of the aerial currents in both the intervening periods
to be the same, the rain ought to be four inches less in
the former part of the year than in the latter, producing
a difference of eight inches in the whole, and which for
Manchester, the residence of that distinguished man,
deviates not very widely from the truth.
(567.) Of the quantities falling during the successive
months, the results are necessarily very variable. The
means of twelve years' observations for Bombay afford
the following results :
June
24.00 inches
July
23.95
August
18.87
September
14.06
October
1.26

the greatest being found in June and July, and de
clining to a very small amount in October. But in the
!t.W(566.) With his usual ingenuity, Mr. Dalton has en- temperate regions, the precipitations will not only be
:a'<eip!j. flavoured to account for the excess in question. In the found much diminished in amount, but their arrangeraoef it m0I1(h 0f janUary, he says, the vapour actually con ment very different also. A few results are thrown into
tained in the air, amounts to about three inches of water, the next Table.
Table CXXIV.
Ilootb*.
January . . .
February . .
March" ....
April
May
June ~, .. .
July
August. . . .
September .
October . . .
November .
December. .

Mr. Adie's
Daltnti'fc Results HWard's Results Howard's Results Howard's Results Mr. Daniell's Re Mr Giddy's Re
for Manchester. for London. Mean for Ijondon. Mean for J/indon. Mean sults for London. sults for Penzance. Results forEdinMean of 35 Years from 1797 to 1806, from 1807 to 1816, from 1797 to 1816, Mean of 3 Years. Mean of 7 Years, Iwrgh. Mean of
7 Years in inches.
ia inches.
in inches.*
in inches.*
in inches.
in inches.*
inches.
2.258
0
2.507
2.112 « i
1.915
2.698
2.206
3.400
3.307
2.984
3.734
3.378
3.369

2.011
1.320
1.057
1.666
1*608
1.876
2.683
2.117
2.199
2.173
3.360
2.365

1.907
1.643
1.542
1.719
2.036
1.964
2.592
2.134
1.644
2.872
2.637
2.489

1.959
1.482
1.299
1.692 (1 >
1.822
1.920
2.637
2.125
1.921
2.522
2.998
2.427

1.4S3
0.746
1.440
1.786
1.853
1.830
2.516
1.453
2.193
2.073
2.400
2.426

3.832
3.257
3.876
1.819
3.064
2.145
2.963
3.496
3.437
5.614
5.186
6.011

•

1.59
1.40
1.00
2. 04*™
1.71
1.62
3.13
3.66
2.05
2.40
2. SO
2.22

Table CXXV.
From this Table it appears that the maximum result
of Rain occurs at Manchester in July ; in London, ac
cording to Howard's first and third means, in Novem
Proportional
Proportional
Months.
Months.
Results.
Results.
ber, but in his second mean, in October. Mr. Daniell
finds, however, the maximum in July for the metropolis.
0.0544
July
January . . . 0.0716
At Penzance, the greatest result, according to Mr. Giddy,
is in December ; and at Edinburgh, by Adie, in August.
August. . . . 0.0679
February . . 0.0541
Of the minimum results, April belongs to Manchester
0.0557
September . 0.1236
and Penzance ; March for all the three periods of How
March ....
ard ; and February for both Daniell and Adie.
0.0802
October . . . 0.1370
(568.) A rigid comparison of the months can only
November . 0.1250
0.0847
Wis lo however be made by reducing them to uniform lengths,
M. Flaugergues has done this with respect to his long0.0765
December . 0.0693
continued observations at Viviers, by regarding the
months as equal to 30 days 10.5 hours, and from which
he has deduced the following results, the mean annual
The maximum amount here belongs to October, and
quantity of Rain being taken as unity.
the minimum to February. The month of May, the
author of the Table remarks, comes nearest the mean
• These results were corrected by Howard for the elevation ac- result of forty years for the Rain. In projecting the
results graphically, M. Flaugergues observed that the
urding to the method before explained.

Meteorol°gyv—"v-""*'

Amounts
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Rain for
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Rain curve had two minima and two maxima, the
former corresponding to February and July, and the
latter to May and October. It is worthy of remark
also how closely the minima approach to each other, and
moreover that they belong nearly to the coldest and
hottest seasons of the year. The maxima seem some
what to accord with the mean temperature of the year.
By comparing different places, this active observer ima
gines that the first maximum is the greatest in Countries
situated near to the Ocean, and the second in those re
gions near the basin of the Mediterranean.
Propor
(569.) The results deduced by the same observer for
tional re the four quarters of the year, taking December, January,
sults for
the quar and February for Winter, and the remaining months in
ters of the classes of three for the other seasons, still denoting the
year.
whole amount of Rain by unity, are the following :
Winter
0. 1937 inches.
Spring
0.2217
Summer
0.2001
Autumn
0.3845
Mr. Howard's absolute results for a like arrangement
of the seasons are, ~
Winter
5 . 868 inches.
Spring
4.813
Summer
6.682
Autumn
7.441
Compari
(570.) On the comparative quantities of Rain falling
son of Rain by day and by night, Howard has remarked that of 45
by day and inches of rain which fell in the space of thirty-one lunar
by night
revolutions, a portion of it, amounting to 21.94 inches,
had been separated for the day and the night, the for
mer amounting to 8.67 inches, and the latter to 13.27.
According to this experiment the rain by day amounts
to about two-thirds of that by night, but such a ratio
cannot be general. Mr. Daniell has also remarked that
a greater amount of Rain falls while the Sun is below,
than while it is above the horizon.
Number uf (571.) The number of rainy days is the least at the
rainy days. Equator, and increases in proportion to the distance
Least at the from it. According to Cotte, the mean number of
Equator. rainy
days is 78 between the parallels of 12° and 43°
Increase
with the North latitude ; and that
From 43° to 46° the mean number is 103
46° to 50°
134
50° to 60°
161

(572.) For our own climate, Mr. Howard remarks, Meteor-'
that on an average of years, it rains nearly every other ology.
day, more or less, and that the proportional number of ^-^n^*
days on which it rained in the different months are as H0"*"1'* i
- ,J.
results for*
follows :
rttiny jBV,
ofthf
Table CXXVI.
Month*.
J anuary . .
February . .
March ....
April

Daya.
14.4
15.8
12.7
14.0
15.8
U.8

Months.
July
August. . . .
September .
October . . .
November .
December .

D«]r«.
16.1
16.3
12.3
16.2
15.0
17.7

(573.) The mean of forty years' observation at Vi- Number of
viers, gives 98 rainy days in the year ; but by dividing rtuny "»)'•
this long period into four decades as follows, it is found y^^J*
that the number of rainy days sensibly increases.
increases.
Decades.
Eainy Days.
1778—1787
830
1788—1797
947
1798—1807
1062
1808—1817
1082
The Tables from which these results have been ob Remarks
on rainy
tained, inform us also, that the sum of the rainy days of days
Winter and Spring at this place, is nearly equal to those same atplace.
of Summer and Autumn ; and moreover that the num
ber of rainy days during Autumn and Winter, is to the
number of rainy days during Summer and Spring, as
nine to seven. By projecting also the monthly results
for the days of Rain, the resulting curve was found to
have two minima and two maxima; the first minimum
belonging to February, the first maximum to April, the
second minimum to August, and the second maximum
to December. An additional remark of Mr. Flaugergues is also wortli recording, that during the forty
years of observation, the days of the year on which
it has rained the oftenest are October 31st, on which
it rained twenty-three times, and Nov. 4th twenty-one
times.
Mr. Giddy's observations for Penzance contain, how Mr. Giddy
ever, the most minute information on this subject, and results for
day
which we have therefore thrown into the next Table. rainy
&c. for
We ardently hope that he may continue them.
Penzance

Table CXXVII.
Month..
January . . .
February . .

July
August.
September .
October . . .
November .
December. .

Partial Showery Hail
Snow Soowy
Showers. Oayi. Showers. Showers. Dayr.
61
23
20
23
7
52
22
25
0
11
67
25
14
8
0
68
27
18
0
0
72
7
0
11
0
70
5
0
6
0
65
1
10
0
0
88
14
0
0
0
86
5
0
16
0
79
38
17
1
0
86
30
22
3
0
84
43
35
13
0
237
200
878
56
7

Misty
Day*.
32
33
16
15
21
14
30
22
13
16
26
16
254

Partial
Rain.
93
104
98
64
125
86
98
110
97
100
107
100
1182

Rainy
Days.
76
65
51
35
37
16
40
33
34
70
82
92
631

Number of
Daya.
651
593
651
630
651
630
651
651
630
651
630
651
7670

Wet
Days.
335
312
279
227
273
197
244
267
251
321
356
383
3445

Dry
Days.
316
281
372
403
378
433
407
384
379
330
274
268
4225
1
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1815, the next distinguished for its dryness, a similar
relation prevails. In 1S08, which is the next in the
order of humidity, the former is rather more than double
the latter.
In 1816, on the contrary, being the wettest year, the
class of E. —S. winds exceeds those of N.—E. ; in
1814, it has two-thirds the amount of the latter; in
1S12, three-fourths; and in 1810, the remaining wet
year, the amount approaches to within a ninth of the
N.—E. And with regard to the Westerly winds, the
class W.—N. falls off gradually during the three years
following 1807, while the annual Rain augments from
year to year ; and in four of the remaining years, its
Table CXXVIII.
number is above the average in the dry years, and below
it in the wet ones.
(576.) Penzance is a place remarkable for the diver
Amount
N.—E. K.—S. s.—w. W.—N. Var. Annual
of Rain in
sity of its individual results, as regards the relations of Mr.Giddy's
Years.
inches
corrected
the winds to Rain, and its peculiar locality would seem results for
Days. Day*. Day. Days. Days. tor the Altitude.
to account for it. The County of Cornwall diminishing enxanc8,
20.14
61 34 113 114 43
from the line of its junction with Devon, leaves, at last,
1S07
Penzance
in a locality which may be almost said to be
35
108
103
23.24
82 3S
1808
surrounded by thesea. On the South, the deep inden
91 33
25.28
6S 50 123
1S09
tation of Mount's Bay carries into it, without any oppo
sition, all the humidity that the long expanse of water
83
41
78
28.07
1810
81 72
which stretches from its shores can afford ; and on the
«
93 36
24.64
1811
5S 59 119
other points, the land can produce but little effect in
diminishing the humidity of the air. The atmosphere,
93
91 34
27.24
82 66
1812
however, which rolls from the Western Atlantic on the
92 124 20
23.56
76 53
IsH
bold promontory of the Land's End, must necessarily
be higher charged with moisture, than that which,
91
96 17
96 65
26.07
1814
coming from the Continent of Europe, may have its
1815
68 36 121 107 33
21.20
humidity in some degree increased by the waters of the
English
Channel. Accordingly we shall find, by omit
64 66 106 102 28
32.37
1816
ting the very rare cases appertaining to the Northerly and CompariSoutherly winds in the next Table, that the Rain be- son of
Means. . 74 54 105 100 32
25.18
longing to the winds of a decidedly Westerly character, ^^w^rf
exceeds that of the Easterly winds, in a ratio of nearly ^'j' wi^J
This Table presents some relations between the winds three to one ; the amount of rain for the former winds
and the annual amounts of Rain. In the driest year during the seven years' observations being 216.6 inches
of the whole, observes Mr. Howard, viz. 1807, the class and the latter 77.4 inches.
N.—E. is nearly double the class of E.—S. ; and in

(574.) Mr. Howard remarks that about one year in
five may be said to be subject to a dry extreme, and
one in ten to a wet.
(575.) There is a connection of some kind between
■ -v\.ir particular winds and the amount of Rain in most locali
Trtck and ties. Some winds are proverbially wet, and others dis
IBS.
tinguished as dry. According to Mr. Howard, a wind
for between North and East, in London, is connected with
our driest season, about the vernal equinox ; and a
wind between South and West, with the wet season fol
lowing the autumnal. The following' are his results for

Saash

Table CXXIX.
Yean.

January.

1S21 2.900 N. E. 0.520 E.
1822 2.425 N. W. 2.440 S. W.
182318.625 S. E. 6.965 s. w.
1824 2.005 N. E. 3.280 w.
1825 3.375
W. 2.700 w.
1826 3.075 S. E. 5.295 s. w.
1827 4.420
W. 1.600 E.
Yean.

July.

M^trcb.

February.

August.

1821 1.660 w. 4.470 S. E.
1822 9.070 W. 2.200 W.
1823 3.030
w. 7-085 W.
1824 3.180 s. w. 2.600 W.
1825 0.310 S. E. 3.140 N.W.
1826 1.240 s. w. 2.115 W.
1827 2.250 N.W. 2.865 N. E.

4
2
s
5
3
2
5

205
800
205
740
610
310
265

W.
s. w.
S. w.
N.W.
N. E.
N.E.
W.

September.
4 .520
i .865
3 .645
4 .105
2.730
4.315
2 .820

S. w.
S. E.
w.
S. E.
s.
S. E.
N.W.

April.
2.300
2.380
1.9S0
2. COO
1.005
1.110
1.360

N. W.
N.
N.E.
S. E.
N.E.
N.W.
W.

October.
5.770
5.315
8.210
5.965
5.090
2.840
6. 105

S. W.
S.
w.
N.W.
W.
N.W.
S. E.

May.
3.385 W.
1.340 E.
2.770 s. w.
3.955 N.E.
4.085 S.
0.600 N. E.
5.315 W.
November.
5.170
7.255
3.705
6.910
5.820
4.280
1 3.165

s. w.
s. w.
E.
N.W.
N. W.
N.W.
W.

June.
1.560
2.240
1.940
4.660
1.S00
0.660
2.160

S. E.
S. E.
W.
N. E.
N.E.
S. E.
N.W.

December.
9.500 s. w.
2.545 E.
6.295 W.
6.470 w.
5.285 N.W.
4.400 N.
7.580 W.
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Meteor(577.) In the next Table we have the results observed
ology. by M. Binder, at Giengen in Wirtemberg, during six
v-»-v-^ years, the numbers indicating the cubic inches of Rain
M. Binder's faUing during each year, on a square Paris foot, under
results for the influence of the winds indicated.
Giengen.
Table CXXX.

Wiudi. 1823. 1824. 1825. 1826. 1827. 1828.
N.
N.E.
E.
S. E.
S.
s.w.
w.
N.W.

344
196
172
15
230
1171
2310
319 778

60
164
97
0
235
697
•2058

118
119
52
47
146
885
1215
375

Amount
of the
BIX
years.

Propor
tion for
1000
cnbie
inches.

53 141 46 762 33.3
145 249 47 920 40.2
13 68 70 472 20.7
78 62 29 232 10.1
131 226 87 1055 46.1
386 1275 892 5300 231.7
1349 2109 184S 10898 476.0
541 924 307 3244 141.8

The Westerly wind presents here the maximum of
Rain for the six years, and the next in amount to it is
the South-West. The least amounts of Rain are those
of the South-East and East winds. The mean direction
of the winds producing the greatest quantity of Rain,
will thus be for Giengen 85° 23', or a Westerly wind
having a deviation of 4° 37' towards the South-West.
On the er(578.) It would be an interesting inquiry could we
tent ofRain. determine the extent of Rain at a given time. Every
shower must have its boundaries with respect to the
surface which it covers, but there seems no method by
which we can discover them. The dimensions of our
Island are but small, and doubtless there are times
when the Rain covers a much larger space. Mr. Howard
has recorded the remark that the Rain of the 4th of
October, 1813, having put a period to a fair season of
some weeks' continuance, he availed himself of a jour
ney made immediately after, to endeavour to ascertain
Howard's how far it had extended. During that day, he says,
remarks. it rained incessantly the whole distance from Lon
don to York, as likewise further North quite to the
Tyne, and across the Island from Cheshire to Northum
berland. 11 having been, he adds, a very wet day on
the South coast, there can be no doubt that the whole
of England, at least, was on this occasion irrigated at
once, by the introduction of a current from the Atlantic,
which mingling with the South-Easterly breeze that
before prevailed, produced the great deposition of water
which then took place.
Limits of
(579.) The observer may, however, sometimes clearly
showers. trace the limits of showers. Mr. Howard mentions that
in travelling at different times between London and
Folkstone, in the month of July 1812, the showers
seemed to avoid in great measure the high chalky tracts,
and to follow the course of the rivers and moist valleys.
During
Sometimes, he says, the reverse distribution takes place,
great , In his remarks on the great drought which prevailed
KnManV'it *"or some t'me 'n England in August and September
ranLdfo'r' 1815, he observes that for three weeks of the time it
three weeks rained almost every day in Wales. So also in 1816,
in Wales while the middle of Europe was suffering from excessive

wet,—all the country from the sources of the Rhine Meteoramong the Alps, to its embouchure in the German ology.
Ocean, and through a space three times as broad from v-*"v^^
East to West, being submerged in water, dikes being Orp°»'te
broken, bridges blown up, the crops spoiled or carried fl^Jjj, „j
off by torrents, and the vintage ruined by the want of South of
the sun to bring out and ripen the fruit ; the North for Europe in
a time, and to a certain extent, was parched with drought ; the sa^e
and public prayers appear to have been ordered about resP,;ctthe same time at Dantzig and Riga for Rain, and at
Paris for sunshine.
(580.) There are many instances on record of exces- Excessive
sive rains for the parallels on which they fall. This Rains,
happens two ways, either by a general augmentation of
the Rain for the month or year, or by great precipita
tions in a shorter time. Thus, in the latter half of June Examples
and the former half of July 1810, Mr. Howard men- for months
tions the amount of Rain to be 5.13 inches, whereas of a year,
the general average for the time could hardly have ex
ceeded 2.3 inches ; and many other examples are recorded
in his Meteorological Tables. At Kendal, in 1782,
there fell 83.5 inches of Rain, the average result being
54 inches. And with respect to sudden precipitations
of Rain, Howard has an instance of 0.89 inches fall
ing between four and half past seven a. m. on the 8th
of August. On the 8th of May also, an inch and a half For short
fell in twelve hours. At Perth, on the 3d of August, periods.
1 829, four-fifths of an inch descended in half an hour. Prodigious
But the most extraordinary examples are those which J^ls ?u
occurred on the Continent of Europe in 1827, and re- Sfgjjy8.,
corded in the XXXVIth volume of the Annates de. ceeding
Chimie. Arago remarks of them, that the annals of even the
Meteorology offer nothing so remarkable, either in Tropical
France or in any other Country, not excepting the
Equatorial regions. On the 20th of May there fell at
Geneva in the short interval of three hours, 6.4 inches of
water. At Montpellier there descended in five days,
from the 23d to the 27th of September inclusive,
16.7 inches of Rain ; and at the Chemical Manufactory
of M. Berard, near the same city, the amount of pre
cipitation in forty-eight hours, from the 24th to the 26th
of the month last quoted, the rain was 12.6 inches.
Again at Joyeuse, in the Department of Ardeche, ac
cording to the register of M. Tardy de la Brossy, the
maximum of Rain in a single day in the course of
twenty-three years, was found on the 9th of August,
1807, and amounted to what then appeared the enormous
quantity of 9.868 inches ; but on the 9th of October,
1827, in the space of twenty-two hours only, there
descended at the same place 31.173 inches of Rain.
We record the original words of Arago for the entire
satisfaction of our readers.
Le 9 Octobre, 1827, dans Vintertalk de vingl-dnix
heures, it est tombe, dans la meme title de Joyeuse, 29
pouces 3 lignes d'eau : (vingt-neuf pouces trois lignes :)
fecris, continues that distinguished man, le resultat en
toules leltres afin qu'on ne croie pas a une faute d'im
pression.
In eleven days of the same month of October, there
likewise descended at the same place 38.37 inches of
Rain, a quantity double of that which usually falls in
Paris in a year. At Bombay it was noticed as a re
markable occurrence in 1826, that 32 inches of Rain
fell in thfc twelve first days of the rainy season ; whereas
this quantity but little exceeds,that which fell at Joyeuse
in a single day. The maximum results of Rain in
twenty-four hours on the. coast of Malabar for several.
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VtfMF- years, together with the commencement of the Mon- and in two of the years, viz. 1818 and 1823, it is even Meteor
ology.
okgy. soou|, are
doubled, and in the other years the differences are enor
! given in the next Table.
mously large. There is a popular belief also that it
Great ditrains in Versailles much more considerably than it does ferences
Table C}
tot
**«d:s of
at
Paris,
although
the
two
places
are
so
near
each
other.
Bombay
Rub
Arago, however, with his usual caution, remarks, that and South
Maximum Quantities
of
before we endeavour to explain why such a difference ern part of
Yews. of Water in 24 hoars, Commencement
the
Monsoons.
in inches.
Malabar
exists, it would be first proper to inquire if it really coast.
exists
at
all.
He
gives
us
the
results
of
two
years'
ob
May 20th.
4.80
«181<F
re
servations for each place, and although it would seem to Inquiry
specting
May 31st.
4.50
1811
be completely verified in the first, yet it is directly con Paris and
May 31st.
1812
4.65
tradicted in the second. More observations therefore Versailles.
May 27th.
1813
4.60
are necessary to decide the question. This is an ex
June 15th.
3.90
1814
ample also to prove the necessity of inquiring into all
5.40
May 27th.
1815
Meteorological conclusions which have no other founda
3.75
June 18th.
1816
tion
than popular belief.
May 26th.
1817
4.55
Rain at Paris
June 5th.
Rain at Versailles
6.63
1818
Years.
in centimetres.
in centimetres.
May 9th.
7.60
1819
1825
51.93
57.65
5.38
May 26th.
1820
1826
47.21
46.15.
June 16th.
4.66
1821
June 2d.
1822 |» 4.69
(582.) It is a curious phenomenon, and worthy the Rain con
June 6th.
6.46
1823
attention of the active Meteorologist, that while the stant at
quantity of Rain seems constant in some localities, it Paris,
The discordance between the greatest of these results appears not to be so in others. At Paris, Arago ob
and that for Joyeuse is most remarkable. Captain serves that it has not varied in any sensible degree for
Roussin relates that 151 inches of Rain fell at Cayenne 130 years. M. Flaugergues found however on the con but increas
in the month of February.
trary that the Rain has augmented at Viviers, although ing at
(581.) It may be proper also to advert to the phe since his observations, commenced in 1778, most of the Viviers,
although
. cf Baa is. nomenon of the diversity of Rain in localities not far forests which covered the Department of Ardfiche have many
fo
distant from each other. In the district of Doombera
rests have,
si azfron in Ceyion, one side of a lofty mountain ridge is covered been destroyed. The following are his results.
been cut
oi other.
down.
with clouds and mists, and drenched with Rains, at a time
Table CXXXIII.
when
the
other
is
parched
with
drought,
and
scorched
♦
by an unclouded sun. The little town of Cumanacoa,
Quantity of Rain Mean annual Quantity
also, is about 100 toises above the level of the sea, and
fallen during each of Rain in French
Decades of Years.
Decade in French
seven leagues from the port of Cumana. At the latter
Measure.
Measure. .
place it seldom or never rains, while at the former there
In. lines.
Feet. in. lines.
is a regular rainy season of seven months' duration.
3i m
1778—1787
25 11 2
Rain again falls but seldom on the Western shores of
33 21%
any of the Sandwich Islands, though showers are fre
1788—1797
27 8 2J
quent on the Eastern or windward sides, and on the
1793—1807
28 5 llf
34 2U
mountains they occur almost daily. Between Bombay
and the Southern part of the Malabar coast, places not
1808—1817
31 1 llf
37 m
five hundred miles from each other, very great differences
are found to prevail, both in individual years and in the
(583.) It appears also from observations made at Increasing
amounts of the annual means. In the following Table Milan, that the Rain has been constantly augmenting also at
there, from 1764, to the epoch at which the calculations Mllanwe have recorded a few results of each.
were published by Carlini in the Ephemerides de Milan
Table CXXXII. .
for 1816, or as given in the succeeding Table.
Years.

Amount of Rain on
Amount of Rain at the
Coast of Malabar
Bombay in inches.
in inches.

Table CXXXIV.

1817
1618
1819
1820
1621
1822
1813

103.79
«4 81.14
77.10
77.34
82.99
112.61
61.70

136.70
169.19
135.47
147.18
9S.44
145.60
121.67

Periou.

85.24

136.32

Means

Here the average annual amount of Rain differs
sxty per cent, within so small a Geographical interval ;
vol. v.

\

From 1764 to
1773 to
1782 to
1791 to
1800 to

1781
1790
1799
1808
1814

Mean Amount
of Rain.
In. lines.
32 11
32 17
34 11
35 18
38 9

The same conclusion is confirmed by M. de Cesaris,
whose results are as follows :
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Mean quantity of Rain from 1764 to 1790 = 91 centimetres :
Table CXXXVI.
MeteorMeteor
Mean quantity of Rain from 1791 to 1817 = 101 centimetres :
ology^
and which lie accounts for by the numberless channels
Intensity of the
Decades of Years. j Diornal Rain
Confirmed from year to year formed, for the purposes of irrigation,
in lines.
by M. do in the plains of Lombardy. Arago, however, without
Ccsaris.
4.499
1778—1787
denyiug the cause assigned by the Milanese Astronomer
His cause for the increase, thinks it may be necessary to inquire
4.210
1788—1797
for it.
if a period of twenty-seven years is sufficient to afford
3.864
1798—1807
Arago's a general result,* in order to be freed from the effects of
accidental variations ; and he grounds his opinion on
4.148
1808—1817
the great discordances existing among the individual
results from which the means were deduced. In the
Wide aber first period above adverted to, the mean annual amount Here the intensity of the diurnal Rain has diminished
rations.
of Rain varied from 26 French inches to 47.5 of the during the first three decades, but augmented in the last.
(586.) In like manner, by dividing the quantities of jreilI1 ;„.
same measure ; and in the last interval also of twentyseven years, the annual extremes presented the wide Rain which fell each successive month by the number tensity oi
of rainy days corresponding to that month, he obtained diunul
divergence of 24.7 and 59.9 inches of the same scale.
(584.) The whole of the phenomena, however, con the mean intensity of diurnal Rain during each succes- Ra"1,
More atten nected with this branch of our subject, merit a more ex sive month, as in
tion due to tended examination ; and some attention is due to the fact
this subject
before adverted to, respecting the destruction of woods.
Table CXXXVII.
M. Moreau de Jonnes, author of a Prize Essay, proposed
Effects of by the Philosophical Society of Brussels, on the altera
woods.
Intensity of Ruin
Intensify of Rain
tions produced in the physical state of Countries by the
Motrin.
Months.
in lines.
In lines.
destruction of forests, asserts that a progressive diminu
Progres
tion
of
Rain
has
taken
place
in
the
South
of
France,
July
.
.
.
3.946
3.447
January
.
.
.
sive.
in consequence of the destruction of mountain woods ;
August. . . .
5.690
Bain de
2.912
February . .
creasing at and the remark seems confirmed by the following results
September .
6.647
2.938
March
Marseilles. for Marseilles.
5.481
October . . .
3.551
Table CXXXV.
November .
4.641
4.199
Mean Quantity
Namoer of
December. .
2.869
4.059
June
of Rain in centi Mean
Period.
Days of Rain.
i
metres.
57
59
From 1772 to 1782
Thus the intensity of Rain seems to be the greatest in A max!
September, or during that month Die greatest quantity mum it
54
53
1795 to 1805
of Rain falls in the shortest time. It is during this Sertem
55
98
1806 to 1815
month, or in October, that the great inundations of the
—
torrent of Escoutay take place.
37
1815 to 1S20
(587.) In Summer it is generally observed, that a In Sun
heavy shower of Rain causes a reduction of '.emperature ; hear
Arago how Arago, however, observes, on comparing the Tables of but in Winter an increase is found to follow its descent. shower
causes
ever regards Viviers and Marseilles together, the distance of these
the different places not being very great from each other, that the dif In the former season the Earth is necessarily heated, dudio:
results be ferences they present ought to be regarded as accidental. and the precipitated vapour coming from a colder region temper
of the sky above it, a portion of the caloric at the tutttween Vi(585.) It is a curious remark of Flaugergues, that the
viers and
surface must pass into the water that has descended, and
Marseilles intensity of the diurnal Rain is not constant. Ifwe divide, thus
occasion a reduction of sensible heat. Added to
as acciden says he, the total quantity of Rain which fell during the
evaporation must sometimes take place, and thus
tal.
forty years' observations, viz. 16,312 lines by 3921, the this,
Intensity of number of rainy days during that time, we shall obtain add to the decrease of temperature. In Winter, on InAVi
diurnalRain 4.16 lines, for the mean amount of Rain falling in a day. the contrary, so soon as the condensation takes place, ^
at Viviers
caloric disengaged has a sensible effect on the low 2°^
And if, in a similar manner, we divide the quantities the
not con
temperature
the surface, and produces that aug
stant.
of Rain that fell during each decade, by the number of mentation of of
the sensible heat which is commonly per
Intensity in rainy days in that decade, we shall obtain the mean ceived.
Decades. quantity of Rain which fell during a day in the several
(588.) Previous to a fall of Rain, the transparency Air ti
intervals assumed. The results are contained in
of the air is very great M. De Luc has investigated parcn
this subject in a Paper read before the Helvetic Society •j**JJ
* Twenty-seven years may seem, to the ordinary inquirer, a term of Natural Sciences in July 1825. Rain is sometimes 0
sufficiently long to determine an average result. But Arago looks at found positively and at other times negatively electrified,
things widely, and with the comprehensive view of a Philosopher.
Where uniform causes prevail, short intervals will enable us to de and sometimes non-electric.
(589.) Meteorologists have likewise connected the Relat
termine a mean ; but where the aberrations ere great, and they are
spread over a long interval of time, a longer period becomes neces phenomena of Rain with the different phases of the Rain
sary. The future progress of Meteorology may enable us to con Moon, and there is perhaps no remark more common, pha-"
1 to dry, and- from
- to wet,'the ii
template this subject of the mean with more accuracy and generality. than that changes 1 wet
dry
its
changes.
Mr.
Howard
has
generally occur
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traced this with some success, but it still demands a
more extended inquiry. According to him, when the
Moon has great South declination, there falls but a
moderate quantity of Rain with us ; and that while she
's eross'no tne Equator towards these latitudes, our
Rain increases. The greatest depth of Rain foils with
us in the week in which she has the greatest North de
clination ; and during her return to the South, the Rain
becomes reduced to its minimum state. And this holds
good in very nearly the same proportions, both in ex
tremely wet and dry seasons.
iLhinte- (590.) There exists also, according to M. Flangergues,
a constant relation between the phases of the Moon and
Susmi
nura',er rtuny days. From observations made by
ij'r« of ^'m' during a period of nineteen years, he obtained the
ajjd»rs. following results.
Table CXXXVIII.
*

Phases of the Moon.
First
Last Moon Moon
New
Full Quar
in Pe- in Apo
Moon. Quar
ter. Moon. ter. rigfe. gee.

Number of rainy
days coinciding with
the days of the
.uoon a IJIMSCS .... 77

82

79

60

93

78

And he adds, that the number of rainy days which
coincide with the days of the Moon's phases, and of the
perigee and apogee, follow the same progress as the mean
heights of the barometer corresponding to these phases,
but in an inverse order. Thus the number of days at
new Moon on which it rained, is less than the number on
which it rained at full Moon ; and the mean height of
the barometer on the day of the Moon's conjunction, is,
on the contrary, greater than on the day of her opposi
tion. In like manner, the number of rainy days be
longing to the first quarter much exceed those of the
last quarter, and so conversely the mean height of the
barometer is much less in the first quarter than in the
last. And lastly, the number of rainy days coinciding
with the days on which the Moon was in perigee, is
much greater than the days corresponding to her apogee ;
and so on the contrary, the mean height of the barometer
at the former season, is much less than at the latter.
The diminution of the atmospheric pressure, caused
by the attraction of the Moon, must be regarded as
among the causes that determine the fall of Rain.
(591.) The following Table contains the results of
Rain for different places, arranged according to their
progressive numerical amount.

Table CXXXIX.»
N.a«. of Place,.
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Meteor°f " J*»gy""*• of Rain. •»»■^y—
Uleaborg
?
13.5
Petenburgh
?
16.0
Upsal
?
16.7
Mean rain for lat. 60° (Humboldt)
17.0
West Bridgford
?
17.0
Wittenberg
?
17.0
Petersburgh, another result
?
17.2
Lund
P
18.5
Diss, Norfolk
?
18.7
Upminster.
?
19.5
Paris
15
19.9
Carlisle
1
20.2
Berlin
?
20.6
London (Daltoo)
40
20.7
Widdrington, North
1
21.2
Glasgow
17
21.3
Edinburgh
?
22.0
Dublin
?
22.2
London (Daniell)
3
22.2
South Lambeth
9
22.7
Mean of Toulon, Marseilles, Aix, Moutpellier, Aries,
Nismes, Cavaillon, and Avignon, between 43° and
44° North, at the level of the sea (Schow)
22 .6
Near Oundle, Northampton
14
21 . 0
Lisle
?
'24.0
Lyndon, Rutland
21
24.3
Kochelle
? 24.6
Edinburgh
3
24.5
Utrecht
?
24.7
Haarlem
24.7
Youngsbury, Hertfordshire
5
25.0
Kimbolton
?
25.0
Mean of Carlsruhe, Manhcim, Stuttgard, Wurtzburg,
Augsburg, and Regensburg (Schow)
25.1
London (Howard)
23
25.2
Norwich
13
25.5
Vallerie, five leagues N. E. of Rochelle
18
25 . 6
Rochelle, anotlier result
•
17
25. 8
Fyfield, Hampshire
7
25. 9
Edinburgh (Adie) another result
7
26. 4
Ferriby, Yorkshire
?
26.6
Chichester
?
26.8
Epping
7
27.0
Ulm . .
?
27.0
Algiers
?
27.0
Barrowby, Yorkshire
6
27.5
Strasburg
20
27.6
Chatsworth
16
27.7
Hague
?
28.4
Delft
?
28.6
Hanlerwyk
?
28.6
Mean rain for lat. 19* (Humboldt)
29 .0
Bristol
3
29.2
Bridgewater
■
29.3
Gordon Castle
?
29.3
Abo
?
29.3
Puy, near the source of the Loire
?
29.5
Lombardo-Venetian plains, near the Apennines, a
mean of eight places (Schow)
29 . 5
Leyden
?
30.2
Madeira
f
310
Minehead, Somerset
'
31.3
England, Dalton's mean, taking first a mean of the
Counties
31.3
* The mark ? iuserted so often in the above Table, merely
denotes the number of years to be unknown, and not that the
amounts of rain are known to be doubtful, although we cannot place
entire confidence in more than a few results of the Table. It
will be observed that the means which rest on the respectable au
thorities of Humboldt and Schow, have uot those doubtful marks at
tached to them ; but though the number of years from which they are
derived be not known, ahighdegree ofreliance may be placed in them.
In one or two instances, the same place has different results assigned
to it, the consequence, perhaps, of different localities, or of different
modes of reducing the results. What a vast field of inquiry re
mains to be explored iu this interesting branch of our subject, and
what unwearied industry and precautions will be necessary to im
prove it !
r2
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Table CXXXIX. continued.
Annuitl
t
Names of, Places.
o(Number
Ytm Amount
of Rain.
Venice
1
31.8
Mean of sixteen places iu Great Britain (£ncy. Brill.)
32.5
Zurich
•
33.1
Exeter
t
33.2
Liverpool
18
34.1
Mean fall of rain, from lat. 44" to 46°, viz. at Orange,
Viviers, Lyons, Villefranche, Bourg, and Geneva,
(Schow)
34.3
Padua...
t
?
34.5
Cotte's mean of 147 places in Europe
34.7
Verona
1
35.0
Mean of 32 places in Great Britain, mostly rainy,
(Dalton)
35.2
Sienna
?
35.2
Viviers
40
36.2
Venice, another result
•
36.1
Manchester
33
36.1
Dumfries
16
36.9
Isle of Man
6
37.0
Selbourne, Hampshire
•
37.2
Dover
5
37.5
Home
?
39.0
Central plain of Lombardy, mean of seven places,
(Schow)
39.0
Lyons...;
?
39.4
Lancaster
20
39.7
Mean result for Zurich, Bern, Lausanne, Peissenberg, and Tegcrnsee, (Schow)
40.0
Kirkmichael, Dumfries
?
40.3
Ludgvan
?
41.0
Dordrecht
?
41.0
Townley, Lancashire
15
41.5
Country to the West of the Lago di Guarda, (Schow)
42 . 1
Geneva
?
42.6
Stockey Muir, near Glasgow
?
42 . 6
Pisa..
? 43.2
Laigs
?
43.5
Penzance
7
44.7
Lancaster
10
45.0
Waith Sutton, Westmoreland
?
46.0
Charlestown
10
50.3
Joyeuse
12
50.9
Garsdale, Westmoreland
3
52.3
Kendal
25
53.9
Fellfoot, Westmoreland
3
55.7
Kendal, another result, (Marshall)
9
SC. 2
Mean of twenty places in the lower valleys at the very
bases of the Alps, (Schow)
5S . 5
Crawshawbooth, Lancashire
2
60.0
Country to the East of the Lago di Guarda, (Schow)
62.6
Great St. Bernard
?
63.1
Vera Cruz
?
63.8
U.iiiia
1
64.7
Keswick
7
67.5
Mean rain for lat 19° (Humboldt)
80.0
Calcutta
?
S1.0
Bombay
12
82.0
Ceylon
1
84.3
Carfagnano in the Apennines
?
92.0
Equator, (Humboldt)
?
96.0
Adam' s Peak, Ceylon
1 1 00 . 0
Tolmezzo
1 109.2
Cape Francois
? 120.0
Coast of Malabar
14 123.5
Granada
? 126.0
Leogane, St. Domingo
■ 150.0
Snow.

Snow.

(592.) The precipitations of moisture so often re
sulting from the union of atmospheric volumes of un
equal humidity and temperature, cannot, however, at all
times descend in the form of Rain. The region of the
air in which they take place is subject, like the surface
of the Earth itself, to different vicissitudes of tempera
ture ; and in the season of Winter, when a diminished

radiation causes the atmosphere frequently to sink below
the freezing point of water, the particles of moisture
must, in some stage or other of their descent, become
frozen, and form flakes of Snow, having great diversi
ties ofdensity, and displaying innumerable varieties of the
most beautiful forms, and at length reaching the ground
in those states, when the temperature necessary for their
first formation continues down to the ground.
(593.) The density of Snow is far from being con- Density of
stant, and M. Quetelet has endeavoured to show that Sllow "ut
there is a relation between it and the form. By repre- comsM
senting by unity the volume of water produced from the ^^."uD
melting of a constant mass of Snow, he found the Q™t!-lct
maximum of density to exist when the Snow remained
on the ground in one uniform mass, its numerical value
being i, at a temperature of 34°5. The least condition
of density varied between -fo and -rSj, the temperature
ranging from 29°.7 to 18°. 5, the forms of the Snow
being very small stars. Unformed flakes had a density
of about ^ at a temperature of 33°. 1 ; and fine Snow,
having no determinate forms, was found with a density
of \ and ^, the temperature varying from 32° to30°2.
(594.) Snow presents the most beautiful variety of Beautiful
forms, and when examined by the microscope is found forms of
to be composed of an immense number of separate and Sncw.
transparent crystals of ice. In the Polar regions, where
a diminished temperature calls into the highest activity
the crystalline power, their variety seems endless ; and
while a general character pervades the whole, the group
ings produced by combination, disclose arrangements
uniting at once the most perfect forms of regularity and
beauty. Dr. Nettis of Middleburgh, in 1740, was the
first to describe some that fell in the intensely cold
Winter of that year. They were found to be hard,
entire, and pellucid ; and some particles received on a
pencil, were placed on a plane glass plate, under the
object glass of a fine microscope. Great care was taken
that the smallest particles might not/ be dissolved, either
by the breath or the warmth of the hand. In one day
and night he found twenty or more particles dif
ferently formed ; and on several other days he enjoyed
opportunities of delineating eighty admirable figures of
Snow, many of which we have given in the figures
comprised from 1 to 29 of plate iii. The size of these
varied from Jgth to £th of an inch. Figs. 30, 31, and
32, are examples of anomalous figures of Snow, and of
which he observed an almost infinite variety.
(595.) We owe, however, to Mr. Scoresby the most Forms,
exact and accurate delineations of the forms of Snow,
which he obtained during his successive Polar voyages.
This indefatigable observer did not content himself
with mere outline descriptions, but measured the mag
nitudes of the particles lie examined, classified their dif
ferent modifications, and noted the barometrical and
thermometrical conditions of the air, as well as the
general aspect of the weather during the time of obser
vation. Mr. Scoresby's varieties are arranged under the Reduced t<
five following forms :
five genera
1. Lamellar.
2. A lamellar or spherical nucleus, with spinous rami
fications in different places.
3. Fine spicule, or six-sided prisms.
4. Hexagonal pyramids.
5. Spiculae, having one or both extremities affixed to
the centre of a lamellar crystal.
(596.) Of the first of these divisions, the varieties
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were found to be very numerous, and abundantly formed
wrr. at all temperatures sufficiently low to call into activity
the crystallizing force. Their structure is highly delicate,
"x*00' and very thin and transparent. It may be divided into
i-Tiirt of
-Jdm several distinct species.
(597.) Sieliiform, having six points radiating from a
common centre, with parallel, collateral ramifications in
the same plane. This species is represented in fig. S3,
and is the most general form met with. It varies in
size from the smallest point to about one-third of an
inch in diameter. It occurs in the greatest abun
dance when the temperature approaches the freezing
point.
iphi
(598.) Regular hexagon. This occurs in moderate
euf4. as well as at the lowest temperatures ; but its structure
becomes more delicate and thin, and its size is diminished,
as the temperature itself is lowered. In some cases
it 'assumes the form of transparent plates, as in fig.
34; whilst in others, figures of the most beautiful re
gularity are formed within the perimeter, by different
white lines. The size of this species is from the smallest
visible atom to about one-tenth of an inch in diameter.
Some of these forms are delineated in figs. 35, 36, 37,
38, and 39.
irrn* (599.) Aggregation of hexagons. This beautiful
teJ species admits of endless variety, and is formed chiefly at
A low temperatures. A few are delineated in figs. 40, 41,
42, 43, 44, 45, 46, 47, and 48.
(ffiji* (600.) Combinations of hexagons with radii or spines
^ and projecting angles. This species is by far the most
'~,:1Bi numerous, and affords some of the most interesting
W4 specimens. Figs. 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, and 67, afford
examples of it. The parallel lines in these figures, are
not intended as shadings, but actually occurred in the
crystals though with this difference, that the lines which
appear black in the diagrams, were white in the originals.
Figs. 68 and 09 afford examples of crystals having
twelve spines, and seem like aberrations from the gene
ral law which governs crystallizations of this kind ; but
as Mr. Scoresby justly observes, they may rather be re
garded as accidental varieties, produced probably by the
correct application of two similar crystals upon each
other.
S&sltrtf
Of 'be second general division, it would be
isaa^ difficult to convey an exact representation by means of a
xrd jt- figure. It seems, however, to consist of two or three
^j** species, the fundamental figure of which is either of the
Ip^ species before described, and from the lateral and termi
nal planes of which arise small spines, similar to the
kyiksw collateral ramifications of fig. 53. These spines spring
r^"\* from one or both of the lateral planes or principal sur'
'*ces' or fc°m both lateral and terminal planes, main
ly »k tairiirig a constant angle of 60° with the plane from
"tsvA. which they rise. The diameter of the crystal sometimes
exceeds the fourth of an inch, and Mr. Scoresby found
k
it most frequently to form at a temperature of 20° or
25°. In some cases, a spherical nucleus is to be traced,
from which spring radii in all directions. In the former,
the central figure is transparent, but in the latter con
sists of a small, rough, white concretion, its diameter
seldom reaching a quarter of an inch. The spines or
radii are similar in both. This latter species is formed
at about the freezing point, and sometimes in tempera
tures rather lower,
'-■adsa (602.) The third class contains examples of very dehcate and crystalline forms, and also of forms quite
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white and rough. The finest specimens resemble white Meteorhair, cut into lengths, not exceeding u quarter of an o'ogyinch, but so small and clear as not easily to admit of v—"V"""'
an exact determination of their figure. Another variety,
occasionally the third of an inch in length, exhibits a
fibrous or prismatic structure. When the temperature
is about 28 degrees, the finer specimens occur, and the
coarser at about the degree of the freezing point. The
latter are very common during fog showers, and appear
to be composed of aggregations of the frozen particles of
the fog, and to have their origin in the lower parts of
the atmosphere.
(603.) The fourth class seems to be very rare, Mr. Fourthclass.
Scoresby having observed it but on one occasion. It
apparently consisted,—for in a delicate examination of
this sort more than one instance is necessary,—of a
triangular pyramid, but whether its base was triangular
or hexagonal, similar to fig. 67, he could not determine.
The pyramids were about the thirtieth of an inch in
height, and fell with some other curious figures during
a gale of wind from the North. They are represented
in figs. 68 and 69.
(604.) The last species was seen by Mr. Scoresby Singular
only twice. It resembles, he says, a pair of wheels, forms of the
united by an axle-tree, the wheels consisting of hexagonal lost class,
or other lamellar crystals, and the axle of a slender
prism. Figs. 70 and 72 represent examples of this
Snow crystal. Fig. 71 is another, having three lamina?,
and two prisms about one-sixth of an inch long ; and
fig. 73 is an instance of one tabular crystal and a prism.
This last and the two former varied from one-thirtieth
to one-tenth of an inch in length. The temperature,
when the very singular form of fig. 45 occurred, was in
one instance 22°, and in the other 20°.
(605.) The figures we have given to illustrate these Remarks oncurious and very interesting forms, Mr. Scoresby informs magnitudes
us are magnified from 30 to about 400 times. The frac- of iilnstra.
tional numbers succeeding each crystal, denote the dia- ne 6UU'5'
meter in parts of an inch. The largest crystal repre
sented was one-third of an inch, and the smallest onethirty-fifth.
(606.) The figures actually recorded here were all per
fect specimens seen by Mr. Scoresby ; but many instances
occurred during his long investigation of the subject, of
mutilated and irregular forms, some wanting two or
three radii, and others having radii of different sizes
and shapes. At low temperatures, however, the greatest The most
proportion of crystals that fall are probably perfect Geo- perfect
metrical figures. The constant regard to equality, in fibres fall
- six radii
i» of
j the
,L. stellates,
_4„u_i the at low temthe form and size of- the
minute accuracy of the different parts of the hexagons, ?~™ jjj*'
the beauty and precision of the internal lines of the tlle VRJ;etie.
compound figures, with the proper arrangement of any 0f (uralattendant ramifications, together with the general com
pletion of the regular figures belonging to such diversi
fied forms, compose one of the most interesting among
the many admirable examples with which Crystallography
abounds.
(607.) But these delicate and beautiful forms are Seldom met
principally confined to the Polar regions, and only in witn
very rare instances are some of the less complicated crys- 'el".P<?ra,e
tals to be met with in the temperate climates of the b
Earth. In Swisserland, the descent of Snow in crys- Snow in
tallized stellar pallets, with feathery filaments arranged Swisserland.
along the rays, was regarded in January 1829 as an
uncommon phenomenon. M. Huber-Burnand, who
particularly watched its descent, gave to it the name of
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Polar S?ww, from its corresponding to the description
given of such, and which name it retained. Five or six
inches of it fell in three successive days, and was found
Varieties. to be extremely light, very dry, and without adhesive
ness. Instead of presenting a swan like whiteness, it
had more the silvery appearance of feathers of the
colymbus, in consequence of the high polish of its crys
talline facets. When dropped freely into a basin, mea
sured, and then melted, it gave one-fbrty-fifth its volume
of water. On some foggy days, another kind fell,
which was called Elementary Snow, and was supposed
to be formed near the Earth. Its form was that of fine
powder, but without any regular crystallized form. The
temperature ranged during these formations ten or fifteen
degrees below the freezing point.
Experiment (608.) Monge the Geometrician has alluded* to theof Monge to ordinary crystallization of sal ammoniac in delicate
illustrate feathery crystals, as affording a beautiful illustration of
the forma
the formation of Snow. If we fill, says he, a deep
tion of
glass to which heat has been applied with a saturated
Snow.
solution of sal ammoniac in a warm state, and allow it
to cool in a tranquil air, the surface of the Liquid will
be covered with very minute crystals. These will sink
as soon as they are formed, and descend slowly, on
account of their Specific Gravity hut little exceeding that
of the Liquid. During their descent they will receive
other aggregations, and at length reach the bottom of
the vessel in large white flakes. The rapid progress of
crystallization is entirely owing to the affinity of the
particles. The first crystal which descends forms as it
were a nucleus for all the other particles which have a
tendency to unite to it. But no experiment can do ade
quate justice to the exact Geometry and delicate me
chanism of Nature.
Natural
(609.) There are other crystalline forms of Snow,
Snow-balls which however merit attention. Sometimes when a
of globular
strong wind sweeps over a surface of Snow, portions of
forms.
it are raised by its power, and passing on with the breeze
Milder a diminished temperature, become crystallized,
and by attrition assume globular forms. In some in
stances their size is so much increased by the continual
accession of Snow, as at length entirely to resist the
action of the wind, and to remain at rest. An example
Seen by
Howard. occurred to Mr. Howard, in January 1814, of several
thousands of balls being formed under circumstances of
this kind.
By Sherriff, (610.) Mr. SherrifF records an instance of balls being
and formed found by him, in February 1830, in East Lothian, vary
by wind. ing from a foot to a foot and a half in diameter, which
had left hollow tracts in the Snow, ranging from East
to West, the wind at the same time blowing from the
latter quarter. In one village in particular, with a com
plete exposure to the West, they were exceedingly
numerous, and not above a yard and a half from each
other.
By Cleve(611.) An example occurred to Professor Cleve
land, so late in the year as 1st of April, in North
America, of Snow-balls varying in size from one to
fifteen inches diameter, the smaller being nearly spheri
cal, and the larger somewhat spheroidal. The larger
balls were formed by having been rolled through a con
siderable distance by the wind, their paths upon the
Snow being in general distinctly visible. The smaller
balls however, the Professor asserts, were decidedly
de CMmie, vol. v. p. 1.

formed in the atmosphere, as they occurred in woods and Meteorsmall enclosures. The texture of all these balls was ology.
homogeneous, being composed of minute prisms of v"™
Snow irregularly aggregated. Those observed by f.1?,11!."
Mr. Sherriff were entirely destitute of crystalline ;n a,^™*
forms. In some cases it is said that aggregations of sphere.
Snow have occurred in decidedly cylindrical forms, hoi- Cylindrica
low at each end to almost the centre ; but the accounts forms, hoi
that have been published of them do not seem satis- Io» at ^
factory.
end doubt
(612.) After a copious fall of Snow, an attentive
observer may find in the scenery, to which it imparts so Peculiar
peculiar a character, much to exercise and delight his im"^|j1
The pensile drifts," says Mr. Howard, " resting K^aeTy i,y
on a narrow base, invite contemplation, at the time they Snow,
may be regarded as just, objects of tear." Sometimes
when the Sun shines clearly, and the temperature is too
low to permit any deposition of moisture, the level sur- Surface ol
face may be found sprinkled with small polished plates Snow
of ice, which refract the light in colours as brilliant and spnnMed
varied as those of dew. At such times, also, there wlJ|^al
are to be found on the borders of frozen pools, and on j,iates 0f
small bodies which happen to be fixed in the ice and ice.
project from the surface, groups of feathery crystals of a
curious and delicate structure. From the moment al- Snow '
most that snow alights on the ground, it begins to change
undergo certain changes, which usually end in a more J^^" J'
solid crystallization than it originally possessed. The
peculiar adhesive quality of Snow at particular times,
of
results from its needly crystalline texture, aided by a adhesive
degree of attendant moisture, which afterwards freezes in quality of
the mass. Snow sometimes exhibits beautiful blue and Snow,
pink shades at sunset
(613.) Snow has been seen in the Polar regions of Different
red, orange, and salmon colour. This occurs both on colours o:
the fixed and floating ice, and appears in some cases Snow,
to result from vegetable, and in others from animal
matter, suspended in the sea, and deposited upon the ice
around.
(614.) Snow storms sometimes present a luminous Luminoi
appearance, and are then objects of great interest. One Snow
occurred in March 1813, to a party on Lochawe in stormsArgyleshire, which imparted to the glassy surface of the
lake, the boat, their clothes, and all the surrounding
scenery, a luminous appearance, like a huge sheet of
fire. Nor were the exposed parts of their bodies sin
gular in this respect, for to the eye they all seemed to
burn, although of course without any feeling of warmth.
When they applied their hands to any of the melting
Snow, the luminous substance adhered to them, as well
as the moisture, and this property was retained by the
Snow for twelve or fifteen minutes.
(615.) During the descent of Snow, the thermometer Thermo
will sometimes gradually rise. Howard gives an ex- >n*ter si
ample of an unusual fall at Plaistow, during which tlje j™** "j
thermometer at 10 a. h. stood at 19°, at 3 p. m. 22°, and
at 9 p. m. 26a.
Snow.
(616.) All other things being the same, Professor Comy-m
Leslie supposes that a flake of Snow, taken as wine tiyc ■ W
of Snoi
times more expanded than
and H.i
slow.
(617.) In the Arctic regions, it has been observed by Ad-ia'i
an able writer in the Edinburgh Review, that the J?^"
settlers, covered with a load of bear skins, reil(
main crowded and immured in their huts, every chink \M rv,_r
of which they carefully stop against the piercing external
Soon, however, the whole of
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Kned with a thick crust of ice ; but if they happen for
an instant to open a window, the moisture of the con
fined air is immediately precipitated in the form of a
shower of Snow. Maupertuis, who was engaged in the
great operation of measuring a degree of the meridian
within the Arctic Circle, also remarks, that at Tornea,
upon the opening of a door, the external air immediately
converts the warm vapour of the chamber into Snow,
de grot tourbillons blancs. Robison, the celebrated
Natural Philosopher of Edinburgh, likewise remarked
to Hutton the Geologist, as a beautiful example illus
trating the truth of his theory, that in a crowded assem
bly at Petersburgh, when the company were suffering
from the closeness of the room, a gentleman broke a
window for relief, and the air rushing in, formed a
visible condensation of snowy matter, having a revolving
motion.
(618.) In the Polar regions, where everything con
nected with Snow is exhibited on the grandest scale,
Mr. Scoresby informs us it snows nine days out of ten,
in the months of April, May, and June. With Southerly
winds near the borders of the ice, or where moist air
blowing from the sea meets with a cold breeze from the
ice, the heaviest falls of Snow occur. In this case, a
depth of two or three inches sometimes descends in an
hour. Such heavy falls, it is said, frequently precede
sudden storms. There seems no data to assist us in ap
proximating to the annual average amount of Snow for
the latitudes in which it falls.
(619.) Snow has generally been found electrified, and
according to the observations of Schflbler, it is oftener
positive than negative, in the ratio of four to one.
Hail.

(620.) The phenomenon of Hail does not appear to
Haatus
cntixmrt- have attracted so much attention in our own Country as
<c warnch on the Continent, where it has been made the subject of
ir^sdca in
ta Country several most interesting Memoirs ; and even at the very
moment this Essay is passing through the press, the
Academy of Sciences at Paris has announced it as
another Prize question, and with conditions also of the
most general and rigorous kind. In Great Britain our
attention has been more occupied with rain, and we
have happily not to lament the desolations produced by
those tremendous Hail storms, which from time imme
morial have ravaged the beautiful Provinces of France.
Some places, from frequent catastrophes of this kind,
have obtained the designation of Hail Countries. Eng
land, on the contrary, may with more propriety be de
nominated a Rain Country.
r.
(621.) There is undoubtedly much in the origin and
of Hull formation
of Hail to awaken curiosity. Volta indeed
jrtjtjHi*.
imbMe- regarded the formation of small flakes of ice—the keraels of future Hail-stones, in the month of July, during
the hottest hours of the day—as one of the greatest
paradoxes in Meteorology ; and though we cannot hope,
in the brief limits to which we are confined, to trace all
the phenomena connected with it to their source, or
produce observations, as the conditions of the learned
Academy require, made in the very region of Hail, we
Tiacijof may nevertheless remark, that the theory of Hutton, as
lade- just applied to the phenomena of Rain and Snow,
9eems better adapted on the whole to account for the
' fur it formation of Hail, than any of the other theories that
have been proposed.
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(622.) We have before remarked that moisture may
be precipitated from die mingling together of masses of olopy.
air of unequal temperatures, and unequal degrees of v—■v-"—'
humidity ; but the state in which the precipitated mois- Precipitated
ture reaches the Earth, must depend on the temperature fl^ence™^11"
of the medium in which it is formed, and on that through temperature
which it has to pass. We have already seen how mois- of medium
ture precipitated in this way produces rain ; and how, through
under the influence of a lower temperature, it conies to wnlcn !t
us in the form of snow ; and it would seem reasonable V™***to attribute to a further decrease of heat, the power of nature m"
still further crystallizing the descending atoms, and thus capable of
to give to them the decided character of Hail. The only producing
difficulty in the way of an entire reception of the theory H"'1is, the comparative scarcity of Hail showers in the Winter
season, the lowness of the clouds from which Hail in
general results, and the magnitude of the masses in
which it occasionally reaches the ground.
(623.) There are however certain phenomena which Phenomena
have been remarked respecting the descents of rain, ™0 inj^at™
snow, and Hail, which would seem to imply a common a common
origin for each, differences of temperature alone seem- origin for
ing adequate to explain their different formations. raia' snow,
Howard has observed more than one instance of a huge and Haa'
nimbus, affording hard snow-balls and distinct flakes of
snow,
balls
snow at the same time ; and Hail and rain a1* b5Lno
flakesand
of
means an uncommon result of the same cloud, X ne snow at
magnitude of a cloud may indeed be such, or clouds at same time,
different elevations may be supposed to exist, which in
an upper region shall afford Hail, in a lower region
snow, and in a still lower region rain, differences of tem
perature existing in the supposed range, fully adequate
to the production of these different phenomena. The
same is also confirmed,—such are the capricious condi
tions of temperature in the air,—by rain actually forming
in an upper region of the sky, and, descending into a
colder stratum of the atmosphere, becoming converted
into decided globules of Hail. Howard has an Freezing
example of this in what he denominates a freezing shower,
shower, on the 19th of January, 1809. It consisted of
hollow spherules of ice, filled with water, of transparent
globules of Hail, and of drops of water at the point of
freezing, which became solid on coming into contact with
the bodies they fell on. The same observer also records, Large Hail
that on the 19th of July, 1803, a kind of icicle descended ^c™^ed
from the clouds, which was succeeded by large Hail, and 1 raln'
finally by rain.
(624.) A fine example, illustrating the junction of
clouds, and of the resulting phenomena of rain and
Hail, was observed at Tarragona on the 15th of Septem
ber, 1828. Some large clouds were seen to advance
with a South-East wind, at 7 A. m., discharging torrents
of rain. Another great mass of cloud, driven by a
Westerly wind, met the former with the greatest vio
lence, producing thunder. As soon as the rain had Rain suo
ceased, an immense abundance of Hail descended, at needed by
first very small, but sensibly increasing to a very great Ha'1size. Another example also occurred in North America
about noon, on the 4th of June, 1814. A dark cloud
appeared in the South-West, exhibiting an electrical
appearance, some light clouds moving at the same time
from the North-East, and apparently meeting the former.
The united masses, after their junction, seemed to rise, Hail sue
and at length to attain an extraordinary height, their ceeded by
appearance inducing Dr. Crookshank, the observer, to ra,n'
predict Hail, and which presently fell in masses from 13
to 15 inches in circumference. Copious rain succeeded
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their descent. Arago likewise remarks, that Hail gene
rally precedes storms of rain, and sometimes accom
panies them ; why then cannot they have a common
origin, difference of temperature only modifying their
states?
(625.) A strong argument in favour of this applica
tion of Hutton may also be derived from the circum
stance, that Hail may be formed either by day or by
night in every climate, although its descent is most fre
quent in the former season. The theory of Volta*

Hail may
l>e formed
either by
day or by
night ac
cording to
the theory
of Huttou.
It may not be uninteresting to give a brief account of the theory
Theory of of *Volta
in a note. That celebrated man grounded his theory of
Volta.
Hail on evaporation, and on the familiar electrical experiment
known by the name of the dame del pantini, which consists of two
metallic discs placed horizontally one above the other, the upper
disc being suspended from the prime conductor of the machine,
and the lower communicating with the ground, either immediately,
or by the aid of a chain. A few pith balls placed on the lower
disc, will, when the upper disc is electrified, shoot from the former to
the latter surface, and back again ; the oscillating motion being
continued until the different electrical states of the two surfaces are
at length equalized and rendered similar. Volta, in applying the
results of this electrical toy to the great phenomena of Nature, sup
posed the black, stormy clouds which produce Hail, to be substituted
for the metallic discs ; and the small grains of Hail existing between
them, exhibiting, by the electrical agencies of the clouds, motions
like the pith balls in the dame des pantins.
There is certainly no difficulty in supposing, as Arago observes,
two or more strata of unequally elevated clouds to exist at the same
time, since we often see masses so disposed by the action of contend
ing winds. When a storm seems beginning, small, greyish, de
tached clouds, sometimes immovable and sometimes disturbed, often
appear under others of a different and much more extended form ;
and Volta has proved that the electrical transitions from a positive
to a negative state, occur ten or twelve times, or even more, in a
single minute.
But how, it may be asked, is the first embryo of Hail formed be
tween the two clouds ? The clouds, says Volta, are formed of
hollow vesicles, the external surfaces of which are fluid. The
myriads of these which form the upper surface of a cloud, must
undergo, towards the South, a strong evaporation, both on account
of the intensity of the solar rays, and the dryness of the air in
which they swim. The elastic vapour thus produced by the solar
heat, must first saturate the dry air through which it passes, and at
length, by the low temperature of some superior stratum, become
again reduced into a vesicular state, forming another cloud, differing
in its electrical condition from the first. The upper cloud will have
positive electricity, on account of that species of electricity being
developed during the precipitation of vapour, tho lower having
changed its character to negative in consequence of the evaporation
it has undergone. A diminished temperature at length may produce
between the clouds icy particles, or Hail in a nascent state, which
the opposite electrical states of the upper and lower clouds will cause
to oscillate, until, by gathering matter from the surrounding mois
ture, they become at length enveloped in compact and opaque ice,
and attain a size which, overpowering the electric forces, are com
pelled by Gravity to descend.
But this theory, apparently so simple, and at one time so popular
on the Continent, has had objections opposed to it of a very formida
ble kind. Volta, indeed, having supposed that the first rudiments
of Hail could only be produced by the action of the solar rays on
the upper surfaces of clouds, found himself obliged to admit, that a
Hail-stone which fell at three or four in the morning, before the Sun
could possibly have acted upon the surface of a cloud, had oscillated
at least ten or twelve hours between the surfaces of the oppositely
electrified clouds ; and Bellani, in some of the examples he has
cited in opposition to the theory, has even adduced the instance of a
storm in July ls06, which commenced before the rising of the Sun,
and produced a prodigious quantity of Hail, when the preceding
evening had displayed no indications whatever of a coming storm,
throughout the whole extent of the visible horizon.
The experiment of the dame dei pantins, continues Arago, fur
nishes moreover arguments more specious than solid. The electrified
metallic plates, between which the pith balls oscillale, can neither be
displaced nor divided. The particles, on the contrary, comjwsing the
clouds, are endowed either in their whole mass, or in their separate
parts, with an extreme mobility. May it not therefore be aked how
they alone remain immovable, and how they escape from the in-

required the absolute presence of the Sun to act on the Meteorclouds, and by producing evaporation from the vesicular »!■
vapours which compose them, to form Hail as a result ;
whereas we know that very great Hail storms have oc- Objection
curred during the absence of the Sun ; and the theory toit'
of Von Buch, which is founded on the effects of as
cending currents of air, is open to a like objection.
(626.) Examples of change of wind, and of the action Changes of
of opposite currents, so necessary for the production of wlnJ lrc'
rain, are also frequent during Hail storms. In one which h^" storms,
occurred to Mr. Howard in May 1809, the wind was
first East, then South, afterwards West, again East, and
finally West. Beccaria also recognises the same principle.
" While clouds," says he, " are agitated with the most
rapid motions, rain generally falls in the greatest
plenty; and if the agitation be very great, it generally
hails."
(627.) The descent of Hail in some Countries,
fluence of those electrical forces which communicate the oscillatory
motion to the interposed Hail-stones ? Ought not the energetic
action of these forces to bring into uniou the masses of clouds
themselves ?
It is also true that the experiment of the dame des pantins requires
at least that oue of the two electrified plates should lie solid ; for by
substituting a sheet of water for the lower, as Bellani has done, the
oscillatory motion takes place no longer : the balls, at the eud of
their first descent, penetrating the Liquid and rising no more. The
clouds must present analogous phenomena : they cannot repel the
Hail-stones until they have touched them ; so that the gravitating
force of succeeding Hail-stones, acting on those which have just
come into contact with a cloud, must occasion some at least to pene
trate it. A natural result of any long-continued system of oscilla
tions must therefore be, the descent of Hail for many hours;
whereas, on the contrary, Hail storms arc sudden and never continue
long.
Arago, with his accustomed acuteness, has remarked in his com
mentary on Volta's theory, tliat did this oscillatory motion really
exist in the atmosphere, it is somewhat remarkable that no one has
ever perceived it. Hail clouds are commonly low, and travellers,
continues that excellent and learned man, must have been often
times on mountains, within the range of the interval wherein these
oscillations are performed ; and added to which, the Hail-stones, in
their ascent, must at least be sometimes brought into situations,
where their descending courses never could have transported them ;
such as the lower parts of the roofs of cabins, or of very prominent
rocks. But no such appearances have ever been remarked. Bel
lani, also, has made the important remark, that if electrified clouds
sometimes possess the power of causing masses of ice of eight or
ten ounces to oscillate between them, ought not the electrical
energies of the clouds and the Earth sometimes to cause dust,
gravel, and even stones, to be raised in calm weather ? thus ren
dering, as he says, the atmosphere hardly fit for respiration, and
producing to man more formidable evils than even Hail occasions.
M. de Perevoschtchikoff has endeavoured to support experi
mentally the objections made by Bellani against Volta's theory of
Hail. He thinks that Volta lost sight of the principal cause of the
cooling of clouds, and also of the concentric structure of Hail-stones.
When the clouds, he remarks, consist of many thick strata, which
gradually rise, they become an obstacle to the tree distribution of the
radiant heat from the Earth, which being reflected back again, pro
duces that suffocating sensationwhich usually precedes a Hail storm.
Above the clouds, however, the heavens are serene, and consequently
radiation goes on freely from their upper surface. Hence the prin
cipal cause of the refrigeration, upon which depends the formation
of the nucleus of the Hail-stone. The Specific Gravity of these
nuclei being too great to allow of their remaining suspended in the
cloud, they fall; and traversing different strata of clouds, they
become covered at each by a fresh opaque coat of the Liquid con
gealed at their surface, the number of layers in the Hail-stone cor
responding to the number of strata it has passed through. The
Hail-stones, by concussion against each other, are supposed to have
a rotatory motion given to them, tending to produce a spherical
form.
It is proper to observe that this theory of the radiation of heat
from the superior surfaces of clouds had already been proposed by
Gay Lussac ; but after all it must be reduced to that of Volta.
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appears to occur at particular periods. In the middle of
France, Italy, Spain, &c, it commonly hails most
abundantly during the warmest hours of the day, in
U is Spring and Summer ;* and in Europe generally, it falls
i-tore principally during the day, though there are examples
of great Hail storms which have taken place during the
night. In August 1787, one ravaged the borders of
the Lake Como, for an extent of 600 square miles, and
began precisely at midnight ; and another, no less
disastrous, took place in August 1778 at the same hour;
and a third in July 1806, just at the dawn of day. In
our own country, generally, Hail is of rare occurrence
in Winter.t if we except a sprinkling of small opaque
grains, which in the former part of the night indicate
the approach of a low temperature, and are found on
the frozen ground, and on ponds in the morning, and
sometimes by day after a descent of snow. In the Equa
torial regions it seldom hails in places situated at a
lower level than 350 fathoms ; for although Hail is doubt
less formed in the upper regions of the atmosphere, in
that great division of the Globe, the warmth of the
lower must prevent it from reaching the ground in that
shape. Von Buch remarks, that it very rarely hails
on mountains in the temperate climates of the Earth';
and this he attributes to the low elevation of the clouds,
from which Hail commonly descends.
Eirtcnns (628.) That Hail storms have definite limits, may
Ukin- be gathered from the tremendous storm which desolated
so great a portion of France in July 1788. f It began
• It is worthy of remark, that rain falls at all seasons of the year,
snow in winter, and Hail principally in Summer.
t This is the opinion of Howard, but Mr. Giddy's Tables for
Penzance offer a decided exception. The following ore the results
of his Hail showers for the aggregate of the several months ; during
a period of twenty-one years.
January
23
July
1
February
25
August
0
March
25
September
5
April
27
October
17
May
7
November
22
June
5
December
43
The month of August is here absolutely zero, and December affords
the maximum.
J We extract the following notice of the calamitous consequences
of this storm from the Annua/ Rcgitter of that time.
This tremendous storm was ushered in by a dreadful and almost
total darkness which suddenly overspread the whole country. In a
single hour the whole face of Nature was so entirely changed,
that no person who had slept during the tempest, could have
believed himself in the same part oi the world when he awoke.
Instead of the smiling bloom of Summer, and the rich prospects of
forward Autumn, which were just before spread over the face of that
fertile and beautiful country, it now presented the dreary aspect of
universal Winter, in the most sterile and gloomy of the Arctic re
gions. The soil was changed into a morass, the standing corn
beaten into a quagmire, the vines were broken to pieces, and their
i bruised in the same manner ; the fruit trees of every kind
nolished, and the Hail lay uumelted in heaps, like rocks of
Even the robust forest trees were incapable of withstand
ing the fury of the tempest ; and a large wood of chestnut trees in
particular, was so much damaged, that it presented, after the storm,
tittle more than bare and naked trunks. The vines were so misera
bly backed and battered, that four years were estimated as the
shortest period in which they could become again in any degree
productive. Uf the sixty-six parishes included in the district of
Pootoise, forty-three were entirely desolated ; while of the remain
ing twenty-three, some lost two-thirds, and others above half their
harvest
The same Historian also adds, that this unforeseen and irresisti
ble nlamity coming on at a season, already so strongly and unhap
pily marked by the violence of faction, by public discontent, and
by political dissension, when all men were looking to, or apprehend
ing some great convulsion in the State, produced such an effect upon
VOL. V.
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in the South, and proceeded in two parallel bands from
the South-West to the North-East ; the extent of one of
them being 175 leagues, and of the other 200; thus tra
versing nearly the whole length of that great King Remark
storm
dom, and even a portion of the Low Countries. The able
in France.
mean breadth of the Eastern band was four leagues,
and of the Western two, and what is very remarkable,
the interval between the two bands, amounting to five
leagues, was deluged with heavy rain.
(629.) M. Tessier, who published an interesting Account of
account of this remarkable storm, informs us that its progress of
progress from South to North was at the rate of 16 J this s
leagues an hour, and that the velocities of the two bands
were precisely uniform. In the Western band it com
menced hailing at Touraine near Loches at 6J a. m. ;
near Chartres at 7£ a. m. ; at Kambouillet at 8 a.m.;
at Pontoise at 8^ a. m. ; at Clermont in Beauvoisis at 9
A. m. ; at Douai at 1 1 a. m. ; at Courtray half an hour
after noon ; and at Flessingue at 1J p. m. In the East
ern band, the storm reached Artenay, near Orldans, at
7£ a. m., corresponding precisely with the time of the
Western band discharging itself near Chartres ; at eight
o'clock it arrived at Andonville in Beauce ; the Fau
bourg St. Antoine in Paris at half-past eight ; Crespy
in Valois at half-past nine ; C&teau Cambresis at
eleven, and at Utrecht at half-past two p. m. At each
of these places, the continuance of the Hail was limited
to seven or eight minutes.
(630.) Another example of the definite extent of a Hail storm
disastrous Hail storm is that which occurred in Orkney in Orkney,
of confined
on the 24th of July, 1818, of which Mr. Neill has extent.
given an interesting account in the IXth volume of the
Transactioni of the Royal Society of Edinburgh. The
thick layer oflarge Hail resulting from this storm, formed
a tolerably well-defined belt across the Island, in a
direction from South South-West to North North-East,
and about a Scotch mile broad ; the course of which
we have endeavoured to illustrate, after Mr. Neill, in
fig. 9. plate i., and beyond this line, on each side, the
ground merely appeared " spotted with ice." In proof
of the extremely local nature of the shower, persons
who had been employed the whole day in digging turf,
at a distance of little more than two miles Westward
from what appeared to be the very centre of the storm,
were wholly exempted from its effects. They had re
marked a black cloud, and the lightning and thunder which
resulted from it, but no Hail came near them ; and the
same thing was observed at a similar distance on the East
ern side. To the South also, the direction in which the
storm came, its range was very confined. The peninsula
of Deerness, belonging to the main land of Orkney, was
directly in the line, and only seven or eight miles to the
the people in general, that the nation seemed to have changed its
character ; and instead of that levity and gaiety for which it had ever
been distinguished, and which was ill concealed even in the most
serious affairs, a settled and melancholy gloom now seemed fixed in
every countenance.
M. Arago has lately remarked, that the damage done to a thou
sand and thirty-nine parishes on this occasion, amounted to
24,962,000 francs.
Leslie computes that Hail-stones sometimes fall with a velocity
of 70 feet per second, which is at the rate of about 50 miles on hour.
" Striking the ground with such impetuous force, it is easy," he says,
" to conceive the extensive injury which a Hail shower may occa
sion in the hotter climates. The destructive power of those missiles
in stripping and tearing the fruits and foliage, increases besides in a
faster ratio than the momentum, and may be estimated by the
square of their velocity multiplied into the mass. This fatal energy
is hence as the fourth power of the diameter of the Hail-stone."
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South South-West, yet remained untouched. The dura
tion of the violent vrind and heavy Hail, of the storm
last described, continued about eight minutes.*
Appearance (631.) The appearance of Hail clouds seems to be
of Hail
distinguished from other stormy clouds by a very re
clouds.
markable shadowing. Their edges present a multitude
of indentations, and their surfaces disclose, here and
Of low ele- there, immense irregular protuberances. As a proof of
the occasional lowness of Hail clouds, Arago remarks,
that he has more than once seen clouds,—from which
Hail would in a few minutes later have escaped abun
dantly, cover as with a thick veil the whole extent of a
valley, whilst the neighbouring hills enjoyed at the
very same time a pure sky and an agreeable temper
ature.
(632.) The forms of Hail are very varied, but all
Forms of
Hail very Hail-stones resulting from the same shower, generally
varied.
present considerable uniformity, when they fall nearly on
the same level. It has been remarked that Hail-stones
of the same storm, are found to be much smaller on the
Change of tops of mountains than in the neighbouring plains. If,
wind alters however, any alteration takes place, either in the tem
them.
perature or the wind, the figures of the Hail-stones be
Six-sided come immediately changed. On the 7th of July, 1769,
pyramids M. Adanson observed six-sided pyramidal Hail-stones
changed to descend at six p. m. ; but on the wind changing to
iuto convex the North-East, the Hail-stones which then descended,
were in the form of convex lenses, and so transparent,
that they increased the dimensions of objects without at
all distorting them. In the great storm which desolated
France, some of the Hail-stones were globular, others
elongated, and others armed with different points,—
probably the result of altered temperature or wind.
Flakes of
(633.) Very frequently in the centres of Hail-stones,
spongy
small flakes of spongy snow are to be found ; and gene
snow at
their cen rally speaking, this is the only dark part in them, the
concentric strata with which it is surrounded having
tres.
Surrounded all the transparency of ordinary ice. Hence it has been
by concen supposed bj many, that the internal and external parts
tric strata
of ordinary of these stones are not formed under the same condi
tions. Sometimes, indeed, large Hail-stones have been
ice.
Sometimes found which present this snowy texture at their centres ;
transparent, but around their central parts, concentric layers, alter
sometimes nately transparent and opaque, are disposed. Leslie
opaque.
Imagines the spongy texture to result from an atom of
water having been suddenly frozen, and particles, of
perhaps rarefied air, suddenly driven from the surface
towards the centre. In his curious experiments on the
production of ice by evaporation, in a receiver contain
ing air very much rarefied, he constantly remarked the
ice to be more porous and less transparent than when
formed under the ordinary pressure of the atmo
sphere.
Surface of
(634.) Sometimes a small kind of Hail occurs, which
Hail co
vered with is scarcely solid, and whose surface appears as if covered
dust like with particles of dust like very fine flour ; and from its
fine flour.
* This storm, considering its limited extent, was productive of
Very disastrous consequences. Mr. Neill informs us, that of a larga
flock of tame geese feeding on a down, many were killed on the
spot, and the others so much injured, that all of them pined away,
and died iu a short time. Great numbers of small birds, as sky
larks, starlings, corn-buntings, and wheat-ears, were found dead, and
afterwards collected into heaps by the boys belonging to the farm.
On the shore were observed numbers of rock-pigeons, nooded-crows,
guillemots, and ducks, which had been killed at sea by the Hail and
hf\ by the receding tide. A boy received a severe blow on the back
of the neck, which stupified him, and produced a contusion, from
which he had not recovered after the lapse of some months.

general texture it seems to occupy a kind of intermediate Meteor*
rank between Hail in its ordinary state and snow. This ology.
sort never fells during Summer in Southerly Countries.
v«-J
Another small kind of Hail is also found, exhibiting no ^tlier intrace of a central snowy flake, but differing in trans- s auces'
parency from the former.
(635.) Whilst ascending the volcano of Porace1 in Hail-stones
the Andes, Humboldt observed Hail-stones from five to observed b]
seven lines in diameter, formed of layers of different de- ]n',|hnbcl"t
grees of transparency, and not only flattened at their Andes,
poles, but so much increased in their Equatorial dimen
sions, as to permit rings of ice to be separated from
them with a very slight blow. Twice before he ob
served the same phenomenon, in the mountains of Bareuth, and near Cracow. In the storm before adverted In Orkney
to, which fell in Orkney, some Hail-stones were found {^s1"^!.
as finely polished as marbles. Their colour also was ^les.
worthy notice, being generally of a greyish white, not
unlike fragments of light-coloured marble.
(636.) Some interesting examples of Hail-stones Hail-stcnei
were observed at Bonn on the 7th of May, 1822, of at Bonn
which illustrative figures have been given. Their gene- aeuueilte<1ral size was about an inch and a half in diameter, and
their weight 300 grains. When whole, which was not
always the case, their general outline was elliptical, with
a white and nearly opaque nucleus of a round or
spheroidal figure in the centre, about which were ar
ranged concentric layers, increasing progressively in
transparency to the outside. Some of them exhibited a
beautiful stellular and fibrous arrangement, the result
of rows of air bubbles disposed in different radii. Fig.
70 denotes the external form of one, and fig. 71 is the Sections,
section of another having the concentric lamellar struc
ture and system of radiation ; and fig. 72 represents a
third, cut in the direction of its shorter axe.
(637.) M. Delcros has also given some figures of Forms ob>
Hail-stones, having a concentric lamellar structure, and served by
with a stellular fibrous arrangement. Fig. 73 is a sec- M> Delcrc
tion of one, where the surface appears covered with py
ramidal forms, but having their summits somewhat
blunted by incipient melting. When masses of this
peculiar structure are burst asunder from any cause,
the fragments disclosed are pyramidal, as in figures
74 and 75, thus forming what has been termed pyra- compose
midal Hail. And this peculiar formation would seem to of pyram
be very common, at least in France, since M. Delcros dal parts,
has been able to trace it during ten years' observation.
The apex, he remarks, is sometimes found wanting, but
when present, it is apparently part of a hard nucleus.
These forms were observed by M. Delcros in great per
fection in a storm which happened at La Bacconiere, in
the Department of Mayenne, on the 4th of July, 1819.
(638.) Examples of pyramidal Hail-stones were ob- Observe/
served likewise by Mr. Lindsay, on the 29th of Novem- also by J
ber, 1823, at Aberdeen. At five p. M. there fell a shower, ^"de
composed at first of distinct drops of rain, but which
afterwards became changed into violent Hail. The
Hail-stones were hard, and in almost every case pre
sented five surfaces—four perfectly plane, constituting
the sides of an irregular pyramid, and the remaining one
spherical, serving as a base. These are represented in
figs. 76 and 77. The spherical surface, to the depth of
j'jth or ■j'jjth of an inch, appeared solid and transparent.
(639.) Some Hail-stones have been observed of irre- Hai!-sto
gular polyhedral forms, and composed of an assemblage ofiiregv
of smaller Hail-stones, united previous to their reaching polybcd
the Earth. In some cases, icy masses have been a:"
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of a storm, resembling fragments of
a vast plate of ice, broken in its descent to the Earth.
(640 ) Some Hail-stones having pyritic nuclei have
been noticed by Professor John of Berlin. They fell at
Sterlitamak, and contained a stony and crystallized
nucleus. Their colour was brown, like the auriferous
pyrites of Beresowsky in Siberia, and their surface shri
velled and resplendent. The crystal formed a flattened
octahedron, with salient edges. The diagonals of the
base were respectively four and five lines, and the dis
tances of the summits two lines. In some cases, the
four angles of the base were truncated.
(04 1.) At Parama de Guanacas, Humboldt and
Etiof
! i
Bonpland saw Hail fall of the colour of blood.
(642.) On some occasions, as in a storm in the Dedu Gard, on the 21st of May, 1828, such was
cfHtitand elastic character of the icy masses, that
fell on the stones rebounded, often with
out breaking, to the height of several yards.
:: ->■ «
(643.) Howard records a case wherein Hail-stones
rrcjittal were projected from a cloud almost horizontally ; and
their velocity was such, that in many instances a clear
round hole was left in the glass they pierced ; and
one large pane had two such perforations distinctly
formed in it The advocates of the electrical origin of
Hail explain these oblique discharges by two electrical
clouds drawn vertically towards each other, the Hail
issuing ia the resultant of the parallelogram of which
the component forces are Gravity, and the common
direction of the clouds. A change in the density of
the air, however, is sufficient to account for the approach
of clouds to each other, and thus the phenomenon in
question becomes reduced to the theory of Hutton.
Kast
(644.) Arago remarks, that sometimes before the de
■ .:.:«of Hail, a noise is heard,—a particular kind of
fjee 4* scent
ss3! of cracking, which it would be difficult to describe in any
other way, than by comparing it to the emptying of a
Biu.
bag of walnuts. This is accounted for by some Me
teorologists, by supposing the Hail-stones to be driven
by the wind against each other, in the clouds which
carry them. Others imagine the Hail-stones them
selves to be strongly and differently electrified, and con
sider the cracking in question to result from
discharges a thousand times repeated.
(645.) As a proof of electrical action, it is
tf eierhicsi to follow for a short time the movements of an atmo
spherical electrometer on the approach of Hail, when
the electricity will be found frequently to change, not
only in intensity, but also to pass from positive to nega
tive, and vice vena, ten or twelve times in a minute.
(646.) In the succeeding Table we have recorded
some authentic instances of Hail-stones of considerable
ons and weight, with the dates and localities of
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Table CXL.

Date.

Tlace.

WtigM
Authority. or Dimen
sion.

Remlrki.

Aj.ril 4, Flintshire. Halley. 5 ounces Many of this size ap
1697.
pear to have fallen.
it may he in
in Rol>ert A peri Hence
May 4, Hitchin
ferred that they had
Hertford
meter
of
1C97.
Taylor. 14 inches. a diameter of more
shire.
than tour inches.
May 15, Le Perche. Pureut. As large
1703.
as his fist

July 11,
1753.

Toul.

Montignot

Of polyhedral forms,
and made up of an
3 inches assemblage ofsmall
in diaHail-stones, united
before they reached
the Karth. They
fell at six p. m.

Aug. 19,
1787.

Como.

Volta.

9 ounces.

From the
middle of Tessier,
The largest stones
to and adopt Haifa weighed half a
July 13, France,
the Low
pound. Their forms
1788. Countries,
ed by pound. were
various. Some
Arago.
and Hol
round.
land.
From 3 to
July 15, Iu Glouces Howard. 9 inches
1808.
tershire.
in circum
ference.

It was remarked, that
these stones appear
ed like fragments of
a vast plate of ice,
which had been
broken in its de
scent to the Earth.

June 4,
1814.

13 to 15
North Dr.Crook- inches in These appeared to be
America. bhank. circum aggregates ofmany.
ference.

July 24,
1818.

From four Of a greyish white
ounces to colour, not unlike
Orkney. Mr. (MB. nearly
fragments of light
half a
coloured marble.

(647.) We conolude with the single remark, that Difficulty
there is certainly a considerable difficulty in satisfac- jn accounttorily accounting for the formation of such masses as ]a& for
the preceding Table records. The clouds from which , *"
Hail descends, are, as we have before remarked, com
monly very low ; and it has hence been inferred that a
Hail-stone can hardly employ more than a minute in
reaching the ground. But in so short a time, it can
scarcely be supposed, as Arago properly observes, what
ever may be the dampness of the air, that the primitive
kernel can cover itself with so many envelopes, as ulti
mately to acquire the size of the egg of a hen. The
theory of Volta has thus an air of probability about it,
when he supposes that the Hail, being once formed in
the atmosphere, may remain suspended even for hours
in space, and thus continue to acquire new accessions of
matter, until the Gravity of the stones overcomes at
length the electrical attractions by whose power they
are suspended. Let us hope, that the new inquiries
to which the Prize question lately proposed by the
Academy of Sciences will probably lead, may remove
s2
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Meteor- the difficulties which unquestionably still cling to the
jd°6^ ^ subject
On Dew.
Dew de(648.) An investigation of the subject of Dew, inpcnds on volves a multitude of most interesting phenomena,
radiation of wnich, m tne hands of Dr. Wells, have been perfected
coudemia- 'nto a verv beautiful and instructive theory. Strictly
tion of va- speaking, this theory will be found to depend upon two
pour by
single principles, in constant activity around us,—the racold.
diation of heat, and condensation of invisible vapour by
fo^e'colder co,d » and altnough the discovery of the now apparently
than air, be- evident principle by Dr. Wells, that bodies must be
fore Dew come colder than the neighbouring air, before Dew can
forms on De formed on their surfaces, might, according to the inCoW for- genuous and modest opinion of that estimable man,
merl„
have been made at any time since the invention of the
thought to thermometer,* yet when we consider, that prior to the
be an effect publication of his Essay on Dew, the cold which accomshmed™*""
Dewt
was constantly
as an
the
site™. eP°" pa"'68
moisture
deposited,
instead ofregarded
the cause,
andeffect
thatoffrom
the time ofAristotle, the prejudices ofthe vulgar, as well
as the opinions ofPhilosophers, had concurred in giving
every possible weight to the opinion, we cannot but ad
mire the patience and sagacity, and the pure spirit of
inductive research which enabled him, in the midst of
sometimes apparently discordant phenomena, to trace a
principle entirely the reverse ; converting that which
had ever been regarded as a cause into an effect, and
proving by a single principle, that a body always be
came colder than the air in contact with it, before Dew
could be deposited on its surface, and finally raising
from it a theory, which should satisfactorily account for
all the varied and beautiful phenomena of Dew, and
harmonizing in every way with the established laws of
Heat.
The cold
(649.) The cold here referred to as the cause of
which is the Dew, is the result of radiation. The power of radiation
Dew^sthe 'S en-°yed ^y all bodies in different degrees, and is deeffect of ra- vel°Pe(' both by day and by night. In our ordinary
diation.
experience, we are most familiar with its effects by day,
but there are phenomena quite as remarkable disclosed
by its agency by night. The Earth covered with a
variety of soils, the herbage of all kinds which adorn
and beautify its surface, the rocks, the metals, and other
bodies which the industry of Man has converted to his
use, all possess this power in some shape or other, and
all contribute to that infinite diversity of phenomena
which the subject of Dew so abundantly unfolds.
(650.) But how, it may be asked, can these varied
effects be traced ? Every clear and tranquil night dis
closes in an ample degree their power, the green mantle
* Mr. Six of Canterbury mentioned in a Paper communicated
to the Royal Society, that on clear and dewy nights, he always
found the mercury lower in a thermometer laid upon the ground,
than it was in a similar thermometer suspended in the air, six feet
above the former. But it is one thing to mark a difference of this
kind, and another to trace its Philosophical relations, and make it
the foundation of a refined theory.
f Dr. Wells remarks that Dew is often spoken of as being cold,
by popular writers. Thus Cicero and Virgil apply to it the epithet
of " geKJui," Milton that of " chill," and Collins that of " cold."
Of the same import is a passage in Herodotus, in which it is said,
that in Egypt the crocodile passes a great part of the day on dry
land, but the whole of the night in the Nile, this being warmer than
the atmosphere, and the Jew. Among Philosophers, however, Dr.
Wells thinks, Mr. Patrick Wilson of Glasgow was the first who
ever suspected the existence of such a conjunction.
,

ofnature soon becoming colder than the surrounding air.
Each blade of grass throws out a portion of its heat into ology.
empty space, but receives from the interminable void
around no heat in return. The lower parts of the
grass may communicate some of the Earth's internal
store of heat by conduction ; but the radiating power,
more active, at least in this case, will at length cool the
grassy surface below the temperatu-e of the surrounding
air. These effects will be rendered manifest, by placing
one thermometer on the grass, and another at some
moderate distance above it.
(651.) But this same property may likewise be
traced in other substances besides the green covering of
the Earth. Polished metal and polished glass will ex*
hibit it in very opposite degrees ; and among the metals
a considerable diversity will be found, not only in their
polished state, but also, when, from any mechanical
action, their surfaces have acquired different degrees of
roughness. It will' also be found, that not only the
substance and surfaces ofbodies exercise a powerful effect
on the phenomena of radiation, but that their texture
likewise exerts a very greatinfluence. Those ofa close and
compact kind radiate feebly, but bodies of a looser tex
ture will be found eminently favourable to radiation. The Examples
delicate shining thread of the gossamer which sometimes ?f bodies
covers our hedges and fields, swansdown—a substance
^.
exceedingly well adapted for observing the phenomena diating
of Dew,—fine raw silk, masses of unwrought cotton, flax, powers,
wool, hair, fresh unbroken straw, and shreds of white
paper develope this radiating power in a very high de
gree. Substances of this nature are often found twelve and of the
or fifteen degrees colder than the ambient air; and Dr. g'eat deWells remarks, that in a Country like Russia, in the sea- J^™^0
son of Winter, a difference of thirty degrees may some- turethey
times appear on a calm and tranquil night, between a undergo,
small thermometer placed with its naked bulb on the
middle or leeward side of a stratum .of a downy sub
stance, and a similar thermometer enclosed in a case of
gilt paper, and suspended in the air a few feet above.
(652.) It will be found, however, when pursuing the What coninquiry, that some conditions ofthe atmosphere are much ditions of
more favourable to the developement of the radiating
atmopower than others ; and that when the night is perfectly ^^f^0
clear, and an unclouded sky prevails in every direction VouraWo
around, and no terrestrial object intervenes to diminish to radiathe extent of view, a body exposed horizontally will de- ^°avelope this energy in the highest possible degree.
Hence it is, that bodies which radiate their heat most
freely, and at the same time possess the feeblest con
ducting powers, will, under such circumstances, become
the coldest.
(653.) If, however, the clearness of the atmosphere Effects of
be in any degree impaired by the presence of clouds, clouds),
some change in the radiating power at once takes place.
Even a solitary cloud in the zenith, as in fig. 1, plate iv.,
will occasion this change, and the effect becomes manifest
.
on a delicate thermometer in a very short time. If the sky pjp^v,
becomes more overcast, the thermometer will still rise in Earth's w,
temperature, indicating the radiating power to be still diation.
more impaired ; and in an entirely cloudy night, it may
be said to be suspended altogether. If the clouds sud- Alternate
denly disappear, the radiating power is at once restored ; states of
and a succession of clouds passing the zenith, with alter- Jj^JJ* 2j
nate intervals of clear sky, will be marked by corre- aej)re^S '
sponding changes in a thermometer,—the presence of a ami raise
cloud, as before observed, increasing the temperature, the temand its absence at once diminishing it. Dr. Wells peraturo.

METEOROLOGY.
quotes a case wherein the temperature of a grass-plot
«1<W- at half-past nine was 32°, but twenty minutes later was
raised to 89°, the sky in the mean time being covered
with clouds. On the clouds disappearing, the tempera
ture was again restored to 32°.
Hwdouds (654.) The cause of these varied phenomena,—and
they are most interesting when pursued through all
their relations,—result from a general law which seems
more or less active at all times,—the reciprocal radiation
of bodies. It is in virtue of a law of this sort, that the
clouds return to the Earth the whole or a great part of
the heat which may have been radiated from it ; although
dense clouds may sometimes be formed so high, as to be
colder than the Earth, and thus to radiate to it less heat
than the ground imparts ;— accounting, therefore, for
the phenomenon sometimes observed on cloudy nights,
of good radiating bodies being several degrees colder
than the air.
(655.) But it is not only by the presence of clouds in
aK«4 t],e atmosphere, that the power of radiation can be
P^&jto. Jiecked. The interposition of any bodies whatever,
fcm£ between the radiating surface and the sky, will produce
sitdfcL the same effect The thinnest cambric handkerchief, *
or even a piece of open wirework placed at a moderate
elevation above the ground, as in figures 2 and 3, have
the power of checking the force of radiation, and the fact
may be readily verified in grass. Trees, houses, or
whatever objects intercept the view of the sky, exercise a
proportional effect ; and so powerful in this respect are
• " I hid often," says Dr. Wells, " in the pride of half know
ledge, smiled at the means frequently employed by gardeners, to
protect tender plants from cold, as it appeared to me impossible,
that a thin mat, or any such flimsy substance, could prevent them
from attaining the temperature of the atmosphere, by which alone
I thought them liable to be injured. But, when 1 had learned,
that bodies on the surface of the Earth become, during a still and
serene night, colder than the atmosphere, by radiating their heat to
the heavens, I perceived immediately a just reason for the practice,
which I had before deemed useless. Being desirous, however, of
acquiring some precise information on this subject, 1 fixed, perpen
dicularly, in the earth of a grass-plot, four small sticks, and over
their upper extremities, which were six inches above the grass, and
fanned the corners of a square, the sides of which were two feet
long, drew tightly a very thin cambric handkerchief. In this dis
position of things, therefore, nothing existed to prevent the free pos
tage of air from the exposed grass to that which was sheltered,
except the cambric handkerchief. The temperature of the grass,
which was thus shielded from the sky, was upon many nights after
wards examined by me, and was always found higher than that of
neighbouring grass which was uncovered, if this was colder than the
sir."
The same effect also was noticed by him, when the sheltering
substance was at a much greater distance. Thus he had " four
•lender posts driven perpendicularly into the soil of a grass field,
and w> disposed that their upper ends were six feet above the surface,
forming the angular points of a square having sides eight feet in
length. Over the tops of these posts was thrown an old ship flag of
a very loose texture," and it appeared to Dr. Wells from different
experiments, that the higher shelter had the same efficacy with the
" lower, in preventing the occurrence of cold upon the ground,
greater than that of the atmosphere in a clear night, provided the
Oblique aspect of the sky was equally excluded from the spots on
which the thermometers were laid." When a thin handkerchief like
this, is placed even vertically, it sensibly increases the warmth of the
grass. To diminish radiation, contact should at all times be avoided.
Dr.Wells found the warmth of grass, sheltered by a cambric handker
chief raised a few inches in the air, was three degrees greater than
that of a neighbouring piece of grass, sheltered by a similar hand
kerchief in actual contact with it. On another occasion it was four
degrees.
Mr. Daniel], in his able Essay on Climate comidercd with regard to
Horticulture, remarks, " that the radiation is only transferred from
the tree to the mat. and the cold of the latter will be conducted to
the former in every point where it touches."
\
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the influences of particular localities, that two bodies,
in themselves precisely similar, and destined to illus
trate the same experiment, may, nevertheless, from the
Necessity
influence of surrounding objects, present very opposite of
results. A metallic plate in one field, may remain free ingattend
there
from moisture during an entire night, when a plate pre fore to lo
calities.
cisely similar, in another field, will be covered with
innumerable particles of Dew. The existence of a gra Caution of
velled walk near the scene of observation, is sufficient Dr. Wells.
to modify an experiment ; and Dr. Wells, in remarking
that a portion of the garden in which he performed his
experiments was employed in raising culinary vege
tables, exhibited by no means too much nicety respecting
the effect of local circumstances in influencing his re
sults.* One general remark may therefore be made,
and it is one of great importance,—whatever cause
diminishes the aspect of the sky, whether it be a terres
trial object on the plane of observation, or a distant
cloud floating in the air, will impair, in some degree or
other, the force of radiation.
(656.) The result of this radiating power, in what The radia
of a
ever degree it be developed, must, at some temperature tion
must
or other,—dependent on the conditions of the body itself, body
at length
and on favourable atmospheric circumstances around it,— cause mois
occasion a condensation of humidity on its surface ; and ture to be
it may be observed as a confirmation of all that has condensed
been advanced on the necessity of an ample exposure to on it.
• The choice of a suitable locality for performing experiments on
Dew, is of much greater importance than we should at first suppose.
A wall, a house, or some distant trees will modify results, and in
some cases prevent Dew from being deposited at all ; and this will
often be the case with regard to metals. It was from an inattention
to circumstances of this kind, that Le Roi imagined that Dew was
never deposited from the air of cities ; whereas at the time his expe
riments were performed, either the conditions of humidity or tem
perature were not favourable to the formation of Dew ; or what is
more probable, the place of observation was so surrounded by lofty
buildings, as to diminish, or prevent altogether, the radiation neces
sary for its formation. Experiments therefore performed in a gar
den situated in the heart of a great city, must often lead to results very
different from that which would have been obtained in an open plain.
And from a circumstance of the same kind, doubtless it was, that
both Muschenbroek and Dufay inferred that metals were altogether
destitute of the power of receiving Dew ; although it is now known,
that many most interesting phenomena of the kind are disclosed by
them.
Dr. Wells, when he undertook his inquiries respecting Dew, de
scribed the exact locality. " I think it right," he observes, " to
describe the place, where by far the greater part of my observations
on Dew were made. This was a garden in Surrey, distant by the
public road, about three miles from the bridge over the Thames at
Blackfriars, but not more than a mile and a quarter from a densely
built part of the suburbs on the South side of that river. The form
of the garden was oblong, its extent nearly half an acre, and its
surface level At one end was a dwelling-house of moderate size,
at the other a range of low buildings ; on one side a row of high
trees, on the other a low fence, dividing it from another garden. If
this fence had been absent, the garden would have been on the
latter side entirely open. Within it were some fruit trees, but, as it
hod not been long made, their size was small. Towards one end,
there was a grass-plot, in length 62 feet, and nearly 16 broad, the
herbage of which was kept short by frequent mowing. The rest of
the garden was employed for the production of culinary vegetables.
All of these circumstances, however trifling they may appear, had an
influence on my experiments; and most of them, as will hereafter be
seen, must have rendered the results less remarkable than they would
have been, if they had occurred on a wide open plain, considerably
distantfrom a large city."
As an example of his great caution respecting the influence of
surrounding objects, he remarks on one occasion, " It seems certain
that the houBes surrounding Lincoln's -inn-fields, had an influence
upon my thermometers, during my experiments there at night, be
yond what arose from their merely retaining a quantity of heat,
equivalent to that which they received from the surface of the
garden."
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the sky, that the first said simplest experiment which
can be performed in illustration of the actual deposition
of Dew, at once proves its correctness, and destroys the
Popular be popular belief in the fall of moisture from the sky in
lief that
Dew falls an invisible form. " I placed," observes Dr. Welle,
destroyed " on several clear and still nights, 10 grains of wool
by a simple upon the middle of a painted board, 4 J feet long, 2 feet
experiment wide, and 1 inch thick, elevated 4 feet above the grassof Dr.
plot, by means of 4 slender wooden props of equal
Wells.
height ; and at the same time, attached, loosely, 10
grains of wool to the middle of its underside. The two
parcels were consequently only an inch asunder, and
equally exposed to the action of the air. Upon' one
night, however, I found the upper parcel had gained 14
grains in weight, but the lower only 4. On a second
night, the quantities of moisture acquired by like par
cels of wool, in the same situations as in the first expe
riment, were 19 and 6 grains ; on a third 1 1 and 2 ; on
a fourth 20 and 4 ; the smaller quantity being always
that which was gained by the wool attached to the
loiDer side of the board."
(657.) Again, as another experiment illustrating the
Effect of
limiting the effect of exposure to the sky, Dr. Wells placed up
view of the right on the grass-plot, a hollow cylinder of baked clay,
sky illus the height of which was 2\ feet, and diameter 1 foot.
trated by
experiment On the grass, surrounded by the cylinder, were laid 10
with a cylin grains of wool, which, in this situation, as there was not
drical ves the least wind, would have received as much rain as a
sel.
like portion of wool fully exposed to the sky. But the
quantity of moisture obtained by the wool surrounded
by the cylinder, was only a little more than 2 grains,
while that acquired by a similar portion of wool, fully
exposed, was 16 grains. In this case the amount of
direct radiation to the sky A B, was limited to the dia
meter CD of the cylinder, see fig. 4, and the small in
crement of moisture gained by the wool within it, might
have been anticipated. Harvey traced the effect of a
diminished aspect of the sky,* by employing cylindrical
and the frustrums of conical vessels, of a common dia
meter at the base, and of a common altitude. The
greater the upper diameter of a vessel, all other things
being the same, the greater was the amount of Dew on
equal masses of wool placed at the bottom ; and a sen
sible diminution in the quantity of Dew was perceived,
Effects of whenever the upper end of a vessel had only a few nar
even a few
row detached slips of wood placed above it, as in figures
slips of
5 and 6. In some shorter cylinders, he found that wirewood.
work of various degrees of fineness, produced very sen
sible decrements of the kind.
Apparent
S658.) An apparent exception to this general prinexception
, e is mentioned in the XVIIth volume of the Jour
to the prin nal of Science. On an evening when the deposition of
ciple ex
Dew was expected to be considerable, a plate of polished
plained.
tin was placed gently on long grass, and its weight
compressing the herbage on which it rested, necessarily
caused the polished surface to be surrounded on all
by gross, reaching twelve inches above it. At
Meteor
ology.

eighteen inches above the ground, or two inches above Meteorthe average height of the grass, a similar plate was
placed on slender props, as in figure 7. Now the latter
plate having its surface thus exposed to the entire
canopy of the sky, and the former having its view con
fined to a comparatively small space, in the zenith of
observation, it might be inferred from the principle
above announced, that the former would have gained
more moisture than the latter ; whereas the plate sur
rounded by the long grass, had its superior surface
completely covered with minute but distinct particles of
moisture, and the plate elevated above the grass was
perfectly dry. But the principle of Dr. Wells, as re
marked by the author of the Paper in question, is evi
dently limited to the consideration, that the bodies are
in other respects placed under like conditions. The
cooling power of the grass surrounding one plate, must
necessarily have extended its influence to the metal ;
and by lowering its temperature considerably, have
occasioned the copious deposition observed. The upper
plate not being in contact with the grass, permitted the
air to pass freely on each side of it ; and being itself a
bad radiator, attained no condition during the night
favourable to the deposition of Dew.
(659.) The effect of an oblique aspect of the sky is Influence
of an
also clearly shown by another experiment of Dr. Wells. oblique
Ten grains of wool placed at C, fig. 8, directly under the aspect of
middle of the raised board, could only be influenced by the sky.
the portions of the sky comprised between A D and BE;
the interval between the points A and B producing no
effect on C, in consequence of the interposed board
F G. Accordingly Dr. Wells found, after repeating the
experiment on three several occasions, that the mass of
wool at C, gained only 7, 9, and 12 grains of moisture
respectively, at times when similar parcels of wool, laid
upon another part of the grass, entirely exposed to the
heavens, gained 10, 16, and 20 grains severally.
Influence
(660.) Similar effects also may frequently be traced of
trees v
in cases where wide spreading trees prevail. Around this way.
the trunk of a tree, and as far as its branches extend,
less Dew will at all times be found, than in the open
Bpace beyond. In the case of fig. 9, the space between
A B, determined by vertical lines C A and D B from
the extremities of the branches of the tree, is prevented
by the foliage of the tree from radiating its heat to the
upper sky, and hence the space referred to enjoys only
the oblique radiation below A C and B D. The tem
perature within A B must hence be greater than in the
free open field, where no interruptions to radiation exist,
and a less amount of Dew consequently be found.*
(661.) Gersten long ago remarked, without being Horizon!
surfaces
able to account for it, that horizontal surfaces are more more
dei
abundantly covered with Dew than those which are per than perpendicular, an effect, however, which is now clearly to be pendicul
traced to the diminished radiation of the latter. Harvey
placed a hollow cube of block tin in a meadow, two
inches above the herbage, with its vertical faces equally
exposed to the cloudless horizon. To these faces, and Experi
to the upper surface of the cube, equal parcels of wool ments.
* Connected as the formation of Dew is with temperature, we were attached, with equal radiating surfaces. At five
may trace the first indications of the effects of a diminished aspect
of the sky, in the suggestion made byDr. Black,—to whom Chemistry
is under everlasting obligations, to Mr. Patrick Wilson, Professor
• Milton beautifully alludes to this when in his Paradise Regained,
of Astronomy at Glasgow. On the 24th of January, 1784, that
celebrated man suggested an experiment of placing some gauze over be says :
Full forty days he poss'd, whether on hill
a thermometer. Mr. Wilson accordingly fastened a piece of open
_ Sometimes, anon on shady vale, each night
gauze to a hoop of eight inches diameter, and an inch deep ; when
Under the covert of dome ancient oak.
the sheltered thermometers were found commonly to rise nearly two
Or cedar, to defend him from the Dew.
degrees.—Kiiin. Trans, vol. i.
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the next morning, the upper mass of wool had gained
fifteen gTains of moisture, and the parcels attached to its
vertical surfaces, equal increments of five grains ; the
equality resulting from the perfectly tranquil state of the
air.
(662.) On surfaces variously inclined, different
amounts of Dew will be found, in virtue of the change
that ditferent obliquities produce on the radiating powers
of bodies. Hence we may account for the diversities
sometimes to be met with in the amounts of Dew ob
tained on the same substance in different localities.
Thus, if fig. 10 be supposed to represent a vertical sec
tion of a country, where considerable inequalities of sur
face prevail, and we further suppose the soil and herb
al which cover it to possess, independently of these
inequalities, the same radiating power ; then will the
results of Dew obtained on the open and horizontal
surface A B, exceed those deposited on the inclined ground
B C. An observer situated also at C D, although enjoy
ing a surface equally level with A B, will nevertheless
obtain smaller amounts of Dew, on account of the place
enjoying a less expanse of sky ; and an experiment per
formed in the valley at E will again disclose other re
sults. In like manner, a mass of wool placed at H on
the plane F G, having a common level with A B, may
nevertheless gain less dew, from the aspect of the sky
being partially cut off by the walls or hedges at F and
0. How different then must be the results of an ob
server who may carry on his observations in a woody
and enclosed country like the foreground of fig. 11,
where the radiating power is checked on every side,
and another who may be situated on the open surface
of the high ground above;* and how different both the
results of these, from what an experimenter would find
on the inclined ground visible in the same scene. The
choice of a locality, as before remarked, must there
fore be of great importance in all inquiries relating to
Dew.
(663.) Another beautiful experiment illustrating the
effects of a free aspect of the sky, may be performed by
suspending a glass globe a little above the ground. On
a perfectly tranquil night, and in a free open space, the
first particles of moisture will be formed on the very
zenith of the ball ; and as the superior hemisphere of
the ball continues to lose heat by radiation, these atoms
of Dew will increase in size, and at the same time others
will begin to be deposited around them, but of gra
dually decreasing dimensions, as they recede from the
zenith, until at length they will be found to terminate in
a slight film of moisture round the Equator of the ball.
Tnis beautiful effect is attempted to be illustrated in
6g. 12. If, however, the radiating power be checked on
say part of the ball, the uniformity will be destroyed.
A simitar effect may be produced by exposing a sheet
of paper to the evening sky, having its surface dis* There are exceptions, however, respecting some particular hills
vr/ich merit attention, and require caution m the observer. Dr.
Wells remarks, that " in hills which are insulated and of inconsideraWe literal extent, the air surrounding their summits, on nights
favourable to the deposition of Dew, is warmer than that at their
bases ; and hence the superiority of the cold of a low plain from
radiation, over that of a wide expanse of hilly ground, will, for ob.
Ticus reasons, be less; but no superiority of this kind will probably
exist in a low plain, when the high ground is not only extensive,
but flat on the top, forming what is called table land ; unless
iadml, which seems to be actually the case, the air of such an ele
vated country should be commonly more agitated than that of
lower places equally level."
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posed in round ridges as the section in fig. 13. After Meteor
some time the summits of all the raised parts will ology.
be found with large particles on them ; and from
these, others diminishingin size may be traced,' until at
length, in the hollow parts of the paper, particles only
of the smallest possible kind will be found. The
gradation of these watery atoms will be found worthy
of notice. So also if a dead beetle be exposed, a
like gradation of the particles of Dew will be found,
as in fig. 14. A similar effect may also be discovered
upon the back of a sheep, which may have been reposing
quietly on the ground. The woolly coating of the animal
will be found covered with a great abundance of Dew on
its upper part ; but round its sides the moisture will be
less abundant ; and a limit may almost be traced to it in
the greatest horizontal section of the animal, as A B C,
fig. 15.
(664.) Plane pieces of glass horizontally disposed, Glass best
are best adapted for observing the actual formation of adapted for
Dew. The appearances on surfaces of this kind are observing
altogether similar to those which occur on them when formation
of Dew.
exposed to the action of steam a little warmer than it
self. The exposed surface has first its lustre dimi Example of
nished by a slight damp uniformly spread over it, as its progres
in fig. 16 ; but as the moisture increases, it gathers sive f
into flat drops of very dissimilar forms. These drops
are at first very small, tut afterwards they enlarge, and
run into each other, and by forming streamlets, cause a
great portion of the moisture to escape from the body,
as denoted in the figures 17, 18, 19, and 20.
(665.) It is an important object, however, in a pur Wool well
suit of this nature, to obtain a substance admitting of adapted
for ob
the ready formation of Dew, and at the same time with both
taining
a power of retaining it for the purpose of examination. retainingand
Such is wool. Many precautions, however, are neces Dew.
sary both in selecting and using it. Uniformity in the
fibre is necessary, and great care should be taken that
the masses selected for comparative observations, should
in all cases expose equal surfaces to the sky. Equality Uniformity
of mass or weight by no means implies equality of of fibre ne
radiating surface. The same mass of wool may be dis cessary.
radi
posed in a variety of forms, and each form differ in the Equal
ating sur
quantity of its radiating surface. Ten grains of wool face neces
made into the form of a ball, will obtain much less Dew sary.
than an equal quantity disposed into a flattened form.
In the globular form, the upper half only can obtain Comparison
Dew, and the particles will diminish in size to the of different
into
Equator A B, fig. 21, as already remarked in the glass forms
which
globe ; whereas in the mass of equal weight disposed may bewool
dis
into a flattened form, as fig. 22, the whole of its posed.
upper surface must uniformly gain Dew, and in particles
equal in size to those deposited on the zenith of the
globular mass. The surface of this flattened form also
may be obviously very much changed. Much precau
tion, therefore, is necessary in attending to the deposition
of Dew on wool.
(666.) While glass and wool, therefore, are distin Metals
guished for the readiness and abundance with which present s
Dew is deposited on their surfaces, the metals afford striking
contrast to
examples entirely the reverse. Such is the resistance glass and
indeed which polished metallic surfaces present to the wool in y
formation of Dew, that some perseverance is necessary formation
in pursuing the inquiry ; and yet the slowness with of Dew.
which they receive moisture, discloses relations infinitely
more varied than arise in the better radiators of heat.
(667.) On the same night that Dew is copiously
deposited on glass, swansdown, wool, and the grassy
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Meteor- surface of afield, a polished metallic plate in contact with
^ ology. the gTass, may retain its lustre undiminished during the
whole time of observation. When indeed moisture is
Difficulty
in obtaining deposited upon metals, it commonly sullies only the
lustre of their surfaces ; and at times when it is suf
Dew on
ficiently abundant to gather into drops, they are gene
them.
rally small and distinct.
Arises from (668.) This slowness of metals to receive moisture
their small from the air, is dependent in the first place on their
radiating feeble radiating powers ; and, secondly, on their capabi
powers.
lity of receiving, by aid of their conducting powers, at
least as much heat from the atmosphere as other bodies,
Not only and more than others from the warmer substances they
the surface may happen to touch. Before Dew, indeed, can be de
of a metal, posited on the surface of a metal, it is necessary, not
but the
whole of its only that its surface should be cooled, but that the whole
mass must of its mass should be 90 lowered in temperature, as to
lie lowered condense the watery vapour, affording thereby another
in tempera remarkable contrast to the feeble conductors of heat,
ture before which gain moisture on their surfaces, even when their
Dew is
parts a very little below are warmer than the air,
formed.
(669.) From the same ready passage of heat from
Metallic
plate seve one part of a metal to another, arises the phenomenon
ral feet
that a metallic plate suspended in the air, several feet
above
above the ground, is covered with moisture on its lower
ground
may have side, as well as on its upper, and this at a time when
the under surfaces of bodies more capable of receiving
Dew on
both sides. Dew are without any deposition of the kind.
If in con
When a metallic plate, however, is laid upon
tact with the(670.)
bare earth, on a night favourable to the deposition
ground,
Dew often of Dew, moisture will be deposited on its lower surface,
formed on at the time the upper remains dry. And the cause of the
lower side, phenomenon is to be sought for in the under side of the
while its
upper re metal partaking of the cold produced by the exposure of
mains dry. its upper side to the clear sky, and thereby condensing
the moisture ascending from the warmer earth below.*
Deposition
(671.) The deposition of Dew on a metallic plate
of Dew fa may
be facilitated by applying it to different portions of
cilitated by
cold grass in succession.
cl
position of
(672.) But the dimensions of metallic plates appear
metal.
to influence the formation of moisture upon their sur
Size of a
metal plate faces. A large metallic plate lying on grass will
influences resist Dew more powerfully than a small one similarly
formation circumstanced. If, however, the two plates be suspended
of Dew.
at the same height in the air, the small one will resist
the formation of Dew more powerfully than the large.
The lesser plate, in the first instance, gains Dew most
rapidly, from its relative size permitting a more active
exercise of its conducting power, thus enabling it to
partake of the diminished temperature of the grass ;
whereas, in the latter example, the small plate receives,
in proportion to its size, a larger share of heat from the
atmosphere than the other.
A large
(673.) Ifalarge metallic plate be placed on thegrass.it
metal plate will be less readily dewed than when raised a few inches
on grass
less readily above it. In the former position, such a plate freely
dewed than obtains, by its great conducting power, heat from the
if raised a earth ; whereas, when it is suspended freely in the air,
few ii
it reflects whatever heat may be radiated from the grass
above it. below. The grass also will have less heat than when
the metal was in contact with it, partly from the small
* Dr. Wells once observed on a cloudy night, a piece of glass
laid over an earthen pan containing water, and placed upon the
ground, to be wet on its lower side, while the upjier was dry ; the
glass being in this situation sufficiently cold to condense the vapour
of water heated by the earth, but not enough to condense the watery
vapour of the air.

oblique view of the sky afforded to it, and partly from Meteorreceiving air which has been cooled by passing over ol°gyother grass fully exposed to the heavens.
^•v"*
(674.) As the temperature of metals is never much Small in.
below that of the neighbouring air, a small diminution crease of
of their radiating powers, from any cause, will often |^Bm^t
occasion the Dew previously formed upon them to sometimes
evaporate ; though other substances, like wool, which causes Dt
had been more cooled by radiation, are still gaining to disappe
moisture from the air. For a like reason, a metal on then1,
which has been purposely wetted, will often become dry
at night, while other substances are moistened by Dew.
(675.) Having thus briefly treated of the formation Results oi
of Dew on good and bad radiators, let us next inquire union of
into some of the phenomena resulting from their union. Booa ^
In the first place, a good radiator, as wool, when placed ^rad'a
upon a bad radiator, as tin, will, by gaining heat from
it, acquire less dew than an equal portion of the same
substance laid upon a good radiator like grass. But
when the metallic body, having wool in contact with its
upper surface, is raised above the ground, the wool will
gain more Dew, on account of the metallic surface re
flecting the heat which is radiated to it by the warmer
grass ; thus enabling it to preserve undiminished the
cold it acquired by the radiation of the upper surface of
the wool to the sky.
(676.) If a metal be closely attached to a substance Good ni
of some thickness which receives Dew powerfully, the j"'^1^
radiation of the metal, instead of being increased from
j
this circumstance, will be diminished, provided the position
metal covers the whole of the upper surface of the body. Dew on !
And if to the non-metallic side of a piece of gilt paper toseveral wooden letters be attached by means of gum, the
portions of the metallic surface not in contact with the
letters will be found covered, under favourable circum
stances, with minute particles of Dew ; while the parts
in actual contact with the wood will remain perfectly
dry. This experiment, when performed with the letters
DR. WELLS, presented the appearance denoted in
fig. 23.
Such is the regularity which guides these deposi
tions, that whatever may be the forms of the wood
actually in contact with the non-metallic side of the
paper, the dry spaces will be rigorously confined to
them. Hence we shall find in figs. 24 and 25, that a
wooden cross being attached to the former, the dew will
be confined to the triangular spaces not in contact with
the wood ; and in the latter, the triangular areas with
wood attached to them, will remain free from moisture,
the form of the cross being visible by the innumerable
drops that cover it. The same observations apply to
figs. 26, 27, 28, and 29. In fig. 30, where the form of
the body in contact is more fanciful, the Dew is still con
fined to the other parts. Fig. 31 represents an inter
esting example of Dew just beginning to be deposited
in small triangular forms, perfectly defined in the cor
ners of the metallic paper; and in well-defined seg
ments in the middle of the sides. Fig. 32 is an example
in which these small depositions are more irregular.
(677.) Some very interesting phenomena also result R?s.1'^
from the junction of a metal with glass. If two watch- {-^,n|
glasses, with their concave sides uppermost, be placed tjon „f
on a plate ofpolished tin, and one of them be surrounded metal
with a ferule of the same metal of the same diameter as r1_
the glass, and a depth equal to its versed sine, the fol
lowing phenomena will be perceived. In the crystal
without the ferule, of which a section is represented in
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fig. 33. A zone of moisture will be found to surround
^"fflr- the edge, the particles diminishing in size inwards, as
denoted in fig. 34. At the bottom a perfectly dry
circle will be found. In the other glass, of which a
section is denoted by fig. 35, with the surrounding
ferule A B, CD, a , dry zone will be found to sur
round the outer edge of the glass, and a dry circular space
at the bottom, but a dewy zone, E F G, H I K, will be
found existing, as in fig. 36, having large particles in
the middle, and others progressively diminishing in size
towards both its edges. After these appearances have
existed for a certain time, a secondary deposition of
moisture, under favourable circumstances, will be found
to take place. Within the dewy zone of fig. 34 another
very narrow zone of moisture will be formed of exceed
ingly fine particles, as represented in fig. 37 ; and on
each side of the moistened zone of fig. 36 similar zones
may be seen, as in fig. 38. For the cause of these
appearances, see vol. xvi. of the Journal of the Royal
Inttitution.
ftnfej
(678.) An example of the regularity with which Dew
aigtm is deposited round a series of wafers placed upon glass,
is given in fig. 39.
Hrctscf
(679.) Another very interesting experiment may be
""^S performed, by partly covering a surface of glass with a
:-&lmlna smaller surface of metal. On a favourable night, the
i^r'"0" uncovered portion of the glass will quickly become cold,
soL
and derive to itself a part of the heat of the metal.
The surface of the metal will hence be more readily
dewed, than if the whole exposed surface had been
metallic. The actual deposition of moisture, on the two
kinds of surfaces, will in such a case be very curious.
Of the metallic part, moisture will be first and most
abundantly deposited on the outer edge, from its being
nearer to the colder glass ; while the parts of the un
covered glass, contiguous to the warmer metal, will be
the last and least abundantly dewed. Supposing A B
CD, in fig. 40, to denote the glass, and E F G H the
metal attached to it, an enlarged type of the Dew may
be represented as in fig. 41 ; but a more perfect idea of
the whole phenomenon may be gathered from fig. 42,
in which the letters composing the celebrated name of
LORD BACON are metallic, and applied on a large
scale to a surface of glass, according to the conditions
of the experiment,
of (680.) The following is an example of the effect of
conduction in checking the formation of Dew. Fig.
fil^ijj! .43 represents a plate of iron fastened by screws to
Drr_
the top rail of a gate, of which fig. 44 is a section.
The whole of the plate was covered with Dew ; but
the particles on the heads of the screws and the
spaces around them, were the smallest, on account of
the heat the screws derived from the internal mass of
the wood.
r-aajfc,
(681.) An example of the progressive formation of
*
Dew is given in the different appearances of the word
'l*"' DEW> rePresented in figs- l>%> 3> 4> 5> and 6' pl»te Yj
Iv, J4|lrf and also in the successive states of the word COLD, in
ngs. 7, 8, 9, 10, 11, and 12, the latter series exhibiting
i co. also the partial manner in which moisture sometimes
continues to be deposited during a whole night, in con
sequence of the action of a gentle current.
(682.) Another example of the influence of a gentle
current is given iu fig. 13, which represents a parallelor grain of gilded glass, having its metallic side upper
most. The first deposition of moisture took place at
A the leeward end, the Dew gradually advancing
vol. v.
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thence to the middle of the surface, distinct drops at the Meteorsame time being deposited at D, B, E, C. As the par- ology.
tides increased in size round the three edges, other ^"V™"'
minute drops were 'successively deposited, more distant
from them ; accumulating, however, with the most
rapidity on the leeward sides A and C. After many
hours' exposure, an oval portion of the metallic surface
was found entirely free from moisture. At the last
observation the particles at A had increased to at
least an eighth of an inch in diameter ; those at C
being rather less. The particles at the corners D and
E preserved also their superiority in size above those
at B.
(683.) There are some interesting phenomena con- Examples
nected with the deposition of Dew on the insides of win- of deposidows, which merit notice in this place. At times, and 'ion of
when the window is unscreened by a blind, it assumes ,^ije°sn0f
forms of very great symmetry, as in figs. 14 and 15; windows,
but the effect of a blind is in general to destroy the uni
formity which prevails in other cases, as in figs. 16
and 17 ; while in others, where the blind exerts a less
decided influence, some small approach to uniformity
may be traced, as in figs. 18 and 19. All these depo- Cause,
sitions result from the glass being cooled by the external
air, and the internal air in contact with it depositing, in
consequence, more or less of its moisture. The Dew Effects of a
will be found most copious, where the glass has been Wind or
screened by a blind or a shutter. Dr. Wells proved, sllutterby applying the naked bulbs of two delicate thermo
meters to a covered and uncovered pane, that the former
was three degrees colder than the latter ; the air of the
chamber being at the same time eleven degrees and a
half warmer thanAhat without. Here the closed shutter
shielded the glass, which it covered, from the heat
radiated to the windows by the walls and furniture of
the room, and thus, as Wells remarks, kept it nearer
to the temperature of the external air, than those parts
could be, which, from being uncovered, received the
heat emitted to them by the bodies just mentioned. In
the case of an external shutter, the effect will be directly
opposite to what has just been stated ; since it must
prevent the radiation, into the atmosphere, of the heat
of the chamber through the glass.
(684.) It is not, however, on the insides of windows Example of
only that Dew is deposited, it being sometimes formed Dew on
on their outsid.es. Fig. 20 represents an example of this outside of a
kind, wherein the portion of the window above A B wln w"
was covered on the outside with particles of Dew so
very numerous, as to prevent objects from being seen
distinctly through the glass ; but below A B, where the
inside of the window was covered with a muslin curtain,
the particles on the outside were much less numerous.
In some cases where a pane has been cracked but not
broken, a perfectly dry margin on each side of the
crack will be found, as in fig. 21, all the remaining
parts of the glass being covered with innumerable par
ticles of Dew.
(6S5.) The formation of Dew on the delicate Beautiful
threads of the gossamer, is worthy of attentive con- formation
sideration by the accurate observer of Nature. Very ^)eJv ou.
frequently detached lines will be found covered with J^^ei.
innumerable particles like a string of beads, as in
fig. 22 ; but often masses of web will be found the bor
ders of which are covered with large globules of Dew,
as in fig. 23, and their internal parts filled with in
numerable threads intersecting each other in every pos
sible direction, and covered with smaller globules,
T
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which become at last so small as to elude the eye.
Mr. White of Selborne mentions, that he once found
the whole face of the country covered with a coat of
web drenched in Dew, and as thick as if two or three
setting nets had been drawn one over the other*
(686.) Our limits will now only permit us to advert
to some general circumstances which appear to influence
the formation of Dew. In the first place, Dew is never
abundant except in clear and serene weather. Some
traces of it may, indeed, be met with in cloudy nights,
if there be no wind ; or notwithstanding the wind, if
the weather be clear ; but it is never observed to form
under the united influences of the wind and a cloudy
sky.
(687.) After Dew has begun to be deposited, it
continues to form during the whole night, if the
weather remains equally still and serene. Dr. Wells
found, that by placing fresh parcels of wool upon
grass every hour, during many suitable nights, and
weighing each in succession, that Dew had been
deposited upon all. The cause, moreover, is apparent
when we consider, that after one volume of air has
deposited its moisture, the gentle motion that at all
times exists in the atmosphere, even when it is pro
nounced by ordinary observers to be perfectly calm,
must cause some other volume to be translated, contain
ing like moisture with the first ; and supposing a
motion of this kind to go on, the successive depressions
of temperature that take place during the whole night,
until the minimum temperature about sunrise is
attained, will bring even the masses of air which had
previously deposited the moisture permitted by their for
mer temperatures, to discharge other portions, when they
become again subjected to an increased cold of the
radiating body.
(688.) Whatever may be the quantity of moisture,
however, deposited during an entire night, it does not
appear that equal quantities are formed between sunset
and midnight, or midnight and sunrise. According to
Dr. Wells, more Dew is formed in the latter period
than in the former. The conditions of the two are
indeed very different. The absolute quantity of mois
ture existing in the air between midnight and sun
rise, must necessarily be less than between sunset and
midnight, in consequence of the previous precipita
tion of a part of it ; but during the former interval,
the temperature is diminished more than in the in
terval between sunset and midnight. We are not,
however, to suppose that the periods of sunrise and
sunset form absolute limits to the deposition of Dew,
and accordingly moisture is frequently found on bodies
capable of receiving it, both before sunset, and after

* A phenomenon sometimes mistaken for Dew is often seen on
the fine and delicate web of the garden spider. " If you examine,"
says Kirby, " a newly formed net with a microscope, you will find that
the threads composing the outline of the radii are simple, but those
of the circles closely studded with minute Dew-like globules, which
from the elasticity of the thread are easily separable from each
other. That these are in fact globules of viscid gum, is proved by
their adhering to the finger, and retaining dust thrown upon the
net, while the unadhesive radii and exterior threads remain unsoiled.
It is these gummed threads alone which retain the insects that fly
into the net ; and as they loae their viscid properties by the action
of the air, it is necessary that they should be frequently renewed."
The beautiful regularity with which these drops are disposed, and
their gradual decrease in size as they approach the centre of the
web, are worthy of attentive e

(689.) Dew is more plentiful in Spring and Autumn Meteorthan in Summer ; and more abundant after rain than dogy.
after dry weather. The greatest Dew occurred, during
the Ions experience of Dr. Wells, when the barometer „ ls,
■ ■•
, T^ |
'
.
more plcnwas sinking ; and Deluc has observed that rain may tif(j ;n
be foretold, when Dew is very abundant in relation to Spring and
the climate and season.* Howard mentions that he Autumn
has sometimes found Dews so abundant in Autumn, gj^m"r
as to be capable of daily measurement in the raingauge.
(690.) Dew is always produced in great abundance \eTJ co"
on those clear and calm nights which are followed by {Jj™*,™!.
misty mornings ; and it is also found plentifully de- iowtKi uv
posited on a clear morning succeeding to a cloudy misty mom
night.
nigs(691.) Increase of atmospheric temperature during Increase of
the day, supposing other circumstances favourable, pro- »tmospheni
motes in a great degree the formation of Dew. The j™1*^"'
Iaw by which the aerial columns gain moisture, increases promotes it
more rapidly than that which regulates their tempera- formation,
ture ; and hence, a small decrease of heat in the . air,
during the night, must bring it, when the temperature
is high, much nearer to a state of saturation, than when
the temperature is low.
(692.) A gentle motion in the lower strata of the Gentle
atmosphere, by bringing fresh volumes of air into contact motion of
with the cold surface of the Earth, will produce a more "J[™™a
abundant deposition of Dew, then if the atmosphere t;on,
were entirely calm.
(693.) In nights equally calm and clear, very un- Unequal
equal quantities of Dew maybe precipitated. The great ^d"™'"
inequalities existing in the lengths of the nights in our mavue
latitudes, may be referred to as one cause of these dif- formed in
ferences -, but another, and a more fertile cause, is found nights
in the unequal degrees in whieh moisture exists in the e1ua11)'
1**1.1m Ann
air. At one time it was thought that the cold con- clear
nected with the formation of Dew, ought always to
be proportional to the quantity deposited ; but Dr.
Wells clearly proves, that the same degree of cold in
the precipitating body, and which may take place in
nights equally calm and clear, may be attended with
much, little, or perhaps no Dew, according to the
existing state of the atmosphere with regard to mois
ture.
(694.) Particular winds have a tendency to promote Influence
the formation of Dew in different Countries, from their ot" parti'-"
transporting air highly charged with moisture. In1"""1
Europe, Southerly and Westerly winds promote it, but
Northerly and Easterly winds the contrary. On the
Western shores of Africa, Southerly and Westerly
winds are favourable to it ; but in Egypt and the Barbary States, the North wind brings great accessions of
moisture. Dew for these reasons must be more abun
dant in Norway also than in the Eastern Provinces of
European Russia.
(695.) Various attempts have been made to deter- Attempt!
mine the annual deposition of Dew, but without sue- to 60,1
cess. To measure the quantity deposited under the ^|^t
most favourable circumstances, is no easy task ; and 0f jy^.
although Mr. Daniell observes, that the quantity of
vapour existing in the atmosphere, in the different
seasons, at the level of the sea, Beems to follow the
course of the mean temperature, such are the varied
and uncertain conditions connected with the deposition
* Rech. tur let Mod. de TAtm. sec. 725
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of Dew, that no very accurate result for the average
an be obtained in the present state of
It must indeed vary with every climate
and every locality. In a general way it has been estifor England at about rive inches annually,
is computed to be about a seventh part of the
average quantity of moisture received by the atmosphere
in the same time. Instruments have been contrived to
measure the quantity of Dew deposited at any time,
but they are entirely fallacious.
Hmdn. (696.) There is a substance called Honey Dew to
which we must briefly advert. It is well known to
Naturalists that it is not deposited on vegetables by the
atmosphere, as its name would seem to imply, but is
excerned by insects of the genus Aphis, which inhabit
the under sides of leaves, and deposit it on the surfaces
of those below. This little creature seems to subsist by
drawing the juices from the sap vessels, and by a pecu
liarity of constitution, rejects the richer saccharine part,
which afterwards affords nourishment to many other
insects. Ants are so fond of it, that a whole colony may
be found travelling to the highest branches of a tree in
search of it ; and they have been seen to seize the clear
drop, while yet attached to the body of the Aphis,
which, although defenceless, was not molested further
by the predaceous wanderers. Honey Dew is some
times so abundant as to drop from trees.
(697.) We cannot close this division of our Essay,
i f so Dr» which we do with reluctance from its very great in
t»i* highly terest, without recommending most strongly to the
reader's attention, Dr. Wells's valuable Essay on Dew.
We know of no Work in our day which has been more
universally admired than the Treatise of Dr. Wells ;
iiwkgit certainly none that practically exemplifies in a purer
and better form the admirable inductive system which it
was the object of Bacon to teach.
Hoar Frost. —Ice.
Harfrat

(698.) There are conditions, however, of the atmo
sphere which sometimes cause dew to be frozen, on
whatever bodies it may have been deposited, and such
appearances are denominated Hoar Frost. Hoar Frost
F«[«ot is formed, in England much more frequently than is
commonly supposed; and such is its occasional severity,
that a single night, even when the warmth of the year
would seem to secure us from its rigorous effects, will
sometimes destroy all the hopes of the gardener.* For
Dfejeai
uEcjlad. ten months in the year, says Mr. Daniell, vegetation is
liable to be affected at night, from the influence of
radiation, by a temperature below the freezing point of
water ;t and even in the months of July and August,
which form the only exceptions, a thermometer covered
with wool will sometimes fall to 35°. Howard, how
ever, observes that a night on which Fahrenheit's ther
mometer remains for some hours below zero, hardly
A
occurs in our climate more than five times in a century.
In England, a continued Frost may be regarded as an
* On the 6th of Hay, 1831, the temperature daring the night
sank to 20", at Edmonton. In the morning, the leaves of the vine,
the walnut, and the oak appeared shrivelled and black. Their appear
ance was the same as if they had been burned, and when pressed
they erumbled into dust. This temperature was 6° lower than it
had fallen in that month, at that place, for forty years.
f In the month of June, a plant may be so circumstanced in this
Country, as to undergo all the changes of heat from 154" to 30°.
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exception to the rule of the climate, and occasionally Meteorsome winters pass almost without Frost. As might be °k>gy.
expected, Frosts generally disappear with a wind from
the Atlantic. In Devonshire, three successive frosty Frosts dl<>are regarded by the farmer as a sure har- *^['^
of rain. The mean temperature of each of three the Atlansimilar periods of Frost, in the long winter of 1813— 14, tic.
did not vary a degree from the freezing point, although
preceded and followed by periods whose mean temper
ature was 44°; and Howard remarks, that the analogy
might be carried even further. The most intense Frosts
penetrate but a few inches into the Earth, but the
depth must be variable from the diversity in the con
ducting powers of bodies.
(699.) As a deposition of moisture must in all cases pre- Dew must
cede the formation of Hoar Frost, whatever causes tend precede the
to modify in any way the deposition of humidity,—whe- p^f10
ther they arise from the substances of bodies themselves,
the nature of their surfaces, or their textures ; from the
clearness of the sky, the varied influences of clouds, or
from terrestrial objects modifying in some way or other
the radiating power,—must in the same degree influ
ence all the phenomena of Hoar Frost. If we take the Illustrated
case of grass, the fibrous texture of which is so favour- m case of
able to the emission of heat, we shall find a copious SraS!lradiation continuing, until a temperature at length is
reached, equal or below the freezing point of water.
The moment at which this happens, will of course vary Time of its
with the circumstances of climate and of season. At formation
some periods of the year, and in particular localities, it variable,
may reach the temperature of thirty-two, early in the
evening, or even before sunset ; whilst at others it may
be protracted till the minimum temperature occurs about
sunrise, or not sink to the freezing point at all. Any
dew deposited, must hence, when the temperature is low
enough, be frozen ; and the Hoar Frost which whitens
our fields in the morning, may thus have been of longer
or shorter duration, according to the season of the year,
and the continuance of the proper conditions of tempera
ture during the night. Often, indeed, will the atoms of Dew conDew that have been converted into Hoar Frost during HoarVrost
the night, be dissolved again before the morning ; and anij jjie
amidst the uncertain fluctuations of our atmosphere, Hoar Frost
both as regards temperature, aspect, and the variable
again
circumstances of bodies themselves, it is possible to ",to u,ew>
suppose conditions to arise, in which more than one tim^^ring
transition of this kind may take place during the the night,
night. It should be borne in mind also, that Hoar
Frost may be formed when the temperature of the air
is above the freezing point of water, since a body may
have a temperature at or below thirty-two, when the
air around indicates a higher degree of heat. Its con
tinuance, however, under such conditions cannot be very
long.
(700.) It may be useful briefly to advert to some Modificaof the modifications which different degrees of radia- ^'""'/j^*
tion produce in the formation of Hoar Frost. Where.^j^^j,,
dew is amply deposited, that is, where radiation has Hoar Frost
been allowed to disclose its full power, Hoar Frost will
be found most abundant. In wide and open plains,—
or in those gently sloping grounds, which break only
the undulations of the air, without limiting in any way
the general aspect of the sky, every blade of grass, in
favourable states of the atmosphere, will be found
covered with delicate crystals of Hoar Frost. But
beneath the branches of a noble oak, where radiation Checked hy
has been checked, this hoary appearance will be dimi- trees.
t2
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nished ; or sometimes a moderate dew may be found
in such a situation, while the grassy covering be
yond the tree will be entirely frozen. In the fine
Examples. park of the Earl of Morley at Saltram in Devonshire,
we remember on one occasion seeing every tree sur
rounded as it were with an Oasis of green verdure,
of sizes and forms regulated by the spreading branches
of the trees, while the other parts of the ground were
covered with Frost. A tall, slender poplar had but a
small, circular spot surrounding it, whose limits were
nearly fixed by the vertical lines A B and CD, fig. 1.
plate vi., tangents to the greatest horizontal section of
the branches of the tree ; while a magnificent oak with
its giant arms preserved a large and irregular surface,
denoted also by a dotted line surrounding the trunk of
the tree, and determined by similar vertical lines, E F
An enclosed and G H, fig. 2. Many interesting phenomena of this
country af kind would be noticed in a woody and enclosed country
fords many like fig. 11. plate iv. In some parts, the Frosts would
examples. be found much more severe than in others ; and where
a wide expanse of sky is open in a low situation, there
they would be found most intense. Daniell remarks,
that the leaves of the vine, the walnut-tree, the succu
lent shoots of dahlias, and potatoes, are often destroyed
by frost in sheltered valleys, while upon surrounding
eminences they remain untouched. He has found a
thermometer in a valley thirty degrees colder than on a
hill. Such effects, however, according to Wells, are
limited to hills that arc insulated, and of inconsiderable
lateral extent.
(701.) As an example of the power of position ininfluEffects of
position in encing the formation of Hoar Frost, we select the case of
influencing a printed paper, a portion of which, A B C D, fig. 3, was
the forma attached to the inclined surface of the coping of a wall,
tion of Hoar
and the remaining part, C D E F, to the vertical surface
Frost.
of the same wall, so that the letters composing one of
the words, and which we have here supposed to be
Metropolitana, were partly on one of these surfaces
and partly on the other. One morning, the sloping
surface of the paper was found abundantly covered with
Hoar Frost, but none was to be seen on the vertical
partCDEF; and so well defined were the crystals,
that the letters of the words The Encyclopedia, had
all distinct groups upon them, separated from the crys
tals on the white paper, by visible boundaries. In like
manner, the upper halves of the letters of the word
Metropolitana were covered with crystals in the same
manner as the letters of the word before mentioned ;
but none were to be seen on their lower halves, or on
any part of the paper bounded by C D E F, the edge of
the wall C D seeming to fix a definite limit to the crys
talline power.
Example of (702.) Another striking instance of the effects of radia
radiation in tion in modifying the phenomena of Hoar Frost, is given
fluencing in fig. 4, which represents the railing ofafield composed
the forma of two horizontal rails, with vertical bars at moderate
tion of
Hoar Frost intervals. The upper edge of the rail A B, from being
on the rail exposed freely to the sky, was found abundantly covered
■with Hoar Frost; whereas the corresponding edge of
ing of a
field.
the lower rail disclosed rectangular portions only, C D,
E F, G H, I K, &c. of Hoar Frost, leaving the alternate
spaces DE, F G, HI, almost, if not altogether, free
from it. Now, it will be remarked on referring to the
figure, that the vertical bars were immediately opposite
the last-mentioned spaces, and thus deprived them of
the more abundant view of the sky which the others
enjoyed. At the same time the whole upper surface of
Meteor
ology.

this rail was deprived of its direct radiation to the Meteor,
zenith, which is most effective in lowering the temper- ology.
ature of a body, thus accounting for the smaller sizes of ^"v~»"
the crystals covering the portions referred to.
(703.) On some occasions the branches of trees and Brarjchesc
shrubs illustrate in a very beautiful way the power of *rces al"f
radiation. Their upper parts exposed to the sky, dis- s'mil)s.
charge their heat rapidly ; and hence become covered
with an abundance of fine crystals. Where however
one branch in any way intercepts the view of another,
without being in immediate contact with it, as at A
or B, fig. 5, the hoary crystals will be found much less
numerous.
(704.) Another example bearing on the same inquiry, A Norway
occurred in the case of a long Norway spar which had "I"1'been deprived of its bark. It was lying on nearly hori
zontal ground, and during the night a portion of its
surface, E F G H, fig. 6, had been covered with dew.
In the morning, from the greater radiation of the upper
part of the spar, a uniform portion, A B C D, of about
two iuches in width, was found covered with the minutest
crystals of Hoar Frost ; while the equally uniform
spaces, ACFli, BDGH, about an inch in width on
each side of it, retained their moistened character
unchanged.
(705.) An interesting fact connected with the same Check to
important truth, is recorded in the Vlth volume of radiation!
the Horticultural Transactions. In fig. 7, A B C D '
represents a transverse section of a wall, covered with a
coping A B. In the instance of a very severe Frost
on the 29th of April, 1826, all the shoots of the vines
projecting beyond the perpendicular line A C, that is
beyond the salutary influence of the coping, were quite
cut off by the frost ; but the trees whose shoots did
not project beyond that vertical line, were quite pro
tected.
(706.) The effect ofan interposing body, in checking in An intersome cases the formation of Hoar Frost, becomes of an posing™
opposite kind, when from any increase of temperature {j^j-^
the Frost begins to disappear. Fig. 8 is an instance pearancsol
where Frost had formed very abundantly on the inside Hoar Fro*
of the glassy surface A B C D. Early in the morning
a piece of paper was carelessly placed so as to cover a
portion, E F G D B, of the glass, but not in contact with
it. In the course of the day, the icy particles covering Examplca
the space A E F G C were the first to dissolve ; and
when the whole had become converted into dew, the
frozen particles bounded by E F G D B remained,
though not so beautifully defined as at first. On the
same occasion, a druggist's window exhibited the appear
ance of fig. 9, the figures of the assemblages of frozen
particles being nearly governed by the forms of the
glass vessels on the inside.
(707.) There are noohjects which disclose more remark- Remark*!
able phenomena connected with radiation, than the dif- phenomra
ferent tribes of vegetables ; and the effects of Hoar Frost *Xvej*
upon them are eminently calculated to display its effects, tables.
We have before remarked, that every flower has a radiat
ing power of its own, and so we may add has every leaf;
differing in different plants, and varying in the same
plant from exposure and position. The grasses disclose
the same diversity, and while the Almighty seems in con
summate wisdom to have adapted every plant, " from Temperathe cedar tree that is in Lebanon, even unto the hyssop "rj'}!!<1 1
that springeth out of the wall," to a locality in which adapted t
the conditions of temperature and atmospheric humidity their gem
are best adapted to its general wants ; it is worthy of wa wants'
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observation, how much an alteration of the circumstances
in which Nature originally placed it, seems to affect its
energies and growth. " To vegetables growing in the
Liittwa climates for which they were originally designed by
kUaaf Nature," says Daniell, " there can be no doubt that the
• i
action of radiation is particularly beneficial, from the
caezcra deposition of moisture which it determines upon their
foliage; but to tender plants, artificially trained to re
sist the rigours of an unnatural situation, this extra
degree of cold may prove highly prejudicial."
Eitrst (708.) The different degrees also in which Hoar Frost
£*!;urts affects different parts of the same flower, are worthy of
'i-Viaw attentive observation. " Upon inspecting the young
ksslr. fruit of such trees as were at the time in blossom," ob
serves Mr. Lindleyin allusion to the great Frost recorded
in the Horticultural Transactions, " it appeared as it" no
injury had been sustained by their flowers ; but upon
examining them more minutely, it was found that their
ovaria were black with death, and it was subsequently
seen that fruit so affected, all fell from the trees and
perished." In the blossom of the strawberry, the
ovaria were likewise destroyed, but the stamens were
little injured, proving that a degree of Frost incapable
of affecting the fleshy calyx, and the petals or stamina
immediately enclosing it, entirely destroyed the ovarium
through all those envelopes. But we can only hint at
a subject of boundless interest and extent.
T<am(709.) Trees are frequently destitute of Hoar Frost,
when
shrubs and plants nearer the ground are co
taatf
Ejr Frist vered with its forms. Wells has remarked that " the
leaves of trees often remain dry throughout the night,
1/raratie while those of grass are covered with dew ; and
rraad ire
t-TEredwith the reason he assigns for the absence of moisture,
will, by a simple alteration of the conditions of tem
I
perature, account for the absence of Frost. Shrubs
and plants, says he, being in a stratum of air of a
lower degree of temperature, but of greater humidity
than that surrounding lofty trees, the lower stratum
'at also being the most tranquil of the two,—there are
causes in activity, more favourable to the formation of
dew on plants and shrubs, than on the leaves of trees
in the regions of the air above. The diminished tem
perature, therefore, which converts that dew into Hoar
Frost on shrubs, may be insufficient to produce dew on
trees; or should dew thus be formed, the greater
warmth of the air above may cause it to preserve its
watery form. Thus it is, that the diligent and sanguine
gardener has often to lament the loss of valuable plants,
while trees whose summits are only a few feet higher
are entirely unhurt. Protecting plants,* therefore,
whether by horizontal or vertical screens, or by an
application of straw and mats, becomes an important
object in the economy of gardening. Too often, how
ever, the screen or mat is placed in contact with the
object it is intended to protect ; the gardener forgetting
that the heat which the screen loses by radiation, is also
lost by the tree, from its conducting power.
(710.) It is remarkable, however, that the appearances
sot of Hoar Frost, so beautiful and so varied, from the pen
I Frost dulous drops which adorn the sharp summits of grass,
* In the clear blue sky of the Valley of Chamouni, if the crops
should not have ripened towards the end of the season, the peasants
make fires of green wood, on the two sides of the enclosing moun
tain, the smoke of which, uniting in the middle, forms a kind of
cloudy canopy, which not only prevents the escape of radiant heat,
but increases its intensity, and prevents the formation of Frost.—
ilmrlcrtg Renew, vol. xxii.
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up to the infinite diversity of forms deposited on glass,
should have met with so little attention from Philosophers,
and that so few attempts should have been made to de
scribe them. A sheet of common brown paper exposed
to a clear and tranquil sky, will, under proper conditions of
temperature, be soon covered with innumerable crystals
of Hoar Frost, inviting the most delicate examination.
A grain of sand will sparkle with innumerable points ;
while in more complicated formations, all attempts at
analysis and description seem lost in the unbounded
variety of Nature.
(711.) There seems to be three ways in which this pro- Reduced to
cess of crystallization (roes on. 1. A tendency to freeze
genethe moisture that has been deposited in globules, without
any alteration of figure, and denominated by Howard,
granular forms. 2. The formation on the fibrous sur
faces and edges of bodies, of minute and delicate icicles
shooting into spicular forms ; and 3dly, those infinitely
varied figures, found on flat surfaces, as glass.
(712.) Granular forms are most generally found sus- Granular
pended from the edges of blades of grass, and sometimes forms,
they retain their transparency so completely, as still to re
semble dew. In Autumn, the dew deposited on some of On grass
the coarser threads of the spider of that season, is found fa-ends™!*
frozen, and arranged like a string ofsmall beads, which th'e 'sn;j^rmay be taken up by the hand.
(7 13.) The spicular variety is very common, and formed Spicular
under many diversified circumstances.though the existence varletyof an edge seems necessary for its complete formation.
Fig. 10 is an example of a rude post in a field, the Examples
top of which had been chamfered by the carpenter. On J^0^ *
all the edges produced by the chamfering, as A B, B D,
DC, CA; EF.FH, H G, GE; AE, B F, DH and
CG, delicate and uniform crystals were formed, none of
which were confused or blended together. Fig. 11 On branch
represents a branch of a tree which had been stripped of
its bark. On every fibre there was a line of crystals, and
agreat uniformity ran through the whole. Wherever the
fibres were crooked, the crystals followed them. Fig. On a tomb12 is an instance derived from a tomb-stone of a country stonechurchyard, with a long inscription on it, which we
have restricted to the memory of Patrick Wilson.*
The whole surface of the stone, from the top to the line
A B, was covered with crystals, diminishing in size
downwards. The letters of the inscription, however,
being cut angularly into the stone, were without any
crystals, excepting on their edges, all ofwhich were covered
with larger crystals than those found on the surface of
the stone ; but their size diminished from the upper
parts of the letters downwards. Thus in the letters of
the word Memory, a perceptible difference was to be
observed in the crystals at the tops of the letters, and
those at the bottom ; and so those round the edges of
the name Patrick Wilson, while they decreased in
size from top to bottom, were very considerably less
than those round the edges of the word Memory. A
horizontal section of the stone through the latter word
* Dr. Wells has the following remark, " The last subject which
I shall here touch upon, is that of Hoar Frost. This substance
has, I believe, from the time of Aristotle, been uniformly, and
according to my observations, justly, considered as frozen dew. I
shall, therefore, frequently refer hereafter to the experiments of
the late Mr. Patrick Wilson of Glasgow respecting it, as jf they
had been actually made upon that fluid. Indeed, several of my
experiments upon dew were only imitations of some, which had
been previously made upon Hoar Frost, by that ingenious and most
worthy i
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exhibiting the projecting crystals, is given in fig. 13. A
star with which the piety of a villager had caused a
humble stone to be adorned, had a most beautiful
A star cut appearance, but feebly delineated in fig. 14. Here
on a village
tomb-atone. also the upper ray of the star had the largest crystals,
Upper and and the lower the smallest ; while the two horizontal
under sides rays had crystals of nearly a mean size. Figs. 15 and
of autumnal 16 are examples of the modes in which Hoar Frost is
leaves.
sometimes deposited on the upper and under sides of
fallen autumnal leaves.
(714.) Dr. M'Culloch has given a very interesting ac
On iron
railing.
count of a formation of Hoar Frost on some iron
railing, illustrated in fig. 17. The crystals were pyra
midal, but formed of others so minute and entangled, as
scarcely to admit of examination, even with a lens.
Their length was about one-sixth of an inch, and their
bases about one-thirtieth, which was also their distance
from each other. All of them were attached to the edges
of the bars, at right angles, according to their lengths,
at the same time forming equal angles with the sur
faces of the bars. The same arrangement was pre
served in all the curvilinear parts of the bars ; so
that each group or pyramid was invariably placed at
right angles to the tangent of the curve at that part, or
in the direction of the radius of curvature. Hence it
would appear that the effort of each pyramid was to
recede as far as possible on each hand, not only from the
planes, but from the edge ; and thus to attach itself at
right angles to the latter. The same effect took place
also in the interior as well as in the exterior of the
curved parts ; and thus the whole, as the Doctor ob
serves, " was ciliated like the leaves of some plants with
a regular and beautiful fringed work."
Uniformity
(.715.) In the more intricate parts of the iron-work,
of crystals. and at the junctions of bars, Dr. M'Culloch found a
most admirable uniformity. Where any two edges of
a bar met at right angles, the crystals at the apex
occupied the direction of the diagonal of the cube formed
by the union of the bars ; or maintained a distance
equally removed from the edge of the joint on the one
hand, and from the plane at right angles to it on the
other ; but the crystals on the two meeting edges nearest
the apex, did not immediately assume a rectangular
position towards these edges ; but diverged gradually
in succession from that on the angle, till they took the
regular position which they held on the remainder of the
edge.
(716.) In the re-entering angles of the joints, the crystal
of the angle was in like manner prolonged according to
the diagonal of the cube ; and the crystals intermediate
between that, and those which stood at right angles to
the internal edges at a short distance, were so arranged,
as to maintain equal distances at their bases, without
touching at their summits. Thus, all the crystals con
verged for a short distance round the interior diagonal
crystal, as they diverged from it on the exterior. What
ever were the magnitudes of the angles, the same law
was observed ; and in cases where very acute interior
angles happened to exist, the crystals became so short
ened, to avoid a contact with those on the neighbouring
edges, that near the extreme point they vanished alto
gether. The cause of this repulsive power among all
the crystals seems difficult to explain. It will be sug
gested," says M'Culloch, " that it depends on some
electrical condition; but it seems hardly possible to
explain how this mysterious agent acts in such a case."
Fig. 18 is a section of a bar, the projecting lines at the

angles denoting the true positions of the crystals. Fig. Mftwr.
19 is one of the crystals magnified.
dogy(717.) As an example of the effects of conduction in
preventingthe formation of Hoar Frost, we select thefol- E*an>ple(
lowing. Fig. 20 is a representation of some cast-iron rail- c^'Jf*11
ing, with massy stone pillars for a gateway, and buildings formalin
forming boundaries to the extreme ends of the railing. Hoar Froi
During a slight Frost with a fog, Mr. Patrick Wilson
remarked, that the bars A, B, C, D, E, and F, were with
out Hoar Frost from top to bottom, in consequence of
the heat gained by conduction from the pillars and
walls, and the impediments those bodies afforded to the
radiation of the bars. The bars G and H were observed
to have only a little on them ; but all the smaller bars,
from I to K and L to M, had their edges beautifully
fringed with Hoar Frost, and their flat surfaces also, to
within twelve inches of their lower ends. The larger
bars were less decidedly covered with Frost, and free
from it, much higher above the parapet, as N O, P Q,
than the smaller ones.
(718.) The great diversity of form in the third variety, ProbaU*
of which the most beautiful examples are to be found cause of
on glass, results, according to a Memoir of Carena con- R^3.' dl5'
tained in the Memoircsde. Turin for 1813 and 1814, from ^'"^
the interruptions which the natural force of crystalliza- gi^s.
tion undergoes, from the numerous and varied resist
ances which the surface of the glass presents, and
from its imperfect and irregular conducting power,
which impresses upon the condensed vapour, the instant
before crystallization begins very diversified motions,—
sometimes of a rectilinear and sometimes of a curvilinear
kind. These diversities of form are most abundant, gjyenj
when the atmosphere is highly charged with moisture examples
and the depression of temperature is very great ; and it
would seem in many cases as if they resulted from suc
cessive depositions,—an effect of alternate states of tem
perature. We have given a few sketches in figs. 1, 2,
3, 4, 5, 6, 7, 8, 9, and 10, some of which are distin
guished for their beauty, particularly figs. 8, 9, and 10.
Fig. 11, affords an example of the lower part of a pane
covered with one uniform sheet of Frost, the upper
edge being bounded by innumerable crystals of a
fern-like appearance. Above these were others resem
bling leaves, of which enlarged representations are
given in figs. 12, 13, and 14. Fig. 15 is a view of the
diversified crystallizations on different panes of the same
window. Fig. 16 is an instance where the deposition Appear
of separate star-like particles had been confined from of print
some cause to a part only of a pane of glass, on the Jf^™
througl
inside of which an advertisement
some s>1
placed, and which we shall here suppose to have
like pal
tained the word FROST. The glass opposite the
F and part of the letter R was entirely free from Hoar
Frost; but the remaining portion of the R, and the
other letters, exhibited the appearance in the diagram.
(719.) M. Hessellonce remarked a layer of ice on his Hexahi
window aquarter of an inch thick, which covered the lead prisms
as well as the glass. Instead of presenting the usual glass,,
vegetative appearance, it was composed of a multitude
of crystals more or less perfect ; but many exhibited
the forms of hexahedral prisms, having their axes per
pendicular to the glass.
(720.) Howard remarks, that the air is sometimes Air so
loaded with particles of freezing water, such as in a ^.™,es 1
higher region would produce Snow. These attach them- ^j^1,,^
selves to all objects, crystallizing in the most regular jUg W(
and beautiful manner. A blade of grass under circum-
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stances of this kind, becomes converted into a pretty
thick stalagmite. Shrubs covered with spreading tufts
of crystal, look as if they were in blossom ; while others,
more firmly incrusted, appear like gigantic specimens of
white coral. The leaves of evergreens are found with a
transparent varnish of ice, and a delicate white fringe
around. On such an occasion, the whole face of Nature
seems dressed out in Frost work. Lofty trees covered
with Frost, when viewed against the blue sky, in the
sunshine, present a very magnificent appearance.
(731.) Sometimes, during the existence of a mist, the
I
temperature is so much diminished, as to cause a peculiar
n ri
crystallization from the freezing mist, denominated Rime.
It is most abundantly formed on surfaces opposed to the
wind. Howard mentions a case, wherein the melted
rime descended in showers from the trees ; and there
was enough on his rain gauge to produce 0.02 inches of
water when melted. Freezing mists are common to the
high lands of Tweedale and Lanarkshire. In August
1784 the whole barley crop was destroyed there by a
creeping mist of this sort. Their influence is confined
to the spot on which they rest. Hence one half of
a field is often destroyed, while the other remains safe.
From a knowledge of the locality of their effects, attempts
have been made, though without success, to disturb
these frozen mists, and to save the barley and oat crops,
by dragging something over them before sunrise, to
shake off the " Rime or Cranreuch." Sometimes the up
permost grains of the oats only are destroyed, the grains
below ripening well. But even then the barley was
totally destroyed.
(72*2.) At the same time that Hoar Frost is formed inall
the abundant varieties we have explained, by the cooling
of the surfaces of bodies, and the actual deposition of
moisture on them from the air, the surface of water
itself, enjoying as it does so high a power of radiation,
roost have its temperature reduced, and when that de
pression is sufficient, it must become converted into Ice.
The cooling of water has, moreover, a remarkable peculia
rity, its density increasing until a maximum is reached at
about 39°. 5, below which the opposite law of dilatation
begins.* As soon, therefore, as a copious radiation
from the surface has lowered the temperature of the
whole watery mass to the point of maximum density,
the upper stratum, by further cooling, must become speci
fically lighter, and remaining on the surface, be at
length converted into Ice.
Fur-satlsa
(723.) The formation of Ice, however, may be checked
cf lot BMf by any cause which diminishes radiation. Mr. Scott re
marks, in the VHIth volume of the Edinburgh Journal
of Science, that a turban suspended across an Ice-pit,
three feet above the pans, prevented the formation of
• * Had water," says Dr. Ure, " resembled mercury, oils, and other
liquids, in continuing to contract in volume by cooling, till its con
gelation commenced, the incumbent cold air would have robbed the
i of water in a lake of its caloric of fluidity, by unceasing pre
lum of the cold particles to the bottom, till the whole sunk to
Then the water at the bottom, as well as that above, would
have begun to solidify, and in the course of a severe winter in these
latitudes, a deep lake would have become throughout a body of Ice,
never again to be liquefied. We can easily see, that such frozen
masses would have acted as centres of baleful refrigeration to the
surrounding Country, and that under such a disposition of things,
Great Britain must have been another Lapland. Nothing illus
trates more strikingly the beneficent economy of Providence, than
this peculiar ity in the constitution of water, or anomaly, as it has
been rather preposterously termed. What seems void of law to
shortsighted man, is often, as in the present case, the finest sym-
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Ice in those immediately below it; and in several which
it only partially covered, Ice was formed on the half of ology.
the water, out of the perpendicular line, while that
immediately under the turban remained fluid. Two
strings, crossing each other at a less height above a
pan, divided the Ice into four corresponding parts.
These results must of course depend on circumstances
of temperature ; for if the degree of heat be rather lower
than is necessary to freeze water, when no impediment
to radiation exists, the whole may become frozen,
although partially covered. On the other hand, should
the temperature be just sufficient to freeze water under Formation
conditions the most favourable, the contents of a vessel, of Ice in
not fully exposed to the sky, may remain fluid through Bengaltem
out. It is to be observed also, that Ice is chiefly formed when
perature is
in Bengal,* when the temperature of the air is above above 32».
* The formation of Ice in Beugal is so peculiarly in
has led to so many mistaken views, that we are sorry we can only
briefly allude to it in a note. According to Sir R. Barker, excava
tions thirty feet square and two feet deep are formed in a large
open plain, their bottoms being covered with sugar-cane, or stems
of Indian corn, dried, to the thickness of eight iuches or one foot.
On this layer are placed, in rows near to each other, small uuglazed
earthen pans, one-fourth of an inch thick, .and one inch and a quar
ter deep filled with boiled soft water. The pans are sufficiently
porous to allow their outer surface to appear moist, after water is
poured into them.
In the process carried on Ly Mr. Williams, three hundred persons
were employed. A piece of ground of about four acres, nearly
level, was divided into portions of from four to five feet square, and
these were surrounded by little mounds of earth, four incites high.
In these incloaures, previously filled with dry straw, or sugar-cane
haum, were placed as many broad, shallow, unglazed earthen pans,
containing unboiled pump water, as they would hold. In the morn
ing, between five and six, a thermometer with its bulb naked, placed
on the straw, amidst the freezing vessels, was never found lower
than 35°; and he has observed ice, when a thermometer so placed
was 42°. Another thermometer, suspended five feet and a half
above the ground, was commonly 4° higher thau that among the
pans ; and hence it is possible, Mr. W illiams may have seen Ice a
little before sunrise, when the tem'terature of the air was 46°.
Mr. Scott, however, remarks, that porous pans are not necessary
for the success of the experiment, and the natives use them only
because they have no better ; and so well are they aware that the
porosity of the vessels is of no advantage, that they usually rub
them with grease in order that they may more easily extract the Ice.
Mr. Scolt has also found by repeated experiments, that Ice may be
produced, although a thin film of oil be spread over the surface of
the water; the latter being contained in glazed plates, which indeed
answer much better than the porous pans of the country, the Ice in
them being invariably thicker, and the water, when it does not
actually freeze, somewhat colder than the similar conteuts of porous
pans placed in exactly the same situation.
Dr. Wells, in repeating the experiment in the way employed by
Sir R. Barker, found at one o'clock in the morning of the 4th of May,
Ice appear in watch-glasses placed on a grass-plot and on a raised
board thinly covered with sand, the temperature ofthe air, us measured
by a naked thermometer, being then, at four feet above the ground
39i°, and at seven feet, 40£°. At two a. m. Ice was observed in
the pans in the pit, while a thermometer in the air, two and a half
feet above the ground, was 36Jr°. Shortly afterwards, Ice began
also to form in the pans upon the grass-plot. The temperature of
gross, fully exposed to the sky, was at the same time 30°, while
that of the Earth, an inch below the bottom of the grass, was 45°.
During the time of these observations, Dr. Wells informs us, dew
formed copiously.
In another experiment performed on the evening of the 22d of
May, in the manner described by Mr. Williams, Dr. Wells found
water in a watch-glass placed upon straw frozen, . after an ex
posure of little more than an hour, the temperature of the air two
feet above the straw being 37°. In half an hour more, Ice began
to appear in some earthen pans. In another experiment, Wells
placed upon the straw bed, a dry earthen pau, which in the course
of the uight became covered with moisture, and at length by a
further depression of temperature converted into a film ol ice.
And as a beautiful experiment to prove that water may not only
freeze at night, in air of a temperature higher than 32°, and at the
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32°, on the clearest and calmest nights, which are pre
cisely the conditions most favourable to the formation of
dew ; the interposition of clouds or the action of the
wind preventing its formation altogether.
Experi
(724.) Leslie, in his experiments on artificial conge
ments of lation, has had abundant opportunities for tracing the
Leslie.
process by which water becomes crystallized. " When
the frigorific action," says he, " is most intense, the
congelation sweeps at once over the whole surface of the
water, obscuring it like a cloud. But in general the
process advances more slowly ; bundles of spicula, from
different points, sometimes from the centre, though
commonly from the sides of the cup, stretching out and
spreading by degrees with a sort of feathered texture.
Description By this combined operation, the surface of the water
of process soon becomes a uniform sheet of Ice. Yet the effect
of freezing.
is at times singularly varied ; the spicular shoots, ad
vancing in different directions, come to inclose, near the
middle of the cup, a rectilinear space, which, by unequal
though continued encroachment, is reduced to a trian
gle ; and the mass below being partly frozen and ex
panded, the water is gradually squeezed up through the
orifice, and forms by congelation a regular pyramid,
rising by successive steps; or if the projecting force be
greater, and the hole more contracted, it will dart off
like a pillar. The radiating or feathered lines which at
first mark the frozen surface, are only the edges of very
thin plates of lee, implanted at determinate angles, but
each parcel composed of determinate planes. This in
ternal formation appears very conspicuous in the con
gealed mass which has been removed from a metallic
cup, before it is entirely consolidated.
(725.) " When very feeble powers of refrigeration are
employed, a most singular and beautiful appearance is in
course of time slowly produced. If a pan of porous
earthenware, from four to six inches wide, be filled to
the utmost with common water, till it rise above the lips,
and then be planted above a dish often or twelve inches
diameter, containing a body of sulphuric Acid, and hav
ing a round broad receiver passed over it ; on reducing
the included air to some limit between the one-twentieth
and the one-fifth part of its usual density, according to
the coldness of the apartment, the liquid mass will, in
the space of an hour or two, become entwined with icy
shoots, which gradually enlarge and acquire more
solidity, but always leave the fabric loose and unbroken
below. The icy crust which covers the rim, now re
ceiving continual accessions from beneath, rises perpen
dicularly by insensible degrees. From each point on
the rough surface of the vessel, filaments of Ice, like
bundles of spun glass, are protruded, and forming in
their aggregation a fine silvery surface, analogous to
that of fibrous gypsum or satin spar. At the same time,
another similar growth, though of less extent, takes
place on the under side of the pan, so that continuous
icy threads might appear vertically. to transpierce the
ware. The whole of the bottom becomes likewise
co\ered with elegant icy foliations. Twenty or thirty
hours may be required to produce these singular effects ;
same time gain an accession of weight, by humidity condensed
tVom the air, Wells exposed water until it was cooled to 34°, of this
he put twenty ounces into each of two China saucers, which had
also been exposed to the air, and then placing the saucers upon the
bed of straw. In the morning, a thin cake of Ice was found in
both saucers, one of which had gained two and a half and the other
three grains in weight The deposition of dew was found to have
been copious.

but the tipper body of Ice continues to rise for the space Meteor.
of several days, till it forms a circular wall of near three ology.
inches in height, leaving an interior grotto lined with '^v**
fantastic groups of Icicles." Fig. 17 is borrowed from
Leslie to illustrate the general appearance of these
phenomena.
(726.) The small, triangular, needle-shaped crystals. Examples
frequently remarked at temperatures but little below the crystals,
freezing point, are represented in figs. IS and 19, the
latter denoting a more advanced stage of their forma
tion. Their uniformity is shown by the tendency they
have to unite under angles of 60°, or its supplementary
number 120°. Dr. Clarke observed water to crystallize
in regular rhomboids, having angles amounting to
the last-mentioned numbers. On a thaw taking place
the crystals preserved the same constant inclination of
their planes. In the subterranean glacier of Foudeurle,
hexahedral prisms of Ice, secondary forms of the crystal,
were found. When a thaw is going on, we. sometimes Beautiful
find thin sheets of Ice reduced in vessels of still water forms di*
to forms resemblinsr branches of fern, as in figs. 20, 21, c'0SC<Il>y
and 22.
thl^tZ
(727.) On the American lakes, and even on narrow ^Uce.
rivers, fissures and rents of enormous magnitude are Effects of
often made in the Ice, and are always accompanied with fissures m
loud reports, like those of cannon. On the return of rents iu I
warm weather, before the Ice melts, the fissures close, and
sometimes the edges of them even overleap each other.
(728.) The phenomenon of Ice at the bottom of Ice at bot
rivers is one of very great interest. Mr. Knight discovered tom of
some in the River Teme, in Herefordshire, which he has nversdescribed in the Philosophical Transactions for 1816.
On a morning succeeding an intensely cold night, the
rocky bed of the river appeared covered with frozen
matter, which reflected a kind of silvery whiteness, and
which upon examination was found to consist of nume
rous frozen spicula?, intersecting each other in every
direction, but not assuming anywhere, excepting near
the shore, the state of firm compact Ice.
(729.) A variety ofopinionshavebeen advanced respect- Digj;rent
ing the origin of Ice in a situation so different from its or- opinions,
dinary state, and so contrary to what might be anticipated
from its known Specific Gravity. The ordinary laws of Radiatior
radiation, joined to the eddies and gyrations of the and eddit
running streams to which it is peculiar, seem adequate, seem ade
however, to account for its formation. On the occasion ^ountfor'
which afforded Mr. Knight the opportunity of examin
ing this phenomenon, the temperature of the surface
water was just at the freezing point, small pieces of Ice
being every where formed upon its more stagnant parts
near the shores ; and upon a mill-pond just above the
shallow streams, in the bottom of which the Ice had
been formed, millions of small frozen spicules were float
ing. At the end of this pond, the water fell over a low
weir, and entered a narrow channel, in which its course
was obstructed by points of rocks and large stones.
Here numerous eddies were formed, which drew the
frozen spicula? under water, as in a vortex. Mr. Knight
found these frozen spicula? to accumulate most abun
dantly upon such parts of the stones as stood opposed to
the current, wherever it was not very rapid, below the
little falls, or most rapid parts of the river. Upon some
large stones near the shore, of which parts were out of
the water, and upon pieces of native rock, under similar
circumstances, the Ice beneath the water had acquired a
firmer texture, but appeared, from its whiteness, to have
been first formed of congregated spicula?, and to have
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subsequently frozen into a firm mass, owing to the tem
0bgT. perature of the stone or rock. Ice of this kind extended
in a few places eighteen inches from the shore, and lay
three or four inches below the level of the surface of the
water, and did not dissolve nearly so rapidly as that de
posited upon stones more distant from the shore.
IcmPoUr (730.) But the great seat of Ice is in the Polar
S^aa Regions, and the immense depositaries there found,
owe their origin to two very different sources,—the congelation
offresh and of salt water. So early as August,
hi is)
iuraa. snow begins to fall, and the abundant formations of a
Polar Winter, will again be partially melted by the
transient vigour of the Summer Sun. The clear water
resulting from the dissolution, by descending from all
the higher parts of the land, will be collected along the
shores, and in the deep bays which more or less fringe
the inhospitable coasts. In those succeeding Winter, this
water, governed by the ordinary laws of crystallization,
becomes frozen ; and as year after year, the same circle
of changes goes on, the increment, however feeble, must,
in the long lapse of Ages, produce masses of enormous
magnitude and grandeur. It is remarkable, however,
that the formation of these stupendous blocks, should
take place in a locality, where powerful causes are in
operation to prevent their unlimited increase. The
ilt^egs. action of the sea, whether silent and unobserved, or
whether disturbed by the fury of the Polar winds, must
gradually undermine the Icy mountains, until large
avalanches descend into the abyss below.
ftaiajoC (731.) Sea water, on the contrary, is incapable of
producing masses of this kind ; nor does the crystal
lizing power begin, until the temperature has sunk five
degrees below the freezing point of fresh water. Such
a depression of temperature, however, soon takes place
on the decline of Summer ; and in a single night, a wide
expanse of sea becomes frozeD. As the Winter ad
vances, the depth of this Ice is increased to several
feet. On the return of the Solar rays, the icy floor gra
dually melts, and the swell of the Ocean breaks up the
enormous fields into fragments, which rapidly dis
appear. This commonly takes place in June. The
Ice from salt water differs in many very remarkable
points from that produced by fresh water. While the
fci: wife. latter is hard and pellucid, the former is whitish, porous,
and almost opake. The difference in their Specific
Gravities also is so great, that while the Saline Ice pro
jects only one-fiftieth part above the surface, the Fresh
water Ice is raised one-tenth.
(732.) Nature appears to have set some bounds to
_*of the unlimited increase of Ice in the Polar seas. The
bs Poiai formation of Icebergs is one powerful cause, and there
It&sx. are probably others in activity tending to the same end.
The quantities formed in different years, may indeed be
very unequal, but there seems something like a mean
limit, between which the oscillations are performed.
Meteorology is not sufficiently advanced to disclose this
feet, but we may gather it from the memorials of Astro
nomy. " A continued accumulation of Ice," says
Leslie, " would have occasioned a prolongation of the
day ;"* whereas we know that, from the time of Hipparchus, the duration of the Earth's rotation has not
changed a single second in a year.
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Mists and Fogs.

(733.) Mists and Fogs owe their origin not only to
the simple humidity of the air, and to the unequal tern Causes.
perature of its different masses, according to the theory
of Hutton before explained, but also occasionally to the
union of the vapours arising from the Earth and from
marshy plains, the enormous combustion of coal and
gas, and other causes of a like kind.
(734.) In considering humidity alone as a cause Application
of Mists, the examples best calculated to explain them of the
theory of
are to be found in those peculiar to rivers.
(735.) The general surface of the Earth, as we have Hutton.
already seen, ioses heat by radiation, as soon as the
Sun disappears, but the land and water cool in very
different degrees. The cooling of the land is limited
to the surface, and transmitted but slowly to the in
terior ; whereas in water of a temperature higher than
45°, the upper stratum, as soon as it is cooled, whe
ther by radiation or evaporation, must sink in the mass
of fluid, and its place be supplied by warmer water
from below ; and till the temperature of the whole
mass is reduced to the point of maximum density, the
surface cannot be the coolest part. Hence it follows,
that wherever water exists in considerable masses, and
has a temperature nearly the same as the land, or only
a few degrees below it, and above 45° at sunset, its
surface during the night, in clear and serene weather,
will be warmer than that of the contiguous land ; and
the air above the land will become colder than that
above the water ; and when they both contain their
due proportions of aqueous vapour, and the situation
of the ground is such as to permit the cold air from the
land to mix with the warmer air above the water, Mist
or Fog will be the result. The density of such Mist
or Fog will, moreover, be greater as the land sur
rounding the water is higher, and its depth and tem
perature greater. These views, first given by the late
Sir H. Davy in the Philosophical Transactions for Views of
1810, afford, by the experimental evidence on which SirH.
they are grounded, another strong and convincing Davy.
proof in favour of the theory of Dr. Hutton.
(736.) On the 9th, 10th and 11th of June, the illus Mists on the
trious Chemist just adverted to, found, that the appear Danube.
ance of Mist above the Danube in the evening, uni
formly coincided with the diminution of the temperature
of the air from three to six degrees below that of the
river ; and the disappearance of Fog in the morning,
as constantly resulted from the elevation of the temper
ature of the air above that of the river. Below Passau,
where the Danube is joined by the Inn and the Hz,
the temperatures of the three rivers, at six a. m., were
respectively 62°, 56°. 5, and 56°, the temperature of the
atmosphere on the banks, where the three streams
mingled, being 54°. At that moment the whole surface
of the Danube was covered with a thick Fog ; the Inn
had a slight Mist, and the Hz a haziness, indicating
the liberation of only a small quantity of moisture.
About 100 yards below the place where the three rivers
joined, the temperature of the central part of the
Danube was 59°, and there the quantity of Mist was
less than on the bed of the Danube before the junction ;
but half a mile lower, the warmer water had again
Edinburgh Cabinet library. Polar Seas and Regions,—an found its place at the surface, and the Mist was as
and valuable Work.
copious as before the union of the rivers.
(737.) Similar results were obtained by Davy in
along the Rhine from Cologne to Coblentz, on
TCI. V.
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the Raab, near Kermoud in Hungary, in July; on the
Save, in Carniola, in August ; on the Ironzo, in
Friuli, in the middle of September ; on the Po, near
Mists on Ferrara, in the end of September ; and repeatedly on
the Rhino the Tiber, and on the small lakes in the C'ampagna of
and other Rome, in the beginning' of October; and he remarks,
that in no instance was Mist formed on a river or lake,
when the temperature of the water was lower than that
of the air, even when the atmosphere was saturated with
vapour. An example tending to confirm these results,
the Tamar occurred on an excursion to the Morwell Rocks on the
river Tamar. The river near that place is exceedingly
circuitous, and it was remarked, that the Mist accom
modated itself to all the turns and windings of the chan
nel ; thus atrording an instance of the well-defined
limits which proper circumstances of temperature im
part. An attempt to represent this very interesting
apjiearance has been made in fig. 1. plate viii.
following observations were made at the time.
ology.

TilBf.
August
27th,
9 p.m.

Teroper- Mean Tern- Temper
TVmpttratore atar* of the penttare of ature of the
<i( The
Air 6 fee) the Land on Air 6 feet
above the the borders above the
River.
Banks.
River. of the River.
56°

45°

49°

(738.) These temperatures confirm in every way the
views of Davy. The warmth of the water being greater
than the air above it. was the cause why Mist was
formed on the river; and the temperature of the banks
being below that of the air which covered them, was
I of also the reason why the limits of the Mist were con
Mist con- fined to the actual surface of the stream. Fig. 2 is an
1 to sur- example which confirmed the same fact; but the sketch
i of the is intended only to illustrate the upper boundary of the
Mist above the trees, and which seemed as if formed of
Mist exhi enormous packs of pure wool. The same beautiful
bited ap
pearance of whiteness was perceptible between the trunks of the
pure wool. trees, and formed a fine contrast to the Autumnal
foliage.
Increase de* (739.) After Mists have been formed above rivers and
pends on lakes, their increase seems to depend not only upon the
continued continued operation of the cause which originally pro
action of
first cause duced them, but likewise upou the radiation of heat
of radiation from the superficial particles of water composing the
of heat from Mist, This cause must produce a descending current
particles of of cold air in the very body of the Mist, whilst the
water com
posing the warmer water continues to send up vapour.
Mist.
(740.) It is to the same circumstance also, that the
Cause of phenomenon must be ascribed of Mists from a river,
Mists rising or lake, sometimes rising considerably above the sur
above Bur- rounding hills. Sir H. Davy often witnessed this
rounding appearance during the month of October, after clear
hills.
and serene nights, in the Campagna of Rome above the
Tiber, and on Monte Albauo, over the lakes existing in
the ancient craters of that extinguished volcano. In
one instance indeed, on the 17th of October before sun
rise, the atmosphere being entirely calm, a dense, white
cloud of a pyramidal form was seen on the site of the
Alban Lake, rising far above the highest peak of the
mountain. Its form gradually changed after sunrise,
the summit first disappearing, and the whole body at
last melting away in the sun beams.

(741.) In cases where rivers springing from the in- Meteorterior of rocks, or strata, have the mean temperature of ol"trjthe climate in which they are found. Mists can rarely v—^"^J
form upon them, excepting early in Spring, late in the ?*"**r*™
Autumn, or during the Winter. In passing across the n^n""
Apennines, the 1st, 2d, and 3d of October, Davy ob- sprinpnir
served the beds of all the rivers in the valleys filled with from rocki
Mist, morning and evening, excepting that of the Cli- •"♦"g
tumnus near its source, which is a limestone bed ; and IHiH?,'™
when he examined it at o£ a. m., on the day last men- climate,
tioned, its temperature was found 7 A" lower than the air.
(742.) Great dryness in the air, or a current of dry Current oi
air passing across a river, will prevent the formation of dr>' «'
Mist, even when the temperature of the water is much Pa*s"1R'.
higher than the air. Thus on the 14th of June, near p^v^t,
Mautern, though the Danube at five in the morning Mist
indicated 61°, and the atmosphere was 7° less, no Mist
was perceived ; but at the time of observation, a strong
and very dry Easterly wind prevailed.
(743.) 1 1 may be proper to add, that Mists are Mists fom
sometimes found in the morning, when the difference in "J™0™"
the temperatures of the water and the air amounts only w en Sj
to a single degree, although to produce it, according to perature o
Sir H. Davy, the air must be cooled from three to six air and
degrees below the temperature of the water.
watcr
(744.) The deposition of dew on land must always *™U°(,0I|
precede the formation of Mist on water. Suppose dep,*.
at some moment an equality of temperature to take ,/
place between the land, the water, and the air reposing „fdew n
over each. When the process of cooling commences, always pi
the former will first have its temperature reduced below cede Jlist
that of the air ; and although by this diminution the
equality of temperature between -the two volumes of
air will be destroyed, and a condition favourable to the
formation of Mist be created, still, as the cooling of the
first volume and the mingling of the two are not con
temporaneous, dew will be first deposited.
(745.) In proportion, however, as the land radiates Rapid foi
freely, with the same rapidity must the temperature of "nation ol
the superincumbent air be diminished, and the equili- ~™ ~*
brium between it and the atmosphere hovering over die fonM|£
water be disturbed. The rapid formation of dew is Mist,
therefore accompanied by circumstances favourable to
the quick formation of Mist ; and it hence becomes
probable, that, under such conditions. Mist will be
formed at an earlier period of the night than when the
land radiates less copiously, and dew,—the moisture in
the air remaining the same, be deposited in less abun
dance.
(746.) If in consequence of the interposition of clouds, Effect ol
the cooling of the land and water should be checked, clouds,
and an equality of temperature be restored between the
two masses of air, and the bodies on which they re
spectively repose, the deposition of dew will be sus
pended, and likewise all tendency to the further forma
tion of Mist. The entire dissipation of the latter also
may result from the change.
(747.) It is sometimes the case that dew and Mist Dew an
are both deposited in the former part of the night, M,st *n
and both disappear before morning ; or, the former may f„lrr^r
be preserved, and the latter dispersed. The first of these „f
phenomena may occur, when a portion of the night, and W
favourable both to the formation of Mist and dew, is disappv
succeeded by a brisk wind ; and the second, when by b"'"0"?
the interposition of dense clouds, the temperature of
the land, and the atmosphere over it is raised, so as
to render the latter equal or superior in temperature to
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Mrtfor. that of the air over the water, thereby causing the Mist
afatj- to disappear, from the increased capacity of the air tor
vapour. This latter circumstance will moreover account
for the dispersion of Mists in the morning, before the
disappearance of dew.
(746.) Dr. Davy, in his Work on Ceylon, remarks,
Curtail of that in the deep, moist valleys among the mountains of
that island. Mists are very often formed of astonishing
El.
density, and resemble an expanse of water so much, that,
to a spectator in the clear, cool air on a mountain
above, were he ignorant of the features of the coun
try, they would appear to be real lakes. Occasionally
after sunrise, these Mists, formed in the higher moun
tain hollows, are displaced by the wind, and poured
in immense volumes down into the warmer valleys,
producing a sudden chill, and a disagreeable humidity
of the ah*.
(749.) But the Arctic Regions seem the peculiar
a*
Ipsa abode of Mists and Fogs. Before the end of June, the
palm shoals of ice covering those inhospitable regions, are
itucf commonly
broken and scattered, the temperature of the
&a
Ocean being greater than that of the frozen masses.
Emodtil The cooling influence of those masses, in consequence
( JWati^of of their elevation above the sea, will be diffused, not only
by radiations from their upper surfaces to the sky above,
but also by horizontal radiations to the air surrounding
their sides ; and so powerful are those radiations, that
" navigators generally feel a cold stream of air from an
Elects 6a iceberg long before it is seen."* A volume of the
Slf^TlElDg atmosphere, therefore, between two neighbouring masses
of ice, must necessarily have its middle portion of a
higher temperature than that of either of the portions of
air between it and the icebergs ;t and the consequence
of such an unequal distribution of temperature must
be. to cause the cold air to mingle with that of a higher
temperature, and thus to produce Mist or Fog.
The elevation of these Mists above the surface
rftiae of (750.)
the sea will also be regulated by that of the icebergs
near which they form ; since the cooling influence of
the frozen masses, by its rapid diminution above their
summits, will as rapidly destroy all tendency in the
atmosphere reposing on them to assume a condition
favourable to Mist A limit is thus prescribed to the
elevation of Mists, governed by the height of the icebergs
near which they are formed. Accordingly, Captain Ross
remarks, " that the Fog was extremely thick on the
surface of the sea, but at the mast head, and at the top
of the iceberg, it was perfectly clear." Mr. Scoresby
also, in his Paper on Fogs, read before the Wernerian
Society, alludes to their definite elevation, and to the
sky above being perfectly clear.
(751.) Fogs of great density prevail also in the sea
mm Tea which surrounds Terra del Fuego. Don Antonio de
Wfoego. Ulloasays, in bis Letter to Marian, that in sailing round
Cape Horn, he found only a few moments when he
could obtain a slight glance of the sky. It must not be
inferred, however, from hence, that Fogs constantly
prevail in those regions.
(752.) Van Mons, in his interesting Paper on Mists,
* Quarter/if Review, No. xxxvi p. 448.
f If the water in the vicinity uf the icebergs presents considerable
inequalities of temperature, the air which reposes on it must be
subject to like variations. Captain Franklin remarks, that " the
temperature of the surface water was 35° when among the ice, :i80
when just clear of it, and 41».5 at two miles distant;" and there
are deferences of temperature here sufficient to form Mist ahun-
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(Now. Memoires de VAcad. Roy. des Sciences et Belles MeteorLetlret de Bruxelles, torn iv. p. 37 1 ,) divides them into ology.
dry, humid, and mixed. Dry Mists are either sweet
scented, or have a fetid smell. The odour of dry, white Jjwts m
Mists, however, is very different from that of coloured dry^n^d
Mists. Dry Mists are either white, bluish, dusky- ami mixed.'
brown, or lilac. The deeper their colour, the stronger Odour of
is their odour.
Mists.
(753.) Humid Mists are either visible or invisible, Humid'
and moisten all bodies. Visible humid Mists, without Mists oftwo
being odorous, are cold. Invisible humid Mists are kinds,
not odorous.
(754.) Mixed Mists are of various kinds. Some Mixed Mists
arise from a mixture of two dry Mists, others from a of various
humid Mist mingled with one of a dry kind. Van kiadsMons thinks there is never a junction of an invisible
humid Mist with one of a dry kind. Mixed Mists
retire successively, one of the two disappearing after the
other. They are moist and fetid at the same time.
(755.) A visible humid Mist mingled with a dry
Mist of a white kind, produces one of a yellowish
colour. This colour is most remarkable by night.
(756.) These remarks apply to the phenomena of Dry and
Mists in Belgium. Dry and fetid Mists occur there fetid Mists
during Easterly winds, and Mists simply odorous
during a North wind. Their appearance seems confined w^,j,r ^
to particular localities, and masses may be observed at Odorous
intervals from each other, in the direction of the wind. Mists with
Fetid Mists are most frequent there in Spring and a North.
Aututnn, and at the approach of the solstices, though wmd"
they may be remarked at all seasons.
(757.) Fetid Mists, though often appearing in the Theirlocamorning and evening, generally disappear towards Mies,
noon. When Mists occur in the elevated parts of the Fetid Mists
atmosphere, their colour becomes sensible before their tomuSta"
odour. They are seen thus suspended for a day or two. noon.
(758.) In Belgium, a fetid Mist in Spring or in Indications
Summer indicates a dry and hot season In Autumn of Mists,
it presages storms, and in Winter hard frost.
(759.) Dense Fogs seem common to large cities, and Dense Fogs
have been remarked in Winter, in perfectly calm weather, common to
On the 10th of January, 1826', a Fog was so great in yr!fmto,wns"
London, that no part of St. Paul's could be seen from London
the Western railing. The city presented a scene of Amsterdam^
desolation, and all the manufactories and shops em- and Paris,
ployed their full complement of lights. Trade was
universally interrupted. At the time this occurred, the
environs of the city enjoyed a beautifully clear sky. In
the great Fog which happened at Amsterdam on the
last day of the year 1790, the people ran against each
other, even though they had lights in their hands. Two
hundred and thirty persons were drowned by falling
into the canals. Their cries were heard, but people
were afraid to advance to their relief. At Paris on the
12th of November, 1797, a great Fog commenced in
the afternoon. The obscurity was so great, that persons
lost their way completely in the streets, as if they had
been blind. It was necessary to be near a very brilliant
light, to perceive a faint trace of it. Fourcroy, who
described this extraordinary Fog in the Journal de la
Societe des Pharmacir.ns de Paris, states that it showed
itself in spiral groups like cork-screws, and that it had
a remarkable taste.
Simulta(760.) The appearance of Fogs in different cities is nm^,^ot
frequently simultaneous. At the time a great Fog pre- ^"J*"0'
vailed in London, Dublin was enveloped in one of equal ditfireut
density. Fogs have been known also to precede a cities.
u2
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strong Westerly wind at Manchester, London, and Paris,
and by nearly the same short interval of time at each
station.
(761.) M. Defrance, in a Paper in the Annates de
Cause of
these Fogs Chimie, torn xxxiii., has endeavoured to account for the
according origin of these Fogs. On some days of Winter, he says,
to M. De the smoke of village chimneys instead of being elevated
france.
in the air, and dissipated in the usual manner, is thrown
back again on the ground, and moves over its surface.
When this takes place, a current ofair has been observed
to descend through chimneys which have no fire, pro
ducing in the apartments a strong odour of soot, proving
the action of descending currents in the atmosphere.*
If, therefore, we suppose one or two hundred thousand
chimneys to discharge their smoke into the air, and
to become mingled with the aqueous vapour, and by
the action of currents forced again to descend, a dense
Fog like those already described, ought necessarily to
happen.
Quantity of (762.) The quantity of moisture sometimes deposited
moisture by Fogs of this kind, is very remarkable, particularly
deposited by as no motion is perceptible in them. Dr. Thomson
Fogsofthis
j.j
._ ,„r, A J:U!_,
„
recorded one in 1814, which continued a week, covering
kind.
London and the country for miles around. It appeared
without visible motion, and deposited moisture in the
greatest abundance. The low temperature, 27°, occa
sioned, however, some crystalline depositions on the
trees, and which were remarked by an ingenious
observer, to be four times thicker on one side than on the
other. Such an excess implied motion, and Thomson
interred from it that six atmospheres must have passed
over a given surface in a single day, at the rate of a
mile in four hours, and forty-two atmospheres during
the whole continuance of the Mist. Copious Mists
Mists ac
company accompany the setting in of long frosts.
long frosts.
(763.) Mists have also peculiar colours in this Country.
Colours of Howard has seen some of a perfect rose colour in the
Mists in
this Coun- Western horizon, in March and June. One in January
also, chiefly ofan indigo-blue, but passi ng below into opaketry.
white, and above into a faint transparent red. Another
in May of a transparent brownish-red colour, which
gave a pink tinge to the twilight. Daniell mentions
also the case of a Mist in London, in August, through
which the Sun appeared of a pale blue colour, resem
bling the flame of Sulphur. The same was observed in
Essex and Worcestershire, and Howard saw it in Sussex
from nine till near noon, and describes it as of the colour
of watch-spring steel.
Mists at
(764.) When Mists prevail in the neighbourhood of
Malta, a particular tinge in the Mist is instantly recog
nised by the mariners of those seas, as an index of the
Island.
Hansfeen's
(765.) Professor Hansteen attributes the formation
idea of
of Mists to the Polar Lights. The electrical meteors
I of penetrate, he thinks, the vapour of the air, depriving it
of its heat, and rendering it opake. When the streamers
are flowing, he says, the sky has a tendency to become
opake and misty.
Splendid
(766.) The great bank of the Lagullas near the Cape
Mist at
of Good Hope has been minutely described by the
Cape of
Goodllo
learnea accuracy of Rennel ; but Dr. John Davy was
the first to trace its effect in promoting that curious con
densation of Mist on the Table Mountain, called in the
Meteor
ology.

language of the Mariner, " The Table Cloth." On the Mdcor
borders of the bank, the current is strongest, the tem
ology.
perature of the water being at least ten degrees above
the neighbouring sea. Such a difference, the Doctor
remarks, must produce an effect on the superincumbent
air. When a South-East wind blows, it mingles with
the warmer air over the bank, the resulting vapour
being carried forward to the land. Davy saw it once
advancing rapidly over the sea, which it entirely con
cealed, while the air above was perfectly clear. As
soon as it reached the land, it spread gradually along
the coast, ascending the mountain and enveloping its
summit. There undergoing a further condensation, by
the cold contact of the mountain, it descends on the
opposite side, and overhangs Cape Town. According
to the observations of the Rev. William Hennah, from
the Harbour of Rio Janeiro a dry silvery Mist may often Mists at
be seen creeping down the valleys from the higher land. Riu Jane
It begins to form at sunset, and the next morning the
whole harbour is densely covered with it.
(707.) Many beautiful condensations, but upon a less Varied
grander scale, are frequently to be met with on the sea-coast example
ofEngland. The opposite hills which form the Harbour Mist on
of Plymouth, and between which the Breakwater lies,— hills fun
Har
shown by the dark line in the figures of plate ix., afford ing
bour of 1
frequent examples of the kind. Denoting the hill on mouth.
the left hand by A, the projecting cape in the middle
with the tower on it by B, and the wooded mount by
C, we shall perceive in fig. 1 a considerable condensa
tion on A, which took place July 22, at 5 p. m., but only
a slight condensation on B. Half an hour later, fig. 2
exhibited the appearance of A the same, but on B the
Mist had deepened, and encroached partly on C. In fig. 3,
the observations being at 6 p. m., the Mist had enlarged
on A, but completely enveloped B ; on C it had shortened,
but increased in altitude. In fig. 4, half an hour later,
the appearance of A was the same, and B was enve
loped, but with a less elevation of Mist. The portion of
Mist on C, which appeared in contact with B in fig. 3,
though not really so from the actual locality of the hills,
was transferred considerably to the right, leaving the
beautiful woody promontory quite clear. The next day
at 3 p. m., a continued band of Mist appeared from one
headland to the other, at a less altitude above the sea,
as in fig. 5. The bottom at A, above the water, and at
B were admirably defined, but at C it dropped into
beautiful festoons. The Mist disappeared in all parts
at once, diminishing from the bottom upwards. The
well-defined line and the broken form of the festoon
were preserved to the last. The wind was South. On
the 2d of June, at 8J a. m., the form of fig. 6 was
exhibited, but the upper boundary of the Mist was not
uniform like the last. At 4 p. h. the Mist on A had
disappeared as in fig. 7, and a dense cloud apparently
reposed on the hill, which seemed to join with the
Mist over the water, but the whole of B and C were
completely lost in Mist. At 6 p. m. the cloud remained
over A, but the Mist at C had formed with a perfectly
uniform line below, as in fig. 8. Figs. 9 and 10 con
tain two views only of C. The former exhibits a Mist
reposing on the water, with a perfectly uniform boun
dary above, and concealing only the lower half of the
mount ; and the latter figure discloses that portion to
view, leaving the upper enveloped in a Mist of the
* A smell as of something burning, arising from this cause, has most perfect uniformity above, but dropping into the
doubtless been often remarked by the reader in his house. By most beautiful forms below ;—this moment falling in
night it may, perhaps, have cost him some anxiety.
graceful festoons between cedars and oaks ; and in the
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next, rising suddenly above elms and pines, becoming
lost at last in the azure above. For two hours and a
half this appearance continued, changing its form every
instant, and disclosing infinite varieties of light and
shade. Now and then also, tinges of red and yellow,
and grey, falling on the misty forms, increased in a high
degree the beauty of the scene.
(768.) No description more accurate can be given of
the calm Fog, than the following from the masterly
pen of the late Mr. Crabbe.
When aU you see through densest Fog is seen,
When you can hear the fishers near at hand
Distinctly speak, yet see not where they stand ;
Or sometimes them and not their boat discern,
Or half-conceal'd some figure at the stern ;
Boys who, on shore, to sea the pebble cast,
Will hear it strike against the viewless mast;
While the stern boatman growls his fierce disdain,
At whom he knows not, whom he threats in vain.

On Clouds.
(769.) The sky is an object of interest under what
cdxdty. ever point of view it be contemplated. Spread out on
all sides like a splendid canopy, it presents to the eye in
every clime some peculiar characteristic, in England
seeming of a lower elevation than in France, and in
Italy disclosing a purer and more extended scene.
(770.) Contemplated in small masses, air of a per
fectly dry character appears destitute of colour, nor does
the presence of moisture in a state of vapour, seem in
any way to alter its appearance ; but on the great scale
in which Nature presents it to our view, it puts on the
Twmt as colour of a lively blue, and we become sensible of the
ijrat existence of vapour, by the increased distinctness with
Qli« which distant objects are seen, and the consequent en
lit
largement of the boundaries of the whole visible sky.
At the same time, also, the intensity of colour augments
r.j—
by almost insensible gradations from the horizon to the
upper sky; and, as the testimony of all travellers con
tx'm
E?triky, firms, a similar augmentation takes place from the
— • fna valley to the mountain-top, until the whole hemisphere
^ to puts on a deepened indigo tone.
(771.) A sky perfectly transparent, however, is a
Truspa. phenomenon of very rare occurrence in an insular situa
tion like our own. A variety of causes,—unequal tem
ait ia a peratures, diversified currents, and different stores of
Heoa moisture, soon compel the humidity with which the
atmosphere is charged, to put on an opaque form ;
we.
Cm and rolling masses of visible Cloud are seen, exhibit
ing every diversity of magnitude, shadow, and form,
and sometimes lights and varieties of colour more beau
tiful than it is in the power of language or the pencil to
describe. It is then that the Heavens address a lan
guage intelligible to Man ;—and which is interpreted by
the Philosopher, the Poet, the Painter, the Mariner, and
the Peasant, with all the varied feelings which belong to
their different occupations and desires, and which Su
perstition herself has not failed to appropriate to some of
her dark and mysterious uses.
(772.) An inquiry into the origin and phenomena of
Clouds, is, therefore, far from being an unprofitable
branch of Meteorological investigation. Unable to exa
mine the actual constitution of the immense masses of va
pour which diversify the sky, we are left almost entirely to
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the dim light of conjecture respecting them. That they Meteorare composed of drops or vesicles of some kind, seems - ■.°1"g^.'. '
admitted on all hands ; and while the optical pheno
mena they present, entirely exclude the idea of these Composed
of vesicles
drops being solid, there is everything in favour of their of
some
vesicular structure ; that is of their being made up of kind.
innumerable small globes filled with damp air, analo Optical
gous in some way to soap bubbles. Saussure in one of phenomena
to
his Alpine journeys saw drops float slowly before him, opposed
being
having greater diameters than peas, and whose coating their
solid drops.
seemed inconceivably thin; and Derham, by micro Probability
scopic observation, obtained very strong proofs tending of their
to the same end. But while the existence of vesicles being vesi
seems to have a high probability in its favour, there cular.
Seen so by
are difficulties in the way respecting their density, Saussure
which merit a more extended examination.
and Der
(773.) Of the cause of the formation of Clouds, there ham.
seems no theory more probable than that which refers Formation
of Clouds
them to the union of atmospheric strata of different tem results from
peratures, unequally charged with moisture, in the same union of
manner as we have endeavoured already to account for strata of dif
tem
rain. At the time, however, in which this union takes ferent
peratures.
place, electricity is evolved, disposing the watery particles
to assume a vesicular form. The vesicular atoms, charged Vesicular
with the same kind of electricity, cause a general re atoms
charged
pulsion among all the vesicles, imparting, probably, to with
same
Clouds their peculiar forms, and preventing them from kind of
descending in the shape of rain. In what way the electricity
Clouds become charged with electricity, it is indeed dif causes re
ficult to say ; but as electricity is evolved in the process pulsion
among
of evaporation, there seem grounds for supposing that particles.
they are at all times more or less charged with it.
Pouillet,* indeed, has endeavoured lately to overturn Experi
of
the theory of Volta respecting the evolution of electricity ments
by evaporation, by showing that nothing of the kind can Pouillet.
be traced, unless some chemical combination takes place;
but the experiments of the French Philosopher clearly
prove that electricity is evolved during combustion ; and
that the carbonic acid emitted by vegetables is charged
with negative electricity, and the oxygen with positive
electricity, thereby amply accounting for the vast
quantities of electricity so often accumulated in the
Clouds.
(774.) If the density of a Cloud were at all times Suspension
on an equality with the surrounding medium, or less of Clouds.
than it, there would be no difficulty in accounting for its
suspension. The case of a stationary mass of Cloud, Density of
a phenomenon of frequent occurrence, is one that can vesicles,
be completely reconciled to the laws of Hydrostatics ; equal,
less, and
and if the aerial matter with which the vesicles are
filled, were saturated with moisture, while the medium
they float in is dry, a reason becomes evident why
they should be lighter than the air. In such a case,
Clouds should rapidly ascend and diminish in size, by
their gradual conversion into vapour, and at length
vanish entirely away, independently of every considera
tion of distance, all of which often occur. But if we
refer to the condition of vesicles whose density is greater
than the air, a phenomenon which in some circumstances
of the atmosphere takes place, considerable difficulties
present themselves upon the very threshold of the in
quiry ; and accordingly many ingenious hypotheses have
been contrived to account for it. Gay Lussac has had
recourse to the action of warm currents, which he con
siders to ascend incessantly from the Earth during
* Amalet de Chimie el de Phy. vol. xxxv. p, 401.
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the day.* If the thinnest soap-bubble, says he, be
blown in a room, it will never rise, but descend by
its own weight; but if formed in the open air, above
a heated soil, the rising current pushes the bubble
before it, until weakened by its dilatation, or by its
mingling with cooler air, the force of its impulsion is
found to be in equilibrium with the air; and hence the
illustrious Chemist thinks, that the aqueous vesicles may
remain suspended at a considerable height, variable
according to the Seasons, and greater in Summer than
Theory of in Winter. To account for the same phenomenon,
Fresnel.
Fresnel imagines Clouds to be formed of minute glo
bules of water, or very fine crystals of snow, from the
extreme division of which, a very multiplied contact with
the air is produced. These watery atoms, he further
supposes to gain an increase of temperature from the
solar and terrestrial rays, and that the air within the
Cloud, and in the neighbourhood of its surface, becomes
more dilated than the surrounding atmosphere, and
consequently lighter. From this hypothesis it results,
that the particles composing a Cloud, may be so near
each other, as to leave but small intervals between them,
and that the particles themselves may be even smaller
than those intervals. Hence it follows, that the whole
weight of water in a Cloud, forms but a small fraction
of the weight of air it contains ; and so minute may be
this fraction, that the difference between the density of
the air in the Cloud, and the air which surrounds it,
shall more than compensate it. When the weight of
air and water in a Cloud is less than that of an equal
bulk of the surrounding air, the Cloud will ascend until
it reaches a region where these two weights are in equi
librium. This height will depend on the fineness of the
particles of the Cloud, and the intervals which separate
them. During the night, the Clouds are of course de
prived of the solar rays, and their temperature should
become less, but they must still receive warm rays from
the Earth ; and should their thickness be very great,
their temperature will but slowly diminish. Hence a
cause is in activity for maintaining the suspension of
Clouds by night.
Clouds
That masses of Cloud are often in perfect equilibrium
often in
with the stratum of air in which they are situated, may
equilibrium be gathered from the fact, that when the mercurial
with the air
in which column rises, the Clouds also ascend, to reach a new
region which may be in equilibrium with them. The
they are
masses of smoke encircling the crater of Mount Etna,
ascend and descend with the quicksilver of the baro
meter ; and the motion of the smoke even predicts to
the Philosophic Observer, the kind of change going on
in the mercurial column.
* A beautiful example of the action of the currents here referred
to is to be found in the case of the spiders that produce gossamer.
" Apparently actuated by the same impulse," observes Mr. Blackwall, in a most interesting Paper in the XVth volume of the Linntean Transaction!, " all the spiders were intent upon traversing the
regions of the air. Accordingly, after gaining the summits of
various objects, as blades of grass, stubble, rails, gates, Sc. by the
slow and laborious process of climbing, they raised themselves still
higher by straightening their limhs, and elevating the abdomen, by
bringing it from the usual horizontal position into one almost per
pendicular, they emitted from their spinning apparatus a small
quantity of the glutinous secretion with which they construct their
webs. This viscous substance being drawn out by the ascending
oirrent of rarefied air into fine lines several feet in length, was
carrieid upward, until the spiders fceiing themse/ves acted upon with
sufficient force in that direction, quitted their hold of the objects on
which thef stood, and commenced their journey 4y mounting aloft."

(775.) A very slight attention to the appearances of the Metto
sky will prove great diversities of character toexist among ologj
the Clouds which cover it ; that there are some Clouds
Great di
peculiar to one region and some to another ; and that verities
among them there are varieties of density and varieties of among
form ; and that some system of classification was called Clouds.
for " to enable the Meteorologist," as Howard ex
presses it, " to apply the key of analysis to the expe
rience of others, as well as to record his own with bre
vity and precision." This is what that distinguished
Meteorologist accomplished in his admirable nomen
clature of the various modifications of Cloud.
Clouds were divided by Howard into seven modifica Howard'
tions, three of which he regards as primary, two as classifica
intermediate, and two as compound. They are as tion of
follows :
Primary Modifications.
1. Cirrus. Def. Nubes cirrata, tenuissima, qum Cirrus.
undique crescat. Plate x. fig. a.
Parallel, rlexuous, or diverging fibres, extensible in
any or in all directions.
2. Cumulus. Def. Nubes cumvlata, densa, sursum Cumulus
crescens. Plate x. fig. 6.
Convex or conical heaps, increasing upward from a
horizontal base.
3. Stratus. Def. Nubes strata, aqua modo ex- Stratus.
pansa, deorsum crescens.
A widely extended, continuous, horizontal sheet, in
creasing from below. Plate x. fig. c.
Intermediate Modifications.
1. Cirro Cumulus. Def. Nubecuhe densiores sub- Cino
rotunda? H quasi in agmine appositee.
Curaului
Small, well-defined, roundish masses, in close hori
zontal arrangement. Plate x. fig. d.
2. Cirro Stratus. Def. Nubes extenvata subconcava cirro
vel unduUila. Nubecula hvjus modi appositm.
Stratus.
Horizontal or slightly inclined masses, attenuated
towards a part or the whole of their circumference,
bent downward, or undulated, separate, or in
groups, consisting of small Clouds having these
characters. Plate x. fig. e.
Compound Modifications.
1. Cumulo Stratus. Def. Nubes densa, basim Cumulo
planam undique supererescens, vel cujus moles lon- Stratus.
ginqua videtur partita plana partim cttmulata.
The Cirro stratus blended with the Cumulus, and
either appearing intermixed with the heaps of the
latter, or superadding a wide spread structure to its
base. Plate x. fig. /.
2. Cumtjlo Cirro Stratus vel Nimbus. Def. Nimbus,
Nubes vel nubium congeries pluviam effundens.
The Rain Cloud. A Cloud, or system of Clouds,
from which rain is falling. It is a horizontal
sheet, above which the Cirrus spreads, while the
Cumulus enters it laterally and from beneath.
Plate x. fig. g.
These are the original definitions and figures given by
Howard in his celebrated Essay read before the Askesian Society in 1802-3, and are here introduced as
standards of reference.

METEOROLOGY.
M«ka-

(776.) The tenn "Modification" is limited by Howard
to the structure or mannerof aggregation of a given mass
of Cloud, and not its precise form or magnitude, which
in most Clouds varies every instant. To the young
Meteorologist, it may be at first difficult to distinguish
one modification from another, or to trace the narrow
limits which sometimes separate the different modifica
tions ; but a moderate acquaintance with the subject,
will soon enable him to distinguish the varieties as
readily, to adopt the language of Howard, " as a tree
from a hill, or the latter from a lake ; although Clouds
in the same modification considered with respect to
each other, have only the common resemblance which
exists among trees, hills, or lakes, taken generally"
&C*rta (777.) The Clouds belonging to the first primary
s*hb aa modification exhibit an unbounded variety, and in some
conditions of the atmosphere may be observed to un
dergo perpetual changes. The Cirrus is always to be
found in the loftiest regions of the sky, from the smallness of its density, and is the first to be met with in
serene weather. Its earliest traces are indicated by fine
whitish threads delicately pencilled on a clear blue sky,
and as they are augmented in length, others are fre
quently added laterally. The first-formed threads often
serve as stems to support numerous branches, which in
their turn give rise to others, sometimes propagated
either in one or more directions laterally, or obliquely
upward or downward, the same direction often prevail
ing in a great number of Clouds visible at the same
time. Transverse lines are often formed, which, intersect
ing those in an opposite direction, give to the sky the
appearance of delicate network. When the weather is
dry, the Cirrus exhibits a more fibrous texture than
when it is damp ; and whatever may be its figure, its
extremities are always fine evanescent points. When
the air is damp, it is seen in the intervals of rain, badly
defined, and of a less fibrous structure. Cirri of this
kind are generally of short duration, and have a great
tendency to change into the other modifications. There
is often a haziness in the atmosphere when they appear,
and they are frequently soon followed by rain.
(778.) The great elevation of these Clouds, when
formed in theirordinary state, has been ascertained both by
trigonometrical observations, and by viewing them from
the summits of the highest mountains, where they
appear as when seen from the plain. Howard infers
their great elevation by noting the time during which
they continue to reflect the different coloured rays after
sunset, and which they do much longer than any
others.
(779.) The continuance of this modification is very
uncertain, varying from a few minutes to many hours.
The same configuration of Cirrus has been observed
in the same quarter of the sky, even for two successive
days, during which a smart breeze from the opposite
quarter prevailed below. When in the vicinity of other
Clouds, their duration is the shortest. Although in ap
pearance almost stationary, they are intimately connected
with the variable motions of the air. In fair weather,
with light variable breezes, the sky is seldom quite clear
"I groups of the oblique Cirrus. These frequently
on from the leeward, the direction of their increase
windward. Continued wet weather is attended
with horizontal sheets of this Cloud, which subside
quickly, passing into the Cirro Stratus. Before storms
they appear at lower elevations, with a denser character,
and generally in the quarter opposite to that from which
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the storm arises. Steady high winds also are preceded
and attended by streaks running quite across the sky
in the direction they blow in. Howard observed a
Cirrus consisting of many light tufts of a sort of horse
shoe figure, rising one above the other. The Cirrus
gives every appearance of being a conductor of the elec
tric fluid. Its texture seems to indicate this office, the
long parallel and elevated lines which distinguish it
being probably employed in equalizing the electricity of
remote masses of air. The buoyancy of the Cirrus
seems most perfect during its first increase. Many
diversified examples of Cirri may be seen in plates xi.
and xii.
(780.) Clouds of the second primary modification are Dense
commonly of a very dense structure, and hence are found *tue'"re °^
in the lower regions of the sky, moving gently along um "**
with the current next the Earth. Their silent and gra
dual formation discloses many interesting phenomena.
A small but irregular cloud first appears, which some
times changes into a nearly hemispherical mass, and
sometimes rises into mountains of stupendous magni
tude and beauty, disclosing summits tipped with the
brightest silver. During these transitions, the lower Characsurface of the Cloud continues irregularly plane ; and j^*Qoud
whether the cloudy masses are few or many, their bases
always lie nearly in one horizontal plane. Their in
crease appears to bear at all times a relation to the
extent of their bases, and has an evident reference to
their mechanical stability. The growth of a Cumulus
is a most interesting phenomenon. The shaded mass
of Cloud in fig. 3, plate viii. represents a finely formed
Cumulus as it appeared at ten a. m. on a calm and
brilliant day in July ; and the differently dotted out
lines surrounding it, Bhow the successive changes of
figure it underwent, during six consecutive intervals of
five minutes each.*
(781.) In fair weather, the Cumulus is generally I'" formafirst seen to form some hours after sunrise, to go on J^k"""'*
augmenting to the hottest part of the day, from which
point it declines, and totally disperses about sunset. But
while the ordinary variations of temperature in fine and
tranquil weather, seem to impress on this modification
of Cloud a system of analogous changes, the more
variable conditions of the atmosphere impart all their
own unsteady influence to them. In such cases they
sometimes disappear almost as soon as formed, while in
others, they are no sooner formed, than they pass into
one of the modifications of a compound kind.
(782.) The Cumulus peculiar to fair weather has a The Cumoderate elevation and extent, and a rounded surface of a mu.lul P*well-defined kind. Before rain it augments with great ^V" 0
rapidity, and sinks to a lower elevation, becoming fleecy ther.
and irregular in its appearance, and with its surface full
of protuberances.
(783.) The formation of large Cumuli to leeward Cumuli
during a strong wind, indicates the approach of a calm dunn8 ■
with rain. When they do not disappear about sunset, ^.jf
but continue to rise, thunder may be expected during
the night. Forster remarks, that when a Cumulus,
*

And now the mists from Earth are Clouds in Heaven ;
Clouds slowly castellating in a calm
Sublimer than a storm ; while brighter breathes
O'er the whole firmament the breadth of blue,
Because of that excessive purity
Of all those hanging snow-white palaces,
A gentle contrast, but with power divine.
Wilson.
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moving with the wind, has from any cause altered to
the Cumulo Stratus, the change has been uniformly
attended with a retardation of the motion of the Cloud.
Cumulus
The Cumulus appears to perforin an important
performs an part(784.)
in the economy of Nature. While it screens the
important
part in the Earth from the direct rays of the Sun, it diffuses the
economy of solar light by its multiplied reflections, and conveys,
Nature.
moreover, immense stores of vapour from the place of
its origin, to a region in which humidity may be wanted.
Several examples of this Cloud are given in plates xi.
and xii.
The Stratus (785.) The Stratus, or third primary modification,
properly the has its inferior surface resting commonly on the Earth
Cloud of or water. It is properly the Cloud of night, and makes
night.
its first appearance about sunset. It comprehends all
those creeping mists, which on tranquil evenings ascend
in spreading sheets, like inundations of water, from the
bottoms of valleys and the surfaces of lakes and rivers.
It continues frequently through the night ; but on the
return of the Sun, its beautiful level surface puts on the
appearance of a Cumulus, the whole mass rising at the
same time from the ground. The continuity of the
Cloud is at length broken, and it ascends and passes
away with the appearance of the nascent Cumulus.
The Stratus has long been regarded as the harbinger of
fine weather. There are few days in the year more
calm and serene than those whose morning breaks out
through a Stratus. In the New World the most mag
nificent examples of the Stratus occur. Humboldt
mentions one which filled the Valley of Caraccas. It
appeared to be full of water, and seemed to be an arm
of the sea, of which the adjacent mountains formed the
steep shore.
An example of a Stratus is given in plate xi. with
a nascent Cumulus above it.
Formation
(786.) In passing to the consideration of the inter
of the Cirro mediate modifications, the formation of the Cirro Cumu
Cumulus.
Its beauti lus will be found to disclose the most beautiful system
ful changes. of changes. The Cirrus having remained for some time
stationary in its proper region of the upper sky, in
creases at length in size, which is followed by its de
scent into a lower region of the air, where it puts on a
new character, from the collapsing of its fibres, and its
passage into small roundish masses, in which its ori
ginal texture can no longer be traced. This change of
condition takes place, either throughout its whole mass
at once, or progressively from one extremity of the
cloudy mass to the other ; and the same effects may be
traced with great uniformity in a number of adjacent
Cirri at the same time, and in the same order. In some
instances these changes seem to be accelerated by the
approach of other Clouds.
(787.) The sky presents a very interesting appear
Beautiful
appear
ance when several beds of these small connected
ances also Clouds are seen floating at different altitudes. These
when dis{>osed in diminish as the eye follows them into the blue ex
panse. The Cirro Cumulus is frequent in Summer,
teds.
arid is attendant on warm and dry weather. On a fine
Summer's evening, the nubecula.1 which compose this
Cloud are often large, well defined, and detached from
each other. The whole sky is sometimes covered with
them. This Cloud is also occasionally, but more rarely,
seen in the intervals of showers, and in Winter. It
either disappears in the region in which it is formed, or
by ascending in the atmosphere, reassumes its original
condit on of a Cirrus ; or conversely, by sinking lower
in the sky, puts on the form of the Cirro Stratus. In

stormy weather, previous to thunder, a Cirro Cumulus Metera
often appears, composed of very dense and compact ologv
round bodies in very close arrangement. When accom
panied by the Cumulo Stratus, it is a sure indication of
a coming- storm. Examples of the Cirro Cumulus are
given in plates xi. and xii.
(788.) The Cirro Stratus appears to result from the TheCirr
subsidence of the fibres of the Cirrus to a horizontal Stratus.
position, at the same time that they make a lateral
approach to each other. Its figure is very variable, Variable
sometimes consisting of dense longitudinal streaks; and figure.
at other times, when seen in the distance, it puts on the
appearance of shoals of fish. Sometimes the whole sky Macktre
is so mottled with this kind of Cloud, as to obtain for it back skj
the name of the Mackerel-back Sky, from its great resem
blance to the back of that fish. It sometimes assumes
an arrangement like discs piled obliquely on each other.
Frequently it appears like parallel bars, and at other
times with interwoven streaks like the grain of polished
wood, the structure of the Cloud inviting attention rather
than the form. In other cases this Cloud is spread
out into plane horizontal sheets, more or less dense. It
is always thickest in the middle, or at one extremity, but
diminishes towards the edge. There is a variety of the
Cloud which presents the appearance of the Cyma in
Architecture.
(789.) The Cirro Stratus precedes wind and rain, and Cirro
the approach of foul weather may sometimes be inferred Stratusg
wi
from its greater or less abundance, and the permanent cedes
character it puts on. This Cloud is almost constantly and raic
to be seen in the intervals of storms. The waved Cirro
Stratus indicates heat and thunder. Sometimes the Cirro Altera:
Cu
Stratus and the Cirro Cumulus appear together in the sky ; with
Cumulu
and they are even seen to alternate with each other in
the same Cloud. During these transitions, a multitude
of beautiful phenomena are presented to the observer,
and some opinion of the weather likely to ensue may be
formed, from the modification which at last prevails.
(790.) The Cirro Stratus is the Cloud which com Cirro S
monly exhibits the beautiful phenomena of the solar and tus exhi
;
lunar halo ; and by inferences drawn from a few obser optical
nomeni
vations, the parhelion and paraselene also. Hence the
reason of the prognostic for rain and tempestuous wea
ther commonly drawn from the halo.
Examples of Cirro Stratus are given in the plates last
referred to.
(791.) The Cumulo Stratus, the first of the com Cumuli
pound modifications, occupies a sort of middle state Stratus
between the Cumulus and rain, and hence in a varia
ble climate like our own, it is by far the most common a Clouc
Cloud both in changeable and very fine weather. The very co
Cumulus seldom preserves its original character long, monly
when the vapour surrounding it is in any excess. In
such a case, it either expands spontaneously as it rises,
into a spreading crown, with occasional irregular protube
rances which overhang its base in uneven or rugged
folds, or it unites with the superior modifications already
formed by their descending on it. Sometimes this class Gains
of Cloud gains additions by lateral increase, from Cirro tions b
Strati floating in the same region, or by the union of Cirro S
loose portions of its own kind ; and compounds are
formed of different kinds, all of which are comprised in
this modification. Banks and ranges of Cloud, there
fore, of every description, presenting a fiattish surface
and bounded by vertical or overhanging clifTs, are to be
referred to the Cumulo Stratus. Wherever, amidst the
light and shade which diversify the magnificent scenery
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Vrteor- of the sky, there is what the artist terms a recess tint, it
dfT- may be presumed to result from some combinations
( 1 - ~' ' peculiar to this modification. Trees and towers, magnificent ruins and glaciers, natural bridges and other
^ypj^" diversified scenes, which are sometimes fancied in the
x^dhyit. Clouds, are in general parts of the same arrangement.*
Before thunderstorms it seems frequently reddish.
(792.) A Cumulo Stratus, well formed and seen singly
in profile, is quite as beautiful an object as the Cumulus.
Its form, in general, may be compared to a Boletus, or to
a fungus having a very thick stem and protuberant gills.
Howard has occasionally seen specimens constructed
almost as finely as a Corinthian capital, the summit
throwing a well-defined shadow upon the parts beneath.
The Cumulo Stratus is sometimes of vast vertical dimen
I: ill
sions. The finest examples of it occur between the first
appearance of the fleecy Cumulus, and the commence
ment of rain, while the lower atmosphere is compara
tali
tively dry, and during the approach of thunderstorms.
The appearance of the Cumulo Stratus among ranges
of hills presents some interesting phenomena. It ap
pears like a curtain dropping among them and enve
loping their summits, the hills reminding us of the massy
Egyptian columns which support the flat-roofed Tem
ples of Thebes or Tentyra. The more indistinct ap
pearances of it are chiefly confined to the longer or
shorter intervals of showers of rain, snow, or hail. Exam
ples illustrating this variety of Cloud may be seen in the
plates last referred to.
So 'j*>%u
(793.) Any of the Clouds belonging to the preceding
I**""! modifications, whether existing in a separate class at
fijoi pre- some uniform elevation, or in two or more classes of dif
ferent altitudes, may so increase in magnitude, as com
am a
pletely to obscure the sky ; or at times, such an appearance
auttmce, of density may be put on, as to lead the inexperienced
B> nra
observer to apprehend a speedy descent of rain. An
attentive observation, however, of their phenomena, has
induced Howard to infer, that so long as they preserve
a separate existence in one of these states, no rain at any
time falls from them.
(794.) Before rain takes place, the external characJjjjff" **** °^ tne Clouds undergo a change, and their altered
in an, conditions have been found sufficiently remarkable to
"^avtux. constitute the intermediate modification of Cumulo Cirro
H-afrom Stratus, vel Nimbus. When rain comes from the upper
regions of the sky, it is indeed difficult to trace the phe
nomena that occur. All that we can do before the
arrival of denser and lower Clouds, is to observe, that,
at a great altitude, a thin light veil, or a hazy turbidness exists. When this has considerably increased, the
lower Clouds become diffused, and, uniting at length in
all points, form a uniform sheet. Rain then com
mences, and other Clouds from windward passing under
this sheet, become successively lost in it. When the
latter cease to arrive, or the higher sheet becomes broken,
an abatement or cessation of the rain is the result
* It must have been this compound modification which sug
gested to Shakspeare the following splendid and well-known lines.
Sometimes, we see a Cloud that's dragonish ;
A vapour, sometimes, like a bear or Hun,
A towered citadel, a pendent rock,
A forked mountain, a blue promontory
With trees upon 't that nod unto the world,
And mock our eyes with air.—
That which is now a horse, even with a thought
The rack dislimns, and makes it indistinct
As water is in i
WOL. V.
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There often, however, follows an immediate and great
addition to the mass of Cloud ; but the actual obscurity
is lessened, on account of the readier passage the new
arrangement affords to the rays of light. On the ces
sation of rain, the unbroken Clouds below rise into
Cumuli, the superior sheets put on the varied forms of
the Cirro Stratus, which sometimes pass into the Cirro
Cumulus. If the interval be long before the next
shower, some form or other of the Cumulo Stratus
appears, and sometimes very soon after the first cessation
of the rain.
(795.) Forster remarks, that the formation of the Formation
Nimbus may be best observed in stormy weather, of Nimbus
Cumuli may then be seen rising into mountains and test
afterwards changing into Cumulo Strati, while long served ln
ranges of the Cirro Stratus permeate their summits. ^™ywl!a'
After existing for some time in this form, they increase
in irregularity and size, and at length become of a dark
and dense form, with a Cirrose crown extending from the
top, and ragged Cumuli entering from below. In the
end the whole resolves itself into rain.
(796.) A distant shower in profile discloses the form- Distant
ation of the Nimbus very distinctly. Should the Cu- shower in
mulus be the only Cloud present at such a time, its Pronle <"*■
upper parts may be observed to become tufted with f''^*'^n
nascent Cirri. Adjacent Clouds also approach and0ftheNim.
unite laterally hy subsidence, the Cirri increasing, and bus best,
extending themselves upwards and by the sides. These
interesting changes are succeeded by the shower. At
other times the Cirro Stratus is first formed above the
Cumulus, and their sudden union is followed by the
production of Cirri and of rain. In either case the
formation of Cirri seems to be proportional to the quan
tity of rain, giving an external character to the Cloud
by which it is readily known at great distances, and
which induced Mr. Howard to apply to this intermediate
modification the name of Nimbus* When one of
these is transported rapidly by the wind, very little rain
is produced, but frequently some hail or driven snow.
In heavy showers, the central sheet being once formed,
is, as it were, warped to windward, the Cirri being pro
pagated above and against the lower current, while the
Cumuli arriving with the latter, cause it to be aug
mented. Humboldt saw large drops of rain fall at
Cumana, when the sky was quite blue, and without the
slightest trace of Cloud.
(797.) Since rain may be produced, and continue to Uses of the
fall from the slightest obscuration of the sky by the Cumulus
Nimbus, while a Cumulus, or Cumulo Stratus, of a a»d Cuvery dark and threatening aspect, passes on without dis- {^loSt™"
charging any, until some change of state takes place, it h^o/""
would seem as if Nature had destined the latter as re- moisture,
servoirs, in which water is collected from extensive
regions of the air, for occasional and local irrigation in
dry seasons, and by means of which it is arrested at
times in its descent, in wet ones.
(798.) The Nimbus, although one of the least beau- Nimbus
tiful of Clouds, is, nevertheless, now and then adorned adorned by
by the splendid colouring of the rainbow, which can ,he ra"lbow*
only be seen in perfection, when the dark surface of
this modification forms for it an extended back-ground.
Examples of Nimbi are given in plate xii.
(799.) Masses of Cloud, however, frequently appear,
which seem incapable of being referred to any of the
* Qualit ubi ad terras abrupto sydere nimbus
It mare per medium, miteru ten prescia longe
Horretcunt corda agricolit.
X
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modifications; but these, if they continue long enough
visible, generally assume some definite form at last ;
and hence the difficulty which the young Meteorologist
Clouds
which seem sometimes feels, of fixing the modification to which a
to belong to Cloud belongs. There are Clouds, indeed, intermediate
no modifi between the Cirrus and Cirro Stratus, or between the
cation.
Cirrus and Cirro Cumulus, which seem not to partake of
the character of either, and which, therefore, it is not
easy to name. Loose, shapeless portions of Cloud
moving swiftly in the lower current of the atmosphere
are called Scud. Sometimes a great mass of Cloud will
break up into several distinct modifications. One was
seen by Howard which became resolved into Cirro
Cumulus, into Cirri spreading out into continuous
sheets approaching the Cirro Stratus, while flocks of
Cumuli floated along in the wind below. To become
acquainted with all these diversities, as well as with the
more perfect examples of the distinct modifications, re
quires much diligent observation. The subject has
higher claims on our attention than is commonly ad
mitted, and is, perhaps, destined to attain a high rank
in Meteorology. Nor should its cultivation be confined
to one locality ; it should be extended to many diver
sities of climate, to mountainous and level Countries,
bo that a body of facts may be collected to enable us to
draw more general conclusions than we are yet able to do.
Uniformity
(800.) However irregularly the masses of Cloud may
of the
seem to be distributed in the air, the observer may
Clouds.
nevertheless trace, in some way or other, an approach
Circum
to uniformity. The general aspect of the sky, the tone
stances
which con and lights and shadows of the Clouds, and the laws of
tribute to the aerial perspective which govern the whole concave of
Heaven, each in their degree tends to uniformity, even
it.
when the masses of Cloud seem to be dispersed in the
Clouds in utmost confusion. It may be remarked in the first place,
upper sky that the Clouds which occupy the upper sky, have forms
roundish,
in middle comparatively round, whilst in the middle regions, they
sky oval, appear of an oval figure, and nearer the horizon approach
and in
to a linear form, as attempted to be illustrated in fig. 1,
lower sky plate xiii. On other occasions, detached masses may be
linear.
seen similarly disposed on opposite sides of the sky, exhi
biting dimensions more contracted as they are nearer the
horizon, and becoming more extended as their elevation
Clouds on is augmented. At other times, Clouds of an arch-like form
opposite
are seen to converge with beautiful uniformity towards
sides of sky ' opposite points of the horizon, as in figs. 2, 3, and 4 ;
Clouds
while in othtr conditions of the atmosphere, the bands
seem to
are confined to one region only of the sky, as in fig. 5 ;
or sometimes they may be seen more numerous, or
better defined in dimensions, density, character, or colour,
on one side of the sky than on the other. Sometimes
the points of convergence are to be seen above the
horizon, and sometimes they are invisible below. At
other times one only is to be tbutul above, and the other
below ; or the two points may not be disposed opposite
Clouds ap each other, as in fig. 6. Separate arrangements of
pear to
Clouds may cross each other, each of the series exhibit
cross each ing a convergency, as in fig. 7. Sometimes adarksegother and
ment occupies a portion of the sky, and Clouds proceed
to con
from it as in fig. 8, or at other times as in fig. 9. These
verge.
Dark seg arrangements are sometimes rapidly dispersed by the
ments.
Effect! of wind, and at others are transported in mass quite across
the celestial vault. The same band at A, fig. 10, may
wind.
occupy a position in the zenith, and at length be found
on the opposite side of the sky. Sometimes the whole
region of the upper sky is covered with dense Cloud,
and a perfectly clear band surrounds the horizon ; but

often instead of this beautiful parallel space, a clear seg
ment only is seen. These and other interesting arrange
ments of the kind may be seen in Nouvel Apergu sur la
Meteorologie, par J. A. Clos, Paris, 1828.
(801.) Such arrangements are tar from being un
common even in our uncertain and variable sky, but
they are most frequent in regions where more uni
form currents prevail. Howard has recorded many Examples
among the notes to his Tables, of which the follow given by
ing are instances. " The haze," says he, " which had Howard,
long occupied the higher atmosphere, became arranged
in long parallel bars of Cirri, extending North-East and
South- West beyond the horizon. Cirro Cumulus pass
ing to Cirro Stratus in bars from North to South nearly
crossed the visible hemisphere. Bars of Cirri, pointing
North and South, appeared to converge in the horizon.
Cirro Stratus, and after it Cirri in elevated bars, stretched
North and South. Cirro Strati appeared converging to
the rising Moon." Parry frequently witnessed the archlike and continuous forms of the Clouds in the Polar
regions, and Humboldt alludes to the same in his Per
sonal Narrative.
(802.) An account of an actual example of the pro byDr.Ck
gressive formation and appearances of Clouds exhibiting
this uniform arrangement may not be uninteresting.
On the 19th of June, 1809, at three a. m., Dr. Clos saw the
sky very fine, but soon a light-striped Cloud was formed
in the West North-West quarter, a little elevated above
the horizon. As the Cloud enlarged, it soon presented the
figure of a well-defined arch extending from West to East,
through the Northern region of the sky, as in fig. 11.
The ascending Sun at length was concealed by the arch,
and insensibly the sky became flaky in the West, as in
fig. 12, the band becoming longer and deeper, and a
gentle West North-West wind continuing to blow.
These flaky Clouds progressively gained the Eastern
region, until at length the rudiments of another arch
was seen passing to the South, enclosing the flaky
masses between the two bands as in fig. 13. The
flaky Clouds in the West at length dispersed, leav
ing a small portion only in the East, as in fig. 14, the
last formed band becoming at the same time more dense,
the wind preserving its direction, but increasing in
power. The flaky masses in the East at last dispersed,
and there remained at half-past six the two bands only,
that on the North being diminished, whilst the other
was enlarged, as in fig. 15. About seven, the Northern
band disappeared, the Southern forming a whitish and
slightly dappled segment as in fig. 16. At half-past
eight, the latter vanished, the West North-West and
North-West wind blowing with increased force, and
the sky continuing clear till noon.
(803.) All these phenomena are to be classed, how Result
ever, among the illusions which the atmosphere so con from ilk
stantly preseuts. The face of the sky, the aerial land sions of '
scape which delights us with its lovely forms, its snowy
palaces, and its torrents of light, is indeed at best but a
deceptive picture, and should be contemplated some
what in the cautious spirit of Geometry. The first The asp
visible impressions of the sky are calculated to de of the s)
ceive, and from our earliest childhood we derive from it calculati
to deceh
lessons, which in our riper manhood we are desirous to
unlearn. The celestial vault is too often contemplated
as a magnificent superficies, spread out in beauty before Laws of
us, without considering that it possesses in every way all perspect
the attributes of space, and that the laws of a rigid per appUeab
spective are disclosed in all its parts. The Clouds which to it.
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pass in rapid succession before us, contribute in a remark
able degree to increase the deception. Their apparent
movements are essentially different from those which are
real, and the figures they present, afford no grounds for
discovering their proper dimensions and forms. Masses
of vesicular vapour that seem to be traversing the great
tkde
concave of Heaven in a curve of some order, may be
really advancing in a uniform right line. The same
Cloud which to one spectator may be glowing with
light, to another may be enveloped in shadow. That
which appears to be its summit may be only a portion
of its anterior edge ; while that which seems to be its
lower bed, may really be a portion of its posterior
border. The young observer must indeed apply, with
perseverance and caution, to the masses ofCloud that float
in the aerial regions above him, some of the laws by which
he has learned to discipline his judgment in contemplat
ing the objects that more immediately surround him.
(804.) Let us endeavour briefly to trace some of the
apparent changes a mass of Cloud undergoes during its
i Qjad is transit across the sky. In whatever region we are,
though a level country will display the phenomenon
most strikingly, if a Cloud appear in the distant horizon,
and be brought towards us by the influence of a steady
wind, its first appearance, whatever be the absolute
dimensions of the Cloud, must be very small. By little
and little, however, it will rise in the air ; and if we
suppose, in order to simplify the subject, that its real
dimensions remain constant during the whole time
of observation, we shall find, that as its elevation in
creases, its magnitude will augment, and that this altera
tion will be accompanied by some modification of form.
The progress of the Cloud, also, which at first was very
slow, will during these changes be accelerated, seeming
to advance through the air in a curve. Arrived, however
at a certain point, its magnitude will appear to have
attained a maximum ; but having passed that point, its
dimensions will seem to become progressively less and
less, its motion proceeding by slower steps and the Cloud
diminishing successively in elevation ; until reduced
apparently at length to a very small mass, it hides itself
in the opposite part of the sky from which it emerged.
In this way we may trace the phenomena of many
Clouds, some moving through the upper sky, and others at
a lower elevation on the right hand and left, their mag
nitudes, forms, and velocities varying in someway every
instant, with their ever-changing distance and altitude.
Aaivia of (805.) If we attempt, however, to analyze these inter
totphe- esting phenomena, we shall find that the mass of Cloud
did not proceed from the horizon itself ; or in other
words, was not in contact with the visible boundary
around us. Neither was the actual magnitude of the
vesicular mass when near the horizon, less than when
over our heads, supposing the absolute dimensions of
the Cloud to have remained constant during the time
of observation ; neither were its movements slower, nor
did it really describe a curve of any kind in its progress
through the air. To illustrate these phenomena, let
H Z O, fig. 17, be a vertical section of the celestial
idyarh vault, passing through the station of the observer 8 ;
■fOnd it
and for the sake of simplifying the inquiry, let A G be
the actual path of the Cloud passing through the same
wisoplane H Z O, the projection of which, A ZG, on the
concavity of the sky, will be the apparent path of the
Cloud. Suppose now A G to be divided into the equal
parts A B. BC, CD, D E, E F, and F G, to denote the
uniformly passed over in equal times by

the Cloud. In the actual translation of the Cloud from
A to B, it will seem to pass from A to b in the vault of
the sky, in some time t; and in another equal interval,
while moving actually through B C, it will appear to de
scribe 6e, but with a velocity apparently increased. In
like manner, when actually moving from C to D, the
Cloud's apparent, course will be from c to Z, with a
velocity still more increased. Having passed however
D, or its apparent place in the zenith Z, the converse of
all these phenomena will take place, both as regards
elevation and velocity, until the Cloud finally reaches G.
(806.) Should the Cloud not move in the same ver When not
tical plane with the observer, let A G, fig. 18, be its in s
actual path, parallel to a diameter, H S O, of the horizon. vertical
If this Cloud be now supposed to move from A to G, plane.
we shall find it augment as before from A to I, and
diminish from 1 to G, but its apparent path, by a wellknown property of the sphere, will be a curve ; and
although the actual motion of the Cloud is constantly
parallel to the horizon, it will, nevertheless, be seen
more elevated in its middle part, and lower at its ex
tremes, the apparent place of B, D, F being at b, I,f.
(807.) A bank of Cloud ABC, fig. 19, in the horizon, Phenomena
by ascending gradually to the upper sky, will become of a bank
elongated like G H I, and at the zenith be extended to of Cloud.
K L M. Having passed, however, that limit, it will appa
rently become shortened, as N O P ; and, supposing all
other things to remain the same, become reduced at length
to its original dimensions D E F, in the opposite horizon.
(808.) If we next suppose this bank of Cloud to be Phenomena
re
resolved into three small Clouds A, B, C, fig. 20, just when
solved into
emerging from the distant sky, and impelled by the three i
same uniform breeze, the centre mass will pass over the Clouda.
head of the spectator and be enlarged and elevated dur
ing its transit to that point ; but after passing the zenith,
it will diminish in size and elevation as before described,
until it disappears finally at E, opposite the point from
which it arose. The other Clouds, A and C, as they
mount in the sky, will both be enlarged, and have their
apparentplaces, G and H, removed to a greater apparent
distance than before from the central mass; but sinking
at length at Dand F, will regain their original apparent
interval in the horizon.
(809.) We are not to suppose that the visible horizon Visible honot
which surrounds us forms the actual boundary of the riron
of
cloudy masses presented to our view. A bank ot Cloud boundary
Clouds pre
that may seem absolutely lost in the furthest verge of sented to
the sky, may indeed be a part only of an enormous
mass, extending very far beyond it ; and hence, though
masses of Cloud may seem almost to converge to a
single point, we are not thence to infer that they abso
lutely terminate there. To illustrate this, let AB, BA', Phenomena
two
fig. 21, represent two neighbouring horizons, each being of
neighbour
surrounded with its own canopy of the sky. Let a a' ing horidenote also a continuous band of Cloud, parallel or not lons.
paralled to the two horizons. Eich of the observers at
O and O' will hence perceive his own band, a 6 or b' a',
bending to the limits, A B or B A', of his visible horizon,
and seeming to have a common point of union at B, the
intermediate portion b b' being seen by neither. To an
observer between the stations O and O', the mass b b'
will however be visible. Hence a solitary Cloud driven
in the direction a a1, though first seen at A, and reach
ing its maximum of apparent magnitude in the zenith,
and disappearing on the other side of the horizon at B,
will, nevertheless, though lost to the spectator at O,
again emerge out of the same point B, to the
x2
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at O', as soon as it has arrived at b' in its actual course.
Here undergoing the same system of apparent changes
as it did to the first spectator, it will finally vanish at A'.
It is just in this way that a Cloud sometimes appears
to furnish other Clouds continually, whereas the supply
really comes from another sky.
Another
(310.) But it may be advantageous to the young
illustra
Meteorologist
to put the subject in another point of
tion.
view. For this purpose let G Z P Y, fig. 22, be the
boundary of the visible horizon, and at some height
above it, let there be several parallel rows of Cloud,
situated in a plane parallel to that plane. If we limit
the inquiry in the first place to the three bands D E F,
GOP, H I K, the second being found in the same ver
tical plane with the observer, will pass through the
zenith of observation ; and by the same laws of per
spective as govern a plane higher than the eye, this
middle band will have the appearance of descend
ing, and of being lower at the parts most remote from
the eye ; and supposing its breadth to be uniform, will,
as it recedes from the zenith, diminish more and more
in breadth, as it successively recedes through the sky.
The bands D E F and H I K, however, being out of the
vertical plane of the observer, must assume concave
forms, as def, hik, diminishing likewise in breadth
towards G and P, where they will seem to unite with
the other band. In like manner by supposing other
bands, ABC and L M N, to exist, they will be found to
put on the appearances of ab c and Imn; and hence
the whole system of parallel bands, however numerous
they may be, will all appear to converge and meet in
opposite points of the horizon at G and P. That
arrangements of this sort, exhibiting the most perfect
uniformity, are sometimes visible in this Country, may
be seen by referring to the Edinburgh Journal of
Science, vol. x. p. 33.
(811.) Let us next imagine another observer to be
situated at p, and of course with another visible horizon
surrounding him. Of the parallel bands of Clouds be
fore adverted to, the portions actually existing over his
horizon will be BC, E F, OP, IK, and MN; but
the apparent positions of these will be b' d, d /', dp,
i' k' and m' n', all springing as it were from a common
point O, and all widening as they seem to ascend in the
sky. How different, therefore, the appearance of the
tame portions of these bands to the two observers ! To
the spectator at O, they will seem to spring up from p,
diverging in one direction ; while to the other ob
server at P, they will arise as it were from O, and di
verge directly opposite. The phenomenon at P will
account for those singular forms of Clouds which seem
to spring up from the horizon, resembling a human hand.
If the parallel bands be of less extent than the visible
horizon, they will still exhibit the same tendency to convergency, but may not meet.
Further il(812.) To illustrate further the phenomena of the
lustration of great banks of Cloud before adverted to, let ARB, fig.
Pf Cfbad"kS 23' denote the norizon» and A B a large bank of Cloud
0 ou ' extending beyond its limits. Should this bed have one
uniform thickness, the laws of perspective will neces
sarily cause its extremities to appear depressed ; so that
supposing H O, fig. 24, to be the horizon, and H A B O
a portion of the real mass of Cloud whose altitude or
thickness is H A or O B, its appearance must be that of
the segment H C O, the highest part being at C, aud the
points A and B appearing to unite in the horizon with
H aud O.
Meteor
ology.

(813.) Sometimes the whole of the upper sky is
shrouded with very dense Clouds, the lower sky through
the whole range of the horizon, being perfectly clear.
This arises from the base of the cloudy mass being of a Upper skj
less extent than the visible horizon. Thus if A B, fig. covered
with Cijti
25, be the extent of the Cloud, and H O that of the and a clea
horizon, unless the elevation of the Cloud be very small,
the points A and B, though apparently depressed, will
not seem to meet the horizon ; and intervals, H A and
B O, of clear sky will exist all around. Should the Caw of
horizontal extent of the Cloud be equal or greater than whole sky
the horizon, its extremities will seem to coincide with it;
and the whole celestial concave be covered with Cloud as
in fig. 26.
(814.) Sometimes one extremity of a Cloud may One side
appear to touch one side of the horizon, while the other horizon
Cloc
side remains clear, fig. 27. In this case the Cloud may with
the other
appear to coincide at H, fig. 28, but its horizontal extent clear.
being insufficient to extend to O, the effect of per
spective will cause B to be depressed, but not suffi
ciently to make it apparently coincide with O, and
hence a clear space from B to O will remain.
(815.) At other times a large bank of Cloud will Variety ol
seem to begin at one verge of the horizon, and continue
to some distant point opposite, as A B, fig. 29, when
other detached Clouds, C and D, may be seen filling up
the remaining interval of sky, the last of which appears
to coincide with the opposite point of the horizon, the
apparent phenomena being as fig. 30. Clear intervals
will be seen between B C and C D.
(816.) In some conditions of the sky, we see masses Phenomei
succes
of Cloud disposed in continuous and nearly uniform of
sive beds i
beds, retiring successively behind each other, the shaded Cloud.
and lower parts of one bed hiding successively the
lighter and upper parts of a more distant, but appa
rently lower bed. These beautiful appearances may be
explained as follows : Let C, C, C,C, fig. 31, be four
masses of Cloud at equal or unequal intervals, the lower
beds, A B, of each being in shadow, while their upper
parts are illuminated by the Sun at S. Now although
these different masses of Cloud may be disposed at the
same elevation, their apparent places will be by no
means the same, each mass appearing successively at a
lower elevation, in proportion as it is more distant, as
C',C',C',C. Hence the lower bed of the first may
conceal the upper bed of the second, the lower bed of
the second, the upper bed of the third, and so on ; the
whole arrangement putting on the appearance of steps,
and producing the most beautiful varieties of light and
shade.
(817.) It is in the calmest states of the atmosphere,
or when no actual current prevails, that the least regu
larity exists, the effects of a moderate wind being always
to bring the masses of wind that may be floating in the
air, into something like order. However great indeed
may be the regularity of a cloudy sky, it is difficult not
to find some traces of uniformity in it.
(818.) We are unable in the present condition of our Mean alt
knowledge to offer an accurate estimate of the mean alti tude of
Clouds ni
tude of the Clouds, taken either in their separate modifica known.
tions, or as one great mass of vesicular vapour surround
ing the Globe. Contemplated in the latter point of view,
it would seem probable that the mean altitude of the
whole vesicular mass, bears some relation to the mean
conditions of vapour in the air, both as regards its in
crease from the Equator to the Poles, and from the sur
face of the Earth, through the higher regions of the
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atmosphere ; but Clouds exist through a wide range of
elevation, from the ground, which many of them
actually graze, up to the lofty regions where the long
lines of Cirri exist ; nor are we sure that the highest
we see, are the highest that really exist.
AiauJasof (819.) Nothing can be more deceptive than our
u<ld"ay notions respecting the altitudes of Clouds. Their an
gular elevations can in no way assist us, since the dif
ferent modifications sometimes appear inverted in the sky.
" I have seen," says Forster," the Cirrus in tufts moving
along rapidly in the wind below Cirro Cumulus, and even
Cumulus in a higher region," and we know too little of
Meteorology to determine whether the phenomena be ap
parent or real ; although the probability is that it is appa
rent, as the following illustration will prove. Let A, B, C,
fig. 32, plate xiii., denote respectively the absolute positions
of the Cirrus, the Cirro Cumulus, and the Cumulus, the
Cirrus having really the highest elevation, and the other
two Clouds occupying their proper positions below.
To the spectator at S, the Cirro Cumulus and Cumulus
will appear projected on the sky at B' and C ; whereas
the apparent place of the Cirrus will be at A', below
apparently the other two Clouds. Again, " I remarked,"
continues the same active observer, " a long Cirrus
moving rapidly along in a North wind, not lengthways,
but abreast. At one end of it, fibres pointed backward
to the North, while at the other they pointed to the
East. Higher up, light Cumuli passed over from the
South ; and higher still were flimsy, ill-defined masses of
Cirro Cumulative Cirro Stratus in an air comparatively
calm ; but they were found to be passing over gently
from North to West." Anomalies like these frequently
occur in the pursuit of Meteorology.
(820.) The inhabitants of level plains are less able to
judge of the altitudes of Clouds than those of mountain
ous regions. In S wisserland, for example, the mountains
are often intersected in calm weather by horizontal bands
1 --itfcaa of Clouds, whose inferior borders are so uniformly termi
nated, as to render the smallest change of altitude imme
diately perceptible. So constant, indeed, are these condi
tions of elevation, at times, that they remain for days sus
pended at nearly the same height. In ascending the sides
ofmountains, the traveller frequently passes through zones
of Clouds,* and rising at length above them, beholds the
vapours of which they are composed spread out in gentle
Km* undulations below him. Mountains therefore, or points on
their surfaces, form a sort of scale, by which at least the
Ifenihi.
•ThefoU.
* The following extract from Evelyn's Memoxn will be read with
pleasure, sith
although, as another able writer remarks, it should remind
I
the reader or
ol a sublimer picture in Burnet's Sacred Theory of the
" Next morning we rod by Monte Pientio, or, as vulgarly
Earth. "Ni
I
called, Monte Mantumialo, which is of an excessive height, ever and
peeping above any Clowds with its snowy head, till we had
m
anon peeping
climbed" to the
th< inn at Radieofany, built by Ferrf*. the greate Duke for
hment of travellers in so inhospitable a place. As
the necessary
we ascended i
Bred a very thick, solid, and dark body of Clowds,
vf4 looked like rocks at a little distance, which lasted neare a mile
in going up ; they were dry misty vapours, hanging undissolved for
a vast thicknesse, and obscuring both the sun and earth, so that
to be in the sea rather than in the Cloudes, till, having
it, we came into a most serene heaven, as if we had
human conversation, the mountain appearing more
like a greate island than joyn'd to any other hills, for we could per
ceive nothing but a sea of thick Clouds rowling under our feete like
huge waves, ever now and then suffering thee top of some other
mount&ine to peepe through, which we could discover many miles
off ; and betweene some breaches of the Cloudes we could Bee
landskips and villages of the subjacent Country. This was one
of the most pleasant, nswe, and altogether surprising objects that
1 had ever behold."
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elevations of the denser sort of Clouds may be mea Meteor
sured; but we know of no example of its application, ologyexcepting the limited observations of Mr. Crosthwaite on
Skiddaw ; the comparatively low elevation of that moun
tain allowing by far the greater proportion of Clouds to
pass above it. These observations, continued for five
years, are contained in the following Table :
Table CXLI.
Altitudes of Clouds.
From

Number
of
Cloud,.

0 to 100 yards 10
100 to 200
42
200 to 300
62
300 to 400
179
400 to 500
374
500 to 600
486

Number
of
Clouds.
From 600 to 700 yards 416
700 to 800
367
800 to 900
410
900 to 1000
518
1000 to 1050
419
Above 1050 yards.
2098
Altitudes of Clouds.

Hence it appears, that the number of Clouds above
1050 yards, were to the number below that elevation,
as 2098 to 3283, or as 10 to 16 nearly. The theory of
Howard not being known at the time these observations
were made, the modifications could not be recorded.
(821.) Riccioli in his frequent determinations of the Actual meaelevations of the Clouds by actual Trigonometry, never *"^c°y
found them to reach above 4440 fathoms. Bouguer places
among the most elevated Clouds, those which he has seen
to pass 300 or 400 fathoms above Chimborazo. The Remarks of
Clouds, however, which sometimes mingle with the smoke Bouguer.
of volcanoes in that region, rise, he thinks, 750 or 850
fathoms higher. Humboldt remarks, that the large Humboldt.
Clouds which the inhabitants of the plains of South
America see above them in the air, are contained in an
atmospheric stratum of between 1000 or 2000 metres'
elevation. Gay Lussac supposes the principal mass of Gay LusClouds to be sustained at a height between 1500 and sac and
2000 metres. Dalton has found Cirri from three to five Dal.ton on .
of
miles above the Earth ; and even from the loftiest ofthe altitudes
Clouds.
Andes, there are always to be seen delicately formed
Clouds of this modification pencilled on the sky. The
Clouds of the mackerel-back sky appeared to Dalton
almost as distant from the top of a high mountain, as
from the valley beneath. Aeronauts have ascended so Aeronauts,
high that the large Cumuli formed in the lower sky
have appeared like " small silvery specks," but no one
has ever approached the lofty regions where the lighter
modifications abound. Gay Lussac and Biot found at Vague and
the height of 4000 feet a horizontal stratum of Clouds, ^nce^
whose upper surface was formed into gentle swells.
But all these measures are too vague and undefined to
satisfy the present wants of Meteorology. The pro
gress of this department of knowledge may eventually
disclose to us, not only the mean altitude of the Clouds,
but help us to inquire, whether the different modifi
cations do not vary in elevation with the climate and
the season, and have not different elevations over
different soils, and whether the sea does not modify in
some way the altitudes of the Clouds that pass above it.
Leslie has made an ingenious theoretical attempt to de- Leslie's
termine the mean altitude of the Clouds, by means of a theoretical
formula founded on certain considerations of the den- a'|,!mPt'
sity and hygrometric conditions of the air.
arodTcart'
(822.) While these difficulties exist respecting the n()t ^ ue_
proper altitudes of the Clouds, our judgments become in termined.
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a greater degree perplexed with regard to their dis
tances. The union, indeed, is so intimate between dis
tance and magnitude, that it is necessary one of these
elements should be known, before the other can be de
termined. If a Cloud be presented, and an imaginary
right line be drawn from the station of the observer to
the surface of the Cloud, no estimate can thence be
formed respecting its distance. Clouds are seldom so
stationary as to permit the ordinary Trigonometrical
methods, by two observers taking angles of elevation
at the extremities of a known base, to be applied to them
with any thing like success. The apparent position of
a Cloud in the celestial concave can in no way assist us
in determining its distance from us. To the observer
at O, fig. 4, plate viii., the Clouds C and C have both
the same apparent place P, and consequently no esti
mate can be formed of the distance of either, if indeed
other circumstances permit us to distinguish one Cloud
from the other.
Deception
(823.) An example of a deception with regard to dis
as to dis tance frequently takes place during a shower,—the rain
tance dur falling nearer to us than we expected. For suppose the
ing a
real place of the Cloud to be at i, fig. 20, plate xiii., while
shower.
its apparent place is at I, the observer imagines the shower
will descend from I, whereas the real place where it falls
will be i. It may indeed be inferred generally, that Clouds
are almost always much nearer to us than they appear.
Magnitudes (824.) The magnitudes of Clouds are open likewise
of Clouds to equal uncertainty. A single mass of Cloud may con
cannot be sist of only a few atoms of vesicular vapour, or it may
determined. extend far beyond the limits of the visible horizon, por
tions of the same Cloud affording an object of contem
Their abso
lute dimen plation to the inhabitants of very distant places. There
sions cannot seems no method of deducing in practice the absolute
be deduced dimensions of Clouds from their apparent dimensions ;
from their nor are we able at any time to contemplate more than
apparent. two of these dimensions, the third being either con
cealed entirely from our view, or so altered from posi
tion, as to prevent us from arriving at any definite con
clusions respecting it.
(825.) The apparent magnitude of a Cloud may vary
Causes of
apparent either from alteration of distance, a change of its abso
magnitudes lute dimensions, or from difference of elevation. Sup
of Clouds pose F G, fig. 17, plate xiii., to be a Cloud of some
varying.
Illustration. determinate form, whose actual path in the air is G A.
To the spectator at S, this Cloud will appear projected
on the sky in Gf; and if we suppose the real magni
tude of the Cloud to remain unchanged, during the
whole time of observation, at the moment the Cloud
occupies the position E F, its place on the celestial
vault will be ef; and when it arrives at D E, its appa
rent length on the sky will be Z «. While the Cloud
therefore has preserved a constant length during its
absolute translation from G to D, it will have seemed
every instant to have increased in length, in its passage
from G to Z, and during the time it occupies the
zenith, it will seem greater still. As the Cloud, how
ever, gradually retires from that point, its apparent mag
nitude will go on diminishing, until it is reduced to its
An appa orginal dimensions at A. An apparent change of vo
rent change lume, therefore, is no evidence that any alteration of the
of volume
no evidence absolute dimensions of a Cloud has taken place. The
that an ab apparent magnitude of a Cloud may, however, sometimes
solute'
be less in the upper sky, than in a lower region thereof ;
change of and the point in the sky where a given Cloud may have
the greatest apparent magnitude, will depend ou the
place.
particular figure of the Cloud.
Meteor
ology.

(826.) We are, in like manner, incapable of judging Metro
of the real forms of Clouds. There must, indeed, be a "lufi;
great difference between the real and apparent forms of J"
Position
the same Cloud, nor can we by any means deduce
Omul ii
from the other. The forms of Clouds must
the kky
sarily be subject to considerable changes from a variety of
causes, some of which are absolute and others only appa- .
rtnt. The absolute changes are those which result from ';'
a real alteration in the whole mass of Cloud, and the
apparent those which arise from altered circumstances of
position. The same Cloud, it is manifest, must put on
different appearances in different positions ; and to dif
ferent observers at the same instant, it must present diver
sities of form. Nor do these changes relate to figure only
but to colour and all the varieties of light and shade.
(827.) Supposing no absolute change of form to take Effects
place, an alteration of position in a Cloud must at once a',cranu
communicate some diversity of appearance. The same {^"j"
Cloud at 20° of elevation cannot present the same form elevaboi
and the same disposition of light and shade, as when it
has attained an elevation of 30°. At the first elevation
A, fig. 5, plate viii., may appear to be its loftiest sum
mit ; but at the second, B, in a much lower region of
the Cloud, may seem to be so. The whole surface
visible from A to C in the lower Cloud, becomes changed
from B to D in the higher. The. entire aspect of the
Cloud may from this single circumstance be changed.
A current, moreover, by transporting the whole mass of a Of ami
Cloud from one region of the sky to another, without j™"^
any absolute change of elevation, must produce some onere(!j
changes in its appearance ; and an alteration of wind of the i
may bring new surfaces into view.
*° tne 01
(828.) But the absolute form of a Cloud may change £™njF
every instant, either by new accessions of vapour, or by new ^
parts of the Cloud being dissolved. The density will Momoi
thus be varied, and the position of the centre of gravity matter,!
become sensibly changed, and its buoyancy altogether ^J^,'.
altered. Its stability also,—an inquiry which has been of denlj
hitherto singularly neglected, must during these interest- Centre,
ing transitions be every moment altered. Sudden con- gravity
densations may so far alter the circumstances of a Cloud, <>t»bilitj
as materially to change the conditions of its equilibrium ; 1 '
and cases may occur wherein a stable equilibrium may
be converted into one that is unstable, or vice vend, and
thus prepare the way for new variations.
(829.) The action of a current may also communi- A cum
cate to a Cloud a rotary motion about a vertical axis, may eu
and thus by another mode disclose new surfaces to view. ™tu^ca
To persons situated in different localities, the same mo^Ja
Cloud must present very different appearances, not only The sa
with regard to its entire form, but also in the arrange- Cloud i
ment of its parts. Thus, in fig. 6, plate viii., a Cloud P/^J"
may be placed between the observers A and B. To one ^^n'
of them, A, the surface presented may appear illuminated p^rsun.
by the Sun, while the other surface, to B, may be en- diflerec
tirely in shadow. The general forms of the two sur- wcaliw
faces may also be very different ; and as the Cloud
moves towards one spectator or the other, new pheno
mena must be continually disclosed.
(830.) Very often, what appears to be the superior Decept
limit of a Cloud, is no other than the border which is relat v.
nearest to the eye ; whilst that which we regard as the J?'^'*
inferior bed, is really the edge most removed from the ciuudi
observer. Thus in fig. 7, though S be really the sum
mit of the Cloud, to the observer at E, the point A will
appear the most elevated ; and B, which is ouly the pos
terior border of the Cloud, will seem to put on the
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1^ appearance of its base. Hie same system of Clouds
J^j- may hence appear to one observer under very different
circumstances from what they do to another.
(831.) A Cloud when transported by a current, will
&o!ot
always exert an effort to get its greatest horizontal axis
mi • into the direction of the wind ; and hence the course of
C«Ja
■TKMrf ,ne wnlt' 0USnt 40 determine the direction of the greatest
^ horizontal dimension of a Cloud. A current may so
Afwl act as to cause a Cloud to advance or recede in a right
"VJ" line from the eye of the observer, and thus give to it the
appearance of being stationary. Thus while seeming to
a sat' be at rest as a mass, its apparent figure and magnitude
may undergo considerable changes merely from altera
tion of distance.
Mut (832.) The apparent permanency and stationary
aspect of a Cloud, is often an optical deception, arising
8,1 ta*1 from the solution of moisture on one side of a Cloud,
just as rapidly as it is precipitated on the other. This
is a phenomenon continually taking place among moun
tains, or upon hills by the sea-side, the Clouds upon
their summits appearing immovable, while a strong
wind has been acting upon them all the time. The
vapour transported by the wind, is precipitated by the
cold contact of the mountain ; and when carried beyond
the cause of condensation, it again exhales and dis
appears. Similar causes, Mr. Daniell remarks, may
operate on eitlier side of the planes of precipitation, at
different altitudes in the atmosphere, the vapour being
continually condensed, and as continually redissolved in
the act of precipitation, the Cloud remaining all the
lime stationary and unchanged.
' '.is
(833.) Another effect of an analogous kind is that
wherein a long succession of Clouds continues to roll
onward from the distant horizon, without appearing to
•vij'pw he able to pass beyond a particular point. In the Xth
ipoab volume of the Editiburgh Journal of Science, reference
is made to a case of this sort, at Mount Edgecumbe
in Devonshire, an illustration of which is given in fig.
12, plate ix. "About noon, on the 11th of May,
a Cirro Cumulus, of a very dense and definite character,
was perceived to come from the verge of the Western
horizon with a moderate velocity, and after passing
at a small elevation above the woody summit of the
mount, vanished in the pure and cloudless air over
the tower on the distant promontory. The moving mass
formed a continuous Cloud, accommodating itself to all
the changes and inequalities of the land.* Over the sea,
however, not a Cloud was to be seen ; but on the
Eastern side, nearly over the flag-staff, the Cloud was
perceived to form again, and with a steady and uniform
velocity to roll its volumes at nearly the same elevation
above the land, until it was again lost in the furthest
Wge of the Eastern sky. From the West, therefore,
there continued incessantly to come forth large and
visible volumes of Cloud, which became dissolved in the
air just where the sea began to exercise its influence
trponthem; and where the water lost its power, just
above the flag-staff, the vapour became again condensed;
so that over the sea, between the extremities of the
Clouds, a pure and cloudless sky prevailed ; whilst
over the land, on both sides, th» moving masses con
tinued their courses for upwards of two hours. It
was most interesting to watch the gradual progress
of the Cloud on the Western side ; how steadily it ad
vanced with the gentle South-West wind ; how it main* A mull portion only of the land is shown in the figure.
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tained its character and form up to « particular point ; Meteor?
and how soon it became lost in the brilliant expanse of ^"Bysky, when the temperature of the sea began to exercise v"-"v*^
its power. Now and then a denser portion of the mov
ing column would detach itself just before it reached the
tower, and, passing on with the breeze, seemed to main
tain an ineffectual struggle with the influence of the
water below ; but gradually losing its dimensions and
form, would at last vanish." Fig. 11 is a case of a similar Other
kind, but the Clouds were formed in detached masses ^"pfe*"
on the right-hand hill. In fig. 13, the Clouds appeared,
on the contrary, in detached masses over the left- hand
hill, and a separate bank was formed on each of the
peninsulas on the other side. In fig. 14, the Clouds
were of a very dense kind over both hills, and their con
nection was maintained by a narrow, continuous band of
Cloud of a less dense kind over the sea ; whilst in fig.
15, the whole cloudy mass exhibited the form of a
parallel bed, having a smaller density in the middle
than at its extremes. All these observations were made
during the day. Fig. 16, however, illustrates an ob
servation made on a beautifully serene evening, at nine
on the 25th of July, the Clouds being formed over the
sen, whilst the air over the land remained perfectly
clear. In some of the former figures of the same plate,
Clouds were formed on one side, and mists only on the
other, the two seeming perfectly united. A beautiful
example of condensation is given in fig. 8, plate viii.*
(834.) While mountains, however, commonly occa- Mountains
sion condensation, there are examples in which they seem sometimes
to cause the Clouds to disperse. Mr. Bakewell records ™ ™
an instance of Clouds driving towards Mont Blanc, dis^rse'0
which seemed to hide it entirely from view. On his
arrival nearer the mountain, the cloudy masses dis
appeared as rapidly at a given point, as they advanced ;
and although volumes of Cloud continued to move
towards the mountain, it remain brilliantly illuminated
the whole day It seemed as though the North windt
striking against the mountain, repelled the Clouds;
although a current of warm air from the South might
have met that which proceeded from the North, dissi
pating the Cloudy masses before they could reach the
Southern range of mountains in the Vale of Chamouni.
(835.) Clouds are sometimes formed instantaneously. Clouds
Saussure remarked an instance of the sort in one of his sometimes
Alpine journeys. From the side of a lofty mountain, ^™t^d in"
he observed the atmosphere below to be perfectly clear; neousiyt
but in an instant Clouds became formed of two or three
fathoms length. So long as the weather remained fine,
these Clouds ascended, diminishing as they rose, and at
length dissolving entirely in the air. When rain was
indicated, the cloudy volumes were augmented, some
times in the place of their original formation, and at
other times during their ascent in the air ; and some
times whilst the vesicular masses descended over the
side of the mountain.
(836.) A spectator in an elevated region, as A, fig. 9, Different
may behold masses of Cloud distributed in the atmo- fj^j^'™
sphere with very great diversity at different elevations, to spectators
and presenting all the characteristics of a beautiful sky. elevations.
at different
* Humboldt remarked in the Cordilleras of the Andes, that the
conical mountains, such as Cotopaxi and Tunguruhua, are oftener
seen more free from Clouds, than those mountains, the tops of which
are broken into bristly points, like Antisana and Fichincha ; but the
Peak of Teneriffe, notwithstanding its pyramidal form, is a great
part of the year enveloped in vapour^ and is sometimes invisible
for several weeks from the road of Santa Cruz.
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Meteor- To another observer, however, at a lower elevation, as
at B, the whole canopy of Heaven may appear entirely
shrouded with Cloud, exhibiting no diversity whatever.
One Cloud A single Cloud in the valley may conceal the upper sky
in a valley from the obsevrer beneath, while the spectator on the
may con
ceal many mountain may contemplate the mass of Cloud below,
in upper with all its gentle undulations, yet dense and compact
sky, or leave forms, concealing the valley, but permitting, perhaps, an
a clear sky entirely unclouded azure above. Sir H. Davy records
above.
an instance, in one of his interesting Letters, of a Cirro
Cumulus appearing in this way, and disclosing silver,
grey, and blue tints of the most exquisite beauty, the
sky above being entirely clear.
When a
(837.) Sometimes when a lower stratum of Cloud is
lower stra broken up, another layer becomes visible above it. Thus
tum of
Cloud is in fig. 10, the spectator at S may perceive through the
broken up, opening of the Clouds at A, another mass of Cloud
another
floating above, and of whose existence he had no idea
layer bo- before. Sometimes these openings are very numerous,
comes visi and the higher Clouds which are disclosed, give to the
ble.
One Cloud sky an indistinct character. This takes place not only
in the upper sky, but at every elevation. In the lower
may con
ceal another regions, a fine Cumulus at A, fig. 11, may be concealed
in lower
regions of from the observer by an indistinct mass of Cloud, B.
This latter Cloud may break up entirely and disclose the
sky.
whole Cumulus to view ; or it may be partially revealed
by its breaking up into detached masses, and present
ing an uncertain character, somewhat like fig. 12.
Motions of
(838.) The motions of Clouds make known the exist
Clouds
ence of differently directed currents, at different altitudes
mako
known exist in the atmosphere. A stream of air may bring a Cloud
ence of very from the North, and in its course it may meet with a new
different current, which will transport it to the East. In some
currents. other region it may be impelled in a new direction
different from the preceding. Sometimes different Clouds
may be seen travelling in very different paths through
the air, and giving a very interesting aspect to the
sky, as in fig. 13, the arrows denoting the directions
in which the Clouds proceed. The ascent and descent
of Clouds in the air, prove also the existence of verti
cally ascending and vertically descending currents.
Clouds move horizontally also, far beyond the limits
of the visible horizon ; and likewise in directions having
various degrees of obliquity. An inclined current may
bring a Cloud into contact with the ground, while ano
ther may transport it into a loftier region of the air.
Rapid de Deluc saw a very elevated Cloud descend with rapidity
scent of a to the Earth and discharge a violent shower of rain ;
Cloud.
after which, with equal velocity, it remounted to its
original elevation. The cause may, however, have been
Electricity. In ascending or descending in consequence
of altered circumstances of density, different currents
may give to a Cloud very different bearings in the sky.
Columns of (839.) Columns of smoke confirm also the same in
smoke dis teresting fact ; and fig. 14 is an example, observed by
close cur
Mr. Lauder Dick in July 1817, of the smoke of ignited
rents.
furze on an eminence several miles distant, which after
curling gently upwards, was caught by an under stream
of wind and carried seaward in an Eastern and Western
direction. After proceeding in this course for several
miles, and gradually increasing in elevation, it came at
length within the influence of a counter current blowing
from West to East, which drove it back at an angle so
acute, as to give to the Cloud the appearance of an arrow,
and defining very precisely the line a b which separated
the two currents from each other. The Cloud moving on
to d, was acted on by a less violent current from the

South-East, which transported it to the opposite quarter
of the Heavens, where it was eventually lost. A Cloud,
it is obvious, might have been acted on in the same way.
Small balloons have been employed for making known Small b
the existence of currents.
«l
(840.) Masses of Cloud of very different characters Inoscul
are often brought into absolute or apparent contact with p°n °f
each other, by the action of currents, or altered circum- 0
stances of density in the air. These combinations are
sometimes distinguished for their variety and beauty.
If we suppose M and N, fig. 1, plate xiv., to be two produce
masses of Cloud, acted on by curents in the directions currents
A and B, a junction at some point or other may pro
bably take place, and a new mass of Cloud be formed
at O. The two masses united may then move on in
obedience to the stronger current, or an intermediate
course be pursued by the necessary composition of
forces. A union may result also from masses existing
at different elevations, but moving with unequal velo
cities in parallel directions, A and B, fig. 2, the swifter
overtaking the slower, and a junction of the two Clouds
taking place at O, exhibiting quite a new appearance
to the eye.
(841.) Altered circumstances of density may likewise by «lt«
produce very beautiful examples of inosculation. A*jonso{
Cumulus with a Cirro Stratus maybe situated as in niB y
fig. 3, and a change of density may either cause the
Cumulus to ascend in a mass and join the Cloud above
it ; or the Cirro Stratus may descend to a lower level and
meet the Cumulus, producing in either case an appear
ance resembling fig. 4. A Cumulus, Cirro Cumulus, M .
and Cirro Stratus may also exist as in fig. 5, and a mass exan.ipl
be formed from the same cause, as in fig. 6. Fre
quently light and delicate Cirri descend upon the sum
mits of Cumuli as in fig. 7, disclosing the most beautiful
union of opposite densities and forms. On the other
hand, a Stratus may inosculate with the base of a
Cumulus and conceal it as in fig. 8. At other times a
Cumulus may be seen with its summit cut off as it were
by a perfectly horizontal stratum of Clouds, so as to
give to it the form of a table mountain, as in fig. 9.
Sometimes a Cirro Stratus intermingles with the base of
a Cumulus, but this is of rare occurrence, and but
imperfectly represented in fig. 10. The inosculations
resulting from changes of density are very slowly
produced.
(842.) But these inosculations may be apparent and Inosci
not absolute. The former may only alter the appear- Sous r
ance of the sky ; but the latter not only changes the be »pj
aj
appearance, but some phenomena result, such as rain, rent
real.
hail, or thunder. Apparent inosculations take place
when Clouds are brought into nearly a right line with
the eye of the observer, but are still separated by some
interval from each other. Thus to the spectator at S,
fig. 11, the two Clouds M and N may appear in con
tact with each other, though there is really a great dis
tance between them ; but to the spectator at P, no
inosculation takes place. Forster mentions that a One <
Cirro Cumulus may sometimes be seen under a spread- »ppea
ing sheet of Cirrus of a milky appearance, like a bas- {'^<^n
relief, as in fig. 12. This was no doubt an apparent relief
inosculation. A series of Cumuli appeared in like man
ner on a dark and dense bank of Cloud, somewhat like
fig. 13. Fig. 1, plate xv. is an example of two Clouds
brought into absolute contact with each other, and iu
front of them a long band of thin Cloud, seemingly
uniting them together, but which was probably aa

METEOROLOGY.
{tar. apparent inosculation only. Fig. 2 is an example also of
hg. apparent inosculation, where Cirri and a thin transparent
•v""/ coat of vapour were decidedly in front of a mackerelback sky. Fig. 3 is an instance somewhat of the same
kind. Figs. 4 and 5 are examples of banks of Cloud
in apparent .inosculation with other Clouds behind
them.
b*
(843.) Clouds sometimes inosculate with smoke.
bo* Howard mentions several cases in his Journals. "The
knska smoke of London," he observes, " when passing away
in a body swelled up into distinct heaps, each of which
inosculated at its summit with a small Cloud. Groups
of the Cumulo Stratus, the Cumulus, and Cirro Stratus
occupied the South part of the sky attracting the
smoke.''
in
(844.) Showers, resulting from inosculation are often
s molt mentioned by Howard. " A Cumulus," he says, " inosculated with a Cirro Stratus and showers prevailed.
A large Cumulus inosculated both with a Cirro Cumu
lus and a Cirro Stratus, and a Nimbus appeared."
tnof (845.) It is from the inequalities of light and shade
* which the Clouds display, that we derive all our notions
respecting their apparent dimensions in space, and also
of their great irregularities of form. Composed pro
bably of vesicles capable of intercepting in some degree
the passage of light, the manner in which they are dis
posed, as different circumstances of temperature and
humidity prevail, must necessarily produce masses of
Tery great diversity of form ; and as the causes them
selves are for ever varying, their figures must be per
petually changing; and hence it is that the most
expert artist, when endeavouring to delineate a beautiful
Cloud, finds its figure and very character altered in a
* J* single instant of time ; and while he is seeking only to
_,:t. catch the general attributes of a Cloud, the shadows and
brilliant points it displayed are totally changed ; what
was light is become darkened ; and parts that were
shrouded in shadow, are now adorned by the rays of
a glowing Sun.
itfch (946.) But the shadows which are disclosed amidst
' this great system of changes, are nevertheless subject to
the laws that govern shadows in general. Wherever the
Sun and a Cloud may be situated, some portion or other
■* of the vesicular mass must present a shadow. It may
** be that the whole surface which it turns to the eye is
^ in shade, or a portion of it only, sometimes its upper
put and sometimes its lower; but however the sha
dows may be disposed, there is something to invite
attention, something especially which it may be well
lor the young Meteorologist to dwell on.
"J0, (847.) Let us take as a first example, the case of a
*"* Cloud whose section, passing through the Sun at S,
fig. 6, plate xv., is A B C D. To a spectator at M, the
portion of the Cloud A D will be luminous, the points
A, B appearing strongly tipped with the solar light.
The hollow portion, however, of the Cloud from A to B
"ill appear dark, particularly on the side next A, and
so also will the portion from B to C. The light striking
on different parts of a cloudy mass, must therefore dis
close brilliantly illuminated parts, and parts having different degrees of shadow. Sometimes a Cloud may
lof« present one entire mass of shadow, as in fig. 7 ; and at
^ other times the upper edge may appear illuminated, as
, » fig. 8. On other occasions the lower edge may
ixe, be brilliant, as in fig. 9 ; and sometimes the middle
!>»p. parts of the Cloud may seem only to be in shadow, a
margin round their edges being partially luminous, as at
VOL. V

161

fig. 10,* this last phenomenon resulting from the supe- Meteorrior density of the middle parts of the Cloud. These 0,0syphenomena must depend on the comparative elevations VT"V—""""'
of the Sun and Cloud, and on the peculiar figure of the ^ ms^
vesicular mass itself.
shadow.
(848.) The progressive changes ofshadows in Clouds, Sometimes
in tranquil conditions of the atmosphere, merely from ■** raiddle
the altered position of the Sun, are most interesting to UjLjJJjJjjw
trace. Early on a fine Summer's morning, we have seen changes of
masses of Cloud, as A, A, A, A, A
fig. 11, whose shadows in
lower parts have been gilded by the solar rays B B, Clouds.
B, B, B, B
As the Sun has advanced in ele
vation, these lower parts have become shaded, and other
parallel rays C, C, C, C, C, C
have illuminated
other portions of the Clouds ; and when the Sun has
reached a higher region of the sky, a third system of
parallel rays D, D, D, D, D, D,
will render new
portions of the Cloud brilliant, and produce other altera
tions of shadow ; and thus every moment new arrange
ments of light and shade are disclosed.
(849.) Among a boundless variety of examples, we Shadow oa
present fig. 12, as affording an interesting case of well- "lc ^"j1*0*
defined shadows on the surface of a Cloud. At A and a ou '
B, it may be remarked, are dark and well-defined
shadows, projected apparently on an even and snowwhite surface, by the elevated portions of the Cloud
denoted by C and D. At £ a remarkably deep in
dentation of the Cloud was rendered visible by means of
a very intense shadow.
(850.) But the form of a shadow is as variable as the Form of a
figure of a Cloud itself. If we suppose ABC, fig. 13,
to be a vertical section of a Cumulus passing through cloud itself,
the Sun at S, the shadows of its projecting masses will Shadows
be instantly changed, if by new aggregations its section very diflershould be. changed into DB E ; or if by the partial dis- ^u°^
solution of the Cloud, the first formed section should servers>
sink to B F G. The same Cloud also must disclose
very different shadows to observers in different lo
calities.
(851.) The shadings of Clouds must differ also Shadows
according to the different positions of the Sun. The ^j",0!
same Cloud in the morning must exhibit very different Afferent poshadows from what it does in the evening ; and both must sitions of
differ from the phenomena it presents at noon. If a the Sun.
mass of Cloud be in the Northern region ofthe sky, in this
part of the Globe, it will exhibit different appearances
from what it would do were it in the South, and pre
sented a similar face towards us. If we suppose a
Cumulus, A B, fig. 14, in the North, and another of
precisely the same form in the South, the lower parts of
both will be in shadow ; but to the spectator at S, the
phenomena will be very different. In the Northern
mass, A B, the illuminated surface will be turned to
wards the spectator, and a small part only, perhaps, of
the darkened part ; but of the Southern mass, A' B', its
shaded side will be presented to the observer, and, per- Different
haps, a small portion only of its enlightened part. JJJCJ^f
Hence it is, that in the middle of the day in a European Cumuli in
sky, Cumuli in its Northern regions are so much more Northern
brilliantly illuminated than those in the Southern. The *nd Southformer display the most magnificent forms, glowing era
with light ; whilst the latter seem sunk in vapour, and
appear dull and dark.
(852.) The shadows of Clouds in the different zones
* There are instances where the edges appear with all the bright
ness and lustre of silver.
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Meteor- must present many diversities arising from the different
ology. elevations of the Sun. If S, fig. 15, be its meridian
v
»" altitude in the warmer climates of the Earth, and S'
Effects of that m tne p0]ar Regions; then will the shadow of the
different
proiectiiiir mass A reach to C in the latter case, but will
elevations of ' ■>
» ,
_. . , T ...
Sunindif- descend so low as D in the former. In like manner,
fereirt zones, the shadow of B for the inferior position of the Sun,
will be at E, but for the superior it will be at F. In
C°™?ali,°" the Polar Regions, the lower sides of Clouds must be
of Polar and more frequently illuminated than their upper. There
Tropical
the edges of Clouds near the Sun often present " a
Clouds.
fiery or burnished appearance ;" and as that luminary
never rises more than a few degrees above the horizon,
they display these brilliant characters for some time.
The lights and shadows of tropical Clouds must be
necessarily very different from these.
(853.) But it is not only with the shadows of the
The whole
body of a parts of Clouds which are thrown on the Clouds them
Cloud pro
jects a sha selves that we have to do ; the whole of a cloudy mass
dow into must project a shadow into space, passing with freedom
through the air, until it is interrupted in its course by
space,
some other Cloud, or is intercepted at last by the
which may ground. In the case of the shadow of one Cloud falling
fall on ano on another, let S be the Sun, fig. 1, plate xvi., and A
ther Cloud. and B Clouds so situated, that the shadow of one may
darken the whole of the upper part of the other, the
Cloud at B thus presenting to the spectator the appear
The sha ance of fig. 2. Or the positions of the Clouds may be
dows of se- such, that the shadow may be thrown on the lower part
rna^faU0^* °^ ^'
'tS "PPer Part being luminous, the whole
atmele
Cloud appearing as in fig. 4. The shadows of several
ft single
Clouds may sometimes be thrown on some single Cloud,
Cloud.
producing, apparently, many anomalous phenomena.
Thus, in fig. 5, the shadows of the Clouds A, B, C may
fall on the Cloud L M ; and to the spectator at N, who
may contemplate the greater Cloud, without any refer
ence to the small ones, sees in it the dark spaces DE,
F G, H I, which he cannot account for. The moment,
however, he endeavours to connect the positions of these
shaded parts with the situations of the lesser Clouds
and the Sun, he perceives at once the cause of the
anomaly ; and thus may many analogous and perplex
ing appearances be explained.
(854.) Examples are not wanting to illustrate these
beautiful phenomena. Howard mentions the case of a
Cumulo Stratus with a bright Sun. An obscurity like
the Crown of a Nimbus came down upon the Cumulo
Stratus, which could be attributed to no other cause
Shadows of than a shadow. He alludes also to the shadows of
Cumuli pro- Cumuli being projected on the haze above them at sunjected on j^t. Thus let S, fig. 6, be the Sun in the horizon, A
lu/.e abo\a (ne Cumulus, and B the haze. Such a combination, it
them at
is manifest, must exhibit a shadow on the haze.
sunset.
Shadows of (855.) But the shadows of Clouds in the air, disclose
Clouds in the most interesting phenomena. A solitary Cloud
the air.
may sometimes be seen with its shadow distinctly
marked in the atmosphere ; but often the shadow is not
visible, until it becomes considerably foreshortened a
greater depth of particles discloses it to view. The
cloudy mass M, fig. 7, may throw out a shadow into
space. Above the spectator at E, this shadow may pre
sent only the depth of A B ; but in a more distant part,
this apparent depth will be augmented to DC. These
shadows, moreover, may be observed to change their
Shadows of P09'1'0119 w'th the Clouds themselves,
several
(856.) But the phenomena become much more inCloudi.
teresting, when several Clouds are presented to our

view. At sunset, says Howard, a group of dense Cirri Mw
cast their shadows into the air. When a Cumulus and oluvr
Cumulo Stratus were changing into Nimbi, the Sun *"
passed behind a group of dense Clouds in the North- E**"101
West, and.darted broad diverging beams of light, sepa
rated by distinctly formed shadows, both downwards to
the horizon, and upwards in the air. This effect is
feebly shown in fig. 8. In fig. 9 we have an instance Other
of diverging shadows proceeding upwards from behind exampl
a Cloud, and above which were several delicately formed *b*d<>w
Cirri. Some of these Cirri were found in the diverging
bands of shadow, and some in the enlightened intervals
between ; the former, it was remarked, being somewhat
darker than the latter. Fig. 10 is an example wherein
a wide band of shadows was but barely perceptible to
the eye. The Cirri, however, which it covered, were
sensibly darker than those which extended beyond it;
and it was this difference of tone which first gave evi
dence of the existence of the shadow.
(857.) At times, diverging bars of light and shade, Effects
resulting from the solar rays passing through the inter- jBterirt>
stices of Clouds, present phenomena of a very interest- m C*01
ing kind, and an example of which may be seen in fig.
1 1. The beauty and magnificence of aerial scenery is
much increased when fine shadows of any of these
kinds are delicately disclosed. An example is given in
fig. 12.
(858.) Howard saw a considerable haze slightly red- Shadoi
dened by the solar rays. In the midst of the haze converj
appeared several broad bars of shadow, converging into I^jf^
a point of the horizon, and projected apparently by lofty jjTjF
dense Clouds. The twilight, also, according to the shadow
same respectable authority, is at times streaked with produa
converging shadows, the origin of which cannot be I1""?'
traced to any visible Clouds intercepting the light.
c
(859.) At sunset, broad diverging shadows are fre- JJjJJJj
quently observed among the Clouds in the West, and
sometimes their effect is exceedingly fine, particularly
when they fall on a coloured twilight. After sunset,
Howard remarked some beautiful diverging shadows on
a pure, diluted, carmine sky. Such shadows, were they
long enough to pass the zenith of observation, ought, by
principles already explained, to converge again towards
some point of the Eastern sky, opposite the Sun's place,
the converse phenomena taking place at sunrise.*
Dr. Smith, in his Optics, mentions an example of the These
convergence of long whitish beams towards a point dia- dows 0
metrically opposite to the Sun, the converging beams to con,
not being so bright as those which usually diverge from toward
him, and the sky beyond them appeared very black, the Ea
Dr. Brewster saw also an example of diverging beams and P"
thrown out in great beauty through the interstices ^I™m
of broken masses of Cloud floating in the West. In dj,eTp
the East was a dark black Cloud, which seemed ne- rays u
cessary as a ground for the converging rays which East a
appeared on it. The converging beams were very much sunjet'
fainter than the diverging, and the point to which they
converged was, as near as could be estimated, as far
below the horizon as the Sun was above it. About ten
minutes after the phenomenon was first seen, the con
vergent lines were black or very dark. This arose from
* Saussure, In his ascent of Mont Blanc, saw at sunrise from the
station he had selected as his observatory, sis rays of a fine purple,
which parted from the horizon to the West, precisely opposite the
Sun. These rays had their centre a little below the horizon, and
extended 10° or 12° from it. He seemed to have had no idea of
their being shadows of Clouds in the Eastern sky.
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dle real beams having' become very broad, and of irre
gular intensity, so that the eye took up, as it were, the
spaces between the beams more readily than the beams
themselves. Mr. Foggo mentions a case which dis
played very delicate bat distinct rays in the East,
and vanished the moment the Cumulus, which veiled
the Sun during1 their appearance, had somewhat altered
hs position. When the Cloud, however, had nearly
reached the zenith, a broad, conical ray darted horizon
tally from between the eminences of the Cloud, extend?
iag to a great distance. Mr. Faraday, likewise, ob
served a remarkably beautiful example at sunset, on the
19th of August, in the Isle of Wight. Ten or twelve
enormous rays of light and shade, says he, were observed
towards the North-East, South, and South-East, all
radiating- apparently in straight lines from a spot, rather
South and East, and just upon the horizon. The atmo
sphere contained a slight haze, which allowed the Sun's
beams to pass forward with but little interruption, but
jet in sufficient quantity to reflect a considerable por
tion of light to the eye. Clouds very far to the West,
the progress of the light, and immense parallel
_ were consequently cast in nearly horizontal direcalong the sky, over the head of the observer. The
difference between these shadows and the intervening
illuminated parts, could be observed only after they had
considerably passed the zenith of the observer, and had
become foreshortened in the Eastern sky, where from
the greater depth of mass they became visible. An in
creased haze in the Eastern part might also have ren
dered the phenomenon more visible, and hence, from
what has been before said respecting parallel bands of
Clouds, this system of shadows ought necessarily to
meet in some spot opposite the Sun. The phenomenon
here referred to is illustrated in fig. 13. The obscure
cloudy mass from which the rays seemed to spring,
must have been a bank cf Cloud, which, from what
we have before explained, ought to put on the form of
a segment. Howard mentions that he found the
bars of light and shade sometimes to result
the great quantities of dust constantly floating in
the air. He also alludes to an orange-coloured twilight
delicately varied with dusky horizontal striae.
(860.) Objects on the Earth may occasion shadows
in the air. Thus, (fig. 14,) let A be the observer, S the
rising or setting Sun, and M a hill. Such a mass in
> th?ai». such a situation with regard to the solar orb, must ne
cessarily project a shadow into the air. Howard re
cords an example of the shadow of the twilight being
distinctly perceptible in the moonlight at nine p. m. ; but
twenty minutes later, the Moon cast an equally strong
shadow into the twilight.
(861.) Howard and some friends saw their own
shadows, and the shadow of the cliff on which they
stood, projected on a cloudy mass below. About halfpast six p. sr., he says, we perceived a body of mist
appearing like a mixture of Cumulus and Cirro Stratus
come under the sandy cliff on which we stood, and
covering the sea below. The Sun shone clearly in the
West, which projected our own shadows, and that of the
cliff's edge, upon the Cloud beneath. This is illustrated
in fig. 15, where A, B, C are the persons on the cliff,
whose shadows were projected to D, E, F, the Sua
beina: at S, the shadow of the cliff itself being G H.
(862.) With the shadows of Clouds on the ground,
iiais od which sometimes add so much to the beauty of the
jc ;tx~j fid landscape, we are all familiar. One of their practical

uses, is that of finding the altitudes of the Clouds which
project tbem.
ology.
(863.) Shadows are said to be sometimes coloured.
Leslie remarks that near eunsetting, the shadow of a Coloured
pencil along a blank card appears a bright azure on a shadows.
lilac ground. Brougham alludes to some that are
purple, blue, and red. Rumford, however, regarded
them as mere fallacies.
(864.) Shadows sometimes impart a high degree of
repose to the Clouds, while others produce effects en
tirely the reverse. The lights and shadows of a serene the sky.
Summer's evening, are very different from those which
prevail when the sunbeams are dispersed in every
possible direction by innumerable small flickering Clouds.
There are days when the whole sky seems full of jarring
lights, and there are others when it is softened into
mellowness.
Colouring of the Clouds.
(865.) The subject of Physical Optics was bequeathed Optical pheto us by the immortal Newton ; and in our own days nomena of
we have seen the most splendid additions made to the
**Trich inheritance. Meteorology, in the modern accepta
tion of the term, requires that at least some brief
allusion should be made to phenomena, which in every
region of the Globe impart so much grandeur and
beauty to the sky. The difficulty, however, in begin
ning such an inquiry, is to know where to stop; and
the limits of a brief paper will soon teach us, how very
much our best efforts must fall short of the conditions
which the present state of the Sciences require.
(866.) The harmonious colouring of the Clouds Colouring
cannot but awaken a lively curiosity. Their most ordi- of the
nary appearances must arrest the attention of the be- Clouds,
holder ; and from the deepened and sublime tone of the
thunder Cloud, to the soft and tender colouring of the
evening sky, how sinking and wonderful is the transition !
Who ean behold the extraordinary magnificence of the
Clouds, and the rapid transitions of colour which they
sometimes undergo, without wishing to comprehend
the cause of so much variety and splendour?
(867.) In the passage of light through the atmo- Passage of
sphere, it is known to undergo many important changes, light
A portion of it is absorbed by the air, even in its 'hrouB1> ft*
purest state ; and of the horizontal sunbeams trans- a nM>sPtl*,c*•
mitted through two hundred miles of that medium,
scarcely a two-thousandth part readies us. A densely Clouds abformed Cloud must, therefore, of necessity detain a «orb light,
much larger share ; and those dark and sombre forms,
which sometimes impart so gloomy an aspect to the sky,
can only result from the feeble transmission of the solar
light. The brilliant whiteness too, which their edges Their briloccasionally disclose, must result from a more copious '>aut edges,
emission of luminous rays ; and Leslie, therefore, has Leslie's reproperly remarked, that the depths of shade which a j""!"*.
Cloud exhibits, may be regarded as comparative mea
sures of the varied thickness of its mass.
(868.) But this absorption of the solar light, brings Varied apanother and a most interesting class of phenomena into ^g™"™*"^
view. While the Clouds have a property of sometimes jio,,,,.
absorbing equally all the solar rays, as is mani
fest by the Sun and the Moon appearing through
them perfectly white, there are other occasions when
they appear in a very different way. In the whole of
Italy and the South of France, for example, the Sun
lately appeared a pale blue, and instances have not
y 2

164

METEOROLOGY.

been wanting in our own Country of the same kind.
On the evening in which this page was written,
its upper limb displayed a deepened orange, and its
lower a brilliant red ; and every one who has watched
the changes of the morning and evening sky, cannot
but have noticed the most remarkable varieties of colour.
It is to the air, therefore, and to the Clouds suspended
in it, that we must look for the cause.
(869.) The different modifications of Clouds, par
Effects of
Clouds.
taking as they do of all imaginable degrees of density
and position, and presenting so many different di
mensions to act on the Sun's light, cannot but occa
sion the greatest diversity of absorption, as well as of
Their
powers of reflection. While some absorb the blue rays, and
absorption transmit a rich vermilion, there are others which ex
and reflec hibit successive transitions of yellow, orange, crimson,
tion.
and purple, even to a dullish grey ; and in the un
bounded variety which the sky presents, the calm deduc
tions of the Philosopher are apt sometimes to be lost
in feelings of admiration, wonder, and delight.*
Example of
Let us suppose, in order to render the sub
a section of ject(870.)
in some degree intelligible to the young Meteorolo
a Cloud.
gist, fig. 16 to represent a vertical section of a Cloud of
uniform density, divided into successive strata by a
system of parallel rays. The first ray, A B, may pass
through so small a number of vesicles, as to cause but
a feeble absorption of the solar light, and thus permit
Probable de- that portion of the Cloud to appear nearly white. The
it second and third rays C D, E F, by passing each through
a greater mass of vesicles, must render the absorbing pro
cess more active, and thus cause colours of some kind
to be emitted from D and F ; while the lower ray G H
may disclose to the spectator another, or the same
colour modified in intensity, at I and H. This last ray,
from the form we have given to the Cloud, must, it is ob
vious, be very differently circumstanced from either of the
upper rays, A B, C D, or E F, since the portion of it K I
between the two projecting masses, will be acted on only
by the air, and not by the vesicular atoms composing
the Cloud. The supposition need not be limited to uni
form circumstances of density even in the same Cloud.
Different
(871.) Not only, however, may colours be developed
Clouds may . the ar,sorption of light in the successive strata of the
dlSClOSC Olm
o
versities of same Cloud, but different Clouds may disclose diversicolour by ties of colour, by alternate absorptions of the same ray.
Suppose the common ray AF, fig. 17, to pass through
three
Clouds
the same
stratum
ra^' of the successive
atmosphere.
Theinportion
A Bhorizontal
during its passage
through the first mass of Cloud, will undergo absorption,
and disclose some colour at B. From B to C, the ray
will be further modified by the air, and at D it will have

undergone another change, either by disclosing a new Metec
colour, or the former in some degree modified. For a ology
similar reason, a new alteration will take place at F;
and thus three different colours, or three varieties of the
same colour, will be presented to the spectator at S.
These Clouds may be even so situated as to appear like
one mass, fig. 18, thus beautifully blending the colours
together; an effect which will be readily understood
from what has been already said on the apparent posi
tions of the Clouds.
(872.) The positions of Clouds must, indeed, consi- Position!
derably influence the developement of colour.* In the c'°ud»
immediate vicinity of the Sun, the most brilliant colours "^'i"^
may be disclosed, and their vividness and intensity dimi- veJopenii
nish, and at last disappear at some distance from it. of colour
Parry records a beautiful instance of some white fleecy
Clouds, which, at the distance of 15° or 20° from the
Sun, reflected from their edges the most soft and tender
tints of yellow, bluish green and lake ; and as the
Clouds advanced, the colours increased gradually in
vigour, until they reached a sort of limit, 2° below the
solar orb. As the current continued to transport them,
the vividness of colour became weakened by almost in
sensible degrees, until the whole assemblage of tints
vanished at an azimuth 10° from the Sun. Mr. Foggo
observed, also, an extensive black Cloud which veiled the
whole face of the heavens, to within 10° of the Southern
horizon. So dense was the cloudy mass, that the Sun's
place was completely concealed from his view. A small
portion, however, A B, fig. 19, of the Southern edge of
the Cloud, was of a dazzling yellow ; and as a chain of
scud crossed in rapid succession the illuminated part,
each became adorned with the prismatic tints, and each
in its turn returned to its first sombre hue.
(873.) The vertical arrangement of Clouds, or altered Vertical!
elevations of the Sun, must also greatly afTect the phe- rangtmc.
noinena of colour. If we imagine A, B, C, fig. 20, to ^^j'tt^j
be a. vertical section of Clouds, having different ele- elevationvations, but the same azimuth, and rays S a, S b, S c, the Sun
be transmitted from the Sun at S, through them, some must infl
variety of colour will be disclosed by each successive e°ce lhe
Cloud ; but when by the descent of the Sun to S, or a Jr'olour
change in the elevation of the Clouds, other rays are
made to pass through them, new varieties of colour may
be revealed. Scattered masses, like fig. 21,f must pro
duce a very great diversity/according as the rays proceed
in the directions a a, a a, &c., bb,bb, &c, or any other.
(874.) The great effects of the absorbent power of
Clouds, is admirably shown in those vesicular masses Absorbei
which pass before the solar disc, near the time of sun- power of
set. A dense, stationary bank of Cloud, fig. 22, of a
deep leaden colour was in contact with the horizon, and (hose win
* The phenomena of the absorption of light has, however, been above it the solar orb suffused with a beautiful blush of pass befo
too little studied to permit us to speak with entire confidence of the red, diminishing in intensity upward. As soon as the solar disc
application of its laws to remote masses like the Clouds. We know, Sun came into contact with the upper edge of the 8unsetindeed, that many coloured, transparent bodies, both solid and fluid,
do not absorb the solar rays proportionally ; and that it is in con Cloud, a small, but exceedingly dark mass was prosequence of their unequal absorptions, that they appear coloured by
* So great is the effect of position, and so remarkable the differ
transmitted light at all. We also know that in coloured media,
some attack the spectrum at one extremity, some at the other, ences it produces, that it seems difficult sometimes to believe, that
and some at both ; and that though the orange and green rays the Clouds which in the evening we see drenched with crimson and
cannot be decomposed by prismatic reflection, they can be so by gold, are the same as wc beheld absolutely colourless in the middle
absorption. When we consider, therefore, how diversified are the of the day.
f An insular situation like our own, with a climate subject to
general conditions of the Clouds, what variable circumstances govern
their densities, how unequal are their magnitudes, and what differ- perpetual vicissitudes, must be best adapted for studying the phy
eut positions they occupy in the great hemisphere of the sky, we siognomy of the sky. Here Clouds are no novelty, and it is their
may look to the theory of absorption, as having at least very high absence from the celestial vault which creates surprise. There are
probabilities in its favour.
regions, however, where the contrary is the case, and where the
Brewster remarks, that the light of the Clouds is partly po appearance of a Cloud at some seasons, engages the whole atten
larized.
tion of the inhabitants.
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tor- jected on its disc, as fig. 23, no other part of the cloudy
uajj. bank seeming to alter its appearance in any way. As
«-v»^ the Sun descended, other equally dark Clouds came into
OhJ« view; and when its upper limb arrived at length on a
"m level with the superior edge of the Cloud, it was covered
with the very dark forms shown in fig. 24, the other
parts of the solar face remaining nearly as clear and as
aria. freshly coloured as before.* Now these very dark
masses were clearly distinct portions of the great bank
of Cloud, and existed while the Sun was above it,
although blended apparently in a dense mass, when the
light passed obliquely through them, as shown in
the section, fig. 25 ; but when the Sun came into the
position of fig. 26, some of the rays passed uninter
ruptedly between them ; and the Clouds themselves
Ed id- being of great horizontal extent, absorbed in a very high
jflrf degree the light that fell on them. In a case of this
c*"!,.a. sort, as well as in the twilight generally, the hard and
Et,ae well-defined outlines of the Clouds are worthy of ob
servation. Twilight, it has often been remarked, while
il takes' off the edginess of objects below the horizon, more
sensibly marks the outlines of those above it, when they
are opposed to the sky ; and the principle is remarkably
confirmed in the forms of Clouds.t
Gaspr* (875.) While the Clouds in the preceding case were,
however, rendered so much darker by being projected
■itfaji on the solar disc, cases occur when the contrary is the
cW case. Fig. 27 is an instance where the Sun's face was
*•* coloured nearly as before, and during its descent three
masses of extended Cloud were brought into apparent
contact with it. The parts of these Clouds projected on
the disc, became luminous and coloured, but the parts
beyond it preserved their original grey appearance, f
* How different are these Clouds from those adverted to by Hum
boldt of a brilliant whiteness, and through which he has distin
guished the spots of the Moon so perfectly, as to give the idea of
its due being placed before them.
f The same fact may be noticed when terrestrial objects are
fhos presented to the sky. Price, in his Work on the Picturesque,
remarks, " that many varied groups and elegant masses of trees,
which were scarcely noticed in the more generul diffusion of light,
in the twilight distinctly appear. Then too, the stubborn clump,
which before was too plainly seen, makes a still fouler blot on the
horiion ; while there is a glimmering of light he maintains his
port, nor yields till even his blackness is at last confounded in the
general blackness of night."
J The projection of Clouds on the solar disc, often discloses many
interesting phenomena respecting their formation and texture. In
the case last referred to, the cloudy bands appeared of uniform
density, before they came into apparent contact with the Sun ; but
ss soon as that took place, the parts on the solar disc immediately
disclosed a fibrous structure. A remarkable instance of the kind
occurred among some very irregular bands of dark Cloud, the in
tervals of which seemed to be filled up with Cloud of a less dense,
but uniform texture, the whole seeming to be tlationary. As soon,
however, as the Sun's disc came into contact with the lighter part of
the Cioud, it was immediately covered with an irregular and
rapidly moving network, as fig. 28, although no perceptible motion
was visible in the great mass of the Cloud, proving at once the
fibrous texture of the Cloud, and the rapid motion existing among
its parts. When it came into contact with the denser bands, this
notion was not perceived.
It may, also, be worth while to advert in a Note to the following
interesting phenomenon. When the lower limit of the Sun comes
into apparent contact with the upper edge of a bank of Cloud, a
curved indentation appears in it, the breadth of which is governed
by the apparent size of the part of the solar disc on the edge of the
Cloud: When the Sun first appears in contact, the indentation is
rtry small, as in fig. 29, but it gradually increases until the horiJoatal diameter of the Sun reaches the Cloud, as in fig. 30, after
which it diminishes as in fig. 31, and when the Sun finally dissppeus, the edge of the Cloud becomes instantly restored to its
former state, as in fig. 32, the separated parts visibly approaching
each other, and appearing to meet in the centre of the indentation.
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(876.) Among the different modifications, the most Meteor
rich and copious colourings are presented by the Cirro
Stratus. Shades of purple, crimson, lake, and scarlet
co
are very common ; and cases occur wherein they are Richest
pre
tinged with violet. Howard saw two bars of this Cloud lours
sented by
of a rich crimson, on a ground of almost a golden hue, the Cirro
extending from South-West to North-East, at the alti
tude of 20°. Cirri and Cirro Cumuli disclose also very Cirri and
different colours at different times, though their situa Cirro Cu
dis
tions with regard to the Sun may be very nearly the muli
close very
same. Howard mentions a case of pink-coloured Cirri different
at sunset; and also others which displayed tints of colours at
orange passing through lake and purple, their edges different
glowing like bright flame. The burnished appearance times.
of the edges of Clouds in the Polar Regions, we have
already adverted to. Masses of Cirro Cumuli disposed
in beds, on the decline of day, are sometimes very
deeply tinged with crimson or vermilion. Howard
mentions a case of a Cloud of this sort, coloured with
lake passing into violet. A Cumulo Stratus dissipating Phenomena
beneath a veil of Cirrus at the moment of sunset was of Cumulo
seen by him of a light silver grey. During the twilight, Stratus.
this same Cloud became successively yellow, orange,
red, purple, dull grey, and finally somewhat red. He
saw, also, that the sky seen behind a large Cumulo
Stratus under the setting Sun, was of a deep brownish
lake colour. When the sky above the setting Sun was
of a rich yellow colour, a large bed of the same modifi
cation exhibited very beautiful deep red tints. Howard, Cirri pass
likewise, saw the whole hemisphere overspread with ing to Cirro
Stratus and
Cirri passing to Cirro Stratus and Cirro Cumulus, Cirro
Cu
and having an arched lowering appearance, the whole mulus.
being dipt in a great variety of tints. A splendid exhi
bition was also made by dense Cirro Strati to the SouthEast and East, which assumed first a deep blood red,
passing through crimson and a gradation of lighter reds
to orange, and finally to flame colour. The afternoon
and night of the next day proved very wet. There
seems, indeed, to be some relation between the colours
of the Clouds and rain. He speaks, also, of Clouds Double gra
of
beautifully coloured, both at sunrise and sunset, with a
double gradation of tints, and in which the successive
effects of the direct and refracted rays were very dis
tinctly marked. At Mexico, in extremely fine weather,
Humboldt has seen large bands of Cloud having all Bands of
.the colours of the rainbow, spread along the vault of the Cloud hav
ing all the
sky, and converging towards the lunar disc. He saw, colours
of
also, the thick veil of the Clouds rent asunder in shreds the rainbow.
near the horizon, and the Sun on a firmament of indigo
blue. The broken Clouds became gilded, and fasciculi
of divergent rays, reflecting the most brilliant colours, phenomena
extended even to the midst of the heavens.* Mr. of chasms
Foggo mentions a chasm in a Cumulo Stratus driven in Clouds,
rapidly by the wind, and through which was seen an
extensive Cirro Stratus, entirely at rest in a higher
region of the sky, beautifully striped with the prismatic
colours.
This final restoration of the edge of the Cloud, is often an interest
ing phenomenon. Sometimes colour is perceptible round the indent
ation, but there is always a more or less bnllant emission of rays.
In the morning, the lower edge of a Cloud ought to be thus
affected. The phenomenon is probably owing to the diffraction of
light. A distant hill at sunset may ofteu be observed to be
indented in this way.
* This occurred when a shock of an earthquake was felt about
nine p. h. The disc of the Sun was enormously enlarged, distorted,
and undulated towards the edges. There is some mysterious rehvtion between the aspect and colour of the sky and volcanic action.
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(877.) The rapid transitions of colour which the
Clouds undergo \b worthy of more attention than it has
hitherto received. It would seem to depend on some
Rapid trans thing; more than change of position, either in the Cloud
itions of
or the Sun. Forster mentions an instance of some
colour
which the detached Cirro Cumuli being; of a fine golden yellow, but
Clouds un- in a single minute becoming deep red.* On another
occasion he saw the exact counterpart in a Cirro Stratus,
by its instantly changing from a beautiful red to a bright
golden yellow. What, indeed, can be more interesting,
than when by the breaking out of the Sun in gleams, a
Cloud which a moment before seemed only an unshapened mass, devoid of all interest and beauty, is sud
denly pierced by cataracts of light, and imbued with
the most splendid colours, varying every instant in in
tensity. Numerous examples occur of this beautiful
play of colour, which cannot but remind us of the phe
nomena displayed by the pigeon's neck and the pea
cock's tail, by opal and pearl.
Clouds as
(878.) After the Sun is set, the mild glow of his rays
sume their is still diffused over every part, and it has been remarked
brightest
colours a that the Clouds assume their brightest and most splendid
few minutes colours a few minutes after it is below the horizon.t
after sun. It is in the finest weather that the colouring of the sky
set.
Most per presents the most perfect examples of harmony, in tem
fect exam pestuous weather it being almost always inharmonious.
ples of har At the time of a warm sunsetting, the whole hemisphere
mony occur is influenced by the prevailing colour of the light. The
in finest
snowy summits of the Alps appear about sunset of a
weather.
Colour of most beautiful violet colour, approaching to light crim
Alps at sun- son or pink.J It is remarkable, also, aB an example
of that general harmony which prevails in the mate
rial World, that the most glowing and magnificent
skies occur, when terrestrial objects put on their deepest
and most splendid hues.§ It has, also, been observed,
that it is not the change of vegetation only which gives
to the decaying charms of Autumn their finest and
most golden hues, but also the atmosphere and the
peculiar lights and shadows which then prevail ; and
there can be no doubt, on the other hand, that our per
ception of beauty in the sky is very much influenced by
Peculiar
the surrounding scenery. In Autumn all is matured;
lights and and the rich hues of the ripened fruits and the changing
shadows of foliage, are rendered still more lovely by the warm haze
Autumn
and Spring. which a fine day at that season presents. So, also, the
earlier trees of Spring have a transparency and a thou
sand quivering lights, which in their turn harmonize
with the light and flitting Clouds and uncertain shadows
which then prevail.
Splendid
(879.) But there are magnificent displays of colour,
displays of both in the morning and evening, when no Clouds can
colour when
no Clouds be seen. This may, probably, be accounted for on two
suppositions, and both in unison with the theory of
appear.
absorption. The air, uninterrupted by Cloud in its
whole horizontal extent, may so absorb particular rays,
* No one more than the Meteorologist requires a knowledge of
the combinations of colour, so infinitely varied are the tones of
Nature, both in the same and different Countries. Who can venture
to imitate by the pencil the endless varieties of red, and orange, and
yellow, which the setting Sun discloses, and the magical illusions
which alt the day diversify the vast and varied space the eye travels
over in rising gradually from the horison to the upper sky. Those,
who have paid any attention to colours rrrast be aware of the diffi
culty of describing the various tints and shades that appear, and
which are known to amount to many thousands. It would be use
ful if our Meteorologists would endeavour to record in some way the
various colourings of the different modifications, and also their
elevations at the time of observation.

as to disclose the glowing colours referred to ; or there Meteor,
may be actual Clouds existing far beyond the limits of oloSJ'our visible sky, which absorb the light, and produce the v—
same splendid effect. This last supposition will not be pf^*j!f
objected to, when we refer to the dark lines seen by beyond th<
Fraunhofer in the solar spectrum. Do not these dark limits ofc
lines, it has been asked, occupy the place of rays of visible sky
particular refrangibilities, which have been absorbed in ^""'4'"'
their passage from the Sun, before they reached our j^,^ 0r
atmosphere? a condition seeming to be necessary from soiar
the absence of these lines in the spectra of the fixed spectrum,
stars. Have they not, it has been asked by Herschel,
been absorbed in the solar atmosphere? We may
apply to this subject, as well as to other parts of Me
teorology, the remark of Bacon, " I would not have it
given over, but waited upon a little."
(880.) The following are incidental but valuable Different
examples gleaned from Howard and other respectable examples
authorities. At sunset Howard saw in the West a clear ^ff"'^
coloured
lemon-coloured space, close to the horizon. Above
were crimson lights, with shadows of grey and purple
in a variety of figures, streaked, waved, and clustered.
In the East were Clouds, some rose-red, and others of
a tender green. He speaks, also, of a ruby-coloured In onrov
twilight; of orange surmounted by rose-colour; of a Country,
sunset with a pure dilute carmine tint ; also of a sky on
the decline of day reflecting a bronze hue from some
Eastern Clouds. About the time of sunset also, or
sometimes a little after, the lower part of the sky, to
some distance on each side of the place of his setting,
may be seen to incline to a faint sea-green. At greater
distances this gradually changes into a reddish brown,
the colour of the horizontal sky on the opposite side
inclining sensibly to purple. In the different voyages in the Pt
to the Polar seas also, are some brief and scattered no- lar seas,
tices worth collecting. Ross frequently saw a yellow
sky. In the South-East and South-West at sunrise
and sunset, Parry saw, generally, near the horizon, a
rich bluish purple, and a bright arch of deep red above,
one mingling imperceptibly with the other. About the
time of sunset in these regions, the part of the sky
within 1° or 2° of the horizon, was of a bright red,
above which was a soft light blue, passing into delicate
green. At sunset in December, the sky was beautifully
red near the Southern horizon, and a soft rich purple to
the North. Saussure remarked in his ascent of Mont In the A!
Blanc, that the evening vapour which tempered the
Sun's brightness, and half concealed the immense space
he had below him, formed the finest purple belt en
circling all the Western horizon ; and as the vapour de
scended and became more dense, this belt became nar
rower and of a deeper colour, and at last of a blood
red. At the same instant, some Clouds darted a light
of such brightness, as to resemble meteors or flaming
stars.
(88 1 .) But the colour of the sky is often influenced The colo
by reflection from terrestrial objects. Ross mentions, that of ih* sV
while the Sun and Moon were passing in azimuth along g|)""c|,j~
the tops of the mountains, the snow which covered them, reflectioi
and which had naturally a yellow tinge, had then the from n-r
lustre of gold, the reflection of which on the sky pro- trial objt
duced a green so delicately rich and beautiful, as to pass
description. Other causes, also, sometimes operate. Effects <
Humboldt remarked when the air was clear and the sky »"*i»end
of a very deep blue, that the horizon reflected a livid and
yellowish light, which he thought resulted from the
quantity of sand suspended in the air
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(882.) It may be useful to advert to a single examilajj. pie of a sunset, recorded by Howard. The Sun set,
*-v—' surrounded by a moderate glow of flame colour, and
Iwpb'f without a spot on the Western sky. An extensive
i0- brijrhtness remained in the horizon, which insensibly
S,^ vanished upwards and towards the North-East and
South-West. Opposite to this, and quite distinct in its
boundaries, appeared a mass of colour resting on an
extensive violet or purplish base, in the horizon, and
which, diminishing as it rose, terminated at length in a
rose-coloured apex. As this apex passed away, an
orange tint in the North-West spread and deepened,
and was suddenly surmounted by a fine blush of red,
completing a grand pyramid of coloured light, reaching
halfway to the zenith, and glowing every moment with
increased brightness ; so that half an hour after sunset,
the landscape to the East was actually in a much
stronger lighter than after the disappearance of that
luminary. At the moment this was in the greatest per
fection, the opposite pyramid was no longer visible, and
the twilight passing off, the red first vanished, the
orange spreading upward, at the same time it grew
fainter with the white light of the picture.
Cairf
(883.) We may gather from what has been advanced
on the absorption of light, and from the necessary ar^rSi rMgement of the dimensions of Clouds in the air, a
Jiraga reason why the morning and evening skies display a
iSh'k- richer colouring than when the Sun is in its meridian
«3=;t!aa splendour. The stability of Clouds requires that their
Ka3" horizontal dimensions should, in general, be greater than
their vertical. In the morning and evening, the former
dimension is so situated, as to call into the greatest
activity the absorptive power, when taken in conjunction
with the great range of horizontal air ; whereas in the
middle of the day, not only is there a smaller dimension
of the Cloud, but a much less quantity of air acts on the
light. The increased rarity of the air in Tropical climes,
may afford also a reason why the sunsets there are less
bnlliaol than in Countries more remote from the Equa
tor. The continued low elevation of the Sun in the
Polar Regions, will likewise explain the more frequent
occurrence of rich and splendidskies in that region. Very
much remains to be done to perfect our knowledge of the
phenomena of Clouds, and we hope it is a subject which
will meet with increased attention from Meteorologists,
Halos, Parhelia, Sfc.
(884.) There are other remarkable exhibitions of
colour in the atmosphere connected with the Sun and
Moon, which have very much occupied the attention of
Philosophers. In a clear sky these luminaries exhibit
their discs without any change of colour ; but in other
conditions of the air, they not only undergo alterations
of colour, but are also surrounded with circles and parts
of circles of various sizes and forms, and exhibiting
diversities of the most singular and remarkable kinds.
stratified
before
■sSa* the(835.)
Sun or When
Moon, aa thin
portion
of theCloud
Cloudpasses
surrounding
the luminary appears much more luminous than the
rest, as in fig. 1. pi. xvii., the phenomenon being then
denominated a Corona. These corona? depend, pro^my bably, on the existence of a number of particles of water,
Is^. of equal dimensions, and situated in a proper position
n-nttifc J with respect to the lumiuary and the eye. There being
S*iai so much diversity in the magnitudes of the spherules of
water, their dimensions may be expected to vary without
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limit, and by observation they are accordingly found to
do so. Corona? are very common, and are best seen
round the Sun by reflection from the surface of still
water. Newton saw in this way, three rings of colour Newton's
surrounding the Sun, like small rainbows, the inner- <
most being blue next the Sun, red without, and white
between. The second ring was purple and blue within,
pale red without, and green in the middle. The third
ring was pale blue within and pale red without. The
diameters of the rings were respectively 5° or 6°, 9^°,
aud 12°.
(886.) On other occasions circles more or less bril
liant, and of a much larger size, surround the disc of the
Sun and^Moon, the lumjnary occupying the centre, as
in fig. 2. These are denominated halos. Those be- Halos
longing to the Sun are generally tinted with colours less round the
bright than the rainbow, and sometimes quite as dis- m"
tinct. These colours, however, are variously disposed. Tinted with
Sometimes the red is next the Sun, and a pale blue on colour,
the outside ; but at other times indigo and violet are
without. Frequently they are red or yellow on the in
side, and white on the outside. One halo was seen, the
middle of which was white, after which followed red,
blue, and green, its outermost border being a bright
red. In another case a pale red on the outside was
followed by yellow and green, terminating with white.
The space included within the halo is frequently of a Space withmost intense grey, or of a deeper blue than the rest of in halo ftethe sky, when the atmosphere is misty, or of a transpa- 3^^^ an
rency more or less perfect. Under some circumstances grey<
a second halo is formed, much larger than the first and
concentric with it, as in fig. 3. Its colours are very
pale, and its whole splendour much less than that of
the halo within. Frequently, from peculiar conditions of Halos
the atmosphere, neither the first nor second halo is per- sometimes
fectly formed, as fig. 4.
fon^ai^
(887.) Halos round the Moon are formed sometimes
of a luminous white circle, and at other times are tinted round the
with pale red alone, or green and red. The white circle Moon,
is sometimes well defined on the inner side, so as to
make the included space appear dark, while on the other
side it passes insensibly into the colour of the sky. A
succession of these halos frequently occurs. A corona is Succession
sometimes formed within the halo, as fig. 5 ; and Howard of halos.
observed a case where the corona was not formed by the Corona
Clouds which produced the halo, but by haze probably
a
nearer the Earth.
(888.) Professor Strehlke of Dantzic, in passing Halos s
over some fields at midnight in August, 1828, was greatly in a >
surprised at the successive appearance and disappearance
of halos. Some of the fields were covered with mist,
and others perfectly clear. In a field free from mist no
halo could be perceived ; but in those covered with mist,
three, or even four halos were perceived at small dis
tances from each other, with very vivid colours, red
being always on the outside. Howard saw a lunar halo
of moderate diameter, which, disappearing, gave place
to a portion of a very large one. In the Polar Regions
Parry remarked that halos almost always began to make
their appearance about the time of full Moon.
(889.) Coloured circles are, however, much more Vary aerare in the Countries of the North, than in Provence, cording to
Italy, and Spain. Under the Torrid zone beautiful 1
prismatic colours appear almost every night. Often in
the space of a few minutes they disappear several times.
Between the 15th degree of latitude and the equator,
small halos surround the Planet Venus, orange, purple,
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and violet being distinctly perceived. Humboldt, how
ever, never saw any colours around Sirius, Canopus, or
Acherner.
Maririotte'g (890.) Marriotte accounted for the formation of halos
theory of from the refraction of prismatic crystals of ice descend
their forma ing through'the'air in all possible directions, and these
tion.
receiving the solar rays under every variety of inclina
tion. In certain positions of these prisms, it may be
proved that light suffers, in transmission through them,
a mininum deviation ; and this position is determined
by the condition that the refracted ray forms with the
two sides of the prism an isosceles triangle ; or, which
comes to the same thing, the angle of refraction is equal
to half the refracting angle ; and as the refracting angle
is here 60°, the angle of refraction must be 30°, and the
angle of incidence about 41°. Hence the deviation is
equal to double the angle of incidence, minus the refract
ing angle ; or 2 x 41° — 60° = 22°, and which, singu
larly enough, coincides nearly with the semidiameter of
the solar halo. In other positions ofthe prism, the devia
tion increases very slowly, till it becomes a few degrees
greater. Hence the breadth of the circles of colour
being considerable, the colours must fall principally
on each other, and thus become very indistinctly sepa
rated. The external circle may be referred to the effect
of two such refractions in succession. This mode of
explanation could be put at once to a decisive test, could
the diameters of halos be measured with the same exact
ness as the rainbow; but it is seldom the phenomenon
is presented with all the uniformity and precision de
sirable.*
Light of
(891.) Arago made an observation which proves in a
halos re
certain degree, that the light of halos is refracted, having
fracted.
found that it is always polarized by refraction and not
by reflection.
Halos may
(892.) One useful Meteorological inference may be
afford us in drawn from these Optical inquiries respecting halos, and
formation
respecting that is if the presence of icy particles be necessary for
temperature their formation, they may be regarded as furnishing us
of higher with some data respecting the temperature of the higher
regions of regions of the air.
the air.
(993.) Halos, from their relation to the modification
Indications Cirro
Stratus, in which they chiefly occur, are found to
of weather.
indicate wind and rain, and sometimes, at the approach
* The following experiment by Sir David Brewster illustrates
in a pleasing manner the actual formation of halos.
" Take a saturated solution of alum, and having spread a few
drops of it over a plate of glass, it will rapidly crystallize in small
flat octohedrons, scarcely visible to the eye. When this plate is
held between the observer and the Sun, or a candle, with the eye
very close to the smooth side of the glass plate, there will be seen
three beautiful halos of light, at different distances from the lumi
nous body. The innermost halo, which is the whitest, is formed by
the images refracted by a pair of faces of the octohedral cry stals,
not much inclined to each other. The second halo, which is more
coloured, with the blue rays outwards, is formed by a pair of faces
more inclined ; and the third halo, which is very large and highly
coloured, is formed by a still more inclined pair of faces.
" Each separate crystal forms three images of the luminous body,
placed at points 120° distant from each other, in all the three halos ;
and as the numerous small crystals have their refracting faces
turned in every possible direction, the whole circumference of the
halos will be completely filled up.
" The same effects may be obtained with other crystals, and when
they have the property of double refraction, each halo will be either
doubled, when the> uouble refraction is considerable, or rendered
broader, and otherwise modified in point of colour, when the double
refraction is small. The effects may be curiously varied, by crystal
lizing upon the same plate of glass crystals of a decided colour, by
which means we should have white and coloured halos succeeding
each other."

of Winter, snow and frost, at which time the colours Mete
Meie
olog
are very brilliant. Late in the Spring, Howard has re
peatedly observed a large white lunar halo to be fol
Aspire
lowed by hot weather.
(894.) The apparent form of the halo is that of an EXT
irregular oval, wider below than [above, the Sun being
nearer their upper than their lower extremity. This
results from the apparent figure of the sky. Parry
measured several, and found all the diameters of each
to be equal.
(895.) Parhelia consist in the simultaneous appear Parheli
ance of many Suns, images of the true Sun. These
images always appear at the same elevation as the true
Sun, and are always united to each other by a white circle,
likewise horizontal, and whose pole is in the zenith.
This circle changes its elevation with the true Sun ; and
its apparent semidiameter is always equal to the distance
of this luminary from the zenith.
(896.) The whiteness of the circle here alluded to, Cause o
results from the refraction of the vertical faces of crystals, wto'1^
supposed to be scattered equally through every variety of e c
azimuth ; and to the refraction of vertical prisms must be
referred the coloured parhelia which impart so great an Of cola
interest to the sky. These coloured parhelia are not P311*'18
always confined to the limits of halos, but are sometimes Parheli
formed a little without them, on account of the deviation •ometin
of the light which passes obliquely through the vertical
prisms, being somewhat greater than that of the light Qause
transmitted by those crystals which have their axes per
pendicular to the planes of incidence and refraction. So
also, Dr. Young observes, the light which passes through
the horizontal crystals, at different azimuths, is variously
modified, so as to produce the beautiful phenomena of
inverted arches touching the halos at their highest points ; invcr)c,
or the many other diversified combinations of arches arches
which at times almost baffle description.
touchin|
(897.) The simplest example of a parhelion is that
}
wherein one fictitious Sun only appears on one side or p«iheu«
other of the true Sun, on a suitable Cloud,—perhaps
vapour passing to a Cirro Stratus Cloud, as in fig. 6,
where S is the true Sun, and S' its image ; or, as in
fig. 7, where the fictitious Sun S1 is below the real Sun
S. Both these are actual examples.
(898.) The next degree of complexity is when fic- Two pa
titious Suns, S1, S*, are formed on each side of the true
Sun S, on a proper Cloud, as in fig. 8, the apparent
Suns being probably more or less tinted with the pris
matic colours, and with or without a luminous circle
passing through them.
(899.) Parry records a case of two parhelia, S', S",
as in fig. 9 ; that to the Westward being formed on a
thick, dark Cloud, was bright and prismatic, the other
on the blue sky being scarcely perceptible. A ray of Raysol
bright yellow light extended horizontally about 3° or 4° low "g!
on each side of the parhelia, and a stripe of prismatic
colours from each of them to the horizon.
(900.) Another modification is when three parhelia, S', Three \
S', S», appear, with a circle more or less perfect passing tel,athrough them, as in fig. 10. Parry, who describes one of
this kind, remarks that the prismatic tints were much
more brilliant in the parhelia than in any other part of the ^ciiaV
circle, red, yellow, and blue being, however, the only co- peculiar
lours that could be traced, red being nearest the true Sun. brightn
(901.) On another occasion, when some snow-drift
prevailed, and three fictitious Suns, Sl, S*,S', appeared,
with a portion of another circle above, as fig. 11, the
parhelia were at times so bright as to render it painful
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to the eye to look upon them. A horizontal circle of
white light passed through the Sun's disc, and across
the parhelia S1, S*. A column of light also descended
from the Sun, as represented in the figure.
(902.) In a similar case with three parhelia, S', S", S*,
rith and a surrounding halo, Parry saw many rays of con
tinuous white light proceeding from the Sun S, and ex
tending in various directions beyond the halo. These
rays were brighter after they had passed the halo, than
is the part within it. This is shown in fig. 12.
(903.) Mr. White saw at Bedford a beautiful combi
nation of this kind. A B, fig. 13, is the Western hori
zon, and S a portion of the solar disc, appearing like
burnished gold above a dark Cirro Stratus Cloud. S1,
S1, S* are three parhelia, and de a column of white
light, reaching to the horizon below, and extending in
definitely upwards ; f, g, h were fragments of a solar
halo, exhibiting the prismatic colours ; i, k, I three
luminous trains of lights, terminating in points, the
train k being highly coloured with yellowish red vapour,
owing'probably to its being situated in the centre of the
column of light de. The train m terminated abruptly,
but was more distinct than the train n, which ended in
a point.
(904.) We have before remarked that parhelia S1, S*
are sometimes formed outside the halo, but it is rare.
Parry remarks, that on one occasion, an officer reported
the angular distance between the parhelion and the Sun
to be 24° 40', and the radius of the halo 22°30/. This
was regarded for the time as an error, but subsequent
observations abundantly confirmed it. On this occasion
an inverted portion of another halo touched the usual
halo in a point immediately above the Sun, as in fig. 14.
(905.) Sometimes parhelia S1, S' appear on each
side the Sun S, with a halo passing through them, and
two inverted arches above, one touching the perfect
a. halo, and the other formed above it. Both the fictitious
Suns had tails of a whitish colour proceeding from them,
as fig. 15.
(906.) A second halo may surround the first, as in
tt'a fig. 16, with an inverted arch above it, as well as on the
interior halo. This was an example seen by Martin
Folkes, P. R. S.
(907.) A still more complex form is, however, some
times presented, as fig. 17, and which was observed by
Parry, where S is the true Sun, having an altitude of
■ :*-! about 23° above the horizon h h, and t u an entire horii. tonlal circle of white light, whose plane passes through
the Sun. Immediately below the Sun, at S1, was a very
bright and dazzling parhelion, but not prismatic ; and
on each side, at the intersections S*, S* of a circle
S1, S«, d, S", whose radius was 22|°, with the horizontal
circle t u, prismatic parhelia were formed. In contact
with the upper part of the halo was an arch, x d v, of an
inverted circle, having its centre apparently about the
zenith, and very strongly tinted with the prismatic co
lours. Above this arch was one, ke.l, apparently ellip
tical, the point e being distant from the Sun about 26°.
The portion included between x and v was prismatic,
but the rest white. The space between the two pris
matic arches, x, e, r, d, was extremely brilliant by the re
flection of the Sun's rays from the innumerable minute
spicule of snow floating in the atmosphere. Surround
ing the whole was a circle, qfr, having a radius of 45°,
strongly prismatic about the points fqr, and faintly so
id all its other parts. Above this large circle was a
wnall inverted arch, m n, strongly prismatic, and having
VOL. T.
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its centre apparently in the zenith. Springing from the
points q and r were arches, r p and q o, of large circles,
very strongly prismatic. In the outer circle, two spots,
yy, more strongly prismatic than the rest, were perceptible.
(9080 But three fictitious Suns, S1, S«, S3, are at Three par
other times very differently disposed, and producing very helia with
different phenomena, as in fig. 18. In this case S is several
halos.
the real Sun, having a very bright halo of the ordinary
size surrounding it, tinted with the prismatic colours.
On its upper limb, a bright fictitious Sun was formed,
as S', the rays of which produced a second halo of a
smoky white colour, well defined in its whole circum
ference, and double the diameter of the other halo. S*
and Ss were other fictitious Suns, the rays from which
formed the circles mn, r p. The rays thrown off also
at the intersection of these circles at n, formed segments
q, r of a fifth halo, about 120° of which was below the
horizon.
(909.) Four parhelia, S>, S\ S», S«, appear some Four par
times disposed, as in fig. 19. This splendid example helia with
was seen by Hevelius at Dantzic, 20th February, 1661. several
Four parhelia were also observed by Mr. Whiston, as
in fig. 20. The true Sun S had a halo surrounding it,
and two arches touching the halo and each other at V.
At M appeared a smaller arch, convex also to the halo.
The parhelia S1, S* were formed outside the halo, and
from them proceeded narrow, pale whitish streaks of
light, resembling tails. These soon extended them
selves so far as to meet in a point opposite the Sun,
forming a great circle parallel to the horizon. At Ss
there appeared a third fictitious Sun, and shortly after
a fourth at S4. At P there was a small portion of a
secondary halo.
(910.) Five parhelia, S1, S*, S", S*, S», are shown in Five parfig. 21, formed at the intersection of the several halos,
S being the true Sun. This fine example was seen at
Jackson in Tennessee, 19th August, 1825.
(911.) The most splendid parhelion of recent times Six parhe
was that seen at Gotha, on the 12th of May, 1824. The lia.
part of the sky occupied by the Sun was covered with The most
complex yet
small light Clouds, as well as very small white detached recorded.
Clouds upon the sky opposite, and upon which the par
helion appeared, the phenomenon being always inter
rupted in the clear blue sky. The true Sun appeared
at S, fig. 22, a circle of shining yellow light, S'.C, S«, S»,
surrounding it, its interior margin being red, and its
opposite green. At S1, S* two parhelia were seen a little
out of the halo, and of the same elevation as the real
Sun. These parhelia were very bright, and displayed
all the colours of the rainbow, the red being as usual
nearest the Sun. At S* appeared a third parhelion,
less bright than the others. From A and B sprung an
arc concentric with the halo S', C, S*, S*, whose radius,
S A or S B, was double the radius of the first halo. The
upper part of this arc glowed with the most brilliant
colours, the red being towards the Sun. The remaining
part of this halo dipped under the horizon. From the
same points A. and B, another arc A DF B proceeded,
showing at D and F very lively colours, but at its ex-,
tremities A and B, as well as in its middle portion D F,
it was whitish. In these two arcs, the red colour was
nearest the Sun, and the green on the opposite side.
During a part of the time, an inverted arc D C F was
seen in contact with the first halo at C; but at another
interval of the phenomenon, two intersecting arcs ap
peared to spring from C, as in fig. 23. At this moment
the point C displayed extraordinary brilliance, but no
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image of the Sun. Another circle K G L appeared also
with very brilliant colours, touching the circle AHGIB
at G, the red being on its outer border turned towards
the Sun, and its inner circumference green. This circle
was rather smaller than that surrounding the Sun. In
the neighbourhood of G, the colours had extraordinary
brilliance.
(912.) A large luminous circle, having the zenith Z
for its centre, passed through the centre of the true Sun
and the parhelia Sl, S« parallel to the horizon. Three
other parhelia, S4, S», S", appeared upon this last circle,
the two first being eacli 90° from the real Sun, and the
last 180°, or immediately opposite. Two luminous
arches, O P and Q R, seeming to be portions of two
great circles, intersected the fictitious Sun S« at right
angles. Another observer saw these same arches cross
ing the horizontal arch nearly in a vertical direction, as
fig. 24. During the continuance of the phenomenon, a
portion of a circle, M S* N, was seen for a short time,
and afterwards reappeared. This beautiful spectacle
first appeared at 6£ hours a. m., and at five a. m. the ther
mometer was 364° of Fahrenheit, so that at no great
elevation in the atmosphere, the temperature must have
been at the freezing point
(9 1 3.) At Kiaihta, in Siberia, on the 4th of February,
Seven par
1829, at sunrise, the cold being very severe, luminous
helia.
rays,, known in that desolate region by the name of the
Suit's ears, were seen on both sides of that luminary.
At ten a.m. these rays changed into parhelia, an im
mense whitish column, similar to a comet's tail, issuing
from the Sun towards the West, formed at length a
perfect circle round the heavens. In the circumference
of this circle were seven images of the Sun, pale and
without rays, at nearly equal intervals from the Sun and
from each other.
Singular
(914.) A singular phenomenon was seen by Mr.
phenome Fallows at the Cape of Good Hope, which Dr. Young
non seen regarded as fragments of corona;, but which Brewster
at Cape of
Good Hope. thinks must have been parhelia. On a clear evening,
when the Sun's lower limb had just dipped the water's
edge, seven luminous appearances of the same shape,
but rather less than the real Sun, were perceived. These,
at the moment the upper limb of the Sun came in con
tact with the horizon, appeared as bright points upon
the water's edge, at which time one of them vanished
instantaneously. This remarkable appearance is illus
trated in fig. 25
(915.) Parry observed, that though parhelia seem, to
Parhelia
formed on an observer placed nearly on a level with the sea, to be
some me at a considerable distance from the eye, they are never
dium com theless found on ascending a gentle eminence to be
paratively
close to ob formed on some medium comparatively close, perhaps
only one or two miles distant.
server.
(916.) Parhelia occur most frequently, and exhibit
Parhelia
occur most the greatest intensity of light, at low elevations of the
frequently Sun. This is often particularly observable in the short
ami exhibit
greatest in days, when these phenomena assume a very brilliant ap
tensity of pearance soon after sunrise.decrease in splendour towards
light at low noon, and resume their brightness as the Sun descends
elevatious towards the West ; continuing, however, distinctly visible
of the Sun. the whole time, and being sometimes accompanied by a
Hence seen more or less perfect halo undergoing corresponding
in short
variations. Diversified, and most attractive as these
days.
beautiful phenomena really are, we must, nevertheless,
hasten to the consideration of another part of the subject.
(917.) Not only is the Sun surrounded with beautiful
phenomena of this sort, but the Moon also is attended

by an appearance of the same interesting kind, denomi Meteor,
nated Paraselene. Dr. Trail records an interesting olugj.
example of a wide halo, faintly exhibiting the prismatic
colours formed round the Moon as a centre, a small Paraselene,
portion of its circumference being cut off by the horizon. Dr. Trail'i
(it
This circular band was intersected by two small portions
of a larger circle, and which, if completed, would have
passed through the Moon parallel to the horizon. At
the points of intersection appeared two luminous discs
tolerably well defined, equalling the Moon in size, but
less brilliant. The Western paraselene had a coma di
rected from the Moon ; that of the Eastern paraselene
being much less distinctly marked, and soon lost in the
adjoining segment of the larger circle. A representation
of this phenomenon is given in fig. 26.
(918.) At half-past six p. m. on the 1st of December, Pairy'i;
Captain Parry saw part of a circular halo, whose radius
was 22° 52' round the Moon. Part of a well-defined
horizontal circle of white light, passing through the
Moon, extended for several degrees on each side of her,
and in the points where this circle intersected the halo,
were paraselene. In the part of the halo immediately
over the Moon, was another, much brighter, and oppo
site to it, in the lower part of the circle, another similar,
but much more faint. About the same time on the fol
lowing evening, two concentric circles were observed
round the Moon, the radius of the smaller being 38°,
and of the larger 46°. Upon the inner circle were four
paraselene, strongly prismatic, and situated with regard
to the Moon as on the preceding day. There was also
a faint horizontal circle of white light passing through
the Moon as before.
(919.) Parry gives also another case of a halo whose another ol
radius was 22° 30', which had in it three paraselene, Purjr'i.
very luminous, but not tinged with the prismatic colours ;
and, on the following day, the same phenomenon oc
curred, with the addition of a vertical stripe of white
light proceeding from the upper and lower limbs of
the Moon, and forming with a part of the horizontal
circle seen before, the appearance of a cross. This
is represented in fig. 27. There was also at times
an arc of another circle touching the halo, which some
times almost reached to the zenith, changing the inten
sity of its light very frequently, not unlike the Aurora
Borealis.
(920.) One of the finest examples of paraselene was Th*' seen
that seen by Hevelius at Dantzic, on the 30th of March, ^HCTe"
1660, about a. m. The Moon A was surrounded by an
entire whitish circle B C D E, in which were two mock
Moons at B and D, displaying various colours, and
shooting out at intervals long whitish beams. About
two a. m. another circle surrounded the first, reaching to
the horizon. At the summits of each of these circles,
inverted, coloured arches were seen, the lower having
the least curvature of the two. The exterior circle va
nished first, then the largest of the inverted arches at C,
and afterwards the other ; and lastly, the inner circle
B C D E disappeared.. The diameter of the inner circle
was 45°, and of the exterior 90°. See fig. 28.
(921.) Amidst the unbounded diversity of the Clouds, Anthelioi
there are some which reflect at times the Sun's image as
from a surface of water, the phenomenon being hence
called an anthelion. This appearance seems to result Causes,
from two refractions and an intermediate reflection within
the same icy crystal, causing a deviation of about
120° + 22° = 142°. and sometimes with two interme
diate reflections, producing an angle of 60°+ 22°= 82°
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only ; bat it is difficult to account for the appearance of
an anthelion exactly opposite the Sun, and for the unu
sual appearances which have sometimes been delineated
as attending it.
(9*3.) Howard has frequently been able to trace the
Esnnfi
Motion anthelion in greater or less perfection, on the perpendi
cular sides, or in the recesses between the crown and the
foot of a large Curaulo Stratus, the Cloud being opposite
to the Sun at a moderate elevation, and the upper sky
clear. Under such circumstances, he says, we may
sometimes discover at intervals, a broad spot of light,
much brighter than the rest of the Cloud, and proceed
ing now and then to a momentary circular image, which
is presently lost again by the change of form or direction
In at of that part of the surface of the Cloud. Swinton, in the
fine example which he saw of it from the top of Shotover Hill near Oxford, describes the anthelion to have
been as large and bright as the true Sun, but not so
well defined.
(923 ) Sometimes when we are standing on elevated
ground, and our shadows are thrown on Clouds below,
coloured circles, called Glories, may be seen surrounding
our heads. When Bouguer and his companions were
on Pkhinca, u high mountain in South America, the
Sun was just rising behind, and a white Cloud formed
about thirty paces before them. On this Cloud each
person saw his own shadow projected, but no other.
Each shadow was perfectly defined, but the head was
adorned with a kind of glory, consisting of three or four
small concentric crowns having all the colours of the
rainbow vividly displayed, the red being on the outride.
At a considerable distance, a large white circle, 67° dia
meter, surrounded the whole. Howard and his family
beheld a similar phenomenon at Folkstone ; and he re
marked, when any one of the party removed to a dis
tance, that his shadow passed the halo that surrounded
them, and appeared by itself, deprived of the glory ;
but the individual so removed, continued to see the
glory surrounding his own shadow ; those of the rest
appearing to him without it. A beautiful example oc
curred to Dr. Haygarth, and is described in the Hid
Volume of the Manchester Memoirs. His shadow was
surrounded by coloured corona?, and next to these were
i bright arches, wider than those of a rainbow. Dr.
Young explains these phenomena by the interference of
some of the portions of light regularly reflected within
the minute drops of water, with other portions, incident
at a different angle, but after an equal number of reflec
tions, coinciding ultimately with them in direction ;
supposing only the Clouds in question to afford a num
ber of these drops varying but little from each other in
diameter. Dr. Young's investigations of this truly
beautiful subject are well deserving- the deepest atten
tion. The Spectre of the Brocken is well worthy of at
tention, and is described in many popular Works.
Solar and Lunar Rainbows.
(924.) The rainbow cannot but be an object of espe
cial interest to the Meteorologist, connected as it is with
Clouds and all the phenomena of rain. Its optical pro
perties, however, having been so ably described in an
other part of the Encylopcedia, we shall do little more
than refer to some of its more remarkable appearances
in this place. Rainbows may be divided into two
classes, belonging to the Sun and Moon. With the or
dinary appearances of the former we are all
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though there are phenomena often which deserve in
an especial manner the attention of the ardent Meteor
ologist.
(925.) Although reflected upon a dark Cloud in its Solar someusual formation, as upon canvass, the rainbow sppma timesvisibla
Clouds
nevertheless, at times, to appear when Clouds are when
are 8carcej_
scarcely to be seen. Howard records an example of a t0 be seen,
few lightClouds beginning toappcar in different quarters,
but none over the place of the bow ; nor was the falling
mist that afforded it of sufficient density to obscure the
sky. Sometimes a small portion only of a rainbow is Only part
exhibited on a few light Clouds. As these advance, the of a rainarch may increase, and the whole rainbow become at bow somelength complete. The other extremity may then fade tlmes seen"
and become reduced to a pale white, and the whole may
eventually be reduced to this slate. In an instance of
this sort, Howard thought the rain was formed and pro- Howard's
pagated in the atmosphere with such rapidity as scarcely remarks on
to afford ti me for the formation of drops, in the form of aQ(j propaCloud. Frequently small portions of the rainbow may Ration of
be seen in different places.
rain.
(926.) When a brilliant rainbow with its complement- Remarks on
ary one are sometimes exhibited, the space included sl,ace bewilhin the proper bow is perceptibly lighter, and that tw.een
without it, extending to the outer bow, as much darker s,!™nuUry
than the rest of the Cloud. Howard saw on a Nimbus rainbow."
a double rainbow on a ground of purple.
(927.) A third iris between the common ones, and Third rainnot concentric with them, has also been seen, probably bow*
the result of reflection. Within the purple of the com- Other
mon rainbow also, arches have been seen, the first of"
which exhibited yellowish green, darker green, and
purple ; the second green and purple ; and the third
also green and purple. These were seen by Daval, and
described by him in the Philosophical Transactions for
1749. He remarks, that these splendid additions of
coloui were not visible near the horizon, although the
bow was very bright there. The supernumerary rain
bows sometimes seen are particularly deserving the at
tention of the Meteorologist. Bulfi tiger saw three
within the primary rainbow, the first of which was red,
the second blue, green, and red, and the third dark red.
A colourless bow may soon be followed by one having
the usual colours.
(928.) Rainbows have been seen in the twilight by Rainbows
reflection. The rainbow also has been seen distorted, se*n iu tne
probably by refraction. An hyperbolic rainbow on the Distorted
ground has been witnessed, and also one inverted on raini,ow,
the grass, formed by the drops of rain or dew suspended Rainbow on
on spiders' webs in the fields. Two rainbows also have the ground,
been seen, one by reflection from the sea. Red rain- ^*ml,?wby
bows likewise occur. On the other hand, bows per- Rejan^"
fectly colourless have been seen in mists. On the clear- colourless
ing up of a considerable fog, and when the Sun was rainbows,
just visible, a rainbow of this sort was seen, whose breadth
was about double that of an ordinary rainbow, and its
colour grey. Near the ground the colour was brighter
than towards the centre. Near the extremities of the
bow were streaks of white of peculiar brightness. A
haze bow of distinct and dazzling light was seen by Haze bow.
Parry, having its edges softened off, and without any
appearance of prismatic colours. The legs of the bow
rose out of a bluish haze.
(929.) One of the most singular rainbows on record Halley's
was that seen by Dr. Halley from the walls of Chester, singular
ABC and D H E, fig. 29, were the primary and second- rainbow,
ary rainbows as seen under ordinary circumstances.
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Meteor- Between these was another arch, AFH6C, rising from
ology. the intersections of the horizon with the primary rain■v"""'' bow, and in its upper part dividing the secondary bow
into three nearly equal parts. This intermediate arch
was coloured in the same way as the primary rainbow ;
but during the progress of the phenomenon, Halley saw
the points F, G rise, and the archF, G gradually contract,
till the portions of the two bows between those points
were identified. The intermediate and secondary bows
having their colours contrary, produced, therefore, white
between the points F and G.
R.iinbows
(930.) Rainbows have been seen crossing each other
crossing
nearly at right angles, as fig. 30.
each other.
(931.) Mr. Sturges saw at Alverstoke, in the SouthTwo prim..ry rain- East, a dark Nimbus, at a time when the Sun shone
Vows with brightly, near the North-West. Two primary rainbows
a secondary appeared, not concentric, but touching each other, in the
bow to each. South part of the horizon, with a secondary bow to each,
also in contact. Both the primary bows were very
vivid for a considerable time, and at different times
nearly equally so. The two sets of rainbows were un
equal in size, the smallest ultimately vanishing, at
which time the greater became a semicircle, the Sun
being nearly setting. It was a perfect calm, and the
sea, acting like a mirror, produced the smaller of the
two rainbows by reflection. Edwards describes a rain
bow which must have been formed by exhalations from
the City of London, when the Sun had been set twenty
Rainbow minutes, and, consequently, the centre of the bow above
formed by the horizon. The colours were the same as in the or
fiom Lon dinary rainbow, only fainter.
(932.) A lunar rainbow is but very rarely seen. It is
don.
sometimes white, and at other times its colours differ
but little, excepting in intensity, from those of the solar
Lunar rain rainbow. It is formed on the Nimbus, like the ordinary
bow.
rainbow. Its brightness is frequently unequal ; and in
a case mentioned by Howard, its Northerly portion,
near the Earth, had the colours very distinct ; but in
other parts they were scarcely distinguishable. A se
condary arch was also perceptible, nnd very well defined.
Its Northern extremity was coloured like that of the
primary bow. The white portion vanished first. Some
times a part only of the usual colours are lively and
distinct. The lunar rainbow may first appear white,
and afterwards develope colours.
Meteors.
Meteor*.

seven or eight seconds. Some were seen even a quarter
of an hour after sunrise. Humboldt found by collating ology.
different observations, that this brilliant appearance was
seen over an extent ofthe Globe comprising 64° of lati
tude and 91° of longitude ;—at the Equator, in South
America, at Labrador, and in Germany, a space cmbracing 921,000 square leagues. Some of the Franciscan
Monks situated at Maroa on the batiks of the Rio Negro,
marked the day on their Ritual.
(935.) Thirty years before the phenomenon witnessed
by Humboldt and Bonpland, there was seen at the
City of Quito, in the part of the sky above the volcano
of Cayambo, so great a number of falling stars, that
the mountain was thought to be in flames. The people
assembled in the plain of Exido, where a magnificent
view presents itself of the summit of the Andes. A
procession was already setting out for the Convent of
St. Francis, when it was perceived that the blaze in the
horizon was caused by fiery meteors which ran along the
sky in all directions, at an elevation of about twelve or
thirteen degrees. And that this was not entirely a Conned
superstitious fear, but justified by past events, may be of these
gathered from the fact, that during the earthquake which pheoonr.
occurred in December 1809, at the Cape of Good Hope,
" an uncommon number" of shooting stars fell. At
Kingston in Jamaica, also, in November 1812, a large
meteor appeared a few minutes previous to some alarm
ing and tremendous concussions.
(936.) Between the Tropics, at the end of March, Small e
Humboldt informs us that the Southern region of the tricexp
atmosphere is illuminated by small electric explosions, "onsin
phosphorescent gleams, circumscribed by groups of
vapour.
(937.) According to Forster, the number of falling Remaii
stars in the month of August in England, is to the numbei
number which fall in September as three to two. In all meteon
the other months, this phenomenon is three times less g^"n";
frequent than in August. There are months, however, anj y,
in which Brandts has reckoned in our temperate zone boldt.
only sixty or eighty falling stars in one night, and in
other months their number has risen to two thousand.
Whenever one is observed, says Humboldt, which has
the diameter of Sinus or Jupiter, we are sure of seeing
so brilliant a meteor succeeded by a great number of
smaller ones. If the falling stars be very frequent during
one night, it is very probable that this frequency will
continue during several weeks. According to Brundes, jrt.-.the number of shooting stars which approach the Earth, which
surpasses those which recede from it ;* and from this proad
it appears that during the short time of their appear Earth
t)
ance, they are under the attractive influence of the eced
which
Globe. Forster likewise observes that meteors are not
c
seen below Clouds ; nor are any, excepting the larger
and brilliant kind, usually observed when thin Clouds
are present. This may result from their formation re
quiring another condition of the atmosphere than
what is necessary for the formation of Cloud. When Absei
great meteor appeared near Benares, the sky was per- cloud
fectly serene, nor had the vestige of a Cloud been seen
eight days previous, nor were any observed for manydays after. Benzenberg and Brundes consider them as
belonging to the furthest limits of our atmosphere,

(933.) But there are still other luminous appearances
in the atmosphere demanding the attention of the Me
teorologist, but to which we can only very briefly allude
here. These are the meteors which occur under so
many diversified circumstances, from the feeble shooting
star which has but a momentary existence, up to the
immense bodies which terrify whole nations by their
magnitude, velocity, and splendour.
Shoot(934.) Shooting stars are far more abundant in the
stars in the Torrid zone than elsewhere. Towards the morning of
Torrid
the 11th of November, says Humboldt, writing of
xone.
Mexico, thousands of falling stars succeeded each other
for four hours, in the Eastern sky, with the greatest
regularity from North to South ; and his illustrious bro
ther traveller, Bonpland, remarked, that from the begin
ning of the phenomenon, not a space in the firmament
• The actual passage of some of these meteors upwards, haa
equal to three diameters of the Moon, was to be seen free led to the conclusion that they are not aerolites. M. Chladni, who
from these brilliant meteors. All of them left phosphores at first looked upon them as such, has lately abandoned this sup
cent traces from five to ten degrees in length, which lasted position.
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between the region of the Aurora Borealis and that of
the lightest Clouds.
(988.) According to Brandes also, although shooting
fafcrpnt
jlave a proper motion of their own, the greater
'too?* P81* °^ ^e*T *pparent velocity is an illusion, depending
'teiafl* on the movement of translation of the Earth.* The
Was.
continuance of their lucid trains is variable, enduring
.onger at some times than others. The light of meteors
was considered by Lambert as a celestial signal, which
might be employed for the determination of terrestrial
longitudes.t
tat a* (939.) But those grand and solitary meteors which
*■>
occasionally occur, attract in the highest degree the
rttention of mankind. There are many recorded in
history, some of doubtful tradition, and others which
the hand of Superstition has moulded to her dark and
suspicious forms. The large one seen all over Great
ma Britain. Ireland, Holland, and the hither parts of Ger
i;iM9. many, France, and Spain, at the same instant of time,
on the 19th of March, 1718—19, and described by the
illustrious Halley in the Philosophical Transactions, may
be referred to as a splendid and satisfactory example. In
Ttare- the Ephemerides of Kepler also, is an account of a meteor
which was seen all over Germany, November 7th, 1623,
0. S., and in Austria was heard to burst with an explosion
like thunder. It would be easy to multiply instances.
! Hi gut- (940.) The general appearances of meteors of this
jalippwr. liod seem to differ from each other very considerab.y, nor
mnritj can we entirely attribute to the excited imaginations of
observers, those great diversities by which their de
scriptions are characterised. It is very true, as Halley
once pertinently, remarked, that these splendid phe
nomena too often escape the observation of those best
qualified to describe them ; yet though destitute of
those habits of admirable caution which the Philosopher
after long and laborious discipline has acquired, we can
see no good grounds for rejecting in lolo all that has
been recorded respecting them. By some it has been
stated that they appear first as luminous balls, nearly
round ; that gradually becoming elliptical, tails are
created as they ascend ; that moving onwards, they at
length undergo, in some part oftheir course, a remarkible
ehange, resembling bursting; and that then proceeding
no longer as an entire mass, they are at length divided
into a great number of balls of unequal sizes, followed by
trains like the original body. Under this form, the
separated fragments may advance with a motion more or
less uniform, perhaps emitting sparks, and continuing
to afford a light more or less intense ; the body either
in its entire or disjointed state having described its im
mense trajectory in the sky, with a velocity so great, as
to baffle almost entirely the judgment of the most accu
rate mind, until at length it is lost in the great concave
itself, or proceeds beyond the furthest verge of the visi
ble sky, to amaze and terrify the inhabitants of another
land.
P rf
(941.) Respecting the paths of these meteors we
^ae" have no data to offer beyond the general observation of
Ofejj.
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Blagden, that the major part have been observed to
proceed from the North or North-West quarter of the
heavens, and to move very nearly in the present mag
netic meridian. This remark, however, is too vague to
enable us to draw from it any definite conclusions ; and
we can therefore merely state, that their paths are de
scribed in general terms as either vertical or horizontal,
but according to Edward Howard as travelling more
frequently in the latter direction than the former ; that
sometimes they ascend and descend obliquely ; some
times move vertically in a part of their course, and hori
zontally in the remainder ; at other times they rise
and fall and make lateral deviations from a right line;
on other occasions pursue an undulatory course, and
sometimes a kind of spiral line : sometimes ascend
to a small height and become stationary, which latter
condition, however, may be only apparent, and some
times exhibit distinct vibrations ; that their motion
appears also independent of the Earth's, being sometimes
directly opposite to it ; that sometimes they are formed
far beyond the limits of our visible horizon, and make
their appearance in or near it, ascend as they approach
us, and undergo an apparent descent as they recede ;
and that sometimes they become objects only of tele
scopic vision, having been examined as such by Kirch*
and the elder Herschel. At other times they appear
suddenly in the higher regions of the sky, giving no
notice of their approach until they dazzle us by their
splendour. They are known to have described tracks
of 1000 miles.
(942.) The forms of these meteors have been a fruit Capricious
and singuful subject for Superstition to dwell on, and ingenuity larjforms
has been taxed to devise descriptions for them. They tributed toat
have been described as round and elliptical, as columns
or pyramids of fire, comets, barrels, bottles, flasks,
spears, paper-kites—a form very often named ;—as a
pear with its large end towards the Earth ; truncated
cones, trumpets, tadpoles, glass-drops, quoits, torches,
javelins, goats, the Roman letter S, contorted Clouds,
and many other objects ; and from these diversities the
numerous appellations given to them by the Ancients
were borrowed.
(943.) Of their tails, the brightest portion seems to be Their trains
of the same nature as the body itself, and an elongation or tails.
of the matter composing it. The other, and commonly Colour..
the largest portion of it, appears to be matter left be
hind, far less luminous than the other part ;—sometimes
described as a dusky red, sometimes of a pure grassy
green, the tail seeming to partake of the colour of the
body of the meteor ; at other times as of a beautiful
rose colour, tinged round the edge with blue ; some
times emitting whitish and coloured sparks ; sometimes Sparks,
long and undulating, sometimes twisted and appearing and forms.
to lengthen from one end only,—again like along white
cloudy form, which may be gathered together and then
slowly divided, one part, perhaps, remaining stationary,
and the other moving off into some distant space.
(944.) Nothing, however, strikes the beholder more Their exces
than the excessive light these meteors sometimes afford. sive light.
• We thus arrive at a new proof of the motion of our Globe In the great one of 1718— 19, described by Halley, Sir That of
1718—19.
by observing a phenomenon so fleeting and inconstant as a shooting
atar!
* Kirch was a diligent observer. He saw a meteor, whose light
f There would be some difficulty in this on account of our not
knowing when to expect them ; and supposing a night were selected was most intense, dart downwards obliquely, which where it seemed
when many meteors occurred, how should we be able to know that to terminate, left two nodules visible only through his telescope.
the tame meteor was observed by separate persons ? An example Herschel followed the great meteor of August 1783, for 20 or
of the difficulty of observing even rockets, the firing of which had 25 seconds, with his telescope, during which it remained almost in
been previously arranged, may be gathered from Mr. Herschel'8 one situation, within a few degrees of the horizon, confirming at
Paper in the Truntactioui of the Royal Society for 1826.
once its great deration and its long journey to the South.
*2a
TOL. V.
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Hans Sloane spoke of its light as being of so vivid and like the discharges of musketry and cannon, whizzing,
dazzling a lustre, as to compel him to turn his eyes etc. Some of the recorded instances, however, must be ology.
several times Irom it. Hence people have read by the received with caution. The explosion that attended the -""v^
light of meteors; minute objects have been rendered great meteor of 1718—19, rests, however, on very good JJ'j''
visible on the ground in the darkest night, and larger evidence. It appeared like the discharge of a broadones many miles from the eye. The illumination is side at some distance ; and in Devon and Cornwall it
often so great as totally to obliterate the stars, to make,, .very sensibly shook the glass windows and doors. Mr.
the Moon look dull, and even^tfo ^fflret'tbe^ieerators ' CrrJwys, P. It.
S>( "Tiverton, had a looking-glass
like the Sun itself. Many instances have occurred in broken, which being loose, fell out of its frame by the
which meteors have made a splendid appearance in full concussion. Though it exploded over Tiverton, the
sunshine. ■:!• I. i., 1 ■ r>,li to tw,i-<\< ?it/rir<['r.<v:> sound was heard fai London, notwithstanding an East'
• .,<j . .„,' n ,,,,„,, ., , ,
Colour of... (94&.)'iThecolour of theiriUghtifc various nndtcaange- erlviwlodl: '!,),.. :-:■_,>:,.:. ,,„.
their light. aWe, but generally of a -bluish casti whiohi: makes it j
(949.) No adeqUateiidea,c»nite formed of. the. siaesof Their sin
Its effect on appear remarkably white. The Moon, whenna treat • meteors, i TheiMaon haa vjelsyi often, beeH adoptedjas a[un^nowa
the Moon. meteor occurred at Brussels, appeared quite i red, but I standard of comparison for judging of .their , apparent
soon recovered its natural ilighUu,' Metaors- have beenii dimensions ; but this mode ought iralber to be remarried
Pure grass seen of a singularly pure grass green. Thitiaeert-hy asia igeneral effect of the strong impression produced,by,
green.
Gassendi was inclosed in a luminous circle of co sncli isplendid oijectsi^m ihei.nlind. tlian us conveyiug
Prismatic lours like the rainbow, (^Prismatic colours have been any determinate idea, of their isiae. Jilag4«o. by:supi
colours.
seen in the body, in its tail, and even in the sparks poeHig one bo have subtended an angle of 30', when,
of a meteor, and differently by different peBsons. By it passed tite zenith fifty miles high, inferred it was, hatf
some they have been compared to the hues of gems. ' a mile across, and the train ten or twelve, times longer
Light vari Sometimes the body of the meteor' appears to consist than the body. By some their diameters have been
able.
of lucid and dull partsj perpetually ■changing* giving an ■ stated at more than a mile.
. on-n ,'(ti 1 -i • i U, tji- ,r, i;
(960.) The duration of a meteor . must be very differ-, The im
idea of an internal agitation or-boilirrg of the matterj"
ami in other oases seeming Jrkei>-inovable chasm's. ^ 'iti ently stated, partly because some observers uiu*t neces- ,lon of a
has also been compared to burning' brimstone or spifitsf1 sarjly JiaVe itiin view- a much longer I time, >tban> .others^ JjJugt'be
Change of to a pellucid ball of• fire, and liquid' 'pearl.1 Sometimes partly front locah'tyv fend partly, from: one i persoenin the. cecessari
colour.
the light of a tneteor1 appears to snffer a sudden dimi* same place having his attention called to it earlier than very dine
nution and then' to-revrve;1 giving' a notion ofsuccessive another. A meteor sometimes passing on in , its full entlyaUt
inflammation* Sometimes ' meteors' and their trains splendour becomes suddenly extinct, without any ap
have been seen vtrnite liH near their extinction', when pearance of' bursting or explosion.! Meteors also have
they have become a Wright blue and tinged at their>ends: become suddenly extinct, and passing on revived again.
with Ted;'' Sometimes the liijlrt <ie described as perfectly Their duration is sometimes so short that good observers
white1, and sometimes as brightrbluej ■ ■ ' '■ '■■ ■> - Un» s»> find 4* utterly impossible to state the direction in which
'< •(846.) ■ Of 4hose>*e*n by flsfy.i their> observer*' have* aV it proceeds. Blagden said of a meteor, that he could
Meteors
seen byscribed them art Tunning like fife, bsrstingiHW a rocket/ not tell whether it proceeded from or towards the South.-.
day.
•« | -i.i ... .,
'-„:.,. ,.„
and'vontslm)gfcuddenty;leavingat times trains or columns East/ ><;.: Ul.y,
or Smoke. •' The latter pherwmenotv'has been recorded
(951.) Of their velocity we can .give .but very vague The vela
by several observer^. ">
H H -Avw. -jilt to n<>,i,. . f^.|<. and uncertai n . notions.' Blagden . stated one . ■ to have p&j of m
(1947:) The freight of mete^iB-'at'ipnssent'ehtitiBly' moved twenty miles i per second, which exceeds ithat»£>.teors'
Height of
meteors. conjectural. Halle^ bdrrtputerV tKe great one! of lf!18*-49' t sound ninety times, and approaches to that of the
td> have been fifty mHes high, but (hey must itl ways" Earth in its annual course. At this rate. it.must have
abpear'tiruch nearer than1 they really are from the effeet' passed over the whole of (ireat. Britain io less thauproduced by their great light, when' seen without inter hs^f a minute," and' might haven reached Rome,, which/
vening objects. Sometimes 'their elevation is stated
there (b; some gr-ouud for 'Supposing it did, within a
from 20 to 100 miles. That seen by Aft Antbnio BraK- minute afterwards.' In seven, .-minutes such a meteor,
calassi about five a. m. on the 2d ofJanuary near'Aressoy would hkvfl' teeversed the whole diameter of the Earth,,
appeared only 100 paces from hurt; and lO fatn'Ornsor Byothere' their velocity has been estimated at even, thirty
lees from the ground. M. de ' Luc has 'seen1 meteor*- or forty miles per jsecotid. One seen by Gay, Lussuc
from the tops of very high mountains', and in thattofty' remained stationary for five minutes. One seeu^Nor
region they seemed to be at a very great distant*. vember 7thl: 1811, passed over 60° in the third of .a >
Such meteors as pass like a flash of lightning; 'must, minute. Meteors sometimes appear to start forward hyi
; vn„ . • .. 'I ^ '.«•»,
u to
where observers are prepared, afford grea't advantages sueeesaiveifhW ■'
(9&2 ) The bodies actually discharged from these
for determining their height, 'as they'-must be1 seen
nearly at the same moment of time and in the same luminous M*teors,'will be noticed under tliei head .of
place by different observers. 11
•'■ •>-■'•'" " ' ■'>''• STONtss,-'(MBtEORiC,) in the MisctUaneom Division.
Meteors are "(948.) It seems beyond all doubt t*rat tftese meteors ■ A few other Meteorological subjects which we are
attended at times are attended with explosions. 'Perhaps *H ' are compelled to leave unnoticed heite, will find their place
with explo so ; nor is the absence of soitndin a particular locality any- in our Alphabetical arrangement, and the Beader will-be
sions.
to fhem by consulting the General Inden.
Description evidence that no sound is produced'. " An immense me easily guided
>
, 1 .
i. ... 'i ii 'i. ir . i ■
of sounds. teor may pass without any sound over a district,' and in
one adjoining a noise may be heard. " Meteors may be
GEORGE HARVEY. ..
i .
formed in one' regmn, pass over art inime'nse interval,
■ i'J
explode,' and their fragments finally disappear in atiothef
■ -ii
very distant. The resulting sounds Hiive' been variously
Plymouth, July 3\si, 18S*.1,'li il' -i '/ j,.;1:!described, as dull, resembling the noise of a carriage
1
: t
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Since Astronomy first assumed the form of a Science,
■ bxi the inquiry into the Figure and dimensions of the Earth
pyw has always excited the interest of Philosophers. It can
bardly be doubted that in the mind ofa reflecting man
there would always be a desire to know the nature of
the Planet upon which tie existed ; but without Science
nf an exalted order, it would be impossible for him to
gratify his curiosity. For the Astronomer, however, it
was absolutely necessary to know something of the form
of the Earth; and Astronomy alone gave the means of
'letermining it. While the only observations of the
heavenly bodies consisted in watching the rising and
setting of the Sun and Stars, the form of the Earth was
a matter of indifference ; but when an attempt was
made to reduce to a system the motions of the lumi
naries and Planets, it was necessary as a preliminary
step to assume, and even to establish by something ap
proaching to demonstration, a hypothesis on the Figure
of the Earth.
At present the determination of the Earth's Figure
possesses an interest of which formerly it was altogether
destitute. The Astronomers of antiquity knew that the
Earth is nearly spherical ; they had also some not very
correct ideas of its magnitude ; and this was sufficient for
their purposes. But the sphericity of the Earth, when
thus established, was an isolated fact. It was proved
by the impossibility of explaining certain phenomena on
any other hypothesis ; but it was not connected with
any general theory which made this Figure a necessary
consequence of the properties of matter. But by the
discoveries of Newton the Figure of the Earth was shown
to depend on the same theory which explains with such
wonderful accuracy the motions of the Planets and their
satellites. The investigations of the most profound
Mathematicians have since been directed to its determina
tion, from the Principles-of Gravitation ; and the labours
of the most able experimenters have been employed in
ascertaining it from actual observation ; and the com
parison of the results of theory and of observation shows
that their agreement, though not perfectly exact, is
sufficiently so to enable us to assert with confidence,
that the Principle of Gravitation is well founded.
Indeed, for one part of that Principle, (viz. that the
attraction of a Planet is not a force directed to its centre,
but is the resultant of all the forces directed to every one
of its particles,) it may be considered as affording the
most satisfactory proof that we can expect ever to have.
Under the head of the Figure of the Earth we pro
pose not only to consider the theoretical form, and to
give an account of the principal measures and their re
mits, but also to explain the most remarkable pheno
mena depending on its Figure ; namely, the variation of
Gravity on its surface, and the disturbances in its own
motion, and the motion of the Moon, occasioned by its
deviation from the spherical form. And in connection
with this subject we shall give a short account of the
experiments which have been made to determine the
*ol. v.
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comparative density of the superficial and the interior History,
parts of the Earth. The whole may be considered as v—«-v»"'
a collection of various classes of observations which
have been made for the examination of that part of the
Principle of Gravitation which asserts that '* the attrac
tion of a mass is the sum of the attractions of every one
of its particles."
Section 1.—History.
It was probably by observation of the form of the General
Earth's shadow, as seeu in eclipses of the Moon, that Principle of
the Figure of the Earth was first ascertained to be Meri<h»n
nearly spherical ; and the necessity of an allowance for me4,ures*
parallax in the Moon's declination would very soon
teach Astronomers that the place of observation was
not the centre about which the lunar revolutions were
performed. But these remarks would in no degree
enable them to form an idea of its magnitude. The
method of determining the dimensions by measuring an
arc of the meridian has been employed with no altera
tion of Principle from the time of the Alexandrian Astro
nomers to the present day. Let A, B, fig. 1., be two
places of observation ; A C, B C, lines perpendicular to
the surface at those points : suppose these perpendicu
lars to intersect in C ; let A F D, F B E, be horizontal
lines ; G A, H B, parallel lines, representing the direc
tions of the visual rays from the celestial Pole, or from
some very distant object, as the Sun or a Star. By
observation of the angles H B E, GAD, (the altitudes
of the Pole, or the Sun, &c.) their difference is known ;
that is, the difference of H B E and H K D, or K F B.
which is equal to A C B. The length of the arc A B
can be measured ; knowing then the length of A B, and
the angle A C B, and assuming A B to be a circular
arc, the length of A C or B 0 can be immediately cal
culated. Instead of calculating the length of A C it is
rather more convenient to calculate the length A M,
which corresponds to an angle ACM of one degree ;
and this is usually called the length of a degree on the
Earth's surface. It is plain that this process can be
applied only when the vertical plane which passes
through the two places, passes also through the body
observed; and the observations must either be simul
taneous, or must be of such a nature that a small error
in the time (which in practice is inevitable) will pro
duce no sensible error in the body's altitude. From
these considerations it appears that A and B must be in
the same meridian. If we assume the Earth to be
spherical, we shall by this method find its radius ; or if
we perform the same operations in different parts of the
Earth, and always find the same value for the radius,
we may infer that the Earth is spherical.
This is the method pursued in the earliest measure of
which we have any tradition, that of Eratosthenes. For
we cannot hold with some writers that any real measure
is alluded to by Aristotle, De Ccelo, lib. ii., wheu he
165
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Figure of speaks of the circumference of the Earth as being ation in the altitude of the Pole, to be one degree. History.
the Earth. 400,000 stadia, according to the opinions of the Mathe One party found the distance 56 miles of 4000 cubits, v.^/^
maticians of his time. Eratosthenes, about 230 b. c, the other 56-| miles ; the latter was adopted as prefer
Estimation observed that at Syene, in Upper Egypt, the Sun was, able to the former. The length of the cubit, however,
by Eratos as far as he could discover, exactly vertical at noon, on is not known.
thenes.
the day of the summer solstice ; and that at Alexandria
Seven hundred years elapsed before another estimation By Firae
the Sun's zenith distance at the same season was 7° 12'. was attempted, and the scene was then shifted to
The former observation (according to Cleomedes) was Western Europe. Fernel, a Parisian, born in 1485,
made by remarking that the edges of a deep well threw (according to Lalande, Mem. Acad. 1787.) published
no shadow on the bottom, the latter by the use of the in 1 528 the account of a measure made in the neigh
aKatprj, a hemispherical bowl with a vertical style. bourhood of Paris. On August 25, he observed the
These circumstances will be represented in fig. 1 , if we Sun's meridian altitude at Paris ; he went Northward
suppose B H to be in the same straight line with C B, one degree, as nearly as he could judge, and on August
and G A parallel to B H, and the angle N A G = 7° 12'. 29 again observed the Sun's meridian altitude. His
He supposed Alexandria and Syene to lie in the same observations were made with a triangle, (not a qua
meridian, and reckoned their distance at 5000 stadia, drant,) of which one side, eight feet in length, was ver
which gave the Earth's circumference = 250,000 stadia. tical ; another side of the same length was movable
The length of the stadium here used is unknown, and it round the point of connection with the first, and carried
is unnecessary to point out the sources of error in this sights ; the third side measured the distance between
the other two, and was graduated as a line of chords to
operation.
By PosiAn estimation was also attempted (as the same author every minute of the quadrant. (This is the instrument
informs us) by Posidonius, who was contemporary with which Ptolemy describes as proper for the observation
Pompey the Great. It appears to have been intended of the Moon's parallax.) On applying to the Sun's alti
only as a rough guess, and is, in fact, much inferior in tudes the proper correction for change of declination, he
accuracy to that of Eratosthenes. He observed that found that his latitude had increased one degree. The
\.
the star Canopus was seen at Rhodes to just touch the distance was calculated from the number of turns made
horizon ; at Alexandria he estimated its meridian alti by the wheel of his carriage. The length of an arc of
tude at 7£° : the distance of the places was supposed to meridian of one degree, thus found, (56,746 toises,)
be 5000 stadia. This gave for the circumference of the agrees very well with the length given by modern ob
Earth 240,000 stadia. In this measure it is merely servations, (about 57,060 toises.)
necessary to observe that refraction was neglected, not
The next measure (that of Snell) is distinguished by By Siiel
being known ; and that no accurate estimation could be a very great improvement in the manner of measuring,
formed of the distance of two places separated by the —the substitution of trigonometrical operations for the
actual measurement of the whole distance by the appli
Mediterranean.
By Ptolemy In the AstronomicalWorks ofPtolemy (who flourished cation of rods or perambulators. This method is partly
about a. d. 137) we find no notice of the Earth's described in our Treatise on Thijonomkthy, section 9 ;
dimensions. He assigns as reasons for believing the and will be illustrated more fully in a succeeding sec
Earth to be spherical, that eclipses of the Moon, as seen tion of the present Essay. The account ofSnell's measure
at different places on the Earth, take place at different was published at Leyden, in 1617, under the quaint title
times with reference to the noon of the places of obser Eratosthenes Batavus de Terrte ambitds vera quantitate,
vation ; and that the differences of apparent times are Sfc. a Willebrordio Snellio svscitatus. He measured a
proportional to the distances East or West. This, we base of S26.4 Rhinland perches, and two bases of verifi
believe, is the earliest notice ofthe Principle of deducing cation of 348.1 and 166 perches, (each perch of 12 feet.)
terrestrial longitude from the difference of the apparent The length of the first base was, however, in reality con
times at which an eclipse of the Moon is observed. He cluded from a base of 87.05 perches ; for the calculated
remarks also that on going Northward, the number of length is used, though it differs a little from the mea
circumpolar stars is increased, appearances which could sured length. His angles were observed with qua
not exist if the Earth were plane, or cylindrical. But drants and semicircles. Thus he found the meridian
in his Geography he tacitly assumes the Earth to be distance between Alcmaer and Bergen-op-Zoom
spherical, and uses constantly as the length of one = 83,930.2 perches. Their latitudes he lound to be
degree 500 stadia. This estimation seems to have been 52° 40' 30", and 51° 29'. From this he found one de
made by Marinus the Tyrian, from observations of the gree of meridian — 28,473 perches. Between Leyden
latitude of very distant places, and from the rough mea and Alcmaer he found 1° = 28,510; finally he fixed
upon 28,500. As he was careful to compare his stand
sures of the distance made by sailors and merchants.
The dark Age which followed the overthrow of the ard with the standards of other nations, this measure
Alexandrian School, put a stop to all speculations on was readily reduced to French toises, and it gave
the Figure of the Earth. It was not till the Empire of 1° = 55,100 toises. A recalculation and reobservathe Caliphs had extended over the greatest part of the tion of the latitudes by Muschenbroek in 1729, gave
civilized World, and the Works of the Greek Astrono 1° = 57,033 toises. Another measure was effected (we
mers had been translated and studied by the Arabs, believe in nearly the same locality) by Blaeu, or
that another attempt wa~. made to measure an arc of Csesius ; it was said to agree in its results with Picard's,
Measure by tne meridian. Abulfeda relates that Abdalla Alma- but we are unacquainted with the details.
Almamoun. mourii wn0 begun his reign at Bagdad a. d. 814, having
In 1637 was published, The Seaman's Practice, confixed on a spot in the plains of Mesopotamia, ordered tayning a fundamentall Probleme in Navigation expe
one company of Astronomers to go Northward and rimentally verified, namely touching the Compasse of
another Southward, measuring the distance by rods, ike Earth and Sea, and the Quantity of a Degree in our
till each should find their alteration of latitude, or alter- English Measures, §c. ; by Richard Norwood, Reader
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f&xit of the Mathematicks, In this Work most of the older
p*Eirtb. measures are mentioned. It is stated, also, that a Mr.
^■■^ Edward Wright had observed the dip at Mount Edgecumbe. and had inferred the semidiameter of the Earth
PjSof. to be 18,312,621 feet The author then states, that on
•sad.
June 11, 1633, with a sextant of more thau five feet,
he observed the Sun's meridian altitude near the Tower
of London to be 62° 1'; and on June 6, 1635, he
found the Sun's altitude at York to be 59° 33' ; the dif
ference of latitude 2° 28'. The distance was measured
with a chain of 99 feet; the bearings of different parts
of the road were observed with a cireumferentor, and
the measures reduced by a Table. Fart of the distance
he paced, in which he says he came through custom
very near the truth. The number of chains was 9149 ;
from which he found 1° = 61,199 fathoms.
ErEhxicii. About the same time a trigonometrical measure was
attempted in Italy by Riccioli. Beginning with a base
of 1094 Bolognese paces, he found the meridional dis
tance from a point near Bologna to Modena 20,439
paces; the difference of latitudes he found to be 19' 25''.
The angles were measured with an instrument nearly
similar to that of Fernel. From this it appeared that
1°= 63,159 paces, = 61,478 toises, or 65,521 fathoms.
This measure has been universally condemned. The
Geodetic part was not well conducted, and the Astro
nomical observations were far below the general
science of the Age. . It has been remarked, also, that
Riccioli was persuaded of the accuracy of the Greek
estimations, which (in his interpretation) were consider
ably greater than the later measures seemed to shovf.
The part of his Works (Geographia) which compre
hends this measure, contains an interesting account of
all the methods of determining the Earth's dimensions
which were known at that time, and of all the estima
tions which preceding Mathematicians had formed.
The method which he appears to have thought supe
rior to all the others, is that of observing from each of
two stations the depression of the other; and he in
stances some observations of his own which give nearly
the same value for a degree as that which we have
cited. The principle of this method will be readily
understood by supposing P and Q, fig. 1, to be two
elevated stations, and remarking that if the angles
C P Q, C Q P, be observed, P C Q will be found by sub
tracting their sum from 180° ; and the distance P Q beiug
measured, the lengths CP, C Q, are easily calculated.
By P^tri In 1669 the trigonometrical measure of Picard was
commenced ; and it was in every respect superior to
all that had preceded it. It is true that it was not free
from errors : an error of six toises was committed in
the measure of the base ; and his differences of latitude
were vitiated by his ignorance of aberration, &C ; but,
by a happy chance, these errors almost balanced each
other. The extremities of his arc were Sourdon, (near
Amiens,) and Malvoisine, (near Paris.) His base was
5663 toises ; his base of verification 3902 toises. The
difference of latitude of Malvoisine and Sourdon was
found to be 1° 1 1' 54" ; and when the measure was
extended to Amiens, the difference of latitude of Mal
voisine and Amiens was found to be 1° 22' 55". The
corresponding arcs were 68,430 and 78,850 toises ; the
first gave for the length of an arc of 1°, 57,064 toises,
the second 57,057 ; the mean is 57,060 toises = 60,812
fathoms. The Astronomical observations were repeated
in 1739 by Maupertuis, Clairaut, &c. : they found
1° = 57,183 toises.
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In 1673 appeared the Work of Huygens, entitled History.
De Horologio Oacillatorio. In this, for the first time, <~*/m^y
were found correct notions on the subject of centrifugal Huygens's
force. It does no.t appear, however, that these were J^f"*?0"1"
applied to the theoretical investigation of the Earth's force_
form before the publication of Newton's Principia.
In 1666 Newton appears to have first entertained
the idea of Gravitation. It is remarkable that, at this
time, he seems to have been unacquainted with the
measures of Norwood and Snell ; and considering the
length of a degree, according to the usual estimation, to
be sixty miles, he was induced, by the disagreement of
his calculations from this estimation, to lay aside his
theory of Gravitation. For the Moon's parallax being
known, that is the proportion of the Earth's radius to
the radius of the Moon's orbit (supposed a circle) being
known, the force of Gravity on the Moon was found by
Newton's law ; and the periodic time was also known ;
and from these data, and the theorems of Huygens
and Newton relating to motion in a circle, it was easy
to calculate the radius of the circle in which it moved,
and consequently (from the proportion above mentioned) the radius of the Earth : if this were not the
same as the radius given by the measures, Newton's
law could not be true. The measure of Picard enabled
him to establish the theory ; and it is this measure that
is used in the Principia published in 1687. In this
wonderful Work a prodigious step was made towards
the theory of the Earth's form. Combining the theory Newton's
of centrifugal forces with the properties of fluids, New- investigaton showed that the Earth must be not spherical but sphe- l>on °f the .
roidal ; that its equatorial diameter must be longer than ^ "'"
its axis of revolution ; and he actually calculated the
proportion of the diameters, on the supposition that the
Earth had been in the state of a homogeneous fluid, to
be 229 : 230. With regard to this astonishing inves
tigation we shall merely state, that though defective, it
is not erroneous ; it is one of the many instances in
which Newton has obtained a correct result by means
apparently quite inadequate. He showed, also, that
Gravity must be less at the Equator than near the Poles ;
and this served to explain a very remarkable fact that
had lately been observed. In 1671 Richer, who had variation of
been sent by the French Government to Cayenne for Gravity on
the purpose of conducting a series of Astronomical ob- the Earth's
servations, found that his clock, which had been regu- »urfac'lated to mean time at Paris, lost more than two minutes
every day. Similar facts were afterwards observed by
Yarin and Deshayes on the coasts of Africa and Ame
rica ; and in all cases ttie alteration of the clock's rate
was much greater than any that could be caused by the
change of temperature.
But the most remarkable of Newton's inferences is, Newton's
perhaps, his explanation of the precession of the Equi- eiplauatiou
noxes. This motion of the Earth's axis was discovered cessi^of"
by Hipparchus, (it. c. 150 ;) and all succeeding Astro- ^eEquinomers had recognised its existence. Eighteen cen- noxes.
turies after its discovery, it was shown by Newton to be
a consequence of the attraction of the Sun and Moon
on the Earth's equatorial protuberance. Having shown
that the attraction of a distant body on a satellite
would produce a retrograde motion of its nodes, he
observes that if we first suppose a number of satellites
to revolve in one plane, and then suppose them to be
connected in such a manner as to become a solid ring
revolving in its plane, we shall still have a retrograde
motion of the nodes: and if the Earth be fixed within
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tbiS^t^l'i"P?i^''T<>'t^n; **■ il>* n*dei* ,h°u^hJvs? tnan, oM)«*Sl| MW«*fl«l»«0*eHi;' The difficulty of
^^•^beFore, *ln still be retrograde) and We transition from sitring an are of parallel, and its inutility, (as on arty v—v—
this ease to that or an oblate spheroid is sufficiently ob- hypothesis it Would differ little from an a'rc of meridian ~~
vioiMu .The calcdlation'wiiich Newton haa attempted - in' France,) Were bo strdngly represented by Bon»aer,
to found on this reasoning is in some respects erro- that it was laid aside.' But the great valley between
neons ; but the explanation is, "perhaps, dne^of thW' the two principal • chains of the Andes was found so
strongest pr'ooft of genhis. Indeed, if at' this tifne we ' farvdurable for operations' iti the direction of the merU
might presume to select' the" part' of' the' PMcipid dlart/that they effected, with the assistance of some
which 'probacy astonished, and delighted, and Batik- Spanish officer's, the measnre of an arc bf three degrees,
fieri jts readers more than any other, We should fix The Northern limit was a plate ealled TarqUi/' 2Jr
without hesitation1 on (lie explanation of the precession North of the Equator ; the- Southern 'extremity, Colofthe Eq'uiMxes. ''
'
chesqiii, was in' Sowth1 latitude 3°-4f. "'A base of
Hnygeas't
In 1690 was riubtlshed Huy^ehs's ^reaiise; WCdiM* 6j?r»'tolses was < measured in the •tierghbouAood of
investiga- Gt&vtiditi: It' cMalri's an investigation of 'trie' figure Qfrito, -and near the Southern extremity; and a base of
E0" h,f lh<! °C'he .^*rt,n* ^ura°'^? the attraction upon every par- verification of 5259 tolses near the Northern extremity,
form. *
* ty.'Mi
t&e' ''centre,' and jW'd-^' No other meastwe* has been conducted under such
always the same at ' equal a^taiices from the 'eentjML'1 extraordinary circumstances of locality; The 'lowest
This su'pr/clsUtdn, 'ttSwill tieVWriiatkeVT, is directly Wbkfed . poWit oftheir'arewaB at an elevatidotffe mile andatwlf
to one1 part 8f fte^lhfciiJe'o^
abdte the1 -level" df ttie sea ^ andf5 income illrstances, the'
which states' that' eVery'^artllcle'attracts every other par- heights-ef tw«T»ei£hbeoring<srgnali4 differed rrtdre than
tide. The rallp' of the'akei'ts fouhd jri 'this "manner!td amile. 'Atabmeofaces the1 danger waff considered by'tho*
oe 078 :
,
,
,(■ inhabitants! to tie so great, that pobne prayers' Were pot
j.C««ni's 'Ih'I884 ' J.D'. 'Cassf^^«e'6bria of ffiai hame)'ioini | up in the ch urches tortheir1 safety; Theinodleneeandtt^
Meridian mertced a' trlgonometr«a1i 'measure V ah^ ar'c.of ;merU'j will oftbe' natives' trdrtbied thewttufch \ they were everi 1
measure,
^fy^^i^^.^Homi^i^
f°^^jT in<}anger of losing rhelf Hves ht*'popuh»rtrtmurt;; and
aft<jl ^^^SMt^m.'.Ujm fntenae'd' thai'tK^'' to^crown th* whole, the mstraMentsi«y which* thov were
sHbuld gerye'as^^asis '(d'r a niap pf ^ri^''^'Mt''im' to determine their difference of latitude were found to
™^V$^.fii^e^^ which Was' StteWarda 'ti&Mei' ] rjoihkit'WUstWorthy.Iand the'ewre'ttloTO'of 'thVplacesiW -*»
otf tte 'same/ lin£ ^
the 'stare were not to be' reltedon.' The former di m interruption too}* pr4ce''^'qn t^e''dea't:h of the Mmsfer cuity^they overcame by ah1 iWgeiilotiB'reeonstruoiron Of1
. Ff.'J r-', r
dt,i i 'ir?lh
- 'n ■ 1 r 3ihf t**ir Instruments; the latter by simultaneous obsorva^'e^orJMnj3j& was then' exkjsridei^ 'Nort^warfl
tions 'at the- two extremities of me afo.A'Tbiir fhttfl
DJw^r^knc^mkpmWM fltiistiM' 15} 1 *7 1 6'.']'A'base result was that the whole length "of the meridian are;
ofW40TOises^wis measuWrS iear Feraignan^'aiid oiie'; reduced to the level of the lowest station, was' 1T6.94*
oP»^tp^>,Tfef^ftulttH^1'' _T^e!'o^r^^1«1,atii tottres, corresponding ttf a difference' iof latitodesi of I
tu'c^es 8f Tans' and the" "Soufile iro extremity, CdniouVe, ' S"»V' 1"; nod, therefore, that 'the length af<ah arc of one
was fonnff tonW e^'l'S* 57", anct the distance 360,614 ' degree was 36,767, or reduced i& the levtfwF tWe<sea
tqjf^s;(; .ii«h«nrjfl ,li<?lS;j,57,Pfl7.), Ta«; diflerence of . lath 58,748. The arc was extended abowt tweiityidiiiutes <byntudes of Paris and Dunkirk was found to be 2P 12' 9".5, Godin ; but this addition is generally 'supposed to have
ahd ttw cH^aiWe'!l^,'46^v»??W; Wheitee l*'* 56*,960; ' been less accnratcly measured' than' the other parts.'^ir*
It appearedj theffl.j that the degrees shprteried, \^f£^f^ this expedition ah irttempi wan madd' by •Bouguer to'
. from -the' Sbufll to Uie NotUt ; and this seemed to indi- observe the effect of the attraction of ChimKor.izo ; of> :
cate that the Earth was a prolate spheroid, the ratio of this We shall speak hereafter. For the complete details
its aves being nearly 95 : 96. A conclusion in such of this very interesting measure we must refer the reader
direct opposition: to Newton's, theory, how extensively to Douguer's and Lacondamine's accounts the former
received, elicited a great sensation among the Mathe- I is the more amusing ami more interesting to speculative
maticians of Europe. The accuracy of the measure Mathematicians, but the hitter will be found by practical
and the certainty of the conclusion were sustained by Astronomers to be the more instructive. X'" ~<
• -fm«< t
Cassiivi ; who, as well as his father and his son. Seetn
Before the return of this party (who, in consequence
•s.< to have been firmly convinced that the Figure of the 0f their dissensions, separated as ■qwifekly :as possible,''■ 1
Earth was elongated. To settle the point, a degree of and regained Europe by different ways) another meaa parallel was measured in 1734, extending front Stras- sure had been imagined and completed. Maupertuis,
burg to Sl Malo, This, also, when compared with tho Clairaut, Camus, Lomonnier, nud Outhier reached
others, teemecl to lead to the same conclusion. It Was the Gulf of Bothnia in July 1736. They had expected j\re2, . .
alleged, however, that the diflerence of longitude of to be able to make use bf the islands in the Oulf for «n are i
thjssu stations was determined only by pome ancient the stations of a trigonometrical measure; but they-' Sweden
ecUpses of Jupiter's satellites, and that no reliance could found them so low, and so Hear the shore, that they
be placed on them. To escape from this state of doubt, were obliged to give up this part of their plan. But
it was determined that an arc of meridian, and if neoes- the valley of the, river Tornea,' wlftcli -passes by the town '
sa,ry, one wf , parallel, should' be measured near-1 the of Uie same name, seemed to offer a favourable line of
Equator, in the comparison of which with the arc mea- country; and tins was accordingly chosen. The stasured in France, the inevitable errors of observation tions (as in the Peruvian measure;) were ou the hills on
would produce a smaller effect; and this is the origin of each side ; and the. river gave them some facilities for
thfijcelebnatedliexlpeditioon.ef the French Academicians.
,,, ■ ■ ,
n ■• - »f -\ <„ )
u |
«
Measure of ,K>?«»iy' fepHity beiug hffiirded by Jiwiis XV.y,» May<
4 Frt>m thi9 remtrk we 0U|?llt) p,^, ,0 ex*ept « partoftbe
an arc in 173(5, MM.: BottgueivGodii*, Lacondamine, and oOiers, ,ur>t«^ofan arc bf pamllel made in to* preaeM century, in lMiicli (be
Peru.
sailwl for South America ; they then crossed th» Isthmus prioc^al chain of the AJpa w*s pawd,.,q
n,,.i,,,;,„
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the eanlfcyahoe-of their instnftieatt?., Inthe prasetpi.
-tifwof.lhL work, great, i*ron«emeo«e waa.sWajn*},,
fronMbe^Qid, the bira&of pmy.AtJ, but,tbe;geeatest,.af,all frtun the tormenting flies and.gnats. The fogs: alslo,,
sajth, .which some of thei bills were ceatlnually.esrtt
veiorjed* increased the difficaltks <*f the observations,}. ,
in some instances they waited ten days on the top,of, » ,
b«U before they oouW .see oae of the»r , signals. AOei:
sistv-ihreedoys of great fatigue they reached the moww
tain' Kittis, which was fixed on for the Northern.atiwi
mity., TheJatimdes wereobservedwilhaaeowrmadebr
Graham. fOn
'On their
their return
to Toraea. the
the >ii*er
.ri«er being
retutto to'Toraea,
being
fn»zen, a base was measured an the ice nearly ia the mid- , <
tlfe> of Aoerafcv ,bt»t no base of verification was. measured, i
The result being somewhat different from what they
ha>d expected. 'the latitudes were reohserved, a»d someangies of the triangles, . which had- before been omitted*
wert observed. The final/conclusion was. that the diffeceace altitudes was WW* awl the length of. the .
we fih.Oia.toisetft whence aB,a»C«r,i?^.&M32. .In,<
thia expedition. as. well as in (that to Peru, observations,
vrere made
leiwrth of
of tha.
the pe«d«him.
nea'dulum
made to
to ascertain
ascertain the
the length
vihrating seconds; and they all agreed in ehowing that
Gravity increased ia goiag •from the E<p»ator towards,
the Pole. , fo^a.com^ncoountof^nwaaure.we,
ma^refcrthe reader- to Maupertuis, La J%«r*
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... ^li ,w, ifjvu. !j .»>hln oil) >> -i'ut<>«L «>.!>. i» • * History.
"m^TO^Sff ,'^,§14 ^ ^ **rUV">n and *-V~
-<f<, Jim uHn^i i.ij.i
o
i; 10 ii. '■ i •
Swedish arcs gave
for iU value. If, tlien^Uie mea-on* -t i.;-n . .
cu -i.
>••«:>. end jn> Jin. , ,
«W" W« ^urate, ,it was .mpos.^ble thatlhe, Earth s
%ure,?Qu)dbe elhptwi. a^
a3■»*M %°«»P«;
wpuWsattsfy. observations,
lH^e "T^ of th? ^"?th,S %d.eWe/,w»B ?roPor:
'W',1? the &h powers of the sines of latitude.and,
W0?0;110" of .W
: 1M. , 1Tii«
w°uld lndui?,te a Figure projecting at m.i<jdje(, latitudes
abpye ^ellip^psjpher^d wifh ,the ,same axes,,,
,
,Tp *v°*finterruption
our account pf several im-

_ ,
. ,
.
**rt» was„made by Maclaunn. .The Academy, of Pans jnvesng..
^S^-^^'¥^.^,^^M
Z*;
IZt&ffi&lfavJto'* J™;^
we?e sent' form,
b>'..Eu,erVP
and Maclaunn
,,
, Alembert,
,
. , : the. njaaf ia gejw-,,
,
Sffif1'^ 0Re ^ th,e,most elegaM Gepmptricat
W %amel™??\Mfph? RP#T,
^!'s W(J* ^V^mfW
t0 •t,he
'^»W?S(fipM WJT.f^jffiW^ iuPP?s'"K 'U

«-w- iBetb«the.retem,oflBo^eran4,,I^oad^i«,(*haH YS^m^^^WM^^SMI^M^
'•J
whele cJ'the Frenah arc of meridian was reiueasured by
**** J. Cassinit his son Cassinide Tluiry, and Lacaille. The
operations of this measure are the subject of tlie Work
entitled La. Miridienne vrrijirr. On measuring new
bases and making new observations of every kiud, the.
cause «f the' original difficulty was soon discovered.
The measure of .Picard's base was erroneous by about i
^Wthpart of the whole, and this error had ajfeoted .one. 'WtpSKKW V^J^l^U?' iue excess o. ine
tihjo r
»
.
77
equatorial diameter above the polar diameter to the
part -only of the arc. Some ma«ciH-acfB8T)oth Aatron»-ih >TT)7for g .mT- Tr >rTrT)ni. ,(<7 a „T -,i nr. i
1 and Geodeticai were found to exist iu €aswnt*S', latter) is ^' K'iheratib of "the equatorial cerrlrifogal
-I'l.'l I. -.!.
sure.' The late improvements in Astronomy, |»ar- ) _.C.Ae 'SI 4t id . ) l.llllol ?IYV A, J.l.'d
arly ihe ^co*erf/o»fi, aberration.mnd. .airtoifion*.. fo.r^tp the equatorial gjrayjAys wh»oh m the case of
>le*^ho newob*e»»eP*togiwe,.Biuoh greater, exad^ th^.'EartH fs"^ ^-fe'^'^V'a'n.d ffiat Gravity at'
i to the Astronomical observations-... .'Ineyobservedlo -ilmi uj 7.-»ui^- 'ii\2H9" 390 7 11 ■•'
■n.r,nf"
f five points, and thus obtained, in feet, the Pole is greater than Gravity at the Equator, by
Between Perpignuu aiKl Rodez the same proportion of the whole; and, also, that in
>ne degree was f'oiunl =-57,Q48J5 going from ■ the Equator to the Pole, the increase of
i ; between Rodez and Bourges 57,040 ; between Gravity^ is as the square of tlie sine of the latitude.
Bourses and Paris 57,07 1 ; and between Paris, and • These' results are the same as' those of the imperfect
Dunkirk 57,084. In the course of this measure an • theory of .Newton. " <ioi»j,'.h., ad: <• ;i in'ri.-.i' .m.
are of parallel was measured across the mouth of the
In 1743 was published Clairaut's Figure de la Terre. Clairaut't
Rbone. From a station near Cette in Lnnguedoc, and This is the most valuable Work that has been written investig*.
:r. ,«i Mont St. Vietoire in Provence, tlie explosion of upon this subject. The same theory has since engaged'100*
gunpowder eh a church between them was observed ;i - the 'attention of the most distinguished of the modern
rn.d from the difference of apparent times the difference I Mathematicians, and finally of Laplace; and 'though
■reef of longitudes was found ta_be I°!53f \9!>. .The length the form of the investigations has been much \aried,
- f of the aro of parallel in latitude 43° 32' included be- very little has been added to the results. The nature
tween the two meridians was 7r-, 590.6 toises. The of the equilibrium of fluids is first explained. The only
comparison of this are with the arc of meridian from condition which had formerly been assumed as sufficient
fey
.rnh • hi,
■
-..J.
for the equilibrium of fluids was, that the force at the
PeTpignaatpRod6^gaye( #n eliiptjcity —. , ,(i y.).li./
surface. shdnld be perpendicular to 4he surface, or that
oray
The'comparfstm ofahf two df the three arcs lH Perii,' the pressure produced by the fluid intwo canals of given
*
in Frarice, corrsWrt-rng11 tht1 whole as One arc, and in form, terminated at one extremity m the same point. and
Sweden, shbwed thtft <he degrees Increased in going aLdwather exureraity tn the surface, should be the same,
towards the PoW. 'aridtnat,' consequently, the Berth's Bouguer first showed that both of these condiftons were
Figure was flalteued at the Poles. But when aU three neeessaryv Or something equivalent to both. Clairautf
were eon*idere<La singular, difficulty occurred, which has shown u-fon what thb possibility of equilibrium
we may be permitted to say is not yet wholly removed, depends ;i and he has applied these principled fo the"
The comparison of the Peruvian and French arcs gave discovery! of the -form of equilibrium of a fluid on the
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Figure of lowing suppositions : 1st, that tire Fluid is homogeneous,
the Earth. with a spheroidal nucleus of different density ; 2dly, that
the whole mass is fluid and heterogeneous. The form
which makes equilibrium possible in all the variety o.
cases which these suppositions include, is, approxi
mately, an elliptic spheroid ; the ellipticity is different
according to the law of density, &c, but in all cases
Clairaut's the following theorems are true : 1st, the increase of
theorem. the length of degrees and of Gravity, in going from the
Equator to the Poles, is as the square of the sine of lati
tude ; 2dly, the sum of the ellipticity, and of the ratio of
the whole increase of Gravity to the equatorial Gravity,
5
is - X the ratio of the centrifugal force at the Equator
2
to the force ofGravity. The last ofthese theorems (one
of the most important that has ever been discovered) is
usually called by the name of its inventor. It is evident
that, in conjunction with the former, it gives the means
of determining the Earth's ellipticity from observations
of the comparative force of Gravity at any two places.
In 1747 Bradley discovered the nutation of the
Nutation
discovered Earth's axis. This had been alluded to by Newton as
by observa
tion and ex a consequence of his theory, but no notice seems to
plained by have been taken of his theoretical prediction. As soon,
however, as the fact was established, it was treated
theory.
theoretically by Mathematicians : among the best of the
Treatises upon nutation may be reckoned D'Alembert's
Recherche* sur la Precession, Sfc.
In 1750 Boscovich and Le Maire, two Jesuits,
Measure of
Boscovich. measured an arc from Rome to Rimini. Their measures
were made with the pace, the measure of the Country ;
but it was carefully compared with the French toise, so
that their results could be expressed in terms of the same
standard which had already served for so many mea
sures. A base of 6139.5 toises was measured on the
Via Appia ; and a base of verification of 6037.6 toises
by the sea-side near Rimini. The meridian distance
was found = 161,253.6 paces = 123,221.3 toises.; and
the difference of latitude 2° 9' 47", whence 1° =
56,966.3 toises. This, when some corrections were ap
plied, was reduced to 56,979 ; the mean latitude 42° 5£K
The whole of this measure passed over a mountainous
country.
In 1752 Lacaille, who had been sent to the Cape of
Measure of
Lacaille, Good Hope to make Astronomical observations, find
ing the circumstances of the country favourable for a
trigonometrical survey, measured an arc of 1° 13' 17".3,
which he found = 69,669.1 toises ; whence 1° = 57,037.
The length of his base was 6467 toises. See Mem. de
VAcad. 1751. This arc presents a remarkable anomaly.
According to this measure, a degree in the South hemi
sphere, whose mean latitude is 33° 20', is equal to a
degree in the North hemisphere, whose mean latitude
is about 45°. The known ability of the observer almost
forbids the supposition of an error in the observations ;
and we have no grounds for conjecturing the cause of
such a deviation from the law which seems to apply to
the other arcs.
The measures described in the next three paragraphs
were undertaken, we believe, at the suggestion of Bos
covich.
In 1762 Liesganig, a Jesuit, began the measure of
Liesganig's
an arc of meridian passing through the Observatory of
Vienna. See the Dimensio graduum Viennentis et Hungarici. Every care apparently was taken to ensure
the correctness of this measure. The Vienna fathom
was compared with a French toise furnished by Lacon-

datnine and Lacaille ; the iron quadrant of 2£ feet, with Hirtot
which the angles of the triangles were observed, was
"v"
repeatedly examined in all possible ways ; the sector,
for observation of latitude, (which we shall afterwards
describe,) was on the most improved construction ; the
observations of latitude were sufficiently numerous; in
every triangle, except one, Liesganig assures us, that
the three angles were observed ; and all the calculations
were reexamined. The base (between Neustadt and
Neunkirch) was of 6238 toises; the base of verification
in Marchfeld was of C388 toises. The concluded meri
dional distance of Sobieschix and Varasdin (the North
and South extremities) was 172,796 Vienna fathoms ;
and the difference of latitudes 2°56'45".5, whence 1°
= 58,655 Vienna fathoms = 57,077 toises. Yet in spite
of all these apparent securities, there appears reason,
for rejecting this measure. The principal objections to
it may be seen in Zach's Correspondance Astronomique, Reason'
Sfc. vol. vii. In the first place, it is certain that the star reject'Di
which Liesganig has put down as /* Dracouis is not ft
Draconis, but some other star ; possibly 85 < Herculis,
which Zach mentions. This would occasion no error,
(as the same star was observe 1 at different stations,)
except in consequence of taking erroneous reductions.
In the next place, Zach (who possessed some of Lies
ganig's manuscripts, and who recalculated some of the
observations) affirms, that many of the observations
had been altered to produce greater apparent agree
ment. And, lastly, it appears from a repetition of part
of the survey by the Austrian officers in the beginning
of the present century, that in one of Liesganig's
triangles it was impossible, and apparently had always
been so, to observe one of his stations from auother ;
and, in fact, when the value of one of the angles, as
given by him, was compared with the sum of two angles,
which ought to be equal to it, observed by the.Austrian
officers, a difference of 3° was found. This triangle is
the last but two to the South ; up to this the surv eys
agree within a few toises, but after this they sometimes
differ in the situation which they assign to a station by
more than 2500 toises. It would seem that a signal
was mistaken ; a similar accident happened to Snell ;
and there is reason to think that it has also occurred
in the survey of England made under the direction of
the Master-General of the Ordnance. Another arc
was measured by Liesganig on the plain of the Theiss,
from Kistelech in the North to Czuroch, near Petervaradin, in the South. The length was 59,990 Vienna
fathoms ; and the difierence of latitudes 1° 1' 34". 5 ;
whence 1° = 58,453 = 56,881 toises. Several circum
stances prevent us from attaching much value to this
measure ; one is, the great number of small triangles
which the nature of the country compelled him to use.
About the same time Beccaria, a Jesuit, assisted by Becca
another of the same Order, measured a degree in the measu
plain of Lombardy. The measure of Boscovich crossed
the Apennines, and its extremities were on the seacoasts ; this of Beccaria (undertaken, as we have men
tioned, at the suggestion of Boscovich) was carried over
a flat country, and terminated at both extremities at the
foot of lofty mountains. It was supposed that if the
inequality of the country produced in the measure of a
degree any sensible irregularity, the effects, in these
two measures, would be of opposite kinds, and that the
difference in the length of a degree would be such as to
give a good idea of their magnitude. An iron toise,
which had been compared by Lacondamine and Lacaille
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the toise used in the measure of the arc in Peru,
(commonly called the toise of Peru,) was Beccaria's
standard. His instruments were in almost every respect
similar to those of Boscovich. The length of the base
was fijOl toises ; the meridional distance from Andratae,
the Northern extremity, to Mons Regalis, (Mondovi,)
the Southern extremity, was 64,890 toises. The differ
ence of latitude was found to be 1° T 44".7 ; whence
1° = 57,468 toises ; a quantity much gTeater than other
measures would have led us to expect. The mean lati
tude is 44° 57'. An account of this measure was pubunder the title of Gradus Taurinensis. In the
made by the French officers during their occuof this Country, and in the repetition of the obser»s for the latitudes of the stations by MM. Plana
Carlini, some discrepancies have been found, which
to show that the credit of this measure is
rather doubtful.
In 1764 Messrs. Charles Mason and Jeremiah Dixon,
who had before been engaged by the Royal Society for
some important Astronomical observations, were em
ployed in settling the boundaries of Maryland and Penn
sylvania in North America. The line which they
traced out in the peninsula between Chesapeak Bay
and Delaware Bay seemed so favourable for a meridianmeasure, that, on their representation, the Council of the
Royal Society furnished them with standards and in
structions, and procured the loan of a sector belonging
to Mr. Penn. An account of the measure is given in
the PhiL Traiu. for 1768. This measure differs from
the time of Norwood in this rewere used, but the whole line
100 miles) was measured with rods. These rods
compared with a five-feet brass rod made by Bird.
The whole length was found to be 538,067 feet, and the
difference of latitude 1° 28' 45" ; whence 1° = 303,763
feet = 60,627£ fathoms. It had been found by a com
parison of standards {Phil. Trans, vol. xlii.) that the
107
English fathom = jy^ X French toise ; whence one
degree was inferred to be 56,904J toises. But after a
new comparison of the toise and fathom, made under
the inspection of Dr. Maskelyne, and after applying
small corrections, this was reduced to 60,625
or 56,888 toises. The mean latitude was
39° 12'.
The anomalies in these measures were so consider
able, that it appeared highly desirable to discover
whether the attractions of mountains could have a sen
sible effect in altering the direction of Gravity. If in con*sequence of the proximity of a mountain the plumb-line
was drawn from the position which it would otherwise
haretnaintained, it is evident that the point of the heavens
I corresponded to the zenith of a station, as deter1 by Astronomical observations, would not be the
' as if the mountain did not exist. If, for instance,
a mountain were at L, near the point A, in fig. 1, and
drew the plumb-line towards L, the apparent direction
of Gravity, instead of A C would be A c, end the appa
rent horizontal line instead of A D would be A d ; the
of latitudes, or the angle AC B, would be
I to A c B, and the length of the radius of curi of the meridian would be changed from A C to
A c. On account of the influence of these effects on
the determination of the Figure of the Earth, as well as
for the important confirmation which might be given to
the Principle of Gravitation, it was to be wished that the

attraction of a mountain might be ascertained by direct History."
experiment. This had been attempted by Bouguer
v"**'
and Lacondaminein Peru ; but the cold was so intense Attempt to
that it was difficult to make the observations with suffi- *J"r**™_
cient accuracy, and other circumstances were not favour- llon of
able. Instead of observing the zenith distances of a mountain in
star on opposite (North and South) sides of the moun- Peru,
tain, they could only fix on two stations on the South
side, one close to the mountain, the other at a distance
of 3570 toises from the first, and 505 South ofit. The
effect of attraction appeared to be 7". 5; but they con
sidered the conclusion almost unworthy of credit. In
1772 (set Phil. Trans. 1775) Dr. Maskelyne proposed
to repeat the experiment. He pointed out Whernside
in Yorkshire as a mountain on the opposite sides of
which the attraction would be sensible ; or he thought
that the defect of matter in the valley between Helvellyn and Skiddaw, (or rather Saddleback,) in Cumber
land, producing an effect of the opposite kind, might be
sensible in the same kind of observations. Mr. Charles
Mason was sent out to examine these, or to look for a
hill proper for the purpose : these were finally rejected,
and Schehallien was chosen. This is a mountain near
Blair Athol, in Perthshire ; it is a narrow ridge running
East and West, in a comparatively flat country, and
about 2000 feet higher than the general level. In 1774
the observations were made. The meridional distance Observaof two stations on the North and South sides was found, tions on the
by survey, to be 4364.4 feet, which on any estimation 'l'J™'1'?.1? °*
of the Earth's dimensions would give for the angle c e a
A C B, fig. 1, (C being considered as the centre of the
Earth,) a quantity differing very little from 42".9. The
apparent difference of latitude, from Dr. Maskelyne's
observations, given either by the 40 observations calcu
lated by Maskelyne, or from the whole mass of 337 cal
culated by Zach, (L'Attraction des Montagnes, fyc.) is
54".6. The difference, or 11''.7, is the sum of the
attractions which the mountain exerted in opposite
directions on the plumb-line, when placed on opposite
sides of the mountain. The mean density of the Earth,
calculated on the theory of Gravitation from this attrac
tion, and from an accurate survey of the mountain, was
found by Dr. Hutton, (Phil. Trans. 1778, 1811, and
1821,) to be about 1.8 x density of Schehallien, or
about 5 x density of water.
The arc of meridian which had been traced so accu
rately through France, served for a foundation to the sur
veys for a very accurate map of France. Nothing of this
kind had been done in England, excepting a survey of
part of the Highlands, commenced in consequence of the
Rebellion of 1745. The disastrous wars of the last cen
tury prevented our Government from extending the map.
In the year 1785, Cassini de Thury presented to the
?f
Royal Society a memorial on the uncertainty in the [ioens ofe
difference of longitude of Greenwich and Paris ; and pro- Greenwich,
posed that the English and French Mathematicians in and Paris,
concert should determine, by Geodetic operations, the
distance, measured along an arc of parallel. This was
assented to, and the English survey was placed under
the superintendence of General Roy, the French under
that ofCount Cassini,(fourth of that name,)Mech;un, and
Legendre. We believe it may fairly be said that in this,
as in other grand experiments, though we began later
than our continental neighbours, we conducted our
operations with a degree of accuracy of which, till that
time, no one had dared to form an idea. For the measure
of the first base on Houuslow Heath, in 1784, deal rods
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Figure of (which had been used in all preceding measures) were
the Earth. rejected, and glass tubes were used. These were after
wards laid aside, and a steel chain was employed in the
measure of a base of verification on Romney Marsh.
In 1791 the base on Hounslow Heath was reineasured
■with the chain. The description of the mode of measur
ing the bases (Phil. Trans. 1785, and Account of Trigo
nometrical Survey, vol. i.) was translated into French
by M. Prony. The angles of the triangles were observed
with a large theodolite, made by Ramsden ; and this
is the first instrument with which the spherical excess
of the sum of the three angles above 180° (a quan
tity that rarely exceeds 3" or 4'') was observed. The
French part of this survey is remarkable also, as the
first instance in which the newly-invented repeatingcircle was used in extensive operations. Whether
this invention has contributed to the accuracy of Astro
nomical determinations, we may be permitted to
doubt; but it can hardly be doubted that it is an
excellent instrument for Geodetic operations. The
chain of triangles formed by the English observers, ex
tended from the neighbourhood of London to Dover,
and across the channel to Calais, and some neighbour
ing stations ; the French triangles joined these with
the chain of triangles formerly observed in the meri
dian of Paris, in the neighbourhood of Dunkirk.*
The object originally proposed in this survey was now
attained ; but it will readily be imagined that advantage
was taken of such an admirable commencement for an
equally excellent extension. An accurate survey of the
whole Kingdom was commenced ; several bases of verifi
cation were measured, and in the course of the survey,
an arc of parallel between Beachy Head and Dunnose
English arc was measured in 1794, (by reciprocal observations of
of parallel. azimuth, a method which we shall hereafter describe,)
and an arc of meridian from Dunnose to Clifton in
Yorkshire, in 1802. The latitudes were observed with
English arc a large zenith sector made by Ramsden. The first
ofthese arcs gave for the length ofa degree of longitude
in the parallel of 50° 37' 7".3, 38,818 fathoms; the
second gave for the length of a degree of meridian in
latitude 52° 2', 60,820. This arc of meridian was
divided into two parts, nearly equal, by the station of
Arbury Hill ; the arc from Dunnose to Arbury gave for
one degree in latitude 51° 25', 60,864 ; that from
Arbury to Clifton gave for one degree in latitude 52°
50', 60,766. These partial arcs present the same
anomaly as those in France ; the degrees appear to
diminish in going towards the Pole. (See Account of
Trigonometrical Survey, and Phil. Trans, for various
years.)
In 1791 the National Convention of France wishing
Origin of
to fix on a new standard of linear measure, determined
the new
French
(in the true spirit of the Revolutionary Philosophy) to
select one which could not be considered as belonging
to one nation rather than to another, but which might
claim to be esteemed a standard for all the World. The
length of the pendulum vibrating seconds at a given
place had been pointed out by Picard as the best prac
tical standard; but this did not suit the expanded ideas
of the French legislators. They considered that the
length of the seconds' pendulum varied on varying the
place of experiment ; but that, assuming the Earth's

surface (at least the Geometrical surface at which if Histoi
channels were made communicating with the sea the
water would find its level) to be an exact surface of
revolution, the length of the quadrant of meridian
passing through every place would be the same. The Hniun
length of the quadrant of meridian passing through the arc fron
Observatory of Paris was therefore to be ascertained, Duokirl
and one ten-millionth part of this was to be called the Formen
metre. It is almost unnecessary to add, that the idea
of replacing a lost standard by means of an extensive
Geodetic measure is perfectly chimerical ; and that the
only practical method (still subject to some uncertainty)
is by ascertaining the length of the seconds' pendulum,
which it is presumed, in the same place, does not vary
from one Age to another. The measure was un
dertaken by Delambre and Mechain, and is described
in the Base du Systeme Metrique ; a Work which cannot
be too strongly recommended to the perusal of all who
wish to be acquainted with the methods pursued in an
extensive survey by the ablest general observers and
practical Mathematicians of the Age. The difficul
ties with which they had to struggle were
great, arising principally from the disturbed
of the Country, and, as they approached to a termina
tion, from the depreciation of the assignats. Firesignals at night are preferable to all others for the ope
rations of a survey ; but these it was impossible to
employ, as the people would have supposed them to he
counter-revolutionary signals. In the choice of daysignals, and in procuring permission to erect and to ob
serve them, they experienced sometimes the most serious,
and sometimes the most ludicrous obstacles. It was
generally necessary to receive the sanction of the popu
lar assembly of each town through which they passed ;
and in many cases Delambre found himself obliged
to give to the collected inhabitants a sort of Lecture on
Geodesy. When a great part of their labour was com
pleted, they were dismissed from their office for not
having sufficiently distinguished themselves by their
hatred of Kings. They were, however, allowed to com
plete the arc which they had originally intended to mea
sure ; following the course of the former measures, and
using, in many instances, the same signals from Dun
kirk to Barcelona. The part South of the Pyrenees
was measured by the permission and with the assist
ance of the Spanish Government. As soon as the de
tails of the measures could be collected, they were laid
before a committee consisting of scientific deputies from
several continental nations. It was there determined
to proceed on the assumption, that the Earth is an
exact elliptical spheroid, and to calculate its ellipticity,
its dimensions, and the length of the quadrant, from a
comparison of the arc newly measured with the arc
measured by Bouguer and Lacondamine in Peru. The
ellipticity adopted was g—, and the metre was fixed at

443,296 lines. The latitudes were observed at Dun
kirk, Paris, Evaux, Carcassone, and Montjouy, near
Barcelona. The arc was thus divided into four partial
arcs, of which the middle latitudes were 49° 56', 47" 31'.
44° 42', and 42° 17', and which gave respectively for
the length of one degree, in toises, 57,082.7, 57,068.8,
56,977.8, and 56,946.6. This survey was afterwards
extended by Biot and Arago to the Island of For• The whole of this measure has been repeated ; the English part mentera, near Minorca ; the mean latitude of the addi
under the direction of Captain Kater, the French «nder that of tional arc was 40° 1', and the length of one degree
M. Arago. See Phil. Thrni. 1828.
56,956.4. The mean latitude of the whole arc, irom
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aeEinh.
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Formentera, to Dunkirk, is -I J' 61', ami the menu length of hi« cxtcemc! stations, MnMorn and Pahtnvara. were History.
oftlt*mcpC«)fli:des««e,57t00fij6<-.ji Inul bl«.o« i.iii* uiflaRai'.^afifi^ndiS^ryie'ABa^-thelcliatrfnc* lBC^r-*"*""*-1-Ip,J798,a; beautiful aeries, ofj expfcrimeniii wasinsii- ,Jneft*a aS(93jT7ft .totae8^i!wliei4te lfi t=i.5B1196 toises.
*uleJ b}[,jkIr.,GaveodiHh* far determining, the attraction : (iMaupeftnis /had ftund !t9io=IS7v4e3'tols«aj) HTIetre*f mjatallie ball*- Tbfl observations on SchehuUieu had suit of this measure seemed at oncu to destroy the ditfishown that the attraction of a mountain was certainly culty u hich had so lonp: troubled Philosophers ; in fact,
appreciable butjtJ-eqairadmufhiiurtifioei.-and great ex- . the arc* already rnantiened ;agreed .pretty' well with the
periineutal delicacy, to make the attraction bf a sphere
is// cyl^Uoii) >tl) "lu < iIjjiiis MiiT .ymn'l .1/ *4
ot lead, -eight inches in diameter, distinctly sensible. This, flfw arc ffli&ivftg mi^^S^v'f^
however, was effected, and so completely that the com But 'how' Is the difference ofthe tWo'WeiisWes'io he
exparison of the eifects of this attraction w ith the etfects of
the attraction of the Earth, enabled him to inter the *J*l*hi^I? "HW 'geode-tic ;rae.asWes,''a's f&t ds"they «went
proportion of the. Earth's mean density to the density
of lead; and of course to the density of water. The result
is % try lies rly the same (Phil. Trans. 1798 and 1821) dbserved by Svanberg. It Is'rridcr/.'VeVfmuch,''to'be rfea* that [riven by the Schehallien experiment.
jiij HI gretted that the Swedish Astrbf/bnierfffcf hqt' ren'eat the
Nearly at the conclusion of this century the investi- ,'6bslervarwli's atthe'hUly rirace^eWaAl'm^tfo<;err^r
tipririty patioas of ,Laplace (Meeaniqtte Celeste) furnished us *p<dd-bri'iearea.,:T'";' ,'T :* 0
with ii curious method >ef determining/ the' ratio of the
h tt< BO- Earth's axes. Ho showed that, in consequence of the "< lIn lSWanattethpt! Was" matle by'ttafon'rle Each ,io Zach's obsHow'tMt the at(rabtlpfl 'of a' inouhWrtvc'a11ea' MimeL serv»tioM
Earth's oblatetiess, the Moon's motion would not be the hear4 jVfatseiltes,'^ato^M*.- 1
wWori^'K& {^gJJ^
sume as if the Earth were spherical ; and that two of tmctidli'des'Mcmtl^es^.y '1 H^'o^serVed the latilucje Miroet.
the resulting irregularities would rise to such a magni rjf'a station' rib the $6t(theTriYajce' of tile mountain, apjd
tude as probably to be< sensible. From the- accurate thai erf the 'sni all teliohd \Plabier : 'arid fie calc^ted the
ofaeervanioits-of UieiModnv made at Greenwich, the ex differenee'of hMtfdeS'ftttfa'to^
by survey.
istence of these inequalities has been detected, and their Thfe atlridtlbtf bf the' mountain appeared* to produce in
rn.,«-iiieii(le (about b" each) has been ascertained with thc'Tatitllde'^rierV6Tlbfl''.98;:,"ie -tifi Wn Shown, we
tolerable certainty. 1 They indicate an clliptici ty of nearly thitlk satlsTa(!tbrtlV,"by ''A^^X&^^'ilesTemps, 18*1$,
-•* Ol bill, rjfl'jlil IJOlfi'.IlM Ctij ^JHltJ^llllj ilj )"U'
U<<3
thV'rWeatitig'
circle
usedwnh'if
by Zach (as
l< J'OIII 'III. ,-Milll
■' "AdaW&HsJWiA
appears 'frdm : 'other'
obserVa^tos'
made
1W haW'irtefrtibflba that'tHe ellip'tt'city 6f the EaHh, riot good eridugH Tor anopeMio^ofs'ucH'extreme- -elj.
fasstim'ed to bki'ftrt enijfrfic spheroid,) given byaCompa*- dacyT' AVe tHay^dy.thatds^thestja^
were all op .
ristfn of thK degtre^'iri ^ru with that In France, Was Hot Ihe sarrte 'sfde' of th^ ienfth, a cha^gi? in 'the constant
, t
the-sarhe'es'tMtgfveh by the c6mparisori 6f the degree lertOr of theJclrdfe"wbi)ld produce an' error in (he' 'result
it; Petra with that in Sweden. The only inference to be With-it affording any rhians of fflsepvering Its amounU
drawn rVori)1 this Was,' that the assumption wos fdr^e!, "'In'the jp^esent ceplufy 'aii arc has teen measured by Arcof meiiirM th&t'^rJme^stich'Tdrin as that stated by ftouguer CblonBi Larbbton in'the Fen'uisuta"of India, which, for dim meamust be (he trrie''one. 1 No new njeasures had since leirgth anfl a'cerrracy, riiiist be considered, we think, as
b7 ,
been matfe' Which foulrl be cOrisideren as decisive on this titceedlhrthpse of all the ^ arcs yet /.measured. ' (Se) Ln,nbl°" "
pbitrt : 'tHe measure" lh Peru Was rriafle with' very1 great Asiittic Researches for 'various year's, pr Phil. Trai'ia.
' '"'
•' ' " '
care - the d&uracy1 bf that til France had been confirmed 1818.)
by tW«e" jWe measure V ^a'nd, as the only pbs'slble e^plaj- latlon
riarTon,'' ft Was' tborignt that the circumstances ufider 'StrrVL
which ,the Sweffisn'rheaslire Was made. Were hot perhaps (hear
, .
jru^', so favourable tb.atcurady. . To set this at rest the arc of Daurnergii
rc ia Sic- Was
His fey the Meridional distance 59S.rJ09.98 Kti^dgla', ' pi
■»>
S\an1
details hides. By observing the latitudes of two intei wniWill be idhcfiri his'Very elegant Work Entitled Ex-post- ate stations, this, arc was divided into three partial
O/^rMnii jM»''«» Lappohie, !%c. In this afes, whose amplitudes Were^ 2° 50' 10".6'4, 4° 6' 1 V'iS,
cy the pecuiiarWes of the new Astronomical School and 2° 57' 23",32 ; and whose,, lengths were ^7I,51p\8;
df France *ere
- -usTied to an extent to which the boldest #48,188.5, and 178,904.7 fathoms; which give^ respecj
of their proposers had hardly ventured. TRie French lively for the length of a degree 60,472.8, 66,48*7.^. and
standard arid the French graduation alone were used ; 60, 512.8 fathoms. A comparison of these values with
no instrument but the repeating circle was employed ; those determined by the French^ English, pr^ rnpderi}
the labour which English observers would have used in Swedish measures, gives for the ellipticity a quantity
making good single Observations was by Svanberg be»
stowed on the infinite repetition ofangles ; the imagina rather less than — . An arc Of pafalle1: Vas also
tion was taxed to1 discover the best manner of combin
ing the observations tn order to obtain the result which, measured in the same manner 1 as 'the English arc be
according- to1 the theory of chances, would be most pro tween Dunnose and Beachy Head; but the' geogra
bably correct. The methods of calculation were princi phical sitnation of the place is highly unfavourable to
' "
"t" "'
pally taken frdm Delambre; The base was nearly the the use of this method.
The first instance, we believe, in which instantaneous
same as that' measured by the Academicians ; the
triangles, as fit as1 the survey of the Academicians ex fire-signals were used to determine, the difference of
tended, were* the same ; those which Svanberg added lotigltude df two places, for the purpose of comparing;
were not so laVbutably circumstanced. The latitudes it With the distance measured on an arc of parallel, and
2A
tol. v.
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thus determining the radius of the parallel of a given
latitude, was that in which Cassini de Thury and
Lacaille measured an arc across the mouth ofthe Rhone,
Extensive and observed the explosion of gunpowder at one inter
arc of pa
rallel mea mediate point. In the years 1821, 1822, and 1823,
the difference of longitude of Marennes (near Boursured in
Europe.
deaux) and Padua was determined by this method.
This extensive arc was divided into six partial arcs, and
the difference of longitudes* of the extremities of each
was ascertained independently of the others. The ob
servers were MM. Brousseaud, Nicollet, Plana, and
Carlini. The geographical distance of both extremities
from the frontiers of Savoy and Piedmont, had been as
certained by a survey conducted by the French engi
neers. Considerable difficulty was found in connecting
these parts of the survey, as it was necessary to select
several stations on the very crest of the Alps. This
was at last effected in that part of the chain which lies
between the passes of Mont Cenis and Mont Genevre ;
accessible stations were found, though one was more
than 11,000 feet above the sea. These triangles of
junction were surveyed by a mixed commission of Aus
trian and Pieraontese officers. The result (Conn, da
Temps, 1829, Additions, -^ni Operations Gfodetiques et
Astronomiques en Piemont et Savoie) is that the length
of a degree of parallel in latitude 45° 43' 12", is
77,8fi5m-75. A comparison of this arc with the prin
cipal arcs of latitude seems to show that the ellipticity
is about —-. At the same time the arc measured by
280
Hemeasure- Beccaria was remeasured, and the latitudes of the staBeccarL' t'ons reobserved. The result differs from Beccaria's, but
lrc<
* not so much as to remove the anomaly in that measure.
The arc of parallel between Beachy Head and Dunnose, measured by General Roy, was used to fix a scale
of longitudes in the Ordnance map of England. It was
suspected that the scale was erroneous, but it was only
in 1823 that this was clearly established. Dr. Tiarks,
Correction by carrying several chronometers backwards and forofthe mea- wards between Dover and Falmouth, found that the
™f.e.°. P1" difference of their longitudes was incorrect, to the
raiiel in
p n e- .
,
r—
_, . ,
.
England, amount of 4 of time ; the difference or longitudes given
by the map being smaller than that given by the chro
nometers. It was necessary, therefore, to diminish the
value of a degree of parallel, as determined by Roy's
observations ; and the degree so diminished agrees
much better with those obtained from other measures.
Besides these measures which have been undertaken
expressly for the purpose of ascertaining the Earth's
dimensions, others have been made in which the prin
cipal object was the mapping of the country, and from
which the Earth's dimensions have been incidentally
deduced, when the latitudes of extreme stations as ob
served, have been compared with the latitudes as cal
culated on assumed dimensions. We have great doubts
of the accuracy, in general, of the observed latitudes ;
aud we have not, therefore, thought these operations
worthy of a particular mention. Several, undoubtedly,
ought to be excepted from this remark ; we may men
tion in particular the survey lately made connecting
Guttingen and Altona, in which we believe that the lati-
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tudes were observed with Ramsden's sector, but of Histo
which the details have not reached us.
s—v
In the present century, and at the termination of the Moden
last, a great number of expeditions have been under- |*™h™
taken, of which one of the principal objects has been to pendui
determine the length of the seconds' pendulum at forth*
different places, We cannot here give any detailed ac- "»«><»
count of them, and shall merely mention the following. Gr»TitJ
Observations at places in a great extent of latitude ia.
the Spanish expedition of 1789; (Conn, des Tempt,lB\6,
Additions /) observations by the French at various places
in France and England ; (Base dii System* metriqne ;)
observations made in the voyages of Captains Ross and
Parry ; (see the accounts of those voyages, and PhiL
Trans. ;) observations by Captaine Sabine at a number
of places in almost all practicable latitudes, undoubtedly
the best series of observations yet made ; (Account of
Experiment*, dr.;) observations made in the voyages
of Freycinet and Duperrey ; (accounts of the voyages,
and Additions to the Conn, des Temps;) observations
made by Captain Kater at several places in Great
Britain, and by Captain Hall, Sir Thomas Brisbane,
Mr. Goldingham, and others, rn various parts of the
world. (Phil. Trans, various years.) The pendulum
experiments, especially those of Captain Sabine, appear
to indicate a greater ellipticity than is given by the
measures.
In our account of the various measures and experi
ments which are used to determine the Figure and con
stitution of the Earth, it is possible that we may have
omitted some of inferior note. We believe, however,
that we have included all upon which any reliance can
be placed for aiding us in a most difficult and delicate
inquiry.
Section 2.—Theoretical Investigation of the Form
assumed by a Revolving Fluid on the Principle of
Gravitation.

(1.) It will be proper to commence this investigation Ph«ici
by a repetition of the explanation given in our Treatise theory,
on Hydrodynamics, of the conditions of equilibrium of
a Fluid of which different points are acted on by different
forces acting in different directions.
(2.) We shall suppose that some point is taken as
the origin of a system of rectangular coordinates, and
that the coordinates of any point are called x, y, z ; and
that the force R, which acts on the Fluid at that point,
is resolved into three forces parallel, respectively, to
the three axes, (see Mechanics, § V.) which are called
respectively X, Y, Z. These forces (or the single force
of which they are parts) are of the kind called accele
rating forces ; they are not pressures, but, like Gravity
and all kinds of attraction, they produce pressure by
acting upon some mass, and the pressure so produced
is proportional to that mass. We ought, in strictness,
to state it thus : the force which we call R acting on the
mass dm produces the pressure Rofm, and this is
resolved into the pressures Xdm,Y dm, Zdm, pa
rallel to the three coordinates x, y, z.
(3.) Now if the Fluid is at rest, we shall not disturb Condit
its rest by enclosing a part of it in tubes. Suppose the eq
* The English reader who wishes to be.acquainted with the best then that in the fluid mass, fig. 2, we place several brium
method of determining differences of longitude by fire-signals, is re tubes extending from the surface to the small quantity Fluldferred to an admirable paper by Mr. Herschel, Phil. Trout. 1826, on
the determination of the difference of longitude of Paris and Green of Fluid enclosed in a box at the point A : and now let
us consider the state of the Fluid in these tubes, &c. as
wich.
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fjuretf if the surrounding' mass did not exist. The action of
tt tiA the forces on the different parts of Fluid in the tube
CD A will produce a pressure on the Fluid at the place
A; that in the tube E A, or C B A, will also produce a
pressure there. Now the characteristic property 'of
Fluids (HYDaor/VNAMics, § II.) is, that the pressure pro
duced by the Fluid in E A, will be transmitted by the
Fluid at A, in such a manner as to cause the same pres
sure upwards (estimated by the pressure on a given
surface) at the bottoms of the tubes C B A, C D A. If,
then, the pressures produced by the Fluids in these tubes
be less than that produced by the Fluid in E A, the Fluid
will be forced up them ; if greater, it will descend, forcing
■ portion of the Fluid up AE; both which conclusions
are inconsistent w'ith our supposition of rest. It is
necessary, therefore, that they be equal ; and thus we
obtain as the condition necessary for equilibrium ; the
pressure produced by the Fluids in all imaginary canals
from the surface to any given point of the Fluid must
be equal.
(4.) This condition is also sufficient for equilibrium.
For if we take small tubes as F G, H G, to any part of
the tube E A, tine Fluids in these, in consequence of this
condition being satisfied, will have no tendency to dis
turb the Fluid in E A ; from which it appears, that the
equilibrium of the Fluid in E A does not depend on its
being enclosed in a tube : and the same applies to any
otherpointof the Fluid.
(5.) The condition can now be reduced to a mathetnatical form, for which purpose we must find an ex
pression for the pressure produced by the Fluid in a
JJj^ ttibe. Take a very small portion of the tube, as Br,
jif^ aud construct a parallelopiped of which B 6 is the dia
gonal, and whose sides Be, cd, d b, are parallel to the
coordinates x, y, z, respectively. As these sides are the
differences between the coordinates that correspond to
the point B, and those that correspond to the point 6,
let them be called d x,dy, d z ; and call B 6, the in
crease of the length of the tube in proceeding from B
toi, dt; call the section of the tube, expressed in
square units of surface, K ; and the density ofthe Fluid
in that part of the tube, expressed by the weight of one
cubical unit, p. Then the solid content of the tube B6
is Kd»; the weight of the Fluid contained in it is
K/>di: the action of the force X upon this causes the
pressure KpXdi in the direction B c. Resolve this
(Mechanics, Art. 29.) into two pressures, one of which
is parallel to B 6, the other perpendicular to it. The
Utu-r of these will only cause a pressure on the sides of
the tube, and therefore is to be neglected ; the former
will cause a pressure in the direction of the tube, and
will therefore add to the pressure of "the Fluid. Its
B c
talue is K/iXijxcos6Bc = Kj)Xds x^-;
B o
dx
= K^Xd» x — = K pXdx. This is the pressure
as
which it causes on the surface K.; and therefore on a
surface 1 it would cause the pressure pXdx. Simi
larly it would appear that the pressure caused by the
action of the force Y would be p Y dy ; and that caused
by the force Z would be p Z d z.- The sum of these, or
f(Xdx + Y dy + Zd 2), is the quantity by which the
pressure of the Fluid is increased between B and 6; and
therefore it is, in common language, the differential of
the pressure. The whole pressure is the integral of
this, and is therefore fp (X d x + Y dy -+- Z d z).
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(6.) Now the condition of equilibrium requires that Physical
the pressures produced by the Fluids in the tubes C B A, Theory.
CD A, should be equal, or (since this is to be the case v—"v*™"''
for tubes of any form) that the pressure should be in
dependent of the form of the tube. Now the form of
the tube will be defined by two equations, one of which
will express y in terms of x, and the other z in terms
of ,r; so that, assuming at pleasure a value of x, we
can find corresponding values of y and z. For every
different form of the tube, y and z will be expressed ia
different functions of x. And since the density at any
point is known from a knowledge of its situation, p is a
function of x. On substituting these values in the
quantity p (X dx -J- Ydy -\-Z dz) it will have the
shape <f{x)dx, the integral of which is of the form
yjr (x) ; putting a and e for the values of x at A and C,
and integrating between these limits, the pressure will
be (a) — Y" (e). Now this expression clearly is not
the same for all forms of the function yjr, that is, it is
not the same for all forms of <p, or it is not the same
for all figures of the tube ; and therefore when it is
necessary to integrate p (X d x -f- Y d y -j- Z d =) in
this manner, the equation of equilibrium cannot be
satisfied.
(7.) But there is one case in which p (X d x -{- Y dp
-f- Z d z) can be integrated without expressing y and
z in terms of x ; it is when p(Xdx + Ydy + Zd z)
is explicitly a complete differential of some function of
x,y, and z. In this case, supposing the integral to be MathematiX \x, y, z), and putting a, 6, c for the values of *, y, z, cal condiat the point A, and e,f,g for those at the point C, the lion of equi
pressure will be x («. <0 — X ie>f> g)- Here the llbrlumexpression is the same whatever be the form of the
tube ; and thus we get for one condition of equilibrium,
that p(Xdx + Ydy + Zdz) must be explicitly a
complete differential.
(8.) Here we have compared the pressures produced
by the Fluids in two tubes drawn from the same point
of the surface C. If, however, we take another tube
E A from another point of the surface, and call I, m, n
the coordinates of E, the expression for the pressure
which the fluid in it produces will be x (a> &> c)
— x Pi m, 7i). This must be the same as the former
expression ; hence x C> m> n) must be the same as
X (e,f, g). Applying this to all points of the surface Form of exwe find that, l,m,n being the coordinates of any point ,ernal sur"
of the surface, x d «w, n) must be constant; or put- face
ting x, y, z instead of /, IA, 71, and observing that equilibrium.
X
y> *) 's tne integral of p (X d x + Y dy + Z d z),
the external surface will be defined by making this dif
ferential = 0, or Xdx -f-Y dy+Zdz = 0. And
this is the second equation of equilibrium.
(9.) Suppose the Fluid to be homogeneous, or p, the Relation of
density, to be constant and equal to k; then we must forces when
have kQidx + Ydy + Zdz) a. complete differential, |he nM is
ot TLdx + Ydy + Zdz a complete differential. J"™6'"
Now it is remarkable that this condition is satisfied
by the only attractive force (Gravitation) whose laws
are accurately known to us, as well as by the cen
trifugal force of which we shall presently speak. For,
let the mass of one attracting point be d m, its coordi
nates a, b, c, the coordinates of an attracted point
x, y, z, the distance between them r, so that
Satisfied by
Gravitation
and centri
r = >/x -a\* + y - &|* -f z - c|*. .
fugal force.
Then the attraction in the direction of r, on the prin2 k -2
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degree altered. For that supposition would only Phy*u
t^EaVth. c»ple ofGravitation, will be represented by ^ ; that in any
require that p should be the same where p is the same, The°
which is already secured by the conclusion just men- v—~v
the direction of x will be
X - - °= dmx?—^ ; tioned.
r
r
t3
(12.) Example. Suppose the only forces which act Attract:
y
those in the direction of y and z, d m x
-, and on each particle of a heterogeneous Fluid to be these ;
r
an attraction (not to every other particle but) to the centre,
i«X^-C Hence X = rfm.^^,Y=rfm.^, centre, varying inversely as the square of the distance
from the centre ; and the centrifugal force resulting from
rotation round an axis passing through the centre.
Z =zdm . —~— , and Xdx + Yrfy-f- Zdz
(This is nearly the same as Huygens's supposition.)
Let A C B, fig. 3, be the axis, C the centre, C M,
a — a .dx + y — b .dy-j-z — c.dz
M N, N P, the three coordinates of a point P, one of
dm .
which (N P or z) is parallel to the axis ; join C N, C P,
and
draw P Q parallel to N C, which will be perpendi
which is a complete differential (the integral is
/ .
cular to A C B. The force —
— dm
'/*■* in the direction P C, re-)• The same will
presented by P C, may be resolved into P N, N M, M C,
be true for the forces produced by the attraction of any that is, the resolved parts parallel to x, y, and z are
other attracting point ; and therefore for the forces pro
— £^ ; where r s put for P C, and the
duced by the sum of all the attractions of different - ~, points. The centrifugal force (as we shall show here
after) is proportional to the distance of the point on forces are considered negative because their action tends
which it acts from an axis, and acts in the direction of to move the particle in such a direction as to diminish
aline perpendicular to the axis, and passing through the x, y, and z. The centrifugal force, if T be the time of
4 ira
point; whence it is easily found that, supposing the axis revolution, is equal (Mechanics, § XIV.) to-^-QP,
of z to be the axis of rotation, and the force to be m X
distunce, the force in the direction of x will be m x,
4 w*
,
4 tt*
and that in the direction of y will be my, that in the or — CN; which may be resolved into
C M,
direction of z, 0 ; therefore Xdr + Ydy + Zdz
4 »»
4 tts
, 4 jt'
= m {x d x + y d y), which is a complete differential, and — MN, or — x and — y, in the directions of
m
its integral being — (x- + y*).
x and y. These are positive, because their action tends
to increase the coordinates x and y of any particle.
(10.) If p be not constant, and if X dx + Ydy When the rotation is taken into account by this applica
+ Z d z be a complete differential, and — dq, then tion of centrifugal force, we may consider the conditions
the quantity in Art. (7.), which must be a complete dif of equilibrium the same as if there were no rotatiou.
ferential, is p d q. This can only be true when p is a
function of g ; and, consequently, so long as q does not Then
fx 4 Jr«
surface'cif var)' P must remain without variation. That is, if the
X= -r
equal Jen- fluid be heterogeneous, the surface which limits a
sity when stratum of any given density is defined by the equation
4tt«
the Fluid is q — c Let p be the pressure; then d p — p d g, and
heteroge- p — fpdq, which is some function of q, as 0 (g) ;
fz
and if q' be the value of q at A, and q" the value at the
Z = _ --—•
surface, p at A = <f (g1) — $Hg")- From this (as in
Art. 8.) it appears that ^ (g") must be constant, or g"
dq = — — (xd x-\- y dy -f- 2 dz)
must be constant, at the external surface ; and thus it From which
appears that the external surface, as well as any sur
face which separates strata of different density, is de + ^ (xdx + y dy) =
+
d (r* + y«),
fined by the equation grr constant. It appears, also, that
p =z (f> (g') — constant, whence g'is a function ofp, and
f
2ir'
(x% -f y*). The equation to the ex
p, which is a function of g', is also a function of p ; and q = -fthat is, where p is the same, p is the same. Con
versely, where p is the same, p is the same, provided* ternal surface will, therefore, be
that the Fluid consist of indefinitely thin strata of den
f
2 ** (*+/> = c7+
17
sities varying from any one to the next in contact
with it.
The same
'(11.) From this conclusion we derive this remarkable
Let a be the equatorial radius ; at a point in the
■f
how'Tnhe inference, that if we suppose the density to depend on equator r — a, and a* -f-y* = «* ; consequently C = ~
density de- the pressure, the equations of equilibrium will not be in
pend on iho
pressure.
« ,f the s(raU of nomogeneouJ p^y
+
ar, and the equation is ■ , _
+ -7=5- X
were thick, » would be the
1
</ x* + y* -f- 2*
1
same w here p was the same, yet p would not be ihe same where «
was the same. For between the upper and lower surface of the
f + 2-7pv* a*. If the centrifugal force at
stcalum f would not be altered, but /> would have had all values (x* + y') = —
between the value at the upper and that at the lower surface.
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the density of the matter, (estimated as in (5.) ), the Physical
Theory.
d s Now Eaith
?op
mass of the matter in the frustrum is A k . s*
—5—.
posed ho
(or*
- ±£ a }). we have ^jq^- £>
by the Principle of Gravitation the force of the attraction mogeneous.
of this matter on P will be proportional to this quantity Attraction
/
mf
and the equation is 1.
-—- + 0,. . „ „ X divided by the square of the distance, or proportional of a pyramid
on a point in
Ak
to -^-ds. It is equal to this quantity multiplied by its vertex.
mf
_2 + 3m / or
(*+y*)- a + 2 (l + m) a 2 + 2m ' a'
some constant ;* but as this constant must be the same
m
+ y" in all parts of the investigation, we will omit it in every
2+3m 1
part ; and consider the attraction of the matter in v id
+ y' -^ gt ~2 + 2i» ' a 2 + 2m ' a*
The polar semiaxis, or b, will be determined by making on the point P, as represented by A
—k d s. The integral
2 -f 3 m 1
» andj y = nI), and, z = 6..1
; then - = s-42+ 2m a
0f this, or A A* + C, is the attraction of the pyramid;
. 2 + 2m
6= ; . 2— a The proportion of the diameters is, making it vanish when * = 0, and then making s= I,
2 + 3m
therefore, 2 -f- 3 m . 2 + 2 m, or the flattening at the Poles we have for the whole attraction —.
Ak

ttBirtb. the equator ^or

a ^ be m J X whole force there

is ——— v the equatorial diameter. If these were
the circumstances of the Earth, m (see Mechanics,
\ XIV.) would be —, and the flattening would be
289
J_
5S1'
(13.) It must be observed that the determination of
the form assumed by a revolving Fluid on the Principle
of Gravitation is not so simple as the solution which we
have just exhibited. In fact, one of the forces which
acts on each particle (the attraction of every other par
ticle) depends on the form ; that is, one of the elements
necessary to the determination of the form depends
itself ou the form. The extreme difficulty which this
introduces will prevent us from determining, analytically,
the form ; and will oblige us to confine ourselves to
showing, synthetically, that an elliptic surface satisfies
the conditions of equilibrium. For a proof that the
elliptic is the only form of equilibrium, we refer the
reader to a paper by Legendre, in the Memoires de IAcademie, for the year 1789.
On the Figure assumed by a Homogeneous Fluid.

(16.) Now let C M, M N, N P, fig. 5, be the coordi
nates x, y, j, of a point P in the surface ; let the plane
A PB pass through C and N P; and refer the points
of the surface to three coordinates, r, s, and 2, of which
t is parallel to AD, i perpendicular to A B, but in the
plane A B D, and x the same as before. For the point
P, therefore, r is C N, s is O, z is N P. Suppose the Spheroid
spheroid to be divided into wedges, (one of which is re- divided into
presented in fig. 6,) by planes passing through PN; pyramids,
let the plane PQO make with the plane A P B an
angle q\>, and Pq O an angle 0 -J- d <f>. Again suppose
this wedge divided into pyramids by planes, passing
through P Q q. PT / ; and let Q P N or q P N be culled
0; TPN oriPN,fl+dfl, Let P Q, the length of
this pyramid, be /. Then the area of a section of the
pyramid, perpendicular to P Q, is T t x t v. But
io = P< X dO = I dO nearly ; and Tt (supposing tvo
perpendicular to P N) is t w X d $ = I . sin 0 . d <f>. The
area ofthe section is, therefore, I* . sin 0 . d<p . dO; and
consequently, by (15.), the attraction of the pyramid is
*/sin e .dq>. dO.
(17.) This is the attraction of the pyramid in the
direction of its length. We may resolve this into two
parts parallel toPNandNL: the former will be&Z
sin 0 . cos 0 . d (f> . d 0 ; the latter k I . sin» 0 d 9 . d 0.
This latter may be again resolved into two, one parallel
to C A, and one perpendicular to it ; their values are
k I sin* 9 cos $ .dQ.dO, and k I sin' 0 . sin 9 . d y . d 0.
(18.) The first of these is in a direction contrary to
that which tends to impress such a motion as would in
crease the value of z ; and, therefore,
Attraction of pyramid in direction of *
= — kl sin 0 . cos 0 . dip . dO
In a similar manner
Attraction of pyramid in direction of r
sa — k I sin* 0 . cos <p . d <p . d 0.
And
Attraction of pyramid in direction of s
= + kl sin' 0 . sin f . d p . d 0.
The last of these we shall neglect. For when we

(14.) We shall show that the surface formed by the re
volution of an ellipse will satisfy the condition of
Art.(9.) (The condition of Art.(8.), as we have explained
in (10.), is already satisfied.) For this purpose we
must find the attraction of a spheroid on a point at its
turface.
(lb.) First it is convenient to premise the expression
for the attraction of a pyramid on a point at its vertex.
Let V P W, fig. 4, be a pyramid of which the base V W
(to which the axis is perpendicular) is very small, its
area being = A ; call the length P V, I ; then the area
of the section at a distance Pe (which we will call s) is
t*
Ax-; and if another section v' to* be taken at the
P
very imall distance ds from the former, the solid
con* The constant would be different according as we estimated the
of the attraction by the presture which it caused by acting on
s*d
1
t of the included frustrum is A . ~ • and if ft be effects
a given mass at rest, or the acceleration which it created in its
motion.
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» of take the attraction of the whole spheroid, there will be a pyramid of equal dimensions, and in a similar position, on Physical
the Earth, the opposite side of the plane A P B, whose attraction in the direction of s will have the same magnitude as this, _Throry
" but will have a different sign : and, consequently, they will destroy each other. If we took the attraction of a ^^",1
part only of the spheroid, this reasoning would not hold.
mogeneoi
(19.) Now to get the attraction of the wedge in fig. 6, in the direction of *, we mnst integrate k d <p .J" I . v—
sin 0 . cos 0 . dO. For this purpose we must express Z in terms of 0 and (p. Let if, ** be the coordinates of
Q ; a and 6 the major and minor semiaxes of the generating ellipse. Then (Analytical Geometry, Art. 102.)
6* (/" + i") + a* z" = aq 6». Now r1 = r — t w . cos = r — I sin 0 . cos <p ; s' = t w . sin 0 = I sin 0 . sin $ ;
2' = z — P to = 2 — I cos 0. Substituting these values &• (r* — 2 I r sin 0 cos <p + fi sin' 0) + a* (z* — 2 Z«
cos 5 + Z"cos« 0) — a» 6*. But as P is a point in the surface, and s there is 0, J« r* + a* i* = a' 6E. Subtracting
this equation from the former, 6» I* sin" 0 + a* Z« cos» 5 — 2 6' Z r sin 8 cos p - 2 a« Z * cos 6 = 0 ; whence
_2 6s r sin 0 cos $ -|- 2 a* z cos 0
6* sin4 0 + «* c°s* 0
*
All the integrations must be performed between the values 0=0, and 0 = that value which makes I = 0 ; that
- a% z
is from 0 = 0, to 0 — the arc whose tangent is ;
-.
b*r cos 9
(20.) The attraction of the wedge, therefore, in the direction of z
. ,
.
fctZ(f)
//*2 6*rsin . 0 cos?
T 4,' 2 a«
f- 2 cos 0 sin0.
cos<?.d0
,/
6 sm 0 + a cos* 0
/* f — 268rcosip.sin80.cos0.d0 2a'z cos* 0. sin 0 . c/0|
S V I
6s sins 0 -f- a4 cos« 0
6* sin" 0 + a* cos' 0 J
=!

Making 6* = a* (1 — e"), the general integral is
a. j^l1"^ ■ a
Ter cos 0 . d<p \I ——
es sin 0
+ 2fczcZ0 j-^- cos0
Taking this from 0 — 0 to 0 = tan-1

/l+esiii01
—I
e3— log \/
V 1 — esin
0J

~T~~ tan"'*(v 6

cos0^j.

^-?-\ = sin-1 [ —■
C 2
= cos"1 ^
* rC°* ^
\
V>»rcos<p/ •
VvVz' + Z^r'cos4 (j,/
Wa4z« + 64r«cos*$>/

we have the attraction of the wedge
.fl-e*
2 i- r cos <p (Z f J
"7

0*2

1-**,

^a* 2* + 6« r* coss O - a'ezl
— 1

. «.
f
isrcosffl
+ 2&zd<f><-^—
-Vo4 z« -f 64 r* cos" <p
63
Vl - <* -/a* + 6* r« cos» ^
Now it may be observed, that all the terms, except the two last, are of such a nature, that upon increasing <p by a
semi-circumference,) or t, their value is the same but the sign is different, and the addition of two such expres
sions, one corresponding to the arc <p, and the other to the arc it + <f, will therefore destroy both. As we shall
shortly integrate with respect to <p, from <p = 0 to <{> = 2 ir, we shall in reiility effect that addition. We may as
well then reject, at once, these useless terms ; and thus we find for the effective attraction of the wedge in the
direction of z,
2kzd<?^-~+ ^"""tan-'

^ or2zd<p

* sin^e - i^.

(21.) To find the attraction of the whole spheroid in the direction of z, we must integrate this with respect to
(V\ —— & sin ~l e — —1
\\ . :.
(22.) The attraction of the wedge in the direction of r is
f\ — 2 64r cos <p . sin3 0 . dO
*C0S?dv|
6«sin«0 + ascos40

2 a* z sin' 8 . cos 0 . d 01
6» sin' 0 + a- cos" 0 J"

The general integral is
1 We use the expression tan-1 (— "

cm I \ to denote the arc whose tangent is

cos i ; and, similarly, for other
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1 —
e»
m + —3
J\ — e» . tan"', ■—=-.
e cos 9 1\
T-cos5

J , [1 . „
+ 2 ft z cos 0 d If < — sin 0

posed ho
mogeneous.

1,
/ 1 + e sin 01
log \ /
—- >.

On taking° this between the limits S = 0, 9 = tan" 1 . 6*
— rcos <p-, and rejecting
(as in (20.) ) those terms which
J
ultimately produce no effect, we have for the effective attraction of the wedge in the direction of r
, r i - <•
2 ft r cos* (f> . dip i 1— <*

vi
.
i
Vl -- f
e« sin"1
el •

(23.) To find the attraction of the whole spheroid in the direction of r we must integrate this with respect to ^
— e»
from p= 0 to <p = 2 tt; we thus get 2 jrft f —-

Vl - e»
— sin * el.

4**
(24.) Besides these forces of attraction there is the centrifugal force, which (as in (12.) ) is — r in the direc(. 1 - e*
—e«

Vi _ <*
e»
S'n" 6

2 *\
T«ft / r'

(25.) Resolving the force in the direction of r or C N, fig 5, into two in the directions of CM and M N, or x
and y, we find that they are the same multiples of* and y which the force in the direction of r is of r.
Thus we nave the following expressions :
Expressions
for
the on a
*/I
—
«f
J.
a
.
,
'<!■\
„
_
,„
_
force*
X = 2 rr ft (~^- - A e,sin-' e +
x = 2 t . k A . x.
particle at
the surface
_e»
Vl _ et ? ,
_
of iaspht(J _
(*
v[
22ir\
?r\
—
sin-'e + ,— Jy = 3TArA. y.
roid.
= 4 * * ( Vlh- e» sin" 6 " ■?) 2 =
(26.) The condition in (8.) now requires that the external surface be defined by the equation X dx + Y dy The elliptic
+ Z<fz = 0, or 2ir k S.x d x + ivkhy dy + 4v kli z d z z=0, or (integrating and dividing by ir ft) A (*■ f- y*) form proper
+ 2Bi*=C. But the equation to the surface has already been assumed to be 6« (x» + y*) itfj'sn'o','1;'!*
(Analytical Geometry, Art. 102.) If these equations are compatible, the elliptic form is proper for equilibrium, briun1,
and a comparison of (he constants will determine the degree of ellipticity. Now the form of the equations is pre
cisely the same, and, therefore, they will be compatible if the proportion of the coefficients of j2 + y> and z* is
A = 6«
the same (C being undetermined.) This condition requires that ——
— = 1 — e*, or A — 2 B (1 — «•) = 0, or
<tf IS
fit
(M

- L=^ V—* . sin- e +
= 0,
f»
T* ft

»n equation from which, when T*ft is known, e can be found.
(27.) If sin-1 e =/ the equation maybe put under this form, (which is more convenient for calculation,)
/. cot/(l + 3 cot'/) -3 cot'/- fTfr**0If a curve be constructed of which the abscissa is f, and the ordinate the equation deprived of its last term, it will
be found to resemble A E F B, fig. 7. If we draw a straight line, C D, parallel to A B, and at a perpendicular
2x
distance equal to jp-^. the points in which it cuts the curve will have for abscissa; the values of/, which satisfy
the equation.

From this it appears that if

does not exceed a certain limit (.22467), there are two values of

/and, consequently, of e, or two forms of ellipsoid, with which equilibrium is possible ; if it exceed that limit,
equilibrium is not possible.
(28.) We have spoken here as if the velocity of rotation was independent ofthe form of the.spheroid. This would
not be the case, if in consequence of want ofadaptation ofthe forces the form of the Fluid should change. Nothing,
therefore, can be inferred with regard to the stability of the equilibrium. To investigate this we must make use
of the following theorem of Mechanics, (known as the principle of the conservation of areas) If any bodies
round a centre, and are acted on only by their mutual attraction and by forces directed to the centre, the

Hd?
f°r finding
the ellipticity.
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Picrure of sum of the products of the mass of each by the projection (on a given plane) of the area which it describes round Phyjrca
the Earth, that centre is constant. 'In the case before us the particles of the Fluid are acted on only by their mutual attrac- jT^^
Wv"""' tion, and therefore this theorem applies. Now (without making a complete investigation) it is easily seen that
^ |„
the sum of the products of the mass by the area described does not depend on the length of the axis of revolu- m0geneo
tion, but is proportional to the square of the major axis directly, and the time of revolution inversely. That il:
a*
a*
C"
C = — , or T = j^. And since the quantity of matter is given, C" = o» 6 = a" — e* ; whence a5 =
1
c4

cf
, ; and T =
, ; - n = —'—- 1 - e*F = D . 1 - e'i* for abbreviation. Substituting this
T^~?|'
CM - ««|t 1
C"t
*
.i we have
in the equation of (27.), and putting cos/|T for 1 — e*lT,

a =

/. cot/. (1 + 3 cot5/) - Scot'/- -5-"cos7^ = 0,
k
or

{/cot/. (1+3 cot'/) - 3 cot8/} - ^- = 0.
cos/]3'
If we construct a curve of which/is the abscissa, and this expression deprived of its last term the ordinate, it
will be found to resemble fig. 8, the ordinate becoming infinite when /= 90°, or e = 1. And, therefore, if we
A given

draw C D parallel to A B at the distance —, it will cut the curve at one point and at" no more.

motion,
with a given
velocity,
fonnof
equilibrium.
The equifibrium is
stable,

then, that the equation above admits in all cases of one solution and of no more than one ; and, consequently, if
a fluid mass is revolving round an axis, there is always one elliptic spheroid, and only one, in which it can remain in
equilibrium. It will very easily be seen that if it be put in the form of a less flattened spheroid, its angular velocity
must ^e 'ncrease^' anc* therefore it will return to the form of the spheroid of equilibrium; if it be made too flat,
the angular velocity will be diminished and it will also return to that form. Hence the equilibrium is always
stable. We have given this proposition, perhaps, more attention than it deserves, because the preceding proposition has sometimes been stated in such a form as to imply that a mass of Fluid might have two forms of
equilibrium, and might have one form of unstable equilibrium ; conclusions which are quite incorrect.
(29.) With regard to the Earth considered as a homogeneous Fluid, we do not immediately know A, but we
know the force of Gravity at the Equator, and we can calculate the centrifugal force there, and, consequently,
know their ratio; let this be m. The whole Gravity at the Equator, by (23.), making T — a, and changing the
sign, is 2irk.^
hence

1

^ m m (-5- sn

It appears,

——- sin"' e — Tj^j^- «; the centrifugal force is 2vk.^^a;
. —- - -

and ^= _^L_«B-» «

_)

l+OT\sin»/
V
The equation of (27.) is changed by this substitution into the following :
/cot/(l + Scot'/) - 3cott/
m
/cot/ (1 + cot'/) - cot"/ ~ 1 + m ~ '
If we construct a curve whose abscissa is / and ordinate the first term of this equation, it will have the form
offig. 9, the ordinate being = 1 when /= 90°. If the line C D be drawn paralUl to AB, and at the distance
r~r—.
since r~T— is ^ess **n 1> 'twill necessarily* cut this curve at some point
E, and onlyJ at one 'point.
l+ml-J-m
r
One corresponding value of/, and consequently one of e, and no more than one, may therefore be found for
form co " anv PTen value of !"'! that is' the ratio of the centrifugal force at the Equator to Gravity there being known,
responding there is but one elliptic form, which will be a form of equilibrium.
to a given
ratio of
(30:) Where m is so small as in the case of the Earth ^ggjj^. we may be satisfied with a first approximation.
centrifugal
force to
Gravity.
Let a = b (1 + 0) : « is what is generally called the ellipticity. Then / in (19.) is
Approxi2 r sin 0 . cos <p + 2 z (1 + «)* cos 6
mate solu. .
—
—
;
tion of the
Sin' 0 + (1 + £)' «0S« o
equation. an(j ;p we neglect the square of e, this is
2 r sin 0 . cos (p +- 2 2 cos 0 + 4 « . 2 cos 0
— 2r sin0 .cos (p+ 2;cos0 + e (4 z sin* 0 cos 9 — 4 r sin 0 . cos* 0 cos $),
1 -+■ 2 e cos' 0
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The attraction of the wedge in the direction of ; is, therefore,
Physical
•Bulk. ,kd(fif { 2 r cos 0 . sin* 0 . cos 0 . d 0+2 z cos* 0 . sin 0 . d 0+e (4 z . sin' 0 . cos* 0 . d 0-4 r cos 0 . sin' 0 cos5 0 ti 0) } . E™th°™p*yW The general integral is
posed ho42
.
2
. , A
c"ol?0
- *<f0 j- r cos0 . sin' 9--z cos' 5 -f- e I4z. —

cl^~0
-

,
sin>0
4r cos0 . —-

sin'0\)
—J ^ ;

mogeneous.
w""V—

taking this between the same limits as in (20.), and selecting in the same way the effective terms, we find the
8 e -= )
effective attraction of the wedge ss — kd<p <f 2— ^ —|— ^5

Integrating this from 0 = 0 to 0 = 2 sr, we have

for the attraction of the spheroid in the direction of z,
-Ht'+TH=-T*(1+t->(31.) The attraction of the wedge in the direction of r is
-icos0 . d(pf { 2 r cos <p sin* 0 . d 0 -f- 2 z sin* 0 . cos 0 . dO + e (4 z sin* 5 cos fid 6-4 rcos0sin*0cos'0.d0) }
The general integral is
, . t
,
cos»0
" _ sin'0
A sin»0
, cos' 0 cos»0\)
- 1 cos rp . d 0 |2 r cos 0 x —
cos 0 + 2 z —— J- e I 4 z —
4 r cos 0 . —
— I>
The effective part found in the same manner is
— k cos 0 . d 0 f- r cos 0 — r- e *" cos 0 }.
13
15
J
Integrating this from 0 = 0 to 0 = 2 *, the attraction of the spheroid in the direction ofr is

At* r, and resolving the force in the direction of r into two in the Exprestions
(32.) Applying the centrifugal force = —
for the attraction
of

direction of x and y, we get the following expressions,
X= - ilk(\--e-— \x
8 *V 6
kV)
..

^surface
when the
ellipticity a

'--T»(-S--W>
z=-T*('+i>The equation to the external surface must, therefore, be ^omitting — ^ k^
('-r-w)<"+^+('+r)=-=cBut it has been assumed to be 6* (x' -j- y*) + 6* • (1 + 2 •) • ** = 6< (1 + 2 *)• Making the proportion of the
coefficients of x* + y* and z' the same,
l1 _LO
+ 2« = —2

5 3T'°rl1 +. 85£-pf*=1+5C;
3*
1 _L 4
,
,5,r
whence«
= Tf,

(33.) Using m to signify the same thing as in (29.), m =

= -j^' an^ e = 4 W1,

4 T»
f^(1+e)
-y——

12 tr
= —- nearly ; whence

T*(1"»V<1 + ,)6
tne Earth were a homogeneous fluid, m being
« would be jj x

= ~- :

and the ratio of the axes would be 1 : 1 -f- « or 230 : 231.
(34.) We have nothing remaining but to investigate the magnitude of Gravity (including the effects of attrac* Fxpressiou
tion and centrifugal force) at any point of the surface. Since the forces X, Y, Z are at right angles to each other, for Gravity,
tie force compounded of them all is V X' + Y* + Z*, (Mechanics, § VI.) which, taking the expressions in
(25.) = 2 * VA5 (x* + 2/*) + 4 B1 z*. But by (26.) — = - : whence the force
Si
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Figure of
the Earth. = 2 1T Ic \ / - 4 Bs (x* -L y) + 4 B* z9 = 4 v k B * / - r' + z«. Let fig. 10 represent the section of the Tl.eorj
\/ a*
V O4
Earth <u
spheroid through the point P and the axis; draw PR the normal at P. Then (Conic Sections, Art. 34.)
RN=-CN = — r; and PN=z; therefore PR = * / -4 f + z*. and, consequently, the force is proportional to PR.
(35.) An expression in terms of the angle P R N (or the latitude of P) may be thus obtained. Let P R N = X ;
Gravity ex„,
ai
pressed in p R—. n • p N or z =n sin X ; C N or r = — R N = — n cos X ; and substituting these in the equation to the
terms of the
0
0*
latitude.
>>a»
\
j»
ellipse, i*b* + &z*=zat i«, it becomes n» ( — cos'X + a« sin* X J = a« b\ whence n =
If
>Ja* cos 2 X + 6* sin* X'
a-~ b (1 -f- e) and powers of e higher than the first be neglected, this becomes n =

= 4 (1 — a
v 1 -j- 2<icos* X

5
cos8 X) ss 6 . 1 — e . (1 -f- e sin* X) : and the force is, therefore, proportional to 1 -j- e sin* X, or 1 + - m . sin* X.
On the Figure assumed by a Heterogeneous Fluid.

Method of
proceeding
in the in
vestigation
for a hete
rogeneous
Fluid.

(36.) The difficulties attending this investigation are so considerable that it would be useless to attempt a
complete solution. We shall confine ourselves to an approximation including all terms depending on the first
powers of the ellipticities : the reader who may desire to see an approximation including the terms depending
on the squares of the ellipticities, and obtained by a different method, is referred to the Phil. Trans, for the
year 1826.
(37.) We shall assume that the form of each homogeneous stratum is elliptical, and that the ellipticity is
different for the different strata ; so that if we consider the extent of any homogeneous stratum to be sensible, it
will be bounded by surfaces of different ellipticities. We shall then investigate the forces produced by each
stratum, and by the whole, upon a point in any position : adding the centrifugal force, we shall form the expres
sions for X, Y, Z ; and as we know (Art. 9.) that X d x + Y d y -f- Z d z is a complete differential, we shall only
assume that X d x + Y dy -(- Z d z — 0 is the equation to the surface limiting every homogeneous stratum.
We shall then show that this equation agrees with that assumed in the first instance, provided a certain condition
be satisfied ; from which we shall infer at once the most important deductions relating to the Figure of the
Earth.
(38.) Our first object then must be, to investigate the attraction of a shell, bounded by two spheroidal
surfaces of different ellipticities, on a point within it or without it. As this is the same as the difference of
attractions of two spheroids whose axes and ellipticities are different, we shall begin with investigating the
attraction of a spheroid ; and first on a point within it.
(39.) It is convenient to premise, that if two pyramids of different lengths hare equal solid angles, (that i°, if
heir sections at a given distance from the vertex be equal,) their attractions are proportional to their lengths.
Aft
A! k
A I'
For the attraction of one such pyramid (15.) is — ; that of another —p ; their proportion is -rj-.; but if their
A
I*
solid angles be equal, ^7 = 7/* ' tneretore the proportion of the attractions is — .

Attraction
of a homo
geneous
spheroid on
a point
within it.

(40.) Now let fig. 11 be constructed in the same manner as fig. 5, except that P, instead of being at the
surface of the spheroid, is in the interior; and produce the planes which are the sides of the pyramid Q P to
meet the other surface about the point Q. The attraction of the pyramids P Q, PQ', are in opposite directions,
and proportional to their lengths, and, consequently, their combined attraction is that of a pyramid whose length
is P Q — PQ*, and whose solid angle is the same. Now, using the same notation as In (19.), and forming; the
same equation, we have
/» (6' sin* 9 + a* cos* 9) - 2 1 (a* t cos 9 + b' r sin 9 . cos 0) =: o» 6* — a" »« - 6* r» ;
whence
o« z cos 9 -\- 68 rsin 9 cos© ,
1
.
.
.
I = —6* sin2
. ,T.
± 62 sms 9 -f a*. cos*Th9 i1 i<*»~
+ a'cos'0)'
9 -f- «*.—
cos2 9
v
' (6*sin*0
x
+ (a1 z cos 0 -f 6* r sin 9 cos ©)• }
a* z cos 0 4- 6* r sin 9 cos © , .——
=
,. ■ ,a ,—i rs— ± v R suppose.
6' sin* 9 -j- a cos 9
™
One of these roots represents PQ; the other represents PQ' estimated in the direction of PQ, that is, if its
sign be changed it represents the length of P Q'. Thus
y—

6'sin10 4-o' cos'O

'
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PC— jfT g> * cos g + ft* rsui<?- cos?
xv_ n&«sin'0 + a',cos,0
'
_ .
•
p Q _ p q/ _ 2g'zcOS0 + 2o'r 8in0COS(p
6* sin* 0 + fl* cos1 0
These two pyramids are now to be treated as if they were a single pyramid of length P Q — P Q' ; and hence
we shall have (calling the density p)
force in direction ofz= — p (PQ — P Q') sin 0 . cos 0 . d <p . d 0,
force in direction of r = — p(PQ — P Q') sin* 0 . cos $> . d $ . d 0.
The force in the direction of s may be neglected as before.
(41.) Let a = b (1 -f e) ; and neglect ea, e3, &c. Then

physical
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Wy-^/'

PQ — PQ'= 2rcosi?>sin0 4-2zcos0-f-«(4zsin'0cos0 _ 4rcos<f>. sin 0 . eos* 0).
The force in the direction of z
= -,-</ <p { 2rcos<p .sin«0. cos 0.d0+2zcos,0.sin0d0+e(4zsin*0. cos* 9 .d0 — 4r. cospsin*0.cos30.d0 } .
Integrating this from 0 = 0 to 0 = «■, we have for the attraction of the whole double wedge LQOQ'L,
|4 z
16 1
Integrating this from Q = 0 to 9 = jt, we have, attraction of whole spheroid in the direction of z
-¥'(•+*•)'
(42.) For the force in the direction of r we must in the same way integrate
— pcosQ. d$ . { 2rcos ^>.sin50 do + 2zsin*0 . cos0d0Hg e(4zsin40. cos0d0 — 4 r cosp . sin»0. cos«0.d0) } ,
and we find that the attraction of the whole spheroid in the direction of r
-T'(1"£e)f
These expressions are independent of the dimensions of the spheroid, provided that it contain the point,
and that the ellipticity have the given value e. ' If, then, two spheroidal surfaces of equal ellipticity but of different
dimensions surround the point, the attraction of the matter included between them, upon that point, is nothing.
But this will not apply to our present purpose.
(43.) Now let the spheroid in fig. II be surrounded by another spheroid indefinitely near, and of which the
ellipticity is e -J- d e. Then if the matter whose density is p extend to the first spheroid, its attraction on P in the
4*
16 t
4*
16 sr
direction of z is ——p z
— pez. If it extenu to the second spheroid, its attraction is
—pz
pez
o
15
9
19
— -r— p z . de. The difference, or the attraction of the stratum included between them, is
—- z p de. In
13
X5
the same manner, the attraction of the same stratum in the direction of r = rpr r.pde.
15
(44.) Now, if we suppose a great number of such thin strata to rest one upon another, as in fig. 12, it will be
evident that their attraction in the directions of z and r is to be found by integrating the expressions in the last
article. As p and e will both be known from a knowledge of the polar semiaxis of the spheroid to which they
belone. that is as p and e are functions of b, we can put the attractions in this form :
16
/* d
Attraction of assemblage of strata in direction of z =
— z / p jt • db.
Attraction in direction of r =
15

tip — . db.
do

P de
The function I p — db we shall denote by x (&) j and if V be the axis of the inner stratum (which, however,
/» d e
p j^db in the
present instance will be x 0>") — \ (O ; and then the attractions of the assemblage of strata in the directions of
* and r are respectively - l£f z (x (&") - X (&0). and
r (X (*") - X
ID
15
(45.) The attraction of a spheroid on a point without it is not found so directly. It will be shown to bear a
known proportion to the attraction of another spheroid on a point in a different situation within it ; from which,
■with the assistance of the expressions obtained in (41.) and (42.), its value can be found. For this purpose we
most investigate the attraction of a small prism iu the direction of its length on a point without it. Let A B
2b 2
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Figure of fig. 13, be a prism, the area of whose section is very small and t= A; upon the axis produced draw PC, a per- Phyi
the E»nh. pen()jcu]ar; \et C A = a, C B = 6, P C = c, CQ = x ; at the distances x and * -j- dx, let sections he made; j.™^'
^"■"v-"~""' the solid content intercepted is A. dx ; and if p be the density, the quantity of matter is p . A . dx; the distance " d
Attraction
\ dX
lero e
from
P
is^c'
+
xa,
and
therefore
the
attraction
is
^
'
in
the
direction
PQ,
the
resolved
part
of
this
in
on a point
without it.
the direction C Q is —'——— X
= p.A.
; by integration we tret the attraction of the
c+*
^c* + x>
(c« + f)*
prism ss constant —

■=--= ■ ; and taking this between the limits x ~ a, x =: 6, it 19
' • A ■ ( V?T* V^p) = ' • A ■ (fa ~ Fb)

(46.) Now, in fig. 14, let A B be an ellipsoid, of which the three semiaxes are a, b, c ; and let the coordinates
of the point P be r, s, z. Parallel to the axis of b and c take two sections whose distances from C are / and
fJ^-df; and divide the included space into prisms by sections parallel to the axes of a and c, of which two are
at the distances g and g-\- dg from C B ; let TT\ the length of that prism, be 2 A. Then the area of its section
is df.dg; also PT= Vr Tj\t + J^Tg]' + z - h\\ and PT= Vr - f[z + T=g]* + z~+h\\ whence
(by the last article) the attraction of the prism on P in the direction PN' is
p.df. dgj

1

1

\.

This is to be integrated, first with respect to g from g = — RV to g = R W, which will give the attraction of
the slice, and then with respect to / from /= - a to/r + a, which will give the attraction of the whole
ellipsoid on P in the direction PN'.
f*
g*
A*
(47.) Let/= ma, gz= nb, h — pc. The general equation to the ellipsoid is —j- + 77 + ~T = l>
&
u
c
/«
ff!
Expression pi* + n* + p* = 1 J and at the points V and W, h — 0, and - (- — = 1, or ma -J- n* = 1, whence the
to be inte<*"
6*
grated for extrerne values of n are 4- */l — m*. Also df^zadm, da = b dn. Hence the attraction of the ellipsoid is
the altrac->
a
tion
of
a
ho(
1
1
1
mogtneous
pabjd mj dn 1 .
=■
■
= V,
spheroid ou
[vr_wla|9 _|_ g—nbf -j- z—pc\*
*r — maf -j- s — n 6l* -J- z+pd1'
a point
_____
without it., where the first integration is to be made from 71 = — Jl — m* to 71 = -f- ^1 — m*, and the second from
771 = — 1 to tn =r -J- 1.
_
(48.) In the same manner the attraction of an ellipsoid whose semiaxes are a', b', d in the same direction on a
point whose coordinates are r', t', z', is
P.a'.b'.fdm fdn\
1
1
{*? - m a'\* + V - TV? + z'-p cf
V-mo'f +sn- 6f + z + p

\
j

where the integrals are to be taken between the same limits as before.
(49.) Now the terms within the brackets will be precisely equal in the two expressions, if the following equa
tions hold,
aV = a r,

or

b' ,1' = bs,

or

— = a'
— : let this = ru.
a.
J
s
— es = v.
o
b

cJ zJ — cz, or

*? =r —
'2
—
— t.
c
c
Relation
Also, m' a't + n* 6" + c* + r" 4- + «* = *»' «' + n' 6* + J? c* + 1* + »» + .' ; which equation, putting
between
1 — 771* — 7i* for p* and a — a» — v* for **, will become
tio'nT*
+ m« (a" - c*) 4- »■ (6'« - O + a c? + ^ (a1 - <r) + »• (69 - C>
spheroid on
== C» + 77t« (o« - C«) 4~ 7l« (61 - C») + a c" + p.* (a" - (J^) -f- V* (6'* - C1').
without it, * n(j as m an_ n are variable, this can only be satisfied by taking
■nd the at_>
traction of
-« — c« = a'* — t/»
»"°thefJ
J« - c* = 6" - C*
spheroid on
•
» point
o = 1."
within it.
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I*
«• z*
a*
— -f b>
— + c?-=■ = 1.
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When all these equations are satisfied, the terms within the brackets will be the same, and as the integrals are Posed heto be taken between the same limits, the attraction of the first spheroid on the first point perpendicular to a prin- \er°jjf''^ms/
cipal section, is to the attraction of the second spheroid on the second point perpendicular to the corresponding
section as ab to a' b', that is as the area of the section of the first to the area of the section in the second.
(50.) The utility of this proposition arises from this circumstance, that if the first point be without the first
ellipsoid, the second point will be within the second ellipsoid, the attraction of which has already been found.
For a* — c* = a1* — tf\ or a9 — a* = c* — c'8 ; similarly 6* — 6" = c* — &* ; hence the spheroids will not cut
r* «'*
2™
one another (if concentric and similarly situated.) Also since + »* + w4 =■ 1. or —j +
+ — = 1 , the
second point is on the surface of the first spheroid ; and similarly the first point is on the surface of the second
spheroid ; therefore, the surface of the second spheroid is without that of the first, and, therefore, the second
point is completely surrounded by the second surface.
(51.) This proposition we have demonstrated in its most general form, because the demonstration is thus made
somewhat easier. We shall now return to the case which more immediately concerns us, where the semi-axes of
the attracting spheroid are b, b (1 + e), and 6(1 + e), and the coordinates of the attracted point r and z,
i being 0.
(52.) Let 6', 6' (1 + eT), r1, and z7, be the corresponding quantities in the imaginary spheroid and attracted
point ; then we must have 6* (1 + e')* - 6'* = 6' (1 -f e)* - b* ; or neglecting e«, e", ' 6" <! =: 6« e, and
6*
**
r*
2s
r*
z* + r* 2 6* r*
'=6^ Al3° V + 6" (1 + 7f = *' °r 6* + 6" + 2 6' e = 11 °r —»
6^e = 1; °r (takinS the
y
2 6* r4
reciprocal) ——• -4,
e = I, whence 6" = 2« + r*
z* + r» (z* + r*)'

2 6* r3
■ e, and 6' = V'*« + r*
+

6* r*
; ft
(*« + f«)*
4T
—.p X
3

Then the attraction of the fictitious spheroid on the fictitious point in the direction of z, by (41.), is
/ ' *' = ~" ~3~ P \

^ / 6^ ' * ' and' tllerefore»

(49 )' tne attraction of.the real spheroid on the real

. . 6s (1+0*
4'* /, . 4 A 6
4i
b> /, . .
P°lnt 18 y» (i +
* -T'V + 6 J**' = ""8"/,* P»V+2
the fictitious spheroid on the fictitious point in the direction of r by (42.) is —

6 \
5 /

.

f
attraction of

/i^l— -e/^r/ =

4*

1 — 7 e1 l . - — "|* — r ; therefore the attraction of the real spheroid on the real point is
5 / * (» + O
6»(.l-f-e)
4t
/,
2 ,\ 6(l+e)
4*
6a /
12 \
pj
6s /
3 6* r* \
6!
(53.) Putting for — its value
( 1 Je ), and for e' its value ", , ■ e, we find
6
P+T^A
(* + r") /
2+1
attraction of spheroid in the direction of z
--"a-' I
-.6«(l+2e)4j.b'.e I.
[(*« + ,*)*
5(z'+r-)2
j
attraction of spheroid in the direction of r

Expressions
for the athomo'ene-*
ous sphe
roid on a
point with,
out it

((.' + ,>)*
5(»' + 0*
f
(54.) From this we find the attraction of a thin stratum bounded by two spheroidal surfaces in the same
manner as in (44.). If we suppose the spheroid in fig. 14 to be surrounded by a concentric spheroid, whose axis
»nd ellipticity are 6 -J- d 6 and e-f-rft, we shall have, in the direction of z,
attraction of large spheroid
= ~ T ' I ——* t (1 + 2 e) + rf . jP(l+80 } + **1Z^* (6. « + d . 6- 0l
[(z« + r8)^
5 (z« + i*)j
attraction of small spheroid
4-/)
T f-Ti~»(.+».)+*"'-g;».).
—
I
. 63 (1 + 2 e) -\
6s e I
6
{(*• + Jll
1*)'
5c/-*
(z* +. r1)7
Ji

Attrition
or. spheroidal ho
mogeneous
shell on a
point witho»t'«
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Figure of The difference, or the attraction of the included stratum,
the Earth.
4. IT
{
. d . ^TJ7) + 9-Hl^ 4 . 6< el
l(», + *a)ir
5(* + r»)*:
j
(55.) From this, by reasoning precisely similar to that in (44.), we find that the attraction of an assemblage of
strata of different densities, each of which is bounded by spheroidal surfaces, concentric and similarly situated, as
in fig. 16, on a point without it, in the direction of z, is
-—J
zfp.d.»(l + 2*) +
fP.d.b>e\
\{f + t*?
5 (*• + f«)*
j
The integrals in this expression must in general be taken from 6 = 0 to 6 = some assigned value. Let
f p . d . 6" ( 1 -f 2 e), corrected so as to vanish when 6 =r 0, be called 0 (6) ; let jf p . d . fis e be called ^ (6) ;
Attraction then tne attraction in the direction of z
of a series
ofsphe4fff
z
,,,, . 9r«z-6?
1
roidal shells
ss - — I
0 (6) +
= . yjr (6)
of different
(** -j_ r») *
5 (z« + t<)t
}
densities on
a point with- Similarly the attraction in the direction of r
out them.
*
„ .
4r f
r
J „x . 3f* - 12rz»
3 ((z«+r«)s
6 (* + »■)*
j
(56.) We can now express the force which acts upon any point P, in any one of the strata in such a system as
we have described, fig. 17. We must use the expressions that we have just found, taking the integrals from
6 = 0 to 6 = C D, DP being the spheroidal surface of equal density that passes through P, and the expressions
of (44.), taking the integrals from 6 = CDto6 = CA.
(57.) Let CD = ft CA = b; let the corresponding ellipticities be e and e. Then the whole forces acting
on P (taking into account the centrifugal force) are
force in the direction of r

force in the direction of z
= _ £ . [-!—, 0<0 + 9_i^^03)l_ "5. *{x(b) - xOQ }.

Attraction
of a hetero
geneous
■MLone of its
particles.

And if we resolve the former into forces in the direction of x and y, and observe that r* = x* -f- y', we shall
finally obtain
= - 4*'' |'
='
,0
3j(J +
+y8)-12r
*W
X=
- W)
- +■ 8*
* ~ 12
- -l*ixQ»-xW}2 --- — • M
3
W

t

, 0 w + 3 y ^ + Q - » gfV W - ; > { x (b) - x W } - *4 v\ .

V 53
3

(*» + y* + z'f
5 (x! + y* + *")
-t0(^)+
9*(J,
+ y2) ~ V'Mffl+^xoo-xcml.
z = _ 4-J
•
.
*)*
5(^ + ^ + 2')* ■
'
j
(58.) Now we have explained in (10.) and (37.) that the equation to the surface bounding a stratum of equal
density, must be X dx -j- Y dy + Z d z = 0 ; and that this condition is sufficient. But our whole investigation
has gone on the supposition that the surface bounding a stratum of equal density is a spheroid, whose semi-axis
*" + V*
z"
x
and cllipticity are ft and e, and which is, therefore, defined by the equation
—-, + ^ = 1, or
dx
+ —-— dy + z dz = 0. The single question then now remains:—is this consistent with the equation X dx
1 -f- 2 €
-fYdy-j-Zdz^O? or can the coefficients have the same proportions ? In this inquiry we are not to take into
account the squares or higher powers of «, as they have been uniformly neglected.
(59.) Assuming the coefficients in the two differential equations to have the same proportion, wo get this
equation,
fr(g) 7 - 6r{ X(b) - x(/3) } ~w»
3
0= 2e.0Q3) j ~ 65
tf + y'+s'f

(*» + y + zT

FIGUREOFTHEEARTH.

187

ttEmh. w wn'ch we have omitted the terms e . (/}), e . { x (b) — X (0) } • an(* e ■ ~7ff > because an inspection of the
t
m
quantities by whose integration the functions are produced will show that though 0 (/3) is not small, yet (/3)
and x (P) depend entirely upon e for their value, and, therefore, e . (/3) and e . x (/S) are in fact of the second

TVory!
Earth wpposed heterogeneous.

order with regard to e. And -=^, which is a multiple of the centrifugal force, is to be estimated of the same
3T
order as e, because the ellipticity is immediately occasioned by it, and, therefore, o .

is also of the second

order.
(60.) Again, the quantity a* -j- y* -j- z\ which is in the denominator of the first two terms, differs from /S* only
bv (f* + :y*) (2 e + 6 )

.g .

a qUantity of the same order as e, and, therefore, it may be considered in this

equation as equal to /3*. The equation now becomes

or putting 6 for /8,
6»

5

6s

5 **w

T»

and if this equation is possible, the equilibrium is possible.
(61.) Differentiating this equation twice, so as to eliminate (6) and x (&), both which contain e, and observing Equilibrium
that as 0 (6) is multiplied by e, we may consider it as =fp . d (6"), instead of =f p . d (6a . 1 -J- 2 e), we find '« P''Mjb!e,
with ino
f 0 (J) . ft + 3 * (S) ~ 3 e . 4« 0. (A) = 0,
.XT
rf»e
2Pb*
de
dbt+ fpb*db ' db

/ 2 /> 6 _ 6_\ _
\f(b*db b'J6~ '

Upon expressing /> in terms of 6 it will be possible to solve this equation, and to obtain e in terms of 6. The
solution will contain two arbitrary constants, whose values may be determined by making the expression satisfy
the original equation. Hence equilibrium is possible.
(62.) Using the letter m (as in the investigation of the form assumed by a homogeneous fluid) to denote the
ratio of the centrifugal force at the Equator to the force of Gravity there, and observing that at the surface /3 = b,
x = b (1 -f- e), y — 0, z = 0, we have
m--m~

S

»(b)

_3jr

/

b«(l + e)«+ 5b'(l +e)«
P 1
;
......
„,
,
3 ab*
,
3 t »7i 0 (b) _
.
and neglecting the terms of the second order, m = — .
; whence 7=- = —j-j— . The equation of (60.),
I
0 (b)
lb
in the form hi which we are compelled to use it for investigation of the Earth's constitution, is, therefore,
2 e . 0 (6)
6 . V
,. . - Y (6)
... ,} m 0
(b) = „0.
r (6) 6 {. v (b)
r-i-£
6s
6
6s
5U '
'
b3

Equation to
be used for
tion'of^the
E»rth,»
form.

We have already remarked in (11.) that this equation also holds if we suppose the density of the fluid to depend
on the pressure. We may further remark that if we suppose a solid nucleus to exist, similar in general constitution
to what we have assumed to be the state of the Earth, but having for its different strata any arbitrary densities
and ellipticities, and then if we suppose fluids of different densities to be suffered to arrange themselves freely
round this nucleus, the same expressions will hold for the forces, as if the whole were fluid, (the integrals being
taken as well for the solid as for the fluid part,) and the equation of this article will apply in the same manner
with regard to the fluid part*. And, therefore, the equations respecting the surface (which are in fact the only
important ones, the others being only useful in conducting us to them) are equally true whether the whole be
supposed to be fluid, or a fluid heterogeneous mass be supposed to surround sueh a nucleus.
(63.)
of the last article becomes (2 e - m)
v ' At the surface 6 rfc b ;' and the equation
•

^""j.0"
b5 = 0. amplified
when ap(64.) One of the most remarkable applications of this equation is to be found in the expression for Gravity at t-hed to the;
1—1
IN 0 (b) for 3—,
ir we have for the forces acting on
any part of the Earth's surface. If in (57.) we put b for b, and ———
a point at the Earth's surface

b

- f5 .
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X-- — I
X
A fM , 3 * (*< + r) ~ 1 2 x z' „ ,
, m 0 (h) |
1H
*0W +
1 ^ 0>) ~ *
fl— I
I (*« -j- y! + z')*
5 (*« + 1/* + z8)*
I
*
y= y; 0 (I,) +
+/)-•»»* ^ (b) _ y "yo)
+ y + *')*

Phy,ic
Theon
E,rth w
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^

5 (*' + y» + z')*

3
Expression The whole force or Vx* + \« + Z2, putting r" for x' -f- y', and neglecting terms of the second order, is
44M0(b)
»■ [ 0 (b) , 33 r*
- 2 2«
r*
m0(b)]
r>-2;
8^
+
aP+5-(i-+^^(b>
(7~Sb3 j"
Earth's sur
face.
Now the equation to the external surface is

+

— I» whence ra -j- ** = ba -f- 2 e r* ; or if X be

the latitude, we may assume (nearly enough to the truth for substitution in the small terms) r* = b* . cos* X. ;
whence 1* + z% = b4 (1 + 2 e . cos! A) = b4 (1 + 2 e — 2 e sin4 X). Hence r* — 2 z' = b* (I - 3 sin* X)j
omitting e, as this expression is used only to multiply a small term ; and ^ ^ *■ = - ^ S'" -. Also
r*
= b (1 — sin'X).

Substituting, we get for the whole force

(r*+z«)2
4jr J0 (b)
(I - 2 e + 2 e sin' X) + J . ±™ (1 - 3 *») (1 - sin'X)}
3
4 t 0 (b) /
„
,3
f (b) \ f , , 7
-9 *(b)
. „1
Let
4ff

0(b^

(^

9p

„l + 3

*(b)>\ -F-

gravity ex- tben **le exPressi°n f°r Gravity is
P;r0fia'
E { 1+ (2 e - | . JtgjL + m) sin» A } ;
118 latitude.
3 D • 9W
from whieh it appears that, in going from the Equator to the Poles, Gravity increases as the square of the sine
of latitude.
(65.)
The coefficient of the square of the sine of latitude, is 2 e — ?5 . bj£. 0^(b) + OTi jjow from (53 ) we
x
9
^ (b)
3m
5m
v5 • b1—
e ; and GravityJ is now expressed
. 0, (b)s = 3 e
2—, Substituting,
6 the coefficient of sin' X is —2
1
(5 m
1 + -r

\
e.sin' Xj, a remarkably simple expression, all functions, and, in fact, every thing

depending on the internal constitution of the spheroid having disappeared. It appears from this, that if byobservations of the force of Gravity at different latitudes we can express it by a formula of this kind
E (1 + Fsin* X), then e, the ellipticity of the Earth's surface, will =

— F.

This is the celebrated theorem

Ciairaut's
theorem.

known by the name of Clairavt's Theorem.
(66.) Another remarkable application of the equation of (63.) occurs in the expression for the attraction of a
point exterior to the spheroid. The forces in the directions of r and 2 will be found by putting b for 6 in the
expressions of (5b.) ; resolving these into forces in the directions of x, y, and z, and calling them X', Y', Z', we
have
v/ = - 4?r . If
x
^ (b)
r^ + x 8-V—^
(j* + «*) - 12 z'
„ 1
X'
0
• V (b)L
Attraction
{(*• + y«-r-z«)*
5 (Xs f r + z'F
J
of heterorji? on
Y'=-4i- f —-— 0w + y 3(J'+y8)-'r + 4
without it.
l(x« + + z') J
5 (x* + ya + z2)*
j
»— *i ■

—•—.i»c) + . "-^^-'f^wl
((«■ + »•+«')*.
5(x<-t-y' + :'yi
j
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rf Substituting for 3 ' — — the value ( e — ^ J . b" .0(b) found in (63.), and making ~- . 0 (b) = M, we have Theory1
una.
3
\
*J
3
Earth sup.
X- - M f_ *
■ + x b<W-4p (e - i)l
.^et,
l(^+,t + j«)*
(rJ + y* + 24)i v
yj
^v—'
Y< = - M j

*_ + f

>=

L__ +

M

+

(e _ |)l

"<"•+"•-»/>(.

-))

It appears, then, that the attraction of a spheroid upon a body without it is not in the direction of a line joining
the body with the centre of the spheroid ; (for if it were, X', Y', Z' would be proportional to y, z respectively ;)
and, in consequence, the motion of the satellite of a spheroidal body will not be the same as if the body were
spherical. The irregularity occasioned by this difference is sensible in the motion of our own Moon, and in
those of Jupiter's satellites ; and as it depends on e —

it gives us the means of ascertaining the value of e
JO
without any knowledge of the internal constitution of the Earth.
(67.) We cannot here go through the whole process of calculating the inequality of the Moon produced Resulting
by the Earth's ellipticity, but we can indicate the principal steps. Let the axis of x be supposed to be inequality
directed to the first point of Aries, that of y to the point in the Equator whose right ascension is 90°, and JJ}^ mo
that of i to the pole of the Equator. Now take a new system of coordinates, that of x being the same as t-l0IU
before, that of y1 in the plane of the Ecliptic directed to the first point of Cancer, and that of z' directed to
the pole of the Ecliptic. Resolve the three forces X', Y', Z' in these three directions. From the Moon let
fell a perpendicular on the plane of the Ecliptic, and join the Earth's centre with the foot of the perpen
dicular, and resolve the forces just found into one in the direction of the joining line, one in the direction

Physical Astronomy, Part III., and substituting for x, y, z the vaiues — cos 0, — (sin 6. cos to — s sin w)
— (sin 6 . sin to -f- * cos w), we find the terms depending on the Earth's ellipticity which are to be added to tnf V,
«'T, and m'

(See Physical Astronomy.) They are rather complicated, but the only terms which produce

any sensible effect are in m! T, — M le — — J . 2 b* u* . sin id . cos to . cos 6 . s; and inm' — , M( e — — J x
2b*u*sin to . cos to , sin 0. If we treat these terms like the others in the Treatise alluded to, it will easily be
found that the resulting inequality in the Moon's latitude, expressed in seconds, (considering the sum of the
• r .u ^ .u j ik*
i\ •
4.60]'
m /Earth's periodV / Earth's radius V
masses of the Earth and Moon = 1) is
. e - — . ( — — -—. , ) I —) . sin to .
»
2 \Moon s period/ \Moon's distance/
cos to. sin 6 = — e

— . 4891". sin 0 nearly. The perturbation in longitude is not so easily calculated.

(68.) We shall conclude this investigation with remarking that the differential equation of (01.) may be put
in a simpler form by assuming J" p 6s d b = p, and p e = v ; substituting these values,
d»t>
6v
b dp ,
,
_ u — —L — 0
d 6*
6*
p db
A form of p which makes this easily integrable, (first pointed out, we believe, by Legendre,) and which probably
represents pretty well the law of density in the interior of the Earth, (giving a density gradually increasing to the
sinoi
centre,) is p = A —r—, A and q being constant. The general value of i> is found to be C (sin q b -f- C
3
+ — cos q b + C —

sin qb -(- C), and determining the constants by substitution in the equations from

which this differential eqrstion is derived, it is found that e, or — , =
P
(i-JLlA'
i-± +
bm
\
tan q b/
q'bg'b'- q< b. tan qb
tan q b

tan* q o

tan q b
2c

Law or den
sity which
makes the
equation fo»
the elliptidifferent10
strata integrable.
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theEarth. To get the ellipticity of the surface we must put b for b, and if / = 1
1e = ^— .

, it is found that

1
(J>b' The Va'Ue ' = 6 ' B giveS a laW °f densitv tnat probably represents nearly the 't!^

Earth's density.
The pro(69.) We shall now consider the probable magnitude of the error which we have incurred by neglecting
bable error, the square of the ellipticity. We have investigated, accurately, two cases which may be considered as extremes
Select of™ thC series of laws of density, within which the law of the Earth's density is included. One of these is, the
the higher case or" a homogeneous Fluid ; the other is that of (12.), in which the assumption of attraction directed only to
powers of the centre, amounts to the same as (on the principle of gravitation) the assumption that the matter near the
the ellipti- centre is infinitely more dense than that near the surface. We shall examine, then, how far, in these two cases,
b^'Tred trie two principal results of our investigation (the ellipticity of form, and Clairaut's theorem) are true; and if
from those we ^na" tnem nearly true in these cases, we shall conclude that they are nearly true in the case of a density
in the ex- gradually increasing to the centre.
treme cases. (70.) First as to the ellipticity of figure. When the Fluid is homogeneous, it appears by the investigation
If the Fluid extending from (14.) to 26.), that the figure is accurately that of an elliptic spheroid. When the attraction of
geneous> tne Part'c'es 's neglected in comparison with the attraction to the centre, it appears from (12.) that the equation
the form is to *ne external surface, using r for the distance of any point from the centre, is
accurately
j
2 + 3m 1
m
J* -f- y«
1
1
/a
\ J-* + y
1
e
. _A
elliptic
—
I\b
11.
= 6 6s (1 + e)« v(i» T
+ rj
V*)v
r — —!
2 + 2m . «
2+ 2m . —I—i.
a3 ' or—r rr b
J ——
a'
Let r1 be the corresponding line in an elliptic spheroid with the same axes for the same values of * and y ; then
x* 4- «t
2*
proceeding from the equation
-3— -(- -^j = 1, it will be found that

3 e* . («* + y*) .
■Expanding tne expressions for r and f* as far as terms of the order c*, it is found that r* — r = g—
6' , or at latitude 45° nearly ; its value is then —
S 6.
(6t _ j!» + y»). This is greatest when ** + y% = —

If

b =z 4000 miles, and e = — , (the ellipticity of the Earth that would correspond to this supposition,) this would be
580
24 feet, a quantity quite insensible. We may conclude, then, that the theoretical figure of a heterogeneous Fluid,
on the principle of Gravitation, would (since r is less than /) be somewhat flatter at latitude 45° than the elliptic
spheroid, but that if the circumstances were those of the Earth, the ditFerence would be insensible in measures of
degrees.
If the Fluid (71.) Secondly, as to the law of Gravity at the surface. In the homogeneous ellipsoid it has been found (35.)
be infinitely
j
dense at the tna<i puttjno. \ for the latitude of any point, the Gravity there is proportional to
£rte
v^.x + r+71'cos'x
d"ffe"fromy Expanding this so as to include the second power of e, it may be put under the form (I - e + e*) {1 -fesin*
an elliptic
3 ei
3 e*
™ .
1
spheroid. X — sin* X cos« X } , or Gravity is proportional to { 1 -f e sin« X
— sin* X. . cos* X } . Now as Clairaut s
theorem is commonly understood, Gravity is proportional to { 1 + -~ — e . sin* X } . We must then investigate
accurately the relation between e and m. In the equation of (29.) make / =
<->■ \ . —^-j. + r . —
—
'
1
*
**
cot/ 3 cot'/ 5 cot*/
1
1
,
m
4 /, 57 \
5m „
1
., 5wl
— „
——-.,
— -— = r e I 1 — — e 1, whence ——
e—e
7- . cot7
/ and we find at length
bl-f-m5\70y
2 =2e — —
35 r, and —2
— — e*.

Consequently, according to Clairaut's law, Gravity should be expressed by 1 -j-

—

sin* X ; it

be'hoino""1 actually is expressed by 1 + e sin' X - ^ sin* X cos« X. We ought then to increase Gravity in the homogeneous
geneous,
~
Clairaut's spheroid by equatorial Gravity X e'sin'X f^? cos'X in order to make it follow Clairaut's law. For
law is
Dearly true.
N~
/
y
circumstances similar to those of the Earl h, e must be taken = — , and the quantity to be added is about
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equatorial
85300
Gravity X sin'XI
.,,/.*
cos'X — —
t \1. _
Tins
. .is nearly
, a maximum
.
when
, X = 45°, and it then is nearly Phvsioal
l h>C(lry_
Earih sup ■
equatorial Gravity
. . .
. ,.
,
, .
.
posed he=
14(>000
a quantity barely sensible in the most accurate pendulum experiments.
terogeneous.
When the attractive force is wholly directed to the centre, it appears (see 12.) that the resolved parts of ' J"~v~" '
Gravity are
/{$-<>.-.«»*).

/$

Adding the squares of these, observing that - = ^ i 1 — e . —^— + 3e* —^T^[* an(* exacting the square
root, it is found that Gravity is proportional to
,-,.^+H^.+,(*±*).
_ .
.
. . . .
force in direction of z
„ , r* -1- «*
Piow from the consideration that sin X =
.
, we find —
= (1 + 4 e) cos'X — 2 ecos4 \ uravity
o
and thus we obtain at length that Gravity is proportional to
1 -f- 4 e + 9? sin' X - 9 e* sia' X cos' X.
But from (12.) — = 2^.2m whenc0 e ~ 2 + 2m'

"* ~

e + e ' ~2~ ~ '

~~2

e = 4e

+ 10 e\ and therefore Gravity, according to Clairaut's formula, ought to be expressed by
1 + 4 e + 10 e* . sin* X.
We ought, therefore, to increase the actual Gravity by equatorial Gravity x e*sin'X (9 cos'X + 1), in order to
9 e*
1
bring it under Clairaut's law. The maximum value of this is nearly — x equatorial Gravity ; which, if e = —4
"
580
is about eQuator*a^ Gravity
_uantjt_ as smau as
found i
150000
H
3

If the density be ingreitat the
centre,
C!«irauf»
law is nearly

(72.) We may conclude, then, that the following theoretical results may be considered as sufficieu ly accurate Conclusions
for a heterogeneous fluid mass in the circumstances of the Earth.
with regard
The external surface has the form of an elliptic spheroid.
t0 hetero(
geneouj
—

el sin' X, (where m is the proportion of centrifugal force

at the Equator to Gravity at the Equator, and 1 : 1 -f- e is the proportion of the axes.)
(73.) If a mass of different density were placed any where in the Fluid it is plain that it would disturb all the
laws that we have found. For a calculation of its effects we shall refer to a paper by Dr. Young, in the Phil.
Trans, for 1819, from which we extract the following results.
Prop. A. If a plumb-line be drawn aside by a small mass not far below the Earth's surface, the distance of the
points where the greatest deviations are produced, is to the depth of the mass, as «/2 to 1.
■■
...
a /
disturbing mass
,
depth
\
B. The siae of the greatest deviation = ,38a x ? (where a =
^ , and c = ^-^—^-J .
a
C. The greatest elevation of the general surface above the sphere = — .
D. Gravity at the highest point will be increased by

2a
—.

E At the place where the greatest deviation of the plumb-line is produced, the proportional increase of Gravity
is to the deviation (estimated as an arc to radius 1) as ^2 to 1.
We have conducted the theoretical investigation of the Earth's form by an analysis which, though far I
elegant, is sufficiently powerful to master this subject, and sufficiently simple to be understood after a com
acquaintance with the Differential Calculus. The analysis of Laplace we have thought it desirable to exclude,
where it is possible to succeed without its assistance. The difficulty of understanding the fundamental points of
that calculus, and the obscurity which, to those who have given most attention to it, has always appeared to hang
upou many of its applications, (see Phil. Trans. 1812, &c. and Cambridge Transaction*, vol. iii.) will serve for
our apology. We have thus lost some of Laplace's results, (especially those relating to the form of a Fluid
spread over an irregular solid ;) but we have thought it better to give them up at once, than to compose a treatise
which, to tfcc greater part of our readers, would be (and that without necessity) unintelligible. The reader who
2c 2

Disturb
prJduced'by
a small mass
netr the
Earth's
surface.
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Figure of wishes to be acquainted with a calculus the most singular in its nature, and the most powerful in its applications Dei it
tbe Knib. that has ever appeared, is referred for explanation and example to our Essay Electricity, or to the Vth Book of 11 1
-"-v^* the Mecanique Celeste.
G li
M< 1

Section 3.—On the Manner of determining the Figure of the Earth by Geodetic Measures.

The investigations which we have just given seem to show lliat if the Earth had been originally fluid, and if
the different liquids of which it consisted had been allowed to settle into a state of rest, and if it had then become
solidified, and had afterwards been subjected to no alteration of shape, its external form would be nearly that of
an oblate spheroid. The ellipticity of the spheroid, however, is not determined ; it has only appeared that if the
Earth were supposed to have been a homogeneous Fluid, (a thing in the highest degree improbable,) and the
attraction of each molecule proportional to its mass, the proportion of the equatorial axis to the polar axis would
be 231 : 230 ; if the whole attraction were directed to one attractive point at the Earth's centre, or if, on the
same theory of universal attraction, the density at the centre were infinitely greater than that at any other point,
the proportion would be 581 : 580 ; and if (as seems d priori most probable) the density increased gradually to
the centre, and if every particle attracted with a force proportional to its mass, the proportion of the axes would
be between these two.
" Now it is plain that none of these suppositions correspond exactly to the state of the Earth's surface. The
irregularities in its external form are considerable. The height of the mountains in some parts is perhaps equal
to 4 of the difference between the polar and equatorial scmiaxes. The depth of the sea in many places is possibly
much greater. Still the examination of the Earth's surface will serve to verify the correctness of the general
principle of Gravitation. We may expect that there will be a considerable approximation to the spheroidal form,
subject to irregularities of which, in some cases, the causes cannot be discovered, and in other cases a probable
explanation can be given by reference to the form of the neighbouring mountains or the surrounding country. If
(as some Philosophers have supposed) the interior of the Earth be yet fluid within a small distance of the surface,
it is impossible that the general form of the Earth can differ very much from that of a fluid mass.
The extent of the watery covering of the Earth is a circumstance highly favourable to the agreement of the
calculated and observed forms of the Earth. We may consider the sea as a Fluid, acted on by the attraction of
the solid part of the Earth, (whose form does not much differ from that of equilibrium,) and by the centrifugal
force, and the reciprocal attraction of its own particles. . The irregularities in the Earth's attraction will be very
much smaller than those of the Earth's form ; and, consequently, the irregularity which they produce in the form
The theory 0f the sea wju be very much smaller than the irregularities in the form of the land. If, then, we refer our
will apply, nieasures> which must necessarily be made on land, to the surface of the sea, we may expect an agreement of the
mate4y)"to theoretical form and the ascertained measures to very considerable exactness.
the Earth'*
It is natural, therefore, that in making the comparison we should begin by discussing the properties of the
form.
spheroid. By combining with them a consideration of the practical exactness which it is possible to attain in the
different measures, we shall be able to choose the kind of measure which is best adapted to our purpose. Aud by
calculating from different combinations of measures the length of the Earth's axes and the value ofits ellipticity,
we can infer, from the agreement or discordance of the results, the correctness or incorrectness of our original
assumptions. '
We have explained in the first section the general principle upon which the Earth's form is ascertained by
measures. If the distance between two points can be found, and if the angle can be found which is included
between the verticals drawn at these points, the distance of the intersection of those verticals can be found ; and
this is the same as the radius of curvature of the curve joining those points. The lengths of the extensive arcs
Differences wn'cn ^ave Deen useo< ror tn*s PurPose. have always (with one exception) been ascertained by geodetic operations,
of latitude for a general idea of which we refer the reader to the Essay on Trigonometry, § IX., and which we shall
found astro- explain with greater minuteness in the following section. For the mere measure, the general direction of the
nomically. chain of triangles, or the direction of the line joining the extreme points, is a matter of perfect indifference. But
there are practical considerations which require us to fix on one of two directions. The latitudes of the places P
and Q, fig. 18, whether on the same meridian or not, are the complements of the angles pPs, qQ.i, respectively,
which are included by the verticals at the places and the lines drawn to the celestial Pole. And if S be any star
which can be observed at both places the angle « P p =: « P S + S Pp, and sQq=zsQS + SQq; considering,
therefore, the angles sQs, «P », as equal, the difference of latitudes is the same as the difference of S P p, S Q q.
That is, it is the same as the difference of the zenith distances of the same star at the two places, and can,
therefore, easily be found. Now if the places P and Q be on the same meridian, their verticals will intersect in
some point D, and the difference of latitudes, which is the difference of s Q q and sP p, or (P r being parallel to
Q o) the difference ofs P r and s V p, is equal to r Pp, or Q D P, the angle contained by the verticals. The length
P Q being known from measures, and the angle P D Q, or the difference of latitude, being found by observations
of the zenith distances of a star, the length of P D or Q D, or the radius of curvature, is found.
Again, ifT and V, fig. 19, be two places on different meridians, and if planes be drawn through these places,
and through the axis A C of the Earth, the angle made by these planes (or the difference of longitude) mav be
determined astronomically. For in consequence of the inclination of the planes, the place T will be brought
by the Earth's motion under the celestial meridian passing through some known star sooner than the place V ;
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mat and as the Earth's rotatory motion is uniform, the difference of time will serve to measure the angle.* If, then, DetermtnaElrtl- we compare by any means the clocks at the two places, and observe the times indicated by these clocks at lic"> by
V^"/ the passage of the same star over the meridians, the angle between the planes can be ascertained. Now ^e°^'g
if instead of T we have a place t, whose latitude is the same as that of V, and if we draw V W, (W, perpen- , — -._*'
dicular to the axis, the angle between the planes will be the same as the angle VW/. The distance V t being Difference
measured, and the angle V W t, or the difference of longitude being found, the length of V W, or t W, or the radius of longiof a parallel, is found.
tude found
Either of these measures then will give the length ofa line tha t will assist materially in determining the Earth's lslf<"<olniform and dimensions. But they cannot easily be combined. Both have been extensively used ; but the difference ca
of latitude can be ascertained with so much greater accuracy than the difference of longitude, that measures of
the former kind have generally been relied on.
Now in practice it is found extremely difficult to determine with accuracy the direction of any one line with
respect to the meridian, or the azimuth of any station with respect to any other station. We must, therefore,
always consider that we are liable to a small uncertainty in the direction of a side of one of the triangles, and,
consequently, in the general direction of the chain of triangles, which depends entirely on this line. And we
must choose the direction so that a small error may produce the smallest possible effect in the line to be
measured.
Now, in fig. 20, let P Q be the meridian, P the first extremity of the chain of triangles, X the last ; let X,"x, ™^ f;eneral
Y, y, be in the circumference of a circle whose radius is P. Draw X Q, x q, Y R, y r, arcs of parallels. From the cf tne c|,ajn
uncertainty in the direction of the triangles, it is uncertain perhaps whether X or a; is the true situation of the of triangles
last station. It is uncertain, therefore, whether the point in the meridian P Q, whose latitude is the same as that ought to be
of the last station, is Q or q. But it is plain that this uncertainty is much less than it would be if Y ory were the ^'j1^^1^0
situation of the last station ; and that by bringing the position as near as possible to the meridian P Q, the perpenjj.
uncertainty Q q may be made as small as we please. The same, it will readily be seen, is true with respect to an Cular to it.
arc measured nearly in the direction of a parallel.
It appears, therefore, that we must determine on measuring an arc either in the direction of a meridian, or in
that of a parallel ; and that when we have chosen between these, we must make the general direction of the chain
of triangles coincide as nearly as possible with that of the line that we have chosen.
We shall now, from the properties of the spheroid, express the length of the lines above described in terms of
the axes and ellipticity of the spheroid.
Let fig. 21 be the generating ellipse of the spheroid, in the position in which its plane passes through the
place P ; P M the normal ; P N, P W, perpendiculars to the axes. Let BCso, AC =i, Then (Conic
b'
Sections, Art. 34.) NM = -j C N. Also P s being parallel to the axis, or in N P produced, and M P being
produced to p, the angle p P s or N P M is the colatitude, and P M N the latitude of P ; call this L. Then N P Ra(lius of
= UN tan L = -! C N . tan L. Now (Conic Sections, Art. 26.) P N" ts — (a* - C N*) or - C N' . tan* L spheroid" "
a
a
a*
expressed
A*
in
of
= (a* - C NO, or b* . C N' . tan* L •= a* 6' - a* 6* . C N*. whence
theterms
latitude.
o*
CN* = 6s
...tan* L +. a", ~
~

a4 cos" L
a'cos'L
, ..
»■/.««. T
,i-r-r~.
rn cos'rr.
sin' L + a*. cos4T7L ~ b1
+ (a" - b<)
L* and C
wN
" = •V { 6" + (a* - 6«) cos' L } *

( 1 4- 2 € + •*) cos L
—— If we suppose e so small that its square may be neglected,
VI + (2 e + e") cos* L
CN _ 6 (1 + 2 e)^osL - 0 cos L (i .j. 2 e - e cos' LI ; or 6 cosL(l + e -f- e sin' L). This is the value of
V 1 -f- 2 e cos* L
P W, the radius of the parallel passing through P.
If then D be the difference of longitude expressed in seconds, of two places on the same parallel, and L their Degree of
latitude, the length of the arc between them is 6 . cos L (1 -f-e -f- e sin* L) D sin 1"; D sin 1" being the length parallel in
of the arc, which with radius 1 subtends the angle D". The length of the arc corresponding to a difference of }er.ms,of ",e
longitude of 1° is 6 cos L (1 + e + e sin' L) . 3600 . sin 1" ; this is called a degree ofparallel.
latitude.

Let a = 6 (1 + e) ; C N = 6

.
The radius of curvature of the meridian is found by the expression

Kg)?, where x=zC N,y=N P. Radius of
y
curvature of
d x*
meridian in
a spheroid,
But^==^(a«-Aor6^4-a^'=a'6- whence^=-^,and^=-A-; and the radius of^of
"
the latitude.
curvature = — X (a* y* + 6* **) ■ But we have just found a? = C N« or P W = „ , °<0°8'^ „- ; and
o'a*
'
b sin* L + a cos* L
• This angle may also be ascertained in other ways, of which we shall speak hereafter.
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£ C N* . tan' L = 6"
,, sin"
..t'l"'^
> _ _ y J, = PN' = NM' tan1 L = o4
L + «s cos",TL ; whence the radius of curvature
_ 1
/
atb*
\f
a« 6*

If a = 6 (1 + e), the radius of curvature =

(o* sin* L-j-a* cos* L)
H\ + *e + e*)— _ or ;f e is so sman that e* may be neglected,

(1 + 2 e + e* . cos* L)
the expression becomes 6(l-f-2e — 3e cos' L), or b (1 — e + 3 e sin* L.)
If then \ and X' are the latitudes of two stations on the same meridian, and if the difference between X and X' be
not great, the included arc may be considered as a circular arc whose radius is the radius of curvature, corre
sponding to the middle point between them, or

And if X' — X be expressed in

seconds, the length of the arc, subtending the angle X' - X, in a circle whose radius is 1, will be (X' - X) sin 1".
andd, therefore, the arc of meridian or the circular arc equal to it, will be 6 ^1 — e + 3 e sin* - ~^ ^ . (X' — X)
Degree of sin 1". The length of the arc corresponding to' a difference of latitudes of 1° is b fl—e+3e sin ^-i— J . 360O
meridian in
\
* /
terms of the sin 1" ; this is called a degree of latitude.
latitude.
If; however, the arc be considerable with respect to the radius, the following process must be used. If two
normals be drawn at points whose latitudes are L and L -f- d L, they will intersect at the distance 6 (1 — e -f- 3 e
sin* L). Let * be the arc of meridian, dt that part included betwen the latitudes L and d L, then dt = dh x 6
(1 _ e + 3esin'L) = 6 dh X ^1 + | - — cos 2 L^, and » = 6 x A + | L — ^ sin 2 L^. This expres
sion gives the length of the arc from the Equator to the point whose latitude is L ; if then we put X and X.'
successively in place of L, and take the difference of the expressions, we shall have for the length of the arc
included between the latitudes X and XV
J A + L . X'-X _ ?J . sin 2 X' - sin 2 X^ — & ^1 -f 1 . V _ X, - If Cos X' + X sin X' - X^

Here (as in all expressions given by integration) it is supposed thatX' — X is measured by its proportion to the
radius; if expressed in seconds, we ought to put (X' — X) sin 1", and thus the length
. f.
«
3«
sin X' — X)
„,
. ,„
= 6 I1 + 2 ' ~ T 1 008 + • x'-x | x ^
5 sin
From the former expression it will be seen that in an oblate spheroid a degree of meridian (found by makings
V ~ I = 3600) near the Pole, is greater than one near the Equator, and that, generally, on increasing the latitude
the degrees increase. The general fact of the oblatcness of the Earth will, therefore, be proved by the augmen
tation of degrees in approaching the Pole ; a diminution would show that the Earth's form was prolate.
The length of the axis, and the oblateness, may thus be found from two measures. Suppose X and X' the
latitudes of the extreme points of one arc, whose length, as determined by measures, = A ; suppose /*, //, and B,
the extreme latitudes and measured length of another arc. Then
Ellipticity
A
/
. , X' + X\
determined
(V - X) sin V = H 1 " < + 3 « ™ —}
from two
»
*
N
measures of
B
/
.
+ f\
meridian
, ■ ,„ = f 1 - e + 3 e Sin8—— L
in.
C" - /») sin 1"
V,
2 /
.-. —.
_
.
:—— = 3 e b I sin* —Jsin* —t:— 1
(X'-X) sin 1" f>'-/i)sinl"
\
2
2 J
A
The value of b will be found nearly enough by neglecting
ng e in either equation ; thus 6o =
:= (\/ _
— X)
^ s;n i " or
B
(/ - /.) sin 1"

Considering this then as known, e
A
H
_ (V — X) sin 1"
(/»' - /x) sin 1'/
~~
7
X' + X
'. u! + u\'
3 b (sin"nr ~ s,n V9

Now, if an error should be committed in measuring either A or B, ihe influence of this error on the value of e would

o , '
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depend entirely on the magnitude of the divisor 3 b ('sin* - y * — sin4 - ^ ^)
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It would be greatest when the ^ti'on

X' + X
divisor was least ; and vice versa. The most favourable combination, or that which would make sin* —-—
— sin* m'4j—M greatest, would be one arc of which the middle was under the Equator, and another of which the
middle was at the Pole.

X' 4- X
(*' + >»
The latitudes of the middle points, or —-— and —-— , being then, respectively,

90°, and 0, the quantity sin* —-—■ — sin* —~— = 1. If the middles of the two arcs have nearly the same
<&
~
latitude, the divisor will be so small, and the consequent influence of errors so great, that no dependence can
be placed on the value of e so determined. In general, the arcs should be separated by as wide an interval as
possible. No advantage, however, is gained by measuring an arc beyond the Equator; as, on any supposition
upon which investigations can be made, the degrees of meridian in South latitude ought to be equal to the
degrees of meridian in the same North latitude. It is scarcely necessary to mention that if the arcs are long,
and measured with accuracy, two equations should be made of the form
(V - X) sir
and should be rigorously solved for the determination of b and e.
An arc of meridian, and one of parallel, may also be combined for the same purpose. For from a measured
arc of meridian we shall have the equation
= b (l - e + 3 cud* ^T^) f>' - *) sin 1".
And if D be the difference of longitude (in seconds) between two places on the same parallel, nuvoc nurauc Ehj ( .
= L, and if the measured distance = C, we shall have the equation
determined
C = 6 cos L (1 4- e + e sin8 L) D sin 1".
from * "*
sure of a
(V - X) sin 1"

D cos L sin 1"

=S Of (3 Sin*——■- sin'L - 2),
V
2

A
C
C
(X' - X) sin 1" ~ D cos L sin 1" _ DcosLsinf"
b (3 sin»
As before, 6 may be taken =

- sin* L - 2).

arc and a
measure of
an arc of
parallel.

A
(X' - X) sin 1"

b (2 + sin* L - 3 sin* ^y-^)

——77., or = —
=—r—rr,.
(X' — X) sin 1"
D cos L sro.1

The denominator will be greatest wnen

•in L is nearly = 1, and sin
Equator.

"J" = 0, or when the arc of parallel is near the Pole, and that of meridian near the
v
X' + X
It will be least when sin* L is nearly equal to 3 sin* . —-— — 2; such a combination ought there-

lore to be avoided. If both arcs be measured in nearly the same latitude, the divisor is 2 — 2 sin* L, or 2 cos'L.
For such measures a place near the Equator should be chosen.
In the comparison of two arcs of meridian, it appears that the greatest divisor is 8 6 ; in the comparison of one
fere of meridian and one of parallel, the greatest divisor is also 3 6. It would, at first sight, appear that these
combinations were equally advantageous. But, in fact, the difference of longitudes cannot be ascertained with
so great exactness as the difference of latitudes, and larger errors may be expected in the numerator when the
arc of parallel is used, than when only arcs of meridian are employed. On this account the principal reliance is
placed on the comparison of meridian arcs. We believe that two arcs of parallel have never been compared ;
but it is plain that if they could be measured with sufficient exactness, two arcs of parallel might be used to
determine the axis and ellipticity,
Instead, however, of using two measures in the way which we have described, every new measure, when the
elements of the Earth's form have been approximately determined, may be employed for the purpose of Elements of
correcting previous determinations. This method is now extensively used, as it bears great analogy with the Earth's
process commonly employed in correcting other astronomical elements; we shall therefore describe it here.
™aF
By methods which we shall discuss in the next section, when two points are connected by a chain of triangles, from new
and the latitude of one is known, the latitude of the other can be calculated with assumed dimensions of the measures.
Earth. But this latitude may also be observed ; if the observed latitude differs from that calculated, it shows
that the assumed dimensions are erroneous. Suppose, now, b and e to be the assumed axis and ellipticity ;
6 + 1 6, and e + S e, the real axis and eccentricity ; X' the calculated latitude of the second point, X' -J- £ X' the
dbserved latitude. Then the first calculation being made for a spheroid, we have
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/
e
Measured arc = b I 1 -f- —

8e
sin X' — \\
, ,
. .„
- . cos X' + X . —, - - 1 X (X' - X) sin 1' .

1

And as the same arc corresponds to the observed latitudes on the spheroid really existing we have (omitting 5X'
sin X' — X
in cos X' + X .
—, in which it makes no sensible difference)
Measured arc s= (6+ lb) jl + * * *U' (\ - 3 cosX'+X.?'^_~X^j (X' - X + IV) sin I".
Taking the difference, and neglecting the products of I b, S e, £ X',
0 = { (X'-X) lb + b I V } Yl +-1 - Le . co» V + X . Si",^~ X) sin 1*
+ h (X' - X) (1 - | . cos WTh . 'yi""XX)- * <•

1#-

Whence

Form of Or (as e is small)
equations of
condition.

„

x'"x

6

°« XX'

aJ 6o

2+e_8<.cosv + x.»l^

/1

3

-p—- sin V - X\ ,

Every measure gives an equation of condition of this form ; these are to be used in the same manner as similar
equations in other astronomical investigations. A similar process can be extended to arcs of longitude.
Deviations
Hitherto, in the whole of this section, we have supposed the Earth's form to be a perfect spheroid. We shall
from die now cons'der the indications which, using the same observations and the same measures, would show the
elliptic
existence of some deviation from that form.
form.
If the Northern and Southern hemispheres ofthe Earth were dissimilar, the radii of curvature in corresponding
J?'ssi"!"'a^ North and South latitudes would be unequal, and therefore the lengths of degrees in corresponding North and
thern and""South latitudes would not be the same. Conversely, if it is found that the length of a degree in any North
Southern latitude is not the same as that in equal South latitude, we must conclude that the Northern and Southern hemihemispheres arc not similar.
spheres.
If the Earth were not a Solid of revolution, the different meridians would be different curves, and, therefore, at
Earth's
the same latitude, but in different longitudes, the degrees of meridian would be unequal. The parallels, also,
solid "fre- wou'd not De c'rcles' an(l. consequently, different degrees of longitude on the same parallel would have different
volution, lengths. An inequality then either in the degrees of latitude or in those of longitude, depending on the difference
of longitude, will show that the Earth's form is not one of revolution.
But the Earth's form, even though perfectly symmetrical, may be formed by the revolution of some figure
differing from the ellipse. The generating curve for instance, as A Q D, fig. 21, may project between A and D
above the ellipse which has the same axes. This deviation of form would be thus discovered. It is plain, that
at A and D the curvature is diminished, or the radius of curvature increased ; and at Q the curvature is
Form gene- increased, and the radius of curvature diminished. Consequently, the length of degrees near A, and near D, is
revolution16 f?reater> anc^ near Q 's 'ess» *nan 'n 'ne elliptic spheroid. In the spheroid the degrees at Q are longer than
of a curve those at D, and shorter than those at A. Consequently, the difference of the length of degrees at Q and D is
differing diminished ; and the difference of those at Q and A is increased. The ellipticity (as is easily seen in the formula;
from the above) is found by dividing the difference of degrees in different latitudes by a coefficient depending only on
ellipse.
tne latitudes. This process is properly applicable only to an elliptic spheroid ; but if we use it for such a curve as
A Q D, it is clear that an ellipticity greater than the true value will be found where the difference of degrees is
greater than in an ellipse, and less than the true value where the difference is less. Consequently, by comparing
two arcs measured at D and Q, and using the elliptic formula, we should get an ellipticity smaller than the
Indicated truth ; by comparing those measured at Q and A we should get a value greater than the truth. Conversely, if
by the com- the comparison of arcs near the Equator, and arcs in middle latitudes, give a smaller value of the ellipticity than
parison of the comparison of arcs in middle latitudes, and arcs near the Pole, we shall be entitled to conclude that the
diatTara?" Earth's form projects at middle latitudes beyond the elliptic spheroid which has the same axes. If the difference
be of the contrary kind, we may conclude the Earth's form to be more flattened at middle latitudes than the
ellipse which has the same axes.
The same deviation from the elliptic form might also be discovered thus. By a projection at Q above the
elliptic form, the degree of parallel passing through Q, would be made greater than in the ellipse at the same
Or by the latitude. Suppose the latitude of Q to be 45°, and suppose that two meridian arcs were measured of which the
comparison
.
^dlan arcs lni(,dle points were in latitudes 0°, and 45°, respectively. For ~ _ ^ ^ ^, in the equatorial arc put / and
with an arc
q
of parallel. j„ tne other i and for =r
D cos =—:—T7,
L sin 1" put
r g. Then the values of the ellipticity found bv comparing each of
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Tfm rf the meridian arcs with the arc of longitude would be as seeing the same two signals, or at least one, at each Meridian
extremity,) a telescope, mounted like a transit instru Measures
follows:
ment, is placed at one extremity, and an observer, by
2
gf
by the Equatorial arc - . ——■
means of it, is enabled to direct an assistant to fix Prepara
for
stakes in a straight horizontal line, or rather in a ver tions
measure of
tical
plane,
on
the
whole
length
of
the
base
line.
These
by the other 2
serve as guides in the actual measure. The base is
Now g and f are greater than in the ellipse, and/* is sometimes measured roughly with a common chain, to
less. The ellipticity therefore given by comparing the prevent any serious error of omission in the subsequent
arc ofparallel with the Equatorial arc ofmeridian, might, measure, and to point out the places at which it is
or might not, be too great ; but that given by com necessary (in some methods) to fix posts for the accu
paring it with the other arc would certainly be much too rate measure.
For this purpose fir-rods were universally employed till
great. That is, a larger value of ellipticity would be
found by comparing the arc of parallel with the arc of the commencement of the English survey. From some
meridian in latitude 45°, than by comparing it with experiments made by General Roy, it appeared that
one measured across the Equator. If then we find, they were subject to considerable alterations of length
on comparing an arc of parallel nearly in latitude from moisture ; they were laid aside, and glass tubes
45° with arcs of meridian near the Equator, and near (and ultimately a steel chain) employed. But the Rods used
latitude 45°, and applying the elliptic formulas, that reader must not suppose that these alterations had for basethe first comparison gives a smaller value for the ellip never been observed before, or that the base-measures
ticity than the second, we may conclude that the Earth's anterior to this time were affected by the errors which
surface at latitude 45° is further from the centre than if they would occasion. It was usual in the former mea
sures to keep an iron rod of a toise (a little more than
the form were that of an elliptic spheroid.
Having thus explained the mode of using measures a fathom) in length, as the real standard, and to com
of meridians and parallels for the determination of the pare it several times a day with the wooden rods with
Earth's Figure, we shall now proceed to give an account which the work was actually performed. As the length
of the rods in general was several times that of the
of the principal measures which have been made.
iron toise, brass pins were fixed at distances as nearly
as possible equal to the length of the standard, upon
Section 4.—Measures of Arcs of Merjdian.
which fine dots were made. The comparison was made
by means of beam-compasses, (a long rod having at
It will not be expected that we should lay before our one end a fixed point perpendicular to its length, and
readers a complete account of all the measures that at the other a point attached to a frame movable along
have been made. Our limits will not allow this ; nor the rod by means of a micrometer-screw.) The beamis it by any means necessary. It is our object to give compasses being so adjusted by the standard, that the
sii'-h information as will enable any one to understand distance between their points was exactly a known
the calculations of the several arcs, to appreciate their length, the fixed point was applied to one of the dots
exactness, and to estimate their importance as con on the wooden rod, and if the movable point would
ducing to our knowledge of the Earth's form. We not touch another it was moved by the micrometershall touch lightly on those measures, which though on screw till it came in contact, and thus the difference Oi
a large scale, have not been conducted with the extreme length was ascertained with great accuracy. This con
care requisite in such delicate operations, but we shall tinual comparison was very troublesome, but we appre
describe fully the methods, and explain accurately the hend that little has been gained in point of accuracy
theories of those which have been adopted, almost by by the use of the subsequent methods. When this was
general consent, as the only ones proper to determine done, it is plain that the measured length was the same
the Figure of the Earth. For details we must refer to as if it had been effected with the metallic standard ;
and, consequently, the same corrections for the expan
the original accounts.
Of the rough estimations of the Greek Astronomers, sion or contraction ofthe metal from change of temper
and the somewhat less rough measure of the Arabian ature were necessary.
Caliph, we have given in the first section as full an
Several rods being provided, they were sometimes
account as they deserve. The still more accurate mea laid on the ground, but more frequently were supported
sures of Fernel and Norwood have received sufficient on trestles. The end of the first was adjusted to the
attention. As specimens of attempts made before extremity of the base by a plumb-line ; the others were
good instruments were invented, or refined theories in some instances brought in contact; but more Manner of
formed, they are curious ; and their results are not so frequently they were placed so as to leave a small in placing the
inaccurate as might, at first sight, be expected. But terval, which was measured by a small graduate:! rods.
the great principle of triangulation was then unknown ; tongue or . slider attached to one, and which was moved
and little reliance can be placed on the measures in till it touched the next. Sometimes all were placed
which this was not adopted. We shall commence with horizontal by a carpenter's square, or a spirit-level ;
a general account of the methods followed in those then, if the ground was not level, it was necessary to
measures in which triangulation has been used.
suspend a plumb-line from the extremity of one, and to
The first part in order of calculation (though not make it pass over a given point of the next Some
always the first in order of time) is the measure of a times they were inclined so as always to bring the ends
base. The method which has generally been pursued in contact ; then the inclination was measured, and
is something like this. The extremities being chosen, allowance made for it afterwards. One principle was
(the requisites of which are, a sufficient distance, as four adopted in every instance, (except that of the English
or five miles on a pretty level plain, and the power of chain-measure,) that at least two rods should be in their
VOL. V.
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Figure of places when a third was applied. Of the different methods,
the Eirtb. we cannot say that any one is preferable to the others.
The arc being thus measured, and the reduction for
inclination applied, (if the rods were inclined,) and the
correction for temperature being also applied, we have
the sum of a series of lines similar to the short lines in
fig. 22, measured with the standard bar at the standard
Reduction temperature. Each of these lengths ought now to be
for elevation reduced to the projection on some surface (the level of
above the the sea has always been chosen) by lines drawn in the
direction of Gravity. If r be the Earth's radius or the
radius of the surface of the sea, (which is known nearly
enough,) h the elevation, the measured lengths must
r
h
be multiplied by the fraction ——»j, or 1 — — , or they
must be diminished by the part — of the whole.

If the

surface slopes uniformly, the mean height may be
taken ; if it is very irregular, it may be divided into
several parts. The reduced length a b, fig. 22, of the
base A B, is now found ; if the length of the chord be
required, it is easily found by subtracting jj-j—.
The signals at the principal stations have generally
been flagstaffs, poles supported by piles of stones,
pyramids of wood, broad plates of wood or metal with
a hole through which the sky was visible, or Bengal
lights j placed for the purpose on the same spot as the
instrument with which the angles were observed. Some
times advantage has been taken of church spires, wind
mills, &c, near which the quadrant or theodolite could
be placed ; a reduction is then necessary, to make the
angle such as it would have been if the instrument had
been placed exactly on the signal. Thus, in tig. 23,
suppose E and F signal stations, from which the signal
G has been observed ; the instrument cannot be placed
at G. but is placed at g; the length Gg, and the angle
QgE, GgF, are observed. The real angle EG F is
■ than the observed angle EgFby GFg-GEg,
Gg
And sin G Fg —
s'n GgF, which is easily calcukj r
lated, as an approximate knowledge of G Fis sufficient
Similarly G E g is calculated. Thus the angle is found
which would have been observed at G.
i of . The instruments which have been used for measur
angles be ing the angles are quadrants, theodolites, and repeatingtween Rig- circles. When we consider the various errors to which
quadrants are liable, it seems strange that the use of
whole circles should not have been sooner introduced.
But these evils (like most others) can be evaded if
sufficient labour is bestowed upon them. The principal
errors to which they are liable are, inequality in the
parts of the graduation ; and eccentricity, by which a
further apparent inequality is created, and the propor
tion which the whole arc bears to the circumference is
vitiated. The last defect was discovered and measured
by placing the quadrant in a situation where the horizon
was clear, and observing the apparent angular distance
from
an object A to another B, from B to C, and so on
Verification
quadrant. to A again, when the sum of all ought to equal 360°,
The first was found by measuring the same angle on
different parts of the quadrant, or by some equivalent
method. When these points were attended to, we
doubt whether the defects peculiar to the quadrant pro
Signals,

EARTH.

duce errors of any importance. The English theodo- Mend
lite and the French repeating-circle are undoubtedly Measu
superior, chiefly because the art of making- instruments '*—V
is improved. In respect of accuracy we should be
inclined to prefer the theodolite ; but the portability of
the repeating-circle is a most valuable quality, espe
cially in the survey of a mountainous country.
With the quadrant and the repeating-circle, the angle Angles
contained between two signals was observed ; with the jj"c.ed 1
theodolite, the horizontal angle was observed, and not °"i*e°"
the angle actually subtended by the signals, except both
were in the horizon. In some of the earlier surveys,
the true angles, unreduced, were used, and the length
of the opposite sides was calculated, and this process was
continued through the whole chain of triangles. For
the subsequent calculations, however, it was necessary
to reduce them to horizontal angles. Here it is plain
that the sides of the triangles were the actual lengths
from one station to another, measured in straight lines,
which would be in general inclined to the horizon. But
in most instances the observed angles have been reduced
to horizontal angles by the approximate method given
in Trigonometry, Art. 1S1, ; sometimes by rigorous
calculations of the triangle, whose angles are at the
zeuith, and the two signals. Then the triangles were
generally calculated as plane ones. The accuracy of Calcnh
the English survey made the difference between plane 0f than
and spherical triangles sensible ; and the English re
duced the spherical triangle to a plane one, whose sides
were the chords joining the stations, or rather the pro
jections ofthe stations on the spheroid, whose surface
is the level of the sea, by the formula in Trigonometry,
Art. 182. The French calculated the triangles by
Legendre's formula, given in Trigonometry, Art. 183»
The first of these methods has been used in the whole
of the English survey, and in that of India ; the second
has commonly been employed on the Continent since
the year 1780. The spherical excess, it must be ob
served, is the same on a spheroid as on a sphere, where
the latitudes and difference of longitudes of the stations
are the same ; of this we shall give a demonstration
when we treat of the determination of differences of
longitude.
The next step is, to determine the direction of one
of the sides with regard to the meridian. The general
principle is this. The error of a clock or chronometer
with respect either to solar or to sidereal time, may be
found by means of a transit-instrument, or by observa
tions of equal altitudes, or by absolute altitudes if the
latitude of the place be well known. It is easy to cal- Deten
culate the azimuth of a star or the Sun at any given tion of
time; aud, consequently, (the clock-error being known,) ™ut~,c
at any given clock-time. And if the star or sun be
used when near the horizon, the angle made with
another object will not be much affected by the uncer
tainty of refraction. At a signal station, therefore, the
angle made by another signal with some celestial body
near the horizon is observed, and the time noted ; by
applying the clock-error the true time is found ; the
azimuth at the instant is calculated ; and by adding or
subtracting the observed angle the azimuth of the
station is found. The Sun, at rising or setting, or some
circumpolar star, as Capella, passing the meridian
below the Pole, has generally been used. The azimuth
of Polaris, at its extreme digressions, has been observed
with a theodolite ; or the distance of Polaris from a
signal, when apparently nearest to it or furthest from it.
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fa of with a repeating-circle. The former method requires
a* Earth, extremely good adjustment of the theodolite ; the
latter, a very precise knowledge of the latitude and the
refraction. The following method seems preferable
where it is practicable. A temporary mark is fixed as
nearly as possible in the meridian. A transit-instru
ment is adjusted upon it, and the transits of stars at
different Polar distances are observed. The deviation
of the transit-instrument, or the azimuth of the mark,
can be determined thus with extreme accuracy. By
means of the theodolite or repeating-circle, the angle
between this mark and one of the signals can be ob
served, and thus its azimuth can be found. The Baron
de Zach has suggested the observation of what he calls
circum-meridian observations of the Sun. When the
Sun is near the meridian his motion in azimuth is nearly
uniform, and can easily be calculated. Repeated ob
servations can be made ; and the time being noted, his
azimuth can be calculated more easily than when he is
in any other part of his course. It is necessary that
the clock-error be determined by transits of the Sun ;
for the Solar Tables (Delambre's or Carlini's) are not
sufficiently exact to give his azimuth at a time deter
mined by transits of stars, and the observation of equal
altitudes is not sufficiently accurate. If night-signals
can be used, the observation ofa circumpolar star under
the Pole would possess the same advantages without
the same liabilities to error.
We are now able to calculate the distance of the
ncT parallels which pass through the extreme stations of
the chain of triangles. This, in the light in which we
have considered these measures, is the sole object of
the survey ; but in point of fact nearly all the measures
of arcs have been parts of surveys for mapping the
country. Perhaps it is owing to this circumstance that
the method of parallels and perpendiculars has been so
much used. In the first extensive survey of France
(of which Picard's arc was the beginning, and the arc
measured and remeasured by J. Cassini and Cassini
deThury a continuation) an imaginary meridian line
was drawn through Paris, and lines perpendicular to it
were drawn across the kingdom at intervals of 60,000
toises, and chains of triangles were carried as nearly as
possible along them ; which were the foundation of the
grand survey of France. In the English survey, meri
dian lines were traced through eight of the principal
stations ; and though the course of the triangles was
not particularly directed by them, the places of all the
bad of stations were referred to them. It is plain that no
•* method of determining the situation of a place could
jJP* be more convenient than to give the distance from the
fundamental point along a given line to the foot of the
perpendicular passing through the point in question,
and to give the length of that perpendicular ; it is in
fact the same as giving the rectangular coordinates x
and y of the point. It is also convenient for the meri
dian measure. The only point of importance to be
attended to is, that the perpendiculars be not so long
that the difference between the spherical length of the
sides, and their length when projected oh the tangent
plane, (or rather the tangent cylinder, which touches
the sphere in the line to which the points are referred)
become sensible. This was secured in the mapping
surveys by using several lines of reference instead of
one ; and in the chain of triangles used for a meridian
measure there is no fear that the perpendiculars will be
too long.
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Now let fig. 24 represent such a chain of triangles
with the perpendiculars drawn from the stations upon
the meridian passing through A one extremity. The
length of A B, and its azimuth, (or the angle B A 6,)
are known, and therefore, A 6 and 6 B can be found ;
and similarly A c and c C. Through B draw g B h
parallel to 6 A. The angle A B A is equal to B A 6,
and C B A and C B D have been observed ; hence
DBg = ABA+ CB A+CB D- 180° is known.
Also D B is known; and hence D g- and g B can be
calculated. Adding D g to g d or B 6, which has been
calculated, we have Dd; and adding g B to 6 A we
have Ad. These can also be determined from the
position of C by the length and direction of the line
C D ; and if the two results differed it would be proper
to take the mean. Then the meridian distance and
perpendicular for F, would be found from those at C
and D ; and so on to the end. It must be observed
that g B h is not the meridian passing through B, and
therefore D B g* is not the azimuth of D as seen from
B ; it differs from it by an angle termed the conver
gence of meridians, of which we shall speak hereafter.
We may also remark that there is no inconsistency in
taking into account the spherical excess, while we neg
lect here the difference between the lengths of lines on
a sphere or spheroid, and the corresponding lines on a
cylinder ; the former varies, cccteris •paribus, as the
square of the sides, and the latter as the cube, and
therefore, when the triangles are very small in compa
rison with the Earth's radius, the latter is smaller in
proportion to the quantities retained than the former.
Now let F be the last of the stations. The distance
A/" is not the distance between the parallels passing
through A and F. For produce Af to P the Pole of
the Earth, and describe a small circle, Ff, of which P
is the centre. Then Ay is the real distance between
the parallels, and ff must be subtracted from the
ascertained length Af. This quantity may be calcu
lated in the following manner. Ff is part of a great
circle, (since it is produced in a vertical plane,) Ff is
part of a parallel. In fig. 25, we have represented the
chain of triangles on the surface of the sphere, or sphe
roid ; with the plane of the great circle FfG M, and
that of the small circle Ff G N, intersecting in the
straight line FmG. Fig. 26 represents the plane of
the circle P A ; m is the point at which the radius of
the great circle and the small circle intersect. Now
ff — mf. isnfmf = mf. tan/Ke = an f. tan
latitude off; ores mf. tan latitude of F (the difference
being very small.) But mf is evidently the versed
sine of the are of F^to radius K/, and therefore
f/>
Earth's diameter '
consequently,
f F/>. tan lat. of F
Earth's diameter
We believe that this would be the easiest way of mak
ing the calculation. But it has generally been done
thus. From the approximate knowledge of the Earth's
.dimensions find the arc of a great circle in degrees and
minutes corresponding to the length Ff Consider
FFfas a right-angled spherical triangle, of which the
.side Pfmll be determined by this formula,
cos PF
COS P/ =
(Trigonometry, Art. 105.)
cos Ff
2d2
t

Meridian
Measures.

Distance of]
feet of per
pendiculars
calculated.;

Differenca.
between
perpendicu <
lar and
small circle
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Figure of Take the difference between P F and P/ in degrees,
the Earth.• and from the assumed radius of the Earth convert it
' into fathoms. This method appears troublesome, it
requires logarithms of 7 places ; that above would not
require logarithms of more than 4 places.
Conver
We may now easily see what is meant by the con
gence of vergence of meridians. In fig 24, or 25, join P F by
meridians.
an arc of great circle. Then P F is not perpendicular
to Ff, and therefore in fig. 24 it is not parallel to Ff.
The angle is easily found by solution of the same sphe
rical triangle, P Ff, thus, cos PF/=

(Triootan "J?
nometry. Art. 109.) If now (as frequently happens)
the azimuth of B had been observed at A, and that of
E at F, and it was desired to know how nearly one
coincided with the result calculated from the other, the
process to be used would be this. Since /FE is
known, (by the antecedent calculations,) andAF/is
known, (by the solution of the spherical triangle just
given,) their sum PFE is known; and this is the
angle to be compared with the observed azimuth.
Delambrc's The method invented by Delambre, and used in the
method of measure of the French arc commenced in 1792, and in
calculating most of the continental surveys since that time, is cer
arcs of me
tainly more elegant, and, perhaps, in some respects, more
ridian.
convenient than that which we have described. The
triangles were calculated as spherical triangles, and
therefore the spherical excess was computed for no other
purpose than to discover the sum of the errors in the ob
servation of the angles. When the side a, and the two
adjacent angles B, C, of a triangle are known, and its
area roughly calculated, from which the spherical excess
* is found, then A = 180 + * — B — C, and
. sinB
Sin a . sin B
Sin b •■
Sin c =
. sin A *
sin A
where by Sin a we mean the sine in the circle whose
radius = R= Earth's radius. Now Sin a = a

a
and a is a quantity whose logarithm is found easily
from the common tables, and log ?Jll? ;s a quantity

that varies very slowly, and can be taken from a very
small table constructed for the purpose. Now the
general problem is this. Given the Earth's dimensions
to tolerable accuracy, the length of A B, fig. 27, the
angle P A B, and the latitude of A, to find the differ
ence of latitudes of A and B, the distance of the
parallels, the difference of longitudes, and the angle
P B A. Draw A Q the normal at A, B S that at B.
As the Earth's form is not spherical, these normals will
not (in general) meet the axis P S in the same point.
Join B Q, A S ; and suppose that a sphere described
from the centre Q with radius 1, cuts the lines Q P,
Q A, Q B, in p, a, b. The angle at P, or the difference
of longitudes will be the same as the angle at p ; that
observed at A will be the same as that at a, since each is
Aaimuth at the inclination of the planes AQP, AQB; but the
second sta^ angle observed at B will not be the same as the angle
ion ma\ «
jjyppjjgg tne angle measured with a theodo
lite ; its axis must be vertical ; that is, it must be in
the direction B S ; consequently the angle which it
measures is the angle made by the planes B SA, BSP;
whereas p b a is the angle made by the planes B Q A,
BQP. We have now to inquire, Are the planes

B S A, B Q A, equally inclined to the plane B P Q S ? Merid
In general they are not ; but we can investigate their
difference thus. Draw A a' perpendicular from A on
the meridian plane PB; and from a? draw a't', a'q1,
perpendicular to B S, B Q. This is more clearly re
presented in fig. 28. Then the plane A a' a7 is perpen
dicular to B S, and therefore the tangent of the angle
A a'
observed at B is
;—r. Similarly the tangent of the
a' J
A a'
angle p 6 a is — a'qr Hence tan pb a ~ tan angle
atB x

These will be absolutely equal when

a? q' = aV; or when the elevation of A actually ob
served at B is equal to the depression which would
be observed if the axis of the theodolite were in the line
BQ; that is, if A be very near the horizon of B. The
error of the assumption, that pb a = the angle ob
served at B, depends therefore entirely on this circum
stance, that a perpendicular at A, when observed at
B, does not appear perpendicular. This, however, is
not discoverable by the senses when assisted by the
best instrument ; and, therefore, we may at once
assume that pba is equal to the azimuth of A as
observed at B. Now, in the spherical triangle bap,
we have given pa = colatitude of A; 6 ap = observed
AB
azimuth; 06 = —— , wnose determination therefore
AQ
requires a knowledge of A Q as well as of A B (if the
form be assumed to be elliptical AQ = P V, in fig. 10,
™ PR-^PR
RN1
K_ 6«- •
a2
= 6(1 + 2 e - e cos* V),
a/o'cos'X + 6' sin8 \
if we neglect powers of the ellipticity) and a small table
of the value of log A Q at different latitudes must be
made : it varies very slowly. Then solving the triangle Di.«t»i
as a spherical triangle, for which the method in Trigo
nometry, Art. 186. was generally used by Delambre,
and is shorter than the accurate computation, we have
the azimuth P B A = p b a ; and the distance a b1' of
the parallels passing through a and 6 ; whence the
distance A 6' = A Q X a b" is found. For a survey of
meridian lines these two determinations (the azimuth of
A as seen from B, and the distance in linear measure
between their parallels) are all that are necessary ; but
as it is always desirable, and in mapping necessary, to
determine the latitudes and longitudes of the stations,
on assumed dimensions of the Earth, the following
must also be calculated. The difference of longitudes Diffe'
B PA, which is the san.e us bp a; and the difference of lot
of latitudes, which is obtained by dividing the distance tudes
between the parallels by the radius of curvature of the Utilu
caJcu
meridian at the middle point, or (in the ellipse)
a*b*
X + X/
\
+
V
6s sin'
• a* cos*
)
0
e
+
3
e
sin*
•
or
0We will remark here, once for all, that the theory of
the shortest lines that can be traced on an ellipsoid
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TptM between two points lias no application to the sides of
*,E,r,t- Geodetic triangles, as some writers have supposed.
' The lines which determine the azimuths, &c. are the
lines which represent the rays of light passing from
one signal to another ; and light does not move in the
shortest curves that can be traced on ellipsoids, but in
straight lines. In consequence of this, (as may be ob
served in the theory just given,) the truth or falsehood
of some of our propositions will depend on the relative
ff? " elevation of the signals. And in all the more delicate
um Parts °^
tneorv> we must consider the signals as
being elevated above the curved surface. Thus
Delambre treated the subject; and thus it had been
treated long before in some masterly Papers by Dalby,
inthePAi/. Trans, for 1791 and 1795, which are tran
scribed in the first volume of the Account of ihe Trigo
nometrical Survey. If we chose to take into account
Ihe terrestrial refraction, and to suppose that refraction
always bends the light towards such a shortest line, we
ought to correct our results by about Vjth of the dif
ference between them and those obtained by the theory
that we have rejected ; but such a refinement would
be ridiculous.
tann- We have here given every thing necessary for deterhrfdK- mining the distance between the parallels passing
through the extreme stations of the chain of triangles;
and the Geodetic part is completed. We now come to
' the Astronomical determination of the latitudes at the
extremities ; a determination on the accuracy of which
the exactness ofthe whole operation depends, and whose
difficulties far exceed all the difficulties of the other
determinations
From the description of the general principle which
we have given in the 1st section, and from the for
mula; in the II Id section, it will appear that if the dif
ference of latitudes of the extreme stations be accu
rately determined, the radius of curvature at the middle
point will be knowii ; and, if a small error be committed
baniK >a fixing on the absolute latitudes, (from which the
latitude of the middle point is found,) it will have
no sensible effect on the resulting dimensions of the
Earth. For if we take the expression which gives the
ellipticity by comparison of two measured arcs,
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increase it by ^0th part ; and if
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Meridian
(X'-X)sin 1" exceeds Measures.

B
by only 7^th part, it will from the *° "™r in
f>' - /») sin 1"
the differ. .,
.
., ence of lalieffects of the error exceed it by. Tib"1
Part' or the hides is very
resulting ellipticity will be seven times as great as be- important,
fore. In estimating, then, the accuracy of the observa
tions for determining the latitudes, we have no need
to inquire into the exactness of the determination of
the absolute latitudes, but only into that of the difference
of latitudes.
The instrument with which the difference was com
monly determined in the surveys previous to 1787 is
the zenith -sector. With this instrument the zenith-dis
tance of stars that pass near the zenith can be ascer
tained with great accuracy. At the two extremities of
an arc the same stars were observed at their meridian
passage ; and, without any knowledge of their declina
tion, the difference of their zenith-distances was found ;
which is equal to the difference of the Astronomical
latitudes. As much of the credit of several of the mea
sures depends on the capability of this instrument, we
shall give a general description of it, and of the method
of using it. In fig. 29, A B is a bar of iron with a General de>
cross-piece C D, the whole in one piece. The top. A, scription of
is formed in such a way that the instrument can be theienithturned half round in azimuth when suspended at the 5ector"
top, and that the bottom can be moved freely in the
directions D C, or C D. It might be made as repre
sented in the figure ; or it might move on a hinge for
its ordinary motion, and in a swivel for its azimuthal
motion. The bracket, or other support, E, on which it
rests, is attached to some firm part of the building.
To the bar, A B, is firmly attached a telescope, F G.
At a point, a, near A, is attached a plumb-line, a H ;
sometimes it is fastened at a point of attachment which
is movable, in order that, by moving the point of sus
pension, the plumb-line may be made to pass over a
fine dot at a. The limb, CD, is graduated, sometimes
on a circular arc, of which a is the centre, and some
times on a straight liue. L D is a screw passing
through a block strongly connected with the floor, and
acting with its point against the end D of the piece
A
B
C D ; and M N O is a string and weight pressing the
(V - X) sin 1" (/ - p) sin 1"
sector against the point of the screw.* The method of
using it is this. By transits, or equal altitudes, a clock
/
X' + \
. a'-f-A'
36(8in,-ir--8in,nF)
is regulated to solar or sidereal time ; and then, the
time at which celestial bodies pass the meridian being
in which the numerator is certainly small, and the known, the meridian line is easily found with tolerable
denominator is not generally small, it is evident that correctness. A cord is stretched across the room, and Method of
the value of the denominator will not be much altered this serves well enough (as great accuracy is not neces- using the
sary) to direct the astronomer in fixing guides which aenith-atcA,' + X
will compel the sector to move in the direction of the ,ot
by a small alteration in —;— ; forinstance, if
3»
meridian. When a star is to be observed, the screw
L D is turned till the plumb-line falls exactly on some
ff+t>
= 0, and
point, K, of the graduation, such that the telescope is
very nearly directed to the star; and the number of
+ l would only alter the denominator
an error of 1 in F——
* It will readily be understood that this description, and the figure
belonging to it, are intended to illustrate only the general principle
from 3 6 sin* 45° to 3 b sin! 44° 59'. But an error in of this instrument, and that most of the details, which can be sup
* — X will produce a very serious effect in the nume plied without difficulty by those conversant with instruments, are
wholly omitted. For instance, the screw generally acts in a mov
rator; as if V— \s=l°, an error of 1' will alter able
piece which is clamped in any convenient position, so as to
diminish very much the range of the screw. The construction repre
A
from 36U0 sin 1" t0 3540 sin 1"* or will sented in the figure is probably the worst form in which the
0 - XYsin 1"; ""'u
meut has ever been used.
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turns and fractions of a turn (as shown by a scale and
divided head, not represented in the figure) are read.
When the star enters the field of view, the screw is
again turned, till it appears to glide exactly along the
wire fixed in the focus of the eye-glass, and the turns
and parts of a turn again read. The motion of the
screw being thus ascertained, its value in degrees and
minutes is to be added to the value of the graduation,
K, and thus the apparent zenith-distance of the star is
found.
Now, it is evident that this is not the true zenith-dis
tance, except the place of the division 0, be quite cor
rect. It is impossible to insure this ; but it is easy to
see, that if the instrument be turned half round in
azimuth, and the same observation made, the apparent
zenith-distance will be just as much greater than the
true, as in the former observation it was less. The
mean of the two determinations will be the true zenithdistance.
For accuracy it is indispensably necessary, that the
telescope F G preserve the same position with regard
to the frame in the observations before and after rever
sion. In the best sectors this has been secured by
omitting the bar, AB, entirely, and attaching the limb,
C D, to the tube of the telescope. In several, instead
of turning the screw, L D, to bring the wire upon the
star, the wire is moved by a micrometer-screw within
the telescope. And in some, a graduated scale slides in a
groove on the arm, C D, and when the instrument has
been moved till the star glides along the middle wire, the
scale is moved by a micrometer-screw till a division is
brought under the plumb-line, and the reading of the
micrometer-head is then registered.
We request the reader to notice the construction of
this instrument, because all the discordances between
ancient and modern measures on the same line, appear
to be owing to the difference of determinations with the
zenith-sector and the repeating-circle. We confess
that to us it appears impossible, when the instrument is
made with any reasonable care, that the error in its
results can be at all serious. The stars observed are
in a part of the heavens where the tremor and dancing,
which generally affect stars in other positions, are sel
dom seen ; there is no uncertainty about the effects of
refraction ; the telescope and the whole instrument are
not subject to flexure ; the variation of temperature
produces no sensible effect. We may be excused for
reminding the reader, that not only the existence but
the magnitude of aberration and nutation were dis
covered by means of a zenith-sector, and that subse
quent observations have added little to the accuracy of
the determination.
The repeating-circle was invented late in the last
century, and was first introduced to the notice of
the scientific world by its employment in the French
part of the survey for connecting the Observatories of
Greenwich and Paris. It was again used in the mea
sure of the arc from Dunkirk to Barcelona, conducted
by Delambre and Mechain. From this time, it attained
among the French a degree of popularity which can
hardly be imagined. The minds of Philosophers, not
less than those of Politicians, seem at that period to
have been distracted with the idea of obtaining every
thing desirable by the application of one sweeping
principle. They imagined that the effects of errors of divi
sion and errors of observation might be entirely destroyed
by repetition, and that no new error would be intro
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duced in their place.* And from merely reeding the Merid
French Works on Astronomy, or almost any other Weasu
Science, published early in the present century, one ^"^v
might almost imagine that it was impossible to make
an Astronomical or Optical observation without a repeat
ing-circle. This instrument, however, was never much
used by English observers. This has been remarked
by M. Littrow, (in Zach's Correspondance Astronomique,) with the commentary, " the English are a prac
tical nation ;" which we believe to be the true expla
nation.
One of the first observations which shook the credit
of the repeating-circle occurred in the course of the
French survey of 1792. In consequence of the break
ing out of a war between France and Spain, Mechain,
who undertook the survey of the Southern part of the
chain, was detained in Spain. He had before observed Dinon
the latitude of Fort Montjouy, about a mile from Bar- »°ceol
celona, and he now wished to repeat the observations; tm)e,°l
celona
but as he was not allowed to enter the fort, he observed HoDtjo
the latitude of Barcelona, and connected it by a small
triangulation with Montjouy. The latitude of Mont
jouy, thus obtained, differed more than 3'' from that
found by observation at the place. The chagrin which
he felt after attempting in vain to reconcile these ob
servations, undoubtedly contributed to accelerate his
death. It was not till the nature of the instrument
was better understood that Astronomers had it in their
power to explain this apparent inconsistency.
It is now universally acknowledged, that all repeating- Const!
circles are liable to an error which cannot be removed error <
by any number of repetitions, and which, on that Pellln
account, is called the constant error : " constante toule- cI<!,*
fois jusqu'd un certain point : car il suffit souvenl de
transporter [instrument d"un lieu dans un autre, ou de
h demonter, pour produire un changement dans U
rapport materiel des pieces, et par suite line variation
dans la quanlite de Ferreur." We cite this passage
from an interesting Memoir by M. Nicollet on the dis
cordances above mentioned, in the Additions to the
Conn, des Temps, for 1831. It contains nearly all that
is known upon the subject ;t for the causes of the error
are still in obscurity. We beg to refer the reader who
wishes to inquire more accurately into the nature of
the repeating-circle, to a Paper by Mr. Troughton in
the 1st volume of the Memoirs of the Astronomical
Society. The only mode of observation which appears probi
to be a probable, but not certain, method of removing meth
the error is, if the latitude of a place is the result obtla
sought, to observe the zenith-distances of stars passing effecl
the meridian at nearly equal distances on both sides of
the zenith ; the mean of the results will probably be
near the truth.
To make this more intelligible we shall give a short
* It is said to have been the opinion of a celebrated French Mathe
matician engaged in the survey of 1787, that it was no longer neces
sary to bestow any care on making the triangles well-conditioned, as
all possibility of error in the angles would be removed by the use
of the repeating-circle.
t In the Expose" de> travaux relatift a la reconnaistance hydro—
graphique det coles occidentalet de France, p. 86, M. Daussy thinks,
that the constant error in observing horizontal angles is proportional
to the angle. In some cases, however, he admits that the observed
angles could not be corrected by this hypothesis. The Baron de
Zach (Corretpondance, vol. ii.) mentions a repeating-circle with
which the observed angles decreased continually ; and facetiously
insinuates, that if he had costinued the repetition of observations of
a right anv.'e for several years he should have reduced it I
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md account of the mode of observing with this
girth. Figs. 30 and 31 represent it as used for finding the
'angular distance of two objects, A and B, in any posi
tions, (the stand, &c, being omitted for clearness.)
Both telescopes are movable on the circle, which is
■ f graduated on one side only ; and the telescope on that
side carries one, or (more generally) four verniers.
:
Suppose now in fig. 30, C, the telescope on the gra
duated side, is directed to the object B, and D, the
other telescope, is pointed to A ; in this state the ver
nier or verniers of C are read off. Then the whole
is turned in its plane till the telescope D (which
clamped to it) is directed on B ; and the
C is then released and turned, while the circle
fixed, till it is pointed to A. It is plain that
C has been turned through an angle equal to twice the
angle sought. Now the whole circle must be turned
again till C points to B, and D must be turned till it
points to A. Then the circle must be turned again till
D points to B, and C must be turned till it points to
A; when C will have been turned through four times
the arc ; and by a repetition of this process the arc can
be multiplied any even number of limes. The general
rale is, to move the circle only in one direction, and
the telescopes only in the opposite direction. Two
observers are generally necessary. It is necessary to
read the verniers only at the beginning and the end,
except it is wished to ascertain whether the angles are
generally equal.
For observing zenith-distances of stars, advantage is
taken of a spirit-level attached to the telescope D, and
1J( the telescope C only is used. The verniers of C are
aj. read, and then the whole circle is turned in its plane
till C is pointed to the star S; and D is moved on the
circle till the bubble of the level E is either in the mid
dle, or is so near it, that by the divisions of the levelscaie? the error can be accurately estimated. Then the
instrument is turned half round on its vertical axis, so
that, in fig. 33, the face presented to the reader is the
nngraduated face; and (if necessary) the circle is
moved till the level-bubble is in the same position as
before, or else the error is noted Then leaving the
circle and D fixed, C is released and again pointed on
the star; after which it is necessary to look to the
adjustment of the level. C has now described an
angle equal to twice the zenith-distance. This (as be
fore) can be repeated any number of times ; the motion
of the star in the mean time must be calculated from
theory. The correctness of the whole depends on the
goodness of the level. If the bubble is kept always at
the middle, two observers are necessary, one to look
through the telescope, and the other to attend to the
level. If the level-scales are read every time, a single
observer is sufficient. We prefer this mode, not only
•» requiring fewer persons, but also as being more
ttcurate.
One circumstance which limits the use of the repeating-circle is this. It is impossible to place the plane of
the circle perfectly vertical. The error of verticality in
■ost of the repeating-circles which we have seen*
cannot be easily ascertained, (except by observing a
•tar, alternately by direct vision and by reflection from
mercury, and marking the time and azimuth.) Suppose,
aow, iu fig. 34, Z is the zenith, S the star, T S the
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great circle representing the plane in which the circle
and its telescope move when the telescope is pointed to Measures.
S. On reversing the instrument, "F S is the position of c*"^v^*'
the plane. From Z draw ZT, Z V, perpendicular to SJ^SJ
T S, T' S. T and T' are the highest points of the cannot'be
circle in the two positions ; and, consequently, T', or observed
rather the point corresponding to it in the circle, is the w'tn
same as T in the other position. The telescope, there
fore, has been moved through S T + T' S, or 2 S T ;
and half of this, or S T, is the estimated zenith-distance.
To find how much this differs from the true zeuith-dis__
cos Z S
tance, since cos TS =
we have
cos Z T
cos T S - cos Z S _ 1 - cos Z T
cos T S + cos Z S ~ 1 + cos Z T'
TS+ZS
tan

ZS-TS
. tan-

: tan'—;

or
t»aZS~TS = cotZS .taa'~
2
2
nearly. If Z S is small, this expression may become
considerable. It is necessary, therefore, to avoid ob
serving stars near the zenith, that .is in the part of
the heavens most favourable for observation.
The smallness of the telescopes attached to the re.
peating-circles diminishes very much the confidence ic0pe8ofihe
which we might else be disposed to place in them. The repeating-,
largest that we have seen is only 24 inches long. We circle rery
apprehend that the long telescopes of the zenith-sectors SIDa'L
made before the achromatic object-glass was invented,
would give a better image of a star. The telescopes
attached to the repeat ing-circle used by Delambre*
would not separate the double star if Ursa: Majoris ;
these two stars are distant 1 4'' or 15". With such a
telescope, the minimum viribUe is of course not very
small. " However an instrument may be constructed,
or in whatever maimer it may be used, I have no faith
that it can give results nearer the truth than a quantity
that is visible in the telescope.'' This opinion we quote
from Mr. Troughton's Paper before cited ; and we sub
scribe to it most heartily.
We know not how fart the flexure of the telescopes Magnitude
and the defects of the level are found to introduce of the conerrors in the observations of zenith-distances from which
observations of horizontal angles are free ; but we

• We copy this statement from the Memoir of M. Nicollet, Conn,
des Temps, 1831, Additions. M. Nicollet has also attempted to prove
that the telescope attached toMechain's circle was unable to separate
this star. TbU circle is now preserved in the Observatory at Milan,
where (through the kindness of MM. Cesaris aud Carlini) we lately
had an opportunity of examining it, and of trying the telescope upon
the star in question. It effects the separation perfectly welL Wo
have since found in an anonymous Memoir of great ability inserted hi
the Philosophical Magazine for March 1829, that Mechain himself
had with this telescope observed the star to be double, and had pub
lished this observation in the Monatliehe Correipondenz of Zach.
This circle (made by Lenoir) appeared to us to be of veiy inferior
workmanship.
t It is the practice of the ablest modem observers with the repeating-circle to determine the flexure of the telescope by observing; the
angular distance (through the zenith) between two opposite marks In
the same straight line with the centre of the instrument, or between
the wires of two collimating telescopes, which have been adjusted
one on the other. The observed distance will be less than 180J by
* Ib tame of Raicheobich's repeating-circles provision is made twice the effect of flexure. It is found in general that the flexure
t°f ihe application and reversion of a cross-level.
produces an error of several seconds.

204

FIGURE

OF THE EARTH.

Figure of should expect that such additional errors exist, and that
the Earth. their magnitude is sensible. Now to give an idea of the
amount of errors in observations of horizontal angles,
we take the first triangle in the Operations Geodesiques
et Astronomique* en Piemont el Savoie, of which the
angles were observed by a company of Piemontese
officers, and by another company of Austrian officers.
Number of
Number of
Series.
Series.
Angles found by
Angles found by
Station!.
the Piemontese.
the Au'strians.
Tr&od
Granier • . .
Colombier. .

6 81° 51' 57".64 2 81° 51' 52".13
8 55 26 42.22 4 55 26 51 .42
6 42 41 22.70 3 42 41 20.99

Here between two values of the angle observed on
Mont Granier, one of which is the mean of 80 obser
vations, and the other the mean of 48, we find a
difference of more than 9". A serious error, therefore,
exists, which repetition has not been able to remove.
But the fact is that the repetition was useless ; for the
results of the different series agree extremely well. The
smallest of the Piemontese results is 55° 26' 40".0, and
the greatest 55° 26' 44".5 ; the smallest of the Austrian
is 55° 26' 50".0, and the greatest 55° 26' 52". What
kind of constant error existed in these instruments we
can hardly imagine, since in the other angles the
difference is of the opposite kind. It is true that this
is (as far as we have examined) the worst of the trian
gles ; it is true also that these instruments were not
repeating-circles of the usual construction, but repeating-theodolites of only eight inches diameter. But the
points which we wish to impress on the reader remain,
that repeating instruments are subject to an error which
cannot be removed by any number of repetitions, and
that the amount of this error is such as to make their
results unfit to be put in competition with those of a
good zenith-sector. Judging from the agreement of
the observations with the same instrument in the in
stance given above, we apprehend that the smallness of
the instruments has had no effect on the discordance of
the results.
We have treated at length on the relative value of
the zenith-sector and the rcpeating-circle, because in
some instances we shall find different amplitudes as
signed to the same arc, according as it has been observed
with one or other of these instruments, and because
some arcs which have been absolutely rejected by
writers on the Figure of the Earth will appear, when
the nature of the instruments is examined, to be nearly
as trustworthy as those which they have retained. It
has been so much the fashion for some years (chiefly
among French writers) to extol the repeating-circle, that
we know no Work in which the relative merits ofthe two
instruments are stated, to which we could refer thereader.
We shall now mention individually some of the prin
cipal measures.
Methods
In J. Cassini's measure, the bases were measured
pursued in with wooden rods of 4 toises each. The angles were
J. CassmM observed with a quadrant of 39 inches, and an octant
measure. of36 inches radius. For the azimuth, the clock-errors
were determined by equal altitudes, and transits of
Capella below the Pole were observed. Some of the
azimuths, however, were determined by observation of
the Sun at rising and setting. The zenith-distances of

stars were observed with a sector of much greater are llendi
than that which we have described above. We think Measui
it unnecessary to allude further to this measure, as it v—v"
gave no result which is of any use at the present day.
In the Peruvian arc, the base was measured with Method
greater care than had before been bestowed on that
operation, but with less than would now satisfy Astro- ™™
nomers. 1 he standard measure ot France was an iron
toise preserved in the Chatelet ; but it was so rough
that a new standard was necessary ; and in fact that
used in this measure, and called from that circumstance
the toise of Peru has always been considered as the real
standard. Wooden rods were used for the actual
measure, and these were compared with the iron toise
every day. Two at least were always in their places
while the third was moved ; they were always kept in a
horizontal position. It does not appear that the ther
mometer was observed during the measure, but the
observers compared the temperature by their bodily
sensations with that at other seasons, which had been
ascertained by the thermometer ; and on this rough
estimation, the allowance for the expansion was
founded. The temperature to which the measure was
reduced was 13° of Reaumur, or 61J° of Fahrenheit.
The expansion of the iron toise for 1° of temperature
was found in the following elegant manner. The toise Expi
was mounted on knife edges so as to vibrate like a pen of da
dulum, and another bar was similarly mounted so as to
be synchronous with it at a given temperature. The
air in the place containing the toise was heated, in
consequence of which the toise lengthened, and, there
fore, vibrated more slowly than the other pendulum ;
by observing the number of vibrations which elapsed
before its vibrations coincided with those of the pen
dulum, the alteration of time of oscillation, and conse
quently the alteration of length, was found ; it was
•0117 line for 1° of Reaumur. The length of the base
was 6274 toises, 3 inches, and 2 lines ; this was ob
tained by two measures which differed only 3 inches,
one party beginning at one end, and at the same time
another party at the other end. The South end of the
base was 126 toises higher than the North; the base,
anfl in fact the whole measure, was corrected so as to
refer it to the level of the lowest extremity of the base.
The number of principal triangles was 33. The signals
were heaps of stones, pyramids of wood, or tents ; the
angles were observed with quadrants of three feet radius.
The triangles were first calculated without any reduc
tion of the observed angles to horizontal angles, and
thus the length of the base of verification appeared to
be 5260.03 toises ; its measured length was 5258.95.
The angles were then reduced to horizontal angles ;
as the apparent elevation of one signal from another
was sometimes 6°, this was done not by an approxi
mate formula, but by accurate computation of the
spherical triangle. Then the triangles were again cal
culated, and the positions of the projections of the
signals on the level of the lowest end of the base found
by the method of parallels and perpendiculars. The
azimuths were determined by observations of the Sun
near the horizon ; there were in all about 20 observa
tions. The general direction of the chain of triangles)
made an angle of about 14° with the meridian, extend
ing from North-East to South-West. It seems tha.
Bouguer calculated the series considering the meridians
through the different points (on account of the proxi
mity to the Equator) as perfectly parallel, while L&
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flfBtl of Condamine made allowance for the convergence of
6c Zuth. meridians. La Condamine also thought it proper to
diminish the calculated length half as much as the
measured length of the second base was less than the
calculated length. Finally the distance of parallels of
the Observatories erected near the extremities of the arc
was found according to Bouguer, 176,940 toiscs, accord
ing to La Condamine 176,950.
The difference of latitudes was determined by obser
vations of a Aquarii aud 0 Aquila?, but more particularly
of e Orionis. The sector which they carried out with
them was of 12 feet radius, and had an arc of 30°, but
they soon found the convenience and accuracy of re
ducing the extent of arc. The new arc they redivided
in a very ingenious manner ; and afterwards constructed
another sector on the same principle. It was as follows.
The zenith-distance of the star used principally at the
Southern observatory was about 1° 41'. If the reader
will consider the method of observing with the zenithsector by reversion, as described above, he will find that
it is only necessary to have two points on the limb
settled with great accuracy (one on each side of the
centre) whose distance is nearly 2x1° 41', or 3° 22'.
Now the chord of the arc of 3^22' 15" is ^th of the
radius. To divide an assumed radius into 18 equal
parts is not easy : but it is very easy, assuming the
length of the chord, to multiply it IS times, and thus
form the radius. This they accordingly did; then de
scribing an arc of a circle, and taking on it two points at
the assumed distance, the graduation was completed.
The observation was made by moving the instrument
till the plumb-line fell on the point, and a wire in the
field of view of the telescope was then moved by a
micrometer-screw, till the star was bisected. For the
Northern observatory, the zenith-distance of the stars
being less, they used in the same manner the arc, whose
chord = ^th of the radius.
In the first sector the telescope was connected with
the principal bar of the sector by supports of several
inches in length. The connection appeared to be not
sufficiently firm, and they reduced the length ofthe sup
ports. After numerous observations it still appeared
that the telescope bent or deviated in some manner, and
that no confidence could be placed in the instrument.
At last Bonguer rivetted all the screws, and wrapped the
bar and telescope round and round with iron wire.
From this time the results were perfectly consistent.
Another difficulty now presented itself. If the same
instrument were used to determine the latitudes of both
extremities, as the apparent places of the stars would
change between the observations, a perfect acquaintance
with their apparent motions was necessary. But the
laws and magnitudes of the newly discovered correc
tions for nutation and aberration were not then suffi
ciently known to enable them to calculate accurately
the apparent places. But having constructed another
sector, they determined on observing the same star
simultaneously at both extremities. Bouguer accord
ingly went to Cotchesqui the Northern extremity, and
La Condamine to Tarqui the Southern, and at length a
satisfactory conclusion was obtained. More than three
years, however, had been spent in determining the
difference of latitudes. They fixed on 3° 7' 1".
One reduction remained. The length of the projec
tion of the arc on the level of the lowest station was
found, but it was necessary to find the length of the
projection on the level of the sea. To ascertain the
VOL. V.
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height of the lowest station above the sea was difficult, Meridian
as the mountains between it and the sea were not , Measures,
visible at the coast on account of the constant fogs
hanging on the forests below the mountains. At last
they found that two of the peaks were visible from an
island in the Emerald River ; and they finally succeeded
in ascertaining the height of the lowest station to be
1226 toises. The length of a degree at the level of the
lowest station according to Lacondamine was 56,770
toises, and therefore at the level of the sea 56,749.
Bouguer, however, made it 56,746 ; but he observed
that this ought to be increased by seven toises on ac
count of the expansion of the iron toise when compared
with the wooden measuring-rods. Delambre recalcu
lated this degree ; he found the difference of latitudes
to be 3° 7' 3''; and the length of the degree 56,737
toises.
We have the advantage of possessing different ac- Value of
counts of this survey written by persons, each of whom ,lli3 mea"
had made nearly enough of independent observations sure'
to obtain a result. They had calculated the observa
tions, each in his own way ; and their personal friend
ship was not so ardent as to prevent either ofthem from
pointing out any thing unfair in the proceedings of the
other. When to this we add that it was one part of
their system to make no important observation, if
possible, without witnesses, it will appear that this arc
is in all respects worthy of credit.
In the Swedish measure conducted by Maupertuis, Methods
Clairaut, &c. the signals were commonly cones of barked pursued in
trees, and the angles were observed with a two feet 'he ^
quadrant. The observed angles were reduced to hori- '|
15
zontal angles. The azimuth was determined at Kittis
(the Northern station) by observing the Sun's transit
over the vertical of the next signal, the clock being re
gulated by equal altitudes. At Tornea the azimuth
was found by observing the Sun near the horizon. The
arc was calculated by parallels and perpendiculars, and
allowance was made for the difference between a small
circle and a great one. The base was then measured
on the frozen river ; eight rods were made each of four
toises in length, and were compared with an iron toise
(since called the toise of the North, and which had been
compared with that used in Peru) at the temperature of
15° of Reaumur or 65|° of Fahrenheit. The rods
were laid on the snow ; and two troops made indepen
dent measures which differed but four inches. The
length was 7406 toises 5 feet ; whence the distance be
tween the parallels of the observatories was found to be
55,023.4 toises. The sector for determining the differ
ence of latitudes was made by Graham. A detailed
description of it may be found in the Degre du Meridien
entre Paris et Amiens ; it resembled, in most parts, the
sector used by Bradley, now preserved in the Observa
tory of Greenwich. The telescope tube (which was
large and strong, and nine feet in length) was itself .
the radius of the sector ; it carried a limb of small ex
tent, the graduation of which had been carefully verified.
The whole was moved by a micrometer-screw acting in
opposition to a weight, and care was taken that the
screw should always act on the same point. The sector
was not reversed, (according to the method of using
this instrument described in our general account of it,)
and thus the absolute zenith-distances of the stars ob
served were not determined. But as the same part of
the limb was used in the observations of the same star
at the two stations, the difference of zenith-distances,
2e
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Figure of and consequently the difference of latitudes, was found,
tbe Earth. subject only to the error which might arise from disturb
ance in the relative positions of the telescope and the
limb. The firmness of the instrument, (which consisted
of but one piece,) the care used in transporting it, and
the agreement of the results obtained after two trans
portations, seem fully to justify the Academicians in this
use of the sector. Before the measure of the base S
Draconis was observed at Kittis andTornea, five times
at each ; the difference of latitude (neglecting refrac
tion) appeared to be 57' 26".93. After the measure of
the base a Draconis was observed three times at each
place; the difference of latitude was 57'30".42,* the
mean is 57' 28".7. In this estimation, refraction was
aot taken into account ; it ought therefore to be in
creased by about 0".7, which makes the difference of
latitude 57' 29".4. Consequently the length of a degree
is 57,425.5. We have stated in the first section that
the later terrestrial measures in the same place, as far as
they go, give results that agree perfectly with these. In
order to make this measure and that of Svanberg agree in
all points, it is necessary to suppose an error of 12" or
more in the French observations of latitude at Kittis.
From the excellence of the instrument, the reputation of
its maker, the care and fidelity of the observers, as shown
Reasons for in the points that have been examined, and the circum
retaining stance of their having repeated the observations under
this mea the fear that some error had crept into the first set, we
sure.
have no hesitation in expressing our opinion that this is
impossible. And we are glad to find that M. Rosenberger, after a careful examination of all the observa
tions, (see the Astronomische Nachrichten, No. 121,
122.) has come to the same conclusion. From the
difference of the altitudes of a and S Draconis, com
pared with their known difference of declination, he has
shown that the line of collimation was in the same
state before the journey from and after the return to
Tornea, as well as before the journey from and after the
return to Kittis. And from observations made in France
with the same instrument, (see the Degre du Meridien
entre Paris et Amiens,) it appears that after repeated
voyages the line of collimation was not sensibly changed.
The length of the arc which M. Rosenberger is inclined
to adopt, is 55,020.16 toises, and the difference of lati
tude 57' 30".44 ; whence 1° =s 57,405.02. The mean
latitude is 66° 19' 37".
In the measure which forms the principal subject of
Methods
followed in the work entitled La Meridienne Verifiee, a base of 6224
the verifica toises was measured near Dunkirk, one of 5094 toises near
tion of the Amiens, one of 5749 toises near Paris, one of 7492 near
arc of J.
Bourges, one of 4422 near Rod£z, and one of 7929 toises
Cassini.
near Perpignan. The Dunkirk base crossed the entrance
of the harbour. This part was not measured, but its
length was ascertained by drawing a line perpendicular to
the base, and finding by trial the point at which the rays
coming from the signal made with this perpendicular
an angle of 45°. The base measured near Bourges was
one of the sides of a principal triangle. The base near
Paris (on the road to Fontainbleau) was measured with
four iron rods of 15 feet each ; but all the others were
measured with fir rods, well painted, and armed at the
ends with iron caps. These wooden rods were 18 or 24
feet long, 3 or 4 inches broad, and 2 inches thick ; they
each day with four iron rods
• About 1" of the
r of the c

of 3 feet each, which had been compared at the temper Meridiu
ature of 14° of Reaumur, (63° of Fahrenheit,) with a Measure
line of 10 toises traced in the satte de la Meridienne of
the Observatory at Paris. The mean of the difference
was applied as a correction to the length of the wooden
rods ; it would appear also, (though we have not found
any distinct statement,) that a correction was applied
for the temperature of the iron rods at the time of com
parison. In all cases the rods were applied end to end.
The bases were measured at least twice : that near
Paris five times. In the bases of Bourges and Rodez,
the angles made by the rods with the horizon were
observed, and allowance made for the inclination.
The signals were generally church-towers, windmills,
&c. ; in a few instances it was found necessary to erect
posts or other signals where no conspicuous object
could be found.
The angles were measured with a quadrant of two feet
radius, and were reduced to the centre of the station.
The observed angles were altered to make the calculated
lengths of the bases of verification and the calculated
azimuth agree with those observed ; but in no case did
the alteration exceed 5".
The azimuth of one side of a triangle was determined
at each of the principal stations, (Dunkirk, Paris,
Bourges, Rodez, and Perpignan,) by observations of
the Sun near the horizon.
South of Bourges, the observed angles were reduced
to horizontal angles. The calculation of the terrestrial
arc of meridian was made by the method of parallels
and perpendiculars.
The sector for celestial observations was of 6 feet
radius, and had an arc of 50°, divided by means of its
index. The general accuracy of the arc was verified by
taking angles all round the horizon, and' observing
whether their sum amounted to 360° ; and the equality
of the divisions, by determining the zero point from ob
servations of different stars. The telescope had an in
ternal micrometer. The only stars on which their
determinations rest, are a Lyra?, a Cygni, o Persei, Capella, 7 Draconis, and ij Ursa? Majoris. Each star was
observed eight or ten times at each station ; and the
sector was several times reversed in the course of
each series. The final result was, that the length of
the arc between Dunkirk and Paris was 125,431 toises,
and its amplitude (or the difference of latitudes of the
extremities) 2° 11' 50".2S ; between Paris and Bourges,
99,990 and 1°45' 7".33 ; between Bourges and Rodez,
155,767 and 2° 43' 51".5 ; between Rode*z and Perpi
gnan, 94,308 and 1° 39' 11".2. The latitude of Paris was
supposed to be 48° 50' 10", or48°50' 12". Of the excel
lence of this measure we conceive there can be no doubt.
In the survey conducted by Boscovich, the bases were Metboi
measured with wooden rods of 27 palms (about 18 usedb
French feet) each. These were compared continually Bosco
(by means of beam-compasses, as described m our
general account) with an iron rod of 9 palms, that had
been measured by a French iron toise,* furnished by
Mairan. Corrections for temperature were applied : the
* It is stated in a note to the French translation of BoscovieiVs
Work, that this toise was shorter than the toite of Peru by /j of a
line, and shorter than the toite of the North by J$ of a line.
The latter is the same as the toise used in the French arc last
described. We know not on what authority the difference between
the toiie of Peru and the toite of the North is given : in every ether
statement that we have seen they are asserted to be equal. See the
of these results depended on the Bate du Syteme Mttritpte, torn. iii. p. 413; where the comparison of
irtainea in the verification. Mama's toise with the others will be found.
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fijanof standard temperature was the same, we presume, as
trEirth. that adopted in the Peruvian measure, or 13° of ReauUy» Blur's scale. The base near Rimini consisted of two
parts, making an angle of 170° 52' 15"; a part of it
crossing a river was measured by a triangle. The rods
were supported on trestles ; they were not placed in
contact, but the distance between their extremities was
measured. In uneven ground they were placed in a
horizontal position ; and the end of one rod was made
to touch a plumb-line suspended from the end of the
other. Allowance was made for the curvature of the
rods when it appeared sensible. The signals were a sort
of pyramidal huts, made of large branches of trees.
The angles were measured with a quadrant of three feet
radius, made by a priest. The triangles were calculated
in the same manner as those of Peru. The azimuths
were determined by three observations of the setting
Sun at Rome, and three at Rimini. The length of the
meridian arc was found by parallels and perpendiculars,
calculating from the base of Rimini, to be 123,221.3
toises. The sector for celestial observations (made by
the same priest) was of nine feet radius ; it was similar to
(hat described in our general account, with this differ
ence, that the object-glass as well as the eye-piece of
the telescope were attached to the bar, and indepen "
of the intermediate tube ; and that the graduations ■
upon a straight piece, sliding in a groove with a
meter-screw, forming, in fact, a line of tangents divided
into equal parts. The bar, &c. were of iron, and the
slider of brass, and an apparatus was made for observing
whether the difference of expansion would produce any
sensible effect : Boscovich states that he never found it
sensible. The stars observed were a Cygni and ft Ursa?
Majoris : the number of observations 43. Between the
first observations at Rome and the observations at
Rimini, the line of collimation had altered its position
by more than 2' ; and on repeating the observations at
Rome, its position was again changed. But as the
sector was reversed several times during each series of
observations, and the results of the different observa
tions of each series agreed very well, there seems no
reason for doubting the accuracy of the ultimate result
The mean amplitude is 2° 9' 47", whence 1° = 56,966.3
toises. But as the base near Rome was greater by the
measure than by calculation, and some of the sides are
lengthened by a different calculation, (Boscovich does not
specify what,) and as some of the celestial observations
appeared preferable to the rest, Boscovich adopted as the
length of 1°, 56,979 toises. As Mairan's toise was
shorter by ^ of a line than the toise of Peru, these
numbers ought to be diminished by sslag of the whole.
The mean latitude is 42° 59'.
We have given every thing which seems necessary to
enable the reader to judge of the value of this measure.
Objections have been made to some parts of it by the
Baron deZach. (Correspondance Astronomique, vol. vi.)
The azimuth observed at Rimini was reobserved by
Zach, and the results differ more than 1'. From what
ever source it rises, this is of no consequence, as the
chain of triangles follows very nearly the direction of
the meridian. The same Astronomer has calculated
the observatious of Boscovich the latitude of
nd finds that it differs nearly 4" from that
i be has determined by 110 observatious of Polaris
and a Aquilaj with a repeating-circle. But there is a
fallacy in his mode of observation. The advantage of
observing, with a repeating-circle, stars on both sides of
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the zenith, consists in this : that if the declinations of Meridian
these stars have been determined by an instrument Measures,
which has no constant error, the constant error of the N*—
repeating-circle will be eliminated from the result. But
the declination of a Aquike used by Zach, was deter
mined by the same repeating-circle, and differs from that
commonly used ; consequently, his results are affected
with the constant error which affects the observations of
Polaris. And as the sector of Boscovich was reversed
three times during the observations of a Cygni at Rimini,
and five times during those of n Ursa} Majoris, we
cannot allow the result to be set aside for any observa
tions made with a repeating-circle.* From the appear
ance of the observations, and the character of the ob
server, we consider that great reliance may be placed on
the results of this measure.
The standard used by Lacaille was an iron wise, Methooa
constructed by the same artist who made the toise of followed in
Peru and the toise of the North. From this was made Lacaille's
a wooden toise, terminated with brass plates, and exactly [^"""Vof
of the same length. By means of these, the measuring Q00(iHope.
rods (four fir-rods, each 18 feet long, 3 inches broad, 2
inches thick, and well painted) were verified four times
each day. Nothing is mentioned of a correction for
temperature ; Lacaille merely observes, that the sky
clouded and the South-West wind strong, and that
to be feared on the score of temperature.
It would seem that the rods were laid on the ground :
Lacaille himself made the contact Only four triangles
were used. The signals were fires, rocks, &c. The
angles were measured with a three-feet quadrant ; and
reduced to the centre of the station and to the horizontal
angle. The azimuth was determined by 17 observa
tions of the rising Sun at the Cape Observatory, which
was the Southern extremity of the arc. The meridian arc
was computed by parallels and perpendiculars. The am
plitude was determined from observations made with the
same sectorwhich was used in the verification of theFrench
meridian. Sixteen stars were observed at the Northern
station (Klipfonteyn) for six days, the sector being three
days in one position, and three days in the reversed
position. The number of observations at the Cape was
more considerable ; they are to be found in Lacaille's
Fundamenta Astronomies. The statements of Lacaille
respecting the error of collimation (Astron. Fund. p. 158.)
appear quite satisfactory. The deduced amplitude with
Lacaille's last corrections (Fundamenta, p. 184.) was
1° 13' 17".5 ; the meridian arc 69,669.1 toises ; whence
1° = 57,034.4 toises. The mean latitude 33° 1S£'.
It is proper to remark, that Lacaille was so much
surprised at this result, that he repeated the measure of
the base and all the calculations. The observations
of terrestrial angles and celestial zenith-distances did
not seem subject to any doubt. Whatever be the con
sequence, we conceive that this measure must be re
ceived as equally certain (excepting, perhaps, some
doubt about the trifling correction for the temperature
in the measure of the base) with any of the former, and
almost any of the subsequent measures.
The localities have since been examined by Captain
Everest :t (Astronomical Transactions, vol. i.) it ap* We have just received (through the kindness of the author) Mr.
Rumker's observations made at Paramatta. The difference of the
latitudes as found by tbe mean of many repetitions North of the
zenith, and the mean of many South of the zenith, is 16". The
instrument is made by Reichenbach.
f We believe that if this distinguished officer had not been pea
2 b2
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Figure of pears that there are large mountain masses to the Norththo Earth. West of the Northern extremity, and to the South-West
V—^*—/ ofthe Southern extremity, the effect of which would be to
diminish the apparent difference of latitudes.
Methods
In Liesganig's arc, the standard was an iron toise,
used by
compared, at the temperature 13° of Reaumur, (61J°
Liesgamg. Fahrenheit,) with the toise of Peru. The measuring rods
were each six Vienna fathoms long, spliced like the
mast of a ship ; they were laid on the ground, and
placed in contact. The angles were observed with a
quadrant of 2^ feet, that had been carefully verified ;
they were reduced to horizontal angles. The azimuth
was determined by observations of the Sun near the
horizon. The meridian arc was calculated by parallels
and perpendiculars. The sector of 10 feet radius was
similar in all respects to that of Boscovich ; its divisions
were verified. The stars observed were a and y3 Aurigae,
o and 8 Cygni, 7 Draconis, and 1 Herculis, (set down as
ft Draconis ;) each star was observed three or four times
in each position of the sector, which was only once
reversed. The concluded amplitude was 2° 56' 45."5;
and the concluded arc of meridian 172,796 Vienna
fathoms = 168,149 toises.
We have already stated the reasons for rejecting this
measure. If we adopt for the Southern part of the arc
the numbers given by the later survey, we ought to in
crease the meridian arc by 264 toises. But it appears
from Zach's statements, (who, however, is no friend to
the Jesuits,) that the astronomical observations were
falsified. It will be better upon the whole to reject any
conclusion derived from this arc of meridian.
Methods
In the survey made by Beccaria, the base was
pursued in measured with wooden rods laid on trestles. Two
measure * sma" parts were added by triangulation. The toise
(compared at 13° of Reaumur with the toise of Peru)
was furnished by Lacondamine : and the correction
used for the temperature was Lacondamine's. The
signals in general were posts. The angles (observed
with a quadrant like that of Boscovich) were reduced to
horizontal angles, and these to the angles formed by
the chords. The azimuth was observed, and the cal
culations made, as in the last-described surveys. The
sector* was nearly similar in construction to that of
vented, by his absence from Europe, from consulting Lacaille's
account of the survey, he would have found that some of his objec
tions were without foundation. Lacaille states that the ground was
cleared and levelled for the base measure ; he states that the instru
ments were not placed at the centre of the stations, (which was
rarely done before the English survey,) and gives the numbers neces
sary for the reductions. The magnitude of fires visible at the distance
of 45 miles need not, perhaps, be so great as to throw any great un
certainty on the terrestrial measure. The instability of the observatory,
though always injurious, is of comparatively little consequence, we
conceive, in observations with the zenith-sector, and, with reasonable
Care, its effects can be easily detected.
* Through the politeness of the Members of the Turin Academy we
have been allowed to examine this sector, which is now preserved at
their apartments. We are at a loss to conceive how such errors can
have been committed as those attributed to Beccaria's observations.
The tube containing the object-glass appears to be firmly attached to
the bar ; and the object-glass, though not quite tight in its cell, is tight
enough to prevent accidental derangement. This tube is unconnected
with the rest of the tube. The eye-piece also appears to be firmly
connected with the bar. The object-glass-tube projects about two
inches beyond the last of its two supports, and the eye-piece about
four inches beyond the last of its supports. Can the weight of the
telescope tube (weakly attached to the axis) have twisted the eye
piece ? Or are the divisions of the tangent-scale, or the length of the
radius, wrongly estimated ? No other explanation suggests itself to
us. It must be remarked that the wires in the eye-piece, and the
plumb-line, are wauling : the pin for the plumb-line suspension is as
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Boscovich. The stars observed were a and & Cygni, Meridi
and /3 Aurigae : the sector was reversed twice or three Meisui
times at each place. The details of the micrometer ^"V"
readings, &c. are not given. The concluded distance
and amplitude were 64,889.6, and 1° 7' 44".71, the
extreme difference of the results from the three stars
amounting only to 2". It is unnecessary to enter into
greater details, as the same line has since been surveyed
by MM. Plana and Carlini, whose conclusions (which
we shall shortly give) are undoubtedly more accurate
than those of Beccaria.
In the measure of the line between Maryland and Method!
Pennsylvania, by Mason and Dixon, the whole was used in
measured with two " rectangular levels, or measuring Northframes." As we do not perfectly understand the de- ^lerio
scription of them given in the Phil. Trans. 1768, we
shall copy it verbatim. " The levels used in this
work were each 20 feet in length, and 4 feet in
height. They were made of pine, an inch thick,
and in form of a rectangle ; the breadth of the bot
tom board was 7j inches, that of the top 3 inches,
of the ends 4A_ inches, and the bottom and top were
strengthened with boards firmly fixed to them at
right angles. The joints were secured with plates of
iron, and the ends were plated with brass. The plumblines used in setting them level were 3 feet 2 inches in
length, and hung in the middle of the levels, being se
cured in a tube from the wind, in the manner of car
penters' levels ; wherefore we called these by the same
name." The levels were frequently compared with a
brass standard of 5 feet, and the temperature was
noted. The allowance for expansion was taken from
Smeaton's experiments, and the length was reduced to
what it would have been if the brass rod had been used
at the temperature 62° of Fahrenheit. By fixing in the
ground a stake with a movable piece of iron, which
was brought to a certain mark on each level, it was easy
to observe whether one level moved when the other was
placed in front of it The line was carried over a fewrivers by a triangle, as in the former surveys. For the
azimuth, a clock was regulated by equal altitudes, and
the clock time of stars' culminations being found, it
transit-instrument was directed to them at that instant,
and by means of it a meridian mark was fixed ; thus
the azimuth ofa given line could be found, or the direc
tion of a meridian could be fixed. The lines measured
were the following. N P, fig. 35 = 78,290.72 feet, in
the direction of the meridian : P a r= 2,991 miles ; this
line is in such a direction that if continued to the length
of 10' of a great circle, it would meet the parallel of
latitude passing through P:aC=:45.5 feet, in the
meridian. C D = 26,608.06 feet, in the direction of the
meridian. (These two parts were measured separately
from a mistake in fixing the point C, which ought to
have been in the parallel of P.) DB = 1491 feet;
and the angle C D B = 93° 28'. B A = 434,011.64
feet, making an angle of 3° 43' 30" with the meridian.
Hence, the distance of the parallels of N and P is
78,290.7 feet ; that of P and a, — 14.1 ; that of a and
C, 45.5 ; that of C and D, 26,608.1 ; that of D and B.
89.8 ; that of B and A (computed as described in our
good as those commonly used. We have no hesitation in saying that we
should place more confidence in the observations made by any careful
person with this instrument, than in those made with Mechain's circle.
The character of the observer, as it appears to us, can alone explain the
errors of the observations.
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■tof general account) 433,078.8 ; whence the distance of
ML parallels of N and A is 538,098.8 feet. As the fivefeet brass rod, on comparison with the Royal Society's
standard, was found to be too short by ^ift^ of the
whole, these numbers ought to be diminished by 1!).4 ;
and the distance of the parallels is 538,079.4 feet. By a
comparison of the standard just mentioned with the
toise of Peru, instituted on this occasion, it was found
that the toise = 76,734 inches ; whence the distance of
the parallels = 84,147.2 toises.
The observations of stars were made with a six feet
sector, constructed by Bird, in which the plumb-line
was made to bisect a dot at the centre of the instrument.
The stars observed were a, Lyra?, 7 Andromeda?,
P Persei, £ Persei, ft Auriga?, Castor ; Capella also was
observed, but the result disagreeing a few seconds from
that given by the others, was rejected. Each star was
observed at N and P, three or four times in each posi
tion of the sector. The sector was reversed only once
at each station. Finally, the difference of latitudes: 1°
28' 44".99, and the mean latitude 39° 12'; whence
1° = 363,772 feet = 60,628.7 fathoms = 56,888.3
toises. The Royal Society's standard yard has been
found by Capt Kater (Phil. Trans. 1821) to be longer
than Shuckburgh's by .001365 of an inch ; whence the
distance ofparallels is 538,099.8 feet, and 1° = 363,785
feet ss 60,630.9 fathoms, by Shuckburgh's standard.
The only chance of error in this operation consists
(we conceive) in the possibility of losing in the measure
some whole number of level-lengths. This was pro
vided against with tolerable certainty by previously
measuring the whole line with a chain, and fixing posts
at certain distances. Of the goodness of the astrono
mical observations we think there can be no doubt.
The results of this measure must, we think, be received
as equal in authority to those of any other measure,
ract The survey of 1787, connecting the meridians of
•"■'> Greenwich and Paris, has sometimes been used in the
* estimation of the degree deduced from the French
measures. The meridian arc, of which the Southern
extremity is in France, has sometimes been a little ex
tended by taking Greenwich for its Northern termina
tion. We mention this only to record our protest
against such an extension. The chain of triangles con
necting the meridians runs East-South-East, and WestNorth-West, and is of considerable length, and conse
quently the smallest error in the azimuth (which it is
impossible to avoid) will produce a considerable error
un the length of the meridian arc.
The bases on which the operations of Delambre and
rf Hechain were founded, (at Melon and Perpignan,) were
ncd measured with rods of platinum, 2 toises long, 6 lines
u broad, and 1 line thick. To each was attached, at one
end, a rod of brass ; the proportion of the expansions of
brass and platinum being known, the expansion of the
platinum rod was inferred from the observed difference
of expansion of the two rods. This apparatus was en
closed in a wooden box. Four of these compound rods
were used : they were placed on trestles, not in contact,
the distance being measured by a small slider. The
lengths of the bases were expressed in numbers of the
length of the toise of Peru, taken at the temperature of
13° of Reaumur, or 61^' of Fahrenheit.* Allowance
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Was made for the inclination of the bars. The bases Meridian
consisted each of two parts, making a smull angle. Measures.
The length of the base of Melun was 6075.9 toises - ^""v-"-'
that of Perpignan 6006.25. The length of the latter
calculated from the former, through the chain of trian
gles, differed only 11 inches from the measured length.
The angles were observed with repeating-circles. The
triangles were calculated as spherical triangles, by
Delambre's method. (Trigonometry, Art. 182.) The
azimuths were determined by observations of the Sun
near the horizon, and by measures of the angular dis
tance of a signal from the Pole-star. (Trigonometry,
Art. 185.*) The arc of meridian was then calculated
by the method which (in our general account ofmethods)
we have described as Delambre's. In the prolongation
of this arc to Formenlera, the same methods were used,
except that the azimuth was ascertained by transits as
described in Trigonometry, Art. 185. The latitudes
were found almost entirely by observations of the Polestar, and ft Ursse Minoris, made with Lenoir's repealingcircle. To give an idea of the extent to which this
instrument was used in these determinations, it will be
sufficient to state that the latitude of Formentera was
fixed by 2500 observations of Polaris, and 1400 of
ft Ursa? Minoris.
We have already mentioned the discordances in the
observations of Mechain at Barcelona and Montjouy,
and the doubt thrown by them on the results of obser
vations with the repeating-circle. They have been
considered by M. Nicollet in the Memoir before referred
to, (Conn, des Temps. 1831, Additions ;) and his con
clusions (omitting every thing relating to the inabi
lity of the telescope to separate f Ursa? Majoris) appear
to us perfectly correct. Mechain's observations at these
places were not confined to the Pole-star and ft Ursa?
Minoris, but included several stars passing to *he North,
and several passing to the South of the zenith. Now
M. Nicollet shows that if we use Piazzi's declinations,
and find the latitude of each place, first by a mean of
the observations of stars passing North of the zenith,
and next by a mean of those of ttars passing South of
the zenith, and take the mean of these results, the
difference of latitudes is almost precisely what we should
have expected from the known distance of parallels ;
and thus the difficulty disappears. It has been answered,
(Philosophical Magazine, March 1829,) that if we com
pare the observations on the same stars made at the
two stations, as with zenith-sector observations, the
original difficulty remains. But we think that the
author of this answer has not sufficiently considered the
nature of the defect attributed to repeating-circles. Of
the stars observed at both stations, only one passes
South of the zenith. Now if the constant error of the
circle had undergone any alteration (as is probable
after the interval of a year) all the stars North of the
zenith would give the same error, and with the same
sign in the difference of the latitudes. But the stars
South of the zenith would give the same error with a
contrary sign, and in fact the only South star observed

lating 10 this point, as well as lo the comparison of the new standard
with the ancient and foreign standards.
* In the Essay on TiuGoNoMETRr to which we have referred, it is
said that the azimuth is determined by a right-angled spherical tri
angle.
is only true when the signal is exactly in the horizon ;
•As there has been a little confusion respecting these reductions for when it This
is elevated or depressed, it is necessary to calculate the
temperature, the reader is referred to the Phil. Tram. 1326, p. 568, zenith angle of the triangle, whose angles are at the zenith, the Pole,
for u abstract of all the passages in the Bate du Sytlime AKtrique re- and the signal.
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Figure of at both places, gives a discordance of an opposite kind, rather some one of several brass bars,*) at the ti
Werid
the Earth. Wc think, therefore, that M. Nicollet is quite right in ture of 62° Fahrenheit.
V«V^ fixing the latitude of Montjouy at 41° 21' 44".535.
But the new French measure was adopted at a time
The latitude of Mountjouy is, however, of no essen when all other considerations gave way to theory. The Differe.
tial importance. It is much to be wished that the lati metTe is defined by 443.296 lines of the toke of Peru, tempen
tudes of Dunkirk and Formentera were determined at the temperature 13° of Reaumur. But it is repre for the i
French
with greater certainty. The latter rests on an enormous sented by the length of a standard platinum bar, at the standar
number of observations, but entirely on stars North of temperature of freezing water, or 0° of Reaumur's and
the zenith, and with a circle whose level was attached the Centigrade scale. This change of temperature for
to the axis ; it is probably subject to a much greater the measure of the standard, has introduced no little
eTror than if it had been fixed by ten observations with confusion into the subject of measures generally/)- In
Graham's or Ramsden's sector. In the determination the instance now before us, additional confusion is in
of the latitude of Dunkirk, many observations were troduced by the change of the metal used for the con
rejected ; and in that of Paris, Mechain rejected obser struction of the standard..
vations by thousands, apparently preserving only those
It is uncertain whether the iron bar used by Svanberg
whose results presented the greatest agreement. The
is compared with the platinum standard preserved at
latitudes of the other intermediate points are still more Paris, at the temperature of 0°, or lo^0 Centigrade. If
doubtful. In our present uncertainty we shall adopt the expansions of the two metals, with the same change
from the Base du Sysleme MHrique the following num of temperature, were the same, this would be of no eonbers : latitude of Dunkirk 51° 2' 8".7 ; latitude of For sequence. But their expansions being different, if the
mentera 38° 39' 56".l ; distance of parallels 705,189.4 two bars had the same length at the temperature 0°,
toises ; mean length of degree 57,007 toises.
they would not have the same length at the tempera
Svanberg's
The base measured by Svanberg was nearly in the ture 16J°. If they were compared at the temperature
same line as that measured by Maupertuis and Clai- 0°, it wonld be right to apply to the measured length of
raut. The measuring rods were iron bars of six metres Svanberg's base, the correction corresponding to the
each. The observed length was corrected for -the expansion of iron between 0° and the observed tempera
flexure of the bars, their horizontal inclination with the ture. If compared at the temperature 1 6£°, the length
direction ofthe base, &c, but the correction for tempera must be corrected for the expansion of iron, between
ture remains uncertain from a cause which deserves a 16J° and the observed temperature, and for the expan
distinct explanation.
sion of platinum between 0° and 16J°. It iB most
By a toise, or a yard, or a metre, we mean a certain bable that they were compared at the temperature
On the
manner of extent of space in one direction, without any
The signals for Svanberg's triangles were so
using stand to wooden rods or metallic bars. But as it is
structed
as to allow the light of the sky to be seen
ard mea- ble to measure a line without some material standard,
through them. The angles were observed with repeatwe aTe compelled to adopt as the practical definition of ing-circles. The azimuths were found by observing
a toise or a yard, &c. the length of a certain bar of the transits of the Pole-star and other stars over the
metal, called a standard. If this length be invariable, same vertical ; from equal altitudes of 6tars ; and from
the measure is fixed without any further condition. observations of the Sun. The triangles and arc of
But if from change of temperature, or any other change meridian were calculated by Delambre's method. The
of circumstances, the length of the bar (as compared latitudes were found by a great number of observations
with the length of others not subjected to the same trial) on the Pole-star, made with Lenoir's repeating-circle.
be found to change, then we must specify the degree of The final results are, that the distance between the
temperature, and the other circumstances under which parallels of Mallorn and Pahtavara is 180,S27.68
this certain bar must be placed in order to present the metres = 92,777.98 toises, (or 160,794.06 metres
exact length required. If then the length of a base, or = 92,760.73 toises, if the standards were compared at
the length of a pendulum, has been measured with the the temperature 16J° Centigrade ;) the latitude of Mal
standard, at a higher temperature than that specified, lorn = 72»8056872 = 65° 31' 30".26 ; the latitude of
and if we know that at this higher temperature the bar Pahtavara = 74«.6079723 = 67° 8'49".83; whence
was longer than at the specified temperature, it is plain the difference of latitudes = 1° 37' 19".57. This ought
that the length of the bar has not been contained so to be diminished by 0".28, because in the calculation of
many times in the line measured as it would have been nutation, the true place of the Moon's node has been
Reduction if used at the specified temperature, and, consequently, used instead of the mean place,
1° = 57,138.9
for tempera- the resulting number (which expresses how often the
toises.
ture"
length of the bar is contained in the line) must be in
There is no doubt of the general excellence of this
creased. Similarly if measured at a lower temperature measure. The astronomical determinations, we con
the number must be diminished.
ceive, are not equal to those in the measure of the French
It was not till geodetic measures had acquired consi
derable accuracy, that this refinement was thought of.
For a comparison of Shuckburgh's, Bird's, Boy's, Ramsden's, and
And when necessity compelled Philosophers to fix on the* Royal
standard, the reader is referred to a paper by
some temperature for the measure of the standard bar, Capt. Kaler,Society's
in the Philo$ophical Tramactimt, 1821.
convenience directed them to choose one which could
f The reader, who may think this explanation unnecessary, is re
be commanded at all times with little trouble, and which ferred for a proof of the confusion on this subject to the Phit. JVow.
Tempera- was as likely to occur in ordinary measures as any 1818, where Col. Lambton has applied an unnecessary correction to
the length of the French arc; to the Phil. Tram. 1822, where Mr.
ture for the other.i Thus
toise
was the measure
1, the
i the
.i French
i ■ of
m
i
!of the
Goldineham
has applied
to the length
old standards iron bar called
tout
Peru at* a
the temperature
ot «
™
PP^a ^correction with
^the
(<) wrong
^8 sign
lorTetptmdan„<
13° Reaumur, or 614? Fahrenheit, or 16-J° Centigrade ; vol, viii p. 150, where Zach has fallen into an «n
the English yard was the measure of a brass bar, (or son of Beccaria's toise with the French metre.
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a of Academicians in the 9ame Country, but they are as good
Uiti> as coultf be made with the instrument employed. The
v^' anxiety of Svanberg and his companions to omit no rethcn'on, whose value could be sensible, has led them
into many refinements that are useless, and some that
are erroneous,* but none to such an amount as to hurt
the credit of the result.
Tie rods with which the first base was measured in
,4* England were thhr glass tubes, 20 feet long, and about
* an inch m diameter, enclosed in wooden boxes, (except
at the ends,) and supported on trestles. Each rod had?
at one end a small slider driven outwards by a weak
spring; and the succeeding rod was pressed against it
ffl the slider was pushed up to a certain point But
the apparatus ultimately adopted was a steel chain of
100 fret in length, consisting' offorty Knits. One chain
only was used in the actual measure, but another was
carried for the purpose of occasional comparison. The
mode of measuring finally employed was this. The
chain was supported in several troughs resting- on
trestles, and extended by a weight of 28 pounds. In
any position of the chain, two posts were neeessary a*
each end. One post at the preceding end carried a
poRy, over which passed the rope sustaining the weight
which stretched the chain. To one post at the follow
ing end was fixed an apparatus of screws, by whieh the
chain was supported in opposition to the action of the
weight, and by which ft could be moved slowly. The
other post at the following end of the chain carried a
scale, to one division ofwhich a mark on the end ofthe
chain was brought by the screw motion ; and the other
post at the preceding end carried a scale, of which one
division was brought by a screw motion to a mark at
that end of the chain. When the chain was moved to
the next position, the mark on the following end of the
chain was brought to that envision of the scale with
which the mark on the preceding end had coincided.
It will easily be seen that the correctness of the opera
tion depends on the immobility of the scale-posts, (which
are subject to no strain,) and that in feet three posts at
each end were necessary. The expansion of the glass
tabes and of the chain were determined by experiments
expressly made for the measure. Corrections were ap
plied for the temperature, the inclination, and the height
above the sea. The length of the base on Hounslow
Heath was 27,404 feet ; of that on Salisbury Plain
*>.W5; and of that on Misterton Carr, (near the
Northern extremity of the arc of meridian,) 26,342 feet.
Several other bases were measured in different parts of
the Kingdom.
The signals were usually flag-staffs, or white lights.
The angles were observed with a large theodolite, made
by Ramsden, three feet in diameter ; an instrument un• Among these we may reckon Svanberg's method of taking the
Bean at observations made with the repeating-circle. Instead of
tiling the difference between the first and last readings, and dividing
by the number ef multiplicati rms, he takes every possible combination
°T«e, two. three, &c. multiples, and gives to each a vote proportional
to iti number. Bat it seems plain that every observation of a double
'■";'>- a perfectly independent, (as the telescopes are pointed anew
for every observation,) and, therefore, we have no right to take two
or three double angles together, as we should have if it were possible
to observe at once four or six times the angle. Every observation
Wing independent, and therefore all being a priori equal in accuracy,
tlit probably best determination is the mean of all, that is the difference
ofthe first and last readings divided by the number of multiplications.
In the instance that be has mentioned, (p. 33.) the difference of
tatnninaiioaty by Svanberg's, and by the common method, a I"A.

211

doubtedly superior to any other that had been used in "Meridian
similar observations. As with this instrument the hori- Measures,
zontal angle was immediately observed, no reduction V^V^~^
for the height ofthe signals was necessary. The hori
zontal angles were reduced to chord angles. The first
azimuth was obtained from the meridian mark of the
transit-instrument, at Greenwich Observatory ; after
wards tile azimuths were found by observing with the
theodolite the Pole-star at its greatest azimuth. The
meridian arc was computed by parallels and perpendi
culars. The distance of the parallels of Dunnose (in
the Isle of Wight) and Arbury Hill (near Daventry) waa
found to be 586319.5. fast ; that between the parallels
of Dunnose and Clifton (near Doncaster) 1,036,337
feet ; and that between the parallels of Dunnose and
Burleigh Moor 1,442,8523 feet. The chains were mea
sured with Ramsdeu's brass yard, which it appears from.
Captain Kater's comparison (Phil. Trans. 1821) ex
ceeded SfluckbuEgh's, now adopted as the standard, by
.002505 parts of an inch, or ^j Tj of the whole. Thus
the meridional distances are found to be 586,360-3,
1,086,409.1, and 1,442,952.9 feet, when measured by
Shuckburgh's standard.
The difference of latitudes was determined by obser
vations with a zenith-sector made by Ramsden, appa
rently the best which has ever been constructed For a
description of this superb instrument we must refer to*
the Phil. Trans. 1803s to the Account of the Trigono
metrical Survey, voL ii., or to Pearson's Practical Astro
nomy, vol. ii. It is sufficient here to state that the
telescope was eight feet long, and carried: the arc ; that it
was moved by an external micrometer ; that the plumbline bisected a dot at the centre ; and that from a very
severe examination it does not appear that the error of
collimation was sensibly altered during the observations.
For the difference of latitude of Dunnose and Burleigh
Moor, eight stars were observed ; those of the other
stations were found by a greater number. In general
each star was observed about eight times, the sector
being reversed after every day's observation. The am
plitudes were thus found to be, between Dunuose and
Arbury Hill 1° 36> 19".9-8 ; between Dunnose and Clif
ton 2° bO* 23".38 ; between Dunnose and Burleigh
Moor 3° 57' 13". 1. The mean latitude of the last arc
is 52° 35' 45" ; the length of 1° = 364,968.3 feet. The
middle latitude between Dunnose and Arbury Hill is.
51° 25' 18" ; the length of 1°= 365^08.4 ; the middle
latitude between Arbury Hill and Clifton is 52° 50' 30" ;
the length of 1°, 364,625.1 ; the middle latitude between
Clifton and Burleigh Moor 54° 0' 56" ; the length of 1°,
365,002.5. By a comparison of the French metre
with Shuckburgh's standard. Captain Kater (Phil.
Trans. 1818) has found the metre = 39.37079 inches ;
and as the metre = 443.296 lines ofthe toise of Peru,
it follows that the toise = 6.394506 feet. Hence the
distance between the parallels of Dunnose and Burleigh
Moor = 225,651.9 toises. We believe the results of
this measure to be far more exact than those of any of
the measures hitherto described.
The methods adopted by Colonel Lambton were in Methods
almost all respects the same as those used in the »sed in the
English survey. The base near Madras was measured East-Indiao
with a steel chain which was occasionally compared with 8urvev'
a standard chain that had been measured by Ramsden's
brass standard when the temperature was 50° of Fah
renheit ; the length of the base was therefore corrected
for the expansion of the steel to tins temperature, and
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Figure of for the contraction of the brass to the temperature 62°. exactness of every part of the operations, we do not Merit
the Earth. The expansion of the chain was determined by inde- hesitate to state our opinion that it is superior to every Meas'
v—"V-™"/ pendent experiments. Corrections were applied for the other that we have described.
v—"v
inclination, the height above the sea, &c. The same
Some triangles observed by the Baron de Zacb, for Meth«
course was pursued in the measure of the base near the estimation of the accuracy of Beccaria's measure, useJ ■
Bangalore, of that in the Coimbetoor, of that near were founded on a base of little more than 600 yards
Palamcottah, of that near Gooty, and of that near iu length. An erroneous reduction was applied for Beccii
Daumergidda : their lengths were respectively 40,006, temperature, and the base was measured but once ; arc.
39,794, 32,301, 30,507, 32,609, and 30,806 feet. On MM. Plana and Carlini, therefore, measured a new base
comparing the chains previous to the measure of the of nearly the same length, and in nearly the same situa
base near Gooty, there appeared to be some reason for tion. The measuring rod* were of wood, 12 metres in
supposing that the standard chain had altered its length ; length, in the form of hollow parallelopipeds. To the
and it was then compared by means of beam-compasses preceding end of each was attached a metallic frame in
with a brass bar.
the form of a hollow parallelogram and in the same
The signals were flag-staffs and white lights. The plane as one side of the parallelopiped. A fine thread
angles were observed with a large theodolite. The was stretched across this frame, so that when the rod
observed horizontal angles were reduced to chord- was horizontal the thread was vertical. In measuring,
angles, and the triangles calculated as plane triangles. every rod was placed horizontal upon trestles ; the
The azimuths were determined by observations ofPolaris second rod was not made to touch the first, but was so
at his greatest azimuth, made with the theodolite. The placed that a fine dot near its following end was bisected
meridian arc was calculated by parallels and perpendi by the thread carried by the frame on the preceding end
culars; but the principal stations were so nearly in the of the first rod. By this simple contrivance the use of
same meridian that no allowance was made for the the plumb-line was entirely avoided, and there was no
difference between the perpendicular and the small fear of disturbing one rod by the contact of another.
circle passing through a station. Two different meridians The rods were compared after each of the two measures
were, in fact, measured ; in the first of these (near the with a standard metre, by means of a microscopic
Coromandel coast) the meridional distance between apparatus. Some triangles, observed with the repeating*
Trivandeporum and Paudree was found s 574,328 feet ; circle, connected this with one of Beccaria's principal
and in the second, the distance from PunnaB(near Cape sides ; and the rest of the triangles were observed by
Comorin) to Putchapolliam = 1,029,101 ; that from the surveyors of the French Government. A chain of
Putchapolliam to Namthabad = 1,489,131 ; and that triangles had also been observed, connecting Beccaria's
from Namthabad to Daumergidda = 1,073,428 feet. with a base measured near the Ticino ; and others con
To reduce these to Shuckburgh's standard, it must be necting it with the triangles crossing the Alps, and ulti
observed (Phil. Trans. 1823) that the triangles extend mately with the bases measured in France. The results
ing over the shorter meridian arc, and the Southern part from the different bases agreed very nearly. The azi
and 105,996 feet of the middle part of the longer arc, muth was determined at the Observatory of Turin, from
were calculated from the measure by Ramsden's chain ; the meridian mark of the transit-instrument. The parts
and those on the rest of the middle part and the Northern of meridian were calculated by Delambre's formulae.
part from the measure made with the brass bar. The The length of Beccaria's arc, deduced from the base on
former is too long by .00250 inch, and the latter too the Ticino, was 126,385.25 metres, or 64,845 toises.
The latitudes were determined by observations made
short by .00064 inch in every yard. The lengths
thus corrected are 574,368, 1,029,173, 1,489,198, and with a repeating-circle. At each extremity, Polaris, and
two stars South of the zenith, as well as the Sun, were
1,073,409 feet.
The latitudes were found by observations with a observed ; several series of observations were made on
zenith-sector of five feet radius, constructed by Rams- each , the mean of the latitudes given by Polaris was
den, and similar to that used in the English survey. It taken as one determination, subject to the constant error
appears that its error of collimation changed by a very of the circle, and the mean of the latitudes given by the
small quantity during the operations, but was steady other stars and the Sun, as another determination, sub
enough at each station. For the determination of some ject to the constant error with the contrary sign. The
of the amplitudes, seventeen stars were used, each of mean of these was free from the constant error. Thus
which had been observed eight or ten times, the sector the latitude of Beccaria's station at Mondovi was found
being reversed after every day's observation. The ab tobe44°23' 44".37 ; that of Andrate45°31' 15".44, the
solute latitudes depended on a smaller number of prin amplitude 1° 7' 31".07, less by 13" than that given by
cipal stars. The final results were as follows : latitude Beccaria.
of Trivandeporum 11° 44' 52" 6 ; of Paudree 13° 19'
The whole of this measure, and in particular the de
49".0; latitude of Punnae 8° 9' 38".4 ; of Putchapolliam termination of the latitudes, seem to have been made
10° 59'48".9; of Namthabad 15° 6' 0".2; and of Dau with so much care, that we must allow its excellence.
mergidda 18°3'23".5. The latitudes of some inter It is, in fact, almost the only one in which proper
mediate points were observed, and in one of them it caution has been used in the determination of the lati
appeared that the disturbance of local attraction was tudes with the repeating-circle.
sensible. The length of 1° is, in the arc from Trivan
The apparatus used in the Hanoverian* base-measure Meth
deporum to Paudree 362,988 feet, in the Southern part is described in a pamphlet, entitled Schreiben an den used
of the long arc 362,864, in the middle part 362,941, Herrn Olbers von H. C. Schumacher, enthaltend cine Hano
Nachricht uber denApparat, dessen er sich sur Meaning meas
and in the Northern part 363,071 feet.
Considering the extent of this arc,* as well as the
* This arc has been extended by Captain Everest to latitude 24° 7'.
* We had not received the aoconnt of this and the following
The details are not yet published.
measure when the first section of this Treatise was sent to press.
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tW. Three bars of hammered iron were used, each 12 French
feet in length, and 1^- inch broad and deep ; the ends
were armed with steel plates, at one end flat, and at
the other spherical. They were carried in wooden
boxes completely closed, the ends only projecting ; to
prevent flexure they were supported by counterpoises
applied at different parts. The boxes were placed on
trestles of variable heights ; the rods were placed hori
zontal, and at the same height, as long as the nature of
the ground allowed. A small interval was left between
the flat end of one rod and the spherical end of the
next, and this was measured by dropping between them
a glass wedge whose depth was forty- eight times the
thickness of its back. When it became necessary to
alter the height of the bars, a cylinder of bell-metal
was employed, which by means of a level was placed
very exactly vertical, and the same glass wedge was
used to measure the distance between the top of the
cylinder and the upper bar, as well as between the
bottom of the cylinder and the lower bar. Of the
length of the - base, and the details of the survey, we
find no mention; and we believe that no further account
has been published.
The difference of latitudes of the observatories at
Gottingen and Altona, was ascertained by observations
made with Ramsden's zenith-sector, (the same which
was used in the English survey.) Forty-two stars were
observed at both places ; each about six times in each
position of the sector. In general, the sector was re
versed after each night's observation. The details will
be found in the Bestimmung des Breitenunterscheides
twischen den SternwUrten von Gottingen und Altona,
Ifc ton C. F. Gauss. The results were, latitude of the
observatory at Gottingen, 51° 31' 47".85 ; of the
observatory at Altona, 53° 32' 45".27 ; amplitude of
the arc, 2* 0' 57".42. The last is, undoubtedly, one of
the most accurate determinations ever made.
It is stated by M. Gauss that the observatory of
Altona is 115,163.7 toises North, and 7.2 toises West,
of that at Gottingen. This estimation is founded on
the base mentioned above ; the measuring bars have
not been definitely compared with the French toise, but
M. Gauss states, that it is impossible that there enn be
any serious error in the estimation. The resulting
length of one degree is 57,127.2 toises.
k The arc measured by M. Struve, and extending from
- a Jaeobstadt, on the Duna, to the island Hochland, in
^ the Gulf of Finland, depends on a base of 2315 toises.
Tliis line was but once measured with iron bars of two
toises in length, each of which carried at one end a
lever of great sensibility, (Fuhlhebel,*) by which the
contact with the next was made. By means of a
microscopic apparatus, they were compared with a
standard made by Forlin. To detect any error in the
base measure, it was divided into two parts, and these
were connected by a triangulation. The signals were
poles supported by wooden pyramids. The angles were
measured with Reichenbach s universal instrument, (a
sort of theodolite,) in which the horizontal circle was
14 inches in diameter. For the azimuths, the Pole star
was observed with the same instrument, at Jaeobstadt,
Dorpat, and Hochland ; at Dorpat, also, another deter
mination was obtained from the meridian-mark of the
* We ire not acquainted with the construction of this instru
ct.
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transit-instrument. The triangles were calculated by Meridian
Legendre's theorem, and the distance of parallels by a Measure*. .
method explained by Bessel in the Astronomische Nach- ^"^*v"^'
richten, No. 3. It consists in supposing arcs of Bessel's
great circles, AD, A F, &c, drawn from the station at method of
one extremity A of the chain, fig. 36, to each of the ^"'^"f,
other stations, and calculating each of the triangles 0f parallels.
ABD, ADF, &c, either as spherical triangles, or
with the assistance of Legendre's theorem as plane
triangles. Thus knowing AB, B D, and the angle
ABD, the side A D and the angles B A D, B D A are
found. Subtracting B D A from the sum of B D C,
CDE, EDF, the angle ADF is found; and AD,
D F, are known : hence A F, F A D, A F D, are found.
This process is continued to the last station, as F; then
all the angles at A being known, and the azimuth of
A B being known, that of A F is known ; also the length
of A F is known ; and then the distance of the parallels
can easily be found by either of the methods already
explained. The amplitude was found from observa
tions of 7, and y, Ursa? Majoris, with an eight-feet
transit-instrument adjusted to move in the prime ver
tical. It was carefully levelled, and was reversed after
each night's observation. The clock (upon the good
ness of which the exactness of this operation entirely
depends) was made by Repsold. The latitudes were
also determined by observations of Polaris and Ursas
Minoris, with 18-inch circles made by Reichenbach :
allowance was made for the flexure of the telescopes.
By a mean, the latitude of Jaeobstadt was found to be
56° 30' 4".7 ; that of Dorpat, 58° 22' 47".4 ; that of
Hochland, 60° 5' 9".9. The terrestrial distances of the
parallels were, from Jaeobstadt to Dorpat, 107,281.6
toises ; from Dorpat to Hochland, 97,538.5 toises. The
lengths of 1° given by these parts are 57,108.8, and
57,165.5 toises. M. Struve remarks that the general
flatness of the country, and the apparent absence of
disturbing causes, would not have led him to expect so
great a difference. An abstract of these operations
will be found in the Astronomische Nachrichlen, No.
164.
The method of determining the latitude by transits
(upon which it appears that M. Struve principally re
lied) has been so little used that we are unable to form
a decided opinion on its merits. But the well-known
character of the observer, and the caution evidently
employed in every part of the operation, leaves no
doubt of the general accuracy of these results.
Since the last sheet was sent to press, the account of Conlinnathe continuation of the Indian arc by Captain Everest, tionof the
mentioned in the note to p. 212, has been published. ,ndian
The new bases at Takal Khera (near Ellichpoor) and
near Kulliampoor, (in the vicinity of Seronj,) were
measured with the same chain and referred to the same
brass bar which Colonel Larnbton had used. Their
lengths were 37,913 and 38,412 feet. Night-signals
were generally preferred, as it was found that in the
healthy season of the year the nights were very favour
able, and the magnitude of terrestrial refraction at night
such as to make stations visible which were not visible
in the day. The large theodolite with which the
greater part of the triangulation was performed had
sustained much injury from an accidental blow while
used by Colonel Larnbton for the purposes of general
geography, and the limb was completely distorted.
Colonel Larnbton, however, by the use of wedges,
2r
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Figure of screws, pullies, and wooden hammers, restored the cirthe Karth. cle so nearly to its original shape, that the difference
v—~v"»- between the readings on any point of the limb, and on
the point 90° from it, did not exceed 26". By altering
the zero point nine times for each observed angle it was
presumed that the effect of this distortion was almost
annihilated. Great skill is shown in the apportion
ment of the errors of observation. In the computation
of the triangles, Legendre's method was used ; as it
appeared to be more exact than the method of referring
to the chord triangles (used generally by the English
geodists.) The azimuths were determined by observa
tions of Polaris, ft Ursse Minoris, and ft Cephei, at their
greatest digressions. The meridian arc was calculated
by computing separately the intervals between the
points where the sides of the triangles (produced if
necessary) cut the meridian of Takal Khera. The
meridional distance from Daumergidda to Takal Khera,
as deduced from the Beder base, was 1,105,618 feet:
that deduced from the Takal Khera base 1,105,381. The
difference is not explained ; Captain Everest has
adopted the mean, or 1,105,499 feet. The distance
from Takal Khera to Kulliampoor is 1,097,320 feet;
and the results from the two bases at its extremities
agree almost exactly. The amplitude was found by
numerous observations of 24 stars with the zenith-sec
tor used by Colonel Lambton. The extent of the In
dian arc has now become so great that it is impossible
to observe the same stars at both extremities with the
sector, and therefore the absolute latitudes must be cal
culated from the catalogued places of the stars.
Colonel Lambton's observations were therefore recom
puted with the improved catalogue, and the united
results are: latitude of Punnte, 8° 9' 31".685 ; of
Daumergidda. 183 3' 16'.075; of Takal Khera,
21° 5' 51".940 ; and of Kulliampoor, 24° 7' 11".851,
For details we must refer to Captain Everest's interest
ing Account of the Measurement of an Arc of the
Meridian between the Parallels of lBb 3' and 24° 7'
Section 5.—Measures of Arcs of Parallel.
Method
*n tne ver'fication of the French meridian by Cassini
used in the de Thury and Lacaille, the arc of parallel extending
measure of from Mont St. Victoire, near Aix, to the meridian of a
the arc of station near Cette was thus measured. In fig. 37, let
Scro^ihe P ** the P°le of the Earth > V» Mont SL Victoire; S,
month of the tne station near Cette; X s, an arc of parallel; C K,
H m, perpendiculars on PH, PV. By a triangulation
Rhone.
founded on a base measured near Aries, and by obser
vation of the azimuth of H at V, with the usual calcu
lations by parallels and perpendiculars, Hu = 24,710.7
toises, «V= 10,422.7 ; whence the distance of the
parallels of H and V =r 10,328.3, which, considering
1° = 57,048, corresponds to a difference of latitudes
10' 52". The latitude of V being found = 43° 31' 50",
that of H is found. And the length of H u will not
sensibly differ from the length of the arc of parallel
passing through H ; increasing this iu the proportion
of coslat. H : cos lat V, V k is found = 24,786.2. Now
investigating the convergence of meridians, and apply
ing it to the angle P V H, V H k is found ; and V H C
having been determined by the triangulation, CHi
and C II P are found. From this angle, and the length
of C 11, ck is found in the same manner as V k: it is
33,149.5. By a similar process cs = 20,728.9. The
sum or V«= 78,663.6.

It has been explained in Section 3, that the difference Musi
of longitude of two places can be found if we have any of An
means of comparing clocks regulated to the solar or Pjril
sidereal time at those places. The most convenient
method is, to observe from both places some instan
taneous signal, and to note the time indicated by both
clocks at the time of observation. In the present in
stance, the difference of longitudes was determined by
observing from V and S the explosion of ten pounds of
gunpowder at a point between them. The duration of
the flash was estimated at less than half a second. The
clocks were regulated by equal altitudes of the Sun and
stars. By a mean of four explosions, on December 14
and 15, 1739, and January 4 and 5, 1740, the differ
ence of longitudes was found to be 7m 33*J of time, or
1° 53' 19" of arc ; whence 1° of parallel in latitude
43° 31' 50"= 41,618.
Of the observations for determining the clock errors,
(upon which the difference of the longitude wholly de
pends,) no details are given. The extreme difference
of the four determinations, which are quite independent,
is 1 J second of time. The result, we imagine, is not
subject to any great error, though the omission abovementioned makes it difficult to assert this positively.
In the course of trie English survey, several arcs of
parallel have been measured. The only one which,
from its length, appears worthy of confidence, is that
between Beachy Head and Dunnose. The difference of
longitudes was thus ascertained geometrically. Pro- Metbo
ceeding from the bases measured on Hounslow Heath mei <
and Salisbury Plain, by the method of parallels and per- lheE,
pendiculars, and considering the latitude of Greenwich = 51° 28' 40'', and the length of 1° = 60,851 fathoms, ralltl.
the latitude of Beachy Head was found =50° 44' 23".71.
Similarly the latitude of Dunnose was found = 50°
37' 7".31. At Beachy Head the azimuth of the signal
on Dunnose was found, by observing the angle between
it and a staff at a convenient distance, and by observing
with the great theodolite, the difference of azimuth of
this staff, and the Pole-star at its greatest aziniuthal
digression. By nine observations the angle between
Dunnose and the North meridian was found to be
96° 55' 58". Similarly, by seven observations at Dun
nose. the angle between Beachy Head and the North
meridian was found to be 81° 56' 53". The problem
now to be solved is this: Given the astronomical lati
tudes of two stations on a surface (not necessarily sphe
roidal) differing little from a sphere, and their reci
procal azimuths, to find the difference of longitude, or
the inclination of their meridian planes. The follow
ing beautiful solution is given by Dalby, and is the
foundation .of the method used in the English and
Indian surveys ; the considerations ■ connected with it
are almost sufficient for a complete theory of spheroidal
triangles.
In fig. 38, let B and O be two stations sufficiently DM
elevated to be reciprocally visible ; O B the straight line
described by the rays oflight; BR, OS normals, drawn in foun
the direction of gravity ; let P R S be that line parallel to nc\\
the Earth's axis of rotation which cuts both these normals, otw
(There is but one such line, as will easily be seen by cf *
supposing the whole figure projected on an equatorial
plane ; and whether it coincides or not with the axis of
rotation is of no consequence.) The azimuth of O as
seen at B is the inclination of the planes OBR, P B R;
similarly, the azimuth of B as seen from O is the incli
nation of B O S, P O S. With radius C p = 1 con-
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struct a sphere, and take two points 6,0, whose astroieft. nmnical latitudes are the same as those of B and O,
~' tod whose meridian planes coincide with their meridian
planes ; that is, let C 6 and C o be parallel to R B and
S 0. Now we are to find the relation between the
azimuths of o seen fromn, and 6 seen from o, and those
of 0 seen from B, and B seen from O.
la- Prom R draw R G parallel to S O, or Co ; and
is- from S drawSQ parallel to RB, or C6. Then each
■ of the planes G B R, O Q S, is parallel to o 6 C ; and
"t,k PBR,J>6C, are the same plane; also P O S, poC,
/it art in tbe same plane. Consequently, the inclination
»& of the planes P O S, Q O S, is equal to the angle o ;
and the inclination of P B R, GBR, is equal to the
'7* angle at b. Hence the azimuthal angle at O is less than
t that at o by the inclination of the planes B O S, Q O S ;
and the azimuthal angle at B is greater than that at 6
by the inclination of the planes OBR.GBR. If then
the inclination of B O S, Q O S, be equal to the incli
nation of OBR, GBR, the rum of the azimuthal
angles at B and O will be equal to the sum of those at
b and o. We must now discover in what cases those
inclinations are equal.
First, they are equal when R coincides with S, as
both inclinations then vanish. This happens when the
figure is spherical, with any latitudes, or with equal
latitudes when the figure is any solid of revolution.
Secondly, from B draw B H perpendicular on O S,
and B L perpendicular on the plane Q O S ; and from
0 draw O K perpendicular on B R, and O M perpen
dicular on the plane GBR. Then the tangent of the
inclination of O B R, G B R, is ^ ■■ ; and the tangent of
KM
the inclination of B O S, Q O S, is

The nnmera-

tors are equal, (as they are the perpendicular distances
of two parallel planes at different points ;) are the de
nominators also equal ? To discover this, project the
figure on the plane GBR, (fig. 39,) then the lines
K M, H L will be equal, if O N, B N are equal. This
will happen when BON = OBN, which holds when
the reciprocal depressions are equal. Further than
this we cannot proceed ; but it will easily be seen
that 0 N, B N are very nearly equal in all cases
where O and B are equally elevated above a surface
whose curvature does not alter very rapidly. If un
equally elevated, the error in the assertion (that the
inclinations of O B R, G B R, and of B O S, Q O S, are
equal) arises only from this circumstance, that a per
pendicular to the horizon at O does not appear per
pendicular when seen from B ; the effect of which, as
we mentioned before, is quite insensible. We may
therefore assert, that, for all practical purposes, these
inclinations are equal ; and, consequently, that the sum
of the azimuthal angles at B and O is equal to the sum
of those at 6 and o.
nl The first conclusion that we shall derive from this
^ theorem is, that the spherical excess in a spheroidal
t triangle is the same as in a spherical triangle, whose
I, vertices have the same astronomical latitudes and the
■flie- same difference of longitude. In fig. 40, let B O C be
a spheroidal triangle, and b o c the corresponding sphe
rical triangle. Adding the equations
VOB -\-VBOz=pob+pbo,
PCB + PBC = pcb + pbc,
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we have
of Arcs of
POB-f-PCB + OBC=po6 + />c6 + o6a
Parallel.
Subtracting
POC + PCO
=z poc + pco,
there remains
COB + OCB+OBC= co 6 + ocb+obc,
and, consequently,
C OB + O C B +0 B C- 180°=:co 6+ o c6 +o 6c- 180°.
We shall next observe, (and this, in fact, is the appli- Theorem for
cation for which the theorem was invented,) that any J"^"* the0»
equation relating to the spherical triangle pob, fig. 38,
'°
in which only p o, pb, opb, and o + b are concerned,
is equally true if we substitute for them colat. of O,
colat. of B, difference of longitudes of O and B, and
sum of azimuthal angles at O and B, (these being re
spectively equal to the former.) Now (Trigonometry,
cos p■ b — p o
Art. 117.) tan^ =
pb +pi

cot —-—, and
2

cos
lV <• , i j.™ ,
,
cos I diff. latitudes
therefore tan * dtff. longitudes = -—r-=
—
— x
sin J sum of latitudes
cot £ sum of azimuthal angles. This is the theorem Ought not
to be used for finding the difference of longitudes. Au to be used
examination of it by the method given in Trigono- in low lali'
metry, Art. 161, will make it evident that, in general, a iv,iel>'
small error in the latitudes produces no sensible error
in the determination, while an error in the azimuths is
of great importance ; but that when the latitudes are
small, the errors receive large multipliers in the ulti
mate result. This method ought not, therefore, to be
used for stations near the Equator ; and we shall there
fore take no notice of the arc of parallel measured by
Col. Lambton in India.
From the data given above, the difference of longi
tude of Beachy Head and Duunose is found to be
1° 26' 47".87 ; which will not be sensibly altered by the
minute alterations since made in the latitudes.
The terrestrial arc of parallel was found by a method
equivalent to the following. In fig. 41 let B L, D E
be two parallels through B and D ; B W and D R per
pendiculars to the meridians P B, P D. In the triangles
WBD, RBD, the necessary angles being known,
and the chord of B D being found by triangulation
= 339,397.6 feet, the arcBW was found = 336,119.1,
and D R = 336,983.5. Now the latitudes of B and W
differ so little that we may suppose their normals to in
tersect the axis in the same point T, fig. 42 ; construct a
sphere, with centre T, passing through B ; then W and
L will be nearly in its surface. Then it is easily seen
that tan W T B = cos lat. B X tan diff. long. ; and
B W =TB x WTBrrTB X , WJ° Xcoslat.B
tan WTB
X tan diff. long. Also the arc of small circle BL =
T B x cos lat. B X diff. long. ; consequently BL = BW
diff. long.
tanWTB „ „_ ,
X
1 X W„D . Now diff. long.= 1=26'
tan diff long.
WTB
°
47".87, and WT B = 54' 56".21 ; whence BL is found
= 336,076.2. Similarly, D E is found = 336,940.5.
These are arcs of parallel corresponding to a difference
of longitude of 1° 26' 47".87, in latitudes 50° 44'23".7
and 50°37'7".3; the corresponding lengths of one
degree are 232,316.5 and 232,914.0.
2f 2
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It is stated by Captain Kater. (Phil. Trans. 1828.)
Figure of
the Earth. that the theodolite used for determining the azimuth
angles at Beachy Head and Dunnose (upon the accu
racy of which the value of the result wholly depends)
did not admit of adjustment sufficiently exact to give
these angles with the necessary precision. Be this as
it may, it appears certain (from the description of the
mode of observation) that every care was taken to in
sure all the accuracy that it was possible to obtain. The
result of these observations was intended to fix a scale of
longitude for the great Map of England; and the ob
servers knowing fully the importance of the determina
tion, appear to have been well satisfied with its accu
racy. Whether the error of collimation was corrected
does not appear ; but in the description of the instru
ment it is expressly remarked, that the telescope ad
mitted of being reversed for this purpose. The result,
however it may disagree with that which we shall next
present, must, we imagine, be considered as equally
valuable in proportion to the extent of the arc.
From the value of an arc of longitude nearly coin
Correction
of the dif ciding with those which we have given, (the lengths of
ference of 1° of parallel given in the Trigonometrical Survey arc
longitude of 38,718 and 38,818 fathoms,) the difference of longitude
Dover and
Falmouth between Dover and Falmouth was calculated to be
6° 20' 52".5, or 25m 23'.5 of time. To determine this
by trans
portation of independently, Dr. Tiarks was sent by sea with twentychronome four chronometers to compare the apparent times at
ters.
Dover and Falmouth. Three trips were made ; the
apparent time was determined by equal altitudes ; this
was compared with the time shown by the chrono
meters ; and thus, the error of the chronometers with
regard to each of these apparent times being found, the
difference of the Dover and Falmouth time at the same
instant was found. The result was that the difference
of longitude is 25m 28*.4 ; and this probably cannot be
subject to any great error. This amounts to the same
as saying, that an arc in the parallel of Beachy Head
(lat. 50° 44' 23".7) whose length is 1,474,672 feet, em
braces a difference of longitude of 25nl 28!.4 of time, or
6° 22' 6" ; or that 1° of parallel = 231,563 feet.
In the determination of the difference of longitude of
Measure of
the arc of two places at a very great distance from each other,
parallel
and where the transportation of chronometers easily and
from Padua rapidly cannot be accomplished, the following methods
to Ma
may be used. The difference of longitude may be
retines.
ascertained by astronomical observations carried on
simultaneously at the two extremities ; as observations
of the Moon's right ascension at the time of her transit ;
observations of eclipses of Jupiter's satellites, (which
are a sort of signals seen at both places at the same
absolute time;) and observations of occultations of stars
by the Moon, or of solar eclipses, (which differ from the
last only in this respect, that the absolute time of the
phenomenon is not exactly the same at both places,
but that the difference admits of calculation.) The last
is the most accurate of all known methods. Or the dif
ference of longitude maybe found by dividing the arc
into several partial arcs, such that a point comprised in
each may be visible at both its extremities, and
establishing at each of those extremities a temporary
observatory, and then determining the difference of
longitude of these extremities by observation of arti
ficial signals as in the French arc; and thus making the
whole determination the sum of the several partial and
independent determinations. Or instead of making all
the determinations independent of each other, and de

pendent on the correctness of the apparent time used w»m
at each of the temporary observatories, the signals may of Arc
be made at the signal posts, and observed at the tem- Plnl
porary observatories, along the whole line in the same
evening : then if there be any error in the assumed ap
parent time at one of the intermediate observatories, it
will have the effect of increasing the determined extent
in longitude of the arc on one side, and diminishing it
for that on the other side, so that their sum will be un
altered. It is only necessary that the rates of the clocks
be known pretty accurately. (See Mr. Herschel's Paper,
Phil. Trans. 1826.) It is found in practice extremely
difficult to establish the system of cooperation necessary
for this method. In the arc which we are now consi
dering, the second method was generally used, but the
principle of the last was introduced in one part of it.
In August 1824, signals were made by the explosion Differ*
of gunpowder on four evenings on the summit of Monte of lonS
Baldo, a mountain on the East bank of the Lago di j^j*
Garda. Ten signals were made each evening ; the
quantity of powder used for each signal was threequarters of a Viennese pound. They were observed by
several astronomers at the observatories of Padua and
Milan, (as well as at Bologna, Modena, and Verona.)
Their difference of longitude was found to be 10m 43'.27
in time. All the observations are given in the Milan
Ephemeris for 1826: they appear to have been made
with all possible care, and the extreme discordance of the
results is little more than a second of time. The difference
oflongitude ofthe church ofSanta Giustina at Padua, and
the cathedral at Milan, was inferred to be 10'" 455.38.
In September 1821, ten signals were given on each Differ*
of three evenings, on the mountain Roche Melon. They °JN
were observed at the observatory of Milan, and at aanjyi
temporary observatory on the plain of Mont Cenis. Qn\h
The error of a chronometer (by Earnshaw) on mean
solar time was found from observations with a transitinstrument erected near the hospice, and the chrono
meter was then carried to the place at which Roche
Melon is visible. The difference of longitude was found
= 9" 0'.20 ; whence the difference of longitude of the
cathedral at Milan and the hospice at Mont Cenis
= 9m 0'.81. The details are given in the Operations
Geodesiques, Sfc. It is easily seen that the difficulty of
fixing firmly the instruments and other causes render
this determination less certain than the last; hut it
appears to be satisfactory.
In September 1822, observations were made for the piffer
purpose of finding the difference of longitude of Mont ofi™
Cenis and Mont Colombier, a hill on the right bank of °y™
the Rhone below Geneva. At Mont Cenis it was found Gene,
necessary to carry Earnshaw's chronometer to a point
2000 feet above the observatory. The chronometer was
compared, before going and after returning, with the
transit clock ; it was also compared when at the place
of observation by secondary signals seen there and at
the observatory. The results were different : the mean
was generally taken. The tempestuous state of the
weather made the determination of the absolute time at
Mont Colombier very uncertain, and the following
arrangement was therefore made. On some of the
evenings on which signals made on Mont Tabor were
observed at Mout Cenis and the observatory on Mont
Colombier, signals were also made on another part of
Mont Colombier, and observed at the observatory of
Mont Colombier and that of Geneva. Consequently
(as we have already explained) the difference of longi-
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not tade between Mont Cenis and Geneva was found, unhrtl. affected by any error in the absolute time at Mont
*jmS Colombier. The mean of the results from twelve sig
nals (six on September 5, and six on September 7)
was 3m 8*.76. As this is affected by the errors attend
ing four observations of signals, and as the number of
signals is small, this determination cannot be considered
equal to the last.
In precisely the same manner, and at the same time,
the difference of longitude of Geneva and Solignat was
m found. Signals made on Pierre-sur-autre were observed
at Solignat and Colombier, and signals on another part
11 of Colombier were observed on Colombier and at Ge
neva. The time at Solignat was determined by abso
lute zenith distances of stars observed with repeatingdrcles. The mean of the results of twelve signals on
September 6 and 7, was llm 53\97. See Conn, des
Temps, 1828. This is liable to the same objections as
the last ; but if combined with the last, the result will
be almost free from any error in the absolute time at
Geneva. The difference of longitude of Geneva and
the station on the Puy d'Isson (near Solignat) was in
ferred to be 1 lra 57'.S2.
If the signals on September 7 were thought suffi
ciently numerous, there would be no necessity for using
the observations made at Geneva. On that evening the
difference of longitude of Mont Cenis and Colombier
was found to be 4m 44s.28, and that of Colombier and
Solignat lO"1 18". 81, whence that of Mont Cenis and
Solignat = 1 5m 3!.09, and that of Mont Cenis and Puy
d'Isson 15m6".94, unaffected by the error of absolute
time on Colombier.
Ke In August 1823, the difference of longitude of
::as Solijruat and La Jonchere was determined by twenty
signals on the Mont d'Or. The mean was 6™ 498.99 ;
from which the difference of longitude of the Puy d'Isson
and Sauvagnac (near La Jonchere) = 6m 51*.39. Sig
nals were, in fact, made on three evenings ; but the re
sults given by the first evening's observations differ
steadily two seconds from those of the other evenings.
No explanation of this anomaly could be given, and the
results of the first evening's observations were rejected.
This circumstance seems to throw some doubt upon the
conclusion adopted. The absolute times were deter
mined from zenith distances of stars,
w In September 1823, the difference of longitude of La
Jonchere and St. Preuil, was found in the same way
^ from ten signals on September 20, given on Puy-Cogneux. Though signals were given on eight evenings
it was only possible (from some atmospheric cause) to
see them on one. M. Nicollet considers, however, that
the favourable circumstances under which these ob
servations were made leave no doubt of the accuracy of
the result. The difference of longitude of La Jonchere
and St. Preuil appeared to be 6m 28'.34 ; that of Sau
vagnac and St. Preuil, 6m 23V09.
m In October 1823, similar observations were made at
i« St. Preuil and Marennes. The mean of forty-six signals
gave for the difference of longitude 3™ 49V01 ; and
^ between St. Preuil and the steeple of Marennes,
3° 48« 99.
Adding together these differences, we find for the
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difference of longitude between the steeple of St. Gius- Determina
lina at Padua, and the steeple of Marennes, 51m 56'.25, tion of Fi
gure of
or 12° 59' 3''.75. The terrestrial length of the cor Earth
from
responding arc of parallel in latitude 45° 43' 12", as Geodetic
found from the French and Piedmontese survey, (we Measures.
know not by what method of calculation,) is 1,010,996
metres.
It is difficult to estimate the value of this determina Value of
tion. We are not, ourselves, inclined to rate it very this deter*
high. Of the accuracy of the determinations on the ruination.
Italian side of the Alps there can be little doubt. The
credit of the Mont Cenis observations rests entirely on
the steadiness of rate of a single chronometer, which
was every day carried on a mountain path to a con
siderable elevation. Of the French determinations
it seems probable that one (if not two) is liable to con
siderable errors. Those who know practically the dif
ficulty of determining the time at a fixed observatory,
and with the best instruments, to an accuracy of onetenth of a second, will probably allow that there may
have been at any of the temporary stations an error of
a quarter of a second of time in the correction of the
clock. When to this are added the errors of chrono
meters, and of observations of signals, and the doubt
which is thrown on some parts by large and un
explained discrepancies, and when it is considered that
the determinations of the six partial arcs are absolutely
independent ; we cannot flatter ourselves that the dif
ference of longitude of the extreme points is determined
within one second of time. And the principal ob
servers were themselves so sensible of this uncertainty
that they had (we believe) concerted a plan for the im
mediate determination of the difference of longitude of
Marennes and Padua, by occultations or other astro
nomical phenomena observed at both places. The re
spective governments (as we are informed) refused to
defray the expenses, on the ground that the arc might
in a short time be extended further to the East. It is
much to be regretted that the accurate determination of
the extensive arc already surveyed should in the mean
time be withheld from the scientific world.
Section 6.—Determination of the Figure of the Earth,
from the Geodetic Measures.
The following Table contains an abstract of the ele- Abstract of ments of the arcs above described. The foreign mea- elements of
sures are reduced by supposing the toise = 6.394596 all the arcs.
English feet,* (according to Shuckburgh's standard,)
and the metre = 3.280899 English feet.
* This number is deduced from Captain Eater's measure of the
metre, (PAiV. Tratu. 1818,) supposing ihe metre = 443,296 lines of
the toise of Peru. The comparison mentioned in the PAU. Tratu.
1708, allowing for the difference between tho Royal Society's
standard and Shuckburgh's standard as determined by Captain Eater,
{PAU. Tratu. 1821,) gives for the length of the toise 6.394743 feet
of Shuckburgh's standard. Boscovich's arc has been corrected for
the quantity (.03113 line) by which Mairan's toise was found to be
shorter than the toise of Peru. {Bate du Sytleme JUtrique, torn. iii.
p. 414.) The English arcs of parallel, as well as the other English
arcs, are reduced to Shuckburgh's standard.
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Arcs of Meridian.
Latitude of
Peruvian arc as calculated
-1°31' 0"
by Delambre
Maupertuis's Swedish arc. 66 19 37

3° 7' 3".l

1131057

0 57 30.4

351832

French arc by Lacailie and
Cassini de Thury

46 52 2

8 20 0.3

3040605

Roman arc by Boscovich .

42 59

2 9 47

787919

Mountains in the middle of the arc, and sea at both
extremities. The determination appears a good one.

1 13 17.5

445506

Mountains in the neighbourhood. The determination
appears good.
The country favourable; and apparently no doubt about
the result.
'
The latitudes depend on inadequate observations with
repeating-circles.
Mountainous country. The latitudes doubtful, as in the
last arc.

Lacaille's arc near the Cape
■ 33 18 30
of Good Hope
American arc by Mason
39 12
and Dixon
French arc from Formen44 51 2
tera to Dunkirk
Svanberg's Swedish arc. . . 66 20 10

Mountainous country. The
probably well
determined.
Mountainous country. A very little doubt about the
amplitude.
Apparently very good.

1 28 45.0

538100

12 22 i2.6

4509402

1 37 19.3

593278

52 35 45
12 32 21

3 57 13.1
1 34 56.4

1442953
574368

Excellent.
Excellent.
Excellent.

English arc from Dunnose
to Burleigh Moor
Lambton's first Indian arc .
Lambton's second Indian
arc, as extended by Eve
rest
Piedmontese arc by Plana
and Carlini

16 8 22

15 57 40.2

5794599

44 57 30

1 7 31.1

414657

Hanoverian arc by Gauss .

52 32 17

3 0 57.4

736426

Russian arc by Struve ....

58 17 37

3 35 5.2

1309742

Detcnn
lion <
Figure
Eutufc
Qeoda
Meaim
V

The determination excellent. Mountains at both extre
mities.
Excellent, subject only to a small doubt about the
standard.

of Parallel.
DMCrtpUon.

Utitude.

ElUMIn
Longitude.

Arc across the mouth of the
Rhone, by Lacailie and
Cassini de Thury
43° 31' 50" 1°53'L9"
Roy's arc between Beacliy
Head and Dunnose .... 50 44 24 1 26 47.9
Arc from Dover to Fal50 44 24 6 22 6
Arc from Padua to Ma45 43 12 12 59 3.8

EnglSh feet.
503022

Pretty goods

336099

Apparently very good.

1474775
3316976

Equations
Forming for each of the meridional arcs the equa
of the arcs, tion of p. 194, line 22, and for each of the arcs of
parallel the expression of p. 193, line 42, we obtain the
following; Table.
Equations.
No.
1 b X .0544111 - 6 e x .05426 = 1131057
s b X .0167280 + be X .02536 = 851832
3 b X .1454455 + be x .08688 = 3040605
4
b X .0377524 + be x .01489 = 787919
5
b X .0213197 — bey. .00203 = 445506
6
b X .0258163 + be x .00512 = 538100
b X .2159001 + be x .10627 =s 4509402
7
8 b X .0283097 + be x .04293 = 593278
9
b X .0690040 + be x .06160 = 1442953
10 b X .0276169 - be X .02371 m 574368
11
b X .2785749 - be X .20944 as 5794599
12 b X .0196403 + be X .0097S = 414657
IS b X .0351849 + fie X .03132 = 736426
14 b X .0625662 + be x .07326 = 1309742
15 b X .0238980 + b e X .03523 = 503022
16 b X .0159783 + 6 e x .02556 = 336099
17 b X .0703392 + b e X .11251 = 1474775
18 b X .1582185 + b e x .23931 = 3316976

Apparently good.
Subject to the accumulated errors of six independent
determinations in difficult circumstances.

We shall now proceed to discuss these equations.
Eart
1. Comparing the longest arcs, Nos. 7 and 11, we?'™
find b — 20852460, e = .003818.
d°ffe
2. Comparing No. 7 and No. 2, b = 20816330, and com
s = .006850.
of"
8. Comparing No. 7 and No. 8, b = 20851450, and*™
e = .003418.
4. As there is some doubt about both the Swedish
arcs, (Nos. 2 and 8,) take the sum of the equations
corresponding to them, and compare this with the equa
tion of No. 7. Thus we find b = 20838100, and
e = .004722.
5. The comparison of No. 1 and No. 8 gives
b = 20861200, and e as .003653. The comparison of
No. 1 and No. 7, gives b = 20853720, and e =a .003196.
This is nearly the same comparison as that from which
the French determined the length of their mtHre.
6. As the Roman and Piedmontese arcs (Nos. 4
and 12) are in circumstances of locality opposite iu
character, we may perhaps take the sum of their equa
tions to represent nearly the equation which would be
given by an arc in circumstances unaffected by these
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■xttt peculiarities. Comparing this sum with No. 11 we
Euta. have 4 = 20897940, e = .006180.
ymS 7. Comparing No. 11 with the sum of Nos. 9, 13,
and 14, we find 6 = 20853650, e = .003367.
8. The comparison of the two American arcs (No. 1
and No. 6) gives 6 = 20834100, e e= .002283.
9. The comparison of Nos. 5 and 11 gives
6 = 20910300, err .006361.
The discordance of these results, especially in the
arrd- values which they give for the ellipticity, seems to
show that several of the measures are affected with
some considerable cause of error. This supposition at
least is necessary if we suppose the Earth's Figure (at
the level of the sea) to be one of revolution, and the
generating curve to be at all similar to an ellipse. The
most probable disturbing cause is the attraction of
mountains ; and it will be seen above, that the greatest
discordances exist in those comparisons in which Nos.
2, 4, 5, and 12 are used ; all of which are in moun
tainous Countries. Let us then exclude all which are
in that predicament, namely, Nos. 1, 2, 4, 5, 8, and 12,
and with the others endeavour to ascertain the Earth's
dimensions.
10. Comparing the sum* of Nos. 3, 6, 7, 9, 13, 14
with the sum of Nos. 10, 11, we find 6 = 20854270,
t = .0033808.
11. If we confine ourselves to the modern arcs, we
may compare the sum of Nos. 7, 9, 18, 14 with the
wd of Nos. 10, 11, and we get b = 20853355,
e=.0033232.
The mean of the two last may, perhaps, be considered
a good determination. (This amounts to the same as
pring the modern arcs double the credit, c<Bterit pariha, of the ancient arcs.) Thus we find 6 = 20853810
feet, e = .0033520.
la Substituting these values in each of the equations of
M meridian arcs, we get the followiug apparent errors.
» These may be produced by errors in the geodetic mea'"'sures, or by errors in the astronomical determination of
1 amplitude.
C«lrulat*d

Km.
1
2
3
4
5
6
7
8
1
10
11
12
13
14

— 1»3 1 ' 0'i
66 1 9 37
46 52 2
42 59
-33 18 30
39 12
44 51 2
66 20 10
52 35 45
12 JS 21
16 8 22
44 57 30
52 32 17
58 17 37

1 130886
350615
3039166
788322
444455
538726
4509768
593366
1443302
574260
5794708
410259
735929
1309865

("orrripond
Enw In ing
Error in
Measure.
Amplitude.
- 1».7
1131057 +171
351832 + 1217 -12.0
3040C05 + 1439 -14.2
787919
-403
+4.0
445506 +1051 -10.4
538100 -626
+6.2
4509402
-366 +3.6
593278
-88
-to. 9
1442953
-349
+3.4
-1.1
574368 + 108
5794599
-109
+1.1
414657 +4398 -43.4
-4.9
736426 +497
+ 1.2
1309742 -123

• tn determining elements from a number of observations or mea
sures, tbe method of minimum sqnara bas frequently been used.
We have rejected the use of (his method, for the following reason.
It i< perfectly certain, that the elements determined by this method, if
substituted in the equations of condition,will generally give the greatest

EARTH.

219

The reader is now able to judge whether the dimen
sions which we have used, or any others, are likely to tion of
Figure of
represent with tolerable accuracy the measured lengths Earth
from
of meridian arcs on the Earth's surface. We have Geodetic
sometimes thought that the measured arcs appeared too Measures.
small, or the amplitudes too great, in middle latitudes ;
or that the comparison of equatorial arcs with those in
middle latitudes gave a smaller ellipticity than that of
arcs in middle latitudes with Northern arcs. These in
dications would show (see Section 3) that the Earth's
Figure is protuberant at middle latitudes above the
elliptic spheroid. But after careful examination we
believe that there is no unequivocal appearance of this
And we do not perceive, that the difference between the
calculated and the measured arcs would be materially
diminished (at least for the best arcs) by adopting a
different value for the ellipticity. And observing that
Nos. 1 and 6 are nearly in the same longitude, that
Nos. 2, 3, 4, 5, 7, 8, 9, 12, 13, 14, are nearly in the same
longitude 90° from the former, and that Nos. 10 and 1 1
are in a third longitude 60° from the last, we think
ourselves entitled to conclude that there is no important
difference between the different meridians of the Earth.
On the whole we are inclined to think, that as far Hie as
as meridian measures go, the Earth's form may be very sumed di
well represented by that of an ellipsoid of revolution mensions
satisfy the
with the dimensions that we have assigned. The arcs of
greatest differences are at the places and in the direc meridian.
tions that we should a priori have expected. No. 12 is
measured across the great basin of Piedmont and abso
lutely abuts on the feet of very lofty mountains at both
extremities; No. 3 is terminated by the Pyrenees;*
No. 5 is in circumstances partly similar to those of
No. 12 ; and No. 2 is in a mountainous country. The
other differences are not greater than such as might be
produced by a small lump of unequal density below the
Earth's surface, or (as Captain Everest has shown in
his Account of the Measurement, fyc.) by a mountain
range at a considerable distance.
We shall now proceed to consider the arcs of Discussion
of arcs of
parallel
12. Comparing No. 17 with No. 9, b = 20841200. parallel.
e = .003763. These then are the dimensions of the
ellipsoid that corresponds most exactly to the curvature
of England.
13.' Comparing No. 18 with No. 11, b =s 20855220,
e = .003466.
14. Comparing No. 18 with No. 7, 6 = 20848880,
e = .003667.
Here we may observe that upon comparing an arc of
parallel nearly in latitude 45°, with two arcs of meri
dian of which one is in a low latitude, and the other
apparent errors of linear measure in thesmallesl arcs, and vieeverti. A
consequence so directly opposed to common sense cannot, we think, be
supported by any symbolical reasoning. The doctrine ofchances (from
which this method is deduced) is more liable than any other to errors
of omission in the preliminary considerations for the solution of any
problem ; and we prefer resting in the belief that there is some such
error in the proof of this method, to receiving the consequence abovementioned. We have, therefore, thought best to use the method
commonly employed in Astronomy, viz. to take the sum of groups of
the equations of condition, and to consider each sum as one equation :
the groups being selected so as to make the coefficient of e large and
positive in one sum, and large and negative in the other.
• A part of this error is undoubtedly to be attributed to the errors
of bases, &c. mentioned by Delambre, Bate du Syslime Mcirique,
torn. iii. p. 163. Perhaps a small part of his differences is to be
assigned to the later measure.
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Figure of nearly in latitude 45°, the first comparison gives a
the Earth, smaller ellipticity than the second. This, as we have
w"v^"' mentioned in page 197, would indicate that the Earth's
Figure projected at middle latitudes above the sphe
roidal form. But we place little reliance on this con
clusion, because the determination of the extent in lon
gitude of the arc of parallel does not appear to us
sufficiently certain.
Comparison if we substitute the values 6 =: 20853810, e SB
ofcalculated 0033520, in the equations of arcs of parallel, we get
and
sured arcs the following apparent errors.
of parallel.
Laurel
Calculated
Error In Error In Amplitude. Iteration
Length. Meaturcd
Length. Measure.
In Space. In Time. of Plumbline.
43°31'50" 500827 503022 +2195 -30".0 -2'.00 21».7
50 44 24
336099 +1104 -17.2 -1.15 10.9
50 44 24
1474775 +70 -1.1 -0.07 0.7
331G976 +789 -11.1 -0.74 7.8
The magnitude of these errors, and the fact of their
all having the same sign, appear at first sight rather
alarming. It must, however, be remarked, that the
two first arcs are measured across low land or sea, and
terminated at both extremities by hills, and the effect
of the attraction of the hills would be to make the am
plitude smaller than if no such inequality existed.
The extremities of the third and fourth arcs are more
favourably situated ; and in these the errors are within
the limits of errors of observation. On the whole we are
pretty well satisfied with the agreement between the
computed and measured arcs.
The following are our conclusions from the discus
Conclusion
sion of the measures.
deduced
from the
1. The measured arcs may be represented nearly
measures of enough on the whole by supposing the Earth's surface
arcs.
(at the level of the sea, or at the level at which water
communicating freely with the sea would stand) to be an
ellipsoid ofrevolution, whosepolarsemiaxisis20,853,810
English feet, or 3949.585 miles, and whose equatorial
radius is 20,923,713 feet, or 3962.824 miles. The
ratio of the axes is 298.33 : 299.33 ; and the ellipticity
(measured by the quotient of the difference of the axes
The as
sumed di
mensions
satisfy the
arcs of
parallel.

by3 the smaller)1 is 298.33
* , or .003352. The meridional
quadrant is 32,811,980 feet,
2. In order, however, to conciliate the various measures
with this assumed form, it is necessary to suppose that in
some observations, made apparently with the greatest
care and with competent instruments, the latitude is
erroneous to the amount of at least 22 seconds. But
these errors occur almost without exception in the
localities where we should have expected them (on the
principle of universal gravitation) from the disturbance
of the adjacent mountains.
3. It is necessary also to suppose that in some cases
the direction of gravity is altered to the East or West of
that which it would have, were the Earth's Figure per
fectly regular. These instances also occur in localities
where (as above) we might a priori have expected
them.
4. In consequence of these discordancies, the dimen
sions above given are liable to some uncertainty. We
are, however, inclined to think that e cannot be so small
as .00325, nor so great as .00345.

EARTH.

5. It appears (see Section 2, Art. 12 and 33) that if Obser
the whole attraction were directed to the Earth's cen- lioni
Fenduli
tre, the ellipticity would be —— ; if the Earth were S""v
580
homogeneous, and the particles mutually attracted each
other, the ellipticity would be

The ellipticity

given by the measures is between these. We are en
titled then to suppose that the state of the Earth is
intermediate to these two states : that is, to suppose
that the interior of the Earth is more dense than the
surface, but that the mutual attraction of the parts near
the surface is sensible when compared with the attrac
tion exerted by the parts near the centre.
Section 7.—Observations of Pendulums, for the purpose
of measuring the Force of Gravity.
The necessity of using the pendulum for measuring Necea
the force of gravity, will easily be seen if we consider foru!"
the impossibility of ascertaining the magnitude of that P""1"'
force by any experiments on single descents of free
masses. The quantity to be measured is the velocity
which gravity creates in any freely descending body
by its action continued during one second (or any other
given duration) of time. This will be known, if we
determine the space through which gravity draws the
body in that time. But with all the contrivances that
we can use for retarding the motion in a known pro
portion so as to make it measurable to our senses, it is
impossible to make the measure of the space sufficiently
accurate. Any one who has seen experiments with
Atwood's or Smeaton's apparatus will allow that we
cannot expect to measure the space described within a
hundredth part of the whole. With the pendulum we
can ascertain the same thing (in the opinion of some
philosophers) within a four-hundred-thousandth part of
the whole. This accuracy arises partly from the cir
cumstance that the experiments with the pendulum may
be continued for a very long time, witli the certainty
that there is no interruption between the end of one
vibration and the beginning of the next, and partly
from the very remarkable fact that the friction and other
disturbing causes which ultimately put a stop to the
experiment, (and which in the case of a descending
body in Atwood's and other apparatus, would com
pletely alter the results even if we had the power of
observing them accurately,) do not injure its accuracy
as long as it lasts.* We shall now proceed to describe
the general principle, and the most approved methods
of deducing the magnitude of gravity from observations
of the pendulum.
In our Treatise on Mechanics, § XV. it is shown Gem
that the time of vibration (expressed in seconds) of a P™
simple pendulum whose length is I, in double the cir- ^ j
cular arc whose versed sine to that radius is b, will be au[u
nearly expressed by ir \/ J- x ( 1 + r-j\ where g
equals the space through which a body would fall freely
in a second of time ; the arc being supposed small.
If the arc be extremely small the time will not differ
• For a
bridge

of this we must beg to refer to the Cami, vol. iii. p. Ill, etc.
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i!hr& mucn ^rom *
2g' Suppose sucn a length to
Wv*' be given to the pendulum that the time of vibration
/ l
„.s l
may be one second. Then it \v/ 2-—g = 1, or g = —.
2
The space g then will be found by multiplying the
w*
kifctat length of the pendulum by —. And if gravity is not
"•j*1 the same on different parts of the Earth, the length
P'j™ proper for making the time of vibration equal to one
eixL. second will not be the same in all. But when the
lengths at the different places are determined, the pro
portion of the forces of" gravity at those places (mea
suring the forces by the spaces through which bodies
would fall freely in one second) will be the same as the
proportion of these lengths.
Jjudbr But it is seldom in our power to make a pendulum
which shall vibrate exactly in one second. Instead of this
we observe the time in which a pendulum of known
length vibrates. Now, it is easily seen from the exwhere t is the
pression t—vr ^/ —, or / :
2g
««
time of vibration, that the length of the pendulum at
the same place is proportional to the square of its time
of vibration. The length of the seconds' pendulum then
bears to the known length the same ratio as unity to
the square of the number of seconds in the observed
time of vibration,
tevad All this, however, supposes the pendulum to be a
f&sa material point suspended by a string without weight ; a
trit isj construction which evidently is imaginary. But it is
* " shown in Mechanics, § XX., that if a compound pendutffl.^*" lum be given, we may calculate the length of a simple
pendulum which would vibrate in the same time, what
ever be the magnitude of gravity. A pendulum, there
fore, such as may be made in practice, may be used in
all respects for the same purposes as the imaginary
simple pendulum.
The method which we have described, is in fact that
which has been adopted in many of the most important
experiments. The absolute length of the seconds' pen
dulum is thus determined afresh at every station of ob
servation. But a method has also been used of finding
the proportion between the force of gravity at each place,
and the force of gravity at some place (London for in
stance, or Paris) where its absolute magnitude has been
Ifc^f well ascertained. This is done by transporting the same
»*pefli>5 pendulum, after having observed it at the place of refer•auri- ence, to all the different stations, and observing the time of
•*<»!«■
Tt i
vibration at all. Then, since g = —-j, and I is the same
at all the observations, (the pendulum being invari
able,) g is inversely proportional to <*. Consequently,
the force of gravity at any new station, is to the force
of gravity at the place of reference, inversely, as the
square of the time of vibration at the new station to the
square of the time of the same pendulum's vibration at
the place of reference ; or directly, as the square of the
number of vibrations per day at the new station to the
number of vibrations per day at the place of reference.
The lengths of the seconds' pendulums are in the same
ratio ; consequently, that at the place of reference
being known, that at the new station is found.
vol. v.
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We shall now mention some additional considerations Observawhich must in all operations of great accuracy be taken tionsof
into account.
Pendulum*,
First, we have supposed the arcs of vibration to be s~^r~""/
indefinitely small. When the arc is supposed small, f0°"^cUott
but not so small that the term depending on it can be iengt'h 0f
wholly neglected, the time of vibration is nearly the arc of
/
b\
vibration,
jr V/ — . ( 1 -j- — ). If the arc of vibration be n
degrees on each side of the vertical, then
. ,n"
, n' sin* 1°
6 = I . vcrsin. n0 = 2 I . sin' — = / .
,
2
2
(nearlv,) and the time of vibration is nearly
Vl.(1+-.^>
This is the time observed ; and if the observations con
tinue for so short a time that n does not sensibly alter,
the observed time of vibration ought to be divided by
8hVl°
v
* .. •
1 + n*
or the number of vibrations per day
16
ought to be multiplied by the same quantity, in order
to represent the time or number of vibrations in inde
finitely small arcs, (to which alone all our reasoning
above will apply.) But if the observations continue for
a long time it is necessary to know what is the law of
decrease of the arc. The laws of friction and resistance
of the air for small velocities being little known, it is
best to recur to direct experiment. It was found by
Borda (and we have found the same by our own ob
servations) that the decreasing arcs form very nearly a
geometrical series.* Putting m for the number of
vibrations observed, (m being a large number,) p for
the proportion of each arc to the preceding arc, (where
1 — p is extremely small,) n' for the number of degrees
in the last arc = n .pm~l, the dejrrees of the successive
arcs are n, np, np*, &c. . np
and the sum of all
the times of vibration
. / I
\
«* • sin8 1°
.
„
57 V 2~g x r + —re— (1+p+p*+&c- • +/>*"-*)}•
The sum of the geometrical series is
1 — p*" _ 1 - p«- very nearly ;
1 -p* ~ ~1 — p'
hence the sum of all the times
iu* l°i
n' therefore p' z=l-\
//A»-i =1—1
/n/\« very
But pm~l — —-.
•2
nearly, therefore log p* = — (log 71' — log ii).

But

log p* = modulus X p* — 1 nearly (as p% — 1 is very
2
small ;) hence 1 — rp* ~ modulus
r—. x m . (logn—
loffw');
°
° "
consequently the sum of all the times
* In our experiments the decrease of the arc at first was a very
little more rapid than according to the geometric law, and at last a
very little slower.
2o
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In a few instances the pendulum of a clock has itself obser
Figure of
modulus X (tf— n") sin* 1°
the Earth. s= T \/ ^- x jm + m .
been
used as an invariable pendulum to be transported tioas.
g- i
log n — log ri ' 32 1- from one station to another. This is the simplest of ftudnui
all methods, as the clock may be used as a transit v—V"
and the mean of the observed times
clock, and its rate immediately determined by transits A"*"*
_
//
J
modulus X (n* — n1*) sin' 1°\
of
the fixed stars: at all events comparison with an- of-j^
~ "V 27Xt +
logn-logn'
' ~32~l
other clock is all that is necessary. And though the used as
accuracy is undoubtedly not so great as with the appa- transpor
The quantity within the brackets is that by which the ratus that we shall presently describe, yet very valuable j^peDl
observed mean time of vibration ought to be divided, or
the number of vibrations per day. ought to be multi results may be obtained in this manner. If the escape
plied, in order to reduce the vibrations to vibrations in ment is so constructed that the pendulum receives the
impulse of the wheels when it is at the middle of its
indefinitely small arcs.
Correction
Secondly, we have supposed the length of the pen vibration, (which is nearly the case in the dead-beat
for the tem dulum to continue invariable. But a metallic wire or construction,) the time of vibration is not altered by the
perature. metallic bar undergoes considerable changes in its maintaining power. The suspension of the pendulum
length from changes in temperature, and it is necessary, is a matter of some difficulty. If it be suspended by a
therefore, to reduce the number of vibrations to the spring in the usual way, the time of vibration is not the
number which would have been made if the pendulum same and does not vary in the same manner as the time
had been at some standard temperature. Suppose by of vibration in a circular arc, and the elasticity of the
heat the pendulum's length is increased above that at spring varies with variations of temperature. If it be
the standard temperature in the ratio of I : 1 -f- y (y suspended on knife-edges, (this is the term commonly
being very small :) then the time of vibration is in- used for a prismatic bar of very hard steel, on one edge
of which, having an angle of from 20° to 90°, the pen
dulum turns during its vibration,) there is, perhaps,
creased in the ratio of 1 : Vl -f y, or 1 : 1 -J- — nearly, some fear of the edge slipping on its supports when it
SB
receives the pressure of the wheel-work. Satisfactory
and the number of vibrations per day is diminished in results have, however, been obtained with this construc
that ratio. Consequently, the observed number of tion.
vibrations ought to be increased in that ratio in order
The method commonly used in the beginning of the Methoc
to find the number which would have been made if the last century was to suspend a small weight (commonly Boupu
pendulum had been at the standard temperature. If in the shape of two frustra of cones with their bases in
the temperature during the observation be lower than contact) by a fibre of pile., (a preparation, we believe, ^eQ^
the standard temperature, the observed number of of the leaf of a species of aloe,) and placing it before a
vibrations ought to be diminished.
clock to observe the number of vibrations which it
Correction
Thirdly, the vibrations have generally been observed made, not by counting them, but by observing when it
for the
weight of in air. But the state of the air being variable, it is had gained or lost two vibrations upon the clock pen
desirable to calculate the number of oscillations which dulum. The clock was thus used to count the great
the air.
would have been made in vacuum, all other circum number of vibrations ; the observer counted only those
stances being the same. For this we have only to ob which the detached pendulum gained or lost upon it.
serve that the effect of the air (like that of any other The number of vibrations which it would have gained
fluid upon a body immersed in it) is to diminish the or lost in a day being found by proportion, and the
weight of the pendulum by a quantity equal to the number of vibrations per day of die clock pendulum
weight of the air displaced, or to diminish the apparent being ascertained by observations of the stars, the num
force of gravity in the same proportion.* If this dimi ber of vibrations of the detached pendulum per day is
nution be in the ratio of 1:1 — 2, then the time of found. From this, by the application of the corrections
vibration (as will appear by changing g into g (1 — 2) above-mentioned, the number of vibrations per day in
in the expressions above) will be increased in the ratio indefinitely small arcs and in vacuum is found. The
length of the pendulum was found by measuring the
of 1 :
, and consequently, the number of vibra- distance between the lower edge of the forceps that held
the thread and the upper surface of the weight; or be
tions per day diminished in the ratio of 1 : v 1 — z, or tween the lower edge of the forceps and a plane on
which the bottom of the weight would just rest. It is
1:1—- nearly. These are the vibrations observed ; to be remarked, that the length of the seconds' pen
dulum thus found is always too great, as the curvature
and therefore to get the number of vibrations in vacuum of the thread does not begin close to the suspending
we must increase the observed number in the ratio of forceps.
The method which was first used by the French, Bert
1 : 1 —I— . As the weight of the air is nearly propor- nearly at the time of measuring the arc between Dun- rmth
2
kirk and Barcelona, was the following. A spherical
tional to the height of the barometer, it is necessary ball of platinum, and a brass cap covering about onefor the calculation of this correction to observe the fifth of its surface (represented in fig. 43) were ground
barometer.
together so as to fit accurately in every position of the
We shall now describe some of the practical methods ball. When this is the case, if the cap be suspended
of observing the vibrations of the pendulum.
the ball will adhere to it provided a very small quantity
of grease be interposed. The peculiar advantage
* We shall speak hereafter of an alteration which it has been found sought in this construction was to destroy the effects of
unequal Specific Gravity in different parts of the bull
necessary to make in this proportion.
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perf by altering Us position with regard to the direction of
hA jrravity. A fine metallic wire was attached to the cap
V*' ami fastened at the top to a small apparatus connected
with a knife-edge. (See fig. 44.) The upper part of this
was a stalk cut with a screw-thread on which a small
weight could be adjusted. The time of vibration of the
pendulum being known very nearly before the observa
tions were begun, the weight was adjusted so that
the small apparatus of fig. 44, without the wire, would
vibrate on the knife-edge in that time. Consequently,
when the wire, cap, and ball were attached to it, the
suspending apparatus might be wholly neglected in the
calculation of the length of the equivalent simple pen
dulum. The knife-edge rested upon a steel plate.
The number of vibrations per day was ascertained in
the same way as in the first method : a shade with a
vertical edge being placed so that when the pendulum
was at rest, the vertical edge, as viewed in a small tele
scope, coincided with the pendulum wire. A cross was
made on the bob of the clock pendulum, and the ob
servation consisted in noting when the wire and cross
disappeared at the same time behind the edge. All
the corrections were applied which we have described.
The length was measured by screwing up from below a
horizontal plate of steel till it just touched the ball ;
then the pendulum being removed, a bar of known
length with a T head (to the lower surface of which the
end of the bar had been accurately fitted) was placed in
such a manner that the lower surface of the T head
rested on the upper steel plate, and a graduated slider
on the bar was then made to touch the lower steel-plate.
The ball was placed on the steel-plate and the same
slider was used to determine its diameter ; the wire and
cap were weighed ; then to determine the length of the
isochronous simple pendulum, a formula was used
founded on that given in Mechanics, § XX. At every
station of observation it was necessary to repeat the
whole of this process.
'I
The process used by Captain Kater for determining
* the length of the seconds' pendulum at London (for
filing the standard of English measures) was the fol
lowing. The pendulum consisted of a bar A B of
' plate brass, (fig. 45,) about 1 J inch broad, and ^ inch
thick. At A was a knife-edge of the hardest steel, its
back bearing firmly against solid knees of brass ; and
at B a similar knife-edge. When the pendulum was in
use, these edges rested on horizontal plates of agate.
At C was a large flat bob, and at D and E two small
slips or tails, the use of which we shall mention here
after. At F was an adjustible weight, and at G a smaller
weight, which by means of a screw could be adjusted
with very great nicety. The principle of the operation
was to observe the number of vibrations per day made
by the pendulum when suspended on the knife-edge A,
and again when suspended on B. If these were not
equal, the sliding weights F and G were moved till they
became equal. Then as A and B were at different dis- ■
tances from the centre of gravity, it was certain (see
Mechanics, §XX.) that B was the centre of oscilla
tion corresponding to the centre of suspension A, and
therefore, that the distance between A and B was the
length of the simple pendulum vibrating in the same
tune. The distance between the knife-edges was com
pared with the distance of two divisions on the stan
dard scale by a microscopic apparatus furnished with
internal micrometers.
The number of vibrations per day was determined by
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observing in the following manner the difference be- Observatween the vibrations of the detached pendulum, and the tions nf
vibrations, of a clock pendulum. Suppose the pendu- vP8"dul"'"s
lum suspended on the edge A. On the bob of the clock
v "
pendulum, which had been blackened, was placed a
circle or lenticular figure of white paper, whose breadth
was nearly equal to the breadth of the tail D. Between
the two pendulums, or (which was the original con
struction) in the field bar of the telescope with which
they were viewed, was placed an adjustible diaphragm,
consisting of two perpendicular cheeks, which were
placed at such a distance that they appeared to touch
the edges of the tail D when the pendulum was at rest.
Now suppose both pendulums to vibrate, the detached
pendulum vibrating more slowly than the clock pendu
lum. The tail D is seen to cross the opening of the
diaphragm, and is followed by the white patch on the
clock pendulum. At every succeeding vibration the
patch follows more closely, and at last is completely
covered by the tail while it passes. This is called a
disappearance. After a few vibrations it appears
again, preceding the tail. This is called a reappearance.
The time of disappearance was generally considered as
the time of coincidence of vibrations, though in strict
ness the mean of the times of disappearance and re
appearance ought to be taken, but the error produced
by this mistake is seldom sensible. This is very far
the most accurate way of comparing the vibrations of
two pendulums. It is immaterial whether the detached
pendulum vibrate in a greater or less time than the
clock pendulum, but it is essential to the operation that
it vibrate in a smaller arc ; a condition which there is
no doubt of securing in these experiments.
The English observations for ascertaining the length
of the seconds' pendulum at different places have gene
rally been made by transporting an invariable pendu
lum whose vibrations were observed before going and
after returning at London or Greenwich. The con
struction was similar to that of fig. 40, supposing it
deprived of the knife-edge B, the tail E, and the sliding
weights F and G.
A method, proposed we believe in the last century, Bessel's
has lately been put in practice by M. Bessel for ascer- method,
tabling the length of the seconds' pendulum at Konigsberg. The pendulum consists of a heavy ball sus
pended by a fine wire, which i9 made to vibrate first
with one length of wire and then with a different length.
The advantage proposed in this construction was the
following. It is easy to measure accurately the vertical
distance between two points of suspension on which the
pendulum successively vibrates, and therefore (as the
ball in both experiments is depressed to the same place)
the difference of length of the two pendulums is easily
found. This distance too is not necessarily a fractional
part of the standard, and in M. Bessel's experiments
was, in fact, exactly one toise. And as the small cor
rections depending on the diameter of the ball, &c.
are easily calculated from an approximate knowledge
of the length of the pendulum, the difference be
tween these corrections is easily found. Thus the
difference of length of the simple pendulums iso
chronous to the pendulums observed is found with
great accuracy. The times of vibration being also ob
served (which are proportional to the square roots of
these lengths) we deduce from them the proportion of
the lengths. From these two data the lengths are
found. Now it was supposed that this measure could
2g2
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Figure of be made more accurately than those necessary to
the Earth. Borda's method, where the diameter of the ball must
be ascertained, or than those of Rater's method, where
the distance between two edges is to be measured. The
sort of suspension used by M. Bessel was different from
the others, consisting in unwrapping the wire from a
horizontal cylinder round which the upper extremity
was folded. And in the observation of coincidences,
instead of placing the pendulum within a few inches of
the clock pendulum, it was placed at a considerable
distance, and the image of the clock pendulum formed
by an interposed lens was thrown upon the detached
pendulum : so that all disturbance of one pendulum
by the other was effectually prevented.
Carlini's
In some observations by M. Carlini, the upper end
method.
of the wire was attached to a small apparatus represented
in fig. 46. In the upper part of this is a wheel with a
sharp edge, turning like the rowel of a spur; the
edge serves as a knife-edge for suspension, and by
turning the wheel the suspension is changed. The
piece upon which it rests is represented in fig. 47 ; it is
supposed to project from a wall. A microscope is
placed in such a manner as to view the lower edge of
the wheel directly, and likewise to view its image
formed by reflection in the curved surface of fig. 47 ;
the place where they appear to meet is very accurately
the place of suspension. By means of a microscope
placed at the bottom, the upper and lower surfaces of
the ball were viewed even during the vibration. The
vibrations were observed as by M. Bessel; a plane
mirror, as well as a lens, being necessary for the forma
tion of the image of the clock pendulum.
We shall now proceed to mention, individually, some
of the principal pendulum observations.
RicWs
In the Ancient Mhnoircs de VAca.dem.ie, vol. vii. is
observaRicher's account of his observations at Cayenne;
which we cite as a matter of curiosity* only, it being,
we believe, the first of the kind, and that which seems
to have attracted Newton's attention. The vibrations
of his pendulum were very small and were sensible
during 52 minutes of time; they were compared with
those of an excellent clock ; the observation was re
peated several times every week for ten months ; the
result was that at Cayenne the seconds' pendulum was
1J lines shorter than at Paris. The latter he consi
dered to be 3 feet 8J lines. This is the whole of his
account.
Those of
In the Mkmoira for 1701, is an abstract of the re
Deshayes. sults obtained by Deshayes. At Cayenne, latitude
4° 5C, he found the length of the seconds' pendulum
rather less than 3 feet 6J lines ; at Grenada, latitude
12° 6', at Martinique, latitude 14° 44', the same; at
St. Christopher, latitude 17° 19', and several places in
St. Domingo between latitude 18° 19' and 19° 58', 3
feet G£ lines; at another point in St. Domingo, latitude
19° 48', 3 feet 7 lines. These results (about which no
further account is given) are evidently worth little.
In the Pclcrsburgh Transactions for 1735, are re
Observa
tions by M. corded the observations made at Archangel by M. de
dela
Croyere. The pendulum was a brass ball 1-1 J lines
Croyere at la
in
diameter supported by a thread of pile the top of
Archangel.

which was held by a sort of forceps. An iron measure, Obwrv:
copied from the standard in the Paris observatory, was tions o
used for making a pendulum of the length of the Pendului
seconds' pendulum at Paris, (estimated at 3 feet 8j
lines ;) this length, however, was measured to the cen
tre of the ball, and the error thence resulting was cal
culated. The vibrations were compared with those of
a clock. The result was that the seconds' pendulum at
Archangel was longer than that at Paris by -?B of a line.
Not a word is said of the temperature of the standard ;
and this leaves a str^all uncertainty as to the correct
length.
In the Philosophical Transactions for 1734, is an ac By Citn|
count by Bradley, of the transportation of a clock with an bell at J
invariable pendulum (made by Graham) from London niaica.
to Black-River in Jamaica, latitude 18°. The con
struction of the pendulum is not described. The ob
servations in London, which lasted 10 days, were made
by Graham, and those in Jamaica, for 26 days, by Mr.
Colin Campbell. At London the clock gained 1'.2
daily on sidereal time; and at Black-River it lost daily
2m 5'.5. The rales were found by transit observations.
A spirit thermometer was observed ; and the effect of
the temperature was calculated on the rough observa
tion that clocks of this construction did not generally
alter their rate at London between summer and winter
above 25* or 30" per day. The allowance made was
8\7 ; and thus the difference of rate depending on the
alteration of gravity was lm 58*. This may be con
sidered a good determination, as the greatest uncer
tainty from the rough estimation of the effects of tem
perature could not amount to more than two or three
seconds per day.
In the Memoires for 1735 is Mairan's account of his By Mai
observations of the length of the seconds' pendulum at at Pari!
Paris. A horizontal plane, movable by screws, was
placed exactly 1 toise from the lower surface of his
forceps. The thread was of pite ; it was fixed in the
leaden ball (6 lines in diameter) by making a small
hole and burnishing the edge upon the end of the
thread. The distance between the lower surface of
the ball and the horizontal plane was found by trying
which of several pieces of glass would just fit under
it; and measuring by a scale, with the assistance
of a lens, the thickness of the glass. The diameter
of the ball was measured in the same way by
means of a parallel ruler. The ball was left to hang
on the thread one day before the experiments were
begun. At first Mairan tried to count the vibrations ;
but was obliged at last to resort to the method of
coincidences with clock pendulum. For this purpose
he was obliged to use a pendulum of little more than
3 feet in length ; and the distance was now measured
by placing the toise on one side, and screwing up the
plane till it touched the sphere. Some observations
were, however, made with pendulums of 6 and 9 feet ;
balls of brass, ivory, &c. were also used. The mean of
twelve experiments gave for the length of the seconds*
pendulum 3 feet 8jf; lines. There appears to be no
correction for the weight of the air nor for temperature ;
the mean height of the thermometer was about 13° of
Fahrenheit, which is so near the temperature commonly
used in the application of the French toise, that the
* See also (he Recueil it Observation!failes en pltuieun vogaget,
Sfc. The lenglh of the seconds' pendulum at Paris had been mea difference may be neglected. This appears to be an
sured by Picard for the purpose of fixing a standard ; and incidental excellent determination, subject only to the error of
observations ha I been made by Feuillee at Portobello and Martinique, Mairan's toise, and that common to the kind of sus
by Halley at St. Helena, &c. They are worth very little.
pension that he used. But, as an isolated experiment,
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.i,f J it is nearly useless in the investigation of the Figure of given the results of a recalculation of all Lacaille's ob- Obserraservations : they are as follows. Length of seconds' pen- tions of
«I«tk the Earth.
dulum at the Isle of France, latitude 20° 10' South, 3 Pendulums"y*^ The same volume contains two determinations by feet
7.785 lines ; at the Cape of Good Hope, 33° 55' v—^~"/
;*iB Godin of the Paris pendulum, one with a machine by
11 Graham, (which is not described,) the other with a South, 3 feet 8.139 lines; at Paris, 48° 51' North, 3
simple pendulum whose bob was the frustra of two feet 8.79 lines. These results are comparable among
cones united by their bases. The latter determination themselves, but are not strictly comparable with others,
agrees very nearly with Mairan's : the former gives a because some corrections are introduced by M. Mathieu
rG& measure shorter by | th of a line. At Petit Goave in St. which were not introduced by observers of that age.
iS* Domingo, latitude IS0 27', with a brass ball an inch in
In the Voyage dans les filers de tlnde of Legentil, % Lfgenlil.
diameter, suspended by a line of pite which was at published 1779, are contained observations of the pen
tached with sticking-plaster, he counted 7684 vibrations dulum at Pondicherry, latitude 11° 56' North; at Ma
and compared them with a clock, and thus found for nilla, latitude 14° 34' North; and at Foul-point in
the length of the seconds' pendulum, 3 feet 7^ lines. Madagascar, latitude 17° 40' South. They have been
After this he used a double frustrum of a cone with recalculated by M. Mathieu, (Astronomie au XVIIIme.
a longer thread, and measured the distance to the upper Siecle, p. 698.) who observing that the standard was
surface by a sort of sliding rule. By counting 2012 the same as Bouguer's, and therefore that Bouguer's
vibrations he found for the length 3 feet 7^ lines. and Lacaille's observation at Paris might be considered
Bouguer (see the same volume) found 3 feet 7 J lines. as comparable with these if the same reductions were
Lacondamiiie used a 12-feet pendulum ; but finding made in all, has applied to all the same reductions, and
some difficulty in the measure, he adopted a pendulum of thus found the following comparable lengths : Paris,
little more than 3 feet, which was attached to the slider 3 feet 8.582 lines ; Pondicherry, 3 feet 7.345 lines ;
Manilla, 3 feet 7.517 lines; Foul-point, 3 feet 7.441 lines.
of his beam-compasses ; he found 3 feet 7U! J lines,
In the account of Phipps's voyage towards the North By Pbipps,
a., At Porto-bello, latitude 9° 33', Godin and Bouguer
ye, found 3 feet 7^ lines for the length of the seconds' Pole (made 1773) are some observations with an in- at Spitz,JtKm pendulum ; at Panama, latitude 8° 35', they found 3 variable clock pendulum made by Graham. The ball bergeu
~;t feet 74- lines ; at Punta-Palmar, 2' South latitude, La- was a brass sphere 4 inches in diameter ; the rod a
^ condamine found 3 feet 6.96 lines ; at Riojama 9' steel wire -j'jth of an inch thick ; it turned upon
South, Bouguer found 3 feet 6.82 lines, and Laconda knife-edges, which were not left quite sharp, the edge
miiie 3 feet 6.93 lines ; at Quito, 25' South, they found being rounded to a cylinder bf -j^ inch radius. These
3 feet 6.83 lines. The elevation of the last-mentioned knife-edges turned in notches made in two pieces of
place makes it almost unsafe to use such a measure in hardened steel ; the notches were angular and rounded
conjunction with those taken near the level of the at the bottom. The rod was not fixed firmly to the
sea. We copy these numbers from the table near the knife-edges, but attached to a pin whose direction was
end of the IVth volume of the CEuvres de Maupertuis. parallel to the plane of vibration, in order that an equal
The numbers given by Bouguer himself in his Figure de bearing on both extremities might he ensured. The
la Tare, for the length of the seconds' pendulum in escapement was not absolutely a dead-beat, but slightly
vacuum, are : at the Equator, at an elevation of 2434 recoiling ; as it is well known to artists that a pe'ndutoises, 36 inches 6.69 lines; at an elevation of 1466 lum on a knife-edge suspension may be thus made to
toises, 36 inches 6.88 lines ; at the level of the sea, vibrate in equal times under the action of very different
36 inches 7.21 lines; at Porto-bello, 36 inches 7.30 weights. At London the clock went exactly mean
lines; at Petit Goave, 36 inches 7.47 lines; at Paris, solar time. On a small rocky island* near Spitzbergen,
latitude 79° 50' North, an equatorial was mounted as
36 inches 8.67 lines.
»■ Maupertuis observed the rate of an invariable pen- an altitude and azimuth instrument, and at about five in
1 dulum attached to a clock, at Paris and at Pcllo, lati the afternoon the transit of the Sun's limb over the ver
tude 66° 4S'. This instrument was made by Graham : tical wire was observed : this observation was repeated
the pendulum was of brass, suspended by a knife-edge the next day. Besides this, the clock was compared
of steel which rested on steel planes. The temperature with a chronometer, whose rate was well known. A
of the places of experiment at Paris and at Pello was correction was applied for the temperature. The con
the same, and the extent of the arcs of vibration the clusion was that the rate was accelerated 72".28 per
same. At Pello it gained 59M per day on its Paris day. Again, in latitude 79° 44' North, the clock was
rate. At London it appeared from Graham's ob kept going for about three days, and compared with the
servations that it gained 7S.7 per day on its Paris chronometer, whose rate was determined by many alti
rate. The observations at Pello lasted four days. As tudes of the Sun immediately before and after the ob
they feared that in a country full of iron and magnetic servations. The acceleration, thus determined, was
stones there might be some magnetic influence, they 73s.06 per day. On returning from the voyage, the
tried in another clock bobs of different me als, but the clock was found to go true time at London. These
difference at Pello and Pars was the same in all. results appear to be perfectly trustworthy.
Great confidence may be placed in this kind of observa
We have already described at great length the man- By Borda,
tion, where one of the principal difficulties (that of ner in which Borda's observations were made at Paris. »t Paris.
measuring the pendulum) is entirely avoided.
We shall merely add that the pendulum was about 12
St. In 1752, (sec Memoires for 1751,) Lacaille observed feet long, so that every vibration corresponded nearly
the length of the seconds' pendulum at the Cape of to every second vibration of a clock. The whole appa
Good Hope and the Isle of France, and on his return, ratus was enclosed in a box, to prevent currents of air
at Paris. The length at the Cape, given in the Memoiret, is 3 feet 8.07 lines. In Delambre's Hisloire de
This is very near to the place where Captain Sabine afterwards
tAstronomic au XVlIIme. Siecle, p. 478, M. Mathieu has obser>ed the pendulum, but it does not appear to be the identical spot.
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Figure cf from affecting it. All the corrections which we have
the Earth, mentioned were applied, except that for elevation above
v—^mm"' the sea. The mean result from twenty experiments of
four or five hours each, was 3 feet 8.5593 lines. See the
Base du Systeme Metrique, torn. iii.
By Biot, on The same methods were followed (see torn. iv. of the
the French same Work) by Biot (except that he used a pendumeridian. ]um of about 3 feet in ]englh) at Formentera, latitude
38° 40' ; at Paris, latitude 48° 50' ; at Bordeaux, lati
tude 44° 50' ; at Figeac, latitude 44° 37' ; at Clermont,
latitude 45° 47'; at Dunkirk, latitude 51° a7; at Leith
Fort, latitude 55° 59' ; and at Unst, in the Shetland
Islands, latitude 60° 4b'. The lengths were reduced to
those which would have been observed at the level of the
sea by increasing them in the duplicate ratio of the actual
distance from the Earth's centre to the distance of the
level of the. sea from the Earth's centre ; this amounts
to the same as neglecting the attraction of the elevation
on which they were placed. The results are respec
tively, (in metres.) 0.7412520, 0.7419175,0.74160863,
0.741612279, 0.7417052, 0.7420761, 0.994531014,
and 0.742723136. All of these, it must be observed,
are lengths of the decimal pendulum (making 100,000
oscillations in a mean solar day) except the last but
one, which is the length of the sexagesimal seconds'
pendulum. All these determinations must be consi
dered as most valuable. Two invariable pendulums
also were observed at Greenwich and at Paris ; they
appeared to show a retardation at Paris of 10'.79
daily ; but it is expressly remarked, that the circum
stances were very unfavourable to accuracy.
By MalaIn the Additions to the Connaissance des Temps for
•pina.
1816, is M. Mathieu's account of the observations
made in an expedition under the command of Malaspina, undertaken by order of the Spanish Govern
ment, from 1789 to 1794. Their pendulum had a
wooden rod; it was enclosed in a glass box ; the vibra
tions were counted by two persons, who relieved each
other at the end of every sixty ; a third person stood at
the clock. The following are their results for the
length of the seconds' pendulum (taking for unit the
length of the simple pendulum equivalent to their pen
dulum.)
Place.
Latitude.
Length.
1
.
0082893
59 34 20 N.
Nutka
68172
49 35 15
36 35 45
54463
Cadiz
57192
36 31 46
22 12
42378
16 50 49
43770
14 35 49
45051
13 17 52 N.
39539
6 54 27 S.
40541
41320
12 4 38
18 35 45
45384
33 51 20
56969
57973
34 54 38
57471
36 42 32
Port St. Helena . . 44 29 34
69083
Port Egmont
71070
51 21 3 S.
These results cannot be compared with any others,
scarcely any other observation (except Legentil's)
has been made at any of these places for the determi
nation of the absolute length of the pendulum.
In the Phil. Trans, for 1818, are contained
Captain Kater's observations for determining the
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length of the seconds' pendulum at Portland Place, Obit
London. The principle we have already described: tio°
the result was corrected for extent of vibration by observing the arc at each coincidence and using the meaa rj'T'
between two adjacent arcs for the vibrations between Londo
them ; for temperature, by allowing 0.423 vibration for
each degree of Fahrenheit ; and for the weight of the
air and elevation above the sea in the manner that we
have described. They gave for the length in lati
tude 51° 31' 8", 39.13860 inches. But in the Phil.
Tram, for 1819, Dr. Young remarked that the correction Dr,'Y
usually applied for the elevation above the sea was too corra
great, as it neglected the attraction of the elevated mass. for el
If we stood on a sphere of the same density as the ^
Earth's mean density, the reduction would be but | of
that which is usually made ; on a hemisphere, still less ;
on table land of mean density, the reduction would be
\ of that usually made ; on table land of density = |
mean density, it would be J ; on table land whose
2.5
density = — X mean density (which would probably
0.3
represent pretty nearly the density of most rocks at the
3 25
Earth's surface) the reduction would be 1 — - r—
4 5.5,
66
0r 100 * usual reduction. The last result thus reduced,
and with other corrections, is 39.13929 inches. This
is the number used in all the subsequent comparisons.
The same Volume (for 1819) contains Captain Kater's Obsi
determinations (by the transportation of an invariable *"»"
pendulum) at Shanklin in the Isle of Wight, latitude p,u
50° 37'; at Arbury Hill, latitude 52° IS7; at Clifton,^
latitude 53° 28'; at Leith Fort, latitude 55° W ; at
Portsoy, latitude 57° 41'; and at Unst, latitude 60° 4V.
The results were 39.13614, 39.14250, 39.14600,
39.15554, (obtained under unfavourable circumstances,)
39.16159, and 39.17146 inches.
In the history of Captain Ross's voyage to Baffin's Obi
Bay (made in 1818) is an account of the going of a ^
clock (with invariable pendulum vibrating on a knife- Pl[
edge, which rested on hollow cylinders of agate) as TOj
determined by 7 days' observation at London, 3
days at Brassa in the Shetland Islands, latitude 60° 1',
and 4 days at Hare Island, latitude 70° 2&. And
in Parry's first voyage are observations on the going of
two similar clocks at London, before and after the
voyage, and at Melville Island, latitude 74° 47*, during
38 days. The result* (see Phil. Trans. 1821) is, that
at Brassa the length of the seconds' pendulum is
39.16929 ; at Hare Island 39.1984 ; and at Melville
Island, 39.2070 inches.
In the Phil. Trans, for 1823, are detailed accounts of B
observations made by Captain Basil Hall and Mr. Foster "
with an invariable detached pendulum at London ; at
Abingdon Island, one of the Galapagos, latitude 0° 32' ,
at San Bias de California, latitude 21° 30'; and at
Rio de Janeiro, latitude 22° 55' South. In this, as in
* In the Connaiatance da Tempt, 1827, Additions, M. Arigo has
given his opinion that these observations would be rejected without
scruple if they opposed any received theory, and that, therefore, they
are useless when they favour it. With the greatest possible respect
for the opinion of this illustrious philosopher, we must in this instance*
withhold our assent to it The conclusion is not so accurate as if
deduced from the use of invariable detached pendulums, but it il
probably much superior to that which would be obtained in difficult
circumstances by the French method. From our own experimental
1 with these clocks, we know them to be
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Fifiieof othtr instances, we cannot enter into the details, and
ttUA. on only state that the operations appear quite satisfac' tory. The resulting lengths of the seconds' pendulum
ire 39.01717, 39.03829, (by a mean ;) and 39.04375.
.-In the same Volume is an account of observations made
i'Nw by Sir Thomas Brisbane, Mr. Rumker, and Mr. Dunlop,
& with an invariable detached pendulum at London and
Paramatta in New South Wales, latitude 33° 49' South.
The length of the seconds' pendulum at the latter is
39.07696.
kKM Captain Sabine's Account of Experiments to deteri&tJt nine the Figure of the Earth, &c. published in 1825,
'~-a contains a very valuable* series of observations made
with two detached invariable pendulums. The principal
novelties in the manner of conducting the observations
was, that for coincidences the mean of disappearances
and reappearances was taken ; and that the correction
for temperature was determined from experiments made
st London in different temperatures ; the effect of an
alteration equal to 1° of Fahrenheit was found to be
0.421 vibrations per day. Two clocks with invariable
attached pendulums (the same which were used on
Captain Parry's voyage) were also observed. The
results, as finally corrected in the Phil. Trans, for 1828,
will be given in our general table.
In 1809 experiments! were made at Madras observatoii"- tory by Captain Warren, with a leaden ball 1£ inch
diameter, suspended by a fibre formed from the wild
plantain tree. Its vibrations were counted, and the
time of an astronomical clock noted by an assistant. For
the measure, plates of glass were fixed to the wall, and
paper attached to them, and upon these a scale was
transferred from Colonel Lamhton's scale. The beam
compasses were applied to the lower surface of the
support, and the lower surface of the ball, and were then
taken to the scale. The diameter of the ball was
inferred from its weight. From 10 days' observations the
length of the seconds' pendulum was found to be
39.026273 inches (in air, and measured by Lambton's
Kale.) This determination is certainly inferior to one
that we shall presently give.
■jH- In 1821 an expedition under the direction of Mr.
, * Goldiagham, made observations at Pulo GaunsahLont
"'(a small island in latitude 1' 49" North) with an inva
riable pendulum, which had been observed at London.
The deduced length of the seconds' pendulum is
39.021260 inches. Every care appears to have been
taken to make this accurate.
The Phil. Trans, for 1822 contain Mr. Goldingham's
*• determination, with the same pendulum, of the length
of the seconds' pendulum at Madras, latitude 13° 4':
it is found to be 89.026302, and appears to be very
accurately determined. In this, and in the last, the
reduction for temperature is applied in a very confusing
tQanner; but we have satisfied ourselves that it is
correct
r In the Phil. Trans, for 1826 is Lieutenant Foster's
account of a very careful series of observations at Port
Bowen, latitude 73° 14', with an invariable pendulum
which had been observed at Greenwich. The conclu• The publicity of some discussions respecting these observations
compels us to give our own opinion. We shall decline entering into
any inquiry respecting the original observations, and shall merely
Hale that we have the most perfect confidence in the results,
f Hm accounts of this and the next set of experiments were pre" ' ""7 the East
r ofIndia
whomCompany
wo have tobeentheallowed
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to inspectSociety
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sion was that the length of the seconds' pendulum Observa,
= 39.203472 inches. This, however, is founded on the **on* of
supposition that 39.13911 is the length of the seconds' Pendulums,
pendulum at Greenwich, reduced to the level of the sea. "_v^""/
It is, however, nearly the length at Portland Place,
London. We shall soon mention the difference between
these lengths.
The French expedition sent out in 1817—1820,
under Captain Freycinet, made observations at Paris ; at cinet in
Rio de Janeiro, latitude 22° 55' South ; at the Cape of various latiGood Hope, latitude 83° 55' Smith; at the Isle of tudes
France, latitude 20° 10' South ; at Rawak, near New
Guinea, latitude 0° 2' South ; at Guam, the capital of
the Marian Islands, latitude 13° 26'; at Mowi, one of
the Sandwich Islands, latitude 20° 52' ; at Port Jackson,
latitude 83° 52' South ; and in the Isles Malouines,
latitude 51° 85' South. Three invariable brass pendu
lums were used, and one wooden one. When observed,
they were enclosed in glass boxes, and a small clock
placed near them had its pendulum adjusted, till it
vibrated cxactlyin the same time. This clock (used
only as a counter) was compared with a chronometer
every half hour ; for determining the rate, the mean of
five chronometers was used. The proportionate lengths
of the seconds' pendulum are 1.00002271, 0.997S3538,
0.99871582, 0.99794-.. 5, 0.99709575, 0.99759331,
0.99792816, 0.99877424, 1.00022319. These deter
minations are probably pretty good. See the Voyage
autour du Monde, fye. par Freycinet.
In a similar expedition made in 1622—1825 under ByDuperrey
Captain Duperrey, two of the same pendulums were in the
employed. The method appears to have been the same Pacific,
as in the operations last described. The following are
given as representing the lengths of the seconds' pen
dulum. At Paris, I ; at Toulon, latitude 43° 7',
0.99950585; at the Malouines, 1.00025995; at Port
Jackson, 0.99871430; at the Isle ofFrance 0.99789022 ;
at Ascension, latitude 7° 56' South, 0.99729881. We
extract these numbers from the Additions to the Conn,
des Temps, 1830.
The Phil. Tram, for 1828 contain Captain Sabine's By Sabine
observations on an invariable pendulum at London and at Paris,
at Paris. From an extensive series it appears that a
pendulum which at London makes 85,940 vibrations
per day, is retarded at Paris to the amount of 12.03
vibrations. As the length of the seconds' pendulum at
London, uncorrected for elevation, is 89.13908 inches,
the length at Paris is 39.12813. This is a very valuable
determination, as it makes a great number of determi
nations comparable, which without it could not safely
be brought together.
InthePM. Trans, for 1829 is a series of observations
by the same gentleman for determining the difference f/rj,*^*
of gravity at Portland Place, London, and the Royal wich>
Observatory, Greenwich. It appears that at Greenwich,
no correction being applied for elevation, the pendulum
is accelerated about 0.48 of a vibration per day, and
therefore, the length of the seconds' pendulum at Green
wich is greater than at Portland Place by .000435. If
the correction for elevation be applied, according to
Dr. Young's rule, the difference is 0.60 of a vibration,
or .000544 inch in the length. We do not ourselves
believe that the pendulum, as commonly constructed,
can be relied on to this degree of accuracy.
The same Volume contains experiments leading to a
very remarkable result with regard to the correction for
the weight of the air. They are, in fact, a repetition of
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Figure of experiments announced by Bessel in the Astronomische
the Earth. Nachrichten, No. 128, and published in the Berlin
Transactions for 1826. It would seem that a quantity
Experi
of air moves with the pendulum, and adds to its inertia,
ments by and therefore that besides a retardation arising from the
Bessel and
Sabine to diminished weight of the pendulum, there is another
determine retardation arising from the increased mass ofmatter to
the effect of be put in motion. A pendulum was made to vibrate in
the air on air, in vacuum, and in hydrogen gas, of elasticity equal
the vibra to the elasticity of the atmosphere. It appears that the
tions of a
pendulum. reduction to vacuum, as commonly made, ought to be
increased in the ratio of 1 : 1.655. With a spherical
bob, the reduction ought to be doubled. As, however,
all the comparative observations have been made with
little difference in the height of the barometer, the error
in the reduction has very little effect on their results. It
is remarkable that the correction for hydrogen gas
appears to be double of what it would be if we supposed
the amended corrections proportional to the Specific
Gravities of the fluids. Bessel determined the atmo
spheric correction by observing the length of the
seconds' pendulum in air, first with a bob of brass, and
secondly, with a bob of ivory. The correction, being
greater for the latter than for the former, in the propor
tion of the Specific Gravities, was determined with
great accuracy from the difference of the observed
lengths.
The Memoires de VInslitut, vol. viii. contain a paper
Observa
tions by
by M. Biot, from which we extract the following deter
Biot in the minations by himself of the length of the seconds' pen
Mediterra
nean and dulum at Milan, latitude 45° 28' ; at Padua, latitude
45° 24'; at Fiuine, latitude 45° 19'; at Barcelona,
Italy.
latitude 41° 2# ; at Formentera, latitude 38° 40' ; and
at Lipari, latitude 38° 29'. Expressed in millimetres
they are 993.547642. 993.607294, 993.584075,
993.2321312, 993.0696597, 993.0791638. The former
determination at Formentera, it appears, was not satis
factory. The details of these experiments are not given.
By Rumker The Hid Volume of the Transactions of the Astrono
in New
mical Society contains a series ofobservations inBorda's
South
method, made by Mr. Rumker at Paramatta. It appears
Wales.
that the length of the pendulum was measured by
screwing up the steel plate, first till it touched the ball,
then till it touched the measuring bar. The diameter
of the ball was measured by winding a thread eleven
times round it. The result in millimetres is 992.412801.
Many details of the calculation are omitted.
In the Phil. Trans, for 1830 is a determination by
By Fallows
at the Cape Mr. Fallows, of the proportion of Gravity at London
of Good
and at the Cape of Good Hope with an invariable pen
Hope.
dulum. The number of vibrations per day at London
was 66164.97, and at the Cape 86097.86. With the
length 39.13929 inches for the seconds' pendulum at
London, we find for the Cape 39.07836.
By transportation of an invariable pendulum, (from
London, wc believe,) Svanberg ascertained the length
of the seconds' pendulum at Stockholm, latitude 59° 21',
to be 39.165414 inches. We are unable to refer to the
original account of this experiment.
The length of the pendulum at Konigsberg, latitude
54° 42', reduced to the level of the sea, has been found
by Bessel (by his method described above) to be
440.8179 lines. The two pendulums whose difference
he measured, vibrated in 1".7127 and 1".0020. Ob
servations of invariable pendulums transported from
Paris gave a greater length. See the Berlin Transac
tions for 1826, or the Quarterly Journal, March, 1829.
The difference of Gravity at London and Altona has,

we believe, been ascertained by Captain Sabine with an Deduct
invariable pendulum. The results, so far as we know, from P
have not yet been published.
dui™
Observations have been made in London by Mr. F. sma"°
Baily with a pendulum with two knife-edges. The "Y"
pendulum consists of a massy brass bar without any bob.
This construction appears to be attended with the
following source of inaccuracy ; if the suspension planes
are not very well levelled, the pendulum will not vibrate
in a vertical plane, and the time of vibration will be too
great In Captain Eater's construction this was pro
vided against by making the bar so thin that it would
bend into the proper position. Mr. Baily's results
differ sensibly from those of Captain Kater.* See the
Philosophical Magazine, February, 1829.
Section 8.—Deduction of the Figure of the Earth from
Pendulum Observations.
The first element which it is important to settle is, u,,cih
the length of the pendulum at Paris. In these reduc- second
tions we shall suppose the French foot = 1 .065766 x !KaU.
English foot; and the metre =39.37079 English *tP"1
inches.
Eng. Inches.
Now Borda's experiments give 440.5593
lines
= 39.12776
Biot's (uncorrected for elevation) give for
the decimal pendulum 0m.7419012, or for
the sexagesimal
39.12S43
Sabine's
39.12813
The mean is 39.12812, and this is probably very
accurate. If corrected for elevation by Dr. Young's
rule it gives at the level of the sea 39.12877.
From this length, and the length at London, Minn
(39.12908, or corrected by Dr. Young's rule for eleva- calcu
tion 39.12929,) we have deduced the length at all the J11*
places where an invariable pendulum was observed.
The absolute lengths measured by the French in the
present century we have reduced to English measures.
The absolute lengths measured in the last century we
have compared with the Paris length given by the same
observer, and have applied the difference to our value of
the Paris length. Legentil's are compared as we have
mentioned.
The observations may now be very well divided into
first-rate and second-rate. We have reduced all of the
first class to the level of the sea by Dr. Young's rule,
using the multiplier .6. In the second class wc have
not attempted any alteration, except in Warren's, which
we have corrected for the error of the standard, and
reduced to vacuum.
Now in Section 2, Art. 65, it appears that theory l*n
would lead us to expect that gravity at the latitude X, or
the length of the seconds' pendulum which is propor- „;,]
tional to it, may be represented by E (1 + Fsin'X). the<
Making this assumption for each of the lengths, and fort
arranging them in the order of latitude, we have the
following Table. Where two observers are mentioned,
we have taken the mean of the lengths deduced in the
way that we have described.
* Mr. Baily remarks that Shuckburgh's scale stems to have sus
tained some injury. It appears, however, that the same divisions
were used for the measure of the pendulum as for the comparison
with the metre, and nearly the same as for the comparison, with other
English standards; aud thus the error in tho result of
which are only comparative is probably insensible.
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First-rate Observation!.
Place.
Latitude. Length* of Seconds' Pendulum and Equation. "
Spitzbergen
79° 50' N. 39.21469 = E x (1 + F x.9689}
i Sabine
0 Sabine
39 2070 =Ex 1 + Fx.9311}
Melville Island
74 47
39.20335 = E X 1 + F x.9289'
Greenland
74 32
3 Sabine
39.20419 = E X {1 + F x.9168
Port Bowen
73 14
4 Foster
39.19475 = E X |l + Fx. 8904
Hammerfest
70 40
5 Sabine
Drontheim
63 26
39.17456 = E X {1 -f- F x 8000
6 Sabine
Unst
60 45
39.17162 = E x U + Fx.7612
7 BiotandKater
Stockholm
'. . . 59 21
39.16541 = E X {1 + Fx.7401
8 Svanberg
Portsoy
57 41
39.16159 = E x {1 + F x.7142
9 Kater
Leith Fort
55 59
39.15546 = E x {1 -f- F x .6870
10 Biot and Kater
Konigsberg
54 42
39.15072 = E x 1 + P X.6661
11 Begsel
39.14600 = E x ]l + F X.6456
12 Kater
Clifton
53 28
39.14250 = E.X (1 + Fx.6246
13 Kater
Arbury Hill
52 13
1-1 Kater
39.13929 = E X {I + F x.6127
London
51 31
•
Greenwich
51 29
39.13983 = E X (l + F x.6122
15 Sabine
16 Biot
39.13773 = E X (l + F x.6045
; . . . Dunkirk
51 2
17 Kater
39.13614 = EX 1 + Fx. 5974
Isle of Wight ......... 50 37
lb Borda, Biot, and Sabine
39.12851 = E X {1 + F X.5667
Paris
48 50
39.11615 = Ex 1 + Fx. 5137
19. Biot
Clermont
45 47
20 Biot
39.11603 = E x 1 + F X.50S1
Milan
45 28
21 Biot
39.11896 =: E x {1 + Fx. 5070
Padua
45 24
22 Biot
39.11788 = E x {1 + Fx.5055
Fiume
45 19
23 Biot
Bordeaux
44 50
39.11296 = E x 1 + Fx.4971
24 Biot
39.11215 = E x 1 + FX.4933
Figeac
44 37
25 Duperrey
Toulon
43 7
39.10952 = E x 1 + FX.4672
26 Biot
Barcelona
41 23
39.10432 = E x {1 + Fx.4370
27 Sabine
New York
40 43
39.10120 es E x {1 + Fx.4255
28 Biot, twice
39.09510 = E x {1 + F X .3904
Formcntera
38 40
29 Biot
39.09828 = E x {1 + F X.3S72
Lipari
38 29
30 Hall
California
21 30
39.03829 = E x 1 + Fx. 1343
31 Freycinet
39.04690 = E x 1 + Fx. 1269
Sandwich Islands
20 52
32 Sabine
Jamaica
17 56
39.03503 = E x 1 + F x.0948}
33 Freycinet
Mariaulslands
13 28
39.03379 = E X 1 + F x.0542
34 Goldingham
Madras
13 4
39.02630 = E x {1 -f Fx.0511
35 Sabine
Trinidad
10 39
39.01888 = E x {1 + F X.0342
36 Sabine
Sierra Leone
S 30
39.01997 = E X 1 + F X-0218
37 Hall
Galapagos
0 32
39.01717 = E x {1 + Fx.0001
3S Sabine
St. Thomas
0 25
39.02074 = E x 1 -f F x.0001
39 Goldingham
Pulo Gaunsah Lout . . . 0 2 N. 39.02126 as E x {1 -j- F X.0000
40 Freycinet
Rawak . . ,
0 2 S. 39.01433 = E x 1 -f F X.0000
41 Sabine
Maranham
2 32
3901213 = E x jl + Fx.0020
42 Sabine and Duperrey
39.02363 = E x {1 + F X.0190
Ascension
7 55
43 Sabine
Bahia
12 59
39.02433 = E x 1 -f F X.0505J44 Freycinet and Duperrey.... Isle of France
20 10
39.04684 = E X U + Fx. 1189
45 Hall and Freycinet
Rio de Janeiro
22 55
39.04350 = E x {1 + Fx. 1516}46 Brisbane and Rumker
Paramatta
33 49
39.07452 = E x { 1 + Fx .3097
47 Freycinet and Duperrey.... Port Jackson
33 52
39.07919 = E x 1 + Fx.3105}
48 Freycinet and Fallows
Cape of Good Hope . . 33 55
39.07800 = E X { 1 + Fx.3113
49 Freycinet and Duperrey ... . Isles Malouines
51 35 S. 39.13781 = E x {1 + F X.6139
•
Second-rate Observations.
50 Phipps
Spitzbergen
79° IT N. 39.2046 = E x {1 + F x.9686
Hare Island
70 26
39.1984 =Ex!l + F x.8878
51 Sabine
52 Maupertuis
Pello
66 48
39.1637 = E X {1 + Fx. 8448
53 De la Croyere
Archangel
64 32
39.1414 = E X 1 + F x.6151
54 Sabine
Brassa
60 1
39.1693 = Ex{l + Fx.7302
55 Godin and Bouguer
St. Domingo
18 27
39.0239 = E X 1 + F X.1002
56 Campbell
Jamaica
18
39.0322 = E x { 1 + Fx .0955
57 Legentil
Manilla
14 34
39.0336 = E x [l + Fx. 0633
58 Warren
Madras
13 4
39.0312 =Exjl 4- Fx.0511
59 Legentil
Pondicherry
11 56
39.0183 =Exjl 4" Fx.0428
60 Godin and Bouguer
Porto Bello
9 33 N. 99.0011 =Ex{l + Fx. 0275
61 Legentil
Madagascar
17 40 S. 39.0267 =ExH + Fx. 0921
62 Lacaille
Isle of France
20 10
39.0389 =Ex{l + Fx. 1169
63 Lacaille
Cape of Good Hope. . . 33 55 S. 39.0703 = Ex|l + Fx.3113
* The whole of these (except Bessel's) are erroneous to the amount of the error in the correction for the density of the air. The magnitude
of this error is nearly the same for all, and is about .0018.
tOL. V.
2H
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Deduction
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dulum Ob
servations.
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To determine E and F from the first-rate observalhe Earth, (ions, the most favourable groups will be formed by
v""-*v~^ taking for one the sum of the first 24 equations and the
Constants in 4gtn> anti for tne other the sum of the 24 remaining
the formula equations,
..
„,,
°
determined,
lhus we get
E X {25-f F x 16.9070 } =978. 8052S
Ex{24-fFx 3.6983 } =937.16322.
The solution of these equations gives E — 39.01677,
F* es . 005133. These values give for the length of the
Equatorial pendulum 39.01677, for the Polar pendu
lum 39.21704, and for the pendulum at latitude X
39.01677 -f .20027 x sin'X.
Substituting these values of E and F in each of the
equations, we get the following apparent errors in mea
surement of the pendulum, or in the number of vibra
tions per day.
First-rate Observations.
Comparison
of calcu
lated and
measured
1 Spitzber^en . .
lengths.
2 Melville Island
3 Greenland . . .
4 Port Bovren . Hammerfe^t . .

Krror
In
Vibra
tion*.
7!)' bV N.139.214691 39.21081 + ■ 00388 + 4.3
.2070
.2032 1 + 381 + 4 2
74 4 7
55 + 0.6
.20335 .20280 +
T4 32
73 14
.20419 .20038 + 381 + 4.2
.19475 .]9'i(l9
34 0.4
70 40
. 1 7456 .17699 — 243 — 2.7
83 26
60 45
.17162 .1692.' + 240 + 2.7
.16511 . 1 6499 +
SiStockholm . . . .V) 21
42 + 0.5
.16159 .15981
178 + 2.0
57 41
91Portsoy
.15516 .154:16 + no + 1.2
* Leilh
to 59
.15072 .15017 +
Kbnigsberg . 54 42
55 + 0.6
.1160(1 .14607
Clifton
7 0.1
.14250 .14186 +
64 + 0.7
ll3|Arbury Hill .. 52 13
.13929
51 31
.13948
|14|London
19 0.2
l.i Greenwich .. . 51 29
.13983 .13938 +
45 0.5
1(1 Dunkirk ... 51 2
.13773 .13784 _
0.1
11
.13614 .13641
27 — 0.3
7 Isle of Wight 5(1 37
.12851 .13027
18 50
176 — 1.9
18 "aris
lg Clermont .... 45 47
.11615 .11965 - 350 — 3.9
[jo Milan
, 45 28
.11603 .11853
250 — 2.8
21 Padua
.11896 .11831 •
65 + 0.7
45 24
.11738 .11801
15 19
13 0.1
K Fiume
.... II 50
.11296 .11633 — 337 — 3.7
23
■J I Bordeaux
_
Figeac
11 37
.11215 .11557
342 — 3.8
41 7
.10952 .11034 —
85 Toulon
82 — 0.1
26 Barcelona . . . 11 23
. 10432 .10429 +
3 0.0
I New York. . . 40 43
.10120 .10199
79 — 0.9
I"7
1*8 [Formcntera . . 38 40
.09510 .09496 +
14 + 0.2
.is 29
]29 Li pari
.09828 .09432 + 396 + 4.4
31) California. . . 21 30
.03829 .04367
538 6.0
31 Sandwich Isl. 20 52
.04090 .04219 + 471 + 5.2
3'2 Jamaica
17 56
.03503 .03576
73 0.8
'33 Marian Island 13 28
.03379 .02763 + 616 + 6.8
34 Madras
, 13 4
.02630 .02700
70 - 0.B
|35 Trinidad ... 10 39
.01888 .02362 — 474 _ 5.2
.01997 .02114
36 Sierra Leone. 8 30
117 — 1.3
.01717 .01679
37 Galapagos. . . 0 32
38 + 0.4
0 25
.02074 .01679
38 St. Thomas
395 + 4.4
39
0 2 N. .02126 .01677 + 449 + 5.0
(1 2 S. .01433 .01677
Rawak
244 2.7
.01213 .01717
Maranham
2 32
504 5.6
.02363 .02058 + 305 + 3.4
Ascension
7 55
.02433 .02688
43 Bahia
12 59
255 2.8
44 Isle of France 'JO 10
.04684 .0405s + 626 7.0
45 Rio de Janeiro 22 55
.04350 .04713
363 4.(1
16 Paramatta
.07452 .07880 _ 428 — 4.7
33 49
]47
.07919 .07896 +
23 + 0.3
52
'48 ■•Purt Jackson 33
.07800 .07912
33 55
112 1.2
4!)
i 51 35 S. .13781 .13972 - 191 - 2.1
UUnde.

ObseTTed
Length.

Calculated
Length.

Error
Length.in

* It is remarkable that when Newton found the decrease of gravity
at the Equator to be greater than in a homogeneous spheroid, he sup
posed the ellipticity to be greater than for a homogeneous spheroid.
We shall draw an inference exactly contrary to this.

EARTH.
Second-rate Observation.!.

No

Place.

50 Spilzbergen . .
51 Hare Island . .
52 Pello
53 Archangel ...
54
55 St. Domingo .
56 Jamaica ....
57
58
59 Pondicherry. .
60 Porlo Bello.. .
61 Madagascar . .
62 Me of France.
63 C. Good Hope

ObsWTtd
Length.

Latitude.

Calculated
Length.

79»47' N. 31 .2046 39.2108
70 26
.1984
.1946
66 48
.18(10
.1837
64 32
.1414
.1800
00 1
.1693
.1670
18 27
.0372
.0239
18
.0359
.0322
14 34
.0336
.0295
.0270
13 4
.0312
11 56
.0183
.0253
.0223
9 33 N. .0011
17 40 S. .0267
.0352
20 10
.0389
.0406
33 55 S. .0703
.0791

from Pi
Error to diilum I
Error
in
Vital,
Length. liona. servatii
0062 - 6.9
+ 38 + 4.2
23 - 2.6
— 386 -42.7
+ 23 + 2.6
— 133 -14.7
37 - 4.1
- 42 + 4.7
+ 42 + 4.7
_ 70 - 7.8
— "212 -23.4
— 85 - 9.4
17 - 1.8
— 88 - 9.8

In order to compare the lengths determined from
Malaspina's observations with the others, we have cal
culated from the formula 39.01677 -4- .20027 X sin' X
the length at each of his stations. We have divided the
sum of all these by the sum of his numbers ; and have
used the quotient as a common multiplier by which we
have multiplied each of his numbers. The length thus
produced we have called the observed length, and we
have compared it with our calculated length as in the
other <
Spanish Observations.
Xrrurtn
Error
Length.in VthraUona.
N 39.18179 39.16565 + .01914 +21.1
.127.')!! .13285 — 526 - 5.8
.07431 .08796 — 1365 -15.1
.08491 .08774 — 283 - 3.1
.02734 .04536 — 1802 -19.9
85 - 0.9
.03275 .03360 —
.03773 .02950 + 823 + 9.1
1106 -12.2
N. .01631 .02737
54 + 0.6
S. .02020 .01966 +
232 - 2.6
.02323 .02555
.03903 .03714 + 189 + 2.1
.08405 .07891 + 514 + 5.7
.08795 .08238 + 557 + 6.2
235 - 2.6
.08600 .08835
.13112 .11516 + 1596 +17.6
7 - 0.1
S. .13885 .13892

Latitude.
Mul grave
Nuika
Monterey
Cadiz
Macao
Acapulco
Manilla
Umalag ....
Zaniboanga .
Lima
Isle Baban ..
Port Jackson
Monte Video
Conception . .
Port Si. Helen
Port Egmont

49
36
36
22
16
14
13
6
12
18
33
34
36
44
51

35
36
32
12
51
36
18
54
5
36
51
55
43
30
21

OtserrrJ
Length.

Calculated
Length.

From an examination of these apparent errors, the r>
following conclusions may be deduced.
fr
h The observations that we have called second-rate, cc
and the Spanish observations, are perfectly useless for
the investigation of the Earth's form.
2. Upon scrutinizing the errors of the first-rate ob
servations, it would seem that, caeteris paribus, gravity is
greater on islands than on continents. This is a con
clusion, however, that cannot be adopted till the correc
tion for elevation is ascertained with greater certainty.
The stations of observation on continents, or large
islands, are frequently more elevated than those on
small islands ; and, therefore, if our correction (the
usual correction multiplied by 0.6) is too small, as it is
additive, it will make the pendulum's length, reduced to
the level of the sea, much too small at the continental
stations and not much too small on islands. Yet we
think our correction (adopted from Dr. Young) a good
one, as it removes some apparent anomalies. At Cler
mont, for instance, an elevated station, with the usual
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f^ntf correction, gravity appears too great ; with ours there is
fr uith. no remarkable inequality. These considerations will
^r-1 show what caution must be used in adopting any theory*
which rests upon very delicate differences of gravity.
3. But it is impossible to avoid remarking, that in
the high North latitudes the greater number of errors
have the sign +, and that about the latitude 45° they
have the sign — ; those about the Equator being
try it nearly balanced. No alteration of our numbers is Hufbi< b>- ficient to correct this. If we increased the multiplier
*?_ of sin* X, we might make the errors at high latitudes as
ly balanced as those at the Equator : but then those
latitude 45° would be still greater than at preTo destroy these without altering the others we
may add a term — A . sin" X . cos* X. We have seen in
Section 2. Art. 71. that such a term ought to exist,
though we could only offer a conjecture as to its mag
nitude. From the table of errors it would seem that
the length of the seconds' pendulum would be better
eipressed by 39.01677 + .20277 X sin'X- .00880 X
sin* X . cos* X. The last term is ten times as great as
our imperfect theory would lead us to expect. Still, as
an empirical formula, this is the best that we can offer.
4. There does not seem to be any reason for think
ing- that gravity is different at different longitudes ; as
the irregularities on different meridians do not appear
greater than those at places near one another. Nor does
it appear that there is any difference between the
Northern and Southern hemispheres.
Now to determine the Earth's ellipticity we must
refer to the formula of Section 2. Art. 65. It appears
that gravity, or the length of the seconds' pendulum,
being expressed by E (1 4- F sin* X), F will = -— - e,
z
and consequently e =
— F; where m is the ratio
m
of the centrifugal force at the Equator to the force of
;„ gravity there. To determine m, we have, Equatorial
IM seconds' pendulum = 39.01677 ; hence the space
fell through which the Equatorial gravity would make a body
■». fall in 1' is IT*
— x 39.01677, and the velocity which it
would generate in I* is sr*x 39.01677. Also (Mecha
nics^ XIV.) the velocity which would be generated in
1' by the uncounteracted centrifugal force produced by
describing in T seconds a circle whose radius is R, is
4t* R
1(. p
p
,
, 4 x251084556
- ; or at the Earth s Equator »* x
(86164.1)' 4
X
251084556
Consequently m =
-,=.0034672;
39.01677 X (86164.1)'
and = e .0086679 - F.
The question now is, what value shall we choose for
ira'i F? Shall we represent the length of the seconds' pen
dulum by 39.01677 + .20027 sin'X, or by 39.01677
■+■ .20277 sin* X — .00880 sin* X cos* X ? The former
gives F = .005133 ; the latter gives F = .005197.
We are now in a case where our theory partly fails, and
where it is impossible to say which of the empirical
forms is more likely to be correct. If we adopt the
former value of F we find e = .003535 ; if the latter,
* Captain Sabine has observed, (we think correctly,) that in many
instances the inequalities in the force of gravity appear to depend
oq the geological character of the stratum. On basaltic rocks, for
instance, the number of vibrations is greater, and on alluvial soil less,
than we should hive inferred from the latitude of the station.
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e = .003471. Either of these values of e is consider
ably greater than that which we found from the discus
sion of the geodetic measures (.003352).
We cannot offer any conjecture as to the cause of this
difference. If the regions of the Earth in middle lati
tudes were composed of lighter materials than the
other parts, it might possibly happen that the gravity
at middle latitudes (from the resulting projection of the
Earth at these parts) would be diminished, while at the
Poles and Equator it would be increased. The same
alteration of figure would cause the ellipticity, deduced
principally from measures near the Equator and in mid
dle latitudes, to appear less than it ought. The only
way of verifying such an idea would be, to measure an
extensive arc of meridian near the Pole, (for we con
sider the Swedish arcs to be almost useless,) a thing
which is not likely to be ever effected. But is such an
idea worth verifying ? We cannot say that it is : and
we have uttered it only in the effort to produce some
conjectural explanation of an apparent anomaly.
We can find, however, another conclusion which it is
more pleasing to dwell upon. If the form of the
Earth's meridian were traced on paper the nicest eye
would be unable to distinguish it from a circle. The
ellipticity is so small that the closest inspection without
measure could not judge which was intended for the
greater and which for the smaller axis. The whole
quantity in dispute is less than one-sixteenth of this
ellipticity. Instead of being surprised that such a dif
ference exists, we may well be astonished at the accu
racy of modern measures of all kinds which make so
small a quantity a subject of controversy.

Physical
Theory of
Precession
and Nu
tation, Ace.
Greater
than that
given by
measures
of arcs.
No ex
planation
of the dif
ference.

Section 9.—Physical Theory of Precession and Nuta
tion, and Deductions of the Earth's Ellipticity from
their observed Magnitudes.
To point out the peculiar difficulty which at first sight Difficulty
in the fun
appears to exist in the explanation of these pheno damental
mena, we will consider the Earth in the situ explanation
ation which it has at the summer solstice. In fig. 48 of pre
let S be the Sun, B the pole of the Earth whose centre sion.
is A. If now the Earth were a sphere, the attraction of
the Sun upon it would not tend to disturb its motion of
rotation. But from the preceding discussions it ap
pears, that the Earth is an oblate spheroid, and that,
consequently, at K and L its form is protuberant above
the spherical form. The attraction of the Sun upon K
is more powerful than that on the principal mass of the
Earth ; the attraction on L is less powerful. Consider
ing the effect of these forces in producing motion re
lative to A, the effect of the former is the same as if K
were drawn towards S, that of the latter the same as if
L were pushed away. The effect of both of these
forces seems, to twist the spheroid so as to remove B
further from S. But in point of fact the effect is, to
lift up the pole B from the paper, while A remains in
it ; B preserving the same distance from S. This is
the difficulty to be explained.
The explanation is to be sought in the composition
of rotatory motions given in the Treatise on Mechanics, explained
the
Art. 143, &c. The Earth is revolving round the axis by
composi
A B. The tendency of the forces that we have de tion of ro
scribed is to twist the Earth round an axis which would tatory
be represented by sticking a pin perpendicular to the motions.
paper at A. The consequence is, that at the end of a
short time the Earth is revolving about an axis lying
2h 2
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Figure of in the plane which passes through the pin and A B, but shifted from A B towards the pin. (We say towards Ptiyiici
the Earth, the pin and not the other way, because the direction of the shifting is determined by observing on which side Theory (
V-»V"""-/ of the old axis the motion impressed by the extraneous forces is opposed to the motion due to the original I1"**""
rotation ; as it is plain that the position of the new axis must be in that part where the two motions destroy Jj-J^I
each other.)
From this it appears, that the actual axis of rotation does in fact wander within certain small limits through
the Earth. Since it continues to rise upwards from the paper at the extremity B while the Earth is revolving,
it is easily seen that the pole describes on the Earth's surface a very small circle whose circumference = daily
motion of the pole. The pole of the terrestrial ellipsoid then, whose form is determined by the rotation, will
be in the centre of this small circle. And the motion will be the same as if the Earth revolved round one
invariable axis, namely the axis of the ellipsoid, and this axis were lifted up from the paper.
Suppose the extraneous forces would impress in 1" an angular velocity a round the axis represented by the
pin ; and suppose a; to be the angular velocity round the original axis. As the velocity a is not impressed at once,
but by degrees, suppose the 1* divided into n equal parts. At the end of the first part, the original velocity a> round
A B is compounded with the velocity - round the pin. The new axis (by the theorems referred to) is in a posi
tion dividing the angle between A B and the pin (a right angle) into two parts whose sines are in the pro
portion of a> and n ; that is the angle which it■ makes with A B has for tangent n—.
» And the velocity of rotation round the new axis (see Mechanics) is to that round the old one, as the sine of 90° to the sine of the
complement of the last-mentioned angle ; and consequently it = u *y 1 -j—-—- — ^/ to9 -)—^

In the

2 a9
, &c. ; and after
71*
yn a1
/
o»
°>* H
j- = V u)4 H
• Now let the communication of the
city of ro™
"
tation U not motion be gradual, that is, let n be indefinitely great, and this becomes u>. That is, the velocity of rotation is
altered.
not altered. Taking up the investigation again, it will appear that in every ptt part of 1* the axis is shifted
a
through the angle whose tangent is
and, therefore, in l" the axis is shifted through n X angle whose tanMeasure of
a ,.,.'.,„. ,
,°/
the motion Rent is —, that is, making n indefinitely great, through the angle - (as measured on the circumference of a
of the
»•» Jt
,.
«"
Earth's axis circle whose radius = 1.)
produced
We must begin then with calculating the value of a. Now to find the momentum of the impressed forces in
by an ex- producing rotation round A, we shall take the difference of the forces acting on each point P and on A (this
force°U5 amounts to the same as impressing on all the particles a force equal to that on A, which evidently would not
u)» -)

alter the rotation.) The Sun's force onP=
(putting S for the acceleration produced by the Sun's action
Calculation
**
mentuintf at distance 1) : the resolved parts in the directions PN and N A are ■ ' _ ■ and ' ^ ; or subtracting r—thp bun
Sun'ss
8™
b™
S A9
the
S . PN
/ 1
1 \
attraction. ^ force on A> they are
aud g /
__ \ as S P is very nearly equal to S N. The values of these,
S VN and —
supposing S A very great, are nearly —
- 2 S X A N. The momenta of these forces acting on a particle
g
2S
3S
Sot are —- PNxANxSwiand —— ANx - PN x 5 m ; their sum is —- AN.PN.5m. LetAM
o A"
a A"
S A»
parallel to the equator = x ; MP parallel to the axis — y; BAS=9; then A N = x sin 0 — y cos 0 ; N P
3 S X {(*4 - y*) sin 0 . cos 0 + x y (sin9 0 - cos9 d)}im.
= x cos 0 -f- y sin 0 ; and the momenta of the forces is —5
3 S sin 0 . cos 0
Consequently the momenta of forces upon the whole spheroid is the sum of the quantities —S A*
3 S
3 S
f&lm, — —-j- sin 0 . cos 0 .fy* 5" m, —r- (sin- 0 • - cos1 0)fxy Sm. But since for every value of x we
oA
o A8
can find pairs of particles, whose values of y are equal, and have different signs, J x yi m will be 0. Also,
putting a and b for the major and minor semiaxes, and p for the density of the spheroid, it is easily seen that
Jx-Sm must be proportional too9 X mass of spheroid, or proportional to a9 x a8 6 . p, or equal to C . a4 6 . />;
and that fy*lm must be in the same proportion to 69 X oa 6 . p, or equal to C a9 &• . p : and therefore the
3 S sin 0 . cos 0 . C . «9 b (a9 — 6s) p. If a = 6 (1 + e) where e is small, this
whole momentum of forces = ——
o A*
6S
= 5-— . ein 0 , cos 0 . C 65 e . p.
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If. »s in Section 2. Art. 44. we suppose the spheroid to consist of a series of spheroidal shells of different Physical
6S .
' r d^e) „
6S . „
„ „ Theory of
' densities, the momentum of forces will be —- . sin 0 . cos D . C fp . ■
' .db, or—— sin 0 . cos 0 . C . Precession
S A3
•'OO
S A3
and Nuj^
tation, &c.
Now to find a (Mechanics, § XIX.) we must divide this by the moment of inertia, or/" (x«-f- i/1)
which ^TYT-'
for a homogeneous spheroid = C a8 6 (a4 + 6s) p = 2 C . 6s . p nearly ; and for a heterogeneous spheroid o{\™ ™on
= ICfp .

d h'

Cal1 the ffeneral inleB,al v

and 1116 value which il has at lhe surface v (b), and we "™£j|n of

have for the moment of inertia 2Cv (b). •
"
3 S
(b)
Dividing by this the moment of the forces, we have o = -—- ——{ sin 0 . cos 6 : and consequently the Calculation
1
SA' »(b)
of the mc_
.
3S
y> (b) . „
.. , ,
.
„ _ tion of the
motion of the Earth's axis in 1* = ——
. —ttc sin 0 . cos 0 ; which for convenience we may call D . Earth's axi*
S A■ ■ " v (b>
produced
sin 0 . cos 0.
by the Sun.
Now this motion is perpendicular to the plane passing through the Sun and the Earth's axis. In fig. 49, let Directionof
B represent the place of the Pole, and O the place of the Sun as seen from the Earth's centre ; let
S3 be tnjs motion,
the ecliptic, P the pole of the ecliptic, B 6 perpendicular to B © . Then the Earth's pole is moving with the
velocity D . sin B © . cos B 0 in the direction B 6. This produces an alteration in the distance of B from P,
and an alteration in the place of 25. We shall investigate these separately.
First, the resolved part of the velocity of B in the direction B P is D . sin B Q . cos B 0 . sin 0 B 23 =
D cos B 0 . sin © 23 = D cos B S3 . cos 0 25 . sin © 23. Let P B = I : then cos B 25 = sin I. Also
let the Sun be supposed to go (apparently) through the ecliptic in a year or T seconds, with a uniform motion, Change in
(the effect of the inequality of motion is not sensible,) and let t be the time since the Sun was at op. Then the inclina2
2w
2*14*
t'°n °' *'18«P © = T|r- 1, and cos 0 23 . sin © 23 = sin — t . cos — t = - sin— t; and the resolved velocity in the ^atr|5g Saxl*
D
4*
.
ecliptic prodirection B P is — sin I . sin — t. Integrating this with respect to t we find the motion in the direction B P duced by
2
T
the Sun.
DT4n"DT
D.T
=
—:— . cos -— t =
— . cos 2 <V ©. And the inclination is changed to I H— — cos 2 op 0. It
OT
1
8 IT
O 7T
is plain that the last term is periodical : and, therefore, though the inclination is changed in the course of a year,
it is the same in all successive years. The variable term is called Solar Nutation.
Secondly, the resolved part of the velocity of B perpendicular to B as is D . sin B 0 . cos B © . cos 0 B 23. precessioiI
Now cos 0 B 23 = sin B 0 23 . cos 0 23: the expression becomes then D . X (sin B 0 . sin B 0 25) 0fequiX (cos B ©) X cos 0 23 = D x (sin B 23) x (cosB 25 . cos 0 23) X cos © 23 = D . sin I . cos I. sin4 <¥> 0 noxes proD
/
4v \
daced by
= — sin I . cosIM — cos — t V Integrating with respect to t we have for the motion of B perpendicular the ^"v
to P B, 5 . sin I . cos I . t — — ' — sin I . cos I sin 7^ t. The motion of 25 is found by dividing this by sin I, and
2
8w
T
T cos I . sin 2 <Y> ©. The last term is periodic : it is considered a part
it is, therefore, D
— . cos I . t D .'■—
2
8 jt
of solar nutation. The first increases uniformly; it shows that 23 is continually travelling towards cp, or
backwards : the regression in one year is — cos I . T. This is called Solar Precession.
The last investigations apply as. well to the Moon as to the Sun. The only difference is that the Moon re
volves in so 6hort a time round the Earth that the periodic terms analogous to solar nutation are hardly
sensible. So that putting M for the mass of the Moon, M A for her distance from the Earth's centre, — 3 M
■■■ »
MA'.u
^■(b)
X t — —! E, I' the angular distance between the pole of the earth and the pole of the Moon's orbit, T" her
E sin I' cos I' . T7 in a
periodic time ; the motion of the Earth's pole during one revolution of the Moon is —
2
direction perpendicular to the great circle joining the pole of the Earth, and the pole of the Moon's orbit,
Now the pole of the Moon's orbit describes (nearly) a circle in 18J years round the pole of the ecliptic. And
this change of place, altering the direction and magnitude of the motion of the Earth's pole, produces the
inequality called Lunar Nutation.

General
explana|„n° °f re
cession'aiid
lunar nula*

In fig. 50, let p be the pole of the Moon's orbit. Then the motion of the Earth's pole in 1* will be — sin ^
2
. cos Bp in the direction B b. The resolved part of this velocity which increases the distance of B and P
E
E
is - x (cos Bp) X (sin Bp . sin P Bp) = — X (cos B P . cos Fp + sin B P . sin P p . cos P) x (sin P p .

_

sin P). Let Fp = I", and let the periodic time of p round p in a retrograde direction be T": and let t be the
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E
thcfBirth! tnne smce P Passed the arc P B. Then the velocity above = g x |cos I . sin I" . cos I" . sin
-f- 1 ThtST
^-^—
■
4 n- tf l
E . T" (
Change in sjn I . sin0 I" sin
- L I .i.egrating this with respect to t, we have for the increase of P B, —■— x 1 - cos I
the inolua1 )
4 jt
I
lion of the '
9 ir < 1
4ff()
Earth's axis _ sjn j« > cos jrr _ cos __
s;n i , sj„a |// , cos __ I These terms are one part of lunar nutation
to tlieeclipT
4
1' )
tic proThey are evidently periodical ; and, therefore, the inclination of the Earth's axis to the axis of the ecliptic is not
the Mood, permanently altered.
E
E
Precession
Again, the resolved velocity perpendicular to P B is — sin B p . cos B p . cos PB p . = — sin Bp. cos
noxes d?o" t>
cos P p — cos B P . cos B p E
cos Pp - cos B P . cos B p E ,
_'
_„ , . _
-£d£ BP
sinBP.sinBp
= 2 ' C°S B P '
*iBP
~ = 2 (C°S 1 ' C0Sl" +sinI
the Moon.
• tii
t.v sin*I.cosI"-sinI.cosI.sinI".cosP E . . T
_„
, OT. . „
tu
. sin I" . cos P) .
:—
= — { sin I . cos I . cos* I"— (cos* I — sin2 1) sin I* . cosl"
sin I
2 1
2 7T t
. cos P • sin I cos I . sin' I" . cos* P } . Putting -=f for P, and integrating with respect to t, we find
E f
1
T"
for the motion perpendicular to P B, — \ sin I . cos I . (cos* I" — - sin* I") . t — — (cos* I — sin* I) sin I" .
2 1
2
2 7i
cos I" . sin —^f — g— . sin I cos I sin' I" . sin

j.

the remaining part of lunar nutation. The retrograde
Ef
the Pole by sin I ; it is, therefore, - < cos I . (cos* I' —
2 I
T" . cos I . sin* I" . sin Art)
— -—
-=^t->. The two last terms,

The two last terms are evidently periodical : they are
motion of 23 will be found by dividing the motion of
1
T' cos 21
.2«-<
- sin* I') t — -— . —;—— . sin I" . cos I" . sin
ii
2 7r
sin 1
t
which are periodical, constitute the equation of the

equinoxes in longitude. The first term increases uniformly : it is called lunar precession.
E . T . cos I . (cos* I"— —1 sin* I").
Sum of solar The lunar precession in one year is found by putting T for t : it is therefore —^—
precession.

J
T
The whole annual soli-lunar precession is, therefore, { D + E (cos* I* — - sin* I") } — cos L.

Putting

for D and E their values, this becomes {,-7-r; + qr^-r- (cos* \" — \ sin* I") } . 3 008 - . ^ ~~,
[SA1 'MA'
2
J
2 u>
v (b)
To reduce this to numerical calculation, we must remark that (Mechanics, Art. 65. where u corresponds
4 »* . S A*
S
4 ?r'
to our S, and a to our S A,) T* =
5
, therefore r— = ——. Also, by the same formula, as the Moon
o
S A*
1
,
1 1 t„ 1
Earth's mass
4 T* '
.„ , „
1.
revolves round the Earth as a centre,
— ^3
=
: and consequently, if the Moon = -'* of the Earth,
M
4ir*
mX* = «-r* "

T*
1
6** cos I
(b)
This makes the expression < 1 + ^ (cos* * ~ I sin> V) }
• TTb) •

But

since w is the angular velocity of the Earth, T 10 is evidently the angle through which the Earth revolves in a
year = 366.26 x 2 x. Urns the annual precession becomes { 1 -f -^3 (cos* I" — ^ sin* I") } . 3 gg'6°gg * • ^"7gJ*
This is measured by an arc ofa circle whose radius is 1. If we express it in seconds of a degree, it must be mul
tiplied by
*
* 6t) .
give8 for the annual precession in seconds, { 1 -f(cos* I" — i sin" I*) } .
(b) XP ^ ,knew accurately
. . the value
. ofr n, we might
. . , compare this
... expression with
. .
Soli-lunar 540 3X 66026x 60 °°S T V"
—(b)'
precession
'
^
in a form the observed value of annual precession (which is known very accurately) and might thence infer the value
for calculi/^N
tion.
of t_> / This, it is plain, would give us considerable assistance in determining the form and constitution of
v (b)
the Earth.
But as n is not very certainly known, it will be better to use also another observable quantity depending on n.
The most easily observable is the first term of lunar nutation in the increase of P B. This coefficient we
have found to be —
4tt

. cos I . sin I" . cos I", or ——, .
cos I . sin I" . cos I' ——-, or ———
MA 4 » . «J
v (b)
n
. ui

* Instead of « we ought ia strictness to have put » + 1. See Physical Astronomy, p. 653. The effect of this error i» insensible.
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•f
t • M
Ttt 1 00 »«• V
T«
T . T,.
T/, ^ (b)
.
.
Physical
^«I.»nI».co8r.—j = --T •rr366726 . 2 ~ • ^ I • ^ I" • cos I" . ^ Wh:ch m seconds (as Theo^of
,
1 T" T» 270 x 60 x 60
_ . ¥/.
_,, ^(b)
bttefowm—*)«-.-.-, 366 26 y . ew I . mn I" . cos I" . —.
Now suppose I = 23° 28'; I" = 5° 8' 38"; ^- = 18.6 ; ^ = ^jf'a f ; also call the whole annual pre1
1
^7-32
o, and the term just mentioned 6. Then on performing the calculations, we shall have these equations,
^•(b)
= (4869 + ^).^
\
n / v (b)
231460 V(b)
"■(b)

and Nu-"
ut^&c.
nauU*
form for cat.
culation.

Solving them,

n = 47.54 X •? - 177.56
6 "
r ..
Function
ti^l =
x a - .0007671 x 6.
.
?fp.!°din8
— .0002054
nnn9i
on
the
(b)
Earth's
The last value is the only one for which we have occasion at present.
form deNow a is very nearly 50.3 ; the value of 6 given by Bradley is 9.0 ; by Mayer 9.65 ; by Maskelyne 9.55 ; duced from
"
observed
by Laplace 9.40 ; by Lindenau 8.99 ; by Brinkley 9.25. Then we get for
the following values :
precession
■tHb)
andnuta.
According to Bradley,
-2-^ = .003428
tlonv (b)
Mayer
= .002930
Maskelyne
= .003006
Laplace
= .003121
Lindenau
= .003436
Brinkley
= .003236.
The last value is perhaps the most probable ; (it has been adopted as such by Mr. Baily in the construction of the
Astronomical Society's Tables, and we think properly.) Now it must be observed that we cannot from this
deduce the Earth's ellipticity without assuming some law for the density of the strata, and solving approxi
mately a troublesome equation.

For though yjr (b) = g ^e — ^ ^ b' . 0 (b), (Section 2. Art. 63.) and, there

fore, — ®P =: ^ (e — — ^ . k ^.^t where 0 (b) and v (b) do not depend on e ; yet the values both of e and
v (b)
3\
2/
v (b)
of$ (b) and v (b) will depend on the value of the constants in the law (whatever it maybe;) and, therefore,
when e is determined on the assumed law in terms of the constants by the formula of Section 2. and <j> (b) and
5/
m \ b* . <j> (b)
,
"(b) are expressed in terms of them, there will, upon making -I e
I —'—ttt— equal to one of the
3\
2 / v (b)
above, be a complicated equation to solve. If, for instance, we assume the law mentioned in Section 2.
Art. 68. and take Brinkley' s value of nutation, we shall have this equation to solve

3/ _ x
f.b*
m\
/
Calculation
p
- _}
Brmk.
—f +J - 3
2 +/ - jT,
ley's
/
T0
tion.
Solving this by approximation, with the value m = .0034672, we find q b ss 143° 53' ;
nft^OTfS — I—
.003236 - 1 g

where /= 1 — ~ -

lion wiu *o|
6ive ,he
Earth'sellipticity with°J|*J
law of den-

and substituting this in the expression
e ss

5m _jTb«
.
, we find e = . 3323.
2 - q'ti
/ + f~*

J, (b)
The smaller values of —t:— give smaller values for e.
"(b)
We may remark that the mass of the Earth is =
Marly, therefore the mean density = S^' P '

C p ^j-^- d b nearly, and its volume = —■ b*
9 J
do
'
3
- * nearly. With the law above mentioned, and the value
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The Earth, of g b just found, we find for the mean density -7^ •
Earth's
s;n q \, / that at the surface being — '
- -. The
mean den1
D
sity com3 f
pared with proportion of these is -5-731 or 2.20; a proportion that
density at
<7 u
surface.
agrees pretty well with the results of experiments here
after to be mentioned.
Section 10.—Deduction of the Earth's Ellipticity from
the observed Inequalities of the Moon's Motion.
In Section 2. Art. 67. we have found for the inequality
in the Moon's latitude depending on the Earth's non...
/
m\ 4 r60]»
/Earth's period\
sphericity, - (e — M . \^Uq^m)

Ellipticity
calculated
from ine
quality in
the Moon's
latitude.
From ine
quality in
the Moon's
longitude.
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such a determination, as in all probability the observa- Ineqnat
tions which are compared have been made by different of th
persons and in different manners. The small lunar J}00.'
inequalities, besides, are involved among a mass of terms ol"
much greater than themselves ; but an error in their de- q^J^
termination has less influence on the value of e than an ihecert
equal error in the determination ofnutation. We mention of these
these things merely tc show that these deductions could clu,,<>°!
not be put in competition with those derived from geode
tic measures, or pendulum observations, if the discord
ancies among the latter were not so great as to make
every confirmation of their results desirable. The coin
cidence of the results is however satisfactory, as it
gives us a strong confidence that the result deduced
from the measures is not far from the truth, and that
our theory is in the main correct.

Section 11.—Observations which show that the Attrac
(Earth's radius V . »
■ « m.
— =—-—
I . sin I . cos I . sin 0. This exprestion of Masses comparatively small is sensible ; and
Moon s distance/
Determinations of the Earth's mean Density.
sion is, in fact, the same as Laplace's, (Mecanique Ce
Among
these we may place the discrepancies which *non
leste, livre 7, No. 29.) observing that g is very nearly
have been observed in comparing different parts of the !° *
3
=: 1 + — m4 (in Laplace's notation.) If I = 23° 28', same arc. Of these it must be confessed, that in some p,m
Earth's radius
, Earth's period instances no distinct explanation can be given. At same
and —
r-—
as sin 57', and — ;—-—— Arbury Hill, for instance, one of the stations nearly
Moon s distance
Moon s period bisecting the English arc of meridian, the latitude was
365.25
.„
70
: 2755 ' andM = 71' this is equal to - 4891" observed, and was found to differ about 5" from any
that could be admitted, on any supposition of the Earth's
form
; at Dodagoontah, on the great Indian arc, an un
(e--f)xsi
sin 0. Now this inequality has been
explained disturbance to nearly the same amount was
found to exist, (it has the effect of increasing the appa observed ; at Takal Khera the same thing was ob
rent inclination of the Moon's orbit in one position of served ; but Captain Everest appears to have accounted
her nodes, and of diminishing it as much in the oppo perfectly for this by the attraction of a range of moun
site position,) and its magnitude has been inferred from tains at the distance of 15 miles, (the range running
observation. The multiplier of sin 0 in Burg's Tables Eastward from the termination of the Western Ghauts.)
is — 8".0 ; in Burckhardt's it is the same. This value The magnitude of these disturbances, it must be ob
served, is much greater than any error that could pos
gives e —
= ^ = .001636; and considering m sibly happen in the use of the astronomical instruments
or in the geodetic measures, without the most unreason
(as before) as .003467, we have e = .001636 +.001734 able neglect. And in inferring the latitude of one place
= .003370.
from the observed latitude of another not on the same
We have mentioned in the same place, that there is meridian, through the medium of a geodetic measure,
an inequality in the Moon's longitude depending on the results have frequently been obtained which differ much
non- sphericity of the Earth. Laplace's expression from the observed latitudes. Thus {Conn, des Temps, lot
(which our limits do not allow us to investigate) is 1827, Additions) the latitude of Turin deduced from ">g
equivalent to C . sin longitude of the ascending node of that of Milan differs from the observed latitude by 8".9; l°d
19
the Moon's orbit, where C = — . tan mean inclination that of Venice by 9".5 ; that of Rimini by 27".4. ^
We regret that in the statement which we have copied, m
of Moon's orbit x the coefficient of the last inequality. there is no mention of the dimensions of the Earth
Making mean inclination = 5° 8' 38", C is found which have been used in deducing the difference of
latitudes from the geodetic measure.
= 4183" X ^e -2V ln Burg's Tables C is 6".8;
Another class ofobservations leading to the same con- In
elusion is the difference between the values of degrees
m
in Burckhardt's it is 7".0 The first gives e
— given by different arcs passing over nearly the same
M ground. We have seen that in the Swedish arcs it is
771
r= .001626, e =s .003360 ; the second gives e
— necessary to suppose one disturbance to the amount of
12", or two disturbances whose sum =: 12". In the
.001673, e = .003407. Any of these values agrees arc of parallel between Beachy Head and Dunnose, as
nearly enough with that deduced from the geodetic compared with that between Dover and Falmouth, there
measures.
is evidence (though less perfect) of disturbance nearly
In estimating the reliance to be placed on these as great.
values, it must be observed that they are deduced from
In the Piedmontese arc, if we wish to reconcile it in 1'
observations which are insufficient if they do not extend any degree with the arcs in greater and smaller lati- n
over a period of nearly 20 years. The same remark tudes, we must suppose that the effect of the disturbances
applies to the deductions of the last section. This is more than 40". But no one who considers the
always throws a very little doubt on the accuracy of situation of the alluvial basin of Piedmont, with the
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• r» rf highest part of the chain of the Alps to the North, and
r-fjrit the Apennines (of no inconsiderable height) to the
South, will doubt that this is perfectly explained by
their attractions.
These observations, though they render the applica
tion of our complete theory doubtful, yet serve to give
the strongest confirmation of its fundamental principle.
We must not reject* them because they disagree with
our theory ; we must endeavour to ascertain whether
they are consistent with the principle of universal gravi
tation, and if we find them to be consistent, we must
examine what alteration must be made in the other
suppositions of our theory to make it represent the facts
of observation.
teaiNow all that is necessary is, to imagine that, after
' wtn" the Earth had assumed a form of equilibrium and
JuibT bwone solidified, parts of the external crust were
fciuo. elevated by some internal force. And if successive
coatings were deposited from a fluid covering the whole,
we must suppose irregularities of deposition, in many
cases connected with the former, to have taken place.
These inequalities, on the principle of gravitation, might
account for disturbances in the Earth's form, or rather
in the form of the sea, great in themselves, but small in
comparison with the magnitude of the Earth. The
circumstance, however, of islands being found scattered
over every part of the Ocean seems to justify us in the
Lelief that the Earth was originally fluid, and that its
form has not been much altered by posterior convulsions.
The disturbances alluded to have shown the ex
pediency, and suggested the possibility, of determining
by observation the attraction of mountains ; and the
desire of throwing some new light on the constitution of
the Earth has prompted several experiments for ascer
taining the mean density of the Earth. In the last cen
tury, too, it was doubtful whether the Earth's ellipticity
was less than — , (the value assigned by Newton,) and
the determination of the Earth's mean density might
iit (sssummg lhe principle of gravitation) assist in settling
, that point. For, as has been seen, if the principal attrac*» live mass of the Earth were at its centre, the ellipticity
kin
i
* ■ • would be not much greater than —— ; and therefore if
pfrQitiig
580
l the central part of the Earth were more dense than
the parts near the surface, the ellipticity might be
expected to be less than —- the value which it would
SfwU
have if the Earth were homogeneous. The first expe
riment of this sort was that of Bouguer, mentioned in
our first Section ; of which we take no further notice,
as the person who made it did not think its results
worthy of any confidence.
The second was that of Dr. Maskelyne on the attrac* In the Phil. Tram. 1812, is a paper by Don. J. Rodriguez, (we
before one of the gentlemen who assisted Delambre in his survey,) in
»hich observed latitudes are compared with assumed dimensions of
the Earth, and the difference is at once set down as an error of obser
vation. The reader, who has taken the trouble to examine our Section
on Meridian Measures, and its results, will judge how uncertain the
dimensions of the Earth still are, and how certain it is that, using any
dimensions whatever, we must still suppose some disturbing cause to
affect the latitudes with errors far greater than the errors of observa
tion. The paper in question has been severely criticised by Dclambre
in the Conn, det Tempt, 1816, Additions. For our own part, we can
scarcely imagine how any one who had been concerned with geodetic
surveys, or who even knew their object, could compose such a mtmoir
t« that to which we allude.
VOL. V.
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tion of Schehallien. The history of this is given in our nefem.'n*.
first Section ; the astronomical observations are in the ,lon °f 'he
volume of the Phil. Trans, for 1775. The sector was E™*
made by Sisson, with the plumb-line passing over Density,
a dot at the centre of the instrument ; it was divided » .,- ,_j
by taking an arc (7° 9' 59".917) whose chord = ^lh of Attraction
the radius, and continually bisecting this arc : it was of Schclulused with a micrometer-screw as we have described in l'enJ°ru0nn^_
Section 3. At each of the stations it was reversed but micai™,ser_
The error of collimation, as determined by a vations.
mean of the observations on the different stars, appears
to have changed only a fraction of a second between
making the observations on the North and on the
South sides of the mountain. On the South side 76
observations were made, face East, and 93, face West;
and on the North side 68 observations, face West, and 1 00,
face East : the whole number of stars observed was 43.
The situation of the observatory on each side was
about half way up the hill. The difference, of astro
nomical latitude was found to be 54".6. The distance
in feet between the parallels passing through the two
observatories was found to be 4364.4 feet This was
determined by a survey of the mountain founded on
two bases, one of 3012 feet and another of 5897 feet,
measured with deal rods that were compared with the
Royal Society's brass standard. From the extremities
of these bases two cairns on the ridge of the moun
tain were observed, and the distance between them
found. These cairns were not visible at the observa
tories, but signals were fixed at distant points where a
cairn and an observatory appeared in the same vertical ;
then the angle between these signals, as seen from the
observatory, was the same as that between the cairns.
The same signals were observed at the cairns, instead
of the observatories. The distance 4364.4 feet, at the
rate of 101.64 feet to one second, (according to Bouguer's table.) gave for the difference of geodetic latitude
42".94. The difference between this and the observed
difference, or 11".6, is to be attributed to the attraction
of the mountain.
For determining the figure and dimensions of the
mountain, stations were chosen all round it ; then poles
were fixed in the hill-side in vertical planes, as deter
mined by observations with a theodolite in one station,
and the azimuth and altitude of each was observed at
another station. A few, however, were placed in hori
zontal planes ; and some in different manners. The
calculation of the attraction was made by Dr. Charles Survey of
Hutton. (Phil. Trans. 1778.) An accurate map being {jj* ™°jB*
made, concentric circles were described with one ob- c'a|cuiatjon
servatory for the centre, and with radii in arithmetical 0f its attracprogression, their common difference being 666$ feet. tion.
Each of the rings between these was divided into 48
parts, according to the following law: a line being
drawn in the direction of the meridian, radii were drawn
making angles with it whose sines were successively
12 3
To* To' To*
Then 's eas'ly seen tl>at the attracl£ L'*£ 1«
tion (in the direction of the meridian) of each of the
prisms thus formed is a constant multiplied by the sine
of the angular altitude of its top. This was determined
by an easy practical method, for which, with many
other details, we must refer to the original Memoir.
Indeed the various contrivances* of calculation in this
• Most of these, it appears, were suggested by Mr. Cavendish
(whose experiments we shall shortly describe.) And it appears that
nearly all the preliminary calculations of the attraction of Skiddaw,
•2i
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Figure of Paper will be found well worth the attention of any
the Karth. practical person. The attraction of 900 prisms was
calculated at each observatory ; the attraction at the
North observatory was found to be to that at the South
observatory nearly in the proportion of 7 : 9. And the
sum of the attractions was found (supposing the den
sity of the mountain equal to the mean density of the
Earth) to be —— of the Earth's attraction.

But the

sum of the disturbances in the direction of gravity as
determined from the astronomical observations being
ss 11".0, the sum of the attractions was, in fact, s; gravity X tan 11".6 a -Jgj X gravity = _L- x
Earth's attraction, (allowing for centrifugal force.)
Consequently the density of the mountain was to the
Earth's mean density as 9933 to 17804, or nearly as
b:9.
.
Mincralogi- But this supposed that the mountain was homo
cal struc geneous. The geological characters of its rocks were
ture of the examined by Professor Playfair, (Phil. Trans. 1811,)
mountain.
he found that the upper part consisted of quartz whose
mean Specific Gravity = 2.0398 ; and the lower part
of mica slate and hornblend slate, whose mean Specific
Gravity = 2.8320, and of limestone whose mean Spe
cific Gravity = 2.7001. Two separate calculations
were made ; one on the supposition that the rocks
were separated by vertical surfaces, and another sup
posing them separated by surfaces nearly horizontal.
The former gave for the Earth's mean density 4.559,
the latter 4.807, that of water being 1. Dr. Hutton
(Phil. Trans. 1821) says that the number Bhould be
rather greater.
Cavendish's The next experiment was that of Mr. Cavendish on
apparatus the attraction of leaden balls. (Phil. Trans. 1798.) His
for observc- apparatus is represented in fig. 51. x,x, are balls of lead
ing the
attraction of about 2 inches in diameter, suspended to the ends of a
leaden bails light deal rod h, h. This is suspended by the wire Ig,
forming, in fact, a balance of torsion. The piece to which
the top of the wire is attached, carries a wheel which is
turned by the endless screw K F, so that the wire can be
twisted till the resting-place ofthe balls is any required po
sition, nn are small graduated scales carried by the rod.
The whole of this apparatus is enclosed in a mahogany
box, F E A B C D D C B AE F. At A and A are small
glass windows, and near these are scales serving as a
vernier for measuring the motion of the scales N.
These are illuminated by lamps L and L, and viewed by
telescopes T and T from the outside of the room. The
leaden balls W, W (each weighing 2,439,000 grains)
are suspended by copper rods attached to the piece r r
which is suspended to a beam. By means of a rope
passing round the pulley M M, the balls W, W can be
moved without entering the room. The support
of the balance of torsion and its cases is independent of
the walls.
The first wire by which the deal rod was supported
was of copper silvered, of which one foot weighed 2.4
grains. After a few experiments with this, it was
ibund that the attraction of the large balls made the
rod touch the sides of the case ; and a stiffer wire was
then used.
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It was found at first, that a very small difference of Deiermi
temperature between the balls and the air produced tionoti
currents of air within the mahogany case which ma- E*rtk'
terially disturbed the experiment. The cautions sub- n™""
sequenlly used seem to have prevented any bad effect v , '']
from this cause.
Dittarbt
The method of observing was the following. The produc*
large balls being in the midway position (their support- *jaun
ing rod at right angles to the deal rod) the position of ofilr'
the deal rod was read off from the scales n. The Me,1)wl
large balls were then brought so as nearly to touch the °°ie"'1
case, sometimes in the positive position (in which their
a'ttraction made the rod move so as to increase the num
ber on the scales) and sometimes in the negative posi
tion. By their attraction on the small balls, the rod
was immediately put in motion, and vibrated back
wards and forwards. The greatest extent of vibration was
observed ; the mean of two consecutive extreme points
on one side was taken, and the intermediate extreme
point on the other side ; and the point midway between
these was considered to be the point at which the rod
would rest under the action of the balls and the torsion
of the wire. The time of passing the middle point was
also ascertained, by observing the time of passing two
points near the middle, and then (when the middle
point was determined) calculating the time of passing
it. This being done for vibrations separated by a con
siderable number, the lime of vibration was accurately
found. With the wire finally used, the change from
the position of rest without the action of the lead balls
to the middle position when they were applied, seldom
exceeded 3 divisions, (each division -^th of an inch,) and
the time of vibration was about 7 minutes. With the
first wire the change was about 14 divisions, and the
time nearly 15 minutes.
The middle point is evidently the place where the
attraction of the large balls is equal to the force of tor
sion of the wire. The time of vibration also depends
on both of these forces. For suppose that at the mid
dle point the distance of the small balls from the large
ones was A, and the space through which they had been
moved (to which the force of torsion is proportional) B ;
then putting WandT to represent these forces respectively
W
at the distance 1, we shall have this equation — =TB.
And at the distance x beyond this, aud further from the
balls, the whole force tending to bring the balls to the
middle point is T (B + *) - yj^, = TB - p*g
+ (T

=(*-$' x : and this

is the force on which the time of vibration depends.
Thus there are, in fact, two equations to be solved,
from which the attraction of the balls and the torsion of
the wire could be determined. Besides this, the attrac
tion of the mahogany case was calculated. The attrac
tion of the leaden balls being thus determined, and
compared with the attraction of the Earth, the propor
tion between the Earth's mean density and the density
of lead was found ; and thus the Earth's mean density
is obtained. The result of 29 experiments (as corrected
by Dr. Hutton, Phil. Trans. 1821) is 5.31, that of
water being 1. The smallest number given by one
&c. were made by Mr. Cavendish. This we have ascertained from experiment is 4.80, and the largest 5.79.
an inspection of his papers, which we have had an opportunity of
are upon the whole inclined to prefer this result
examining through the kind permission of his Grace the Duke of to We
that of the observations on Schehallien. It cannot
Devonshire.
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YifatJ be denied that the greatest delicacy was necessary to
i-ttifii. 0j)tain any result, and that the determination is much
w"vW less certain than the determination (such as it is) by
i&'.fr* tf]e Schehallien experiment. But we consider that the
inkiT quantity determined in the latter may be something
a imer. very different from the attraction of the mountain. We
have seen that at Arbury Hill, and some other places,
there is evidence of disturbance to an amount nearly as
great as the attraction of Schehallien, and without any
known cause. May not such unknown causes have
operated as well in the Schehallien experiment, and have
increased or diminished the apparent effect of ttie
mountain ?
Considering the Earth's mean density as somewhat
greater than 5, and the mean density of the rocks at the
surface as 2.6, the proportion of the Earth's mean
density to the superficial density is not very different from
that of 2 : 1.
We have mentioned in our first Section the attempt
made by the Baron de Zach to measure the attraction of
a mountain near Marseilles. We have only to add that
no calculation of the Earth's density was founded on these
observations.
The attraction of a mountain might be found by ob
serving the length of the seconds' pendulum on the
top; if gravity should thus be found to be greater than
gravity at the level of the sea in the same latitude dimi
nished in the duplicate proportion of the distance from
the Earth's centre, the excess would be attributable to
the attraction of the mountain. Bouguer (as we have
mentioned in Section 7.) observed the pendulum on one
of the peaks of the Andes; but the circumstances were
unfavourable, and we should have no confidence in the
results. In the present century (see the Additions to
B the Milan Ephemeris) M. Carlini made similar obserE* rations in much more favourable circumstances at the
* hospice of Mont Cenis, at an elevation of 6375 feet
above the level of the sea. The pendulum we have
described at the beginning of Section 7 : twenty experi
ments were made with it; they were reduced like the
French measures, and corrected for elevation by the
rule of inverse squares ; the length at the level of the
sea thus found was in metres 0,993708. But the obser
vations of Biot at Bordeaux, nearly at the level of the
sea, corrected for the small difference of latitude, gave
0.993498. The difference is due to the attraction of
the mountain mass. Representing this by a segment
of a sphere, 1 geographic mile in height and 11 in dia
meter at the base, of Specific Gravity 2.66, the mean
density of the Earth is calculated to be 4.39. Perhaps
this experiment would have been more satisfactory if
the pendulum had been made exactly like the French
pendulums, or if an invariable pendulum had been used.
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As it stands, there is one considerable source of error,* Conclusion.
namely, the erroneous reduction for the effect of the air
(mentioned in Section 7.) The barometer at Mont Ttle resu,t
Cenis being several inches lower than at Bordeaux, this erroneolJs
ii,
•
t» • i
i • ■ ,.
anl' doubterror would be serious. Besides, we could hardly trust fu| if cor.
to a comparison between two places at so great a dis- reeled,
tance. On the whole, we do not think that any estima
tion of the Earth's density can be founded on this experi
ment.
Section 12.—Conclusion.
1. The measures of die Earth, the observations of
pendulums, and the lunar inequalities, agree in showing
that the Earth's form does not differ much from that of
an ellipsoid of revolution whose ellipticity is (we think
certainly) greater than

and whose major semiaxis

is about 20,923,700 English feet.
2. The phenomena of precession and nutation give
an ellipticity rather smaller ; but as no result can be
deduced from them except on an assumed law of den
sity, this value cannot be put in opposition to the others.
3. As the results of the pendulum observations, the
lunar inequalities, and the precessional phenomena, can
only be used to determine the Earth's form by the inter
mediation of the principle of gravitation, the very near
coincidence of the results is a strong argument in favour
of the truth of that principle.
4. The same things make it highly probable that the
Earth has once been in a fluid or semi-fluid state.
5. None of these results can be obtained without the
admission of considerable anomalies, all of which, how
ever, appear to be consistent with the principle of gravi
tation.
6. The mean density of the Earth considerably ex
ceeds, and is probably double of the density of the super
ficial rocks.
7. The near agreement ofthe proportion between these
as deduced from an assumed law with the proportion
found by the experiments with leaden balls (where it is
assumed in the calculation that the law of gravitation
holds good at the distance of a few inches) makes it pro
bable that the law is sensibly true to very small distances.
G. B. AIRY.
Obtervatory, Cambridge,
Augutl 17, 1830.
• If we correct this, by doubling the usual reduction, (the pen
dulum-balls being spherical,) the length at Bordeaux is 0.993553, and
that at Mont Cenis, reduced for elevation, 0.993754 ; whence the
mean density of the Earth = 4.59.
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POSTSCRIFT.
Figure of
The author has discovered a small error in the Table
the liarth. of the observed lengths of the seconds' pendulum. The
reduction applied to the length of the P iris pendulum
for elevation above the sea is that due to the decimal
pendulum. In consequence, the length at Paris, and all
the lengths depending on it, ought to be increased by
.00013; a quantity which does not sensibly affect any
of the results. This correction applies to Nos. 18, 25,
31, 33, 40, 44, 47, 49; and half of it to Nos. 42, 45, 48.
The multiplier 0.6 has been used (in reducing the
foreign observations) in preference to 0.66, as it seems
probable that the density at the Earth's surface is
greater, and the mean density less, than Dr. Young

supposed. The multiplier 0.66 is adopted for the posucr
English observations from the calculations of the re- v.
spective observers; the effects of this inconsistency are
not sensible.
In the determination of the length of the seconds'
pendulum at Kiinigsberg, a correction is included which
is not applied to any of the other observations. The
reason is that the effect of this correction is to increase
the length of the seconds' pendulum ; and it appears
that the observations on which Bessel principally relied,
give a smaller length than those made in the usual way.
The difference depends probably on the difference of the
apparatus employed.

TIDES

AND

WAVES.

Introduction.
tkai We propose, in this article, to enter at some length into
Thi the mathematical theories, and the experimental obserrations, applying to the two subjects of Tides and
Waves of water. But we do not intend to treat them
with the same extension. We shall give the various
theories of Tides in detail sufficient to enable the reader
to understand the present state of the science which
regards them ; and we shall advert to the principal
observations which throw light either on the ordinary
phenomena of tides, or on the extraordinary devia
tions that occur in peculiar circumstances. In thus
treating the Tides, it will be necessary for us to enter
largely into the theory of Waves. We shall take ad
vantage of this circumstance for the introduction of
several propositions, not applying to the theory of
Tides, but elucidating some of the ordinary observa
tions upon small Waves. But these investigations will
be limited to that class which is most closely connected
with tides, namely, that in which similar waves follow
each other in a continuous series, or in which the same
mathematical process may be used as when similar
waves follow each other. In this class will be included
nearly all the phenomena of waves produced by
natural causes, and therefore possessing general interest.
Bat it will not include the waves of discontinuous
nature produced by the sudden action of arbitrary
causes, which have been the subject of several remark
able mathematical memoirs, but which possess no
barest for the general reader,
ifci-vfi. The general plan of this Essay will be as follows:—
Ises*. \ ^ye sha]] describe cursorily the ordinary pha?noaaaof Tides.
II. We shall explain the Equilibrium-Theory of Tides,
including the first tidal theory given by Newton, and
the more detailed theory of his successors, especially
Daniel Bernoulli.
III. We shall give a sketch of Laplace's investiga
tions, (founded essentially on the theory of the motion
ofwater,) in the general form in which he first attempted
the theory, as well as with the arbitrary limitations
which he found it necessary to use for practical appli
cation.
IV. We shall give an extended Theory of Waves on
*ater, applying principally to the motion of water in
canals of small breadth, but with some indications of
the process to be followed for the investigation of the
motion of Waves in extended surfaces of water.
V. The results of a few Experiments on Waves will
be pven, in comparison with the preceding theory.
VI. We shall investigate the mathematical expres
sions for the Disturbing Forces of the Sun and Moon
which produce the Tides, and shall use them in com
bination with the theory of Waves to predict some of
the laws of Tides.
vol. v.
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VII. We shall advert to the methods which have Tides and
been used, or which may advantageously be used, for Wave8Observation of Tides, and for the Reduction of the ^~^v"—J
Observations.
VIII. We shall give the results of extensive obser
vations of the Tides, as well with regard to the change
of the phenomena of tides at different times in the same
place, as with respect to the relation which the time
and height of tide at one place bear to the time and
height at other places, and shall compare these with the
results of the preceding theories, as far as possible.
And as Conclusion, we shall point out what we con
sider to be the present Desiderata in the Theory and
Observations of Tides.
Section I. — Ordinary Phenomena of Tides.
(1.) If we suppose an observer stationed on the Phienobank of a river,* at no great distance from the sea, mena of
(for instance, on the bank of the Thames any where River
below London Bridge, on the Humber below the Tides.
mouth of the Trent, or on the Severn below the Pas
sages,) he will remark the following changes in the
state of the water.
(2.) The first and most important change is, that the Semidi
surface of the water rises and falls regularly twice in urnal
every day. A short series of observations will show Tide.
however that this statement is not quite correct ; the
tides of each succeeding day are somewhat later than
those of the preceding day : the average retardation
from day to day being about 40 minutes. In a short Its time is
time he will find that the times of occurrence of high related to
water bear a very close relation to the time of the the appa
posi
Moon's appearance in certain positions ; and that the rent
tion of the
language of the persons who are most accustomed to moon.
observe the tides conveys at once this relation. Thus,
at Ipswich, high water occurs when the moon is south
nearly : at London Bridge high water occurs when the
moon is nearly south-west : at Bristol, it takes place
when the moon is E.S.E. These are rude statements,
but they are sufficiently accurate for many purposes ;
and they show at once the close connection between
the time of high water and the time of the moon's
passage over the meridian. In fact, so completely is
this recognized, that, in order to give the time of high
water upon any day, it is usually thought sufficient to
* We commence with this case, because, judging from the
notions of sea-faring persons upon many points connected witn
the Tides, which are correct as regards rivers, but incorrect as
regards the sea, (some of which will hereafter be indicated,) it
is the case from which ideas of tidal movements have usually
been taken with the greatest facility.
2 K*

242*

TIDES

AND

Tides and state the time of high water on the days of new moon
VVa\ea. g^jj j-uj] m00I,5 wnen the moon passes the meridian at
'
' twelve o'clock nearly. This time is called the Esta
blishment of the port. Then to find (roughly) the
time of high water on any other day, it is only neces
sary to add the Establishment to the time of the moon's
passage.
The rules, as we have mentioned them, indicate the
time of only one high water in the day : but the reader
must understand that there will always be another high
water in the same day, preceding or following that which
we have mentioned by 12 hours 20 minutes nearly.
On those days, however, in which high water occurs
within 20 minutes of noon, there is no other high
water on the same civil day.
The inter(3.) On closer examination it will be found that the
valbeinterval between the time of the moon's passage over
w'ter and
mer'd'an an(^ 'he ,'me ot" h'gh water varies sensibly
with the moon's age. At new moon, full moon, first
moon s
transit is quarter, and third quarter, (or rather on the day fol
variable. lowing each of these phases,) the interval between the
time of the moon's passage and the time of high water
is nearly the same : but from new moon to first quar
ter, and from full moon to third quarter, the high
water occurs earlier than would be inferred by using
that same interval ; and from first quarter to full
moon, and from third quarter to new moon, it occurs
later than the same interval would give it.
Spring and (4.) If the observer examines the height of the
Neap
water, he will find that the height at high water and
Tides.
the depression at low water are not always the same.
On the days following new moon and full moon, high
water is higher and low water lower than at any other
time : these are called Spring Tides. On the days fol
lowing the first and third quarters, high water is
lower and low water higher than at any other time :
these are called Neap Tides. The whole variation of
height at spring tides is nearly double that at neap
tides. There are other variations of height depending
on other circumstances ; but they require, for the most
part, very numerous observations to establish the fact
of their existence, and to give a measure of their
amount. In many places, however, the tide which
occurs at one certain part of the day (the afternoon for
instance) is, during one half of the year, sensibly
higher than the other tide which occurs upon the same
day, and, during the other half of the year, sensibly
lower.
The duraUpon examining the circumstances of a single
tioii of the tide, the following facts will attract notice. The interval
fall is
from high water to low water is greater than that from
than low water to high water : the difference between these
tionofthe 'nterva's 's sensibly greater at spring tides than at
rise.
neap tides. The current in the river runs upwards for
The water some time after high water, and after changing its di
continues rection, continues to run downwards for some time
to run up after low water, when it again changes its direction
the river and runs upwards. This phaenomenon is often so
after high
much misrepresented in the language of nautical men,
water.
that the mistake deserves particular notice. From the
habit of observing tides in places where the current
ceases at high water and at low water, sailors conceive
that high water may always be inferred from the ces
sation of the current ; and therefore it is not unusual
for persons on the banks of the Thames to say that
" it is high water in the centre of the channel long
after it is high water at the shore." The observer
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who is not convinced of the absurdity of supposing Tidesai
the water in the middle of the channel to stand at one Wm»
time considerably higher and at another time consi- s-""v"
derably lower than at the shore, will satisfy himself Swul
most easily as to the general fact by stationing himself
at one of the central piers of a bridge, (as London mc'mo
Bridge,) when he will see that the water continues to Tides,
run upwards even after its surface has dropped nearly two feet.
(6.) Now suppose that the observer examines the
state of the tide in different parts of the same river.
Commencing with the mouth of the river, (for instance
Margate or Sheerness on the Thames, or Swansea or
Cardiff on the Severn,) he will find that there is very
little difference, or perhaps none which is appreciable,
between the interval from high water to low water, and
that from low water to high water. He will also find
that the current runs up the channel for a long time
(sometimes approaching to three hours) after high water, Higt
and runs down the channel for as long a time after low wale
water. In going up the river, he will find that the time ?™
of high water occurs later and later, but yet that the ^
velocity with which high water travels up the river is so the i
great as entirely to banish the idea ofexplaining the Tide
by supposing the same mass ofwater to have been moved
all the way up the river. For instance, if at Margate the The
high water occurs on a certain day at twelve o'clock, it grts
will occur at Sheerness at 24 minutes past one, at Graves- lille
end at 15 minutes past two, and at London Bridge at a
few minutes before three ; having thus described in less ^
than three hours a course of about 70 miles. He will the
also find that the interval from low water to high mis
water diminishes as he goes up the river : thus, on the j—
lower parts ofthe Severn, the rise and fall occupy little WJ,
more than six hours each ; but at Newnham on the Tll.
Severn the whole rise of the water is effected in an tioi
hour and a half, the descent occupying nearly eleven ™
hours. In cases like the last-mentioned, the first rise •?
of the tide is sudden, and if the banks of the river are n^
shoaly, the water spreads over the flat sands with a iic
roaring surf^ which travels rapidly up the river, pre- ii«
senfing the phamomenon called a bore or boar, (some- j\
times boar's-head,) in French barre or mascaret. In ris
other cases, however, when the difference of durations
of rise and fall is considerable, there are in each high
water two, or sometimes three distinct rises and falls ^
of the water. The phenomena of bore and double u
tide are always much more conspicuous in spring u
tides than in neap tides.
(7.) If the estuary or mouth of the river contracts 1
very much, the elevation and depression of the water will "
become very great. Thus at the entrance of the Bristol jj
Channel the whole rise at spring tides is about 18 feet, j,
at Swansea about 30 feet, and at Chepstow about 50
feet. Similar high tides occur at St. Malo and other
parts of the great bay formed on the northern coast of
France by the projection of land towards Cherbourg,
and tides still higher in the head of the Bay of Fundy
(Baie Francaise) on the Eastern coast of North America. '
But when the tide has fairly entered a river, its range
of elevation and depression generally diminishes. Thus '
at Newnham, on the Severn, the range is reduced to
about 18 feet, and it is still less at Gloucester.
(8.) Quitting now the phenomena of river-tides ; if
observations are made in a bay communicating with
the open sea, the results will be found to be much more
simple. The water will rise during 6 hours 10 minutes
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Vtai and will fall during an equal time ; the whole rise and
fell will usually be less than in rivers ; a very slight
*^ current will be directed towards the head of the bay
*l during the rise, and from it during the fall of the water.
jr7 The variations of spring and neap tides, and the relapt! lion of the time of high water to the time of the moon's
m passage over the meridian, follow the same general laws
. " is in rivers.
*^ (9.) In long and narrow seas (for instance the English
w Channel) the tide in mid-channel follows the same laws
miii as at a station near the mouth of a river, rising and fall*»' ing in equal times, and running in a direction which may
™J be considered analogous to the direction up a river, for
~ three hours before and three hours after high water ; and
in the opposite direction, for three hours before and three
hours after low water. But near the sides of the channel,
and especially near the mouths of bays or estuaries
branching from the channel, the change of tide follows a
ftarfTery peculiar law. The water is never stationary, as in
jfac- river-tides, when clhanging from flow to ebb, but the
direction of the current changes in 12 hours 20 minutes
^ through all the points of the compass. As a general
rale, supposing the observer's face turned in the direc
tion which is analogous to the direction up a river ;
near the shores on his left hand the course of the tidecurrent revolves in the same direction as the hands of
a watch, and near the shores on the right hand it
revolves in the opposite direction. Near the headlands
shich separate different bays, there is usually, at certain
times of the tide, a very rapid current, called a race.
^ (10.) The elevations and depressions of tides in the
f^open seas are much smaller than in contracted seas or
rivers, sometimes not exceeding one or two feet ; the
stream of the tide is generally insensible.
1 (11.) In seas of small extent (as the Mediterranean)
** the Tide is nearly insensible.
«Aa (12.) In some circumstances, phenomena which are
IS scarcely perceptible inordinary localities become para* mount. Thus, in some positions near Behring's Straits,
the difference of morning and evening tides, which is
<arcely sensible in England, becomes so great that, in
«nain parts of the lunation, there appears to be only
it tide in the day. Other phenomena peculiar to
i-** localities, but less obvious to ordinary observatia. will be noticed hereafter.
hei (13.) The pheenomena which we have described must
;: necessarily, for the most part, have been remarked by
ill nations dwelling on the borders of the ocean. Thus
pi. Casar, in his account of the invasion of Britain, (De
Bello GaJlico, lib. iv.) alludes to the nature of spring
tides as perfectly well understood in connection with
the moon's age. Some of the peculiarities of river
'ides, however, were not published in scientific works
till the beginning of the last century ; and some of the
properties of the tides in the English and other chan
nels were not known till the end of that century. Upon
'he whole, the statement above may be supposed to
"present pretty well all that was known of the Tides
about the year 1800: and it will serve to point out to
the reader the leading facts, to whose explanation a
Theory of the Tides ought to be directed. In the pre
sent century, the elaborate discussions of immense col
lections of accurate tide-observations by M. Laplace,
Sir John W. Lubbock, and Professor Whewell, have
brought to light and reduced to law many irregulari
ties which were before that time unknown. We prefer,
however, delaying the particular mention of these until
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we have discussed the various forms in which theory Tides nnd
has been put for the purpose of explaining the grand Waves,
facts of the Tides.
v—
•-'
Section II. —Equilibrium-Theory of Tides.
(14.) Before entering upon either of the theories Inadeexplaining the Tides, we must allude to their inade- quacy ofall
quacy, perhaps not to the explanation of the facts [{]g0-jjjde3°f
already observed, but certainly to the prediction of am] t^e
new ones. This inadequacy does not appear to arise cause of it.
from any defect in the principles upon which the theory
is based, (although perhaps our ignorance of the laws
of friction among the particles of water, and between
water and the sides of the channels which contain it,
may be considered a failure of this kind,) but from the
extreme difficulty of investigating mathematically the
motions of fluids under all the various circumstances
in which the waters of the sea and of rivers are found.
For the problem of the Tides, it is evident, is essen
tially one of the motion of fluids. Yet so difficult arc
the investigations of motion that, till the time of La
place, no good attempt was made to determine, by
theory, the laws of the Tides, except on the supposition
that the water was at rest. Since that time theories of
motion have been applied ; and it is hoped that in the
present Treatise it will be found that something has
been added to the preceding investigations of motion,
possessing in some degree a practical character. Yet
the theory, even in this state, reaches very few cases.
Indeed, throughout the whole of this subject, the
selection of the proper theoretical ground of explana
tion is a matter of judgment. In some cases we may
conceive that we are justified in using the Equilibriumtheory ; in others the Wave-theory will apply, com
pletely or partially ; in a few cases, the results of ob
servation in one locality will be considered as a
fundamental set of experiments, upon which the expla
nation of the phenomena in other localities will be
grounded without further reduction to theory ; and as a
last resource, in almost every case, we shall be driven
to the same arbitrary suppositions which Laplace
Introduced. Nevertheless, we conceive that our ma
thematical theory, pursued into some degree of detail,
will be far from useless. In the instances which it
does not master completely, it will show that there are
ample grounds for the arbitrary alterations of constants
introduced by Laplace in his suppositions, to which we
have more than once alluded. It will show that we
are precluded from further advance, partly by our
almost necessary ignorance of the forms of the bottom
in deep seas, and partly by the imperfection of our
mathematics. It will leave no doubt whatever that
the first principles of our explanation are correct.
Begging the reader to receive the first part of this para
graph as an apology on the part of mathematicians for
applying to the motion of Tides a theory so evidently
inadequate as the Equilibrium-theory, we shall now
proceed to give that theory, nearly in the terms of its
proposers.
(15.) The popular explanation of the Equilibrium- Popular
theory is very simple. If we conceive the earth to be explanacovered wholly or in a great degree with water, and tlon.°f
consider that the attraction of the moon upon different ^i^'.
particles (according to the law of gravitation) is in- theory,
versely as the square of their distance, and is therefore
greatest for those particles which are nearest to it;
then it will be obvious that the moon attracts the water
2 k2*
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Tides and on that s;de which is next to her, more than she attracts
. Te8' . the great mass of the earth, and therefore tends to raise
~"~v "* the water from the earth on the side next to her ; but
she also attracts the great mass of the earth more than
she attracts the water upon the side most distant from
her, and therefore tends to draw the earth from the water
on the side most distant from her ; which will produce
exactly the same effect as if a force tended to draw the
water away from the earth on that side. Thus the
moon's action tends to raise the water on two opposite
sides of the earth ; and similarly the sun's action tends
to raise the water on two opposite sides. The close
relation, however, which the times of high water bear
to the times of the moon's passage, shows that the
moon's influence in raising the tides must be much
greater than the sun's. If the sun and moon are
together, as seen from the earth, the elevations pro
duced by these two bodies will coincide in place, and
will therefore be added together. Thus Spring Tides
will be produced. In other relative positions of the
sun and moon, it may happen that the elevation pro
duced by the sun will occur at a place where the moon
causes depression : the action of the sun there tends to
counteract that of the moon, and Neap Tides will be
produced.
Newton's
(16-) The theory of Newton is rather a collection of
first theory hints for a theory than any thing else. In the Princiof the moijD# j_ prop. 66, cor. 19, he has (by a remarkable
tion of the deduction frora the Lunar Theory) considered the
motion of water in a canal passing round the earth in
or near to the earth's equator, and has arrived at the
singular conclusion that the water would be lowest in
that part which is most nearly under the body (the
sun or moon) whose attraction causes the motion of
the water. This conclusion we shall find to be entirely
supported by more complete investigations. In lib.
III. prop. 24, he has modified this conclusion, and
His modi- seems to suppose that in free seas the high water ought
tied theory tQ follow the moon's transit over the meridian (conof motion. cejvjngj for the moment, the moon's attraction to be
the sole exciting cause of the Tides) in three hours, or
at least in less than six hours. To this he appears to
have been led by erroneous reasoning of the same kind
as that which, in lib. I. prop. 66, cor. 20, has intro
duced an incorrect inference as to the Solar Nutation
of the Earth's axis. We shall find hereafter that the
introduction of friction into our theories of the motion
of water will lead to a conclusion somewhat similar.
The only part in which he uses numerical calculation
is in lib. III. prop. 36, and 37, the subjects of which
are, " Invenire vim Solis ad Mare movendum," " Jnvenire vim Lunce ad Mare movendum." The following
Newton's is his method of computation (the demonstration of the
calculation different parts of which we defer till we treat of the
of the SuiT more comP'ete tneory *>f Bernoulli). First he refers
' to the Lunar Theory for a calculation of the force
which the sun exerts to draw the moon, when in quad
ratures, towards the earth, and he finds it to be
n tYrr Part °f gravity at the earth's surface. Then he
remarks that the similar force upon the water at the
earth's surface, in the position distant 90° of terrestrial
arc from the point to which the sun is vertical, is less
than the force upon the moon, in the proportion in
which the water's distance from the centre of the
earth is less than the moon's distance from the centre
of the earth, or in the proportion of 1 : 60-5 : and there
fore the force which depresses the water, at the points
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90° distant from those vertically under the sun, is Tide
-srTTtfVirtnr of gravity. Then he observes that, in the
points which are under the sun and opposite to the
sun, the disturbing force of the sun tends to raise the y ert
water, and is twice as great as the depressing force t>'ni:i
already found. He then considers that the same general Th«
effect will be produced if we put away the depressing ^Me
force entirely, and augment the elevating force by the ^
same quantity, and thus we may consider that the sole n\,.
cause of the disturbance of the water is an elevating nf tl
force, at the point under the sun and the point opposite ™'
to the sun, equal to TJTATinr of gravity ; the elevat- *•
ing force in other points being proportional to the ^
versed sine of double the sun's altitude above the n)a
horizon of any point. In order to compute the effect
of this force in raising the water, he compares this
force with the centrifugal force (?}f of gravity) attheSu
earth's equator, produced by the diurnal rotation of »ct
the earth ; it is therefore ttbVWto °f
centrifugal
force at the equator. Then, having found from his
theory of the Figure of the Earth (supposed homo
geneous) that the centrifugal force would Taise the
fluids at the equator 85820 Paris feet, and supposing
the proportion of the elevations produced) by the tidal
force and the centrifugal force to be the same as the
proportion of those forces, he obtains this result, that
the action of the sun would raise the water, in the part*
immediately under it and opposite to it, by 1 foot 1 lj
inches Paris measure, or a little more than 2 feet Eng
lish. Ofthe various steps of this process we shall here
observe only that, though indirect, they are correct;
and that the result (on the supposition of the earth's
being homogeneous, and without rotation) represents
correctly the elevation which the sun's action would
produce.
(17.) In order to ascertain the effect which the:
moon's action would produce, it is necessary to know '
the mass of the moon. For this there were in Newton's '
time no direct means : and he was, therefore, obliged j
to refer to the phaenomena of the Tides themselves, as |
observed in places where, from local causes, the rise of J
the tide is very considerable. He quotes the observa
tions of Sturmy on the tides in the Severn, at the mouth
of the Avon, which give 45 feet for equinoctial spring
tides, 25 feet for equinoctial neap tides : and those
of Colepresse, on the tides at Plymouth, which give
16 feet for the mean height (intermediate between
spring and neap) and 9 feet difference between springs
and neaps. Preferring the proportion deduced from
the former, he considers the height of equinoctial
spring tides to be to that of equinoctial neap tides a;
9 : 5. These tides (as will be seen hereafter) are ii
one case the effect of the moon augmented by thf
effect of the sun ; and in the other case the effect o
the moon diminished by that of the sun. If no cor
rection were needed, we should infer at once that tlv
power of the moon is to that of the sun as 7 : 2. Bu
Newton remarks, that the greatest tides at Bristol d<
not happen till 43 hours after syzygies, " ob aquan"
reciprocos molus,'' meaning, probably, that the oscilla
tions, like the oscillations of a pendulum, have a kind (
inertia, which (on purely mechanical principles) pre
vents them from attaining their greatest magnitude ti
the force which causes them has past its greate!
magnitude. This we shall find, when we treat <
Waves, to be incorrect, except we take account i
friction. Assuming this, however, Newton proceec
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■rttnd lo correct for .the position of the luminaries at the
tim. iwtant of Bristol high tide : remarking that, as the
•v/—1 sun is 18 'r degrees from the moon at spring tides, and
•ill 90°+18t° at neap tides, it is not the whole force of
the sun which in one case increases and in the other
case diminishes the moon's effect, but the whole force
» of the sun X cos 37° : and also that, as the moon's
- declination, 43 hours after an equinoctial syzygy, is
'fff about 22°, it is not the whole force of the moon that is
\^ concerned, but the whole force of the moon X cos* 22°.
pah These corrections appear to us inconsistent with what
rink has gone before : for if the tides are increasing from
the accumulated action of the sun and moon during a
long time, it seems clearly inaccurate to correct the
results of observation for the places of those bodies at
the very instant of observation. Then he observes
that the moon is not, at syzygies, at her mean distance.
All corrections applied, he finds that the force of the
moon is to that of the sun as 4*4815 to 1 : and, there
fore, as the sun's force would raise the water 1 foot, 11-J
inches, the moon's force would raise it 8 feet, 8 inches.
This, he remarks, is amply sufficient to account for all
the motions of the tides.
(18.) The proportion of the moon's tidal force to the
sun's tidal force is used by Newton (as a different value
found in nearly the same manner has been used by
Laplace) as the basis on which he calculates the moon's
mass for application to other parts of the theory of
jravitation. We shall see grounds hereafter for ques
tioning the propriety of this calculation.
(19.) Assuming that Newton intended here (as he
/' has done in several parts of Optics) only to exhibit, as
fer as he was able, grounds for a numerical calcula
tion relating to the subject of Tides, but not bearing
directly upon any of its specific phtenomena, we must
allow that (in spite of the apparent inconsistency of his
corrections) it is a wonderful first attempt. That it
had no further meaning will be sufficiently evident, not
only from the proposition already cited, lib. I., prop.
66, cor. 19, but also from an examination of his 24th
proposition of the third book, and the first corollary of
bis 27th proposition. In these he has treated the genenl explanation of the Tides as a matter of Wave-theory
atirely, (though not without errors,) particularly in
itgard to the interference of semidiurnal tides, and in
nplaining the small rise and fall at some islands in the
open sea by the oscillation of the whole mass of water
between the bounding continents. As a philosopher,
we conceive Newton to have shown himself here
superior to his successors.
(20.) In explaining the more complete equilibriumtheory, we shall not confine ourselves to the methods of
Daniel Bernoulli, or any other writer, but shall present
the theory in the form which appears most convenient.
The problem which we shall conceive to be presented
I to us for solution is this : suppose the earth to be a
^of spherical solid nucleus, either homogeneous, or con' sisting of a series of spherical concentric strata, (each
stratum having the same density and the same thick
ness in its whole extent,) which nucleus is covered with
water : and suppose the disturbing forces of the sun
and moon to act upon the water : to find the shape
which the water will assume.
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(21.) We have designedly used the word spherical Tides and
for the form of the earth, because the investigation of ^ Waves,
the alteration produced in the form which, if undis- j^vJ^'
turbed, would be spheroidal, would prove rather eame on a
troublesome, and would lead to no result which we spherical
shall not obtain without it. As the earth's ellipticity earth as on
is small, (the difference between its major axis and its a spheroid.
minor axis being only about

of either,) and as the

whole elevation of the water, on the equilibriumtheory, is but a few feet, the reader will have no
difficulty in comprehending that the tidal elevation of
the water on the spheroid, though without doubt
theoretically different from that on a sphere, will
practically differ by a quantity which is quite insen
sible. In the same manner the reader will understand The tide
that, supposing the water to be disturbed by the action produced
of the sun, and supposing the action of the moon to ^ ""J^ °^
be then introduced, the additional disturbance which it lumfnawill cause will be (as far as the senses can discover) ries the
the same as it would have caused if it had acted on same as if
water not disturbed by the action of the sun. And l,he. othei
not
thus the whole disturbance which the two luminaries did
exist.
will produce upon the water surrounding a spheroidal
nucleus will be found with sufficient accuracy by in
vestigating the disturbance which each of them, sepa
rately considered, would produce in the water sur
rounding a spherical nucleus, and by adding those two
disturbances together.
(22.) Our first effort will now be directed to the
estimation of the disturbing force of the sun upon
the water. We shall use the following notation :—
K, the mean density of the earth's spherical nucleus :
R, its radius.
£, the density of the water : r, the radius of the
external spherical surface of the water when undis
turbed by the sun and moon.
(The density is supposed to be estimated by the
acceleration which a cubical unit of matter acting by
its attraction during a unit of time will produce in a
body whose distance is the unit of distance : the
velocity and acceleration being referred to the same
units.)
E, the whole mass of the earth and water.
g, the numerical expression, referred to the same
units, for the acceleration which gravity at the earth's
surface causes in bodies falling freely.
x, y, z, the rectangular coordinates of any point in
the fluid, the centre of the spherical nucleus being the
origin, and z being parallel to the line joining the
centres of the sun and the earth.
D, the sun's distance : D„, the sun's mean distance :
P, the sun's parallax : Pm, the sun's mean parallax :
T, the periodic time of the earth's revolution round
the sun, or the length of a sidereal year : S, the sun's
mass, estimated by the acceleration which it will pro
duce (in the same manner as for the density, above).
D', the moon's distance : D'„, the moon's mean dis
tance : P', the moon's parallax : P'„, the moon's mean
parallax : T', the periodic time of the moon's revolu
tion round the earth : M, the moon's mass.

Actual
(23.) The distance of the sun from th: point whose co-ordinates are x, y, z, is ^{.r'-f-y'-f^D—z)8}, and the the^Sun'
attraction of the sun upon that point, according to the law of gravitation, is **J"*p~*~~~~m~7^p—zy This force is in the.p^e 7o(
the water.
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Tides and direction of the line drawn from the point in question to the sun. Our expression for this force supposes it to be Tides t
AVaves estimated as an accelerating force ; the statical pressure which corresponds to it may be resolved into three pres""^^"-^ sures in the directions of x, y, z; and, by the principle that accelerations of a given particle are proportional to ^T^"
the pressures which cause them, the accelerating forces which act in these directions may be deduced from the ^ '
given accelerating force by the same laws of resolution as those for statical pressures. Thus we find for the bri™"
resolved parts of the sun's accelerating force on the particle in question,
Theorj
Tid«.'
-Si
In the direction of x
\x'+y'+(D-xy\i
-Sy
In the direction of y
{i»+y+(D-s)«}?
S(D-«)
In the direction of z
Espan(24.) Now the proportion of the earth's radius to the distance of the sun is extremely small ; and the value of
sionsof
x y
z
.
the expres^ or „j js necessarily smaller. It will be allowable, therefore, to expand these expressions approximately,
sions.
retaining no higher powers of x, y, z, than the second. (Indeed these latter terms are wholly insensible for the
sun ; and we retain them only because, in the expressions which we shall infer by analogy for the forces of the
moon, they may be considered sensible.) With this restriction, observing that
y»+(D—s'JJ-!)8 I

D

D«

I

-D»\ +D+

2D«

f'

we have
Sun s iorce in the direction 01 x =_j^

gT"

Sun's force in the direction of y —~^^~~qT
c , r
. ,
•
c
S 2S: S(6zt-3x'—3ys)
Sun s force in the direction or z =g5+ pT"l
2D«
•
Disturbing (25.) These expressions represent the whole force of the sun upon any particle. But it is evident that, to
forces of find the force which disturbs the form of the water in reference to the position of the earth, we must not use the
the Sun whole force of the sun upon any particle, but the excess of the sun's force on the particle above the sun's force
upon eTery
particle'"' on tne centre of gravity of the earth. In order to find the sun's force on the centre of gravity of the earth, we
must multiply each particle of the earth by the force which acts upon it ; we must add together all these pro
ducts, and we must divide the sum by the sum of all the particles of the earth. Now, using the 'expressions
above, (which apply to the earth as well as to the water,) we may easily see that, if we multiply each particle
— S.r
of the earth by the force ^ , and add all the products together, the sum will be 0, because for every particle
which has a certain positive value of x there will be another particle having an equal negative value of .t, and
their products will, when added, destroy each other. The same remark applies to the terms depending on y, 2,
S
xz, and yz. But it does not apply to the term
or to that depending on x*, y\ and z*.
S
(26.) Now for the term

we have only to remark that, upon multiplying it by each of the particles, adding

g
all the products, and dividing the sum by the sum of the particles, we again obtain —.

For the other terms we

may proceed thus :—The sum of all the products of each particle by its value of z*, throughout the sphere, will be
the same as the sum of the products of each particle by its value of x* or y*, because, supposing the sphere at
one time divided by planes perpendicular to z, and at another time by planes perpendicular to x or y, the sec
tions for similar values of x, y, or z, will be similar. The sum, therefore, for 62s will be equal to that for 3j* +
3y*, and, therefore, that for 6i*— 3j*— 3y* will be 0. The only remaining term, therefore, for the sun's force on
g in the direction of z.
the centre of gravity of the earth, is —,
(27.) Subtracting this term, therefore, from the force in the same direction upon the particle under considera
tion, we have the following expressions for the sun's disturbing force,
r 1
^
In the direction of x

— S.r
-^z
D*

3Sxz
i^rD4

In the direction of y
*

-=rz
D*

D*
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,.
In the direction of z

+2Sz , S(6z,-3.r'-3y<)
Tides and
+
Waves.
D» '2D4
11 (28.) We shall now proceed to investigate the form which the water covering the solid nucleus will receive from The den
Jf*" the action of these forces in addition to the attraction of the nucleus and the mutual attraction of the particles of sity of the
Jj^rf water. And first we may remark that, if the attraction of the particles of the water is insensible, (or if the den- flul<1 8UP"
r&ks. sity of the water is insensible in comparison with that of the nucleus,) the problem is very simple. Referring to gj^fi^t
our Treatise on the Figure of the Earth, section 2, article 7., we find that the condition for the possibility of Mathema-'
equilibrium of the water is that Xdx+Ydy+Zdz shall be a complete differential, or, in more correct language, tical condidXJ
rfU
rfU
tion which
that it shall be possible for us to find some function U, such that — =X, — = Y, — =Z ; X, Y, Z, being the determines
dx
dV
02
the form of
whole forces in the directions of x, y, z. In article 9. of the same Treatise it is shown that, when the forces are the fluid
produced by attraction to any number of particles, this condition is always satisfied ; and, therefore, it is satis- whe.n. in
fied here (which will also be easily seen on substituting the expressions which we shall immediately exhibit).
In article 8. of the same Treatise, it is proved that the form of the external surface will be determined by making
Xdx+ Ydy + Zdz = 0, or U=C. To apply this now, we must add, to the expressions above, the resolved parts
of the attraction of the nucleus. That attraction is the same as if all the matter of the nucleus were collected at
4t '.-^—
' R'K
its centre ; and it is, therefore, -^••
, ,• The resolved parts in the directions of x, y, z, are respectively
4w
R'Kx
3 " (x'+y'+z*)!'

4tt
R"Ky
3 * (xttyt+z')f

4jt
R3Ks
3 ' (x'+y1 *z»)f

Hence the whole forces acting on any particle of the water are
£fU_x__4x
R'Kj
Sj 3Sr.dx~ ~ 3 ' (z'+y'+z^l D' D*
dU_Y__4x
R°Ky
Sy 3Syz
dy~ ~ 3 ' (x'+y'+z,)l~jy D7
^U_z__4b;
R'Kz
2Sz S^'-Sx'-Sy')
dz~ ~ ~ 3 ' (xi+y'+;')3+'DT+
2D4
From these we easily find
—
R'K
S(2z"—x*—f) S(2a»—Zx*z—3y8;)
~ 3' (x*+y'+z')i+
2DS
+
2D1
aad the equation to the external surface of the water will therefore be
4t
R'K
S(2z*-x*—y!) S(2.-'—3xsi— 3y'z)
C = ¥ ' (x«+3,' + 2«)*+
2Di
+
2D^
•

Equation
to the «urface of the

We may remark, that the very same equation would have been obtained if we had considered only the disSirbing force which acts in the direction of a tangent to the Earth's surface. For, the equation which we have
a«d for the external surface amounts to this, that the whole force is perpendicular to the external surface.
Therefore the inclination of the surface of the water to the surface of the sphere will depend entirely on the pro
portion of the tangential force to the force directed towards the centre of the sphere. The only tangential force
is the tangential disturbing force, which must therefore be retained ; but the force directed to the centre of the
sphere consists of the attraction of the sphere and the minute disturbing force ; and it is indifferent, for the inclina
tion of which we have spoken, whether we retain that minute portion or not. If we retain it, we consider all the
forces; if we omit it, we use no disturbing force but that which is tangential. We shall see hereafter that a
similar rule is true when we consider the forces producing the motion of the sea.
(29.) Since the difference of the form from a spherical form will be exceedingly small, we may for Expansion
(**+y* + *e)*j which is the distance of any point at the surface from the sphere's centre, put r+ t/ (then q is the '^Pp{°*'^
elevation of the water above the height which it would have had if undisturbed by the attraction of the sun) : differ [ittle
and in substituting this expression in the first term on the right hand side of the equation we may neglect the from a
square of q ; and in substituting it in the factors of the other terms, which are exceedingly small, we may omit sphere
q entirely. In these small terms, therefore,
2z,—x'—yt=-2z'-(r'—z,)=3z°-r\
z C2z*-3x1 - 3y*)=z { 2zs - 3 (r» -z')}=z (5z*- 3r*) ;
and in the larger term
1_
_1_
_q_
(x' + y* +z")» ~ r +q ~ r
r"'
Substituting, the equation becomes
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7 N , S ^z'-n

Sz(bz'-3n

Tide, „

or
3r8C , 3r*
|S(3^-r') Sz (Sir'-Sr8)^
4tR»K+4tR'K \
2D'
+
2D'
J'

q~T

Sect. I
Eqnlli.
I heory Tide*^

which will be more conveniently written
g_p, , 3r»
(S(3z'-r8) S.- (S^r8) j
9
4tR3K I
2Da
+
2D4
J*

(30.) In order to determine the value of C, we must observe that the whole volume included within the
external surface of the water is equal to the sphere whose radius is r, and therefore if we estimate the sum of all
the -quantities of water which are raised above the surface of the sphere, (depressions below the surface being
considered negative,) that sum will = 0. Now conceive that there is traced upon the surface of the sphere a
series of circles at small distances, resembling the parallels of a terrestrial globe, the poles of all the circles being
at the point which is nearest to the sun, or z having the same value through the whole circumference of each
circle. Let 0 be the angle made by the axis of z with the line drawn from the centre of the sphere to any point
of one of these circles, 6 + id the similar angle for the next circle. The surface of the sphere included between
these two circles will = 2t . r sin 6. rc9 nearly, and therefore the volume of water elevated above that ring upon
the sphere =2T.g.r* sin 8. 20 nearly ; which, since z=r cos 9, is = — 2xqr. Iz nearly. We have, therefore, to find
the sum of all the values of
3/ jS(3;'-r8) , SQ'-3r;)\5
or to find
•'.

2IVK.J„l

2D3

+

2D'

J

through the whole extent of the sphere ; that is, between the limits r=—r, z—+r.
Expression ;s — 4TC'r!. Making this =0, we have C'=0, and therefore
for the ele°
vation of
3r*
(S(3z'-r') S; (528-3r')|
the water.
q~4irR'K I
2D3
+
2D«
J'
or

The value of this integral

=4T*"K {2-D-"(3COs!0-1^-D- ^--"(5cos«e-3)}.
(31.) In order to put this expression into a form adapted to numerical computation, we must deliver it from
4tR3 is the volume of the nucleus, 4t R3 lv is its mass,
the quantities K and S. First, to remove K : since —■—
3
d
expressed by the acceleration which it would cause at distance 1, as we have assumed in (22.); and, therefore,
5— is the acceleration which it would cause at the surface of the water ; but this acceleration, being that ot
or
r* Secondly, to remove S. In our treatise
ordinary falling bodies, is expressed by g : therefore 3r*— — —.
'
"
2tt a'
on Physical Astronomy, page 655, equation (24.), it is shown that T=^^ +'"")' W'"C^ W'" ^e exPresset'
in the notation of this Treatise if we remark that a is the mean distance of the revolving body =D„ ; and that
M + m is the sum of the masses of the two bodies, which, as the earth is very small in comparison with the Sun, wiil
not sensibly differ from S. T is the periodic time =1 year. Thus >j__~T- D„ ^ ^ S
. an(j therefore,
S

D 8 4t*
• 7p-

Also £f =snl

Thus the expression for q becomes

Elevation
2t! rs /D_V ,
expressed
^j— . -f^ . {3 COS8 0— 1 +sin P.COS0. (5 COs'S—3)}.
in a form
1 9 \U /
cni'atton. '^1's exPressi°n is in a form entirely fit for calculation ; it is only necessary to remark that the same units must
be used throughout : thus, if g expresses the acceleration in inches produced by gravity in one second of" time,
r must be expressed in inch*s, and T in seconds of time. To avoid the introduction of very large numbers, we
may make use of the elements of the moon's motion. The same equation of Physical Astronomy (neglecting
the perturbations of the moon) gives us T'=

7-7—
• Let the moon's mass be — part of the
V \— +M)

TIDES

AND

T ifiUui
.
„
- mA% or M=-. _- : then T'=

-

and

a
"

WAVES.

249*

/
1 \
V 1 + — 1 r*
; from wmch —, =-^/-

Tides and
Waves.
^

q =2Y' • 0 + T) ' 15^ r (jr) • { 3 cos' 6 - 1 + sin P . cos 9 (5 cos' 0 - 3) }
=TrT ' (t~)'* (sin P'")'''",(ll) * *3 cos*e— 1 + sin P,cos 0 <3 cosS 9 ~3)}-

If we suppose the moon's mass i of the earth, and give the values commonly adopted for the other quantities,
80
this becomes
81 / 27-32 \9
/D \*
Wo\36Zr2SJ
37'- i'Tx 20900000 xf-^ J .{3cos'0— l + sinS"'7.cos 0(5 cos'0-3;},
where the earth's mean semidiameter is expressed in English feet.
upon either of these expressions, the formula becomes

Performing the numerical computation

/D V
o=0-2710 foot xf
J .{3cos*0—1 + sin 8"-7.cos 0 (5 cos'0-3)},
or

Calculation
of the ele
vation of
the water.

=0-2710 foot x (^^j x(3cos'0-l),

the last part of the preceding formula being quite insensible.
(32.) Omitting for the present the consideration of the factor

which never differs much from 1, we

find that the greatest positive value of the formula (denoting elevation of the water) occurs when 0=0, or
9=180°, for which cases 3 cos* 0 — 1=2, and the elevation of the water =0'542 foot. Now 0 is the angle con
tained between the line drawn from the earth's centre to the sun and the line drawn from the earth's centre to
aay point on the surface which is under consideration. Consequently, the value 0=0 belongs to that point
of the earth's surface, or of the surface of the water, which is immediately under the sun ; and the value 0= 180°
belongs to that point of the surface of the water which is farthest from the sun. The sun's action, therefore, Greatest
would raise the water 0*542 foot on that side which is next to the sun, and also on that side which is farthest elevation,
from the sun.
(33.) The greatest negative value of the formula (denoting depression of the water) occurs when 0=90°, for Greatest
rtich case 3 cos' 0— 1= — 1, and the depression of the water is 0-2710 foot. Now 0 is=90°forall those depression.
P»ts of the surface of the water which are determined by making a plane to pass through the earth's centre
perpendicular to the line joining the earth's centre with the sun. The sun's action, therefore, would depress
'if water 0*2710 foot in the zone, surrounding the earth, which is intermediate between the point under the
am and the point that is farthest from the sun.
(34.) It appears, therefore, that the elevation of the water produced by the sun on one part of the earth,
where the elevation is greatest, is double of the depression produced on other parts where the depression is
greatest. Suppose now that the water always assumes the form which we have found, and that the earth
revolves within the coating of water. (This supposition, absurd as it is, is the only one upon which it is
possible to apply the equilibrium-theory.) And suppose an observer to be stationed upon a small island
projecting above the water, and to watch there the rise and fall of the surface of the water. To fix our ideas,
suppose the earth's axis of revolution to be perpendicular to the line joining the sun and the earth, and suppose
the observer to be at the earth's equator. Then, in the course of a revolution, he will be carried successively Elevation
through the point which is nearest to the sun, through the zone intermediate between the point nearest to the apparently
sun and the point most distant from it, through the point most distant from the sun, again through the d°uble the
intermediate zone, and to the point which is nearest to the sun. He will, therefore, have been carried twice
through the part where the elevation is greatest, and twice through the part where the depression is greatest.
The greatest elevation, as we have found, is double of the greatest depression. From this circumstance many
persons have imagined that, in all tides, under all local circumstances whatever, the line of mean water, or the
line at which the surface of the water would stand if undisturbed by tidal action, is to be found by taking a
line whose height above low water is one-third of the height of high water above low water ; so that the
elevation of high water above that line will be double the depression of low water below it. This (as we shall
afterwards show) is inconsistent with the laws of Waves on deep water, upon which, without doubt, the
phenomena of Tides depend entirely : but, moreover, it is inconsistent with the equilibrium-theory itself.
For, to ascertain the mean height of the water, we must not suppose the sun and moon actually removed from
vol. v.
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Tides and our system, but we must suppose an estimation to be made of the form which the water would assume under Tidem
Waves. the action of their mean forces ; and, considering this as the mean state of the water, we must compare the v,,Ta
disturbed state with this, in order to ascertain the true value of the disturbance from mean state. Now the ^v"
Elevation mean elevation of the water at our imaginary island, under the sun's mean action, will evidently be found by
above mean
really equal supposing the earth to turn uniformly round, by taking the actual elevation of the water in each momentary \Mm
to the de position, and by taking the mean of all those actual elevations. Putting A for the coefficient 01 2710 foot Theoij
pression
/D V
Tid*
below
xf-jjM.the elevation of the water, above the position which it would have had if no sun existed, is ~
A (3 cos' 0-1) : and if the sphere turns uniformly round, 0 will pass uniformly through all the values from 0
to 2t: we have, therefore, to find the mean of all the values of A (3 cos* 0—1) when 0 increases uniformly from
0to2*r.

Putting it under the form a|| (l+cos20) -lj, or A |^ +| cos2£)|, and remarking that, while «

increases from 0 to 2t, cos 20 goes through equal positive and negative values, the mean is —. And this is the
elevation of the water under the action of the sun's mean force.

Subtracting this from the actual elevation, or

A (3 cos* 0— 1), we have for the effect of the periodic tidal force A ^3 cos* 0—?^.

The greatest tidal eleva-

3
tion is found by making 0=0, or ISO0, or cos* 0=1, and is therefore Ax-: the greatest tidal depression is found
3
3
by making 0=90°, or cos 0=0, which gives tidal elevation =— Ax 5, or tidal depression =Ax-. The
2
2
greatest tidal elevation, and the greatest tidal depression, are therefore equal, even on the equilibrium-theory.
(35.) We shall now proceed to investigate the effect of the moon upon the water, still supposing the density
Elevation
produced of the water to be insignificant in comparison with that of the earth. The expression of (30.), mutatis mutandis,
by the
will apply to the elevation produced by the moon : supposing here that 0' is the angle between the line drawu
moon.
from the earth's centre to the point under consideration, and the line drawn from the earth's ceatre to the moon.
Putting q' then for the elevation produced by the moon,
*-dFlT

^.cos9(5cobV-3) }

Air
To reduce this to calculation we must remark that — R8 K= earth's mass=n x M ; and therefore
3
•2D" 2n D» 2n \vj \ D' J -■>nr\Sm 5' ' 1 )\d' J
4x W K
The numerical value of this depends entirely upon the value of n, or the proportion of the earth's mass to the
moon's. If (as we supposed before) ?i=80, and r= 20900000 feet, the expression becomes
i= 20900000

57, _ i"J.^J |3cos. ^_i + (sin 57'..") ^ cos # . (5 cos« tf_3)J

=0-5959 foot x (jf^ x (3 cosS 0'- 1 ^ + 0 • 0100 foot x ("gr) * cos 0" . (5 cos4 ff - 3) .
If we supposed the moon's mass to be T'T of the earth, (which is very nearly the supposition of Newton,) the
numerical coefficients would be respectively 1*1918 foot and 0"0200 foot.

The phenomena of nutation fusing

the numbers in the Figure of the Earth, page 235, and supposing ^ =^^?^ give n=82.
Elevation
a little
greater on
the side
next to the
moon than
on the
opposite
side.
Investiga
tion sup
posing
the density
of the
water not
insignifi
cant

Whichever of these values of n, or of any interrnediate to these two, we decide on adopting, it is clear that
the last term of the formula is insignificant; its greatest numerical values, when w = S0, being ±0*02 foot.
We shall therefore omit the consideration of it in future. We. may remark that, theoretically considered, its
meaning is that the water is raised a little higher 011 the side next to the moon than on the side most distant
from the moon. For when 0'=O, cos 0 is positive, and the term cos ff (5 cos* 0'— 3) is numerically added
to 3 cos* 9'— 1, which is also positive : but when 0'= 180°, cos 0' is negative, and the term cos & (5 cos* 0' — 3)
is numerically subtracted from 3 cos" &— 1, which is positive. In the intermediate zone, cos O'—O, and the
height of the water is not altered by this term.
D'
(36.) We shall defer the examination of the effects of the variations of
of the composition of the effects of
the sun and moon, and of their positions in declination, &c, and shall proceed to investigate the elevation of the
water on the supposition that the density of the water is not insignificant in comparison with that of trie earth.
The modification which this produces in the theory is, that the attraction of the water upon its own particles must
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^e ^oun<^' Th* problem now becomes very similar to that of the Figure of the Earth, and we shall solve it in the Tides and
same wav, namely, synthetically, by supposing the form to be spheroidal, and showing that, with proper pro- Waves.
portion of the axes, the equations of equilibrium will be satisfied. For the developments of the formula?
requisite, we shall refer, for the most part, to the article on the Figure op the Earth.
(37.) We shall assume, then, that the form of the external surface of the water is that of a prolate spheroid,. Method of
its axis being directed to the sun (omitting, for the present, the forces of the moon). And we shall consider {]°"'1in,,m8
that the forces which act on the water are, the attraction of the spherical nucleus, the attraction of the water, ti!'atlon?9"
whose interior boundary is spherical and whose exterior boundary is spheroidal, and the disturbing forces of
the sun found in (27.). As the attractions of the particles of water, as well as all other attractions, satisfy the
condition X=—, Y=^, Z=^, it will only be necessary for us to determine the forces which act on the
dx
dy
dz
particles at the surface, to find from them the expression for U, to form the equation U=C for the exterior sur
face, and to try whether this equation can be made to coincide with the assumed spheroidal equation.
(3S.) The attraction of the water upon a point at its surface will be found by subtracting the attraction of a Attraction
bulk equal to the spherical nucleus from the attraction of the spheroid of water supposed entire. Let the semiaxis of an entire
of the spheroid in the direction of z, or towards the sun, be 6 ; the semiaxes at right angles to this (or in the plane 8Pheroid ot
ofi, y,) b (1— £)• Comparing this with the assumption in the Figure or the Earth, sec. ii. art. 30., it is evident water"
that the formulae of article 32. of that treatise will apply here, if we put — £ for t, and omit the terms depending
on centrifugal force. Thus we have, for the attraction of the watery spheroid supposed entire,
In the direction of .r,

— ~ k ^1 +-^- (\ x

In the direction of y,

— "jF\

In the direction of 2,

4* /
4 \
—— f 1 —— 4" ) =•

0^

The attraction of a sphere of the same density whose radius is R would be
In the direction of x,

— — ftR'
3
^ + y' + zt)i

In the direction of y,

4t
—— k R5
3

y
+/+

In the direction of z,

— ^ftR
3
Sabtractinff these from the former we obtain for the real attractions of the water,
'
&
4ir /
2 \
4t
I
In the direction of j, —77
[ l +—
3 k\
5 £ /) x + —
3 k R3 (-r* + ys + •:')'r

Attraction
of the
wnter covering the
spherical
nucleus.

In the direction of y, ——k(1 +—A y+— k R1
V3 V
5 J3 3
(x*+tf+z*)i
In the direction of z, -A-k(
+ — ftR»
*
-•
3 \
5 /
3
(x* + y' + z*)l
(39.) The attractions of the spherical nucleus of earth will be
In the direction of,,

Attraction
of the

-^KR.—

In the direction of y,

4t KR
"
3
(jfi+y' + zrf

In the direction of 2,

— ^KR'
3
0J+3/*+z,)S

Combining these with the attractions of the water found above, and with the sun's disturbing forces found in Whole
(27.), omitting the last terms of the latter, we have
force which
acts on the
Y_
^zYij^A
4*,xr
7M»»
*
Sx
water.
v= - —-ft 1+— £ ) X — (K—ft) Rs —
r——
2 l 2«
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(40.) The equation U=C becomes therefore
3*\

2

+

5

i + 3 CK *} (z'+y«+^)* +2D>V-

*

y> ^

EqMtlon
if we jna^g (,r!+y,.j-;;«)t:=r-|- ,y, and retain the first power of q, only in those terms which are not multiplied
face dc,
S
.
duced from by 4 or — , we obtain
the forces.

or
x'-r-V*
The equation to the prolate spheroid is g—

or ■*t+y*+2f(*,+yf) +c*=48.

now to be determined is, whether this equation can be made to coincide with that above.
(x*+y*+:*)*, and omitting q in the term multiplied by £, this equation becomes

And the point
Putting r + q for

rH2r.9==6«-2f(x«+y')=6«+2f («'-r0=6'+|-f (3j«-3r!)==6,-4- fr*+-|^ (S-*^^.
or

2r9=6«-

+ 1 ^ r«+ 1- { (3.-«-r') :

and therefore in the prolate spheroid

formf°und '^lis exPression is evidently of the same form as that found above from the condition of equilibrium : and it will
tobe poi£ exact'y coincide with it if the two terms on the right hand side of one are respectively equal to the two terms on
sibie.
the right hand side of the other. The comparison of the first terms gives the -value of C ; the comparison of the
second terms gives the equation
Uk,, s
4x r,J(K-*)R,i T5f+2D-'=yf+—?— VFrom the latter,
,2k (K-&)R'|
_S -/ Jil*_l^ — (K-A) R") _4r
~fXi 9
15 + 9'
7*
/~3^1l5+
3^ j
2D»
S
1
and
£="2D3'4r ,2k (K-fr) R'l
3*|l5+
3/
J
Ellipticity The spheroidal form is therefore a possible form of equilibrium, and the proportion of the axes must be 1 : 1 — £,
determined where £ has the ya]ue just founll.
(41.) The value of q, found above from the properties of the spheroid, is — (3z!— r*) + constant ; which constant will be found, by the reasoning of (30.), to be=0; and therefore 9=— (Sj*—;-8).
or
value of £,
9-2Ds * 4t{2AV+5(K-A)Rs}' (

Substituting the

°

«
= i*{2kr'+5(K-k)R>y 2T? " (3 cos'°-1)To reduce this to a form fit for calculation, we may, as before, put — = ("gM'Tji"1 to remove K, we must
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sad remark that the attraction is nearly the same as if the whole mass were united at the centre of the sphere ; but Tu,es antl
Waves.
i.if.
the whole mass (omitting small quantities) is — j(r*— R*) Jfc+R*K J. : its attraction on a point at the surface ^
^
4
R'
k) —r-lj
srjof of the water is therefore —
3 . )kr
\ + (K—
v
r* J which (as before) must be made=a:
%
—1

-

therefore K=

and the expression for q becomes

10 tV

fey i-^-iy
(3 cos* e-i).
4^5(14)R1
Expression
for eleva
tion in the
spheroid.

If the depth of fluid covering the solid nucleus be small, r may be considered =R, and then
9

T>g \Dj

3k K

'

5~f
(42.) When the density of the fluid is insignificant, -^.=0, and the expression for q becomes

as we have found before.

When the density of the fluid is equal to that of the solid nucleus, — =1, and
=-tyU;-(3cos(,-i)
9=

5
or it is equal to the former result X — .

This remarkable difference is produced entirely by the attraction of

the elevated portions of water and the diminution of attraction where the water is depressed.

Converted into

numbers, this value becomes 0-6775 foot x( jj )• (Scos'0— 1) : and the whole difference between the eleva
tions ofhigh and low water is 2-0325 feet

This result nearly coincides with Newton's, as it ought The cirk =—.
2
eumstances of the earth and water will be represented most nearly by taking -j—
The same results as to
K.
11
the proportion of the elevations found on different assumptions of the proportion of the densities of earth and
water, which we have found for the effect of the sun, apply in all respects to the effect of the moon.

(43.) We shall now consider the effect of the combination of the tides produced by the Sun and the Moon ;
the place of observation being at any point on the earth"s surface, which is supposed to be carried round by
the earth's daily rotation, while the form of the water continues the same in respect of the positions of the Sun
and Moon ; and the positions of the Sun and Moon being any whatever. For simplicity of notation, we shall
put S' for the factor of

. (3 cos* 6—1) in the expression for the Solar Tide, and M' for the factor of

D' to
I/D'
— V] . (3 cos'fl' — 1) in the expression for the Lunar Tide ; also we shall put P
— for D
■ —, and P'
— for r~,
which they are almost exactly equal.
(44.) In figure 1, let p be the pole of the earth, t the place at which the tide is observed, « the point to Combinawhich the moon is vertical, v the point to which the sun is vertical. Then the elevation of the water at t is tion of
Solar and
'P \»
Lunar
(3 cos«<u-l)+S'( — .(3 cos* tv-\).
Tides.
Draw a meridian pw fixed in space, and draw meridians through t, v, v ; let s, m be the celestial right ascen
sions of the sun and moon, and / the terrestrial longitude of the place, as measured from that fixed meridian;
\i the celestial declinations of the sun and moon, and X the terrestrial latitude of the place. Then cos tu=z
sin X. sin jx+cosX.cos /x . cost,— m: cos <u=sin X.sin ir-f cosX.cos a. cos l—s ; and the elevation of the water is
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/3
\ 3
3
\
— 3sin* X).^- cos'^j — 1J + -sin 2\. sin 2 fi. cos Z-m+- cos'X. cos* yu. cos 2. Z-mj

Tides u
w"e<
Vs«ui

+ S'^J^-{(l-3sin*X).^-|- cos* <r— l^ + -|-sin 2X.sin 2<r. cos Z^ + y cos* X.cos' <r.cos 2.Z^j}

Equi
libriumTheory (
Tltle!-

of which (he different parts may be more advantageously combined in the following form :
(1 -3 sin' X) .{m'(£J.(| cos8 M- l)+S'(J-)' (f cos«
+

l)}

sin 2X. jM'^^-^-sin 2/c. cos Z—m+ S'^p-^' sin 2<r. cos Z— .$}

+ |- cos" X.{m'Q^. cosV . cos 2 . Z - m + S'Qj- ^ . cos* o- . cos 2 . Z^}.
We shall consider the different terms of this expression in order.
Tides of
long pe
riod.

(43.) The first line does not depend upon Z, m, or s, and is therefore independent of the right ascensions of the
sun and moon or the hour of the day. It does not therefore represent a Tide in the ordinary sense of the
word. Never'heless it depends upon fx and a, and therefore will vary with the variation of the declination of
the sun and moon. But it is indifferent whether the declination is north or south. As the moon's declination
goes through all its changes in respect of magnitude (without regard of sign) in half a lunation, the term de
pending on M' will produce a slow tide, going through all its changes in 14 days nearly. There will also be
a slow tide produced by the term depending on S', going through its changes in half a year. These Tides
do not exist for any place at which the sine of latitude = ^/-i- : near the equator, the water is high (as
depending on this cause) when the moon and sun are in the equator ; near the earth's pole, it is low at the
same time; the greatest change of surface at the equator, supposing the sine of the greatest declination to be
|-, willbe^jM'Q^+S'^l^ | nearly: the greatest change at the pole win be §f {M'Q*J

Diurnal
Tides.

(46.) The second line consists of two parts, each of which is a multiple of the cosine of Z — m or /—s. This
then represents two tides; of which one goes through all its changes, while the distance of the meridian passing
through the place from the meridian passing through the moon (or the moon's hour-angle) changes by 360°; and the
other goes through all its changes while the sun's hour-angle changes by 360°. Each of these then produces
a diurnal tide ; and their combined effect will be represented by a single diurnal tide of varying extent, and
which follows the moon's transit at a variable interval. For, the line may be put in this form :
sin 2x|m'Q^-^ sin 2/i.cos/-m

+ S' (^T^ sin 2<T- cos (.l—m+m— »)}

Observing that cos (Z — m+m— s)=cos m — s. cos Z — m — sin m— s .sin I— m, this may be thus expressed :
3
[ /P' Y
/P V
1
+ -sin 2X|M'^pj- J sin2/j+S'^— J- sin 2<r.cos m— «| cosZ-ro
3 sin 2X.S'(/P
— V)• sin 2<r. sin m—s. sin l — m.
2
\PJ
Remarking that

A . cos Z-m - B sin l—m =JAS + Ba( A
cos l-m
IVA'+B4

—~
sin T^Z> ^1
VAa+B*
//

=VA*+B'jcos E.cos Z-m— sin E.sin Z—mj, where tanE=5;
=VA!+B\ cos l-m + E;
this may be put in the following form :
+1 9in 2VIKS.)'8'"8 2* + m' S(SJSin 2/t'Sin 2<r-C°S ^Z7+S'(fJ^2,]xcos^3^Te
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S|— J.sm 2<r.sinm-4
tan
lull E=-—
u= /pf \»
—
/p\l

Waye8.
v

J

COS VI — s
Hwtjof
tia. On this diurnal tide we may make the following remarks.
(47.) 1st. It is 0 at the equator (where X=0), and at the pole (where X=90°), and greatest for places at lati
tude 45°. For these the greatest value (which occurs when m —s=0, or at new moon) is
+ 2"{M'(p^~) Sin 2lx +S (p" ) Bin 2<r }cos *~
3 the greatest diurnal tide will be about
and as the greatest value of sin 2fi and siti 2a will be about —,
-<M'^— J —

— J | cos I—m: and the greatest oscillation produced by the diurnal* tide will be

(48.) 2d. The position of the meridian passing through the place of observation, with reference to Changes in
the position of the meridian passing through the place of the moon, at the time of high water as produced by the diurnal
the diurnal tide, is determined by the equation / — m+E=0, or m— /=+E. This is the moon's hour-angle Tide.
to the east of the meridian at the time of high diurnal tide. If now we examine the expression for tan E, we
find that E undergoes the following changes. If sin m— s is positive, and ft and a are both positive, E is a
S'
positive angle and not very great, since
is a fraction, as will be inferred from the remark on the relative
influence of the sun and moon in (15.) But if, while a retains the same sign, fi changes its sign (in conse
quence of the moon crossing the equator), the denominator will successively become small, 0, and negative. E
therefore increases suddenly to 90°, and to an angle not much less than 180°. This change of angle shows that
the phenomena of this Tide are very rapidly reversed when the moon crosses the equator : that, instead of its
high water occurring when the moon is a little way east of the upper meridian, it occurs when the moon is a
little way east of the lower meridian. At the time of the moon's crossing the equator the tide will be small :
for it will depend on S' only. This supposes that sin m — s has not changed sign ; if it diminishes to 0 and
then becomes negative, tan E gradually becomes a smaller negative quantity and then becomes positive, or E
exceeds 180°; and the high water takes place when the moon is west of the lower meridian. The reader can
easily examine the changes which occur in other positions of the two luminaries ; but the following rules will
be found to comprehend nearly the whole. If we consider the sidereal day to be denned as the time between Rule for
'.he first point of Aries passing the meridian and the first point of Libra passing the meridian ; and the sidereal the time °'
right to be the time between the passages of the first point of Libra and of the first point of Aries ; and suppose hi"u"-ivo.ter
the latitude of the place of observation to be north ; then the high water produced by diurnal tide always
occurs in the sidereal day, if we neglect the sun's action, or in or near the sidereal day if the sun's action be
small ; and its time is that of the moon's passage over the upper or lower meridian (according as her longitude is
less or greater than 180°) exactly if the sun's action be neglected, or nearly if the sun's action be small. The
sidereal time of the high tide is later and later each successive day ; the magnitude of the tide is greatest when
the high tide occurs nearly at the middle of the sidereal day ; and when the sudden shift takes place from theend of sidereal day to the beginning of sidereal day, the diurnal tide is extremely small.
(49.) We shall now consider the third line of the expression in (44.). It consists of two parts, each of which Semidiurgoes through its changes twice, while l—m for one, or /—s for the other, increases by 360°. Each of these, nil1 Tide.
therefore, produces a semidiurnal tide (the term semidiurnal being, for one, referred to the length of the lunar
day, and, for the other, being referred to the length of the solar day). These two tides may be compounded
into one semidiurnal tide, by the same process as that in (46.) ; and the expression for the elevation of the
water from this cause becomes
+?cos* •• y/|m'»^^-^<'cos>-1-2M'S'^^^-) cos!jli.cos8er.cos 2.»i-s-|- S"

where

tan F=

PV
S'lf —J cose o.sm2.m-s
^"mS
M'^pT-j cos*ji + S'(-^-ycos«o-.cos2.m— s

We shall proceed to discuss several cases of this formula.

cos4 <rj XCos2(i-m)-f F
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Tides and (50.) 1st. The coefficient is greatest for places at the equator, and is 0 at the poles; for all parts of the earth, Tides
"Waves, therefore, it may be considered to have a sensible value. In the succeeding statements of value we shall
v-"~v-~/ express the values corresponding to the equator : those for other points will be found by multiplying by cos'X. v—
Sect. II,
Spring
(51.) 2nd. Suppose that m-a is 0° or 180° (that is, that it is new moon or full moon): the expression^"'"
Tides.
becomes
Ji!?rium*r /FV
/p\i
1
ihforJ°
^M'^p-J cosV + S'^— J cos'ffjxcos2./-m.
Tlies_
The extent of oscillation of the surface of the water will here be

-

3{m'(|1JcosV+ S'(0cos'
The value of cos a will not much differ from that of cos/i; therefore the expression will be nearly
3cosV{m'(0+S'(0}.
This will be greatest, ceteris paribus, when cos p=l, that is, for new or full moon, when the sun is at either
21
equinox. For a solstitial new or full moon, cos* ^=^7 nearly, and the expression is

Neap
Tides.

(52.) 3rd. Suppose that m — s is 90° or 270° (that is, that the moon is in quadratures) : the expression
becomes
l\
and the whole extent of oscillation is
3 MS:)' cos! * " s' (£JC0S'
If the sun is at either equinox, the moon will be at solstice, and the whole extent of oscillation is nearly
3{m'(f~) '^~s'(p~) 1'

11 the sun is at eitlier solstice' the moon wil1 te at e(luinox' aml tlic wllolc

-extent of oscillation is s|m'^^-^ — S'^jr^ 'f^l"

^omDmint5 tnese remar'ts wit^ those of the last para

graph, we find that the syzygial tides are greatest, and the quadratural tides are least, at the equinoxes, and
that these are respectively the greatest and least of all the tides.
(V\'
/ P V co=' "» and consider tnat> in conpf-J cos5 fi, and S' + T for S'(^p-J
sequence of the small variation of the factors [f P' V) cos' p &c, N and T will be small, and their powers above
the first may therefore be neglected without great error, the whole extent of oscillation is expressed by
3 V| M's + 2 M'S' cos 2 .

+ S" + (2 M' + 2 S' cos 2 . m^~s) N + (2 & + 2 M' cos 2 . m-s) T j.

,f ,
1
M'-l-S'cos2.7/i-s
S'+M'cos2.m—s
_
= 3V M',+2M'S'cos2.m-«+S'4 + 3
—
N+3
TI
J
^{M'»+2M'S'cos2.wi-« + S*}
^{M"+2M'S'cos2.m-s+S4
If P'=P',-r-p'=P'1^l
= l + |p- sin*<r nearly.

then^JcosV=l + 3^— sinV nearly; and if P=P„+p, then
Consequently N=3^^ — M'sin'/i, and T=3^' - S' sin' a.

Substituting these in

the last formula, we find the following approximate expression for the whole extent of oscillation :
Approamate expressionfor
the
tionoscillaof the

3 VjM*+2M'S/ cos 2.m-*+S''l
I
J
M'* + M'S' cos iTl^S
a. 9 P'mV/{M ' + 2M'S' cos2.m-j + S"j if
H

cos' <r

TIDES
W««nd
»■«.
^*—>
IIP
fc-of

_3

AND

WAVES.

vr'»
i uric cos~ n2. to-*
M'+M'S
V{M/,+ 2M'S'cos2.m-*+S"} '
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^

S"+M'S'cos2.to-j
P_V{M'+2M'S'cos2.m-.s + S'V
_3

Tides
Wave9and
v—N
water producedby
nal Tide.

S"+M'S' cos2.to-»
. ,
V{M's+2M'S'cos2.^7+S'i}S,n

This form is convenient for calculation. For the first or principal term depends upon no variable except m — s,
the angle by which the moon's right ascension exceeds the sun's right ascension, and may therefore be expanded
in a single table to any extent : the other terms depend each upon two variable quantities (of which one is
m— s, and the other is the difference of parallax from the Tiean, or the declination), and will therefore be con
tained each in a table of double entry, which, however, i.eeds not to be extensive. It is nearly in this form
that the tables have been constructed which have lately b«en used for the prediction of tides.

I

F
(54.) 5th. The time of high water is determined by making 2(/-ro)+F-_0, or l-m=--.
2 Now l-m^^°[
1 ^a er
is evidently the angle by which the place of observation has travelled to the east of the meridian passing moon's
through the moon, or it is the time (expressed as an hour-angle) by which the moon has apparently passed transit,
the meridian of the place. Remarking now that the ditference between F and tan F is so small (for these
investigations) that we may use one for the other, and also that, as tan F or F is expressed in parts of radius,
24 X 60
it must, in order to give an expression in minutes of time, be multiplied by —
, we find for the retardation
af high water after the moon's passage over the meridian, expressed in minutes of time,
24x60
*
X

(S' + T).sin2.m-i
M' + N-f(S'+T)cos2.m-v'
fhese minutes, it is to be remarked, are strictly minutes of lunar time (that is, of time in which the measure
of -24 hours is the interval between two transits of the moon) : but they will not sensibly differ from solar
minutes. Expanding to the first power of N and T, the retardation is
360'

{S'sin2.m-J
M'+S' cos2.m—x

S' sin 2. to -s
^
(M' + S' cos 2. to ^7)'

M' sin 2. to — s
_J
(M'+S' cos 2.m^7)s /'

*hich, as before, will be conveniently expressed for calculation in the following form :
^
360"
S'sin2~m^
_
_
_____
* 'M'+S'cos2.to-x

Approximate enpressioufcr
the retardation-

1080M'S'. sin 2.to"^
»
P'_(M'+S'cos2.m-»)*
360"

1080"

M'S'. sin 2. m—s
(M'+S'.cos2.to-»)«
M'S'. sin 2. to^~*
V
P_(M'+S'cos2.to-*)'

, 360" M'S'. sin2.m—s . ,
H
.
sin' a.
w (M'+S'.cos2.to-s)«
(55.) The changes in the value of this expression which are most interesting to the general reader are prin- principa]
cipally those of the first term. It appears that when to — s is greater than 0° and less than 90°, or greater than changes in
lfeW and less than 270°, this term is negative ; that is, high water should precede the moon's transit while the ^ eretarda"
moon is passing from syzygy to quadrature. While the moon is passing from quadrature to syzygy, high
waler should follow the moon's transit. The greatest value of this acceleration or retard for the mean values
M' and S' will be found by differentiating the first term with respect to m—s, and making the differential Expression
g/
g/
for greatest
coefficient =0: this gives cos2. m — s= — — , from which tan F at its maximum value = ± ■ . _
, and retard.
b
M'
v^M^-S")
2 M*
VOL. V.
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This expression is useful, because, in a long series of observations, it is possible to determine Tiin"

the value of F with considerable accuracy, and that determination will immediately give us the value of the g^J
g/
Equi
fraction — or the proportion of the Sun's mean force to the Moon's mean force.
librimn
Theorj
Tula.
Eipres(56.) In the expressions for N and T, we have proceeded on the supposition, that it is most convenient to sions
/ P7 V
/ PV
referred to refer the actual values of M' I ~ J cos* fi and S' I ^— I cos* a to the values which they would have, if the respecmean de\"m/
VP*/
clination. tive parallaxes had their mean values, and if the declinations were 0. With regard to the parallaxes, there
is no need for alteration ; but with regard to the declinations, it has sometimes been found more convenient to
refer to a declination A, which gives for cos* A a value that is nearly a mean among all the values of cos'^i or
cos* a (conditions that are sensibly equivalent) which occur in observation. This gives for A a value of 16° 35'
/P'V
/P'V
nearly. Then the term M'
J cos*/* must be expressed in the form M' ^— j . (cos* A + cos' fi — cos'A)
or M' cos* A 1 1 + Jr- + ———8 °0S -)• If we put MA for M' cos* A, and call theJast expression M_> + N, we
t
i m
cos A
J
obtain N =3infk^— MASi" ^ -i^. A similar change must be made in the value of T. And thus it appears,
P'„
cos"A
that the expressions of (53.) and (54.) may still be retained, provided that we put MA and S^ instead of M'
. „
.
,«
sin'u — sin* A
sin*«r — sin'A
and S, and that instead of sin*u
—r-r
and
r and sura- we put
r
cos* A
cos"—A . Then the greatest value
of F which we have spoken of in (55 . ) will be the mean of all the greatest values of acceleration or retard pro
duced in a very long series of observations; since then, not only will the positive and negative values of p'andp,
(the excesses and defects of actual parallax as referred to mean parallax,) destroy each other, but also the posi
tive and negative values of sin*/x — sin* A and sin*<r — sin* A, (the excesses and defects of the actual values of
sin* fi and sin* a, as referred to their mean values,) will destroy each other ; and thus a value of F will be
S or its equal ^
S' can immediately be found.
obtained, from which —^MA
M'
(57.) With regard to the three principal parts into which we have resolved the Iunisolar tide, we may make
the following remarks :—
The first part treated in (45.) &c, is so slow in its period that it will generally be lost among the others whose
recurrence is so much more frequent. If, however, we wished to examine its law, we should remark, that its
variations depend chiefly on the variations of sin*/x and sin*<r. And we see that sin*/j will be (for a few luna
tions) nearly proportional to the square of the sine of the moon's longitude from a given point, and therefore
nearly proportional to the square of the sine of an angle increasing proportionally to the time (which we will
call At + B, putting t for the time), or that sin* fi cc sin* (At + B) cc £ - £ cos (2At + 2B). From this it appears that
the fluctuation of the surface of the water, dependent on this cause, would be expressed (omitting the constant
terms) by a multiple of cos (2Ai-f 2B). In like manner the fluctuation depending on cos'o- would be expressed
by cos (2C/ + 2D).
(58.) The fluctuations depending on the second and third parts, treated of from (46.) to (53.) are, as we have
seen, expressed by cosines of multiples of l-m and l-s, which for a few tides can be expressed nearly enough
by cosines of multiples of l-m. This angle is nearly proportional to the time, and thus these fluctuations can
be expressed in the same form as those above.
(59.) If we considered the variations which the factors of these different terms undergo, arising from the
change of parallax, declination, &c, it would be found that they would all be expressed by series of cosines of
multiples of the time ; which combined as factors with the cosines of the former would produce cosines of new
multiples of the time.
All the
(60.) Thus it appears that the fluctuation of the water will be expressed by a multitude of terms, each of
tiuctuawhich will be of the form C cos (2A/ + 2B). If any one of these terms existed alone, the following curious law
becx-may wou'd ue true. Suppose the lines of the extreme elevation and extreme depression of the surface of the water
pressed by to be marked upon a wharf-wall ; and suppose a circle to be described upon the wall, touching those two lines;
cosines.
then if the circumference of that circle be divided into equal parts, the fall of the water will expose the succes
sive equal parts in successive equal times. For, since the whole fluctuation is 2C,C is the radius of our circle;
and the elevation of any point of the circumference above the mean (or above the centre of the circle) is C x
cosine angle from the top; but the tidal term gives for that elevation C x cosine (2A^ + 2B), and therefore
2AI + 2B must be the same thing as that angle from the top ; and, therefore, that angle, and the circumference
which is proportional to it, must have increased proportionally to the time. But this law does not hold for an
assemblage of a multitude of such terms.
(61.) We have now given a tolerably complete investigation of the equilibrium-theory.
this section we "will point out roughly how far it agrees with observation.

But before quitting
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(62.) The most conspicuous tide, on the coasts of
**■ Europe at least, is the semidiurnal. The acceleration
or retard of this tide on the moon's transit, does not
one port in a hundred agree in any measure with the
result of this theory . The extreme differences of acceleralion or retard (F of article 55., &c.) agree better,
but are not exactly the same at all ports. They do
not occur on the days on which this theory predicts
„ them, but always later. The absolute elevation of the
tide is great at one port and small at another, without
any relation to the quantity calculated from the theory.
, The proportions of the elevations however at the same
port, in different stages of the lunation, agree pretty well
with the theory (though not equally at all ports) ; yet
the critical phenomena (spring and neap tides) occur
later than the theory gives them, and that by a quantity
which is not the same as the delay of extreme values
of F, mentioned above. The peculiar phenomena of
river tides are not touched by this theorv.
(63.) The diurnal tide ought to be discovered, in
observation, in one of the following ways. If the
diurnal tide were much greater than the semidiurnal,
there would appear, to common observation, to be
only one tide in the day with some irregularities. If
it were much smaller, its effect would be shown in
either or both the following ways. If its high water
occurred nearly at one high water of semidiurnal tide,
its low water would occur nearly at another high water
of semidiurnal tide ; and one of the semidiurnal tides
would be increased and the other would be diminished.
If its high water occurred between two semidiurnal high
waters, then at the first semidiurnal high water the sur
face would still be rising inconsequence of diurnal tide,
and the compound high water would be later ; and at
the second semidiurnal high water the surface would be
filling in consequence of diurnal tide, and the com
pound high water would therefore be past ; consequently
the interval between these two high waters would be
less than it ought to be on the usual laws of semidiurnal
liiie. The diurnal tide ought, in these latitudes, to
be equal or nearly equal to the semidiurnal tide. Yet"
a the Thames it is absolutely insensible; and in other
jtfts, as well of England as of other parts of Europe and
America, though discoverable, it is not notorious, and
ks only been found from the observations made by
nen of science. It has been found to be very conspi
cuous at some places near the equator and some places
near the pole, where it ought not to be discoverable or
scarcely discoverable.
The Tides of longer period have scarcely been
observed.
(64.) Combining these remarks with those which we
. made at the introduction of this theory (14.), it must
be allowed that it is one of the most contemptible
theories that was ever applied to explain a collection of
important physical facts. It is entirely false in its prin
ciples, and entirely inapplicable in its results. Yet,
strange as it may appear, this theory has been of very
great use. It has served to show that there are forces
in nature following laws which bear a not very distant
relation to some of the most conspicuous phenomena
of the Tides ; and, what is far more important, it has
given an algebraic form to its own results, divided into
separate parts analogous to the parts into which the
'idal phenomena may be divided, admitting easily of
calculation and of alteration, and thus at once suggest
ing the mode of separating the tidal movements, and
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affording numerical results of theory with which they Tides and
are to be compared. The greatest mathematicians and Waves,
the most laborious observers of the present age have
agreed equally in rejecting the foundation of this theory
and comparing all their observations with its results.
And, till theories are perfect (a thing scarcely to be
hoped for in any subject, and less in the Tides than in
any other), this is one of the most important uses of
theory .

Section III.—Laplace's Theory of Tides.
(65.) In the theory which we are now about to Laplace's
describe, a prodigious step was made towards a rational theory is a
of
explanation, on mathematical principles, of the tidal theory
phenomena. The idea of a state of equilibrium was motion.
entirely laid aside, and the motion of the water was
legitimately investigated, on the supposition that it is
in motion, and subject to all the laws of fluids in
motion. It was found necessary, however, in order to Supposi
by
make the application of mathematics practicable, to tions
it is
start with two suppositions, which are inapplicable to which
limited.
the state of the earth. These are : that the earth is
covered with water ; and that the deptli of this water
is the same through the whole extent of any parallel of
latitude. Under these suppositions it is evident that
the theory is tar from being one of practical applica
tion ; though it clearly approaches much nearer to
truth than the theory of equilibrium which we have
already described.
(66.) It would be useless to offer this theory in the
same shape in which Laplace has given it ; for the
part of the M'ecanique Celeste, which contains the
Theory of Tides, is perhaps on the whole more
obscure than any other part of the same extent in that
work. We shall give the theory in a form equivalent
to Laplace's, and, indeed, so nearly related to it, that a
person familiar with the latter will perceive the paral
lelism of the successive steps. The results at which
we shall arrive are the same as those of Laplace.
(67.) We shall commence with a few considerations
of a general nature, based upon the suppositions that
we have already enunciated, and the additional suppo
sition that the depth of the sea is small compared with
the radius of the earth ; and taking for granted a know
ledge of the principal results of the equilibrium
theory.
(68.) The motion of the water which forms the
variable elevations of the Tides at different parts of the
earth must be conceived to be principally a horizontal
oscillation, the water on both sides of the highest point
at any time having run towards that point in order to
raise the surface there, and, consequently, (as the
highest point occupies different positions at different
times,) the water at any particular place running some
times in one direction and sometimes in another. Com A small
bining this with the general result of the equilibrium- vertical
of
theory as to semidiurnal Tides, (namely, that the water motion
the
water
is equally raised at two opposite points,) it will easily implies a
be seen that, if a canal were traced through the water, large horiforming a great circle of the earth, it would (in certain lont&l mo
positions at least of the sun and moon) be divided into tion.
four parts, in two of which the water is running in one
direction, and in the other two it is running in the
opposite direction. Suppose that in one of these parts
2 m 2*

260*

TIDES

AND

Tides and the length is 1000 times as great as the depth, and
Waves. suppose that the water is depressed one foot through
its whole extent. It is evident that the volume of the
water (omitting the factor depending on the breadth of
the canal), for which a new place is to be found, is =
the length of the canal X 1 foot, which = 1000 X depth
of the canal x I foot, or = depth of the canal X 1000
feet. Consequently the water at one end of the canal,
if that at the other end remained unmoved in horizontal
place, must have moved 1000 feet, or 1000 times as far
Extraneous as the whole vertical motion of any part. The whole
Tertical
of the extraneous vertical forces then which act upon
forces, and the particles of the water may be omitted in our in
forces de
pending on vestigations. For these forces are of two kinds. One
is that which depends upon the acceleration or retard
vertical
motion,
ation of the particles of water in their upward or
may be
downward direction : thus, if the water has been raised
omitted.
1 foot in 6 hours, the force of which we speak is the
pressure which must have acted, in order, by its
action continued for 6 hours, to produce a motion of 1
foot. It is clear that this is insignificant in comparison
with that force which in the same time has produced a
motion of 1000 feet. The force of the other kind is
the disturbing force of the sun or moon: now the
pressure which this causes among the particles of the
water depends not only upon the magnitude of the
force, but also upon the depth of the column or the
length of the canal through which it acts : and, there
fore, though its resolved vertical part may be as great
as its resolved horizontal part, yet as the vertical part
acts only upon a column of water 5 or 0 miles deep
(at the utmost), and the horizontal part acts along the
whole length of a canal 5000 or 6000 miles long, the
pressure among the particles of water which is caused
by the former will be insignificant in comparison with
that caused by the latter. As regards both these
kinds of force then, the vertical force may be put out
of consideration. But the same remark does not apply
to the vertical force of gravity, nor to the difference in
the pressure which it produces, depending on the
small tidal difference of elevation of the water at
different places. For the force of gravity, as we have
Vertical seen in (16.), is nearly forty millions of times as great
force of
gravity on as the sun's disturbing force, and therefore the force of
the small gravity acting on one foot of additional elevation of
flevations water would cause as great an additional pressure
of water among the particles of water as the sun's disturb
must not ing force acting along a canal whose length is 8000
be omitted.
miles.
(69.) From this we gather that the only forces
which we shall have to consider are : the vertical force
of gravity, the resolved disturbing forces of the sun
and moon in the horizontal direction at each place, and
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the forces arising from the horizontal accelerations Tides
or retardations of the water in each place. We wat<
shall suppose the density of the water insignificant, v
and gravity therefore will depend simply upon the Sctiattraction of the solid earth, and the centrifugal force ^*
arising from the earth's rotation.
liin!
(70.) Now as the depth of the water is very small
compared with the radius of the earth, the horizontal
disturbing force will be very nearly the same at the
bottom of the water as at the top. Consequently we
may conceive the whole motion of the water to be of Part"
such a kind that particles which were originally in a ""^
vertical line remain in a vertical line, although that linen
vertical line may have had a motion on the earth's mW
surface. The elevation of the water must be supposed !"ei1'
to be produced merely by the approach of different }""'
vertical lines, (arising from their difference of horizon
tal velocities,) and the consequent forcing up of the
water between them : the depression, by their separa
tion, and the consequent drop of the water to fill up
the space between them. The reader will remark, that
this is not the most general supposition that we can
make in regard to the motion of water, but it is
one which is possible, and which is sufficient for our
theory. Algebraically speaking, it is not our object to
obtain a general solution of the equations applying to
fluids, but a particular integral adapted to the case
under consideration.
(71.) We shall now proceed to put the theory into a
mathematical form. In figure 2, let P be the pole of
the earth, PA a meridian fixed in space, PS a meridian
fixed upon the earth's surface, and therefore travelling
away from PA with a uniform angular velocity which
we will call n ; so that, at the end of the time t, PS
will make with PA the angle nt : PT the meridian
passing through the original place T of any point of
the water whose motion is required. We shall sup
pose that in the quiescent state of the water the angle
SPT would have been cr, but that in consequence of
the tidal disturbance the particle of water is moved to
T, and the angle ta is altered by the variable angle r,
so that SPT'=ct + v, and APT'= nt + m + v. We
shall conceive that the original polar distance of the
water at T was 0; but that in consequence of the
tidal disturbance it is now 6 + u. Also we shall put y
for the depth of the water at T, supposed quiescent,
and w for its tidal elevation above the quiescent state
when at T'. Here y, in conformity with the sup
position made in (65.), is to be considered a function of
6 only : u, v, and w are all to be considered as functions
of 0, t, and t.

Investiga(72.) The equation which we shall first form is that which expresses that, however any part of the fluid is
tion of the transported by the tidal and rotatory motions, it occupies still the same volume. Take another point U' cor^^j™ of responding to another particle of water U, which was originally on the same meridian with T, and whose polar
distance was originally 6+29, and therefore is now 0+ M-f^l

^0 nearly.

The angle APU' has the value

which nt + ta + v receives when 6 + SB is used instead of 0 in forming the value of ti: it is therefore
nt + tjt + v +f^N) (6 nearly . Also take two points, V and W', corresponding to two points V and W, whose polar dis^ aty /
tances were originally 0, and 6 +$9, but which were upon a meridian making with PS the angle o + Scx. The polar
distances of these two points have now respectively the values 0+m + ^" Sct and 0+u+( 1+^
cicj
\
day

and
rftsx
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sud
/ dv\
/
dv\
Tidei and
w their angular distances from PA have respectively thevalues nt + o + v+i 1+^- ] Sot and nf+cj+t'+f l-\
)Sw Wave*.
«'»' ^5^'

^istance' tneref°re> fr°m 1" t0 U' (if r be the radius of the spherical or spheroidal surface of the

irater) is sensibly equal tori 1 + — J$0, and that from V to W is the same.

Also the difference of

angular distances from PA, between T and V, is sensibly equal to r(l+^~^w> 81,(1 tnat between U' and
W is sensibly the same.

Now the area of the surface upon which the water originally stood is seen without

difficulty to be rSfl x r sinf 6+ — J.Sw : and, therefore, its original volume
9+

J.Jwxy.

The area upon which it now stands is not estimated so readily, because its sides are inclined ; namely, one pair
making with the meridian the small angle -^Xr.sinfl. — 20=sin0.—, and the other pair making with the
parallel the small angle
xrr 2cj=
.-r—. These small inclinations do not, however, produce any
~
^ r sin ddts
dvs
sin 0 dm
1
sensible effect on the area. The reader will perceive this most readily by estimating the area of a parallelogram
abed, figure 3, whose sides are inclined to the sides of the rectangle acgf. For the area of abed
=aix ad x sin &ad= oi X «dx sin (90°— bac— daf) =ab x«dx cos (bac+daf)
=a6x adx (cos bac. cos daf—sin bac. sin daf)
= (a6 . cos bac) X (ad . cos daf) X (1 —tan bac . tan daf
— ac.aj.{ \ —tan bac . tan daf),
which it is evident differs from ac.af only by the product of ac.af into a small quantity of the second order.
In like manner we may estimate the area T'U'VW' without regard to the inclination of its sides ; and it becomes,
therefore,

The depth of the water, which at the original place was y, is now altered, from two causes : first, because
6+u, upon which it depends, differs from 0 ; and, secondly, because there is the tidal elevation of the surface ;
dy u+w. The volume of the water standing upon T'V'W'U' is, therefore,
it is, therefore, y+--f
do
<.+S)»»,«{»»m(.+S) "} »('+£Mt+3-»-)
-X^^)*«T<»+30»{1+—4.M$.?}x(. + *)x(l+i.3|+£)
Making this equal to the original volume, or
tB6 X r sin

2«» X y,

we have
/

du\

(

„ 86

du 201

/,

dv\

/

ti dy

w\

or, multiplying out these quantities, rejecting products of the small terms, and rejecting the insignificant terms
depending on S0,
du
dv , u dy w
0=— +wcotan0+ -- -]
.-j- +—.
dd
do 1 y dd y
If we multiply this by y, it becomes
d
dv
0=— (uy)+uy.cotan0 + y -—(-to;
an
aas
and if we multiply again by sin 0, it becomes
0=
do

(«y sine) + y sin©.''" +w.sinfl.
aw
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Tides and Thjs the equation expressing that the same water always occupies the same volume : it is frequently called TM« i
Wares, the equation of continuity.
J^ve
Explana(73.) We now proceed to investigate the equations applying strictly to the motion of the water. We will
tion of the first allude in a few words to the general equations of motion of incompressible fluids, referring to our article Theory
pressure of Hydrodynamics, page 276, or to other treatises, for a more detailed exposition. Let the places of the particles Tides.
of a fluid at any instant of time be defined by three rectangular coordinates: suppose x, y, z, to be the —
coordinates of one point, and p the pressure among the particles at that point. The pressure may perhaps be
most easily conceived in the following manner :—Suppose a plane to be inserted in the fluid, and suppose the
fluid on one side of the plane to be removed ; it will be necessary to apply a pressure to this plane, in order to
maintain the remaining fluid in the same state (whether of repose, or of motion or change of motion) ; and the
pressure for every square unit of surface on this plane is our quantity p. This pressure ought in strictness to
be estimated as a statical pressure by the number of pounds and ounces under the action of gravity, at a given
place on the earth's surface : but it will be preferable to take, instead, a quantity which bears a constant ratio
to it, namely, the acceleration which this pressure will, by acting for one unit of time, cause in a cubic unit of
the fluid.
lnvestiga(74.) Conceive, then, a small parallelopiped to be inclosed by planes corresponding to the coordinates or,
tionofihe x + h; y,y + k; z,z + l; h, k, and / being extremely small. The pressure per unit of surface on that end
equation'ar whose ordinate is x, isp; but the area of that end is kl ; therefore the actual pressure is pkl. The actual
fion'of"10" pressure on the other end is £/xthe value of p corresponding to x+h, or it is Wx(p+p*\ The former of
nuias.
these tends to push the parallelopiped forward in the direction of x : the latter tends to push it backward.
The actual pressure, then, tending to push it backward, is — kkl; and as the volume of the parallelopiped is
dx
kkl, the accelerating force in the direction opposite to that in which x is measured is
If there is acting an
dx
extraneous accelerating force, tending to urge the particles in the direction of x, and represented by X, then the
real accelerating force in the direction of x is X—

Consequently, (Mechanics, page 91,) ^=X—

Similarly, — =Y — ; — =Z — —.
3 ' dt1
dy dP
dz
Equality of (75.) It is to be remarked, that here we conceive the quantity p to be the same in the three equations which
irTmovTng we have just found. That this is true when a fluid is in equilibrium (or that fluids press equally in all
fluids re- directions) there is no doubt : indeed it can be shown to be a necessary consequence of the possibility of
quires in- division of the fluid by planes in all directions, and of the perpendicularity of the pressure of the fluid on any
vestigation. such plane. It is not so self-evidently certain for fluids in variable motion. Without expressing any doubt
of its truth, we wish at the same time to call the reader's attention to the difference of evidence for the principle
in the different cases.
lnvestiga(76.) To apply this to the movement of the sea : let x be parallel to the axis of revolution of the earth, y
polar'eq'ua- d'rectea" towards the first point of Aries, and z at right angles to these. And put & for 6 + u, w' for nr + ra
tions of the r for the distance of any particle from the earth's centre. Then ,r = r.cos0', y = r. sins' .cos nt + o',
fluids11 °f 2= r. sinO'. sin nt+Gj'. Our equations of motion, which depend on ,r, y, z, must be transformed into others
,
.. on r, ff, vs.,
depending
dp dr . dp dO'
Trdy +T8>-Ty

„, must* then, instead
.
. of-dp
dr dp do' \- dp
We
—-, put dp
-f-.—
—,. dts' :
dx
dr dx dd dx dts dx
dp dts'
, , dp
dp dr dp dff dp dvs' . ,
! ^
Tz We mUSt PUt dr'dz +d8>- Tz +d£'-dT ^

. dp
for
-f- we must put
dy
. ,
.
,
* f°rmmff
^

tities —, —, &c, we must express r, 0', and ra', in terms of no variable quantities whatever, except x, y, and z.
dx dx
dp
For then it is clear that we have
&c. exactly in the same manner as if p was explicitly expressed in terms of
x, y, and z.

Now
^x'+y'+z*;

therefore
dr
dx

x dr _y
dr
r ' dy r ' dz

Aiso
tan0'=
x*
differentiating, and observing that cos* Q'— —,

z
r'
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dO' _—Jy'+z* dff
xy
dff _
xz
dx
r4
' dy —r« Vy*+z«' dz ~t*<JyT£?

fat. III. An,!
tannf+ro — — ; cos nt+ta ~
therefore
dm'
"d7

<£cj'
— z _ dur'
y
5 dy~ "T+s*5 ~d* ~7+**'

Substituting these, the equations of motion become
dp x dp Vy'+z'
dr'T ~dff~' t*
dp y_ +<fy
dr' r
d&'^Jf+g*

dp
dnry% + z*

=Y-

dp x
dr' r

dp. y
dxs''yt + zi

=Z

~x-d7

dp
de1',* Vy'+z"

dC

(77.) From these we obtain
dr
dp

r
r
_—

dV _ ry

I

r r dt* r dt' r df
Yxy + Zxz
1 [

V , d'y

d*y , ePz

tfy

^1

<?*

d f dx

dy

dz\

Udx\ , A/yY

/tfeVl

therefore
x d*x y d«y z d'z
1 d!(r!) + -r\di)
1/irV +\di) +rSiat(\n+di)
.,J dta\' •
-r-dY-V-d^-T-^-^^
.Vnd
i t i
fi'y
**
d f dx du\
d f dx
dz\
(y>+^--ry^-^=y-(y- - x^+z- [z --xJ()
=r sin

cos nt-\.^'~\—r»cos nf+w.^ + r* sin fl7 cos6/.sinn< + TiJ.('H + C^ ^)
al I
dt
\ dt J)

+r sin & sin tjH-ot'.— j—r* sin nt + ra'^-— r* sin 6' cos f^. cos nt+m'i n+-£ )\ ;
dt I
dt
\
at J J
therefore
1

f ,

^.c

d*y

d'z 1

= — cos nt+m'-|(r« cos «H-«'.f) - «n ni+«<J- (r'sin n<+«'. J)
+ cosnt+cj'.^^r' sin 0 cos fl'(n+^ ) * sin

+

d ( . ,
,(
dxs'\
A.
— sin nl+cr •^_^r* sin ^.c08 "I n^"JT J x cos Tlt + V> J
If for the moment we put U for r* cos nf-fw'. ~, V for r' sin nt+ta'. -jt, W for rs sin 6'. cos 6'
at
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Tides and this expression becomes

Tideu

_JLx/u^+v^l
,dff Al dr dt J

+

}
Xyrlw. cosn/+ra\ ^- fW . sin nt + c/)- W . sin 7ii+cx .
fw. cos^+ro' \i
r'sinO'cose'.f n+^-H
«\
/
«"\
/I

2r«-7a/
2r —
dt
=

i3
Sect. I

-

sinfl'. cos & .[ n+— )
\
at J
''

r'sine' . cos 0' A nA—— )
\
(it J

N

r- r*— +r* .sm6'. cos e'.l n +
>
<fl V dt )
\
dt J.

And
d*y
d*t d( dy
dz\
zi?-yit=diV-dT-y-dT)
= —— •Jrsin 6'. sin

-^-(r sin & . cos nt+vr^— r sin fl'.cosnt+tsj'-^

sin 0/ sin nF+ro^j

)}

Polar
Substituting these, our equations become
I'quationsof
the motion •
rfp_ Y * , v V ,„ z
1

± = -X#+*+-JL=-=-

dV)

1 /dr V

AW V

. , ✓ , foV

j+r' sm * cos ^« + — )

7= Zy-Y,-24 sin' •(-+■£)-». sin
cfo

cos

-^

Limited
(78.) The equations as we have just given them are complete. But, in conformity with the remarks in (69.),
equations we may considerably reduce the number of terms. For, if we omit the motion in the direction perpendicular
applicable
^
tbn ofthe *°
surface, we may entirely omit-^- and
• Also, as the tidal oscillation is very small in proportion
sea.
dm'
to the earth's dimensions, we may in every case omit the squares of . and — and their product. Thus
the equations become
= xi^Yl+Z^+r sin' e{««+2n-^)
dr
r
r
r
\
dt J
dP
v iTTZ* ■ Yjy+Zrz . <fe'
.
, / ,
din' \
Jr = _X^+,'+
Sln
cos e-.^'+Sn— J
i^- = Zy - Y* - 2r* sin e" cos e'^ • n- r1 sin'
dp will not sensibly differ from
But ff enters only as the representative of e+u : so that, supposing u small, —j
— ; sin e'and cos e' in the factors will not sensibly differ from sin e and cos e ; and —r— is =
because e
do
dt
dt
does not depend on the time. Also -~. will not sensibly differ from
and d™_=jlv^ Thus the equations
dvs'
dm
dt
dt
of motion become
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vx , v V ,
z
. , f
do \
XT+Yr+Z—+rsm \n+2tt-dj)

TiJes and
J^,

% = -^Qy^?+^±^-r^ +r> sin e. cos s/n'+fc.-^
dp
_
„. .
an
... d*»
-7^= ZyJ — Y.:— 2r sin e.cos e.——n—
r* sin'e—r-.
dor
dl
dP
(79.) We shall now proceed to express the forces X, Y, Z. For convenience we shall divide each into two The force*
parts, X=X'+X", Y=Y'+Y'', Z=Z'+Z": where X', Y', Z', relate only to the attractions of the earth, !,ivided
and X', Y", Z" only to those of the disturbing bodies. We shall also suppose p divided into three parts, p1, p"f°atW0
p", p'", of which the first is that part which depends on the earth's attraction and the factor n", the second The pres.
depends only on the disturbing forces, and the third only on the differentials of u and v. And we shall put r1 for sures
the distance from the earth's centre to the surface of the undisturbed watery spheroid ; so that r'-j-zo is the dlTided
value of r, at the surface of the water as disturbed by the Tide. First we will remark, as a point particularly j^gthree
worthy of the reader's attention, that here we must not introduce what is usually called centrifugal force.
For our equations proceed at once from the equations by rectangular co-ordinates, and in these the whole Centrifugal
relations between the forces and the motions are absolutely included. The assertion of the existence of centri- force not
fugalforce is in fact merely an assertion that, in order to maintain bodies or fluids in an assumed state of circular ^,eediutr<>"
motion, a centripetal force must be applied. We shall soon see that the effects of centrifugal force, as regards
the figure of the earth, are fully taken into account without introducing that expression at all. The point
deserves a little more notice than has commonly been given to it in theories of the Figure of the Earth and
similar subjects.
(80.) The expressions for X', Y', Z', or the attractions of the terrestrial spheroid on a particle of the sea,
will be derived from those for Z', X', Y', in Article 66. of the Figure of the Earth, observing that here (in
conformity with the notation used by Laplace in this investigation) we have taken x for the axis of rotation,
instead of z, as in the Figure op the Earth. Those expressions suppose the form of the terrestrial spheroid
to be the form of equilibrium of its strata supposed fluid ; which supposition is not infringed by our assump
tion that the depth of the sea is unequal, because the depth of the sea and its inequalities are very small in
comparison with the earth's ellipticity. Taking the expressions referred to, and observing that to, by Article 62.
of that treatise, =-^v ^— » and that $ (b) in Article 66.= —, so that m—~^^'i

remarking that, as

T is the time of rotation, and n the angular velocity of rotation, n T=2t, so that — rr/i', and tn therefore = Forces depending on
nV
the earth's
—— ; we obtain
attraction
"
and on roM*
b,(3y,-f3z,-2i") /\,
n'b' \
ta,ion'(»■-")

r*

*

f>

\

2 J

bV+^-4x»)^Mc nV\

Substituting these" in the expressions for

&c. in (78.), and combining the terms which depend on «*, we
dr

hive
dp'

M

b«(2-3 sin's)/"

nVN , ,

. ,

dp'
, 2b* sin ecos 9/
n'b'N
.
4- = -\
;
( Me
— 1+nV sin e.cos d
d9
r*
\
2 J
dw
Integrating these,
,
VOL. T.

M
2 N*
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Tides and If we conceive r=T, + r1', r1 Leing the value of r at the surface of the undisturbed watery spheroid, and r" a Tlde>
Waves, variable quantity (which at the surface=tc), it will be unnecessary to insert r" in any term but the first or Wn
^-"^v— largest term. Thus
v-*v
°
SecLl
, M
Mr" , Mb'e/ . .
2\ n' /
. .
V . ,
2b>\ , „
L*pl*
TuU
Pressure Putting for r' in the first term its approximate value b (1+e sin'e), and in the other terms b only, it becomes
depending
earth's attraction
and on
rotation

p>- _ _
V
b
b«

£i!L + JL!+C.
3 b
3

The whole of this, except the second term, is constant: and we may therefore write it, p'=I

M
— r".

And

M
as -gj =attraction of the earth nearly, z=g nearly, we may write it
p'=I-flr".
(81.) Before leaving this part of the investigation we will remark that, if at any one place where r"=0 the
pressure is 0 (that is, if the surface be free there), it will =0 at every place where r =0, or where r=r',
or where the fluid has the external boundary which we have taken from the investigations of the Figure of the
Earth. And thus our process in this article, conducted without mention of centrifugal force, leads to the
same result as that which was based upon it.
(82.) The equations determining p" will be

de
dp"

Vy*+^

co^orcU-6 Now let S be the mass of the sun ; D its distance from the earth's centre ; D' its distance from the particle at
nates of *>y>*> s its right ascension ; a its declination. Thenx'for the sun= D sin o-; y'=Dcos o\ coss ; *'=Dcosir.sin«;
the sun or
moon.
x — J= D sin a — r cos 0,
y' —y=D cos a. cos s—r sin 6. cos nt +cr,
z' — z=D cos a. sin s—r sin 0. sin nt+a ;
J{ (*' - x)* + (y* - y)« + (2' — r)" } = D' = J{ D* ~ 2Dr (sin

cos 6 + cos <r. sin 9. cos rt< + to — j) + r!} ;

and, preserving only the first power of r,
— X {l
{(a;'-x)«+(y'-y)'+(Z'-z)>}J; = —
D'» = D"
I +—
D (sin a. cos 0+ cos a. sin 0. cos nt+ns—s)\/•
af-x
S
Now the whole force which the sun exerts upon the particle at x, y, z, in the direction of x, is ^ X
=
S(j/*~x)
— —.

But the whole of this is not disturbing force upon the water in regard to its movement upon the

earth. In order to find this, we must, as in (25.), subtract the force which the sun exerts upon the earth's centre
of gravity, which is the same as if the whole mass of the earth were collected at its centre, and is therefore
= — in the direction of x.

Subtracting this, we have
—

Disturbing
forces
the sunofor
moon.

Similarly
*

„,
X'

s(*--x) _ sy _
D*
D" —
—

/ 1_ _ j_\ _ s*
\D" D"/ D '
c .( 1
1 \ Sy
°* IV Lr
n» — TV
U /J — TV>
U
/ 1
1 \
Ss

(83.) The expressions at the beginning of last article therefore become
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S
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= ,

WAVES.
1\

267*

Sf

Tides and

[x.y'y + z'z-x'.y'+»Ml ^ - ^ 1

Substituting: in these the values of x, y, r, in terms of r, 0, and us, and those of a7, y1, 2', in terms of D, <r, s ; we
find (retaining only the principal power of r),
rfp" —■
rfr
dp"
-3— =

Sr {3 (sin (7. cos 0+cos a. sin O.cos jj'+ot-.s)'— 1}
—
D3 1
3Sr*
——- {sin it. cos 0 + cos a. sin0.cos n£ + ro — $}.{ —sin <r. sin 0 + cos <r.cos O.cos nt+m — s }

=: —
OCT

{sin o-.cos 0+cos o-.sin 0. cos nf+ro — s} cos ff.sinfl.sin nt+w — s.
Da
SyJ

Pressure
produced
mil
by the sun
It is unnecessary to add an arbitrary constant, since one has been attached to the expression for p', to which this °r moonIntegrating,

{3(sin o-.cos 0 + cos <r.sin 0.cos nt+m—s)1—1}.

is to be added.
(84.) In conformity with the remarks in (68.), no regard is to be given, in this expression, to the variation in
the values of r arising from the difference in the depth of particles of water. Instead of r, therefore, we may put
ihe elliptic value r', or even the polar radius h. (This amounts to the assumption, that the Tides upon a
spheroid, so nearly spherical as the earth, will not sensibly differ from those upon a sphere.) Putting b for r,
and adding p' and p", we find,
3Sb*
Equations
p=zl — gr" + —^ {(sin o-.cos 6 + cos a. sin 0.cos 711+ra — j)*— j}+p"'
for the
pressure
where
dp'" „
. „„ dv
depending
= 2w.sm,0.—
onthe
dr
dt
motion of
dp"'
„ . . „
„ dv
the ,ea-V-=— ^-^-+2/1^ sin fl.cos0.—
dO
df
dt
dp'"
du
„ d*v
-7—= — 2nr« sin 0. cos 0 — — r« sin' 0 . — .
(to
dt
dt*
ii the surface of the water, p=0. But at the surface r"=w; and, by the equation of continuity (72.) 10=
i
dv
,
-^(U7)-My.cotan0—7—. Hence the tidal equation for the surface of the water becomes
3g|jt
0— I + —— { (sin a . cos0+ cos it . sine) . cos nt + ej—s)*—-J-} — gw +p"' ;
where w and p'" are subject to the equations expressed above.
(85.) If we expand the middle term of the tidal equation, that equation becomes
„ . Sb*
3Sb»
0=1+ —(5 cos'o- — 1 ) (1 - 3 cos«0) +
sin 2o- . sin 20 . cos nt + tn - >
3Sbs
+

cos* it . sin«0 . cos 2nt + 2nr — 2s - gw + p".

For most purposes, wc may consider the variation of the terms depending on S to be produced only by the
ds as a constant =71', or we may represent
variation of ni+cj — s, and we may consider ^-(nf+ra — s) or n— ~
at
dt
nZ+u-iby n't+-T3 (by changing, if necessary, the origin of the time). Some of the terms therefore of the
equation, depending on the disturbing force, are constant: some multiply cos n't +10 ; and some multiply
cos2a7+2w. In strictness we ought to consider that a and D are both variable ; but they may be expressed in
tries of sines and cosines of multiples of the time ; and when combined with cos n't+ts and cos 2n'/ + 2cx they
2 n 2*
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Tides and will produce cosines of other arcs in which the coefficient of t is different, but that of o is the same. The most Tidai
» ^aJ_' ffeneral form therefore for one of the terms will be
Wav(
General
e. COS it + Act,
,Stt,U
term of the
Lipl«
pressure where, for the first of the important terms, 9=A.sin20, Jfc=l, and »=n', or differs little from n; for the second
b^thedti ®=B.sin*0, k=2, and t'=2n' ; and where, in the terms in general, k has no values but 0, 1, 2, but t may have ' e!l
turbing " any value between wide limits, and 9 may have any multiples of sin 20 and sin*0 added together,
forces.
(86.) The equation between to, u, and v ; those between p1", u, and v ; and that between to, p'", and the terms
arising from the disturbing force ; being all linear, we may take the terms arising from the disturbing force
separately, and, finding the solution for each term, we may add all together. It will be sufficient, therefore, to
proceed with the solution of the equation
0 = 9 cos it + Iczj — gw +p'".
dp'"
Limited
(87.) Now we may remark, that the equation for -j— may be neglected, not because its terms are small, but
equations
dr
for the
because the variation of r to which they apply is insignificant. The reasoning of (68.) applies entirely to this;
'""depend^ut lne reader may see the same thing in the solution of the equations for p". For, after having obtained the
an
ing mi all
a11
/ dp" dp"
dp"\
value of p" by means of three equations (for ^—,-^-,and —— J, we have put b for r, thereby implying that the
causes.i.
variations of r are insensible ; and we have thus obtained exactly the same expression as if we had put b for r
in the equations for —~ and C-!~ and had neglected the equation for
: although the terms of ^2- are comdO
dradr
dr
dp'
dp"
dp'"
parable
to those of —
~, In like manner we shall here put
-~.
Thus we have
v
de and da
r b for r and neglect
b
dr
-4- = -b,-,v+2nb'.sin0.cos0. —
de
df
dt
dp"'
„
. „
„ du
, . . .„ —;
d'v
■f— =-2nb*.sm0.cos0
— -b'sin'tf
dm
dt
dt*
d
dv
tc = —— («y) — «y . cotan 0 - y —
dt)
tier
0= 9 cos it + Act —gw+p"'
Popular
(88.) The terms multiplying n, it is to be remarked, are produced entirely by introducing the consideration of
"plana- the earth's rotation. Of the origin of these terms the following popular explanation (which, however, is suffiterm»ln->< cient'y accurate to be used as a basis of calculation) may be given. Suppose a particle of water to be running
troduced towards the equator (that is, suppose that « is increasing). By this motion, it is proceeding from a small
by conparallel towards a large one, or from a place in which the movement from west to east (produced by the earth's
sidering ^ rotation) is small, to one in which the movement from west to east is large. It is, therefore, advancing to a part
the earth's"of the earth whose movement towards the east is more rapid than its own, and therefore it tends to lag behind
rotation.
the movement of that part of the earth. Consequently there will be, in the expression for ~t, (which is the
acceleration towards the east,) a term depending on «, which denotes that there is a retarding force when u is
increasing : that is,

will be expressed by terms of which one is a negative multiple of

Again, suppose

a particle of water to be running towards the east (that is, suppose that v is increasing). The angular velocity
of this particle is greater than the earth's angular velocity : therefore the centrifugal force is greater than the
centrifugal force would have been if it had had no such motion towards the east ; there is therefore, from this
cause, an addition of centrifugal force ; and this addition (like the original centrifugal force) is in the direction
of the radius of the parallel, and is perpendicular to the earth's axis ; resolving this into a vertical and a horid'u will be
zontal force, the horizontal force is directed towards the equator, or tends to increase u : that is, —expressed by terms of which one is a positive multiple of^.
at
(89.) A general solution of the equations of (87.) is scarcely to be hoped for ; it is a matter of difficulty to
find, in a very limited case, a particular integral which will satisfy them. We shall begin, in the manner of
Laplace, by trying whether they cannot be satisfied by expressions of the following form:
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W— a. cos it + kcs
m=6.cos it + k~a
r=c.sm it + kzj

ks.HL

Assump
tion of the
form of
solution as
regards the
longitude.

p"'=a"'. cos it+ktu
"

where a, b, c, a'", are functions of 6 only.
(90.) Substituting these
da'"
expressions, the equations become
cos i/-j-A-ra • ——= +b*6.j* cos it+kvr -f2 »tb*.sin O.cos d.c.t.cos il + kzs
dd
— k.a". sin if + to = +2nb* sin O.cosO.b.i. sin il+kss +b*.sin* O.c.i*. sin ii + kn
t.cos it+faz=:
a.
0

— - ^fj^ cos it+ka —
cotan 0. cos it + ka —yck. cos it+km
d8
= 9 . cos it -f /tcr — ga.cos i<-|-Act +o"'.cos i/ + Au

da"' = b« t*.6 + 2n b'i.sin 9. cos O.c
dd
— ka"'=2nb,t. sine.
cos0.
6+bV. sin* 0.c
sinO. cos
0.6+bV.si
(Z(67)
-— by cotan 0— yck
d6
0=O-g a+a'".
It is clear that our assumptions have satisfied the equations as far as regards ta ; for every term containing or -j^^ as_
has vanished upon making the substitution. Moreover we have four differential equations by which to deter- sumption
mine four unknown quantities, and these (whatever practical difficulties we may find) are, theoretically, sufficient issufficient.
for their determination. It is therefore certain that a solution may be found, in the form which is expressed
by the four assumptions for w, v, v, and p'".
(91.) Before proceeding further with the solution, we may draw a few inferences from the form of the ex- Inferences
pressions that we have already found. First, since the velocity of the water in the direction of the meridian is °om ,he
b^ or —bbi sin it+ km, and the velocity perpendicular to the meridian is b sin

or be. sin 6. i. cos it+kia, the assume^*

water at any given place, except in certain limited cases, is never at rest, but the direction in which it runs
changes perpetually.

The expression for its whole velocity at any instant is b. /[ ( —j— ) +sin» 0 ( —y- ) \ or The direc'
v \\ at J
\ dt J J
tionofthe
^(6*1*. sin1 ii+A-Gj + c* sin* e.i*.cos* it + km) and the tangent of the angle which its course makes with the me- tide-current re. a dv
volves.
Sill 0 —
. „
dt
— c sm 8
ridian at that instant is
:
, or
;
cotan U-t-kts. This is the same kind of rotation to which we
du
b
~dl
have alluded in (9.) : but we shall see hereafter that the latter arises from a different cause.
(92.) Secondly, since the term 6. cos it + kes produces a term to of the form a. cos it+ka (where a may be High or low
water in
positive or negative), and since, for the principal tidal terms inp", cos it + kin will have the form cos nt + ta— s, solar or
i.i terms have their maximum or minimum
..
ii.
lunaroccur
tide
or cos 2iit + 2iz — 2s, which
values when »=n<+cr, or when
the sun s will
distance from the fixed meridian = the distance of the place from the fixed meridian, or when the sun is on the at the
meridian of the place : it follows that either the high or the low water of the solar tide must occur, in conformity transit of
with this theory, exactly when the sun is on the meridian. A similar law applies to the time of the lunar tide.
*"n or
(93.) Thirdly, if a factor of 9 (which depends on the sun's linear distance and declination) is expressed by Time of
l+/cos it, where i is small (or where the term/ cos i' t varies slowly), then 9 cos i7+Agj will become
Jteredjlv'
af
af
thevaria9cosif+AC7-r.
cos(i + i)t + kn +^-cosO_l')<+Ao:
forces'.
and since a in the expression for tt; depends on i, we must use a+^i' in the second term, and a——t in the
dt
di
third term ; and the expression for w will be
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a C<MfHr*" + 4(0 + ^i') C0S (i + 0<+*W + X. («-^') COS (i-0<+*W

da
Sen. II
a (1 +/ cos i' f) cos it + Act — f— . f sin i' t . sin it + km.
Lipkce
at
Thecrj
The time of high water on any given day will not now be the same as before ; for, before, it occurred when _
j/+A"ct=0 or 180°, but now it occurs when
„ da . . , ,
at
tan it +kvj= —
— nearly .
o(l + /cosi <)
But the highest tide of all (the height being expressed by the square root of the sum of the squares of the

or

Day of

WT™

coefficients of cpsi<+ kro and sin it+kxa, as in (46.)> ) occurs when ^/|o" 0+fcosi''i)*+i"\ (jjj^ ./*. sin* i'lj

responds to *s rnax'rnum ' an^ tnis 's wben cos Ht=l, or when the force which causes the tide is greatest. As far, therethe day of ^ore> 88 ^is theory applies, the highest solar tide ought to occur on the very day on which the solar force is
greatest greatest; and similarly the highest lunar tide ought to occur on the very day on which the lunar force is
force.
greatest.
Assump(94.) Returning now to our equations of (90.). The only way in which Laplace has attempted to solve
tion of ex- them js the following. He has assumed, as the only law of depth on which a solution appears to be practicable,
forthe" rt—l — lqcos*6. He has then shown that, taking separately the terms independent of nt+cj — s, those depending
depth of on cosni + ta— s, and those depending on cos 2nt+2io — 2*, it is possible to determine for each the value of q
the sea.
for w},ich the equations can be solved, (the solution, in Laplace's manner, not being practicable for all values of
Laplace s 0y ne has shown that, to a certain degree of approximation, the same value of q will apply to the terms of
"jki'ng the din?erent kinds. And m tne simplest case (when g=0, or the depth is the same in all parts) he has shown that
equations the terms in the height of the water depending on cos nt+ns — s will be insensible, or the diurnal tide will be
as depend- insensible. We now proceed (although by a method different in its principal parts from Laplace's) to obtain
ing on the equivalent results.
latitude.
(95.) From the first and second of the equations in (90.) we find
da"1
da'"
—i. sin 0. —
2£«cos O.a'"
2n. sin 0. cos0. -— +i k.a'"
,
ad
at)
o=—bV.sin
. . 0.(4/iacos80-i')
„
: z-z—=r— ',
c=- b't.sin' 0. (4ra*. cos' 0 - i1)
Substituting these values in the third, which may be put in the form
d
a. sin 0=—— (y.b. sin0) — y.k.c. sin 6
dO
we obtain
d j i . sin 0. — + 2kn . cos 0. a"')
2kn . sin 0 . cos 0 . dO
a. sin 0 ~~ dby'
b'e. (4«". cos"
~y' b' t. sin 0. (4»C cos' O-t1)
The equa- But from the fourth equation,
tions re9. sin 0=g.a. sin 6—a'", sin 0.
duced to
one difSubstituting in this last the value of a . sin 0 just found, we finally obtain
ferenti!l1
'
da"
,
..1
,
da'"
equation.
i. sin 0. ——\-2kn. cos 0. a"'\
2kn. sin 0. cos 0. — +ik*. a"'
dO
I
g
d0
O "0 = £t.—
b*i d0
4n'. cos'tf-t1
J b*t '
sin 0. (4h4 cos' 0 - i«)
a linear differential equation of the second order, in which the only unknown quantity is a'".
(96.) If we perform the differentiation and multiply by sin 0. (4n*. cos* 8 -i*)', the equation becomes
a df (4n« coss 0 - 14) . (i. sin'S. -j^+^n.
da"'
6. sins0. (4n". cos'ft-i*)^ Vi'dosin0. cos0. a'")
^ *~" " ■'•v— - dO
cPa'"
da'")
i. sin' 0. (4/i!. cos* 0-i*). -rr+i- sin 0. cos. 0 (8n* sin* 0+471* cos*0— i1) -j—
dd
do
+ (tT+2i*fr7i. sin*0-4t'/.-V. cos*0+8*n". sin'e. cos'e) .a'"
-sin8 0. (47i*. cos* 0-Cy. d"
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If, with Laplace, we suppose y=/. (1— q. cos'e), ^=2lq. sine, cose; and theequation takes the following TYyavesnd

fejjf" f°rm ! i° which we may remark that the factors of 0, a"', and ~j~> contain only even powers of cos 0 ; and that
IWjof
da'"
K«- the factor of
contains only odd powers of cos e, multiplied by sin 0.
0 X { i4 + (_8«V-i«) cos* e+ (16n4 + 8tV) cos4 e - I6n* cos' e} =
(Pa!" a
f
^
lil-X-fr X J
(4W + «+ locos' 0+ (-4W - 4to!9-i!/g) cos4e+4Wa cos" el
u<T
o
I
j
, w
x JL x cos e . sin e X | (S/«* - 2i*/7 - t«/) + (3iV7 - 4W) cos' e - 4/n'y cos* eJ
. ,. ,
'
+a"'X-|rx{(i*/W + 2iW/i) + (—^L-2ikln-4k'ln' - 6«M»g - j***/9J cos*e
/ Skin' Skln'q , dJ., ,
,
\
.
+ f
—H
T-L+ikHn,q . +6ikbiqj cos'e

o/diffc^"
cntial
equation
with aeBurned ex%™hT
depth.

8fr/ns<7
, i
r-- cos" el

+o"'X {-»4+(8t*n" +i4) cos«e+ (-16re4-8tV) cos4e+16n4cos8 e}.
It is evident that this equation can always be solved by assuming for a"' a form similar to that for 9 multi
plied by a series of powers of cos* e with indeterminate coefficients. The same would have held if wc had as
sumed for y an expression consisting of a greater number of terms with even powers of cos e.
We shall now proceed with some steps of the solution of this equation.
(97.) Omitting the first or constant term in the equation of (85.), which, in fact, is only an arbitrary constant,
to be so determined with reference to the term gw that the whole mass of the fluid will not be altered, the next
Sb* /3
\
term is —=-;[2DS V. 2 cos* (t—1 /I (1—3 cos1 e). This term does not contain a at all, and therefore we must make
Sb* /3
\
£=0. But as D is slowly variable, and as a also is variable, the factor —3 ^- cos* a— 1 J would, if expanded,
consist of a series of terms like A cos it, where i is small. Comparing A cos it (1—3 cos* e) with 6 cos it -f- kzs
we have 0= A (1 —3 cos* e), k=0, i a small number. Substituting for 0 and k, and retaining only the lowest
power of i in each term, the equation becomes
A X (16ra4 cos4 0 — 64m4 cos« 6 + 48n4 cos"e)=
Equation
tt>a">
a (
,
correapond~MT * p * \*M cos' e+ (-4.W-4.Wj) cos4 e+ 4/»*9 cos- 0\
21*1*7
the disturbdal"
a
ing force.
+
X ~ X cos e . sin 0 X (8/n!— Ala* cos* 0— Aln*q cos4 0)
+ a"' x (— 16n4 cos4 d+ I6n* cos« 0).
Suppose
d ■
■
v
forming the expressions lor

a"'=z B, cos« e + B, cos4 0 + B„ cos8 6 + &c.
j cPa!"
,
„ ,
and
, and expanding all the even powers or sin 0 in terms of cos 0, and Solution in

after substituting in the equation, making the coefficient of each power of cos 0=0, we find
j„ a lb'n* <
2o b*n* ,„ b*n* /b*7is o*\ .
rf-AXi7
^-gT™ e+-gT (Ml +T)C0*6
, /b*w* /2
62 \ , 14 A b'n' ,.„ „ 1
+ClT XU +15-.350 +359V ^TC°S 6+&4
And

a=- +-

A
A
9
3
= — (1 —3cos*0)-l
multiplied by the series just found.
y
9
This is the coefficient of cosii in the expression for to, the tidal elevation of the water (89.).
(98.) If we remark that the centrifugal force at the equator is expressed by bn*, it is evident that
~ is the proportion of that centrifugal force to gravity, or is the quantity^ which in the Treatise on the

fhe'eosine
of the
latitude.
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The fraction —'-j- is therefore =^7-, and is not small, therefore, T,11')e,

except m or
be smaller than the proportion of the depth of the sea to the earth's radius, which is expressed
[
Tides,
by —. The form of solution adopted above will not, therefore, strictly apply if the depth is very small, as the
coefficients of the series will not converge. In that case, it will be advantageous to put the solution in this form :
a'"=C0+C1./+Ci/,+C,Z*+&c,
where C0, C„ C„ Cs, &c. are functions of 0 : and to substitute in the equation, and make the coefficient of each
power of /=0. Thus we shall have
Solution in
powers of
the depth
ofthesea.

+A(l-3cos««)=-Co
(PC
a
0=—° x y; X {4n* cos* 0 + (—4n'—4n*q) cos* 0 + 4n'q cos' 0}
dd1 " b"
H—~ x

X cos 0 . sin 0 X (8n*- 4h* cos'0— 4n*g cos4 0)

+ C, X ( - 16/i« cos« 0+ 16/t* cos« 0) ;
from which
C

3 1+cos'9+'7cos,e—3</cos*0
1 ""b^i1 *~2'
coTo
'

and so on, the determination of each successive term being effected in the same manner. Hence a'" is expressed
by the series
-A(l-3cos'0)-A.#,.l.1 + COS<8+^C°:'e-3<?CQS,e+&c.
b*n* 2
cos* 0
.
and

0
9
A / 3
—
.
cj am 2
a=

, a" A(l-3eos'0) , a'"
1
=—
1 =
9
9
'J
l+cos'e + qcos'fl— 3ocos40
.
1-;
1
' \-&C.
cos" 0

The series converges by powers of r—, and diverges by powers of cos'0. Algebraically speaking, therefore,
bm
it fails near the equator : but it is probable that it would apply so near to it that, in regard to physical
interpretation, the failure would be unimportant.
(99.) The fluctuation of which we have treated includes all those which Laplace denominates " les oscilla
tions de la premiere espece."
3Sb*
(100.) The second term depending on the disturbing force, in the equation of (85.), is -f-j^ysin 2o-.sin 29.
3Sb
cosnf.+TD- — s, or — sin 2<r. sin 0. cos 0. cos nt-i-nj —s, which we will call E.sin 0.cos0.cos nt + m—s.

Com

paring this with the general term assumed in (85.), we have
6=E.sin0.cos0
k=l
ds
,=«--.
In the investigation on which we are about to enter, we shall consider E as constant, (its variation depending
only on the changes of distance and declination of the luminary, which are slow,) and — as insignificant.
The last assumption gives us
1=71.
Substituting these values of k and i, in the equation of (96.), and dividing by n*, it becomes
f
•
9l —-—
l\]
( since.,-Z—
V
b»7t« hmj
ex(l-cos«0)x(l-4cos'0),=
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I
~dbT~ Xbm^~ l + (5+9)cos*0-r(-4-5a)cos40+4ocos,,0}
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+ ■^7— Xr^Xcos8.sin0x{(7-2g) + (-4+3o)cos*0-4gcos4e}
do
bm

Equation
correspond
ing to diur
nal Tide.

n 1
+a"' X r^- X {3+ (2-79) cos" 9+ ( -8 + 18g) cos4 0 - 8g cos4 6}
bm
- a'" X (1 - cos* 6) x ( 1 -4 cos* 6)'.
We shall solve this by the same process as that used in (98.)
(101.) Suppose then
a"'=Fo+F, -l+F.^-f&c. ;
bm
dot
F„ F„ F„ &c. being functions of 0. Substituting this in the equation, and making the coefficient of each
power of l=zO, the first comparison (or the comparison of terms independent of /) evidently gives
0X (l-cos'e) x (1 -4 cos' 6)'= -F„x (1 -cos' 6) x (1-4 cos* 0)«,
F„=—e=—E. sine. cose.
^=E.(l-2cos'0), ^Fp=+4E. sinfl. cos©.

or
From this we have

The second comparison (or that of terms containing the first power of /) gives
d* F
/
0=-^ Xj^x{— l+(5 + 9)cos,fl+(-4-5<7)cos40+47Cos«o>}
•¥—- X r-xcos0. sin0 x{(7-2g) + (-4+3g) cos« 6-4q cos4 0}
do
Dm
+ F0 Xr^-x{3 + (2-7<7)cos,e + (— 8 + 18g) cos4 0-8? cos« 0}
bm
- F, X t— X (1 - cos* 6) X (1 - 4 cos' 0)'.
bm
dF
cP F
Substituting, in the three first lines, the expressions found for F0, —', and
the equation becomes
dd
dv
0=E x ^ X sin 0 . cos 0 x { - 2q + ISq cos' 0 - 48g cos4 6+ 32q cos* 0 } - F, X ^ X ( 1 -cos" 6) X (1 - 4 cos' 0)',
'

«
ton which

O=-E.sin0.cosflx2g.(l-cos,e).(l - 4 cos* 0)' - F, x (1 -cos*0).(l-4cos,0)«;
F, = — 2q . E . sin 0 . cos 0= + 2q F„.

Tst form of the equation between F, and F„ that between F, and F„ that between F, and F«, &c. will be
factly the same as the form of that between F0 and F, : and since the form of Fi (considered as a function of
is exactly the same as that of F„, the nature of the substitution in the equation will be the same, and there
fore the relation of all the successive coefficients F„ F„ &c. will be the same. Thus we shall have

and so on.

F,= 2gF, = - 4<7* . E . sin d . cos 0
F,= 2oF,= - 87" . E . sin 0 . cos 0,
The expression for a'", therefore, is
-Esinfl. cos0-E sine.cos0(^ +^~. + r?^! + &c.^
\bm b'm* b*m*
J

2tf t— Esin0.cos0
1 bm
2ql
1bm
i_
29
bm
E
and, therefore,
. — . sin 0 cos 0,
X_W
'
9
~ 9
9 ~~
bm
m expression in a finite form. The expression for the elevation of the water is, therefore,
vol. v
— — Esin0cos0 —

Finite solu
tion cor
responding
to diurnal
tide.
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depth is
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diurnal D°
tide in
height.
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,
qbm E . „
,. .Sin 0. COS0.COS7i< + CT -i.
,27/ J

fl
vSe

Th(
(102.) In article (96.) we assumed the depth of the water to be represented by /(l — q cos*0). If, then, Tid
the depth of the water be uniform over the whole globe, q=0. In that case the expression just found for the
elevation of the water vanishes for every value of 6 and cr, or for every point on the earth's surface. Thus we
ootain tne most remarkable and most unexpected result, that if the depth of the sea is uniform, the diurnal tide
(or that depending on nt+&—s) is insensible. For, the expression for its elevation absolutely vanishes when
the depth of the water is everywhere the same.

But there
(103.) This evanescence of the tide applies, however, only to the elevation of the water. The horizontal
is diumal motion is not destroyed. For, the displacement of the water in the direction of the meridian is u, and therefore
tide.in
du
,
,
motion.
its velocity in the direction of the meridian is — = — ibsinit+knj, (89.), =— ni.sin ni + cr— * : its displacement in longitude is c, and therefore its velocity in the direction of the parallel is sin 0.— =ri'c.sin e.cosii+Ara
=n.c. sin e. cos 7i< + cj — s. Now, taking the exoressions for 6 and c in (95.), and assuming a"'= — E. sine, cose,
(to which it is reduced when o=0,) and ^-=E(1 -2 cos's., we obtain 6= -^- c= - , f^°S 6 : from which
7
ae
irn1
b"n8sine
-E
the velocity in the direction of the meridian = ^— sin nt + tn — s, and that in the direction of the parallel
-E
= -g— cose, cos nt+to — 8 : and the whole velocity of the water, which is the square root of the sum of the
squares of these quantities,
makes with the parallel =

E /
——————
V 1 — sin,0.cos"?if + cr— s, and the tangent of the angle which its course
b n
-tan Jtt + rs— s.

Thus we obtain the result, that at the equator the water moves

only north and south, resting for an instant at the change of motion : on every other part of the earth the water
is always moving with some velocity, but the current is perpetually changing its direction : at the pole, the
velocity is constant, and the direction is always transverse to the meridian which passes through the luminary.
The same remarks hold when the depth of the water is not uniform : as the expressions for a'", b, and c differ
from those which apply when the depth is uniform, only by having the factor

— instead of E.
bm

Rules for

C04 ) If the place of observation is north of the equator, sin e . cos 0 is positive : and if the declination ot

high'and^ tne luminary is north,
sin 2<r or E is positive: and if the luminary is on the meridian of the place,
low water
in thediur- cosn/+tj— s is positive, and has its greatest value. Hence, when the depth is variable, the sign of the
nal tide. elevation at the transit of the luminary, if on the same side of the equator as the place of observation, will be
the same as that of —q. If the water be shallower at the poles than at the equator, q in the expression
1(1— flcos'e) must be positive, and therefore low water occurs at the transit of the luminary. If the water be
deeper at the poles, q is negative, and the high water occurs at transit.
(105.) The numerical values of all these quantities will be computed by the process of (31.) and (35.) The
mean value of ^ for the Sun is 0*2710 foot : for the Moon, 0" 5959 foot. If /=- of a mile, — =—.
2D'g
5
bm 10
(106.) The fluctuations of which we have now treated are called by Laplace " les oscillations de la seconde
espece."
3Sbs
(107.) The third term depending on the disturbing force, in the equation of (85.), is
cos*<r. sin' e. cos
2nt + 2in—2s, which we shall call G.sin*e.cos2nt + 2cr— 2s. Comparing this with the general term assumed
in (85.), we have
6 = Gsin'6
k = 2
->ds „
t — 2n— 2^ = 2n nearly.
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rib uJ Substituting these values in the equation of (96.), and dividing by n\ it becomes
16. G. siu«0=-^j- x ^ x { — 4 + (8+4g)cos,0 + (-4-89)cos»e+4gcos'9}
I x cos e-si«^x{(4 — 89) + ( — 4+1 2«/) cos*0—49 cos*0}
+ da'"
~dT X bro

Equation
corre
sponding to
aemidiurnal
tide.

+ a'" X -j^ X { 24 + ( - 16 - 40'/) cos*0 + ( - 8 + 489) cos'0 - 8q cos«0 }
-16.a"'.sin«0.
Dividing by 4 sin's, this becomes
d*a"'
I
4.6.^0=-^- X ^x{-l+9cos«0}
da'" cos 0
I
„ „
+ ^Xsin^X-b7l^(1-2^COSfl>
a'" X t—
/ X {6+ (2-10g)cos«e+2g cos40}
sin'S bm
-4a'".sin«0.
Let

/
a"'=H„+H,— + &c.
bm
Substituting this in the equation, and comparing the coefficients of the same power of
terms independent of / gives
4G.sin40=-4H()sin,0,
or

the comparison of Solution in
the depth
of the 1

Ho=-Gsin'0
'/H'=-2Gsin0cos0;
^=G(2-4ces!0).
—

This gives

The comparison of terms multiplying the first power of I gives

4H, Xr^X sin'e.
DOT
Substituting for H0,

or

and

the values found above, we obtain

0=G x {—8 + 167. cos'e - 87 . cos4e}— 4H, . sin'0,
„ _ — 8+16o.cos'0-8o.cos*e
- 1 +2g.cos«0-(7.cos40
H,=G X
-■ .
=2G x
1—— .
4sin''0
sin2e

By a similar process H, will be formed from H,.

Then

a<»= -G sin'0 - 2G x l=*^*±2***+ &c.
suvd
hm
and

6 a'"
a=- + —=
g
g

2G l-2o.cos'9+o.cos40 /
X
r—
.;- + &c.
g
sin*8
dot

If the depth is uniform, or o=0, a will = 2G . . I. .= / h &c.
g sm'd bm
(108.) In general, the value of a will be expressed by an infinite series, in which the terms converge by jep^h°f
I
powers of r— and diverge by powers of sin'0.
bn»
~ '

which gigives
But in one case the solution can be put in a finite form. Sup- a finite
solution.
2 o 2»
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Tides and pose q=l, or the depth of the water, which =/(l — a cos'6), to be expressed by /.sin'0.
WaveB.
H,= -2G.1-2c08gQ+^=-2G(i^-COS^=-2G.sinV
sin»0
sin'e

Then

Tiil<

Sec
Upl
Now since the term H„= -G sin'e gave us H,= — 2G sin'e, the term H,= -2G sin'e would in like manner^*
give us H,= —4G sin'e; and so on. Thus we have
a"'= - G sin'0 - 2G sin'e. ^
bm

4G sin'e [ r^"- &c\"mJ

2J_
bm
= -G sin'e -G sin'e
bm
1
. .
-sin»e.
2l_
bm
The expression for the elevation of the water in this case is therefore

and

0 «'"
o=— -i
=
9
9

2G I
.,— .
g bm

a*j
2G I*
i
.i— .
—- .sin'e. cos 2n< + 2CT — 2*
g bm j 21
bm
and 6 and c, from the expressions in (95.), are respectively

—^y-.cotane and^;. —~^,~^jn^~;
l~bm

and the velocity of the water in the direction of the meridian =

.
bn

in the direction of the parallel

1

bm

.cotan e.sin 2n<+2ra-2.f, andtha'
11
bm

—^— . \ — C°S t . Cos 2nt + 2ro - 2s.

1—rbm
In this
(109.) When the luminary is on the meridian, either above or below the horizon, cos 2ni+2ro—2l= 1, and the
case, low
2G /
1
occurs at elevation of the water is expressed by
— . sin'e; or the elevation has its maximum negative
the transit
»
1 ——
of the
bm
luminary. vajue . tnat jS) jt ;s ]ow Water. We have already (16.) alluded to Newton's anticipation of this result ; and we
shall find it confirmed by investigations in our next section.
Laplace's
(110.) Laplace has solved the equation, on the supposition that the depth is uniform, in a manner equivalent
powertof° to tne <0ll°w'nS- Make <7 = 0 in the equation of (107.), and put 1— sin'e for cos'e, and it becomes
the sine of
.
latitude.
4G.shv«e= -~ X ~
de
bm
da"' cos e
I
+ t/e X sin e X —
bm
a"'
I
+ sm'e X rbtn X (8-2sin'e)
-4a'". sin'e.
Since ga=Q+a"'=:G sin'e+er'",
assume
<7a = K8sin*e+K1sin4e+ &c. +K!4sini",e + Ku+sSin,*+'e+ &c.
or

a"'=(K,-G)sin'e+K4sin<e+ &c +Kstsinu,e+ &c.

Substitute this in each term of the equation above, reducing- the even powers of cos e into expressions depending
on sin 0 ; then comparing the coefficients of successive powers of sin e, we have
8(K,-G) =
12(K„-K0 =

0
0
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^

V(-16K,+
' 10K4)^
*'bm 4K«=0

4

(-40K8+28Ka)^-4K4=0
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and generally, after the two first,
{ - (4A« + 1 2A)Ktt+4 + (4A« + 6A:) K«+J }^--4K»=0.
The first equation determines K, ; the second leaves K4 absolutely indeterminate ; the other equations deter
mine in succession each of the succeeding coefficients from those preceding.
(111.) The indeterminateness of K4 is a circumstance that admits of very easy interpretation. It is one of the Explanaarbitrary constants in a complete solution of the equation. It shows that we may give to K4 any value that we tion of the
please, even if G=0 ; and then, provided that we accompany our arbitrary
with the corresponding values of indeterK„ K„ &c, we shall have a series which expresses a value of ga that will satisfy the equation when there is no ^f'"^"*5"
titernal disturbing force whatever, and which therefore may be added, multiplied by any number, to the expres- efficient,
a'on determined as corresponding to a given force. In the next Section we shall find several instances exactly
similar to this. Yet this obvious view of the interpretation of this circumstance appears to have escaped Laplace,
and he has actually persuaded himself to adopt the following process. Putting the general equation among the
coefficients into the form
2—

•

he has unwarrantably conceived that this must apply when A=l for the determination of K4 ; and thus, apply- Error in
ii:g the same equation to each quotient of terms which occurs in the denominator of the fraction, he finds
Laplace's
process.
K,

2bm
2.1-+3.1-(2.1'+6.l)x
^bm
2.2,+ 3.2-(2.2«+6.2)X

—
2.3'+3.3-&c.

in an infinite continued fraction. And upon this he founds some numerical calculations, adapted to different sup
positions of the depth of the sea. We state, as a thing upon which no person, after examination, can have any
jbt, that this operation is entirely unfounded.
(112.) In conformity with the remarks that we have just made, Laplace ought to have determined the series Correction
Srja which will satisfy the equations
of LadV'
/
da'" cosfl
/ , a'"
I
to _ . to, . „, . ,a
Socew.
0=
Y.T—+
X — X r- + —a X — X (8-2sm't?) -4a'"sin,fl
cKr
bm
dO
sinfl bm sin80 bm
ga=0 + a"'
having a constant K4 indeterminate ; and then he ought to have added this series, either to a solution of the
equation in (110). found with K4=0, or to a solution in which any definite value has been used for K4. The
series which satisfies the equations above is easily found to be
v

f.„,5.

/7

bm \ . »

/189

79 hm\ . ., , „

Nowwhen^p=10, (or the depth =5^^ of the earth's radius) Laplace has found
a=- {sin'e+20- L862.sin49+ 10" 1164.sin'e-13-1047 sin8e- 15- 4488 sin"e- &c.}.
9
He ought to have found
G
a=:—
- {{sin'(
sin'e + 20 • 1 862 . sin«0 + 1 0 ■ 1 164 . sin'a - 1 3 • 1 047 sin»9 - 1 5 • 4488 sin"e - &c. }
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of the earth's radius,) Laplace has found

a= - {sin*e + 6 • 1960 . sin«e+ 3' 2474 .sin«e+ 0 • 7238 . sm'0+ 0 • 091 9 . Bin1°e+ &c. }.

8ert.
I.jp'.i
Theor
Tides.

He ought to have found
a = ^ { sin'9 + 6 ■ 1 960 . sin40+ 3 ' 2474 . sin'e +0-7238 sin'fl + 0 ■ 091 9 sin"e+ &c. }
i
5
/7
5 N
/189
79 5\
1
1™*+8-^+U ~ 2TTo)Sin9e+U-76 - 7yo-2jSin,0fl+&4
9
When -T— of the earth's radius,) Laplace has found
I = -,
4 v(or the depth
r = 361
a=-{sin'e+0 -7504. sin4e+0* 1566. sin«e+0- 0157. sin'0-f-O-OOO9.siii,<,0+&c. f.
9
He ought to have found
a= -{ sin«e+0 • 7504 sin40 + 0 ■ 1 566 . sine0+O '0157 . sin»e+ 0 ■ 0009 . sin"e + &c. }
9
Ktf . , 5 . . (i.
5 \ . , /189
79 5 . . ,„ . ,

It is needless to observe that Laplace's numerical calculations of the heights of the tides in certain latitudes, and
his inferences, as to the latitude where there is no tide, &c, fall to the ground.
This solu
tion is
applicable
to a aea
bounded
on its
north or
south side.

(113.) If, using the more complete values of a that we have just found, we proceed to form the values of a'",
b, and w, we find that u will contain a series of terms multiplied by the indeterminate K4. We may determine
Kt so that, for a given value of e, u shall =0 ; that is to say, so that, in a given latitude, the water shall have no
north and south motion. We might therefore suppose an east and west barrier (following a parallel of latitude)
to be erected in the sea, and the investigation would still apply. Thus then we have a complete solution for a
sea which is bounded by a shore whose course is east and west.
(114.) The fluctuations of which we have last treated are those which Laplace has called " les oscillations de
la troisieme espece." They constitute the ordinary semidiurnal tide.

Separate
effects of
the Sun
and Moon
are to be
combined
by alge
braical
addition.

(115.) We have throughout this Section spoken of the
luminary as if only the Sun or only the Moon were
efficient in producing the tides. But the reader will
easily understand that the same investigations, mutatis
mutandis, apply to the moon as to the sun ; and that,
when the effect of each is found separately, their com
pound effect will be the algebraic sum of their separate
effects. For our equations throughout comprehend
only the first power of the terms depending on dis
turbing force, and the first power of the unknown p'"
and the terms originating from it ; and thus, if a term
fm, depending on the Moon's action, produces the term
pm, and a term f„ depending on the Sun's action, pro
duces the term p., then, by simple addition of the
equations, the equation will be produced which shows
that the combined terms fm+f. will produce pm+p..
This would not be true if the squares of terms of p"
entered, because the sum of the squares of pm and p,
is not the same as the square of their sum : and so
for higher powers.
(116.) With this we shall terminate our account of
Laplace's Theory of the Tides ; but, before closing this
Section, we must call our reader's attention, as well to
the important points of the investigation in general,
as to the modification which we have thought desirable

to introduce into Laplace's methods. We will first Cr
advert to the latter. Laplace has commenced with the °jj
equations of motion of fluids in their most general, "JJ
and (we may be permitted to say) in their most re- vh
pulsive form. Proceeding from these in a way which re
appears at first not easy to understand, but in which,
nevertheless, the same operations may be traced as in
the investigations of this Essay, he arrives at the
equations of (87.), the assumptions of (89.), and the
equations of (90.). From this point he proceeds by
a method totally different from that which we have
used. Partly for the generality of an investigation
applying to all degrees of density of the sea, and
partly (it would seem) for the sake of introducing his
own favourite equation for the attraction of bodies
nearly spherical, Laplace has embarrassed his process
with investigations, nowhere fully explained, and
sometimes only hinted at, applying to the different
terms into which (for substitution in his own equation
above alluded to) the disturbing forces and other
quantities are to be resolved. In asserting that this
is the most obscure of the investigations of the Me^
canique Celeste, we trust that we may consider our
selves supported by the circumstance that no followinff
mathematician has entered into Laplace's method for
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ktomd the tides, or has even verified his most remarkable
results; although Laplace has frequently alluded to
*^ one of these (the evanescence of diurnal tide in height
C^!J' when the depth is uniform) in a way that shows that
t ,.f he considered it one of the happiest of his discoveries.
We add that this investigation is unnecessarily obscure.
Although the introduction of the density of the sea
has apparently enabled Laplace to give greater gene
rality to his symbols, it has given none to his final
results. Of the latter class there are two, namely, the
of the diurnal
depth is
• _1 tide
1 when
1 _ the
uniform, andI .1the numerical
calculation
ofl' .1the_ semi.
diurnal tide. The former is obtained by the methods
of this Treatise ; and, moreover, is obtained with the
utmost generality as to density of fluid : for, if the
depth is nowhere altered, the attraction is not altered,
and therefore it is indifferent whether we treat the
attraction of the fluid per se, or consider it included
io the attraction of the rigid body. In the latter,
Laplace has himself neglected the density of the water.
We trust that these remarks will be thought sufficiently
to explain our abandonment of Laplace's method, and
our substitution for it of a method which is (we
should hope) intelligible to almost every student of
the differential calculus.
(117.) If now, putting from our thoughts the
details of the investigation, we consider its general
plan and objects, we must allow it to be one of the
,, most splendid works of the greatest mathematician of
the past age. To appreciate this, the reader must
consider, first, the boldness of the writer who, having
i clear understanding of the gross imperfection of the
methods of his predecessors, had also the courage
deliberately to take up the problem on grounds funda
mentally correct (however it might be limited by
suppositions afterwards introduced) ; secondly, the
jeneral difficulty of treating the motions of fluids ;
thirdly, the peculiar difficulty of treating the motions
when the fluids cover an area which is not plane but
convex ; and, fourthly, the sagacity of perceiving that
it was necessary to consider the Earth as a revolving
tody, and the skill of correctly introducing this consieration. The last point alone, in our opinion, gives
'mater claim for reputation than the boasted expWation of the long inequality of Jupiter and Saturn.
(118.) If we look to the results of the theory, it

WAVES.

279*

will be found that they are rather of a negative than Tides ant
of a positive kind. They show that, without a far Waves,
more complete knowledge of the form of the bottom
'
of the sea than we can hope to possess, it will be jT^TS
impossible, even with more powerful mathematics, to Laplace's
calculate tides a priori. They show that the calcula- theory,
tions founded on the equilibrium-theory cannot be
good for anything. In proving that (with sea at least
of a certain shallowness) the part of the equator next
to the sun or moon would be a place of low water,
they destroy
all hope
an1 1equilibrium-theory,
_ an approximation.
■ *•of using
T establishing
1 ■ 1 ■ .1the remark1
even as
In
able result as to the non-existence of diurnal tide in
height when the depth is uniform, they show that no
inference can be drawn from the mere magnitude of a
force as to the magnitude of its effects.
(119.) The results of this theory, however, would
give us a knowledge of the physics of tides of no
contemptible kind, if, upon any supposition whatever
as to depth, we were able to introduce the horizontal
limitation of the sea. This implies that we should be
able to solve generally the equations of (87.) without
the term Q.cosit + km. Such a solution, in a very Extension
limited case, is (riven by the indeterminateness of K.• in make
required
the to
(112.). We see not the smallest prospect of succeed- theorv „p_
ing in this with the degree of generality required (that piicable to
is, of expressing the solution by A cosit+B sin it, observawhere A and B are the most general functions of 6 t'°nsand cr) : we have, however, no hesitation in pointing
out this as the subject which, in the present state of
theory, is most especially worthy of the attention of
the theoretical investigator of tides. It is principally
in this respect that the theory (in other respects im
perfect) of the next Section is superior to this. [The
principle of introducing such limitations in general will
be found in (291.) &c] As it is, Laplace's theory
fails totally in application, from the impossibility of
introducing in it the consideration of the boundaries
of the sea.
(120.) It is almost unnecessary to remark that this
theory gives no assistance in explaining the peculiarities
of river or channel tides : and it gives no idea whatever
of the difference in the proportion of the effects pro
duced by bodies (as the Sun and Moon) whose motions
in right ascension are not precisely equal ; a matter
which we shall find to be very important.

(121.) After considering the negative nature of the results of his theory, and the degree in which any
accurate conclusions must depend upon the precise knowledge and correct mathematical treatment of a number
circumstances which arc wholly unknown, Laplace at last takes refuge in the assumption that all that we are
ft ofcertain
of is, that the disturbances of the sea will be periodical as the forces that cause those disturbances, but
that their times of maximum or minimum are not necessarily the same as the times of maximum or minimum
of the forces, and that their coefficients are not necessarily in 'ie same proportion as the forces which cause
them, unless the periods of the forces are exactly the same, i iiat is to say, if the forces acting in any given
manner are represented by
A, cos (if + B() + A„ cos (ij + B„) + A,„ cos (ij + BJ + &c. ;
then the elevation of the tide will be represented by
C, cos (/,/+ B( + E,) + C„ cos (i„i + B„ + E„) + C,„ cos (i„,r + B,„ + E , ) + &c,
where the quantities C,, C/(, C//;, E„ E„, E//(, can only be determined from experience. And that, in the case
»f a canal communicating with two tidal seas, any variation in the value of i, (A, and B, remaining unvaried)
will be accompanied by a variation of C, and E(. On this point the reader is referred to (312.).
(122.) We will terminate this Section by a brief demonstration of two of Laplace's supplementary pro
positions which are closely related to the subject before us.
(123.) The first is, that the equilibrium of the sea is stable (that is, if its relative position with the land The equi
ps disturbed, it will have a tendency to return to its former position), if the density of the land is greater jj*"™ .°f
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Tides and than that of the sea ; out is unstahle if the density of
Waves, the land is less than that of the sea. In fig. 4, suppose
V-""V"""^/ the land to he more dense than the water, and suppose
stable if its jj^j at any mstant each is in the form of a sphere, the
Se^tha™ centre 0I" *he terrestrial sphere being at A, and the
that of the centre of the aqueous sphere being at B. The attracearth.
tion of the whole may be found by conceiving the
whole large sphere to be filled with matter of the same
density as water, and conceiving the small sphere to
have, in addition, the density equal to the excess of
the density of earth over that of water. The attrac
tions of these spheres will be directed to their respec
tive centres. Thus, a particle p on the surface will be
drawn by one of these attractions (that of the aqueous
Bphere) in the direction pB, and by the other (the
excess of the sphere of earth over a similar sphere of
water) in the direction pA. Representing these forces
by pa and pb, their compound effect will be that of a
force in the direction pc. It is evident that this force
is not perpendicular to the surface at p (the normal
being pB), but is inclined in such a direction that it
tends to carry the particle p towards e. A similar
result will be found for every particle at the surface,
namely, that the force on the particle tends to carry it
in that direction where the water is at present deficient ;
and tends, therefore, to restore the equality of distri
bution of the water.
The equi
librium of
the sea is
unstable if
its density
is greater
than that
ofthe earth.

(124.) But if the land is less dense than the water,
then, in fig. 5, we may conceive the whole of the
larger sphere to be occupied with matter of the same
attractive power as water, but then we must suppose
the small sphere to be occupied with a repulsive
substance. The particle p will then be drawn by the
complete aqueous sphere in the direction pB or pb,
but will be repelled by the imaginary repulsive sphere
in the direction pa. The whole force, therefore, on p
will be represented by pc acting in the direction in
clined to the normal pB on the side opposite to that
in the last article, and therefore it will tend to carry
the particles of water towards that side f where
there is already a redundance, and, therefore, to cause
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the distribution of water to become more unequal Tide*
than it is at present.
Wm
(125.) The second supplementary proposition is, v-~v
that the amount of precession, and its subordinate Secu'
portions included under the general term nutation, ^'lllc
are not affected by the tidal motions of the sea. To
demonstrate this, we must refer to our Treatise on the Figure op the Earth, section 9. It will there be ItlTcstl
seen that, in consequence of the action of the Sun and \m ol
Moon upon the earth, supposed to be a solid, there is
impressed upon the earth a tendency to revolve round prtrei
an axis, which is in the plane of the equator ; and »pon
that the result of the composition of this impressed tiielmotion of rotation with the motion of rotation about
its polar axis is, that the real axis of rotation (a revo
lution about which will represent the real motion of
every particle of the earth under the effect of the two
rotations) will change its position in space, in that
direction which exactly corresponds to precession (in
cluding nutation). The quantity, then, upon which
the amount of precession will immediately depend, is
the angular velocity which the action of the sun and
moon tends to give round the equatorial axis of which
we have spoken ; and this angular velocity is repre
sented by the fraction, whose numerator is the moment
of all the impressed forces tending to produce rotation
round that equatorial axis, and whose denominator is
the moment of inertia of the earth about the same axis.
If the water were united in one solid mass with the
earth, we should, for the moment of impressed forces,
merely consider the effect of the sun's and the moon's
attraction upon the earth and upon the water. But,
as the water is not rigidly connected with the earth,
but has a fluctuating motion upon it, and acts upon
the earth by a pressure which is modified as well by
its elevation as by the circumstances of its motion, it
is necessary to take into account the effect of the
pressure of the water upon the earth, and the corre
sponding reaction of the earth upon the water. We
must also consider that the same particles of water, in
their tidal motion, always oscillate about nearly the
tame part of the earth.

(126.) The most general way of considering this is the easiest. The particles of water act upon one another
and upon the particles of earth, and the particles of earth act upon one another and upon the particles of water,
either by the pressure of contact, or by attraction ; and each of these forces produces an equal reaction upon
Principle the acting particle. Now there is a well known principle, called that of the conservation of areas, which is thus
of the con • enunciated : —" The sum of the products of the mass of each particle into the area which it describes round a
servation
of areas. given axis is not altered by the mutual action of the particles." The demonstration of this (which is not given
in our Treatise Mechanics) may be shortly stated as follows. Let x, y be the co-ordinates of a particle m
which is acted on by the accelerating forces X, Y ; x', y' those of another particle m', which is acted on by
the accelerating forces X', Y' (z being the axis of rotation) ; D the distance between these particles ; and let
F be the force, estimated as a pressure, with which these two particles attract each other. Then,
—
4-—
dt*
m" D
d*y
=Y + y -y
dt*
D
tf*g_y F x-x'
dt"
m'" D
dt*
Therefore

m1' D '

(I^-f^)=W(xY-yX) + F

Ty'-y*
D
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T«!« mi But if r is Put for ^ distance of to from the axis, and 0 for the angle made by r with the plane of xz, Tides and
V*,1B'
fl
. „
, J}
(Pi <i/ e/y
rfxN d ( ,dS\
, , ,
Waves.

-"7"/ plane xy, of double the area described by m round the axis in the unit of time ; then A=rf— : and this
dt
equation becomes

Similarly for the other particle,

Adding these,
dA
m

,dA'
, „ „
, m, w^
+ m! — = m (xY - yX) + w! (x'Y' - ^X') ;

or is the same as it would have been if there had been no mutual action of the particles. The same would be
found to be true if there had been any number of particles. Then, integrating, we find that mA+m'A' + &c.
is the same as if there had been no mutual action. It is, however, to be remarked, that if the ordinates
t, y, j', y', &c. are sensibly altered by that mutual action, the products xY, yX, &c. are altered ; and, therefore,
tfA
dA'
in this indirect way the expressions for m— +m —^- + &c. may be altered.
dt
dt
(127.) It follows from this, that the sum of the
products of the mass of each particle of the earth and
sea by the area which it describes round the equatorial
axis is unaltered by the fluctuation of the sea (except
so far as the surface is raised or depressed by that
fluctuation, and the moment of the impressed forces is
thereby increased or diminished; but this increase or
diminution must be utterly insensible, and we shall
five no further attention to it). Now, if the earth and
sea were so entirely disconnected that one of them
could revolve for any length of time with any velocity,
increasing or diminishing in any manner, while the
other could revolve with any other velocity changing
in any other manner, we could pronounce nothing as
lo the effect of the fluctuations on precession. But
the assumption on which we are to proceed is, that the
tidal motion is not great, and is of an oscillatory kind.
If, then, there were but a single sea upon the earth,
ffld if in consequence of fluctuation this sea received
a considerable velocity in the same direction in which
the impressed forces tend to carry the earth, the rota
tion of the solid earth in that direction round the
equatorial axis would thereby be diminished (in virtue
of the conservation of areas). But as soon as that
water came to a state of rest, the rotation of the earth
round the equatorial axis would acquire the same
value as if the water were rigidly connected with the
earth ; and when the water had a movement in the
opposite direction, the earth's velocity of rotation
Ifclri round the equatorial axis would be increased. And
this would be true whether or not the sea had had in
the mean time, from the earth's diurnal revolution, a
great motion parallel to z (for z does not enter into
the formula), and whether or not the sea had been
carried to the opposite side in respect of x or y (for
the formula is perfectly general as regards changes of
magnitude and sign of x and y). The same applies to
any number of seas, of any forms. Thus, though the
angular motion round the equatorial axis, and the
consequent momentary precession, may be irregular,
vet its irregularity will not extend beyond a single
complete tidal oscillation ; and the whole precession
voi. y.

during one tide will be the same as if the water had
been fixed.
(128.) The reader will perceive that, although
through the greater part of this Section we have not
taken into account the density of the water, we have
taken it fully into account in these two supplementary
propositions. And, in the last of them, we have de
parted from all hypotheses as to the symmetrical dis
position of the water, and have supposed it to be
distributed and bounded in any way whatever.
Section IV.—Theory of Waves in Canals.
(129.) We have already stated (64.) that the Equili
brium-Theory of Tides, though curious in its relation
to the history of the science, and valuable for the coin
cidence of the algebraic form of its results (under
certain modifications) with those of more accurate
theories, and with the laws deduced from observations,
does not deserve the smallest attention as representing
the state of the ocean at any time. We have also stated
(65.) that Laplace's theory of the movement of the sea,
supposing the globe completely covered by water,
whose depth is uniform, or follows a very simple geo
graphical law, though based upon sounder principles,
has far too little regard to the actual state of the earth
to serve for the explanation of the principal phenomena
of tides. We now come to a third theory : that of
the motion of the tidal waters, supposing them to run
in the manner of ordinary waves in canals. It is evi
dent that this theory will not apply to every part of
the sea, and therefore it must, to a certain extent, be
considered imperfect. Still it will apply strictly to
many cases (to rivers without exception ; and to arms
of the sea where their breadth is smaller than their
length, and where the irregularities of the coasts are
not very remarkable), and it will apply without sen
sible modification to other cases of open seas, where
the whole may be conceived divided into parallel canals
in which the circumstances are nearly similar. For
these reasons we are inclined to think that this mode
2 p«
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Tides and of considering the subject, in the present imperfection
Waves. of mathematics, deserves special notice among the
various Theories of the Tides.
(130.) It is necessary for our present purpose to
enter into a pretty general investigation of the Theory
of Waves of water ; and we shall therefore com
mence without any obvious reference to the subject of
Tides.
(131.) We shall, for convenience, divide this Section
into the following parts :
Subsection 1. —General explanation of waves ; and
general theory of waves, supposing the motion of
the particles small.
Subsection 2. —Theory of waves in canals of uni
form depth and uniform breadth, whether the
waves be short or long, the motion of the particles
being supposed small.
Subsection 3. — Theory of long waves in which the
elevation of the water bears a sensible proportion
to the depth of the canal.
Subsection 4. — Theory of waves when the water is
acted on by horizontal and vertical forces, the
motions of the particles being small ; including
also the theory of a single wave, and the theory of
waves in canals of variable depth and variable
breadth ; with the introduction of the ideas of
free-wave and forced-wave.
Subsection 5. — Method of introducing the limits of
the canal in general ; and application of the doc
trine of free-wave and forced-wave.
Subsection 6. —Theory of waves, as affected by
friction.
Subsection 7.—Theory of waves in water of three
dimensions, or where the horizontal extent of the
surface in two dimensions is taken into account.
Subsection 1.— General Explanation of Waves, and
general Theory of Waves, supposing the motion of
the particles small.
(132.) Without citing the explanations in other
essays, it may be desirable here to call the reader's
attention to the meaning of the term wave, and to the
form of the mathematical expression which must be
used to represent the motions of the particles of water
in wave-motions. The same general ideas attach to
the term wave or undulation in the sciences of Acous
tics and Optics : and a clear conception of those ideas
may be considered as one of the most important steps
in the understanding of many important physical
sciences.
(133.) In watching the waves of the sea (we allude
A wave In
continuous not to the breaking of the surf, which will be dis
motion
does not tinctly considered hereafter), the reader may perhaps
imply that have imagined that, in each wave, a quantity of water,
the water is equal in bulk to that wave, was advancing towards the
continu
shore. A very little attention, however, would show
ously mov that this notion is incorrect. A cork, or a particle of
ing in the foam, floating on the water, is not carried towards the
same direc
shore ; if watched narrowly, it will be found that it
tion.
moves towards the shore while the crest of each wave
is under it, and from the shore while it is in the hollow
of each wave, but these motions are scarcely greater
than
its vertical motions, and the advance and the
It is only
the motion regress sensibly balance each other.
(134.) Thus it will appear, as a visible fact, that the
of a shape.
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continued motion of a wave in one direction is not a TiJ«i
continued motion of the water in that direction, but w"<
may be described as a continued motion of a shape, or
of an arrangement of the particles of the water. It is
necessary now to show that a very small reciprocating
motion of each particle of water is sufficient to account —
for unlimited motion of the wave or shape continued Sut"«
constantly in one direction.
?jcllen
(135.)" In figure 6, suppose that ABCDEFG re- ^J"
presents the outline of a succession of waves at one Wsth,
instant of time, abedefg the outline at a second instant ;
it is required to show how the waves can have ad
vanced from the position ABCDEFG to abedefg by a
small oscillating motion of each particle of water.
(136.) Draw vertical lines from the surface to the Eiplu
bottom of the water ; conceive that all the particles in 'I0110'
each line are subject to motion in the direction repre- ^™(°{
sented by the small arrows in the figure ; that is, that ost^
all the particles below the crest of the wave are mov- motta
ing forwards ; that all the particles below the hollow of
the wave are moving backwards ; and that all below
the midway-points (A, C, E, G,) are for the moment
stationary. And suppose that the velocity of the hori
zontal motion of the particles in vertical lines interme
diate to those drawn in the figure is intermediate
to the velocities of the particles in the lines drawn in
the figure. This supposition will account for the
motion of the wave or shape.
(137.) For, take points B„ B, near to B : C„, C,
near to C, &c. : draw lines from them to the bottom,
and consider the horizontal motion of the particles in
those lines. B0 and B, are both between the point of
principal backward motion and the point of rest ;
therefore the particles below B0 and those below B[
will be moving backwards, and with nearly the same
speed : and therefore the intermediate surface at B
will not be sensibly elevated or depressed, inasmuch as
the vertical boundaries B„ B0' and B, B/ of the
included column of water will, after a short time, be at
the same distance from each other as at present. But
the particles in the line C0 C0' are between a point of
rest and a point of backward motion, and therefore are
moving backwards ; those in the line C[ C,' are be
tween a point of rest and a point of forward motion,
and therefore are moving forwards ; consequently the
vertical boundaries, C„ C0', C, C,', ofthe included column
are separating more widely apart, and therefore the
surface at C will drop, and will, after a short time, be
found depressed to c. In like manner it will be found
that in both the lines D„ D„' and D, D,' the particles
are moving forward with nearly the same velocity,
and therefore in the intermediate part at D the eleva
tion of the surface is not sensibly altered. But in E„
E„' the particles are moving forward, and in E[ E,'
they are moving backward ; the horizontal space be
tween these boundaries is therefore diminished, and
therefore the surface of the water between them is
raised ; and it will theretbre, after a short time, be
found at e instead of E. Pursuing this reasoning it
will be evident that the continued horizontal motion of
the wave or shape forwards is entirely accounted for
by the rising of some portions of the surface and the
falling of others, and that these risings and fallings
may be considered as the effect of small horizontal
motions of the particles of the water, some forwards
and others backwards.
(138.) And as, in the progress of the waves, the
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ifsiad same particles are alternately on the crest and in the
Fiwi. hollow of the wave, every particle will he alternately
v—^ moving forwards and backwards, and alternately upwards and downwards ; the wave meanwhile will be
"J" advancing continually in the same direction.
_
(139.) The reader must consider the above as
«t 1. merely a general geometrical explanation of the motion
"I of a wave by means of oscillating motions of every
particle of the water. Whether such motions are con_ sistent with the various forces acting upon water
(which forces themselves depend in part upon the
motions of the particles) will shortly be a most important subject of inquiry. But from the tenor of this
explanation, we may at once collect what must be the
form of the mathematical expressions which will be
necessary to represent the motions of the particles,
We shall call the horizontal ordinate of any particle in
its position of rest, measured in the direction of the
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canal's length from some fixed point, x : and the ver- Tides and
tical ordinate of any particle in its position of rest, w"e«.
measured upwards from some horizontal plane (which, v^v^"/
when the depth is uniform, may be the bottom of the
water) y.
(140.) Now, first, it appears from our explanation
that each particle is disturbed in the horizontal as well
as in the vertical direction. Consequently, to represent the position of any particle at any time, we must
use for co-ordinates
* — x+K
v'=V + Y
where both X and Y depend on, or are functions of, x,
y, and t (t being used to express the time, as measured from some arbitrary epoch.)

(141.) Secondly. The characteristic of a wave is this: that though, at any one instant, different particles are Algebraic
displaced in different ways ; yet, the state of any particle in advance (that is, a particle for which x is large) characteriswill be, at some future time, the same as the state of a particle in arrear (that is, a particle for which x is small) tic of a
is now, provided we wait during a time proportioned to the interval of space between these two particles. In W,IU '
other words : supposing the velocity of the wave to be v, so that in the time t' it will move through v ( : then
the characteristic of a wave is, that the particle whose ordinate is x+vt will have the same disturbance at the
time t+t', which the particle whose ordinate is x has at the time t. Mathematically expressed, putting
0(j, 0 for the disturbance at the time / of a particle whose ordinate was x,
<j>(x,t)=<t>(x+vl', t+t') :
expanding this latter to the first power of t',
dx

at

a well known equation, whose solution is
X being any arbitrary function.

As v is not known, it will be equally convenient to put this under the form

x(nt — mx)
where n and m are constants : the function being still arbitrary (that is, capable of adaptation to any physical
assumption) though not precisely the same as in the former expression. If we suppose the horizontal move
ments of the particles in different points of the same vertical to be different, we may express that supposition
by multiplying this expression by a function of y, which will give
X or 4>(x, t)=¥(y)y.x(nt-mx).
And if we suppose that the horizontal movements of the particles in different points of the same vertical are not
simultaneous ; for instance, that their times of rest or their times of greatest motion do not all occur at the same
instant ; we may use the expression
X=F(y) y.x(nt-mx-Q),
where Q depends on y only.
(142.) Thirdly. The motion of each particle of water was supposed to be reciprocating or oscillatory. There Characteris no kind of expression so convenient for representing oscillatory motion as one depending on sines or cosines, "tic when
And by combination of several terms of that kind, any kind of oscillation may be represented. Thus, the formula ^p™^,"
, . mx)
is
osciDacos(Jit—
tory
would represent a regular oscillation going through all its changes while nt increased by 2ir, or while t increased
by — : but the following formula?
cos (nt— m.T) + acos (2nt-7n'x)
cos (nt — mx)+ a. cos (-2nt— m'x)+b. cos (3nt — m"x)
would represent regular oscillations of a different kind, but still going through all their changes while t in2p 2»
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. Waves,
m m j creased bv n . It will even be seen hereafter that, by proper management of these terms, we may investi- m
Waves"
gate the motions of a discontinuous wave, that is where a single wave, and no more, passes along a canal, 's^l't
For these reasons, we shall always suppose the function ^ to have the form of a series of sines or cosines ofTheom
multiples of vt—mx. But as each of these terms will he treated separately in the same manner, we shall omit
all but the first (for convenience only), and shall therefore assume
—
X = F(y). COS (n<-mx-Q).
General
EipUna
The form of Y, as will appear in the investigation, will necessarily follow from that of X.
SSnof
naves.
Character(143.) Fourthly. In some very important cases, we shall find it necessary to depart from our original simple
thTformof suPP0S''i°ns- Circumstances may be conceived, in which, without at all losing the character of a single deterthe wave niinate series of waves, the elevation of each wave alters as it proceeds ; and the linear interval between the
changes. crest of one wave and the crest of the next wave alters, (the interval of time remaining the same as before,) or
the velocity of the wave alters. Thus, in figure 7, the wave, which while at ABC was long and flat, may at
IKL become short and steep. This case will be fully represented by introducing a variable coefficient depend71
ing on x, and by conceiving that the factor m, or — , by which the periodic function depends on x, is itself a
function of x, and that, instead of a product, an integral is to be used.

Thus we shall have

X = F (y) . G (x) . cos (nt—f, m).
We shall now proceed with that part of the investigation which depends on the properties of fluids.
(144.) In figure 8, let oO represent the bottom of a canal of variable depth: abc the surface of the water in
a state of rest, ABC the surface at a certain instant of time when in wave-motion : and suppose that the very
narrow column of water, which when the whole was at rest had the form or, has at this instant the form OC.
Suppose the column oc divided into a very great number of small parts by horizontal planes, and let ps be one
of these parts, and PS the corresponding part of the column OC in its displaced state at the instant under con
sideration. Let the coordinates of the point o at the bottom be x and ij : the vertical coordinate of the surface
abc be k : the coordinates of p be x and y : and suppose pq—h, pr=zl. And put X for the horizontal displace
ment, and Y for the vertical displacement, of the particle whose coordinates are x and y, at the instant under
consideration. Let S be the value of X at the bottom, and K the value of Y at the top. Then, considering the
disturbance so small that all quantities beyond the first order may be omitted,
The horizontal ordinate of P=x + X,
dX
The horizontal ordinate of Q=x+h+X+-—h,
ax
(f/X*\
1 + — J nearly.
And the vertical ordinate of P=y-»-Y,
The vertical ordinate of R=y+/+Y + — I,
therefore the vertical distance between P and R =/x( 1 + —^ nearly.
\ dy J
Investiga(145.) Now, conceiving that the water, which occupied the volume ps without any vacanfr space, does now
equation of 0CeuPy tne volume PS without any vacant space, or remains continuous, it is evident that we must have
contiDuit>'areafW=areaPS.
But, as in (72.), the area PS, considered as a rhomboid, =PQ xPRXsin RPQ,
=PQx PR X cosine (inclination of PQ to horizontal line + inclination of PR to vertical)
=(PQxcos incl. PQ tohoriz. line) x (PR X cos incl. PR to vertic. line) x (I— tan incl. PQ. tan inch PR)
=(hor. dist. between P and Q) x (vert. dist. between P and R) x (1 — tan incl. PQ . tan incl. PR).
Now the inclination of PQ to the horizontal line is small ; and that of PR to the vertical is small : therefore the
product of their tangents is exceedingly small, and may be neglected. Hence we obtain
areaPS=(hor. dist. between P and Q) x (vert. dist. between P and R)
-»x(.+£),«x(.+£)
r, /, dX dY\
=AK1+^+¥;nearly-
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iw-
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(1Y
d'J

Y=— f* -y--}- a function of a.

_ I.
M As there is a fixed boundary to the water at the bottom, we must commence our integration there. Now it is
;v .J
;i" evident
that at
the KrtMntn
bottom tVta
the valna
value nf
of V
Y is
«^mt *J»of
o* ilia
1C &
Wx
V -jp, inasmuch as the lowest particles of the water are pushed
through the horizontal space S in contact with the sloping bottom whose vertical ordinate is rj, and the tangent
of whose inclination to the horizon is, therefore, —.
dx

Thus we have

Y=S.~ - f ~ (from y=v to y).
dx J ,dx
9
3

Equationof
continuity.

This is the equation of continuity.
(146.) Now let us consider the relation, between the forces which act on the different points of the water,
and the motion of the water. Continue the horizontal plane pq to TV, and from T and V draw the vertical
lines TW, VX, to the disturbed surface. The points W and X do not coincide with B and C, but in regard to
the accuracy of any expression depending merely on the wave-disturbance they may be used indifferently ;
because WB and XC depend upon the extent of disturbance, and the slope of WB and XC also depend on the
extent of disturbance, so that the difference of elevations of W and B, or of X and C, will depend on the square
of the disturbance. But the difference of elevations of W and X (which is the difference that we shall shortly
u*e) depends on the extent of disturbance ; and, therefore, when the disturbance is made very small, it is a
much greater quantity than the difference of elevations of W and B, which depends on the square of the
disturbance. And this is entirely independent of the length of the wave. Thus, in a wave whose length from
crest to crest is many feet, the whole value of WB may be an inch : by diminishing the violence of the motion,
or making the wave flatter, while its length remains the same, WB may be diminished to a tenth of an inch,
and then the difference of elevation of W and B will be a hundredth part of what it was before, while that of W
and X will be a tenth part of what it was before. Thus, when the motion of the particles is small, instead of
nsing the value of K corresponding to the point W, we may use that which corresponds to the point B : and
instead of using the difference between the values of K for W and X, we may use the difference between the
values of K corresponding to B and C.
(147.) Now let p be the pressure at any point in the line PW, estimated by the velocity which that pressure Investigaacting on the surface 1 would produce in the volume of water ] , by acting during the time 1. Then p will be tlon °ftne
a function of .r, y, atid t. Let rj be the force of gravity, estimated by the velocity which it will produce by its of"qua?
ation during the time 1 : for reasons which will hereafter appear we shall consider g' as varying from one pressure,
toint of the earths surface to another, or as being a function of x. Then the pressure at the point whose
j
fivation is \f is p ; that at the point whose elevation is y'-j- cy is V+^t V : 'ne excess of the upper pressure
jbove the lower is ^ cy' : and this excess, acting on the column whose length is
downwards with an acceleration represented by

will tend to urge it

Adding to this the effect of gravity, we shall have the

whole acceleration downwards =—
dy' + Ja'. Therefore
dP

dy' U'

d* Y (^ D does not depend on I).
But y=y-f Y, therefore d* v' —-^r

Consequently

^=-^,andP=Jjy-*I)
Performing the integration from y to k+K, (k+K being the value of y at the surface of the water,) so that the
pressure at the surface is zero,
p=g> (k+K-y) +J"

(from y'=y to y'=k+K).

Bat, as d«Y
—jjp is itself a small quantity depending on the motion of the particles, we shall incur no sensible
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error by integrating with respect to y instead of ■>/, and by taking for superior limit k instead of k+K. Thus Tida
we obtain for the pressure at T
Vm
Sett,
Theorj
Wave*
(148.) The particle at V corresponds to a point whose ordinate in the state of rest did not sensibly differ gub^
p=+g'{k+K-y)+j'

(ytoA).

from x+h, and the pressure at V is, therefore, p+^f-h nearly.
dx

Offff

(149.) These pressures have been found from consideration of the motions of the particles of water in a
vertical direction, and are therefore vertical pressures. Now the peculiar property of fluids is, that the pressure
is equal in all directions, or that the expressions which we have found for the vertical pressures at T and V
represent also the horizontal pressures at those points. (On this subject the reader is referred to article 75.)
Thus we have
Horizontal pressure at T tending to push TV forwards =:p,
Horizontal pressure at V tending to push TV backwards =P"r'^^Difference, tending to push TV forwards = — ~ h.
dx
The length of the column TV on which it acts is nearly h : therefore the pressure tends to urge it forwards with
an acceleration represented by

If, besides, any force depending on extraneous causes is acting, which

would produce an acceleration represented by F, the whole acceleration will be F— ^r.
dx
*(*+X)
dp
dP
dx
But x does not depend on t, therefore

d*(x+X)
dt'

d'X
dl*

Thus we have

And, putting for p its value, we finally obtain this

equation,
Equation
of equal
pressure.
This may be called the equation of equal pressure.
This equation, in conjunction with the equation

contains the whole theory of the motion of fluids in canals, of uniform breadth, but of uniform or variable depth .
the motion being supposed to be entirely longitudinal and vertical.
Equation
of equal
pressure
when
gravity 18
uniform.

(150.) If gravity be considered uniform, and =jr, the term

{ — g" (Ar+K—y)} becomes

(-<jk+gy-'J&)
dx

~~d\c ^—

' an<* ^C e1uat'on °^ e1ua' pressure becomes
d'X „ d \
C <PY
1
— =F+-{-9K-J- (yto*)}.

Equation If the depth of the canal be uniform, dn
^-=0, and the equation of continuity, taking »j=0, or assuming y to be
of con
tinuity
measured from the bottom, becomes
when the
depth is
uniform.
(151.) In the treatment of these equations, different methods must be used, according to the demands of the
problem. If the nature of the motion in the direction of x be assumed ; that is, if the expression for X be
known, and if it be required to find what force is necessary to maintain the fluid in that state of motion ; then
we must, from the given expression for X, find the expression for Y by the equation of continuity ; and, substi
tuting both in the equation of equal pressure, we shall obtain F. But if F be given, and X and Y be
required, we can only eliminate Y by means of the equation of continuity, and then solve the equation for X
by methods depending on the form of the resulting equation.
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(152.) It there be no motion of the particles, 0 = F— —(y./c+K—y); or, if gravity be constant, Waves.
„

dK

'

"

(153.) Hitherto we have not, in the investigation, limited ourselves in any way to the case of oscillating Equations
motion of the particles : the equations are, in fact, perfectly general as to the kind of longitudinal and vertical limited to
motion, and require only that the motion be small in extent. We shall now assume that the motion is oscil- 08C'|'atol7
lating ; and, for the reason mentioned in (142.), we shall confine the expression for X or Y to a single term motlonrepresented by a cosine or sine. Now suppose X to be represented by A cos {nt— B), where A and B are any
functions whatever of x and y. (This is the most general form that can be assumed : it does not even implv
that the form or magnitude of the waves is uniform, or that the motions of particles, originally in the same
d*X
vertical column, are constantly in the same direction.) Then —- = — n* A cos (nt — B) = — n*X. And as, in
d"
consequence of the equation of continuity, Y will necessarily depend on the sines or the cosines of the same
d» Y
angle nt — B, we shall also have -j— — —n* Y. Thus the equation of equal pressure becomes
-n«X=F+^ { -s'(*+K-y)+«'/,,Y (y to *)} ;
or, if gravity is considered as uniform,
-n'X=F+^ { -jK+n'/,Y (y to A)}.
We shall now proceed with some applications of these equations.
(154.) Problem.—To examine whether it is possible that a system of waves, depending upon oscillatory
motion of the particles of water, can move along a canal of uniform breadth, but of variable depth : gravity
being supposed uniform, and no other force being supposed to act.
(155.) The equations to be satisfied are
dx
. !—nK4-n=X=^{-1?K+n'/,Y
(y to k)}.
dx
Differentiating the first with respect to y and to x,
jy _ "ry
ax
A
dy
d>Y

dx
*X

depth is
Wiable-

dy dx
dx*
The second equation, observing that the limits
of fsY are independent of x, may be put under
nits of integration
integral
this form,
dK
C dY
Differentiating with respect to y,
,dX
,dY
rfX dY
— n*— = -n*—, or — =-j-.
dy
dx
dy
dx
Differentiating again with respect to y,
£X __c^Y
dy" dx dy'
(FY
Eliminating
by means of the former equation,
d*X *x
dy' + dx*

ttoSrftta
possibility
broken
waves
when the

'

the general solution of which equation is
X=?5 (y+x V~l) + y (y-* V^l),
where <j> and y express functions chosen to satisfy any conditions required by the circumstances of the
problem.
If, instead of 0 and ye, we use two other functions x and w, we may put the solution under this form,

'
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\
Tidei
X={x(y+W-1) +X(y-W-1)} +^={u(3/+x/^l)-u(y-.rV-l)}
the whole of which is real, whatever be the form of the functions x and u, provided thai they contain, in their T^cU
form, nothing imaginary.
\\-„^
(156.) But the expression just found is the solution of the derived equation. We have now to ascertain Sub*
whether it will satisfy the original equations. For convenience we will confine our substitution to a single S""J
term (as the result produced by another term will be easily inferred from its result), and will make
of ^,
X=v'(y + *^T),
conceiving -J to be the derived function of some function v.

Then

g=^l.v"(y +*/=!)
/TV .
^__=V-i.u'(y+V_i)
J.
therefore —J '~ from ij toy is

V—l v' (v+x V— l)-\TTi V(y+*>/— 1) ;

Also S, or the value of X when y=i?,

=t/ (ij + x V^l),

therefore
Hence

S^= v' (, + x V^T) ^.
ax
ax
YsX^-J ^ (>, toy)=v' Oj+x V^T)^+V~1^-V^T. v' (y+* V^T)
= -r-. v (t,+x V^l) — V~l . i/ (y +x V^l).

And K, or the value of Y wheny=A,
therefore

=— . v (rj+x i/^l)- V^T. i/ (fc+* V— 1);
dx

g^=g?L. v (V+XJ~\) +g.J> (A+xV— 1).

And

dx~=~d?v (v+zJ~l)-tv" (y+xsT^l);

therefore J ^ (y to *) is

(k-y)

Substituting these in the equation

(rt+xj~]) + v' {k + x-J^i) -v' (y+x*/-l).

— 7i»X= — o •
dx

,

-n\ v' (y+xsl^l) =-3^„

\-n- I — (y to k),
J sdx

+ 7 V^T) -gv" (fr+ xV^I) +n\k-y) ^ v (r,+x J—l)
+nV (i+iV'^J-n'v'ty+iV^l).

Removing the terms which mutually destroy each other, and conceiving the same substitution to be made for
a term i/ (y— x V — 1), we shall have this equation,
0= (un-nty~g)-^t{v(,, + x>/^l)+v(T,-XJ~])} -g {v" (k+X V~l) + v" (k-x V~l) }
+ n,{t/ (A+xV~l) +J(k~xJ~^l)}
(157.) It is evident, from the form of the multipliers, and the perfect independence of x and y, that this equa
tion implies the existence of the separate equations.
0=-^ jv (,,+*

4- v (r,-x<J~l)\

0=-g {»" (*+*V-l) +v" (k-x V^l) } +n'{v' (k + XJ~) +v'U-X
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isnd When the depth is variable, that is, when j; is a function of x, it does not appear possible to satisfy the first of Tides and
& these equations by any form of v. It would appear, therefore, that when the depth is variable, it is impossible Wnves*~ that there can be a series of waves which consist of oscillatory motion of the particles, and which satisfy the two
}'^' equations of continuity and of equal pressure.
si,,of
0™*
„

(15S.) The following physical interpretation of this mathematical result appears to be correct, and is worthy Wave* conof attention. It appears that, if the water is moving in the manner of waves, one at least of the two conditions osc-Matorv
(continuity and equal pressure) must fail. While the continuity holds, the equal pressure will exist, from the motion not
nature of the fluid. Therefore the continuity must cease, or the water must become broken. This appears to possible
be the explanation of the broken water which is usually seen upon the edge of a shoal or a ledge of rocks, although ™hen the
the whole is covered, perhaps deeply, by the water. We shall advert again to this subject.
ijot'mii'
form.
(159.) When the depth is uniform, or »j = 0, there is no difficulty in satisfying the equation. For instance, if
v(e)-=im> — H-"", the expression v (y+x V—-I) +« (y— x*J— 1) becomes 2 (e"w — £""*) . cos mx, which when
y=0 is always=0. Any other form of v (0) expressed by odd powers only of 0 would do equally well.

Subsection 2. —Investigation of tlie Motion of Waves in a Canal of uniform Depth, the Motions being small.
(160.) We shall assume (as a hypothesis to be proved or disproved by substitution in the equations) that the
motion of the waves is uniform, and that all the motions of the particles, horizontal and vertical, are oscillatory ;
but we shall not, in the first instance, assume that the motions of all the particles in the same vertical line are of
the same kind at the same instant. This will be expressed by assuming
X=P.cos (nt-mx-Q)
where m is constant and P and Q may be functions of y.
Expanding the cosine, and making P. cos Q=R, P. sin Q=S, this becomes
X=R. cos(«/ — fMx)+S. sin (nt — mx).
(161.) Now, as we have found (155-),^j-^ + ^r^ =0 : which in the present instance becomes
ay"1 ax
^^T— nffij cos (nt-mx) +(~jyT~m* S) sin («'—«*) =0.
Therefore
whence
and

~-m,R=0,
^-f-m'S=0;
dy%
dy*
R=C.£™J,+D.£-"*,
S=C'.£"»+D'.£—»,
X= (C.£ra*+D.£-™») cos (nt-mx) + (C'.sm!/+Dl.e-^) sin (nt - mx).
J* fZX
— (0 to y), we easily find
Y = - (Csm» - D£-"» -C + D) sin (nt - mx) + (C

- D' . r"» - C'+ D ) cos (nt - mx)

K=— (C£"*-D£—*-C + D) sin (;ii-ma:) + (C'.£'"*-D'.£-"":-C'+D') cos (nt-nuc)
ry
-T- = + m (C£"»~ Ds-™* - C + D) cos (nt - mx) +m (C . £"» - iy . s—* - C + DO sin (nt - mx)
ax

— {C£™i,-r-D£-"»-C£"*— T>e-mk+7n.y—k . —C + D} cos (nt— mx)
_{C'. s"«+D'. £-"»-C. e7*-D'. £—*+m.y-A. -C' + D'} sin (nt—mx)
dVL
(* cl\
Substituting in the equation -n* X= — g — + n'
— (y to k)
at
J , ax
-n" (C£™» + D£-"V) cos (ti/! -mx) -n» (C'.£"»+D'.£-"») sin (nt-mx) =
-mg (C£-*-Df-"*-C + D) cos (nt-mx) -mg (C'.£~*~D'£—*-C'+D') sin (nt-mx)
-V {Ce"w+De-"»-C6",*-D6—*+m.y— k.— C + D} cos (nt—mx)
-n* {C'.£"w+D'.£-"q,-C'.£"*-D'.£-'**-|-m.i/-A — C'+D'} sin (nf—mr)
vol. v.
2 Q*
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Removing the terms which destroy each other, equating separately the coefficients of cos (nt—mx) and of Tides;
Waves. gm (nf — ma:), and observing that y is entirely independent of k, we obtain in the first place
W«<
-C + D=0

-C' + D'=0:

or D=C,

iy=C'.

Substituting these values of D and D' in the other equations, they become
— mgC (£"•*- 5-"*) +«* C. (e"*+£-"*)=0

s£l
Th«oij
\Ya5(s
SdW

-mg V (£-*-s-*) + n« C (s™*+£ -"*)=0.
W,™
These equations leave C and C indeterminate ; and they agree in giving the following relation between m and n,
g-*_e—*
Mi
n'=mg. ^
^
Then, substituting in R and S the values of D and D',
X= (£-*+£—*).{Ccos ( nt - mx) + C sin (nt - mx)} ;
Ql
or if A=vO +C", tan B=-^- ; then C=A cos B, C'=A sin B, and the expression becomes

Expressions for
displace
X = A. (_S"J + S-"') . cos (n<- mx— B)
ment of
particles in where A and B are independent of x and y, and m depends upon n by the equation above. From this we
wave-mo.j find
Hon
wheu
*
the depth
Y= -A. (£"*-£-"•»)• sin (nt—mx - B).
is uniform.
(162.) From these expressions it appears, as B is constant, that the mathematical results compel us to admit
(what we did not at first assume) that the motion of all the particles originally in the same vertical line is, at any
instant, of the same kind, although the extent of the motion of the different particles is very different. In future
we shall generally omit B from the expression, as the same etfect will be produced in the value of the expression
by altering the origin of the time as by retaining B.
Hon'of
terms.
Phase

(163.) It will be convenient to explain here a few terms which will hereafter be occasionally used,
('64.) The angle nt—mx — B, or nt — mx, upon which the expressions for X and Y depend, is called the
phase of the wave. It is to be considered as an angle, or rather as part of a circle (in the sense in which trigo
nometrical expressions depend upon an angle or part of a circle) which admits of indefinite increase.
(165. ) The expressions for X and Y are not altered in value if we increase or diminish mx by 2ir, 4ir, 67r, &c. :

that is, if we increase or diminish x by —, —, ^, &c, while / is unaltered : but the same cannot be asserted
m m m
2t
Length of of any other value of x. Hence — is the value of each of the successive distances at which we find the water
wave.
tn
in the same state of disturbance, or 2if
— is the distance between one wave and the next. We shall call this the
m
length of a wave, or the amplitude of a wave, and shall denote it by the symbol X.
(166.) The expressions for X and Y are not altered in value if we increase or diminish nt by 2t, 4», 6ir, &c. ,
Period of that is, if we increase or diminish I by — , —, —, &c, while x is unaltered : but the same cannot be asserted of
wave.
n n n
2t represents each of the intervals of time at which the water at any given place is
any other value of t. Hence —
successively in the same state of disturbance : we shall call this the period of a wave and shall denote it by
the symbol r.
(167.) We shall now proceed to develope some of the practical interpretations of (he equations just found.
(168.) Since X and Y both depend on nt — mx, if we put<+<' for t, and x+x' fori, we shall find new values X'
and Y' depending on nt - mx+nt'-mx' ; and these will be the same as X and Y if nt' — mx' be zero : that is, at the
end of the interval r*, we shall find the water in a similar state of displacement, provided we examine it at the
distance x1 in advance : that is, in the time I1 the wave will have travelled through the space x', or the velocity of
x1
n
the wave will be expressed by — ; which, by virtue of the equation nt! —mi'=0, is the same as —. Hence
Velocitv of the wave=— .
m
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But we have found n»=^m . gmt+g_^ : hence the velocity

— =^
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IV' is not constant, but depends on m and k. From this it appears—
ry of
l
1st. In water of given depth, the velocity of waves of all kinds is not the same, but depends upon m, or
2t
upon —, or upon X the length of the wave. (In this respect the waves of water are analogous to
- :l
those of light, but are not analogous to those of sound.)
2nd. It follows immediately that, in water of given depth, the velocity of waves depends upon the interval
of time at which they follow each other.

Inferences
with regard
to
the velo
^t*^f
city
of
waves.

3rd. If the distance between the crests of the waves ^\ or —J is given, the velocity varies with the depth
of the water.
4th. If the interval of time between successive waves

or —J is given, the velocity varies with the depth

of the water.
(169.) The circumstances of waves of different lengths will easily be reduced to numerical calculation, if for
n we put —, and for m we put — ; the equation between n and m is thus brought to the following form :
T
A
2irX g > +1
~V'
— -1 '
9 £"
where it is to be remarked that s x is the number whose common logarithm is -j— x 0*434294.

If the time

is expressed in seconds, and the space in feet, g (or the velocity which gravity communicates to a free body
in one second), expressed in the same manner, is 32' 16. From these data the following table is computed :
Table I.
Table of
the periods
of waves.

Length of the wave, in feet.
10

1
Depth of
water,
in feet.
1
10
100
1000
10,000
100,000
1000,000

100

1000

10,000 1 100, 000

1000,000 10,000,000 100,000,000

Corresponding period of wave, in seconds.
0 442
0-442
0 442
0-442
0-442
0-442
0-442

1 •873
1 •398
1 •398
1 •398
1 •398
1 •398
1 •398

17-645
5-923
4-420
4-420
4-420
4-420
4-420

176-33 1763 3 17633
1763300
176330
55-800 557-62 5576-2
55762
557620
18-730 176-45 1763-3
17633
176330
13-978
59-230 558-00
5576-2
55762
13-978
44-201 187-30
1764-5
17633
44-201 139-78
13-978
592-30
5580
13-978
44-201 139-78
442-01
1873

17633000
5576200
1763300
557620
176330
55762
17645

(170.) From these numbers the velocities are easily computed by dividing the length of the wave by the
period. The following table contains the results :—
Table II.
Table of
the veloci
ties of
waves.

Length of the wave, in feet.
Depth of
water,
ia feet.

1 |

1 2-2624
102-2624
100 2-2624
1000 2-2624
10,060,2-2624
100,000,2-2624
1000,000 2-2624

10 I

100 |

1000 I 10,000 |100,000 |1000,000 |IO,000,000|100,000,000| Infinite
Corresponding velocity of wave per second, in feet.

5- 339oj 5-6672 5- 6710
7 154316-883 17' 921
7 1543 22-624 53- 390
7 1543 22-624 71- 543
7 1543 22-624 71- 543
7 1543 22-624 71" 543
7 154322-624 71- 543

5
17
56
168
226
226
226

6710 5-6710
5
933 17-933
17
672 56-710
56
83 179-21
179
24 533-90
566
24 715-43 1688
24 715-43 2262

6710
5-6710
5 6710
5 •6710
933
17-933
17 933
17 •933
710
56-710
56- 710
56 710
1791 33
179-33
33
179 33
567-10
72
567- 10
567 10
1792-1
1793- 3
3
1793 3
4
5339-0
5667- 2
5671 0
2 q 2*
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city of short
waves does
not depend
on the
depth.
The velo
city of long
waves de
pends only
on the
depth.
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(171.) From these numbers it appears that,
.
Tide*
1st. When the length of the wave is not grenter than the depth of the water, the velocity of the wave
depends (sensibly) only on its length, and is proportional to the square root of its length.
Sect,
2nd. When the length of the wave is not less than a thousand times the depth of the water, the velocity I"1*01
of the wave depends (sensibly) only on the depth, and is proportional to the square root of the depth. m
It is, in fact, the same as the velocity which a free body would acquire by falling from rest, under the
action of gravity, through a height equal to half the depth of the water.
Moti<
3rd. For intermediate proportions of the length of the wave aud the depth of the water, the velocity of ^m
the wave can be found only by means of the general equation.
JJjj*
Dept
(172.) The values in the extreme cases will easily be found by expansion of the general formula. Thus,
when X is small, or k- large, ex— is very large : s—x +1 does not sensibly differ from unity, and rt = 2tX
-— :
X
_
^
whence the velocity—— = a/ ~-.
T
▼ 271"

When X is large, or - small, a x = 1 + -7— nearly, and rJ=— ; whence
\
\
gk

the velocity =-='J<jk
(173.) There is one numerical value of r which, in reference to future applications, deserves special con
sideration — it is that corresponding to the wave originally produced by the action of the Sun and Moon.
This wave may with propriety be called the tide-wave. But for clearness we may remark (although antici
pating another part of this Section), that there are two distinct classes of waves bearing the name tide-wave.
One of them is produced by the immediate action of the forces of the Sun and Moon, and its highest or its
lowest point is always at a determinate distance from that place in the canal at which the disturbing forces
vanish ; the velocity, therefore, of this wave does not depend at all upon the depth of the water. This we shall
call the forced tide-wave. Coexistent with this there may be, and generally is, a wave in which the period r
is the same, but in which \ is different, and the velocity consequently different; produced originally by the
action of the Sun and Moon, but not affected by their action in regard to its velocity of propagation : this
kind of tide-wave is the only one which is sensible in narrow seas and rivers. This we shall call the free
tide-wave. Our present computations belong to the free tide-wave only.
(174.) The interval of time (r) for the semidiurnal tide-wave is not constant; but it may be considered as
12 hours 24 minutes, or 44,640 seconds. Now we have found, Table II., that with a depth of water of
100,000 feet, or 20 miles nearly, a wave of any length exceeding 100,000,000 feet will travel with a velocity
sensibly independent of its length; and that even if its length be only 10,000,000 feet, the velocity will not
differ from that of a longer wave by -r-j-Vo Part- The former wave, by Table I., would have the period 55,762
seconds ; the latter would have the period 5530 seconds. It is clear that the period of the tide-wave is
sufficient to justify us in assuming the velocity of the free tide-wave as equal to that which belongs properly
to a wave of indefinite length in water of the same depth. On this principle the following table is computed :—
Table III.
Table for
the semi
diurnal free
tide-wave.

Depth of
water,
in feet.

1
4
10
20
40
60
80
100
200
400
600
800
1000
2000
3000
4000

Velocity of
Space described
of by
free tide-wave freeLength
free tide-wave
tide-wave,
per second,
in one hour,
in
miles.
in feet.
in miles.
5-671
11-342
17 933
25-361
35-867
43-927
50 723
56-710
80-200
113-42
138-91
160-40
179-33
253-61
310-62
358-67

47-946
95891
151-62
214-42
303-24
371-38
428 83
479-46
678-05
958-91
1174-4
1356-1
1516-2
2144-2
2626-1
3032-4

3-8666
7-7332
12-227
17-292
24-455
29-950
34-584
38-666
54-682
77-332
94-711
109-36
122-27
172-92
211-78
244-55

Depth of
water,
in feet.

'
,

5000
6000
7000
8000
9000
10000
15000
20000
25000
30000
35000
40000
45000
50000
55000
60000

Velocity of Length of Space described
tide-wave
free tide-wave free
tide-wave, byinfree
per second,
one hour,
in
miles.
in miles.
in feet.
401-00
439-27
474-47
507-23
538-00
567-10
694-54
802-00
896-66
982-25
1060-9
1134-2
1203-0
1268-1
1330-0
1389-1

3390-2
3713-8 .
4011-4
4288-3
4548-5
4794-6
5872-1
6780-5
7580-9
8304-4
8969-7
9589-1
10171
10721
11244
11744

273-41
299 • 50
323-50
345-84
366 -S2
386-66
473-55
546-82
611-36
669-71
723-37
773-32
820 • 22
864 • 59
906-8O
947-11
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iaad (175.) The diurnal tide-wave, and others connected with the tides, of which we shall have occasion to speak, Tides and
1,es- to far as they are free tide-waves, may all be considered as moving with the same velocity. The table will, Waves.
therefore, apply to them, excepting only the column of the length of the tide-wave, the numbers in which must
1V; be doubled for the diurnal tide-wave.
7 of
(176.) We shall now proceed to examine the circumstances of the motion of each particle of water in wavet 2. motion. And, first, we shall consider the values of the extreme extent of motion of each particle.
"in'» (1"7.) We have found (161.) that the horizontal displacement X of any particle, whose height above the
of bottom is y, is represented by A (5™*+ s-™") cos (nt — mx — B). The extreme values of this quantity are
™ — A (£"* +£""*) when nt — mx — B is an odd multiple of 180°, and + A (£"* + £-"*) when nt— mx — B is an
Formula?
even multiple of ISO". And (161.) the vertical displacement Y of the same particle is represented by for
extreme
- A (tm*—6""*) sin (nt—mx — B) ; the extreme values of which are — A(sm" — £'"*) when nt —mx — B=90° +
motion of
an even multiple of 180", and + A(£"* — £""") when nt-mx- B = 90°-f an odd multiple of 180°. Hence individual
A(e"J' + £""*) and A(£™s — £""v) may be considered as representing the greatest extent of horizontal and vertical particles.
motions; or, omitting A (as our object is only to show the proportion of the various motions), and putting
2i form, the horizontal and vertical motions will be represented respectively by £x
-* +£Jt*
—
x and £*t3 — s_««»
1 .
At the bottom, where y—0, the extreme horizontal motion will be represented by £°-f£°=2.
these formulae the following table is compute:! : —

By means of

Table IV.
Greatest extent of the horizontal and vertical displacements of the particles at different depths, for different
proportions of the length of the wave to the whole depth : the greatest horizontal displacement of the par
ticles at the bottom being represented by 2.
Table of
propor
tional ex
tent of ho
rizontal
and vertical
motions.

Values of — .
X
10000

1000

100

Corresponding displacements of the particle.
Depth below the
surface.

Horizontal.

Vertical.

Horizontal.

At surface
tV whole depth
To »
„
3 »
TT
))
4 »
TT
»
tV »>
>>
1*0" 1)
>>
7
TIT »
SJ
A
))
I »»
TT
»
At bottom

1(27287 fig.)
2(24558 fig.)
4(21829 fig.)
8(19100 fig.)
1(16372 fig.)
3(1 3643 fig.)
6(10914 fig.)
1(8186 fig.)
2(5457 fig.)
5(2728 fig.)
2

1(27287 fig.)
2(24558 fig.)
4(21829 fig.)
8(19100 fig.)
1(16372 fig.)
3(13643 fig.)
6(10914 fig.)
1(8186 fig.)
2(5457 fig.)
5(2728 fig.)
0

5(2728 fig.)
6(2455 fig.)
9(2182 fig.)
l(1910fig.)
1(1637 fig.)
2(1364 fig.)
3(1091 fig.)
4(818 fig.)
5(545 fig.)
7(272 fig.)
2

Vertical.

Horizontal.

5(2728 fig.)
7(272 fig.)
6(2455 fig.)
3(245 fig.)
9(2182 fig.) 1 1(218 fig.)
1(1910 fig.)
1(191 fig.)
1(1637 fig.) 1 5(163 fig.)
2(1364 fig.)
2(136 fig.)
3(1091 fig.)
1(109 fig.)
4(818 fig.)
7(81 fig.)
5(545 fig.)
3(54 fig.)
7(272 fig.)
1(27 fig.)
0
2

Vertical
7(272 fig.)
3(245 fig.)
1(218 fig.)
1(191 fig.)
5(163 fig.)
2(136 fig.)
1(109 fig.)
7(81 fig.)
3(54 fig.)
1(27 fig.)
0

ValueB of A
1
1

10

1
1
Corresponding displacements of the particle.

Depth below the
surface.

Horizontal.

Vertical.

Horizontal.

At surface
A whole depth
tV „
A 1)
)!
tV ,,
i»
| A n
»
| A »
»
A n
»
A >,
n
A n
»
At bottom

1(27 fig.)
3(24 fig.)
6(21 fig.)
1(19 fig.)
2(16 fig.)
4(13 fig.)
8(10 fig.)
1(8 tig.)
286690
535-4
2-0

1(27 fig.)
3(24 fig.)
6(21 fig.)
1(19 fig.)
2(16 fig.)
4(13 fig.)
8(10 fig.)
1(8 fig.)
286690
535-4
o-o

535-429
285-651
152-398
81-3122
43-3961
23- 1825
12.4257
6-73766
3-79812
2-40793
2-00000

Vertical.
535-425
285 643
152-384
81-2876
43-3499
23-0961
12-2637
6-43398 I
3-22888
1-34093
0-00000

Horizontal.

Vertical.

2-40792
2-32838
2-25802
2-19658
2-14381
2-09951
2 06349
2-03564
2-01581
2.00395
2-00000

1-34094
1-19220
1-04816
0-90826
0-77195
0-63869
0-50795
0-37922
0-25199
0-12575
0-00000
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Table IV.—continued.

Tides and
Wares.

Values of -.
A

Corresponding displacements of the particle.
Depth below the
surface.

Horizontal.

Vertical.

Horizontal.

Vertical.

Horizontal.

Vertical.

At surface
A whole depth
A
»
• )>n
Ttr
»
A »
>'
A »>
>i
tV »
»
tV )>
»
A »
»
iV »
»
At bottom

2-003950
2-003199
2 002527
2 001935
2-001421
2-000987
2-000632
2-000355
2-000158
2-000040
2-000000

0- 125744
0-113155
0-100571
0-087991
0-075415
0-062841
0-050270
0-037701
0-025132
0 012566
o-oooooo

2-000040
2-000032
2-000025
2-000019
2-000014
2-000010
2-000006
2-00O0O4
2-000002
2-000001
2-000000

0-012566
0-011310
0 010053
0-008797
0-007540
0- 006284
0-005026
0 • 003770
0-002514
0-001257
0-000000

2-000001
2-000001
2-000001
2 -.000000
2 • 000000
2-000000
2 000000
2.000000
2-000000
2-000000
2 000000

0-001257
0-001131
0- 001005
0-000880
0-000754
0-000628
0-000502
0-000378
0-000252
0-000126
0-000000

SubsecJ
Motion!
WitmI
CunlJ
Utufot.T\ I
Depth/

In this table, by 1(27287 figures) is meant the figure 1 followed by 27287 significant figures before the de
cimal point ; and similarly 2(24558 figures) is intended to express the figure 2 followed by 24558 figures before
the decimal point ; and so for the others.

When the
wave is
short, the
motion is
not sensible
except near
the surface.

(178.) From inspection of this table the following points are evident:
1st. When the depth is great in comparison with the length of the wave (as in the case of ordinary waves in
the open sea), the motion of the water at any great depth below the surface is wholly insignificant in
comparison with that at the surface. The following rule may be convenient. As the depth below the
surface proceeds in arithmetical progression, the motion diminishes in geometrical progression ; and at a
depth equal to the length of the wave the motion is diminished to — ■ of that at the surface. This
535*4
k
y
rule will be demonstrated by remarking that when —- is large and therefore — is large (the depths beX
X
St
Srfc
try
*Wjf
low the surface not being extremely great) *■"*+ «-*•*, or s~ +t~ * , and «™»+-r""*, or e + s~ * , will,
as to sense, be reduced to their first terms e x and £* : and therefore the motion at the depth k—y
will = motion at surface x £,-t- = motion at surface x f~X c'"",rt , or the motion diminishes in geometrical
progression, as the depth k—y increases in arithmetical progression.

And if £~ y=X, the motion at the

depth X= motion at surface x e~**— motion at surface X-77-— .
535-4
The hori
zontal and
(179.) 2d. On the same supposition, the greatest horizontal motion of any particle is equal to its greatest
Tertical
motions
vertical motion : except for those particles very near to the bottom, where the whole motion is insensible.
are equal.
(180.)
3d. When the length of the wave is great in comparison with the depth of the water, (as in the case of
When the
wave is
tide-waves,) the horizontal motion is sensibly the same from the surface to the bottom, and the vertical
long, the
motion for different particles varies in the same proportion as their height above the bottom.
horizontal
motion is (181.) 4th. On the same supposition the vertical motion of the superficial particles is very much less than their
nearly the
same at all
-e~T
deptliB.
horizontal motion. The proportion of the vertical motion to the horizontal motion is •Mr
*wk and
The verti
e » +5" »
cal motion
2irk
^zi
^
4rk
^
is much
when —— is small, e > - e" » is nearly equal to — , and e » + e~ * is nearly equal to 2 : and thus the
less than
A
'a
the hori
4rk
zontal
proportion of the vertical motion of the superficial particles to the horizontal motion is
motion.
b
=6-2832x-.
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(182.) We shall now examine the curve described by any individual particle. And first, the motion of a Tides and
particle at the surface in ordinary small waves. We have seen that, in this case, the horizontal displacement X= >
,
^frt, A.£»— .cos(h<— mx— B) \( neglecting the insignificant term e -—\
"~ " ~the
» ), which we will call C. cos (nt — mx— B). In like When
fc«J ■
*r*
waves are
^ manner, the vertical displacement Y= -A.£~. sin (nt-mx-B)=-C. sin (nr-»;w- B.) Therefore /X^ + Y',
i!n«L 2. or the particle's whole distance from the point whose co-ordinates are x and y (which do not vary with the time) is the surface
ton of -q T]iat is, any particle is, at any instant whatever, somewhere in the circumference of a circle, whose centre is moves uni
te in »
'
s.t
formly in a
£l°f the fixed point defined by the co-ordinates x and y, and whose radius is C or A. s~ . Let e be the angle made circle.
^ with the vertical by the radius joining the particle and the point whose ordinates are x, y ; considered positive
.
. ,
X
C. cos (n<— w- B)
when the particle is above that point,
and advanced before
it. Then tan 6=^
r
J
Y =— zz—:—;
C. sin (nt — mx — —
B) =
-cot (nt— mx— B)= tan (nt — mi— B+90°), or 0=nt — mx — B + 90°. As the time t increases uniformly, the
angle $ increases uniformly. Consequently the particle revolves uniformly in the circle of which we have
spoken ; moving forwards when at the highest part of the circle, and backwards when at the lowest part. The
same applies to particles below the surface, except those nearly in contact with the bottom.
(183.) In all other cases, and especially when the length of the wave is great in proportion to the depth of in all other
j.
cases, eacli
the water, or — is small, the coefficients entering into the expressions (which are the same as the greatest mo- particle
X
moves in
lions, whose proportions are given by the numbers in Table IV.) are very different. Representing X by an ^''l'86,
X9 Y'
C. cos nt— mx — B and Y by— c. sin H<—mx— B, we shall have —+— =1 : the equation to an ellipse whose
semiaxes are C and c. The particle therefore will always be found in the circumference of an ellipse whose
centre is the point of which the co-ordinates are x, y. In the case of the tide-wave, this ellipse is extremely flat.
(184.) But in the tide-wave, and every other wave, which travels along a channel in the manner which we The wa(er
have supposed in this subsection, this law is universal : that the water is travelling forward with its greatest at the top
speed at the time of high water, or at the top of the w ave. This follows clearly enough from the theorems that of the wave
we have laid down (that in small waves every particle moves uniformly in a circle, and therefore each particle moves most
has its most rapid motion forwards when it is highest : and that in long waves the motions in the two ordinates jjj^jj^j
are expressed by the same law with different coefficients) : but it is so important that this should be clearly un
derstood, that we think it necessary expressly to call the reader's attention to it. It will be easily shown by
cTX
remarking that the horizontal velocity or — = — nC. sin nt — mx — B, and therefore the horizontal velocity
forwards is in a constant proportion to Y the elevation of the water above its mean place. Thus when the -pjj^ in ^
water is highest, the velocity forward is greatest : when the water is at its mean height (whether before high hollow of
water or after high water), Y is 0 and the water's velocity is 0, or it is still water : when the water is at its the wave
greatest depression, or Y has its greatest negative value, the water is running backwards with its greatest ve- moye^ most
locity. We shall consider this as the standard case in the theory of waves ; and shall occasionally refer to it in forwards,
noting the deviations from these laws which occur in particular circumstances.
(185.) Reverting now to the general equations of (150.) for shallow waves, supposing F=0, namely, Y =
-J — (0 to y) : -^=— | —yK—J

(y to k) j we may make the following remarks.

First : having found that this equation is satisfied by a function of + nt, as A (£"w +e~m") • cos (nt— mx), we
can at once assert that it will be satisfied by the same function of — nt, or A(£"sl+S-'"*) cos ( — nt—mx), or
A (£"» +*-"*) cos (nt + mx).
For the only way in which the multiplier n affects the substitution of these quantities in the equation is by its Opposite
influence in the second differential coefficients d*X
—- and <i*Y
—— : and these, by differentiation, obtain the same factor
dt*
dt*
d*X
whether +n or —n-be the multiplier of t. Thus, if X=A (s^-M-™*) cos (nt -mx), ~ =z - n"X : if X =
A(f+e~m*)cos( -nt— mx),

still = — n'X.

Now an expression depending on cos (—nt—mx) or

cos(;it+7nj) will imply a wave, in the fame manner as one depending on cos (nt — mx), but with this difference :
that whereas in the latter case the wave moves in the direction of x, on the contrary, in the former case, the wave
moves in the opposite direction, but with the same speed. This will be seen from the same reasoning as
i i (168.).
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Tides and
(186.) Secondly: Having found any number of functions X', X", X'1', &c, with their corresponding func- Tiile< u
w,Te* y tions Y', Y", Y'", &c, K', K", K'", &c, each of which satisfies the equations
*««

we see at once that the sum X'-j-X" + X'" + &c, will satisfy the same equation. For upon adding together all Suts~
the separate equations formed from X', X", X'", &c. we produce the very same equation which would beMotioii
formed by substituting the whole quantity X'4-X" + X"' + , &c. Now each of the functions X', X", &c, with w«mI
its related functions Y', K', Y", K", &c, represents a wave or system of waves; and our theorem therefore Cu"1'1
amounts to this : " If there are any number of systems of shallow waves which can exist separately on water, ^"T"
these waves can all exist together upon the water : the elevations being added at the places where they coincide,
or the depression of one being subtracted from the elevation of another where the place of depression of one
wave corresponds to the place of elevation of another, &c."
Combina(187.) One instance of this coexistence of waves may be mentioned as a matter of interest. Suppose two
tiou of
waves, equal in period, and equal in magnitude, to move in opposite directions upon a canal. In one of these,
attewSSet the «PresSion for X' will be
A. (£"» +£-"*) cos(nt-mj+B) ;
in the other, the expression for X'' will be
A. («"*+*-"*) cos(n<+mx+B').
The sum of these gives for the compounded wave X=X'+X"=
/
B+B'N
/
B'-BN
2A.(«"3'+ £-"*). cos f nt + —y~ J-cosf «w?+—— J.
/dX
—=
> d*
/
B+B'\
/
B'-BN
2A.(e"*— £~™*).cos( nH g— J. ami w«H
— J,
from which K or the elevation of the surface =
/
B + B'\
/
B' — B\
2A. («""*— «—*). cosfn<+—^— J. sin (mx+
J.
From inspection of these expressions we may see that
Produces a (188.) First, as neither X nor Y depends upon such a quantity as pt—qx, there is no appearance whatever
stationary 0f a progressive wave.
nM

X

)>

llrie?traiSl>* (the factor cos^mr+^ - ^ being constant for that particle,) and the displacement of the same particle id
the direction of y depends also upon cos {^nt-\—"g""""^-

Therefore, for any particle, the horizontal and vertical

displacements are always in the same proportion, or each particle moves in a straight line.
(190.) Thirdly; at the places where cosf

— J=0, or where mx+^

^ =g, or —t or

&c,

there is no horizontal motion whatever, but there is great vertical motion.
mx-\

p\
B' — B
— 1=0, or where mx-\
— = 0, or t, or 2x, &c,

there is no vertical motion whatever, but there is great horizontal motion.
Subsection 3.—Theory of Long Waves, in which the Elevation of the Water bears a sensible proportion to the
depth of Ike Canal.
(192.) Hitherto we have considered the displacements of the particles to be so small that the squares and
higher powers of those displacements might be neglected. In the following problem we shall take into account
the higher orders of the displacements.
Problem.—To investigate the motion of a very long wave, as the tide-wave, in a canal whose depth is so
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Vaai small that the range of elevation and depression of the surface bears a considerable proportion to the whole T idea and
*»"* depth.
Wavet.
(193.) We have seen, (180.) and (181.), that, for the tide-wave, the horizontal motion of the particles at LimitaJJJJ " different depths in the same vertical line is sensibly the same, and that the vertical motion is extremely small in Jj^j"1"
comparison with the horizontal motion. We shall, therefore, assume that the horizontal motion is uniform for wnen the
ii«cL3. all particles in the same vertical ; or that particles which are once in a vertical line remain in a vertical line, wave ie
l**?0' And we shall assume that, in estimating the pressure at any point, the height of water above that point is all very long.
d* Y
that needs to be considered : the part represented in the former equations by — being insignificant on
account of the smallness of the vertical motion.

These assumptions are similar to those in (68.).

(194.) Let x be the horizontal ordinate corresponding to one vertical line of particles in their state of rest:
i-fA that corresponding to another vertical line of particles ; k the depth of the water in a state of rest. In the
state of wave-motion, let the first-mentioned vertical line be displaced at the time t through the horizontal space X,
so that its horizontal ordinate is x+X (r being independent of f.) ; and let V or fc+K be the corresponding
depth of the water. Then, the horizontal ordinate which was x has now become x+X ; that which was x+A
{/X h nearly : therefore the intermediate horizontal space which was h has now
has now become x+h+X+ —
dx
(dX\
1+— J. And the vertical elevation which was k has now become A-f-K or V. Consequently,
the volume which was expressed by Ax it is now expressed by h I
/ dX\
equal: therefore we have AxA:=Al l + -j— xV, or
\ dx J
^
V=-Sx-

Jx V.

Equation
These expressions must be J^f?""
supposii
the di«placeme
placement
to be large.

1+dJ
This is the equation of continuity for this case.
(195.) Now if we consider the pressure upon any particle whose coordinates are x+X and y, as produced by
the elevation of the water above it, we shall find it to be represented by the weight of a column of water whose
dX.
length is V— y- In like manner, the pressure upon the particle whose ordinates are x+A'+X+ — h' and y, is
ox
represented "by the weight of a column of water whose length is V+ dV
— h' — y. And as the pressures are equal
dx
(dX\
1+— J, are the
weights of columns of water, one represented by V—y, tending to push it forwards, and one represented by
V+^A'—y, tending to push it backwards.
A^l+^j-^ is the weight of a column

Or, the pressure tending to push forwards the column ofeqnld0
pressure.
h' ; and, therefore, the acceleration produced in the direction of x

dV
1
eP(x+X)
dV
1
B —Q-j- ■
-jv, ; or
—
= —g — . —
dx j^aA
at
dx ^^a\
dx
dx
value found above, we obtain the equation
d'X

Observing that x is independent of t, and putting foi V its

,

d-X
dx*

dx J
(dX\
as the variations of V are not to be neglected, and as those variations depend on — J we
dX although we may consider it small,
must not neglect —,
ox
(196.) This equation may be solved to any degree of approximation by successive substitution. Expandui(? the fraction, and (for convenience) putting t>* for gk, the equation may be thus expressed :
»ol. v.
2 R*
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, <rx
<?x j Qdxi /dx\«
\
cPdeX -vi-^=^--d-^x\-3d^+\d^)~&c-\-

Tides and
Wares.

Tide.,
£

First we may obtain an approximate value for X by neglecting all the terms on the second side of the *Kt,:
equation ; then, substituting that value in the first term on the second side, we shall have a more approximate JJJJ[
value ; and so on.
_
d* X
d* X
Sul*1
„ , .
(197.) First approximation: —n— v* —-,— =0. To solve this equation let vl — x=v. vt + x=w; andT^
Solution to v
'
"
' df
dx*
longfl
I'™"
tlon-

consider X as a function of u and w.
df ~ dt

\ du

dw )~V \du*

Then ^
dt
dudw

du dt +^.^
dm dt -v(?+^\
\du dwj
dw* )'

S° dx

du'dx

Call this X'. Then0"*

dvf dx

du

dw

L- V»
this X".

rrr.
d'X dX"
dX" dX" cPX a d*X , d*X
.
Then
=-—=
-4- —— =-r-r —2 . , +
Substituting these in the equation, we
dx*
dx
du
dw
du*
dudw dur
have 4«*. rf* X =0, or—rf2 X =0. Integrating successively with regard to u and w, and remarking that the
du dw
du dw
JV
arbitrary constant at each integration may be an arbitrary function of the other variable, — =^f' (a;)
X = 0 (u)+ty (w). Restoring the expressions for u and w, X=(f> (vt—x)+f (vt+x), where 0 and f may be
any functions whatever. The second term represents a wave rolling backwards, but as we do not at present
consider such a wave, we shall make that term =0. The first expresses that we may assume any law what
ever, provided that it— x is the subject of it; but in the Theory of Tides we must assume that, in the mouth of
the channel connected with the open sea, the disturbance depends upon cos (nt + A), n and A being independent
of the time: and, therefore, we must assume the form of X here to be
a cos {mot —mx),
where mv—n. For convenience, we omit to add a constant to the arc mvt—mx, as the same effect may be
produced by altering the epoch from which t is measured. The assumption of this form for X will not prevent
us from adding to it a small term of the form a*. cos (2m W — 2mj), or a*. sin (2mvt — 2mx), if we should find it
necessary, as those terms also satisfy the equation

—v*

=0.

dX
Solution to (198.) Second approximation. With the value X=a.cos(mi'<— mx), we have — = ma. sin (tnvt --mx),
second apdx
proxima- rf9 X
q
-i . .
,
tion.
~~dr*~~~~
cos (mvt~mx) 5 and substituting these values in the first terra on the second side of the equation,
d»X ,<?X
-T-p - v* -^j
or
or
Integrating with respect to w,

3 , , , . ,
a' v'm*. sm (2mvt - 2mx),

. , d*X
8 .... „
4tr -—— =— a v m . sin 2mu.
dudw 2
3 , , .
——-a m . sin 2mu.
dudw 8
dX
x 3 , ,
—=Y («)) — — a" to" . cos 2mu.
dw
lb

Integrating again with respect to w,
3
X=<£(w) + y (w) — — a"m*.to.cos2mu ;
16
3 a'm* .(vt+x). cos (2mvt— 2mx).
or
X=<£ (vt—x) + ru (»<+*) — —
16
The arbitrary functions must be so chosen that the result of this solution may be consistent, to the first order of
the small quantity a, with the first approximate solution ; and may also enable us to satisfy the tidal condition
at the mouth of the river. For this purpose the term vt. cos (2mvt — 2mx) must be destroyed; because its
existence would imply that the rise and fall of the water at the river's mouth are constantly increasing from tide
to tide. We shall, therefore, take for $ (vt — x) + f (vt + x) the following quantity, in which every term is a
function of vt — x :
3
a cos (mvt — mi) + — a* m* (vt — x) . cos (2mvt — 2mx) + ca* . cos (2mvt — 2mx)
+ c'a* . sin (2mvt — 2mx),
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g
a. cos (mvt—mx) — - a*m*. j.cos (2mvl — 2mx)
8
-f co*. cos (2mvt— 2mx)

+ cV.sin (2mt!<— 2mx) ;
I. I.
i of where c and c' may be hereafter chosen so as to satisfy the condition of communicating with the tide of the
km open sea.
(199.) Taking the expression found for X, we obtain
dX
-j— = am . sin (mvt - mi) —
ax
+

3
- a* m' . x . sin (2mvt —2mx)
4
2a* m c . sin (2mvt — 2mr)

— a*^g m,+2mc'^cos (2mvt — 2mx) ;
and, substituting this in the expression V=

, we find
, dX
1+dx~

m"
1 — am sin (mvt — mx) + a' —
+ - o*m* . x . sin (2mvt - 2mx)
4
— 2a* mc . sin (2m»f — 2mx)
+ <*(j~ Y +^-+2mc'^ cos (2mtV— 2mx)
This, however, is the expression for the height of the water at the present place of those particles whose
horizontal ordinate was originally =x. If we wish to find the height of the water at the place whose ordinate,
measured on the bank of the canal, is x', we must consider that the original ordinate of the particles now there
was i, where x+X=j/, or x=x* — X=x'— X' nearly =*'— a. cos (mvt—mx') nearly ; and this quantity must
be substituted for x in the expression for V. In the term multiplied by a, instead of sin (mvt—mx), we shall
have
ma ma
sin {mvt— mx1 + ma. cos (mvl — mxf)} = sia (mvt—mx')+ — + — cos (2mvt - 2mx') nearly.
The terms multiplied by o* require no alteration, as the alteration would introduce terms depending on a*, to
which order we have not proceeded in our approximation. Thus we find for the elevation of the water at the
point whose ordinate is x1,
3
. — am sin (mvt — mx') + -a'm'x'. sin (2mr< — 2wix')
—

2a% mc . sin (2mvl — 2mx/)
— — —- +'——\-2mc'Jcos(2mvt-2mx')\

(200.) Now suppose x' to be measured from the point where the canal communicates with the open sea.
The expression for the elevation of the water at that point will depend upon sin nt or sin mvt, (by the laws of
the tides which we shall hereafter investigate,) but not upon sin 2mvt or cos 2mvt : and, therefore, when x/ = 0,
the terms depending on sin (2mvt— 2mx') and cos (2mvt— 2mx') must vanish. We must, therefore, assume
m*

m*

3m* _

, „

Thus we find at length,
V=A |l— am. sin (mvt—tnx1)+-a* »»•.*'. sin (2mvt — 2mx') j ;
or, putting b for am,
Expression
for tidal
elevation
in the
river.

\=k |l— b . sin (mvt — mx')+^ 6". mx' . sin (2mvt — 2mxr)^ :
and the elevation of the water above its mean height is expressed by
2r 2*
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3,„ ,
, . „
_
K= — "* -sin (mvt— mx') + - 6". k.mx' .sin (2mvt — 2mx').

Tida
W„

Peculiarity The first term of this expression is similar to those which we have found for the elevation when the displace- ^L
of the ex?" ment of the particles is small in comparison with the depth of the water. The second is entirely different,^
uression. inasmuch as it contains the multiplier J on the outside of the periodical function : it may be conceived to
represent a wave whose magnitude continually increases as it travels along the canal.
Sub*
Thwr
(201.) To represent to the eye the form of the wave produced by the combination of ihe two terms, we havelongV
constructed the curve in figure 9. The horizontal line represents the level line of the mean height ofin,ia
water : the elevation or depression of the curve represents (on an enormously exaggerated scale) the elevation CwlSl
or depression above the mean height, given by the expression above. The value of x1 is supposed to increase
from the left to the right : on which supposition the quantity mvt—mx', representing the phase of the wave,
diminishes from the left to the right (mvt being constant).
(202.) To exhibit to the eye the law of the ascent and descent of the surface of the water at different points of
the canal, the figures 10, 11, 12, and 13 are constructed. The first of these is intended for the point where the
canal communicates with the sea: the others for points successively more and more distant from the sea.
The horizontal line is used as a measure of time, or rather of the phase mvl —mx1 : in which, for each station, if
is constant: the elevation or depression of the corresponding point of the curve represents the corresponding
elevation or depression of the water above its mean height, as given by the expression above.
An inspection of these diagrams will suggest the following remarks :—
Peculiarity (203.) When the wave leaves the open sea, its front slope and its rear slope are equal in length, and similar
"f th* f°rm *n
88 ll advances in the canal, its front slope becomes short and steep, and its rear slope becomes long
wave6
an<^ Sent'e- ^n advancing still further, this remarkable change takes place in the rear slope : it is not so steep ill
the middle as in the upper and the lower parts ; at length it becomes horizontal at the middle ; and, finally,
slopes the opposite way, forming in fact two waves (figure 9).
(204.) At the station near the sea, (see figure 10,) the time occupied by the rise of the water is equal to the
time occupied by the descent: at a station more removed from the sea (figure 11) the rise occupies a shorter
time than the descent : the rise is steady and rapid throughout, but the descent begins rapid, then becomes
more gentle, then becomes rapid again : at stations still farther from the sea, (figures 12 and 13,) the descent,
after having begun rapid, is absolutely checked, or is even changed for a rise, to which another rapid descent
succeeds : in this case there will be at that station two unequal tides corresponding to, one tide at the mouth of
the canal.
(205.) The greatest elevation and depression of the water are not much altered from one station to another.
Invesiiga(206.) We may investigate the duration of the rise and fall in the following manner. The elevation of the
tion of the
,
g
■>
duration of water above its mean height, or — ft&jsin (mvl— mx')— cos (mvt—mx1) .-bmx' .sin (mvt—mx")j, maybe put
fall of the
water.
under the form — bk sinjrottf — mx' — -bmx' .sin (mvl-mx1)^, considering the second term as small in com
parison with the first.

The phase of low water will be represented by giving to the sine its greatest positive

value, or by making mvl— mx —^ bmx' . sin (mvt-mx')=^-. The first approximation (neglecting the second
*
22
term) gives met—mx'=^, and sin (mvt— mx') = l. Substituting this in the second term, mvt—mx'— ?6mi'=^:
22
(6
52
therefore
at low water,

1=— \?- + mx'+-bmx'>.
mv 12
2
)

The next low water will be found by making mvl -mx'— 3-bmx' .sin (mvt-mx')=: 5n— ; the next by making
2
2
"
it =^r, &c. ; and the corresponding values of I are —i ~+mx'+- bmx'\, — I— +mx'+- h7nx'\, &c.
2
mv [ 2
2
J mv { 2
2
J
The phase of high water will be represented by giving to the sine its greatest negative value, or by making
mvt — mx1— - bmx'. sin (mvt— mx')=^. The first approximation gives mvt — m/r:-, sin mvt— mj= — 1.
2
2
2
3
3t
Substituting this in the second term, mvl — mx'+- bmx'—-^- ; therefore
at high water,

t=-— l^r+mi'— - bmxTi.
mi' I 2
2
1
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aai The successive high waters will he ohtained by putting
ITU,
Js
L'J
B.
rrof
aiow

WAVES.
&c, in place of
if

< = — i-^ + mj'+- 6mj'[
l

At the next high water
^

£=— J^+mx'—- 6mj/l
mv [ 2
2
J
1 (5*
,3, ,1
t— — < — + mx + -bmx'>
mv 12
2
J

At the next high water
°
&c.

Thus we have
£

At low water

At the next low water
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2=— j^+mr'— ?&mx4
mv{2
2
J

Interval from low water to high water

= — {*•— Sbmx1}

Interval from high water to low water

=— (ir+3bmx'\
mv

Excess of the latter above the former

1
a?
=— 66mx'=:66 — .
mv
v

»
,. .
As c= -, this is
m

„, mjf
66 — .
n

(207.) The fraction — is the time occupied by the tide-wave in passing from the open sea to the station a;8eof the
water occuuiider consideration. Thus we find,
pies less
time than
Excess of the time of water falling above the time of water rising =66 X time occupied by the tide-wave
its fall,
in passing from the open sea to the station under consideration.
, rise of tide above the mean state
6=
—
.
mean depth of water
Thus in any part of the canal far from the sea, the times of high water and of low water, and the interval
between them, will on different days depend on the extent through which the surface of the water oscillates
up and down, or upon the magnitude of the whole rise of tide. And in places on the canal at different dis
tances from the sea, the inequality of the times of water rising and water falling will, on the same day, depend
upon the distance of the places from the sea.
Where

(208.) Since the high water occurs, in the place whose distance from the sea is a?t at the time
— I —+mxf— x bmxf\, it will occur, in the place whose distance is x'+xn at the time
mv [2
2
1
»
r
—{^■+m.x'+xl~bm.x'+xl\,
mv [ 2
2
J
and therefore the time occupied by the phase of high water in describing the space x, will be — jmx,— 1 6ma-(|
=—( 1 — — )=

X' . r nearly; therefore the phase of high water has travelled along the canal with the

velocity t>^ \+—j=Jgkx(l + — J=lJ{g/e(l+3f>)} nearly.

The velocity with which a shallow wave of

(peat length would travel along the surface of water, whose depth =depth here at high water, would, by (172.),
he ^jx depth at high water = Jgxk (l + b). Consequently, the phase of high water travels along the canal
with a velocity greater than that of a shallow wave on water of the same depth as the high water. In like Simple rule
manner, the phase of low water travels along the canal with the velocity J{gk(l — 3b)} nearly, which is less for the
than that of a long shallow wave on water of the same depth as the low water. The following theorem will be velocity of
easily remembered. If D, be the depth at low water, Da that at high water, and if D„ D„ D„ D4, are in 0fehP1na8e8
arithmetical progression ; then the phase of low water travels with the velocity due to the depth D„ and the water and
phase of high water with the velocity due to the depth D4.
low water.
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Tides and (209.) The actual velocity of the particles of the water, or the velocity of the tide-stream, is represented by Tide.
. _ _ j (fx
3
5
.«-.,-» _ observing that X=a. cos (mvt—mx) — - cfm'x . cos (2mvt — 2mx) -1— ma* . sin (2mvt — 2mx), we have
,—v
at
8
16
gea.
dX
(3
5)
-^- = amv j — sin (met— mx) + j am'*. sin (2mvl-2mx)+- ma. cos (2mvt — 2mx) >.
w"a
This is the velocity of the particles whose original ordinate was x: if for x, as in (199.), we putThew
x' — a cos (mvt —mi'), the expression for the velocity of the particles of water which are passing the place '■J'
whose ordinate measured on the canal-bank is £, will become
,
amvl — sin (mvt — mi')
I

2

+ — cos (2mvt — 2wix')-r-7 aw? x' sin (2mvt — 2mx'\.
8
4
J

At high water, mvt—mx'=^—^- bmx', sin (mt)/— mx')=— 1 nearly, 2mvt—2mx'=3ir nearly, sin (2me/-2mi)
=0, cos (2mvt — 2mx/) = —1, and the expression for the velocity is
f, ma ma\ , 1 , 561
At low water, mvt-mx'=^+^bmx', sin (mvt—mxr)=l, sin (2mi'/-lemx')=0, cos (2mvt—2mx')— — \, and
. •
•
, . .
(
ma
elocity of the expression for the velocity is amvi — 1 —
)b-stream
'
I
2
of flowst ream.

I

ma \
— f=
8 J
2

8 J

I

8 )

These are respectively the same (very nearly) as the greatest velocities of the water up and down the canal :
hence the greatest velocity of the tide-stream downwards exceeds the greatest velocity of the tide-stream
upwards.
(210.) If we wish to proceed with a third approximation to the value of X, we must use the value already
found, namely,
v
5ma' . -—-—-— Sm'o*
-=
—
X—a cosmvt — mx-\—
sin 2mvt—2mx
-— x cos 2mvt—2mx ;
in which the two last terms are to be regarded as small quantities of the second order. We must then sub
stitute this (having due regard to the orders of quantities) in the right-hand side of the equation,
, , (PX d'X ,rf"X ,rf»X ( odX VdXVi
4P -5ra= d?_e 1?=V a** \-3dx-+\dx-)\i
in which the right-hand side of the equation is to be expressed in terms of u and w ; and, solving it, we obtain
a value of X, to which (as before) an arbitrary term 0 (vt — x) is to be attached. This arbitrary term can
only be of the third order, inasmuch as the last approximation comprehended every term of the second order.
From this expression for X, that for V is obtained by substitution in the equation

Then, to adapt our expression for the elevation to a fixed point on the canal-bank, we must solve the equation
j+X= x', including terms of the second order : this gives
3
x= x1—a. cos mvt— mx' + — ma* . sin 2mvt - 2mJ -f - m'a'x1 . cos 2mvt — 2mx.
This must be substituted in every part of the expression for V ; and the arbitrary function 4>(vt — x) must be
so determined as to make the expression =lc (l -ma., sin mvt — mx^) at the mouth of the canal, or when x'=0.
The expression finally obtained is this ; putting 6 for ma,
Solution
to third
approximation.

V= * { 1 —b. sin mvt- mx" + 1 - 6« . sin 2mvt -2mx> + — b* . cos mvt - mx1 — —b' . cos 3mvl — 3mx1 ) mJ
1
V4
32
32
/
/9
.
27
N
1
+( — 6*. sin mvt—mx' —— 6*. sin Smvt-Zmx' IrnVV.
In figures (14) and (15) we have represented the course of the waves up a channel on two suppositions: the
first supposing 6=-, the second supposing bz=\.
3
O

We shall leave to the reader the task of discussing the
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e'lnd results of this approximation, or of proceeding with further approximations. That which we have obtained Tides ami
"* will be found very important in the explanation of some peculiar cases of tides.
w*^*
of

(211.) On account of the great importance of this problem in applications to the tides, we shall examine
mother modification .of it.
Problem. —To investigate the motion of the tide-wave under the same circumstances, when the water of the
n0/ canal is supposed also to have a current-flow (independent of fluctuations of tide) towards the sea.
»

*>w

(212.) The investigation of the equation of the last problem includes this case, and the differential equation, Investigatherefore, will be the same, namely,
'j°n whe"

For a first approximation,

■dF-V d? = V «V * "3 d^ + \-^)-&Ci
1
'
— v* -j^—^ 5 the solution of which is X=<f> (vt—x)+f (vt+x).

flowing
mer.
Now it will

not be sufficient to take X=a cos (mvt— mi), because this formula will not express the current-flow : but that
circumstance will be expressed by the following assumption : —
6
X=a cos (mc(-mi)-—
+ x) — 2i>
~6 (vl—x),
Solution
' 2vK(vt T
"
to
first
or
X= a cos (mvt - mx) - ei ;
where e represents the mean velocity of the current-flow towards the sea.

3™"™"

(213.) For the second approximation we find the same equation as before (198.), and the general solution
will be the same as that of v(198.),
Solution
" namely,
"
to
second
X—<t> (vt-x)-\-f (Vt+X)—?L a«m« (vt+x) cos (2mvt-2mx).
aSa"*™*'
16
But for the arbitrary functions we cannot adopt the same form as in (198.) : first, because, as we have already
seen, the principal term of X must have the form o cos (mvt — mx)— ei : secondly, because, as in (199.), the
term x . cos (2mvt — 2mx) will introduce a term x.&in (2mvt— 2mx) into the expression for V; and, as x is the
original co-ordinate of the particles, and as these particles (from the flow of the current) will at length come to
the mouth of the canal or to the sea, it would follow that in the sea, after the lapse of a certain time, we shall
have an oscillation expressed by sin (2mvt — 2mx), which is inadmissible. The latter fault, it is easily seen,
will be remedied by introducing the proper multiple of t.cos (2mvt — 2mx). This can be done by means of
the arbitrary functions, since fx (vt — x) x cos (2mvt — 2mx) is a function of vt —x. Adding, also, the arbitrary
terms in the solution of (198.), we have
3
X=a cos (mvt—mx) — el — - a'm'.i. cos (2mvt—2mx)
o
+ca*. cos (2mvt— 2mx)
-fc'a*. sin (2mvt— 2mx)
+fX (vt— x) X cos (2mvt - 2mx).
dX
(214.) From this expression we obtain the following value of —— :
ax
am . sin (mvt - mx) + ^Icahn + ifinvt — (2fin+ 1 a2m»)x| sin (2mvt—2mx)
— {2cVm+/+|a»mt} cos (2mvt—2mx) ;
k'
—— , we find
l+fax
. ,
rt*m*
1—am sin (mvt—mx) + ——
Sc
— ^2catm+2fmvt - (2/m+-a*m*)*J sin (2mvt—2mx)
V=Jt

and substituting this in the expression Vr=

+ |2c'a*m+/+g o'm'—

cos (2mvt—2mx).

But this expression gives the height of the water at the place of those particles whose original ordinate was x.
If we wish to find the height of the water at the place whose ordinate, measured along the bank of the canal,
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we must ascertain the value of the original ordinate x of the particles whose ordinate at the instant in
Waves, question is x1, and must substitute that value of x in the expression. The first step, then, is to make
*>*mv—~-/ *+X=x'. Now X, by the expressions obtained, =a cos (mvt—true) —et nearly : and the equation is
x+a.cos {mvt— m.r)—et=xf.

Tidei
w"
^/
Sect.
Theor
Who

The first approximate solution is *—etzzx1, whence mx=mx'+met. Substituting this in the small term, the
equation becomes
x+a. cos (mv—me.t—mr1) —et—x',
loagl
.
in >hi
or
x—x'+et—a. cos (mc —me.t — mx'j .
Cuil
This degree of approximation is sufficient. Substituting this expression for x in the second term of the
formula for V, and substituting x'+et for jr in the remaining terms of the formula for V, we find
l-am.sm(e-e.m<-fn^)4-{-2ca*m+^-2ym.»-t?4-|^
\=k
+{i!c'(tm+f—j| awj cos (2.t>—e.mt—2mx').
(215.) At the sea x'=0. Now we assume that at the sea the oscillation follows the simple law of
—katn. sin nt, or —karri. sin (y—e.mt). Equaling to zero the terms which remain in addition to that term
when xf=0, we find:

— 2caim—0 ; — 2fm . « — e + ^ a'm'e = 0, or /rjoW.— ; 2c'atm+f—-atm*=0.
4
8
v—e
8
Expression Substituting the value of /, we now find
for
tidal
, — e mt—mx')\ + -asm,-^-—^.xf
3 ,
V
eleTation.
V=A;( 1 —am. sin {v
.mn (2.v—e.mt—2mx')\1 •
or, putting am=b, the expression for the elevation of the water above its mean height is,
K = — bk . sin (y—e . mt —mx') + - b*k . —— . mx' . sin (2 . v — e . mt— 2mx').
4
v—e
(216.) We might proceed in the discussion of this expression and of that for Xin the same manner as in (201.)
&c. The only point, however, to which we shall attend here is the times of high water and low water. The
expression just found may be put under the form
tion of'the
duration of .
rise and
fall of the
water.

— 6& jsin (v—e.mt—mx') — cos {y—e.tnt—mx1) - b.-^—mx1. sin (t> — e. mt— mr')l
I
2 V~e
>
I
3
d
\
or — 6* sin { v— e.mt— mx! — b.-—mx1 . sin (t>— e.mt— mx')}.
I
2 V-e
J
For low water we must give to the sine its greatest positive value, or must make the arc = -, or —, or —■
2
2
2

&c.

Adopting -, we have
v -e.mt— mx'

A first approximation is v—e. mt—mx1 =

g
y
6.
.mx1 . sin (v—e.mt—mx')=-.
2 v—e
' 2
sin (v—e.mt—mx1) =1.

Substituting in the second term,

v—e.mi—mx" — ~b.
. mx =- ;
2 v—e
2
from which
Rise of tide
occupies
less time
than the
fail.

<=-—^—— Iz+mx'+^-b. —^— .mx'i.
(v—e) m \2
2 v—e
J

Proceeding in the same manner for high water, and taking different multiples of ^, we find the following times,
2
1
it
3
At low water
t=— )- + mx'+-b.
.trufX.
(v— e)m\2
2 v—e
/
. At the next high water
..
6

<=-— — J — Jt-mx1— -6. - mx'i.
(v—e)m\ 2
2 v-e J
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knsi
f"™

. the
, next.ilow water
At

, , 1 — l—+mxl+
I5*" , _; i 3i
i)
I—
-b. v nut}.
(«—f)m\2
2 v—e J

HIT.

At the next high water
°

t= -— — i ^+mi' — . ——ma?\.
(v— e)m\2
2 v-e j
&C.

Jjf.l, Interval from low water to high water
%™
°

=7—^-r— {x—3b-^—tnx'\
(v-e)m\
v-e
f

Interval from high water to low water

=r— l*+3b——mx'X
(v — e)m [
v—e
)

Excess of the latter ahove the former

z=.6bx
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(v-ey
As v—e— — , this is
m

66.-5 (- +e)x'=6bx'( -+e—t ].

em
This excess is greater than the excess when there is no current, in the proportion of 1 + — to 1.
(217.) The preceding investigations suppose that the depth of the canal is uniform in its cross section. In
the case of a wave of great length, as the tide-wave, we may, however, apply a satisfactory investigation to the
motion of the wave along a canal of uniform section of any form.
Problem.—The section of the canal is defined by the equation s=0 (y), z being a horizontal co-ordinate : to
find the equations for the motion of a long wave.
.
(218.) Let u=f(v) be the area of the section up to the height y, so that ^=z : let X be the horizontal Investigaay
tion for
displacement, in the direction of the canal's length, of the particles whose co-ordinate measured along the canal j^^***"
was i ; V the present elevation of that part of the water. Then, as in (194.), the horizontal space which was A ^host. sec(dX\
tion >8 inl + -r- ), and the area of section which was \fr (k) is now V 00, and therefore the volume variable
dxj
dX
but of any
which was expressed by A. f (k) is now expressed by h^l+^^y (V). Making these equal,

+ dx
This is the equation of continuity.
(219.) The pressure tending to push forward the water included between the two particles whose horizontal
l + —jh', will,
as in (195.) be the difference of the pressures caused by two vertical columns whose heights are V -y and
V+^-A'— y respectively.

Hence, as in (195.), we find
(£X__ dV
dt'~ 9' dx

To eliminate

1_
dX'
+ dx

we must differentiate the equation of continuity found above, from which we obtain

substituting from this, we have
(ftX_ffy (AQ

dx»

an equation which may be solved by successive substitution.
(220.) The first approximation will be made by considering V in the factor as equal to k, and neglecting
vol. v.
2 s*
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^7^^^ X (t/<—
(u't + a:). This expression denotes that the waves travel with the same velocity u' or
as if Sect.
approxima- the depth of the canal were uniform and equal to ,
or i-^, For instance, if the section of the canal were W,T"
<>on*( '
Sob*
Tbeo:
a triangle, <j)(y) =z =ay: ^Q/)-f!,<l>(y)=^£-: therefore ^-^=^r=-, and the velocity would be that bib!
*
V> K") aK *
.
Ctnal
due to a canal of uniform depth equal to half the greatest depth of the triangular canal. If the section were a
parabola, 0 (y)=i=vay : f (.y)=zJayt : T 7t\=o,*7==~ q ' ani1 tne ve'ocity w°uld be that due to a
3
<p (A) J Vat 8
canal of uniform depth equal to two-thirds of the greatest depth of the parabolic canal.
Equation
to second
approximation.

(221.) For a second approximation, we must expand the equation f (V) = -^^: to the first power of small
. _u__
*T ^
jy
quantities: this gives f (k)+f' (&) .(V- k)=f
(le) — ,
whence

V — k= ^ ^ .
f' (A) dx

and * (V), or y (*+V-*)=^
before

(*) . (V-*)==»' (*) -* (%'*! W.£ :
fnV)~?W riWyp^'

and the equation becomes
d'X=!)y(k) i

3{f'(k)}*-y,(k).t"(k) rfXi d«X

which is to be solved in the same manner as in (198.), &c.
Limita(222.) The preceding solution, it is plain, depends on the assumption that the horizontal motion in the direc
tions to the tion of 2 is insignificant in comparison with that in the direction of x. And this consideration points out the
application limitations within which the solution will apply. It will certainly apply when the sides of the canal at and near
h! io'8 S°~
sur^ce °f ,ne water m so s,eep (say, for instance, inclined at an angle of 45° to the vertical) that the motion
u ' .in the direction of z does not much exceed the vertical motion. It will certainly not apply when the shore is
so flat that the motion in the direction of* greatly exceeds the vertical motion and is at all comparable with the
motion in the direction of x.
Addition
(223.) Before closing this subsection, we must call the reader's attention to the circumstance that the addition
of solutions of solutions, treated of in (186.), and which holds in all cases of waves where the motion of the particles is exdoes not tremely small, does not hold here. For, if we have two functions X' and X", each of which separately satisfies
apply here. 0ne of the equations,
<fX'
d*X' ,(TX'
r JX?
,
cPX"

xPX"

sd*X"

|

dX"

„ ,

the sum of these functions will not satisfy the similar equation,
dj— v —d?— -v —d?~~ x{-3 —di— +'&c-f
as will be evident on adding together the two equations.

Subsection 4.—Theory of Waves when the Water is under the action of Horizontal and Vertical Forces.
(224.) The general equations applicable to water under the action of forces (149.) ar.1
,r

_ dr]

f dX ,
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IV. where F is the extraneous force acting in an horizontal direction, and (f is gravity increased by the extraneous General
7 force acting in the vertical direction. If there be no extraneous vertical force, the second equation becomes
^hen'there
mr
•
n
>s external
S=F+-/-4K-fS(»to*>).
forceUje Before entering upon the legitimate objects of this subsection, we will apply these equations to the solution
f of two or three problems which would, at first sight, seem to be unconnected with them.
anal
frB" (225.) Hitherto we have assumed in every part of our investigation that there is upon the surface of the
water an unlimited succession of waves. We shall now proceed to consider the case of a single wave.
Problem.—To ascertain the conditions under which it is possible that a single wave can travel along a canal.
(226.) By a moving wave, we mean in all cases (till we shall make new suppositions) a displacement of the Investignparticles, of such a nature that, upon examining the state of particles which are at a greater distance in the di- tion for
rection of x, and increasing the time by a quantity proportionate to that increase of distance, the displacement of ™°„i°t" °
the new particles at that later time will be found the same as the displacement of the old particles at the earlier wave. '
lime. It follows, therefore, that in all cases, whether there be a single wave or an indefinite succession of waves,
the displacement must be represented by a function of vt — x. Yet any ordinary function of vt — x will not
fulfil our object, inasmuch as any ordinary function, though it may make the displacement =0 for particular
values of vl— x, will not make the displacement =0 for all the values of vt—x corresponding to the values of x
preceding and following that part of the surface at which alone the wave is supposed to have a real existence at
any instant of time t. We must adopt for our purpose a discontinuous function ; that is (putting, for conve- Diseontinience, tt — x=z), we must suppose that for all values of z up to a certain limit, the value of X is 0 ; that from nuous
that limiting value of z up to another certain limit, the value of X will be expressed by a certain function of z, fu"ct^"
whose form is given : that from that second limiting value to a third, the value of X will be expressed by anfor n
other certain function of z : and so on : and that for values of z exceeding that value which corresponds to the single
termination of the wave, the value of X will be constantly 0, or equal to some assigned quantity. This suppo- wave,
sition corresponds exactly to the supposition that the surface of the water is perfectly level up to a certain point,
and that then there exists a wave whose outline is determined by uniting portions of different curves, and that
after that the water is again level. There is no objection whatever to our making such a supposition, provided
that it be so framed as to satisfy the conditions which are evidently implied in forming our equations for the
wave-motion.
(227.) To simplify our language, we will suppose that only one function of z (which we will call the wavefunction) is adopted to express the value of X between the values s=0, z=a : that for values of z less than 0,
X is always =0 : and that for values of z greater than a, X is always = b. (This will denote that the particles
ofwater are, as it were, carried through the space b by the passage of the wave and then deposited.) Upon
examining the equations- (224.) it will be seen that Y depends on — , and (as the integration is with regard to
y only) will be a multiple of ^ : that therefore
and its integral with respect to y which occurs in the
dx
dt
second equation, will be a multiple of d'X : and, considering X as a function of vt—x, it is easily seen that
dx dt1
(fX
c/*X
ti*X
—- — _r« —. : and therefore its differential coefficient depends on —. Consequently our equations involve
dxdt*
dz
dz*
all the differential coefficients of X with regard to z, to the fourth inclusive. We will now examine the restric
tions under which this number of differential coefficients places our assumptions for the form of X : they depend
intimately on the way in which we conceive the differential coefficients to be formed.
(228.) In physical investigations there is but one definition of the differential coefficient which can be applied,
namely, the limiting value of the quotient formed by dividing the increment of the function by the increment of
the independent variable. If the reader will turn to the investigations of (144.), &c, he will see that this
principle is adopted throughout ; in estimating the sides of the small parallelogram by which the equation of
continuity is formed ; in estimating the pressure depending on the vertical column of fluid ; and in estimating
the motion which it will produce in the horizontal column of fluid. Taking this definition, then, it is clear, in
the first place, that algebraic continuity in the form of the function is unnecessary : but, in the second place, it is
clear that at these values of z where different forms of the function unite, there must be no sudden change in the
dX
value of X : for, if there were a sudden change, then at that point the value of — (in consequence of the mode
of forming the differential coefficient just described) would be infinite.

In fact dX
— would be the limiting
dz
2 s 2*
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Waves, value of — , where SX had a finite value even when Sz was indefinitely small : this would lead to suppositions ™°
The differ- of infinite forces, &c, such as were not contemplated at all in our investigation. There must, therefore, be no
ential co- sudden change in the values of X at the besrinninir and the end of our wave-function. In like manner there Th«»
efficients to
6
dX
Wn(
*rder must must be no sudden change in the value of — at the beginning and end of the wave-function, as such sudden c "
vanish at
Whe
tre'mities of change would make the values of
infinite. In like manner there must be no sudden change in the values "JJ
the wave.
Kfa
of
and -— . Then, as the equations of (224.) hold equally for Stillwater, and for water in wave- Horf
dz*
dz3
wd'
motion, and as there is to be no sudden change in the values of the first and second and third differential call
coefficients, it follows also that there must be no sudden change in the value of the fourth. If, however, we aw
willing to suppose the sudden introduction of a finite force at a particular point of the wave, we may dispense
with the last condition.
Forms of
(229.) Now for the still water which precedes and follows the wave, all the differential coefficients are 0.
function Hence we must have,
which
» t t^e begrinninir of the wave-function, or when z=0,
satisfy
°
these condX „ d'X „ d*X „ d'X
ditions.
XS=0, ^=0, ^=0, ^=0, _=0.
At the end of the wave-function, or when z=:a,
, dX ,
X must = 6, _=0,

d*X „
^r=0,

d'X n
^=0,

d'X „
— =0.

The higher orders of differential coefficients may have any values whatever.
(230.) There is no difficultyy in finding forms for X which will satisfy t:these conditions.
take
_ 630 6 j 1
, 2 , , , 6 , , 1 , , 1 ,1

For instance, if we

<fX 630 b
The value of — is
. z'.(a— z)';
dz
a*
and this quantity, and its three next differential coefficients, vanish when 2=0 or z=a.

then, on making z=0, X will =0 : and, on making z=a, X will =6.

(231.) Similarly, if we had chosen to assume that for values of z greater than a, X should =0, that condition,
with all the others, would be satisfied by the assumption for the wave-function X=c.zi.(a—z)>.
(232.) It may, however, be more convenient to assume a form depending on sines and cosines. Thus,
suppose the condition to be that all particles resume, after the passing of the wave, the same place which
they had before its approach, or that X shall =0 for all values of z<0, and for all >a. It is easily seen that
.. .
, „ dX d'X d'X </4X , „ „ ,
„
.„ .
. B , ,
,
the condition that X, —
dz , -r=-»
dz* ~.—
dz8 j ~r~
dz* shall =0 for z = 0 and z=o, will be satisfied by the assumption
r
X=sins — ; or by any higher power of the sine; or by sins — increased by any number of such quantities as
cr (z+e)
sin5 —— -, where c may be any number (whole or fractional) greater than 1, and where the argument
may be carried through as many whole multiples of t as we please, provided that the first value of r
be >0, and the last <a. (This amounts to the same as supposing that any number of short waves, possessing
the characteristic property in regard to the differential coefficients at their beginnings and ends, are piled Upon
the longer wave.) But if the condition is to be, that the particles are to be removed to the distance 6 and left
.„ ,
. „ , ,
4. v 86 rz 26 (3 «
. 2tz 1 . 4tz\ „ ,.
there, it will be satisfied by the assumption X=—
— <aaJJ.sm4-a = 3x
\2 . a sin a 1—8 sin a i}. For this
makes X = 0 when z=0, and X=6 when z=a ; and it makes ^ = 0, ^-^=0, ^^=0, ^-^=0, for z=0
dz
dz*
dz'
dz1
and z=a. A higher power of the sine might have been taken ; and the function might have been increased by
any number of the supplementary functions mentioned above. Thus a single wave of any degree of com
plexity might be produced.. We shall, however, for simplicity, confine ourselves to the simple form
86 .
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Vaai (233.) But we have not yet examined whether these forms of wave are consistent in all respects with the Tides ami
P"* equations of wave-motion. For this purpose we must substitute the assumed value of X in the equations
Waves.

fit
F!tf and thereby ascertain whether any force F is necessary to maintain the particles of water in the assumed state
of movement. Now taking the last assumption, and putting t/ — xforz; and putting 0"(y) for the factor
depending on y, ^it being understood that at the surface, or when y= k, <f>" (k) =^-^> where 0" (y) is con
ceived to be the second derived function of some function 0 (y), we have
X = 0"(») . \ — (vt - x) - sin — (vt - x) + — sin — (i t - x) \
via
a
o
a
J
dX
13t 2t
2t
. t
At
\
--=0'(j,).|---.cos--(«<-x)+-cos-(^-x)|
Y={0'(y)-0'(O)}.{|-^.cos^T(B<-x) + ^cos^(^-x)}

K={0'(A) -0'(O) } .
£L = {0'(y)-0'(O) } .
~ { -9K - f

0/ ^ *)=

(y) - 0 (A)

-— . cos — (*-*)
tr\cos ^ (»f-»)-^
. 0'(O) } .

cos — (vt- x) 1
cob £ (vt - x)}

*» . cos ^ (t>< -x)~v>. cos £ («rf -x) J

(y to A)} = {^-.^W-^O) + 1^1". 0 (y) - p (A) - (y-*) . 0'(O~)} »n ^ (rt-x)

+ {— ^-T •
- 0(0) 0(y) - W) - (V - *) • 0'(O) } ™» —
Expression
a
a
)
a
for force
^X
r-r-=— 0
.*,//(«/).
x 4«*«»
s— Sin
■ —
2-r,(vt, — x). +, 0,,„(«/).
. 2^!)'
J- sln
. —
4* (t'< — X).
whlcfcb
necessary
dt*
or
a
ar
a
to mainThe sum of the two last expressions, with sign changed, is the value of F, the horizontal force which must be wave.
applied to maintain this state of undulation.
(234.) It is evident that the value of F cannot generally be =0, since the different parts of the coefficients of
sin— (vt— x) and sin— (vt—x) are not in the same proportion, and therefore those coefficients cannot vanish
a
a
together. Therefore, in general, this discontinuous wave cannot exist without the application of force. But if
the wave be long, so that the terms divided by a* may be neglected in comparison with those divided by a1, F
2Tt*n
2ir'v*
26
will =0 if
r 0'(*)~ 0'(O) + —i-0"(y)=O. This implies that 0" (y) is constant and = — ; therefore,
Of
fit
'
07T
2b
2b
2v*q
2^v*
tf(y)=— y, and <b'(k) — 0'(O)= — k ; and the equation becomes
r*"l
;- =0, or v'=gk. The same
3t
3t
a
a
thing would have been found to be true if the wave-function had consisted of any number of sines. Thus it When the
appears, that a single discontinuous wave of any degree of complexity may travel on water without any force to wave is
maintain it, provided, in the first place, that it satisfies the conditions laid down with regard to the differential nolorceTs
coefficients at its terminations, and in the next place, that the wave is so long that a succession of simple waves, necessary.
each of that length, would travel sensibly with the velocity due to waves of infinite length.
(235.) If the single wave is moderately long, a small force will maintain it as a discontinuous wave : but if it
be short, the force must be (in proportion to the various pressures acting on the water) considerable. In fact,
each of the different terms in the wave-function represents a wave of different length ; and, when the waves are
short, each of these would tend to travel on with its own peculiar velocity, which velocities are very different
for the different waves. But when the waves are long, the peculiar velocities are very nearly the same for the
different waves.
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In a subsequent article (410.), we shall give the theory of a single wave, acted on by any force, and travelling Tidm:
with a velocity different from that mentioned above.
w««
(236.) We may proceed in the same manner for the discussion of the motion of a single wave of considerable jjjjjjj
Wmm.
rf" X
dx"
depth and of great length, observing that the equation for that case is
=F+gk.
——t.
When t
Wllfr «
undntl
action l
(237.) Hitherto we have supposed the depth in every part of the canal to be the same. We shall now Homa
suppose that the depth is different at different points of the canal ; the variation, however, being supposed to be J**1
gradual. We have already seen (157.), that the equations cannot be satisfied in this case : and our investigation,
therefore, cannot be quite so satisfactory in its character as the investigations undertaken where the equations
can be satisfied. Still we conceive that the following will be found sufficiently certain and accurate to enable
us to judge with confidence of the effect of the variation of depth upon the general circumstances of the
waves.
Problem.—The depth being supposed variable : to find what alteration takes place in the magnitude, length,
Depth of
canal va and velocity of the waves, in passing from one part of the canal to another.
riable.
(238.) In our former investigations, in which the horizontal bottom of the canal was taken as the axis of x,
we found that the horizontal disturbance X might be represented by a collection of terms, each of which is of
e™*—£the form A.(£m* + £ "*) cos (nt — mi), where m and n are connected by the equation n*=mg' * gm*
_|_ g—wit" If,
instead of taking the bottom of the canal, we had taken some other horizontal line for the axis ofx, and if the ordinate
of the bottom of the canal had then been ij, the expression for X would have been A (£m<*-*)-l-£"'('"8')) cos (nt - tr.x) ;
and the equation connecting m and n would have been n*—mg.

Assump
tion on
which a
plausible
solution
may be
found.

In this case, n is constant.

Suppose now that in our canal of slowly varying depth there are, at different parts, portions of sensible length,
whose depth is uniform through those lengths ; then, through each of these lengths, the expression for X
and the equation between n and m will have the same form as those above. It seems, then, not unreasonable
to conjecture that the same form may apply to the parts of variable depth, or the parts where rj is a function of
x, and where, consequently, m will be a function of x, (for n, upon which the period of the waves depends,
must be invariable through the whole extent of the disturbed water.) A must also be a function of x, whose
form is yet to be determined. In regard to the term mx under the cosine, a necessity for change will be
obvious. In a canal of uniform depth, mi represents the decrease of phase due to the space x, and, therefore, mk
would represent the decrease of phase due to the small space h : if, then, (going upon the principle already
announced,) we make the phase decrease for each small part of the canal of variable depth in the same manner
as if that depth were continued uniform, we must not use mx for the decrease of the phase, but f m. Let this
integral =M : then our supposition will be
X=A.(sm(»-') + £m('-»') cos (7i/—M)

where >j is a given function of r, m in consequence is implicitly a given function of x, dM
— =m, and A is an
dx
unknown function of x, whose form is to be determined so as to satisfy as nearly as possible the equations ot
waves.
(239.) The equation of continuity is
it- _ dn
r dX. .
Y=K^-J,rfx-('rom'toy>> „«•

4— = %dx

+ S"^"*1) COS lit - M + A ^ . (y - „Vs-t»-»>_ 5»C*-fJ) cos nt_ ]\J
dx J

-Am-r (£",(3,-,)-r"('-»))cosn*-M+Am
ox

+ £-<'-»>) sin nt— M.

Therefore — \ — from r; to y, or + \
from y to ij, :
J s dx
J , dx
dK 1 .(S-Cr-O _£»C»-»)) cosril-M-A —
1 .—
dm . (y-rj)(£"<3^,) + £"('",')cosH/-M
dx m
m dx *
'
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,
+A. — .— (^-''-£-<'-'')cOs'ii<3M-(-A^(S"(»-') + S-('-*') COS^M
m* dx
dx

(..IT.
njrf
ra.

-A (£■»->
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.
sinn<-M-2A-?cosn/-M.
tlx

JTaJ" And

S.^=2A -'.cos n/ — M.

the
Jj^ |
| j
M Therefore Y = -— .- (£"<*-,—r^*1) . cos nt - M - A . — .
(y - >?)(s"C3'- 0 + £""'-») cos n< - M
ax in
m or
r+A—t.^.(«-<^>-£-<'-*').cosl^M+ A.^ (g-<*-' + £-(•-»)) cos^Tm
m ax
ax
—A (g-^-*5 — £-('-*') . sin n< - M ;
or

Y=-4- \~ tt*~*

cosT^-Mf-

(240.) The equation of equal pressure is

Now it is well known that, as r, y, and t, are independent of each other, the differentiation expressed by
way be performed upon the quantity under the sign

; and the integration with regard to y may also be
dx

performed on the quantity under the sign
independent of x.

provided that (as is the case here) the limits of the integral are

Thus we have

/^(generally) = £ J^T

And

ffK

>) cos^m}

=_lj^(£-<'t-"_e-('-*>)cos^rM}.

la adding these together, it will be observed, that the two last lines destroy each other, by virtue of the equa- Expression
g-C*-*) _ j"<(* -*)
^sj£
for force
lion n*=zmg
--.i—:—
And as —jfci
n'A (f**-* +e"(,-*)) cos n<— M, the expression
for F becomes
necessary
'f(M^.^)
r
to main
tain this
F = -n«A (s^ + s-^cos^M-^-,
(£-*-'> +
cos nl=M).
motion'
(241.) To facilitate the differentiation of the last term, we will remark, that the alteration of depth is supposed
to be gradual, so that ^ is small, and therefore
and ^ which depend on it are small, and therefore their
ax
ax
ax
powers and products and the second differential coefficients will be extremely small, and may be neglected. If
then for the moment we make —z- (e"(*~')+e"('-*))=P, in differentiating P.cosn/— M we may omit-r-:- Thus
m
dx*
we have
■^-(P.cos nt— M)=^.cosn<-M+P.m.sin nt— M
dx
dx
dx'

(P.cosni-M)=-f2^m+P^Vm n'-M+m'P.cos nt-M.
\ dx
dx J
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= — m'P.cos nt—M

and the expression for F becomes — (2~vi +P^\sin nt — M
\ dx
dx J

Seel. II
Theory
Warn.
Subsec
Whentl
water ij
under i

= - 2m' . — (Pro*) . sin ixt - M
dx
= - 2n' . m* . — {A . mri

+ £"<'-»>) } . sin nl-M .

.Expanding the differential coefficient, we should have one term multiplied by A and another bv — • and bv
' dx
1 >nl ^*
1 dA
^ Fo<
proper determination of
we should be able to make the expression for F=0 for any one value of y; but
it >is not possible to make it =0 for all values of y; and thus it appears that some force, though perhaps
extremely small, is necessary to maintain the sort of undulation which we have supposed.
Whole
force, from

assumed
to tie 0.

dA the following aDoears
(242 ) Among the different conditions on which we may fix for the determination of —,
dx

integration mm»i
is a function of x.

uiuuuitvu «gu, uclauk uk uhihs ui me iiiwfgr:
Expanding the differential therefore, we find F=

>sin nt—M.
+Sn»A.^s. ~(S"^+ £-(--*)) + 2n»A^ (£«(»-.>_ £-<,-»>)
For fs F, the general integral is

sin nt— M,
+ 5n*A,—3.p^.(B'^ -£"('-»') +2n'A—
(s-^-'i+s-h-*))
m dx
m dx
'
which from y=ij to y=fc is
pdA
-2n^i^,-^'-*,)-2»'A,.l.^(*-,)(r.^,+rc^)
dx m
sin n< — M
[ + 5n'A • i • S^"""" "
m "x

+ 2«5A . 1 . ^ (*»<*-<> + e- <-*>) - 4n»A . 1 . ^
to or
m dx

= ~2n8m'{^ ■m~i- (£"C^ - r*r^> + A^m"!- (£"(^5 -«-c^')} +2A .mH.

sin r^M.

Making this =0, we find
1 dA_ ~Tx ^ ■

-^"^ ~ 2m'ld£

A ' dx
whence

Cm*
A=

where

Coefficient
of hori-

(243.) The coefficient of horizontal displacement of particles at the surface is

(244.) The expression for the vertical displacement of particles at the surface, or K, consists of a large term
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yUn. and asmall one, which may be represented by B. sin nt — M+b.cos nt — M.
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Making — = tan a, this expres- Waves.

t*']J sion =^B'+6'.sin nt— M+a; but as b is small, ^B«-f-6' will not differ sensibly from B.
to" fore of vertical displacement =B

The coefficient there

ti
= A (l"'*-*1 - f" !»-*•) = C . W|5 . 6Q.
lie
^ (245.) In order then fully to understand the changes in the magnitude of the waves, we have now only to
i estimate the exponential s". It does not appear that the requisite integration for the exponent can be effected,
nial unless a value be assigned for n in terms of x. But the following limiting values will give a good idea of its
P*1* jeneral value.
(246.) 1st. When the waves are short in proportion to the depth (as in common waves, or in the ordinary
,
d"l
2t
dx
swell of the sea), m or— is large ; therefore £""*->> is very large, and ^k_n)—^(T^, is insignificantly small : there

Coefficient
of vertical
motion,

Value of
coefficient
for short
waves,

fore its integral =0 ; and the exponential term =£°= 1. Thus we have this theorem. When the water is deep
in proportion to the length of the waves, the coefficient ofhorizontal displacement varies as ml or inversely as X? ; and
the coefficient of vertical displacement varies as mi or inversely as \i. This theorem is not much in error if the
depth be even as small as half the length of a wave.
(247.) 2nd. When the waves are long in proportion to the depth (as in the tide-wave), m is small, and
,
,
m<h
21
C
ilr
C dx
f"'1-"1— s"<,,-*) = 2m (k — ri) nearly ; therefore the exponent = — 2
;
— - -;
= log(/r—n) ; and the
J ,2m(*-tj)
,1 k— i,
exponential term = g1»8('-»i = k—rj.

But when in is small, the equation tn= — •j^r^

^TTi becomes m—

«'
2
,
,
n
1
? 71?
1
« nl
1
-. —-; therefore 77i= -p.. —;
m> = ~ .
;nv= — .
. Substituting these m the expresj 2m(k-v)
(k—r,y
gi (k-j,y
gi (k-v)i
sions for A and B we have this theorem. When the water is shallow in proportion to the length of the waves,
the coefficient of horizontal displacement varies as the depth H or as tjJ, or inversely as \$ ; and the coefficient of
vertical displacement varies as the depth 1"*, or as m*, or inversely as X*.
(248.) It may be worth while to examine into the value of F at the surface.

We have already found for F

the expression — 271*771'. -^-{A7n~'(£™<*-')-|-£™('_*))}. sin nt — M; and putting & for y, the value of F at the surface
dx
is —2n*m*.^- {Am~^(s™(* *1-f-£'"(*~*))}sin7ii-M; which, on substituting for A(£",<*™:,+ £,n(''~,:') the value already
ax
found, becomes
— 2C^m»^{m' . eQ} sin nt—M .
=4C<7m?.£Qx<

dx

dml.sin nt — M.

The sign of the coefficient of sin nt — M will depend entirely on the sign of the quantity within the large brackets ;
the external multiplier being essentially positive when C is positive ; that is, when A is positive. Now suppose
the wave to be moderately long, or 771 to be moderately small. On differentiating the equation
log 7t«= log 77717 + '°g (*" (*_,)—£" ('-*)) - log (£*"<*-'' + g"h-*>)
and then expanding the exponentials to the third power of 77i(Ar — rj), we find
dm
dl
VOL. V.

di)
dx
2{k-r,) + '^m\k-vy
2 T*

Value of
coefficient
for lon8
waves.
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—v
Expanding the exponentials in the term -q—-—^ in the same manner, we find for the quantity within the £v
Force
"
"
TWa
nccetary lar_e brackets
YSu<
atthesur°
rf
rf,
face, to
m—
witSuU
maintain
or
«£
,
Wljn
the motion.
:
g
'
wmta
2(*-»)) + V(A:-^)9 2(*-n)-r•rW,(*->?)',
and.,
H< which, supposing the canal to become more shallow as the wave advances, that is, supposing dr to be rpositive, >«is calF'
evidently a very small positive quantity. The expression for F at the surface may therefore be represented by
+ E.sin nt- M. Now the elevation of the water, or K,has for its principal term - ACs"""1— £"•<'-*>) sin nt— M;
consequently at the crest of a wave, or where K is greatest and positive, sin nt— M= — 1 ; therefore at the crest
of the wave, F=— E. That is, the force, which must act at the crest of the wave to maintain the particles in
Breaking the state of wave-motion, must be in the direction opposite to that in which the wave is advancing ; or, supposof waves jng no such force to act, the particles at the crest of the wave will spring forwards from the wave, or will break
")ver 8U"k towards the shallow side. This seems to be a complete explanation of the breaking of waves over the edge of a
explained, sunk shoal.
Cause of
the surf,

(249.) The breaking of the surf upon a beach is not, perhaps, entirely to be ascribed to the cause which we
have assigned for breakers over sunk banks ; although that cause undoubtedly produces a great part of the
effect. The excessive extent of disturbance of the particles of the water is probably one of the principal causes.
As A;— n is diminished, m is increased or X diminished ; that is, on the water becoming shallower, the waves
become shorter. And as we have seen, the elevation of the high parts and the depression of the low parts
become greater, so that the general character of the waves is becoming steeper. Moreover, as the height of the
wave bears a large proportion to the depth of the water, the front of the wave becomes, from that cause, very
steep (203.). At the crest of the wave (nearly) sin nt - M as we have found = — 1, or n< - M=

; therefore at

the crest of the wave, X, which depends on cos nt— M, is 0 ; in -front of the crest, M is greater, nl— M is less than
—, and X therefore is negative, or the particles are thrown backwards towards the crest, and therefore (in addi
tion to the cause already assigned) on account of the rapidly increasing coefficient of X as the breadth diminishes,
the steepness of the front of the wave rapidly increases. At the same time, the particles on the crest are themselves
moving in the direction of the wave-motion, and with a velocity which becomes greater and greater (for the particles
which happen to be on the crest) as the wave approaches the shore. It is evident that the limit to these circum
stances is, that the front of the wave becomes as steep as a wall, while the uppermost particles are moving towards
the shore and the lowermost from the shore ; that the former, therefore, will tumble over the latter ; and this is
the motion of surf.
Investiga(250.) Hitherto we have supposed the breadth of the canal uniform ; or, rather, we have taken no account
tion when whatever of its breadth. We will now suppose the breadth of a narrow canal to be variable,
the breadth ■_,,„,
,
r t _
_
is not
Problem.—To investigate the circumstances ot the change ot wave-motion in a narrow canal of uniform depth
uniform, whose breadth at different points is different.
(251.) Let fi, the breadth of the canal, be considered a function of x. It is easily seen that the equation
of continuity must now be altered. For in figure 8, the small parallelogram ps is carried forward to the
position PS, where the breadth of the canal is different; namely, is (3+^X instead of fi: and, therefore,
instead of making A/=Ax^l+^^x/X^l + ^-J, as in (145.), we must make

from which we find
„

1 dfiv dX
fi'dx ^ dx

dY
dy '

and, integrating with respect to y,
„

r fdx

x dfi\ ,c
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Wnud The equation of equal pressure remains as 'before ; namely,
Tides and
J ,
/. j.ir
Wave«
**r^
ltt.1V.
df
Jwn of
(252.) We shall now proceed as in the case of variable depth, assuming that the expression for the wave" displacement may be represented by the same formula as if the breadth were uniform, with proper alteration
„ u, of (he constants. The assumption, however, is much simpler than where the depth is variable, inasmuch as
we have no reason for assuming the expression for the phase to be different (the velocity of the wave, as
f depending on the depth, being everywhere the same). Thus, then, we have for X, A(e"» + «—*) cos nt — mx,
V^' where A is a function of x, and m is constant, connected with n by the equation n%z=ym.—

—.

dX X d3
(253.) The expression — + ^ • ^~ becomes
|^,cos nt—mx+mA.siant—mx+j^ . ^ . cos nt - mxj ;
from which we obtain for Y,
— (£"'—£""*) {— .^.cosn/—mx+A.sinnt— mx+ — .-4-.^. cosnt— mx\ :
I m dx
m ft dx
(
therefore

^T^-=(«"n'— S-"') j — . ^.cosnt— mx+n*A.sin nt -mx-r- — .^.^.cosnf — mx\,
ar
<■ m ar
m a dx
)
—— (t/ to &)=(£"» + £—■»—£"■* -£""•*) < — .—.cos nt-mxH—A. sin nt — vix+~ . —
cosnt — mxl.
, dC
(m* dx
m
m' 8 dx
I

Also

— aK=(r'*— £-"*)/—

cos nt—mx+oA. sin nt— mx+ — .4-.^.cosnt-mr ) .

Therefore, by virtue of the equation n,(£~*-r-£_"a)=<7m(s"a— £""*),
-^K—

— (y to *) = (£"» + £^')i-i- j- -cosnt— mx H—A.smnr— mxH—-.— . -f- .cosnt-mx}.
J , of
' Im* dx
m
nt* ft dx
S

(254.) In differentiating this quantity with regard to x, we shall suppose the breadth to vary slowly, and
shall, therefore, as in the similar differentiation of the last Problem, reject all products of differential coefficients,
and all differential coefficients of the second order. Thus we obtain
rfr
v
Also

'

nt—min1- A. cos nt — mx-f- —
nt-mx
' j—
I m .-^.sin
dx
m . A.^.sin
B dx
—=(£"''+e~™») (—n'A. cos nt—mx).

Subtracting the former from the latter,
F = — (s™" + £-"») < — .— +
VSinnt—m.r.
I m dx m ft dx \
This expression vanishes, or no force is necessary to maintain the wave-motion, if 2— +^r-—!-=0, or if
dx ft dx
2 dA 1 dp*
C
— . — +— .— =0, or if log(A*y3)=logC*, or A=—. That is, the coefficient of horizontal motion will be fjoeffiA « P «"
V/3
dents of
inversely as the square root of the breadth of the canal. The coefficient of vertical motion (in the same manner
as in (244.)), will not sensibly differ from —A(£^—£""")> or> at tne surface, —A(£™4— £-ml) : and thus the motion,
height of the waves will be inversely as the square root of the breadth of the canal.
(255.) We might, without difficulty, have combined the investigations of the two last Problems ; and we
should have found the expression for the variation of the coefficient of either motion in a canal where both
breadth and depth vary, to be represented by the product of those found separately in the two Problems.
(256.) Before quitting these important investigations, we shall make one remark. When waves travel along a
canal of uniform breadth and depth, the motion of every particle, as we have seen ( 1 82.) and (183.), is in a circle, or
an ellipse whose major axis is horizontal : if in a circle, its motion in that circle is uniform ; if in an ellipse,
the horizontal motion is, at any instant of time, in the same proportion to the whole horizontal motion as in
a circle, and the vertical motion is also in the same proportion to the whole vertical motion as in a circle.
2 t 2»
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(184.) the greatest horizontal motion forwards occurs when a particle is at the top of a wave: the greatest j-liet,
jives. ^ horijontal motion backwards occurs when a particle is at the bottom of a wave ; and the horizontal motion ffi,|
*~ v
is 0 when a particle is at its mean elevation. These assertions are not true if the depth or breadth is variable. ^—v
Thus, in the case of variable depth ; the horizontal displacement at the surface =X= A(£™(t_,)+e*('~") cosnf-M : xwi
3T
Wires
the horizontal motion =— »iA(£™(''"'',+£"<*"')) sinn< — M : this is greatest when nt — M=—, sin nt — M= - 1,
*
Subse
cosnt— M=0; substituting these values in the expression for K, it becomes A(s*'c*-*> — E™''"*'), which is not^°
the ffreatest value of K : for the expression for K is of the form B sin nt — M + b cos nt— M, the greatest value ™der
_
of which is VBa+64, where B=A(£ra(l-"'—s™1""")- The horizontal motion is 0 when s\nnt— M=0j
which actios
Horn,
(if we take the case of still water following the high water, implying that t has been increased above the value ^
which made sinni — M= — 1) gives nl — M=0, cosnt— M=l ; and the corresponding value of K is
I (6«M_£.(,-«)_Al.dm(i_,) (£*c*-.>+ £-<*-») ■ A—,.^(£-"-''^e"r'-")+A^(£"<l-" + £-i-i>)
dx m
m dx
»«' dx
.
dx
——— \ — (£"•(*-') _£"(*-*)) I
d coefficient of vertical displacement
dx '
tn
In the case of short waves in deep water, we have found the coefficient of vertical displacement to vary as
m$; therefore this value of K varies as — jj~m*: M

depth diminishes, m increases, and this value of K

o'Sow011 1S neSat've- ^ut in the case of long waves in shallow water (as the tide- wave), the coefficient of vertical
occurs
t
1
earlierthan displacement varies as m* ; therefore this value of K varies as — — .—- : as the depth diminishes, m increases,
if the depth
dx m*
were'uni- an^ ^ 's therefore positive. That is, in the case of long waves in shallow water, where the depth diminishes,
form.
the water is sensibly elevated above its mean height when the flow ceases ; and in like manner it is sensibly
depressed below its mean height when the ebb ceases.
(257.) In the case of variable width; the horizontal displacement at the surface =A(£™'-(-£-™,,) cosnt- mz .
the horizontal motion
— n\(em> + s'mk) sin nt—mx: this is 0, for the still water following the high water,
when sin nt— mt=0, cos nt—mx=: 1 ; the corresponding value ofKis
'

.(.-.^jl.^^ A ^,
[m dx m p dx]

_ I
nip

d
dr

But we have found A=~, therefore A/3 =C/J* ; and therefore K= -—0 (£-»_s—,v£ (C/3*)
ai
fnp
dx

If the breadth

diminishes as x increases, the differential coefficient — (C/3^) is negative, and therefore the value of K is
dx
positive. That is, where the breadth diminishes, the water is sensibly elevated above its mean height when
the flow ceases ; and in like manner, the water is sensibly depressed below its mean height when the ebb
(258.) When (as usually happens) both these causes unite, that is when the channel along which the tidewave is propagated becomes at the same time shallower and narrower, it may happen that the height of the
water above its mean level is considerable when the flow ceases.
Investigation for a
canal
whose seeany form
and varies
in any degree, when
the wave

(259.) The change in the circumstances of the wave produced by the variation of the section of the channel
in form as well as in breadth and in depth, when the wave is supposed to be very long, may be found more
simply in the following manner.
(260.) Let the equation to the section, as in (218.), be z = 0(y, x), x being introduced into the functiou
because the form and dimensions vary with x ; and u = ft z = f(y, x). For the same reason as in (238.),
suppose X to be represented by Acosn< — M, where M=J,m. Now we have found in (220.) that the
function expressing a single wave on a uniform canal whose section is defined by the equation u=y/(y, x), is
X=x(v't— x)=x(t y/3$(k) -x^)=X,(^l—nx \J ^l^y

Comparing this with our usual form for X in
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^ a uniform canal, namely, A cos nt — mx, it appears that wizrn^/ ^^y
["
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therefore in the variable canal
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M=MJ.V^(M)(261.) Now the fluid, which when at rest was included between two vertical planes whose co-ordinates

were z and x+h, is now included between two vertical planes whose co-ordinates are x+X and x + X+A+^ h
the
dx
^1 nearly; and the area of the vertical section, which was f(k, x), is now f(V, x+X), or \j/(k+Y — k, x+X),
m or (observing that - ' *^*' g)ss0(fc, x)^
j).V-A+rf '
J) X. Thus the equation of
continuity becomes
Ax

(l +5) x {*<*• x>

•7Z* + d'Vf<fa'j) X}'

0=-g.»(*. ,)+»(*, x).vZk+d-*£> J)X ;
whence

V-A=

_L_ -1 fx. y(*. x)\

The equation of pressure will be as before, ^T=~#^J* —(fX==~^iIr near'y-

Substituting

1+dx"
foi V, this becomes
<PX
dt*
Performing the interior differentiation on the assumption X=Acosnf-M, where A is a function of x, and
<M
/<t>(k, x) ,. ,
or --•A.cosCT=^{^^(A.V,(A:,x))cos^ + 7IAV/^;^si„^:M}.
Performing the second differentiation, with the limitation that, as <f> (k, x) and y (k, r) vary very slowly, their
second differentials and squares of first differentials may be rejected,
— it* A. cos nt— M=ni/g'.\

Let A \fi (k, x)

V

or

j
iU-W, *)) Ui-^S^L-.) ) sih nTM
J(P(k,x).-f(k,x)dx\
/ «l V*(*,*).^(*,x)» j
—n*A. cos n< —M.
. y (£, x)= /i : then this equation reduces itself to
1 dv ^ d i v \
q
p' dx dx \ ft J
'
2 rfv v dfi
fi ' dx fi* ' dx~ '
2 dv 1 (//i „
-/=0,
v dx
dx

the integral of which is -=C',orAV {^(*, j)},.{^(*,x)}_*=C,)
or

A=C. {ty(k, x)}_i.{0(A,x)^.

Coefficient

This is the coefficient of horizontal displacement of the particles.

tal motion*

(263.) For the vertical displacement,
K=v - *= -*ob i (x • * <*• ^)=-0ob i (A •* <*>;> • cos s3*)

in which the first term may be neglected as much smaller than the second.

Thus
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«"

Coefficient Putting for A its value found above, we have for the coefficient of vertical displacement
of vertical
motion—
.{y (A-,x)}"i . {0 (k, x)}~i.

S«t
Tbeci
Wm

(264.) For instance: if the section of the canal be everywhere a rectangle, <f> (k, x) = breadth, and y (<r,i)ffhel
=breadth x depth : which gives for the coefficient of vertical displacement
^
__^_C.{ breadth}-*, {depth}-*,
Vg
a result which agrees with those found for long waves in shallow water in (247.) and (254.).

Ho™
ind \

(265.) The two following problems regarding the motion of variable waves on a sea of uniform depth are
interesting, as applying to some most important phenomena.
Elevations Problem.—The amplitude of each successive wave in a long series is the same, but the elevations of the waves
increase increase progressively from wave to wave, the same elevation always corresponding to the same place : to find
from
wave* the forces which must act on the particles of water to maintain this state of undulation.
' wave.
to
(266.) Here the value of Y at the surface, or K, must have a factor of sin nt—mx, which itself depends upon
x. We may therefore suppose X to have such a factor : in other respects the form assumed for X may be the
same as in the case of uniform waves. Let therefore
X= (£"» + £-"*) . 0 (/). cos ni— mi :
where n and m are connected by the equation n*~mg-^
Then
C "T" f/Y
dX
;
d(
\
- = — (£""+£ "») — I 0 (x)cosn/ — mx J ;
dy
dx
integrating from 0 to y,
Y= — ( — e""y+s-™») — (<j> (x) . cosnt— mx );
m
dx\
/
K=— (-£-*+£""*) 4-(<t> (x).cosnt-mx\ :
m
dx\
)
—=—(£"»-£—»)
0 (x).cosn<
— mx JJ
dl* »i
' -7-f
dx\y
'
/—— (y to A-)=— (£"*+£-"*-£"»-£-"•') -p( 0 (x). cos nt-mr):
, dr
m
ax\
J
therefore

gK + / -r=- (y to A) = —
(smv + £""») — ( 0 (x) . cos nl - mx ) :
,/ , ar
m"
dx\
/

the terms— ( — £"*+£-,"*)+-^- (s~*-f £-"■*) destroying one another by virtue of the equation between n and m.
f/»X
— = — n' (£*+£""*). 0 (x) cos n< - mx.

Also
Hence F or"^T + ^

I

~Jp W ,0 "O'J becomes

— m*(£ *+£"*). |0(x). cos nt—mx

• "jp

cos ni-mx) J-.

Performing the differentiation, this becomes
— n" (£"»+£-"») . J — . 0' (x) . sin nt-mx+ —j-.0"(x) . cos Tii -mx}.
Force neIf 0 (x)=Cx+D, this expression for F becomes
■— (£"* + £""*). sin nt—mx. Now when the force is
cesaary to
m
motion, sma"> or the coefficient C small, the expression for Y will not sensibly differ from - (s"* -£"""») .(Cr+D) .sin nl-tnx.
The term e'"" is very small in comparison with £*■*, except very near the bottom. The result therefore
is this : the force which, acting horizontally upon the particles of water, will maintain such a series of waves
as we have supposed, must, for each particle, be nearly proportional to the elevation of that particle above its
mean place: the proportion varying slowly, however, from one particle to another. Or we may state it thus:
the force must be proportional to the horizontal velocity of each particle, and in the same direction as its motion.
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idnasd (267.) Now we have nearly such a force in the action of the wind upon the waves. For the part of the wave Tides »nd
&» which is principally or solely exposed to the action of the wind is its upper part. Thus the highest parts alone, Wave*,
"v—^ or those near the crest of the wave, are urged forward : the lowest parts, or those in the hollow of the wave, v—
'
a iv- either are not urged forward, or (more probably) hy the eddies of the wind are actually urged backwards. T*"yforc.e
Moreover, the action of the wind does not sensibly extend to a great depth below the surlace : and in this re- ^
" spect it may be considered as fairly represented by f"». Thus then we have a mathematical explanation of the sponds
Lr.l circumstance that the action of the wind will maintain the motion of a series of waves, whose elevation beginning closely
at the windward shore is 0, and goes on increasing successively from wave to wave, without remarkable alter- with tn!"
E, ation from time to time (when they have once attained a certain magnitude). And as the proportion of the force cxPr0Mlonfrf of the wind, in regard to depth, is in pretty good agreement with that required by the theory for continuous
iniil unbroken waves, the theory explains the circumstance that, when the waves have attained this certain magnip*- tude, their heads will scarcely be broken by the action of the wind.
(268.) It may, however, be remarked that, in the open sea, the waves of large amplitude only are so much In the open
increased as to attract much attention. The reason appears to be that, when the action of the wind has in some ?ea' the
degree increased all, the long waves protect the short ones from the continuance of its action upon them. And 0°n"y be-""
thus the long waves are conspicuous upon an open sea, not because the short waves are changed into long ones, come imbut because the long ones only are conspicuously increased from the windward shore to the open sea.
portant.
(269.) Prob lem.—The amplitudes of all the waves are equal, and the elevations are all equal at the same time, Tne WSTe»
but increase constantly from time to time: to find the forces which must act on the particles of water to main- 'f""e"e
tain this state of undulation.
io°timem9
(270.) Here we shall assume
X= (i** +£ '") . V (0 • cos nt-mx.
Then

^=
dy

-«(£"» -t-iT"*) •¥(')• s»n nt-mx:
dx

integrating from 0 to y,
Y= (-s"»+s-**) . V (0 • sin nt-mx:
(FY
d« /
\
_ _ (__-+_--) _ (y, (,) . sin nt-mx):
J

to k) =-j- ( -«-*-«

+£--») ~

(0-sin nt-mxy.

K= (—*"•* +£-"•*) . f (/) . sin nt-mx :
therefore

Tx{^+fs 5 <* * *>}=

^|5(_£-*+£—*) . y(t) • si" nl-mx+^ (-£"*_£—*+£»»+e—*) ^-t(f (t) . sin nt—mx^
=gm («-*-«—*) . V (0 • cos nt-mx + (£""+«""* -£"*-«""y)-^
Also

— = (6"» + e-""») ^

. cos nt-mx^j.

(0 . cos nt-mxy

rf*X d
f* d2Y
t
Hence the expression for F or -tj + -t~ g&+
—j-r (y to k) \ becomes
dr dx
J 9 dt
\
gm («"*—«-•*) . V(0 • cos vt—mx + («"*+£""*) ~[p(t (0 • cos»U— »ix\
Performing the differentiation, and observing that gm (I"*- «""*) — n* (£"*+*~"*) = 0, we have
_____
F= V(e"*+s-™'t)' XY y(<)' . cos nt-mx— 2n.iU'
(). sin nt—mx\.
T W
'

Force necessary to
maintain
thismotion.

If f (0 = Cr+D, we must have
F=-2nC (£"* +
. sin nt-mx.
That is: the elevations of the waves will be increased uniformly, provided a horizontal force acts upon every
particle, which is equal for all the particles in the same vertical column, and which urges forward those particles
that are above their mean places and urges backward those that are below their mean places, according to the
law of the sine of the phase.
(271.) Now the action of the wind produces a force strongly resembling this, but not so nearly as before. The force
For the force (as in the former case) does act to urge forward those parts which are above their mean place, and of the wind
in some degree to urge backwards those which are below their mean place. But it is not nearly equal for nearly re_
the particles at different elevations in the same vertical column : being effective only near the top and insen- jn;s forcei
sible for other parts. Hence it appears that there is too much horizontal force at the toD of the waves for con- but not
tinuous undulation : and this excess of force is in the direction in which the wave is going, and therefore tends to exactly.

»
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Tides and push the top of the wave too rapidly. To this cause, as we conceive, is to he ascribed the breaking of the crests T.ta
t of the waves, which always takes place when the wind is raising the sea.
Wu
We
may
proceed
in
the
same
manner
if
X=
(A+Bt+C*)
cos
ni
—
mx.
Manner in
which the
(272.) The effect of continued action of wind upon the sea may be conceived to show itself in the following'
wind acts manner. It is to^ be understood that, either from preceding disturbances, or from the trifling irregularities in the ffm
to raise the
action of the wind while the water is smooth, there are very shallow undulations upon the water When the
waves.
Limitation wind begins to act, it will at first only increase the height of the waves in every part (5
(271.), and during this When
to the
tjme the heads of the waves will be broken. But after a time the waves,
waves, beginning
beginning with
with the windward shore, *»tei
height of will be (for a short distance at least) so much increased, that the power
of the wind will merelv maintain them in wi"
the waves
raised by a that state without any increase (267.), but for all the sea in advance the wind will still be "raising the waves vim
wind of
But as the waves successively attain that height which corresponds, according to the result of (266 ) with the i\
given force height which the wind can just maintain, those waves will no longer be increased, but the waves in advance will air.
on a sea of still be increased. Thus a wind of given intensity, however long it blows, can only raise the waves at a (riven
given ex point to a certain height: which height, however, will depend upon the distance of that point from the wind
tent.
ward shore.
(273.) We shall now consider the motion of water in a canal of uniform breadth and depth under the action
Motion of
water
of a given force. The difficulties connected with a general solution of this problem would, in the present state
under the of mathematics, be found insuperable; we shall therefore confine ourselves to a law of force which applies
action of perfectly to the problem of tides.
forces
(274.) Problem.—The water in a canal of uniform breadth and depth is acted on by a horizontal force repre
similar to
the tidal
sented
at every point by H.sin it — mi and by a vertical force represented by G.cos it—mx : to find the nature
forces.
of the wave which will be produced.
(275.) The equations to be used are those of (224.), supposing the depth uniform or jj=0. They become
Y=-J^(0toy)
^ = H.sin «-mx + ~| - Oj+Q ■ cos it -mi) (k—y-f-K) - ["^ (y to Jfc)j.
The forces are supposed to be small, and the term ^- (g.k — y) is evidently =0.
the second equation to this form :

These considerations reduce

^^=H
.sin it — mi+^—' vy
(y to k)\.
dt*
dx \{ — JoK — k — *y. G.cos it — mx— J\ ^rft1
'/
Now the least trial would show that the expression for X must depend on sin it—mx. Assume therefore
X = 0"(y).sin it — mar;
d>"(y) being a function of y whose form is yet to be determined, and which is conceived as the second derived
function from some function <p (j/)- Then
rfX
= — mf '(y) cos it — mx ;
m(p'(y) cos it -mx;
J dx~
from which
Therefore

Y=m^'(y) — 0'(fJ)^ cos it—mx.
*Y
. f
\
^7 = -i!"^0'(y)-0'(o))'cos«<— mi;
"J iS" 0/to*)= + I^BI(*(*WCy)-*'(0).*-y) cos it — mx ;
-9K=->jm(j>Xk)-<f/(0)^ cos it - mi.

Adding to these terms —k — y. G.cos it —mr, differentiating with regard to x, and putting for -y^ its value
dt— i,.?>'.'(y) .sin it — mx, our second equation becomes
— i*.0"(y).sin it -mx=H .sin it - mx
-gm%.^/(k)-^(0)\ sin

mx

— m(k — y).G.sin it—mx
+ rW (4>(lc) - 0(y) - 0(0) . IT^) sin ilZmi.
(276.) Equating to 0 the terms depending on y, we have
-»*• <t>"(y)= -«Vity(y) ; o= -m(* -y) g - tV^o) . k - y.
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Edaiad The first gives <ji (z/)=A.£mj'+B.£-'',J\ From this we obtain p'(y)=mA.£"*— mB.f""* ; 0''(y)=m,A.£~* Tides andffirei. ' +m!B.£-"y. Thesecond equation gives G+ismf(0) = °)O'" G+iWA-i m!B=0, orB-A== —
G ; whence B=A ^•v_«^
Waves.
W IV
1m
G ; ^(y)=A(£^y+s—») + -—£-"»;
G
G g—» Substituting in those p^rts of the
J^rf +—
r//(y)=wtA (£"»— £-"»)-—
| tit
X #W
X //i
Lkc.j. equation which have not been already destroyed,
G
G \] +j«m4 [/A(f*+S-*) +—
G\
0=II-^m! [/ W!A(£-v-£-"i)-^-£-u+-^*-•* )
: ite
A{ -gmXs"*-e-">*)+i*m\<ri+e-*)}=: _H-G|^£-*-^l + £-"'lj
pstai- or
whence

_H+fk-(l + f?)G£A = !V(s-+£-*l)-jm,(fa-r"i)

B=A+ i*ms iW(r"*+«—*)— ^»»,(«-*-S—*)
-H+fG- (g+l>.r-

^Gf-1

*"(y)=

*) -srm(r*-e—')
-H+fG-(f+l)G.f
?(£•"*+£"•*) —#m(e"*— s—*) c

-H+fG

G£"
-(5-0
sm(*-*— «"*)"

(277.) With these expressions forming the values of X and Y at the surface, we obtain the following :
-H(£"a+£-"u)+G.^ (S-*-2+«—*)
X at the surface

»',(£m*-f-£-m') —gm(F*— £-**)

Horizontal
and vertical
motions of
the par
ticles at the
surface.

sin it—mx

- H (£-*-£-*) + G(£-* - 2 + £-*)
Y at the surface, or K = —.„ . ,—-jr
—j
-jr— cos it— mx.
»'(£"* + s —*) — #™ (£ — e )
Upon these expressions we may make the following remarks :
(278.) 1st. The wave whose motions are defined by the values of X = <f>" (y) . sin it— mx and Y=
m ($>'(#) ~0'(O)) cos it — mx, the particular values of which at the surface we have just exhibited, is that to which we
We alluded (173.) by the name of the forced tide-wave. Its existence depends entirely on the continuance of Distinction
the action of the external forces; if those forces ceased to act, the wave depending on sin it — mx would imme-^^'vme
diately cease to exist. Other waves however would exist, as a consequence of these forces having been pre- and/r«
viously in action; and some (as we shall presently see) will at all times exist conjointly with the forced tide- wave,
wave. Thus, (as we shall see,) if the canal be interrupted, there will always exist a wave depending on
sin it±m'x, where i and m' are connected by the equation is= <pn' -; the magnitude and other circumstances of this wave will depend on the boundaries of the canal. This is what we have called the free tidewave; its period is the same as that of the forced tide-wave, but its length is different ; the continuance of the
forces is not necessary for its existence. There may exist a wave depending on sin nt + mr, where n and m are
£"■*-£-'
, and this would also be a free wave ; its length is the same as that
connected by the equation n*—gtnof the forced tide-wave, but its period is different, and for this reason we shall not call it a free tide-wave ; it
would not exist as a consequence of interruption of the canal, but as a consequence of sudden commencement or
change or cessation of the forces, and its coefficient would depend on these circumstances (as we shall see
hereafter).
(279.) 2nd. The expressions may be put into the following form :
-H + G.?m £m>-2^s'm"
£"•+£- sin it — mx
X at the surface = . I' — gm. cmk _|_ g- ml

• sin it — mx,
? - n*
VOL. V

2u*
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*\8
S mk
mk \ S mk
mk "\
VVa*eal which> since e**- 2 + £""■*:=: V€T — ff~~«V, and j"*—*-"*=V,ff~+*~"»V.\* * — £~Tj, becomes
7,« e~T_e~T"
-H+G--.- ;
i* !± ."±
X at the surface =
——;
sin i<—mx.

c.
., ,
Similarly

K=

Tides aii
Sm.IV
Theory K
ffana
Sub^

_ H . Om )- G . —
.
■- '/TO , f"*—S~mk— cosit-mx
' ~n
n'
ijm

n e • — ff 1
(fm
S * +S «

un<i« *
actional
Homaa
mil Yen
alFore,

cos it—mx.
Now m& is a small quantity. For, putting X for the length of the forced tide-wave, (which at the equator
2tt
k
= 12500 miles), m=- , and wiA- = 2ir-, so that, even if the depth of the sea were 25 miles, mk would be
X
X
2t = 6*28
—
——
—_. Therefore £*~—s~
4 =mk very nearly, and e—
« +£ —• =2 very nearly, and therefore theexpres500 500
sions become
X at the surface =

= ;
r—ir

sin it — mx ;

ijm
gm 2
r,
;
cos it—mx
r — n*
Consequently, if we consider G and H to be quantities not very dissimilar in magnitude, (which we shall find to
be true,) the term depending on G in each of these expressions is wholly insignificant in comparison with that
c'ePenc''"? on ^ ' ani* tnus wc arrive at this remarkable conclusion, that the effect of the vertical disturbing force
Upon
phanomena of the tides is insignificant, the whole of the sensible effect being due to the horizontal force.
In (28.) and (69.) we have found the same result from dilferent ways of treating the tides. There is no exception
to this theorem as applied to the expression for K ; if i were very small, it might not hold strictly with regard to
the expression tor X ; but that is of small importance.
(280.) 3rd. If the period of the forced tide-wave were the same as that of a free wave of the second class,
that is, if i were equal to n, m being the same in the two waves, the denominator in the expressions for X and K
wouj(j vanish, or X and K would become infinite. In this case then the expressions fail. It would seem that,
we suppose a canal surrounding the earth to be acted on by the forces of the sun and moou following the law
assumed in this Problem, and if i were equal to n, the only interpretation that can be put on this failure would
be,—that the motion of the water cannot be oscillatory in the manner of a wave, but that it must be that of a
torrent of unequal depth passing round the earth so as to follow the apparent motion of the sun or moon. We
sna" fi"d, however, that the introduction of friction prevents the expression from ever becoming infinite,
(281.) 4th. If the period of the forced tide-wave be less than that of a free wave of the second class, (that is,
if the wave be urged along more rapidly than it would go alone, or if the water be shallow,) or if i be greater
than n, (i and n being, by (166.) inversely as the periods,) the denominator is positive ; and the expression for K
(omitting the term depending on G) is of the form — C cos it—mx. Now conceive the Moon to go round the
Earth (apparently) from east to west ; x must be measured in the same direction ; because then, by proper deter
mination of the value of m, the parts of the Earth which happen to be under the Moon will always have the same
certain value of it - mx. Conceive the horizontal force created by the Moon's action to be 0 for the parts under
the Moon ; to be positive at the parts, to a certain extent, which she has passed, and to be negative at the parts,
to a certain extent, on the side to which she is approaching. (This is supposing, in other words, that to a cer
tain extent the horizontal force caused by the Moon's action urges the water towards that part of the Earth which
is under the Moon ; a supposition which correctly represents the actual case.) Then it — mx must be 0 for the
Parts under the Moon. (For then, in the parts which the Moon has left, x is less than under the Moon, it — 7iu
*S Pos"'ve> ant* therefore the force, which we have assumed to be H sin it — mr, is positive there ; in the parts to
which the Moon is approaching:,
r
° x is greater than under the Moon, it —mx is negative, and therefore the force
K =

Effect of
theTertical
ei^Ucaut"
Bigni cau .

If the
period of
the forced
equal to
the period
of a free
wave, the
wou'uTbe
infinite.

jf the
the'forced
smaller
there
is
low water

under the or H sin it — mx is negative there.) Consequently the elevation of the water under the Moon is — C.cosO — — C.
Moou.
xhat iSj jt ;s ]ow watcr immediately under the Moon. The same conclusion will be found in (16.) and (109.).
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(282.) 5th. In like manner, if the period of the forced tide- wave were greater than that of the free wave of Tides aW
the second class, (that is, if the water were so immensely deep that the wave would travel alone more rapidly than Waves.
v-v~-' the disturbing forces urge it along,) or if i were less than v, the denominator would be negative, and there would
ffrt-IT; be high water under the Moon.
r*«"7of
H
If the
"tm(283.) 6th. If the complete change of forces occupy a long time, that is il i be small, K= -\
cos it — mx period is
"
9m
very long,
n^h,' nearly. This is the same expression that would have been found from a theory of equilibrium, or by (1 52.1 ; so ,he form ol
otiii that in this case the water assumes very nearly the form of equilibrium.
isthT'Y
o-kthe (284.) For shallow water, it will he remarked that ntz^gkm* nearly, and the whole of the expressions may be "quUi °
f*°(l
2»,
2*
brium"
"f° altered by that substitution. And, as in (16G.) and ( 165.), we may put — for i, and — for m : then r is the nearly.
■tweet
0f the changes of the force, which is the same as the period of the forced ware, and X is the length of the
wave. The expression for K, omitting the term depending on G, will thus be changed to
-H.hn
Hk
X.r'4
-cosit-mx, or
—-cos!<-m.r:
i*—gkm*
2t X* — gk.r* .
and, if the depth be very small,
HA: ,<*
K= — — . — . cos it—mx
2t X
In showing that in this case the elevation of the tide is proportional to the depth of the sea, we have obtained
the same result as that deduced from Laplace's Theory of Tides, in (98.), (101.), and (107.).
(285.) The preceding conclusions are very important, as showing that the amount of elevation of the water
under the action of forces depends in a most remarkable degree upon other circumstances than the magnitude of
the forces. One is, the depth of the sea : another is, the periodic time of the forces. As depending upon the
former, it appears that, if there were two parallel canals of different depths acted on by precisely the same forces,
there might be high water in one when there was low water in the adjacent part of the other : or there might be
elevations and depressions at the same time in both, but their magnitudes mi^ht have any proportion whatever.
As depending upon the latter, it appears that, if there were two forces acting simultaneously upon the water in
the same canal, the periods of those forces being different, (as, for instance, the forces depending upon the action
of the Sun and the Moon,) the high water produced by one force might bear the same relation to the phases of
that force which the low water produced by the other bears to the pha->es.of that other force : (thus low water of
the solar tide might accompany the transit of the Sun, and high water of the lunar tide might accompany the
transit of the Moon, in the same canal.) Or the phases of the two tides might stand in the same relation to the
phases of the two forces, but the proportion of their magnitudes to the magnitudes of the ibices might differ in
any degree whatever.
(286.) The conclusions of (93.), as to the effect of a variable coefficient of the force, apply here : but as we
are able to give expressions here which could not be given in those investigations, we shall repeat a small part
of the process. If the force, instead of being H. start — mx, were (H + H' cos f<) . sin i< — raj or H. start — mx Coefficient
jj/
jj,
of force
+ — sin (ii+ {) t — mx + — sin (j — t') t — mx, the expression for K would be (supposing the water shallow),
variable*1
-Hkm
1
H'km
—
■
1
H'km
——
r-,cosit~mx—-.7^-—jri
j—- cos (i + i) t-mx- -.———
j—-cos (t-i')(-mr:
C-gkm*
2 (i + i'y — gkm*
2 (j—i')*— gkm*
'
'
and if i' were very small, that is, if the change of the variable coefficient were slow, we might expand to the first
power of i", and it would become
-Hkm
1
H'km
-=
=—zcosit—mx —- —;
;—— {cos (i+ i') t— mx+ cos («'—»') t —mx \
? — gkm*
2 f—gkm* 1
'
1
1 H'km.Mi'
+ 2\i*-gkm')' {C08<i+1') t—mx-cos (i-i') t-mr)
=-

Armt— (H + H cos j7)
, . cos-:i/ — mx— ——
-Ikmii
IW, . t'/.sin
.,
, . ■H'.sin
(it — mx).
i*—gkm*
(r—gkm*)*

(2S7.) The time of low water on a given day (supposing the variation of i't in the day to be insensible) will
be found by making
2ii'
H' start
:
tan (tt
— .———
—;
v — m.r ' =i'-gkm*
H+H'costV
and, therefore, when sin i't is positive, it will be later than that determined by making it — mr=0, as in (281.).
(288.) The greatest amount of elevation or depression on that day, as in (93.), will be
km
- gkm*
2 u 2«
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„.
.
Tide «
Waves. If H' be much smaller than H, this expression =
:—; (H-j-H' cos i't) nearly.
m ^m i
l — gkm
^
(289.) If the term H do not exist, the whole force being =H' cost /.sin it — mx, the expression for greatest T^CTtIV
elevation or depression on any day =
^ ™J 0
H'Am
/f .„
4tV
. , ., \
.— \ / < cos' t'/+ sinV/f.
SubltC.1
v—gkm* V I
{jr — gkrriry
>
Wlien tb
This quantity never vanishes, even on the days on which cosi*/ vanishes: but it is, on those days, either MilertL
maximum or minimum. It is maximum if 2H be greater than i* — gkm1, and minimum if I'd' be less than action c.t
Hoirom
i' — gkm''. In the lornier case, however, it will be necessary to use for the coefficients of cos i't . cos it — mx and andV^ri
sin i't. sin it—mx their accurate values
ralFora
-U'km /
1
1_ _\
2
ya+iy-gkm* + (i-i')*-gkm*) m

-H'km /
1
2
\(i-i')*- gkm'

1_
\
(i+i'Y-gkm*/

Subsection 5.—On tlw Method of using the free Tide-Waves and forced Tide-Waves, and of introducing the
limits of Canals in general.
(2!)0.) Before we exhibit the method of introducing (he free tide-wave and other free waves, which we have
mentioned as coexisting with the forced lide-ioave, we will shortly remark on the general solution of the partial
differential equation of waves. The same remarks apply to all other linear partial differential equations.
Solution
. <rX „ d |
„
C *Y)
,
which re(291.) We have found a solution X tor the equation —— = F + — \ — </K +
—rri '■ wbere F is a given
presents
«f
dl 1
J » dl '
the forced function of x and I. Now suppose that we know that each of the quantities X„ Xs, X„ &c. will satisfy the
tide-wave
anymore equation
=0 + -^- | — <;K' + T —77- }: the peculiarity of which, as distinguished from the former, is, that
1
ai
ax 1
. / 'ti at J
mineral1 by
number of it contains no term independent of X' ( K' being a particular value of Y', and Y' being formed from X' by
expressions
V
tide-waves, integrating — J ~^~~J- Then the sum of all the quantities X-f Xi+X,+&c. will satisfy the equation
=F+-r- l—gK+
—— .
dl*
dx I
J y dl* J
X, we have

For, upon substituting X+X,-J-X,+ &c., in this last equation, instead of

which is necessarily true, because it is the same as the sum of all the equations
<f«X

„

d f

„

C <i*Y\

d*X,

d \

Tr

C d'Y.i .

each of which is separately true. Therefore X + X! + X,+&c. may be used as a solution of the equation
d*X
X
d {
f* Y 1
-j- = F + — |-^K4-J — I : and it is more general than X merely, and therefore can better be adapted
dl*
to the circumstances of the case.
.) In the problem of (274.), &c, we have found C.cosii —mi* for a solution of the equation
d* X
d [
f* d* Y 1
—— =F + — i — oK+
—— >. But we know that A, cos (n,t — m, x + a,), B, cos (n, <1 + m, x + 6,),
at
ax I
J „ ar J
A, cos(/)jt — mtX+Ot), Bacos(ns/+msx-l-6t), &c- are solutions of the equation — =— j — gJH'+ I -^Tp
5—"U
provided only that n\=gm, ^k g_mit> &c-

Therefore we may add any or all of these terms to C.cosi'i— mi

for the solution of - ^ =F+ 4~ I— 9K+ | ^ , . }■ We shall have occasion only to add terms in which
dt1
dx I
J , ar J
n!=!, or terms in which m,=m. The nature of the conditions to be satisfied will determine our choice. If
for some given instant of time a certain condition is to apply to all parts of the canal, the coefficient of x must
be the same as in C .cos it — mx ; that is, m, must =m. But if at some certain part of the canal a certain
* Wc use indifferently the sine or the cosine, as one is changed into the other by changing the origin of x or
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titauM condition is to hold during all time, the coefficient of / must be the same as in C.costV— mi, or n, must =i. Tides and
*"» The following instances will illustrate this.
Waves.
jJU^ir' (293.) Problem.—The disturbing force of the Moon, represented by the formula H. cos it — mx, begins to act
ttgrrof suddenly when 1=0 : to find the nature of the waves produced on a canal : the water having been previously
at rest.
(294.) The value for X must be C.cos it— mz+X,+Xs+&c. : and the condition that the water was in its
Hoi of position of rest in every part of the fluid, and also was actually at rest, when <=0, requires that
Cthe
ytif
C.cos i< — mar+Xl+X,+&c. = 0 when <=0 for every value of x;
ind
^
M and that
— (C.cost7— »u:+X1+X,+&c.):=0 when t=0 for every value of*.
The only forms of X, and X, which can satisfy these conditions are
A.cos(nt— mx+a) and B.cos (nt+mx+P),
gmk g—mk
where n'=gm —ps- The conditions now become
C cosm.r-|-Acos( — mx+ a) + B cos (mx+ fi) ~0.
•
iC sinmr— nAsin(—mx+a) — nBsin (mx + fi)=0.
Expanding the sines and cosines, we obtain C + Acos ce + B cos /3 = 0 ; A sin a— B sin ft=0 ; iC + nk cos a Forfe
-nBcos/3=0; — nAsin «— nB sin ft=0. The second and fourth equations give Asin«=0, B sin ft=0 ; ^f'a"sat0
,i c .
, ... ,
.
the first and third give A cos a =
X,= '

(i + n)C _
,, (i— 7i)C
— , Bcosj3= —
.
2/i
2n

tI
(i + n)C
certain iuHence X.= —i
— cos nt — mx, stant.
2n

— cos iit+nuc : and the whole expression for X is
C.cosit— mx— (i+n)C
v" ' "' - cos—
nt—nue+, (i-n)C
v" ''' ~ cosnl+mi.

(295.) This instance is one of pure curiosity, given only as an example. The following, probably, is one of
real application.
Problem.—A canal, the water of which is acted on by the forces of the moon's attraction, is bounded at both Canal
extremities : to find the nature of the waves produced on it.
bounded at
both ends.
(296.) The condition here is, that, at each extremity, X shall =0, and — shall =0, whatever be the value
at.
of (. The second equation is evidently included in the first ; so that, in fact, we have only one condition for
each end of the canal. A moment's consideration will show that, the term for the forced tide-wave being
C.cos it — mx, the other terms must have the same multiple of /. Let the value of X, therefore, at the surface
be assumed =
C.cosit—mx +A..cosit — lx + a + B . cos it +• Ix + ft,
where il=ql —

-. Let the values of x at the two extremities of the canal be a and b. Then, at one end of
1
■
the canal, X=C. cos
mo+A.cost< — /a + a+B.cos# + /a-|-/3 ; which is to be =0 for all values of t. At the
other end, X =C. cos i<—mo+A. cosit— ft+a+B.cos i7 + /6 + 0, which also is to be =0 for all values of t.
Expanding, and separating the coefficients of cosi7 and sin it, we have these four equations :
C.cos mo + A.cos a — la + B. cos fi + la=0 ;
C. sin ma — A. sin a— la — B. sin ft+la=0 ;
C.cosm6+A.cos a— /6-(-B.cos fi+lb=0;
C.sin mi— A. sin a— lb— B.sin ft+lb=0.
Without here going through the details of the solution, it is plain that the conditions are satisfied by the follow
ing formula :
C
X=C.cosi'< — mx :—;—;
icosj< — mb. sin Ix — la — cosit—ma.sinlx— lb\ :
smZ (6— a) 1
'
which, upon multiplying the sines and cosines together, according to the rules of Trigonometry, may be put
into the form C.cos it — mx + A . cos it — /x + a + B.cos it + lx + ft, and which becomes 0 when x=a or =6. The
first term of the expression is the forced tide-wave ; the part within the brackets represents the free tide-waves,
which may be conceived as the combination of the reflections of the forced tide-wave from the ends of the
canal, and whose speed does not depend on the speed of the Moon's change of place.
(297.) It is proper to remark, that the condition X=0 cannot be strictly satisfied at all depths. For in the
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Tides and case, of the forced tide-wave the value of X at different depths depends on £™*+f~™*, and in the case of the free TUem
Waves. tide-wave it depends on s^+e-*; and these are not exactly in the same proportion at different depths. It Ww*
would seem, therefore, that there must, theoretically, be a breaking of water on the coast, in consequence ofthe
oscillation of the tide. But when the wave is of very long period, (as is true of the tide-wave,) both
iKl^
and e^^ + f-** are at all depths sensibly =2, and, therefore, the condition X=0 may be considered as satisfied
at all depths.
_
(298.) The corresponding value of K, or— f ^(Oiok),( observing that /,(£"*+«-"*)= - (e*-r™)=*^ m«S
J * dx
V
N
m
m miar 6
nearly =yX (£"* + £""*) nearly, and that the same holds when / is put for m, ) is
vim,
Ctk
hK<i
-Cm*, sin it—mx+ ~———— { cos it — mb. cos lc— la— cos it— ma. cosh— lb).
w™,
sin (lb— la)
'
™
In this case It may be interesting to examine the value of this expression in some particular cases.
the dis
(299.) 1st. Ifsintt — la=0, that is, if/6-/a=T, or 2», or 3tf, &c, or if the length of the canal is any
turbance
may be
multiple of half the length of the free tide-wave, this expression becomes infinite. In reality the wave will
come in become so large that the amount of friction, &c. will be so great as to neutralize the moon's force. This will be
finite.
seen more clearly in the next section.
Tides in a
(300.) 2d. If lb — la be small, that is, if the canal be short, we may proceed by approximation. Supposed
canal of
Hmall ex and 6i to be small quantities: x must also be a small quantity of the same order. Expanding sin it-mxt
tent.
sin/j — la, &c, and substituting for the sines and cosines of the small arcs the series in terms of the arc, and
preserving only the first power which remains in the resulting expressions, we find the following :
v_
; n m*~P
I
A— cos it.L. —- — .x—a.b — x
K=cosi<.C*(m,-0.^-^^
The first of these expressions shows that the horizontal motion will be greatest in the middle of the canal's
length, and will diminish gradually both ways to the ends, where it is 0. The second shows that there is no
variation of level at the middle of the canal's length, but that the variation of level in other parts is proportional
to the distance from the middle, elevation taking place on one side of the middle at the same time as
depression on the other side, so that the surface of the fluid remains sensibly plane, though inclined to the
Consist
horizon. The law of motion as regards the time is the usual oscillatory law expressed by cos it ; but the motion
simply of of every particle differs in this respect from the motion of particles in an open sea affected by the tide: that
oscillations
from one here, the greatest horizontal displacement happens at the same time as the greatest vertical displacement;
end to the whereas, in an open sea, the greatest horizontal displacement happens when the vertical displacement is 0, and
vice vend. (182.) and (184.).
other.
Solution in (301.) 3d. In the general case, if we take the centre of the canal for the origin of our measures, or make
general
a= —6, we have
case when
sin mb
one term is
X=C cos it I cos mx — ■ cos mb COS /j?| + C sin it | sin mx — ■
\ lx^
more im
cos
Ih
sin/6
portant
I. cos;-—
mb sin
. lx}-\-Cks\\\
, 1
than the
it if ■ ■mcosmx+-I sin mb
K=CA cos ft j m. sin mx
others.
cos lb
sin lb
1
In general, no simple meaning can be given to these expressions. In the particular case of cos lb being very
small, the principal term of K is — cosrt Ckl cos mb sin Ix, which shows that, though there may be many
cos lb
pscillating elevations and depressions, yet all the waves will be of a stationary character in regard of space ; that
all the oscillations take place at the same time ; and that an elevation on one side of the middle happens
at the same instant as a depression at the same distance on the other side of the middle. If sin lb is very small,
Ckl sin mb
then the principal term in the expression for K is sin it .
coslx: in this case the waves are stasin lb
tionary in place, and all the oscillations happen at the same time : but the elevations or depressions at equal
distances from the middle towards both ends are similar.
(302.) Problem.—A canal, whose waters are acted on by the forces of the Moon, &c, communicates at one
end with an open sea, whose waters have a tidal fluctuation, and is closed at the other end : to find the circum
stances of tidal motion of the waters in the canal.
Tides in a
(303.) Let the mouth of the canal be the origin of the measures, its length being a ; let the elevation of the
deep gulf.
sea-waters at the mouth of the canal be expressed by A. sin nt + B. Then the conditions to which our expres
sions for X and K must be subject, are these : that when x=0, K must =A .sin nt + B, and when x=a, X must
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K«ind =0 for all values of /. Suppose, then, that the value of X given by the solution of the differential equations is Tides and
^L- C.cosirf—px. The complete value of X, as before (296.)) will be
t a*™*, •
P.
C . cos nt — px + D . cos nt — mx + E + F . cos nt + mx + G,
_

where rt=<jm —j— —i. And the complete value of K, as in (299.), will be
5.
idrf
— Cpfc.sin nt-px— Dm*. sin nt — mx+E+Fmk .smnt+mx+G.
the
fjf. Oar two conditions, therefore, become the following :
r,".xii
r4
—Cpk . sin nt — Dmk . sin nt + E + FmA: . sin nt +G= A . sin nt + B
C. cos nt— pa + D.cosnt— mo+E+F.cos n< + ma-)-G=0.
Expanding the sines and cosines, and equating the coefficients of sin nt and cos 71/, we obtain the following
equations for the determination of D sin E, D cos E, F sin G, and F cos G :
— Cpk - mk . D cos E + ink . F cos G= A cos B
— mk.D sin E + w&.F siuG=AsinB
C cos pa + cos ma . D cos E + sin ma . D sin E + cos ma . F cos G — sin ma . F sin G= 0
C sin pa— cos ma. D sin E-j- sin ma. DcosE — cos ma. F sin G — sin ma. F cosG=0.
Solving these equations, and substituting the values so found in the expression for X, we find at length
Cp
. , .
C
I=—:
sin nf+B. sin ma—mx + C cos nt—px-\
— sinn*. sin ma— mx
cos nt — pa . cos mx ;
mk cos ma
m cos ma
cos ma
from which
A
.
„ , .
Cpk . ,
Cm*
K= cos ma sin»ii+B.cos?na— mx — Cpk. sin nt-px+-^-—
c
cos ma sin nt.cosma -mx cos ma cos nt — pa. sin mx :
which, it is easily seen, satisfy our equations of condition. The following considerations suggest themselves
from the examination of this expression.
(304.) 1st. In a river or sea, such as we have supposed, the expression for the elevation of the tide is by
no means a simple one: it may be represented by the combination of three stationary waves (of the nature of
free waves) and one progressive wave (a forced tide-wave), whose compounded effects cannot easily be repre
sented by those of a single wave, even though considered changeable.
(305.) 2nd. If we put the expression for K under the form P sin nt— Q co9.nl, and make p=tan6, then
K= Vp*+Q*. sin {nt — 6), and the time of high water will be determined by making nl=9+90°, or
im «r= — cot 0= — jr ; and the whole rise of tide will be 2 VPH Qs.
i —

In the case before us,

A. cos B. cos ma— mx n ,
Cpk. cos ma- mx Cmk . sin pa . sin mx
———— — K^ptc .cos px ~\
—
cos ma
cos ma
cos ma

A.sinB.cos;/ia - mx „ , .
Cm*.cosna.sin?nx
1- Cpk . sin px
!
.
cos ma
cos7na
The expression, therefore, for nt at high water, as depending on x, will be one of great complexity ; and that
dd
lor — , on which the apparent velocity of the tide-wave will depend, will be complicated. It does not appear
dt
that in the genera] case we have any reason to think that the tide wave will appear to travel always in the
same direction.
(3u6.) 3rd. If the tidal oscillations of the sea be insensible, or A=0, the remaining terms still have the same
kind of complexity as in the last problem. But if cos ma be also very small, then the expression may be
reduced to a single term multiplying sin mx ; and the tidal oscillation will consist of a stationary wave, or a
series of stationary waves, in all which the oscillations take place simultaneously, and in which the horizontal
motion of the particles and the vertical motion are greatest at the same time, or vanish at the same time.
(307.) -1th. If the effect of the moon's forces on the waters of the canal is insensible, then C = 0, and the
A
value of K is reduced to
.sinn/-|-B.coswia— m.r. This shows that all the oscillations in different parts
cos ma
of the canal take place at the same time ; or, if ma is less than 90°, that it is high water in every part of the
—Q =

canal at the same time.

But the whole rise of the waters =

cosma-mx is different in different Darts Tide in a
cos ma
r
rlTer
o( the canal; and, if »ja is less than 90°, it increases from the mouth of the canal to its termination. The a barrier.
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value of X is ink
—= cos ma .sin 7i/+B.sin»na — mx : this shows that the greatest horizontal displace„»«aL
_ ' corresponding
r
'

Tide in

ment of the particles occurs at the same time as the greatest vertical displacement ; and the whole horizontal jQj
2A
TtaoiJ
motion, or —;
sin ma — nix diminisnes from the mouth of the canal to its termination.
W««.
mk cos ma
(308.) As this investigation applies in some degree to the case of various gulfs and rivers, it may be proper *ttl
to examine how far it is modified by taking into account the extent of the fluctuation.
jj^'
Problem.—A canal is closed at one end and open at the other end to a tidal sea: to find the nature of the fr?e
tide-wave in the canal, the elevation of the water being supposed to bear a sensible proportion to the whole jj™*-'
depth.
Tide(309.) The equation, as in (196.), will be
Wn*

s4pedby
<px ,<rx_ <rx
f
jx
/dx\*
\
airier/
^ \ ~3 rfj + 6
~ &C-/'
when the
,
motion of where v*=gk. An approximate value of X is
the partide8"
—.sinmvt+B.sinma—mx.
large.
m« cosma
dX
Substituting this value in the second side of the equation, as far as the term —, and proceeding in the solution
exactly in the same manner as in (198.) &c, we find the following expression for X:
A
X=
. sinma — jnjr.sinm^ + B
mk cos ma
■4

In this
case there
are sometimes two
high waters
at^every

^
J
— sin 2ma — 2mx— ^ j.cos2ma— 2mr.cos 2mc<-|-2B}
k* cos8 ma I 1 6m
16
J
+<j>(vt + x) + f(vt-x);
from which we find the elevation of the water, at the place whose distance from the mouth of the cana),
measured along the canal-bank, is =x\ to be represented by the following expression :
A
. cos ma — mx' . sin mvt + B
cos ma
1
+ - . -;
;— ( cos 2ma — 2mt/— cos 2ma )+- . -,
-,— .mx' . sin 2ma — 2mx' . cos 2mvt + 2B.
8 k cos" mo \
J 8 k cos* ma
The law of the rise and fall of the water, at every part of the canal except its mouth, is now different from that
which holds on the supposition that the oscillation is small in proportion to the depth of the canal. But the
times of high water and of low water are still the same as before, and the high water and the low water are
still simultaneous through the whole length of the canal. The second term of the expression above is constant
.
.
——————
lor any given place ; the first and third may be represented by C . sin mvt + B + D . cos 2mvt + 2B. In figures
j
jg an(j (7 we have represented these expressions by the ordinates of two curves: in fig. 16, Q=gi in

?=-. In the latter there are two high waters at each tide.
C 3
(310.) Problem.—A canal, on whose waters the action of the moon is insensible, communicates at both ends
with tidal seas, in which the whole rise of the tide and the corresponding phases of the tide are different: to
find the nature of the waves upon it.
Canal be(311.) The elevation of the water in the canal will evidently be represented by a combination of free
tween two
_ . —
—
tidal seas, tide-waves, of the form 1 .sin at — mr+p + Q.sin nt + mx + q, or of a form equivalent to this ; and the constants
must be so determined as to make the elevations at the two extremities of the canal the same as those of the
seas. Let a and 6 be the ordinates of the two extremities of the canal ; A. sin (nl + oi) the elevation of the water
at one extremity, B.sin (nl+fi) that at the other extremity. Then, without going through the whole investi
gation, it is evident that all the conditions are satisfied by the following expression :
A
—
.
B
K=:
— . sin mi — mr.sm nl+a-{
- . sinmj - ma. sin nt + ft.
sin mb — mo
sinmb — ma
t/Y
The time of high water or low water at any part of the canal will be found by making — = 0, from which
we obtain
,, A cos a. sin mb — mx + B cos B. sin mi — ma
tan »r =
.
A sin a. sin mb —mx+ B sin B . sin mx — ma '
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I* ai
dt'
V* and the velocity with which the phase of high water travels along the canal =
=
,
dx
v—*
iUT.
7?i
AB . sin m — ft. Bin mb — ma
n A'.sin'mo— toj+B*. sin* m.c — 7«« + 2AB .cosat — B. sin mb —mx. siiunx— ma
^ 5 This expression has the same sign for all values of x ; and therefore the high water travels in the same direction
lod of along all parts of the canal.
Nt- (312.) The expression for K at high water is
siad
1
—===== J{ A* . sin*m6 — mx + B*. sin4 mx — ma + 2 A B . cos a — /S . sin 7?i6—7/ix . sin mx — ma } .
sin mb— ma
If 771A — ma be nearly =180° and a—fl small, then for all values of x which make mb—mx or ?nx — ma not
very different from 90°, this value of K may much exceed the values when x=za or x = b; that is, the rise of
tide in the middle of the canal may be much greater than at its extremities. The velocity of the tide-wave at
different points of the canal is inversely as the square of the rise of the tide at those points.
It is to be remarked, that though in the theory of the tides, (-13.9.) &c, « and are found to be independent Thetim<>
of n, yet m depends on 77, and therefore mb — mx and mx —ma depend on n. If, then, the value of 71 alters, and height
the time of high water determined from the expression for 71/', and the height of high water, or K above, will be °fa^* j
altered. This is the theorem used by Laplace, and to which reference is made in (121.).
pcu(l upon
(313.) The general expression for X, corresponding to the general expression for Y (remarking that Y —

onhe" "1
wavrs.

nearly), is
cos mi— 77ir. s'mnl + a-\
mA- . sin mb— ma
Thi~ expression vanishes when
,„
tan Tir =

B
ensmr—ma. sin nl + ft
mk .sinmb-ma

—A sin ar. cos mb —mx + 3 sin B. cos mi — ma
==
.
— A cos a . cos mb — mx + B cos (3 . cos mx — ma
Thus it appears that the time at which the particles of water are in their mean horizontal position does not
coincide with or bear any simple relation to the time at which they have the greatest elevation.
The greatest value of X for any given place (to which the greatest velocity of the particles is proportional) is
J{ A4 . cos" mb — mx+ Bj . cos2 mx—771a — 2AB . cos a — 8. cos mb — mx. cos mx—ma } .
mi. sin mb — ma
(31 1.) If one of the seas have no tide, let A = 0. Then, for high water in every part, tan =cot B, or the Canal hi.
tween 11
.
o.sinmx — ma .
v . tid-il se-i
hijh water is simultaneous throughout the canal : the elevation is
; the greatest value of X is ^ ti(]e
sin m6 -ma
lessscaB.coswir — ma
,
...
.
.
, ,
, or the water moves most rapidly where the canal joins the tideless sea ; and the greatest
wfr.sin mb — ma
horizontal displacement occurs at the same instant as the greatest vertical displacement.
Subsection 6. — Theory of Waves on Canals when Friction is taken into account.
(315.) It cannot be supposed that we can give a theory of friction among particles of water, and between
water and land, which will pretend to any great degree of exactness. Nevertheless, we can give one of very
plausible character, and one which, it is quite certain, will represent generally the effects of friction. We
conceive that it will be found valuable, as assisting to explain some circumstances of the tides which hitherto
have received no explanation.
(316.) It is well known that the resistance to bodies moving in fluids (to which the friction of fluids, running
over an uneven surface, is entirely analogous; is nearly proportional to the square of the velocity, when that
velocity is considerable. But all experiments have agreed in showing that, when the velocity is small, the Friction
resistance is greater than that which is given by this law. In fact, when the velocity is very small, the supposed
resistance may be represented as nearly, or more nearly, by supposing it proportional to the first power of the ,0 1 f Provelocity. The velocity of tide-currents, for the most part, is so small that this law may be supposed to apply ''""j'lJ"""1
without great error to them. And it possesses the very great advantage of presenting equations which admit veiocitv,
of solution with comparatively little trouble. We shall, therefore, suppose the friction proportional to the
velocity, and shall measure it by /x velocity. And as the velocity (using the same notation which we have
ffX
throughout employed) is represented by —, and as the friction tends always to diminish the velocity, and
therefore acts backwards when the particles are moving forwards, and acts forwards when the particles tire
VOL. V.
2 X*
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Tides and moving backwards, we shall represent the force of friction correctly, in conformity with our supposition, by the Tii«a
Waves.
^"a
N i—V ' expression —f — .
(317.) Confining ourselves to the case of long waves, and supposing the rise and ia.ll of the water tobe^J
small in proportion to its depth, we shall have, from the equation of (236.),
_
<rX = F
„ + qk, —-,
<PX
If":
Whttl
dt1
a dx"
tionii
where k is the depth of the water, and F the whole force (independent of the pressure of the water) which
acts upon any particle. If, then, the horizontal force produced by external causes is F', and the force produced
dX
dX
by friction is —/ —, we must for F put F' —/ —, and the equation becomes

or if gk=zv*,
(FX
dP
Investigation when
nal force
is similar
totidal
forces, and
there is
also friction.

dX ,JX
f dt+V dx* '

(318.) Problem. —The external force, tending to urge the water of a canal forwards, is represented by
H.sin it— mx: to find the motion of the water, taking friction into account.
(319.) As the motion for which we desire to obtain an expression is only that wliich is periodical, and iu
which the period of the motions is the same as the period of the forces, we must take the most general expression depending upon it which will satisfy the equation. Assume then X=A. cos it+B. sin it, A and B being
^
c/r^
functions of x to be discovered. Then —r- = — (A. sin ft+iB.cosii; —— = —i*A.costi— PB.smtf; -rr =
at
or
dr
(P\
rf«B
.
-r-j . cos it+ 73. sin it. Substituting these in the equation, and putting for F' its value H.sin it— mx, and exaxr
axr
panding the sine,
— t*A.cosd— i*B.sinii=H.cos mx. sin it— H.sin mx. cosii
+fi A . sin it —ft B . cos it
„crA
.
.d»B . .
+ V* TT cos »' + » T7 Sln
dx*
dx*
As this equation is to hold for all values of i t, it will be equivalent to the two following :

From the former of these,

-i,A=-H.sin»ix-/tB + e,4:T
ax

(1.)

-?B = H.eosnw+/iA+ir,4?.
dx
d* \
ft B=v* j^+^A — H.sinwtx

(2.)

therefore

f,__=l,«__ +,i — + m« H . sin wix.
ax*
dx
dx*
Multiplying (2.) by/i, and transposing its terms,
d2B
-ffB-fiv* — =
/'rA+/iH.cosmi.

(3.)
(4^

Multiplying (3.) by i*
/i*B=

<•

cPA

a-i» H.sin mx.

Multiplying (4.) by »*
fiv'T7=
ax*
Adding together the three last equations,

«4 77 + v* i^~+vtm* H. sin mx.
dx'
dx*

°=*^ + 2l,V^r+ (r+/,t*) A+ (v'm*-?) H.sin mx+fi H. cos mx.
Differential (320.) The equation just found is one of which the solution is well known. Its most general expression is
equation the following. Let the four rootsof the equation 0=v* z'+2vtt? z*+ (i* +/*£*) be ±p±q J~\ ■ (it is easily found
forc.°effi"
t"
f/i>-t.ff\
P
//i*4-fP\
c,entthat p«= ^{-J^-y 9«=_+^_g_j : ), and put M for („'m«-r) H.sin mx+fi H.cos mx.
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Then the expression for A is

Tidea ^d

— As1", cosnx I —-— I s-""- cos »gx I —-— I e'".cosQx. M.
tIT.
v4
J . cos'gxj ,
J, cos'gxj ,
a. the right hand integration being performed first, and arbitrary constants being added at each integration. But
without going through the trouble of this integration, remarking that the part depending on the arbitrary con^ stants will have the form Cs**. cos ox + C's'*. sin qx+C"s~r' . cos gx+C" g-*1 . sin qx (which may be proved
\ " more easily by substitution in the three first terms of the differential equation) ; and remarking that the substitt tutionof S'"
in the three first terms will produce (m4 ii'-2mVi'+ i'+f 2s) S'" mX ; we easily find for the
cosmx
cosmx
'
complete value of A
(i,-C,WI)H
.
fiH
Solution of
l>4«l•-2o^m,^^+^4+/,t,
v*m<-2v> m" i* + 1« +/* i*
differential
+ C s". cos gx+C £"'. sin gx + C" . r". cos qx+C". r*». sin qx.
equation.
(321.) Substituting this value of A in equation (3.), and remarking thatc*

(f**. cos qx)+i1.e'' . cos gx=

?' {(pV-g'u'+t*) cos gx—2f*pg . sin gx} : which, on putting for p and g their values, is reduced to
-/if'*, sin gx; we obtain
<ttWm«)'.H
.
.
/i(i*-^m«)H
/1
—
— i* sin mx— H sin mx u«m«-—2u,mV
——•■
J B= v*m*-2v'm'ii
+i*+f
+ t4+./—* i* cos mx
+/» {-Cf**. singx+Cs**. cos gx+C". fT'* sin qx—C'.e-*'. cos gx},
-/iH
.
(i,-»,m,)H
B=-r
—; . _—; —- sin mx ————
—— cos mx
v* m4 — 2u* m* f + +/' f
v m* - 2v* m" t1 + 14 +f* P
-C.sp*. sin gx+C'.f*. cos gx+C".e-". sin gx-C'".«-p*. cos gx,
and finally X=A cos «t+B sin it=
f %% s i\ it
f * if
,7 »~ir,
8in '"^I «..,,-- COS z7^m7+ { C . cos l7+~g7+ C . sin i7+^r }
{f—tfppy+fV
(<*— tr,m,)*+/,P
1
*
* 1
+ £-*' {C". cos it-qx—C". sin it- qx}.
We shall now proceed to apply this expression to some particular cases.

or

Expression
for displacement
ofparticles.

(322.) Problem.—To find the expression for the disturbance in a canal of indefinite length, or one returning Canal supinto itself (as a canal surrounding the earth).
posed inHere it is plain that we cannot have any of the terms multiplying £** and £~p*, because, in the case of a returning definite, or
canal, these terms would have different values on returning by a different number of circuits to the same spot, [n^lueft
Hence
jr
X=7i 5—jr., , ... - {(i*— f*ms). sin it — tiuc+fi.cos it—mx}.
(r — irmr)+Jr
J
'
fi
If tan D = II
X=7775
r sm +/V}
, r, ii sint'-mx+D.
J{(i'—v*m*)t
Upon this we have to remark as follows :
(323.) 1st, This expression never becomes infinite. It is greatest nearly when i*— r,m*=0, or i*— «&m*:=0.
_ ||
Theu D=90°, and the expression for X is -j-r cos it—mx, which is very large if/is small.
(324.) 2nd. The expression for X is always less than that which is obtained by making / the coefficient of
friction =0.
k
(W.
(325.) 3rd. The expression for V, the whole depth at any point in the disturbed state, is
T-=k—k —
aX
dx
nearly, and the fluctuation in height, or K, is therefore— k——
dx
-ArmH
—kmH

t
-r=z
-j^jr costi-mx + D.
2s8»
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T\VawV rjr^is is maximum, °r >t is high water, when it -mx + D-v, or when t^xZ^H——-.

The force at the point in T\y"J

Tide is ac- question vanishes, and the force on each side tends to draw the water towards the place, when t—^-. Conse- J*1, '
celerated
*
j™';T
by friction. (jUellt]v> ),jgh water follows the time of the force vanishing by
. As the interval between high water and —
*
.
SuIks
«*
,
Wbtnl
low water is —, it appears that high water is the next conspicuous phase which follows the evanescence of forces, timi*
1
.
Ukeat
J)
f
KCOUBtl
(32C.) It appears here that hi<Hi water is accelerated byJ tne time —,
-—~——- nearly. If then there
were
i or i*—vm*
_____
The accelc- tw0 forces acting at the same time, one depending upon it —mx and the other depending upon (t — i')t— mi,
ration is
f
greater for the tide depending upon the former would be accelerated by —
,, and that depending upon the latter by
a tide of
I'-tfnf
period
r-—(Tj? —3—»• The tide, therefore, depending upon (t—t")< — mx would be niore accelerated that that def
f
2ii''
pending upon it- mx by ———5 —- '
, or (if t" be small) /x r=—,—n»- If
»«* be small, this
*
'
((— i ) — v m v — v m*
4 (jr-v m )
may be large enough to be very sensible. We shall hereafter find that this conclusion is most important.
(327.) 4th. If the water be so deep that v7m* or gkm* is greater than i*, the fluctuation in height or
=7 :—. m^ , ....,{ (t'3 »»*— t* ) • cos it — mx + fi . sin i1 — mx } . Making tan D'= ; -r—-, this becomes
ax (i>*m*— r)*+f*r
J
'
v m —v
-7-——'v"'^ ——57 cos <<— ntr — D'.
V{(«> in-ry+J V}

This is maximum, or it is high water, when it — mx — D— 0, or 1=

-—~—, which follows the time of evanescence of the forces by 5-. In all cases, therefore, the conspicuous
phase which next follows the evanescence of forces is high water.
(328.) 5th. Suppose the coefficient of force to be variable and equal to H + H'.cos i't, i' being small. Then
H' . r. .
■ . ■ H'
Coefficient
f°rce = (H + H'.cps i't) .sin it —mx=H . sin it— mx+ — sin (i + i) t—mx + — sin (t — i') t— mi, and the exof force
, , „ .
supposed pression for K is
variable.
-kmK
■ { (P — r4 m2) . cos it — mx—fi . sin it, — mi]

- 1 (■_

^'l" ^y, _ (<: _ -rri . 7^ I { (( - 0'- is

Suppose /so small that its square may be neglected.

} ■ cos (i- i') t-mx-f (i - *') sin . (t-»') < - mxJ .
Then K becomes

imll
kfim II
. .
— ^—1—; cos it — mx + —-^—— --j sin it — mx
2 {(*+« )} - » »'
1
AmH'
2 {(i—r)) —triir

7—

2 ] (t+i')"-Ai'f
v
, 1 */(»-?) mil' .
2 j(i — t )--iiV}'

.,. ,

Expanding these expressions to the first power of i', and omitting the general multiplier^

5—j, the whole

may be put in the following form .
I
J_

H'
.„
_^

. H' i'(3t'+v*ni') . (1
r
_____ 8in lt Jcos lt-mx

1
H'
it
, ,
fi
H'
fi
, 1 . ,
+ ^ -2—.- — sin it + — —i + vj-.^ ,—; cos i/l sin it — mx.
(329.) On any given day (in treating of the tides) i't may be considered nearly constant. Regarding the co
efficients of cos it — mx and sin it — me therefore as constant, the greatest elevation and depression of the water on
that day will be expressed by the square root of the sums of their squares. Expanding the squares on the sup-
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lilaaai
H'
s>
JI'
Tides ami
if** position tha,t — is sipall, and taking only the first power of —, the first power off, the first power of i, and the Waves.
ha i». combination of these first powers (a process which is legitimate for showing the combined effect of friction and
Deayof variable coefficient, althongh the square of any one of these quantities is rejected), we have for the square of ele' ration or depression

,

2H'

.„

H' t' (i4 +«*»»*) .

,

and the expression for the greatest elevation or depression, restoring the factor, is
—5
—. \1
\ ~ ■ . ' sin ft jI.
r-trm'
I + -nH cos t't +• f^-.
H (i*—»*m")*
The day on which the rise or fall >s greatest is determined by making the quantity within the brackets maxi
mum, or making cos i't+ ^'i' ~\~ TsJ sin it maximum.
ffp+v*m*)
«hen / = —

This will be when tan i't or i't = ft /'-^l"

or

But the variable force is greatest when t=0: Therefore the greatest tide follows the

neatest force by the time 7^ - l -rj. This appears to us an important result, and one which no other theory has Greatest
(» —V TO )
tiJR
tide occur
occurs
obtained. The equilibrium-theory of tides necessarily makes the tides to be greatest upon the same day on whic
vhich Bome time
the force is greatest, Laplace's theory (93.), and the theory
of waves
waves in
in canals
canals without
without friction
friction (288.),
(288.), give
ffiv" jjjfl^!
later thau
>ry ot
the same result. But here we find a retardation accounted for by friction ; and moreover this retardation is con- est force."
siderable. For the alteration in the time of any high water was found (326.) to be — , or —— — : here the rei
r— v m
.j is
. /(i*+r*m*)
tardation in the time of the greatest tide
T^Zvt ?ny or is equal to the alteration in the time of high water
X -——-. When i' is not much greater than v'm* or gkm*. or when the depth is not much less than that in
l — o* m
which the free wave would move as rapidly as the forced wave, this multiplier may be considerable, and (for the
tides) the retardation may amount to one or several days.
(330.) If the term H=0, or if the coefficient of force be merely H'.cos i't, the expression for K is
2

l\

(i—i'y—tfm*

0 + 0 — &my

\

{(i-i'S-v^n'}' {(i+z'),-e1m<}v

J

+ ~^— {' —■ ~r-—r<i—r~«+/- , ;\i—n 81ll"+ rr—tv«—r~77^+ < , ■
—r~m cos i7lsin 1/— mi,
2 K
(i—iy—rrm* 0 + i')—
^(i-i'f-vVf H'+* )*-t"« }V
I
If t be small, this is nearly
kmW f
., . i'tff+v'rn1) . ., )
-.
- —J - COS I t—f. —
Sill » t \ COS «<—fllX
, ftrnH' 1 — 2(V

.

.,

/V

, ) . :

The square of the elevation or depression upon any day (regarding 1'/ as constant) is the sum of the squares of
the coefficients of cos it— nxx and sin it—mx ; which, omitting the factor _ "V . and takinjr only the first power
»f/, is
4;V
...fI .i2«'(3J!+t;W)_
4i*t' 1 . ,
cos« t < + (r—v*nry
— -—, sin 1 1 +f )\ ——%
——
—
— I sin i't . cos i't
(t — trmry
(,r—trmTy\
uf which the second term, as depending on the square of i is to be omitted. Thus the expression becomes
, V( , ,. 2('(«,+fsmi')
2i'(?+v^m,) .. .,.,
cos* i't+J.-^—~
{ sin 1%'t1 cos it
— j-jrjhH^'t/-^^^
whose maximum value occurs when tan 2l't or 2l't=^— ; -r — , or
(j"-t;*ms)"

--— . ■ as before.
rV/i4)
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Tides and (331.) It is to be remarked that the slower the recurrence of the tide is in proportion to the space which it Tid«
Waves, passes over (that ;S) the smaller I is in proportion to vm), the greater is the retardation. Thus the lunar tide is Ws
~"- more retarded than the solar tide.
We shall now consider some cases in which the limits enter.
JjjJ
Tide pro(332.) Problem.—To find the nature of the tides propagated up a river of indefinite length communicating w«<
pagated up witK a tidal sea, friction being considered, but no tidal forces being supposed to act on the river.
wheVnrt'here **ere we must toke tlie Seneral solution of (321.) on the supposition that the force is 0, and we find for the
is friction, general expression for X.
;, \
£»*{ C,cos it + qx + C. sin it + qx} +S~r' {C'.cos it'- qx-C" .sin it-qx\
where p* and gs have the values given in (320.).
As we suppose our wave to be propagated from the sea, and to meet with nothing which reflects it, we must
take only those terms which depend on it— qx, and therefore X becomes
£->" {C'.cos it—qi- C'.sin it— qx).
From this,

—=6-f'{(-pC" + oC") cosi<—qx + {qC"+pO").sm it-qx},

,dX
K=-*^ nearly =kr*. {(pC"-9C"').cos U-qx+(-qC" -pC") .sin it-qx}.
(IX
At the sea, or where x=0, this becomes k { (pC '—qC"') . cos «'/ + ( — qC"-pC"). sin it}. If we suppose the tidal
elevation of the sea to be expressed by A. sin nt, we must have i=n, k(pC — qC"')—0, k{—qC"— pC"')=A.
Substituting these in the general expression for K,
K=AT"'".sin nt—qx,

and

p and q having the values obtained by putting n for i.

And C"z=j^-~^, C"'=:^^ '4-^*) ' t^iere^ore

X=t—;\ =-e~r' .{—q.cos nt—qx+p. sin nt — qx}.
*(P +9)
r
Tidal dis- These expressions indicate a wave whose vertical elevation and horizontal motion of particles diminish continually
turbance
dX
gradually as it travels up the river. The value of — or the velocity of the water is,
diminishes
in going up
„A
the river.
The flow Now high water occurs when sin nt—qx has its greatest positive value, or nt— qx=90° ; the next mean elevaceascs
„^
hefore the tion will occur then when nt — qx= 180° ; at this time the velocity of the water =— —— -£-*'. p- or the water
water has
Hp+tf)
dropped will be flowing downwards ; and therefore the direction of tide-current changes sooner after hiffh water than if
to
mean there were no6rtnction.
. ..
0
^
height.
Tide in a
(333.) Problem.—To find the nature of the tides in the river when there is a barrier at a certain distance a
river
from the mouth ; other suppositions being as before.
stopped by jn this casej taking the general solution, we cannot reject the first terms, because there may be a reflected
consider- wave- And, moreover, without taking these first terms, we shall not have a sufficient number of arbitrary constants
ingfriction. f°r our conditions. These conditions are, that when x=0, K must = A sin nt, and when x=a, X must =0 ; for
all values of t. Assume then
X = s" { C . cos it + qx + C' . sin it + qx } + S~>" . { C" . cos it - qx - C" . sin it - qx }
JV
dX
K = - k— = —ke- { (pC + 9C') . cos it + qx + ( - 9C + pC ') . sin it + qx }
' dx"
-ks-f' { ( -pC"+ qC"') . cos it—qx+ (qC"+pC") . sin it-qx }.
When x=0, K becomes
-&{(pC+(yC').cos ,7+(-gC+pC').sin it} —k {(—pC"+gC'").cos t7 + (9C"+pC'").sin it}.
The first condition therefore requires
i=n
pC+gC—pC"+oC'"=0
-k{ -oC+pC'+aC"+pC'"}=A.
The second condition requires
s'-.j C.cos 90+C.sin ga}+«-»". {C" .cos qa+C" .sin qa}=0
f { — C . sin qa 4 C . cos qa } + r"** . { C . sin qa—C" cos qa } = 0.

TIDES

AND

WAVES.

335*

Hand Determining from the last four equations the values of C, C, C", C", and substituting them in the expressions fides and
ffres. for X and K, we find
Waves.
£IT.

K=7{6^+e-^+2 C08 2(?a} X {^-sin it+gx-E+ir-" .sin ,7-„+F}

r*
,
„
sin 2oa
_
sin 2aa
- 6. where
tan E= £. .'a+cos 2§a, tan F= -;——
tour.
r^+cos 2qa , and therefore E+F= 2qa.
7
|kn fticknit Putting the quantity within the brackets under the form,
cos it* {«''-'". sin qx-E-P'-*' .sin qx— F}+sin it x { P"" . cos ?.r— E+e1—<".cos <?.r-F}
^

^P.oos^+Q.sini^^W.j-p^ cos a+^-gsj sin *},

and making Q
— = tan D, this becomes
^P'+Q'.cosii-D;
and, substituting for P and Q,
K==AV

f~+r+- + 2 cos 2qa

X C0S"-D-

(334.) At any given point of the river, the greatest elevation or depression of the water is the coefficient of
cos ii—D. This coefficient cannot, with any values of x and a, be infinite ; and in this respect the result now
found differs from that found in (307.) without friction. The numerator of K increases as x increases, only
when 4j . sin 217a — 2<7£ is greater than 2p
- »*»-*■) ; which differs from the result of (307.). The time t'
D
of high water at any place will be determined by making ' =-p and the reciprocal of the velocity with which the
1 dD

(»
P--QSince tan D=^, — = —^—Hi~~- Putting for P and
I ctx
x dx
P* -f* Q
Q their values, we find for the reciprocal of the velocity of the phase of high water,
1_
+ 2p, sin 2qa -2qx
i'
+
"p« + 2 cos 2qa^2qx
phase of high water travels up the river will be

This quantity is always positive (for even when 2qa— 2qx=—, which gives the second term its greatest nega- yfm
travels up
('St
tS\
\
the riverT
£«i _s «> J — 3jrj9+&c. J. Thus, in all cases, there is a wave rolling up
the river. This result is different from that of (307.), as found without supposing friction.
(335.) The value of X, found in the same manner, is

when

W+9'W(^-*-^+2coB2ga)+^'"^
(anG_-p—ps8|".cos 2ga + qe*" . sin 2ga ^ H_pg,'"+pe^a.cos 2qa+qstf° . sin 2qa
~ 9
sin 2qa+qs*'".cos2qa '
~ -qS'pa+ps'pa. sin2qa-qe'>".cos2qa

Putting the quantity within the brackets, or
cos it X (ef— cos qx— G - f*"-1" . cos gx+H)-siu it x («*•"*•. sin qx— G + s"~**.sin qx+ H),
into the form
P'.cos it—Q\ sin i<= ^P',+Q».cos it+W, where tan D'=p,
and remarking that H— G=— 2qa, the expression for X becomes
A /g»p-«p* 4. 1"-'-^
fr—tr" _ 22 cos
cos iga—2qx
2?a— 2?J
A
-——,
kV
9') («""+ «"*"+ 2 cos 27a) * cos U+ D 1
The time at which, for any given place, the water has its greatest horizontal displacement up the river (or the
D' But we have found for the time of high
time when the flow ceases and the ebb commences) is therefore —-r.
'rater 5.

Therefore the end of flow follows high water by — r(iy+D).
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I"Q+PQ'
— (ss<—*'_£*<-«»•)+ 2 sin 2qa—2qx.ta.Tl E -G
tan (D'+D)^^,—-—, = —
—
3
7
.
PP'-QQ'
(s^-^-j*-*.) tan £-6+28111270—291

Putting for tan E and tan G their values, it is easilv found that tan E— G= - ; therefore

Tideiu
Ww*
SectH
Theory 0

, ™ tax „'s8po~*'-s""_S!pa)-2p.sin2oa—2o.c
SuUec
tan (—D'-D)=?
—
1-.
Wta,fi
(Then
;j(ef - f8"-"") + 27 . sin 27a- 2qx
turn it
End of
Both numerator and denominator of this expression are positive, and therefore the end of flow follows high accoum.
loTs hi»h water- But near the mouth of the river £»i—**_£i»*-«i»' is reduced to g"~-r*>* nearly, which is large, and the
water very numerator is therefore large, or the end of flow follows high water by a considerable time. Near the barrier,
soon.
jip._spr_j8p.-2pa uecomes 4(pa — px) nearly, and sin 2qa — 2qr becomes 2qa — 2qx nearly, and the numerator is
therefore very small, or the end of flow follows the high water very closely.
Tides in
(336.) Problem. —The external force H.sin it—mx acts upon the waters of a canal which is bounded at both
I Glided at en s ' to ^nomot'on °f the water, taking friction into account,
tioth en(i^
Here we must use the general solution of (321). It gives
consider.
ing
friction. X=L. cos it — mx + M . sin it— mx + sr' {C.cosi* — 7J+C'.sini< + 7x} + r"''x {C'.cos _it-qx—C
". sintf — 7*} ;
where L, M, p, 7, are the constants whose values are to be found in (320.), and where C, C, C", C'", are arbi
trary. Let a and ft be the two values of x at the boundaries of the canal. Then the conditions by which the
values of C, C, G", C", are to be determined are that, for all values of/, X=0 when x=«, and when x=/8.
(337.) The elimination presents no difficulty, and leads to the following expression. Let
tv—w_2 cos 27a - 27> + s^-*' = B ; then X= L cos i4 — nzx+M sin it— nix '
L — g'I+|K,-*f,.COS ti + ^i-ma-oa + S''-1". COS27 + 7J:— mft + qft— 2qa + ir"r'. cos li + ^x- ma +70 — 27/)
+ -(
_£»«-*.+w> cos l7+9a._7,!/8_7/3)
+ ^(— sfl+pa_^\sin7H-^?^na^7a+£','"',,'.sin „ + 7*— 27a— fn/J + <//3+£'>*-','.sin t'i + v-r— m„ + 7a — 2^

+ —( — £-'*-»"+sp' . cos it—qx—mu+qa + £-*x+«' . cos t< - 7X + 27a - mp - 7/8 + £ -"+" . cos „ - 7j - ma - qa+2q$
— f-frtp—T».C08 it-qx-mji + qfi)
M ( - £->>*-»»+«''/> . sin j"i — qx — ma + qa+S-ri+r? . sin j'< — qx + 27a - m/3 - qfi+S~r'+rm . sin 1/ - 7j - m / — 7a + 2q/3
+ -g—r-"^"-^ .sin it—qx—mft + qft)
from which the expression for K will readily be inferred by observing that K= — A- (/X
-j— ; and that
— k^-{sr'*". cos i>+7x)= — k.e^^.Clp cos fc+oj— 7 sin 6 + 7x)= — AVps+7!.£"**.cos&+7r+c, where tan c=:-.
ox
'
'
p
The application of c is the same throughout (since —p is accompanied by —7) ; but for — p, the sign of the
multiplier <Jp* + q' must be changed.
(338.) The purport of this expression will be best understood by examining the state of motion of the water
at the middle of the canal and at one end, its length being supposed considerable. Suppose a >p ; the value of
a+ft ; then £j»+i—«w=Sil*
!?, _3, ; when divided by B the
the divisor B will be nearly
First suppose _=—^quotient will be £~« '* W ; and as a— ft is large, this term will be small. In like manner all the other terms
will be small ; and thus, near the middle of the canal, the expressions will be reduced to their first terms,
X=L.cos it-mx + M.sin it-mx,
K=— AmL.sin it— mx+kmM.cos it—mx,
which are the same as if the canal were indefinitely long. Secondly, suppose x — a ; then £*»+»<■-%*_;8**"**;
when divided by B the quotient is 1 ; this term therefore is sensible ; but no other term is in the same predicaThe tidal ment. Hence, near the end of the canal, we have only to consider the following terms in X;
motion is
JJ
greater at
L . cos it — mx +■ M . sin it—mx — — «**+»"*» cos it + qx—mat-qa — — sl,'+r" -'•'e. sin it + qx - moc — art',
the ends
1>
11
'
middle
*"rom "'hich (remarking that p is small and 7 is not small),
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K= — Jt~ = —kniL . sin it — mx-\- bM . cos it—mx—

r*1*
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(*•+»■-%» .sin it+qx—ma—qu

TWavos.d

+k-^?'+T-'«'.COSit + qx-ma-q«.

^ Putting a for x and
irffc.

for B, this "becomes
K= — kh (m+q). sin il—ma + kM (f7i + ?).cos it— ma,

L^jn,,, or the vertical tide at trie end of the canal is greater than that in the middle in the proportion of m+q : m.
(SS9.) The solution which applied to the several Problems which we have just terminated was founded essen- A different
tially upon the assumption that the motions of the water recur with the same magnitude when it has changed by forra of
St. But it may happen that, even if there are oscillations, they may not recur with the same magnitude, but Ju^j™ry
may continually decrease. This assumption will not affect that part of the solution in (321.) which depends on sometimes
sin il — mx and cosit — mx ; but it will affect the terms which are multiplied by arbitrary constants. We shall nece68arv
now undertake this investigation.

To find whether the equation -^r——f—rr + vt — can be satisfied by the
at
at
ax
assumption X=C.£rt+".cos ut+wx+C
340.) Differentiating, we have
TV
— =C.Ert+" (r.cosut+wx+C— u.sin ut+wx+C')
at
—=C.£'^" ((r'-M*).cos ut+mr+C'-2rw.sin ut+wx+C')
^i=C.firt+"((4,-io'). cos ut+wx+C - 2sw . sin ut + wx+C')

Substituting in the equation,
(r*—M*). cos ut+wx+C— 2ru.sin ut+wx+C=
—fr . cos ut +v>x + C +fu . sin ut + wx + C+ »*(/ — w!) . cos ut + wx + C'—2v'no . sin ut+wx+C.
As this is to be true for all values of t and of x, it must hold for the separated coefficients of the sine and cosine ;
or
rs — u*— —fr + v\si — w*) ;
—2ru —fu — 2c*sw,
leaving C and C indeterminate. When the values of two of the quantities r, s, v, w, are fixed by the conditions
of any Problem, the values of the other two can be found from these equations.
(341.) Problem.—A river of indefinite length runs on a declivity towards a tidal sea: to investigate the Tides on
motion of its waters ; its mean depth being uniform, and friction being taken into account.
a current
Take for the axis of x a line drawn along the bottom of the river. It will be inclined to the horizon by a very river, consmall angle or. Resolve the force of gravity into one part perpendicular to the bottom of the river and one part 'ideiing
parallel to it. The former will not sensibly differ from g ; the latter will =g sin «. And (measuring x, as in
l0n'
all other cases, up the river) this force tends to diminish x, or is =— g sin r. Hence the general equation
becomes
d'X
.
.dX
.<PX
— =-gSin «-/_+„«_.
A solution of this is, X= — ^^"t, which we will call — bt.

(It is evident that this term alone denotes that

the water will run towards the sea with a uniform velocity.) The most general solution then, which is adapted
to our purposes, is
X= — bt+ the general solution of the equation -77=-= ~/-jr +"e^T>
cm
at
air
or
X= -bt+Cs"*". cos (ut+wx+C),
where
t3-ut=—/r+rV -«>'),
- 2ru=fu— 2v*sw ■
from which

,rfX = -£.C.ert+". (s.cos ut+wx+C-w.sin ut+wx+C).
K= — k—
dx'

(342.) Let x' be the ordinate of any place upon the bank of the river, to which the situation of a particle of
water corresponds at any instant. Then x'=j+X nearly, or x= J—X ; and, as the only term of X which
becomes large is —U, we may take x—x'+bt. This makes rt+sx=t (r + bs) t+sx', ut + wx^: (u+bw) t+wx' ;
and the expression for K corresponding to the place a,' on the river bank is
VOL V.
2 V*
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K= — Ar.C ,£('+t,)'+"'($ .cos (u + 6w) t + wjf + C'—w . sin (u + bw) t-f«>x' + C') .

™«
«»
At the mouth of the river, x'=0, and this expression becomes
^-"y
-AC.e<'+4**.(f .cos (a+6u;)<+C'-«>.sin (u + 6io) < + C').
Thw,
But the law of the rise of the sea is assumed to be A. sin ;i< + B. Making these expressions coincide, we have
.
r+bs=0,
u+bw=n,
Whn
— kCs . cos (C— B) + *ieC . sin (C - B) = 0,
AC* . sin (C - B) + ACw . cos (C - B) = A.
n°» *
taken
The two last equations give only the values of C and C. Combining the two preceding them with the two mcou
found in (341.) we have four equations for the four quantities r, s, u, w ; and eliminating r, u, w, we obtain

a biquadratic equation for j.

Then w=——~ jjr~ f,-

Without going through the solution, we will only

remark, that when b is small, a solution may be obtained which will allow a negative value — /= ——4r to be
2u— 2b
taken for s ; that then w has a negative value — vJ =
r ; and that the elevation of the water is then expressed
by
A. r"*v. sin ni—ieV+B.
This elevation is above the mean level of the river at that point. But the mean level there is higher than that
of the sea by xf . sin a. Therefore ihe surface of the river is higher than the mean level of the sea by
/sin a + A . £""*' . sin nt - w 'jl' + B.
(343.) At low water at any place, sinn<— w/x + B= — 1, and therefore the elevation of low water at any place,
above the mean level of Ihe sea, is J sin a— A. f~**. The elevation of the high tide of the sea above its mean level
js _j. \_ The ]ow water then at a point up the river will be higher than the high water of the sea if jf sin a— As"'*'
^e greater than A. As, by increasing j', x1 sin a may be made as great as we please, and As'"' as little
118 we p'ease, it is evident that a point may be found where this condition is satisfied. The circumstance that
low water on a tidal river may be higher than high water on the sea, paradoxical as it may appear, is therefore
a simple consequence of theory.
(344.) We shall conclude with the following Problem. The water being in the state of undulation represented
by X=L.costt— mx, the forces which have maintained it in that state suddenly cease when i=a: to find the
subsequent motion of the water.
Motion of
(345.) It is evident that there can be no such multiplier as s" in the expression for X, since there is none
water sup- such when t=a. Let therefore
8d2tt
X=2.C.t".co9 (ui+wx)+2.C'.s*.sin (ul+wx),
to cease. ^ ,g pjam tftat w must _ + m_ This restricts the assumption to
Low water
in the river
may be
hl^h'water1
iu the sea.

X=C.£rt.cos (u/+mr) + E.srt.cos («/- wix) + C'.e".sin (ui + mj) + E'.s".sin («'— mx).
We have first to find r and m.
r=^—~.

The general equations become r*— u*= —fr—v'm1 ; — 2ru=zfu.

Substituting in the first,

—£+v*m*=u\ or w=^/^r*m*—~\

From the second,

Then the special conditions to be

cfX
satisfied are, that, when /=«, X must =L. cos i/.coswix+L. sin it. sin mx, and -3- must =— z'L.sin it. cos mx
at
dX
+ iL. cost '.sin mx; or X must then =L cos 10. cos mx-t-L sin tor. sin mx, and —must then = — ih . sin ia . cos mx
+ i'L cosjat.sin mx. Comparing these with the quantities deduced from the assumed expression, we have
e" cos ua (C+E) + er* sin u« (C'+E') =L cos ia
t" sin ua (E - C) -fs™ cos ua (C— E') = L sin ia
B" (r cos ua — u sin ua) . (C + E) + £" (r sin va + u cos Ua) . (C'+E')^ — »L sin ia
s" (r sin ua + u cos ua) . (E — C) + e" (r cos ua—u sin ua) . (C— E')= iL cos ia.
From the first and third, C + E and C'+E'are found ; from the second and fourth, E — Cand C'—E' are found;
and from these C, E, C, E', are found. Then the expression for X is
The mo
tions
will
diminish
rapidly.

* * • {C .cos ut+mx+E. cos ui—mx+C. sin ui+mjf-f-E'.sm ut—mx\.
-— «
The multiplier s » shows that the oscillations will diminish rapidly and will therefore soon become insensible
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^itcsi
sin
sin
cos
a
l»W
. (ul + wx), are in their meaning and application
t^jy, (346.) The functions e*1"*. COS qi, e* COS (ui±mi),
Sin
rl
Waves.
r**0' exactly analogous to the simpler expressions which we have used to represent the free tide-wave in (291.) and ' J"~v
the articles which follow it.
,7.
Subsection 7.—Theory of Waves upon Open Seas.
(347.) We shall now point out the form which the investigation assumes when the motion of water in space of Equations
three dimensions is considered.
f°r water
Let 2 be the original horizontal co-ordinate of any particle measured at right angles to x, and Z the displace- of ,!iri e
mensions.
meat of that particle in the direction of * at the time /, y being the vertical ordinate as before. Then, nearly
as in (145.), we shall find the following equation of continuity :
Y==sr^+^-J,fe+"^;(fr0I^',

y)>

where '( is the value of Z corresponding to the bottom.
And, nearly as in (147.), we shall find the two following equations of equal pressure (no external force being
supposed to act) :
d*X d t _ P d*Y , , Ni
^=«-4-ffK^J,^cfrom*toy4
d*Z

d i

_

C d*Y ,,

.

.)

We shall not attempt to solve these equations, except in the case where the depth is Uniform, and where the
oscillations are of uniform period (as in all the preceding investigations). And, even with these limitations, we
shall find our solution exceedingly restricted.
(848.) Assuming, then, the same function of y as that which has occurred in the preceding investigations,
(the propriety of which will be proved by its satisfying the equation so as to make the solution possible as re
gards the other co-ordinates, with the utmost generality,) and assuming the same relation between m and n, and
making our expressions multiply cos nt. fthe same investigation applying in all respects to sin/i/,) let us suppose
X=U.(e"*+fi—*)• cosn<,
Z =V . (£"" + £-"») . cos nt,
U and V being functions of x and z only.
Y=-J. (S-O (£*"y+e"^- cos n<=^-(S+S)-(-£"y+£"",)- cos n'And
therefore
Also
Therefore -gK- I

Also

d?=^-Cl7+dT)-(5'-e")-C08n':
- f
(y to k) =
+^P\- (-•f*-*T-i+*f» +£-*) .cosnf.
J , ar
tn\ dx
dz J
_„K=-^-f^+^V£-t-£-"*).cosH<.
J
7n\dx
dzJK
'
— (y to k) , having regard to the equation n* (e"*+e""*)=om {£mll-t~ml)> becomes

^=_n«u.(£"'+e—*).cosn/,
at

= -nsV. («-*+«-'"»). cos n<.
(tt

Hence the equations of equal pressure become
-n'U. (K+^O.e-.te

(-+ r-) -cos »l,

-n^.(*f*+r^.cosnfc=-^.-^(^+^
ml dz\dx dz J (£-»+£-""). cos n<,
or

340*

TIDES

AND

WAVES.

Tide9
and
Wares.
,

d /dU dV\ n
mtV+-r
dl
equations which are of the most general kind for the determination of UandV, and which are cleared of y and I. s«u
Partial
(349.) If we differentiate the first of these equations with regard to x, and the second with regard to z, and >yar&
differential
dU dV
1C™
then
add
them
together,
and
if
we
put
W
for
——|—
Sublet.
wnoseso
o
dx dz we find
TV«'a
lution 19
i
necessary.
„ d'W cTW m
^+— + ^-=0.
It will be remarked that W is proportional to the factor of cos nt in the expression for K, so that, if we could
solve this equation, we should at once obtain the expression for the elevation of the wave (supposed stationary)
at every point. And as msU= dW . wisV= dW , ull the circumstances of the motion of the water would be
1 v
dx'
dz
completely known.
Form of bo- (350.) There are, however, great difficulties in the solution of this equation. The most convenient form for
'"hich
our PurPoses w°uld he W=P cos Q, P and Q being functions of x and z. If we could obtain this, we could
would be a'so obtain another W'=P sin Q ; and combining the former of these as factor with cos nt and the latter with
desirable, sin nt, we should have for the value of K

j

— —(£"* — £""*) P (cos Q. cos ni-fsin Q. sin nt)
m
=

■ (£"** -£-"*). P. cos nt -Q,
m
and the equation determining the position of the ridge of wave at any time t would be
Q = constant.
But the general solution of the equation in this form does not appear practicable.
(351.) There are two limited solutions (and perhaps others) which may be easily shown to satisfy the equation.
The first may be interpreted partially ; the second completely.
1st. Let W = 0(r), where r = J Ux _ «)* + 0 - &)'} .
tin + —a.(<m _ tm . * =
r
\ r
r J dx
+ (tf 0") - ^-y^j ^jr- •

r

Then ^ = ^ . — = <fr' 00 .
ax
ar at
r
0'(r)\
(x-a)*
at...
+ r>w_
\

^5 =
or
<TW _
dz*

Substituting in the equation «j" W 4

ro« <f> (r) + ^2 + <pi (r) =0.
r
Solution The solution of this equation is the following, in which the letter S is put to denote the definite integral between
expressing the limits 0 and v :
annuIar
<£ (r) =C . S„ cos (mr cos v) + C . S„ { cos (mr cos t>) . log (r sin" v) }
waves.
'
where v is a new variable, introduced solely for the purpose of forming a function which is to be integrated, and
disappearing entirely from the result, which is the sum of two integrals between definite limits. But the values of :
the two definite integrals cannot be expressed by means of any usually tabulated quantities, and must be computed
numerically. (A table of the values of the first integral, to a small extent, will be found in the Philosophical Ma
gazine for January, 1841, page 7.) Putting S' and S" for the two integrals, corresponding to a given valueof r,
the most general form for W or 0 (r) will be
E'.S'. cos (ni+F') + E".S". sin (nt+F"),
E', E'', F', and F", being arbitrary constants. It is evident that this form of W expresses a series of circular
waves converging to or diverging from the point whose co-ordinates are a, 6.
(352.) The equation determining W will also be satisfied by the sum of any number of functions <f>t (r,),
0",/))&c-> where r, =^{(x— oy)s + (*— by), r„t=^{(T— a^'-f- (*—&,,)"}, &c, and where each of the functions
<t>t, <f>ir &c. satisfies the equation m*0(r)-|

h 0" (r)=0. That is, there may be any number of systems
r
of such circular waves, each system converging to or diverging from an arbitrary centre.

Solution
(353.) 2d. Let W=A.cos (ax+bz) : on substituting we obtain m1— a* — i*=0 as the only condition. The
expressing same holds if we assume W'rrA.sin (ax+bz) : combining the former as factor with cos nt and the latter with
parallel
Bm nt we {jn(j for tjje eievati0n of any part of the water
waves.
1 r
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t?
_± (£--£-) A.cos (ni-ax-lz).
™~<£
Sjt! The positions of the ridges of waves at the time t are determined by making ax+bz=nt + ir, or =n/ + 3ir, or 'J"~>~
B7cf =«<±5t, &c. The ridges, therefore, are all parallel to the line whose equation is ax+bz=zQ.

If from the

origin of co-ordinates we draw a perpendicular upon one of the ridges, its length is found to be

or
Va4+6'
open "^3t &c., that is "<~7r, ~ 3t, &c. The distance, therefore, from one ridge to the next is — : and the veJa'+b'
m
m
m
locity with which each ridge travels on is —-.
(354.) The equation determining W will also be satisfied by the sum of any number of expressions
A, cos (nt-ap: -b/s), A, cos (?if—a/rr — 6;f?), &e., provided that af + b^m*: a/(, + &/,,:=m,,&c. Each of these
denotes a series of parallel waves with the interval — between one wave and the next, the waves being parallel to
any arbitrary line. And the circumstance of the equation being satisfied by the algebraic sum of the different
solutions indicates that the elevation of the water at the intersection of any ridges will be the algebraic sum of the
elevations corresponding to each ridge. The same remark applies to the sum of the solutions representing cir
cular waves, or to the sum of any number of solutions of both these kinds or of any other kinds.
(355.) Now suppose the water to be terminated on one side by a straight boundary : let the co-ordinates be so Reflexion
taken that the boundary may be parallel to z; let the corresponding value of j? be c; then, whatever be the of parallel
value of z while x=c, the motion of the particles of water in the direction of x must at all times be 0. For, all wa^es. fj'°m
the particles which are once in contact with the boundary, that is, all those for which jr=c, must remain in boundary,
contact with the boundary; that is, they must always have.r=c; and, therefore, X must =0. It is plain
that this condition cannot be satisfied if we confine the expression for the elevation to the single term
mL /-g-*
v

gr—') A..cos(nt—ax— bz).

For then W= A.cos (ax + bz), W'= A. sin (ax +bz) : U= ——
m* dx

=— A sin (ar + 62), U'=^- A . cos (ax + bz) ; and the complete value of X = U.cos nt + U'.sin nt =
-—sin (nt— ax—62) ; which is not generally =0 when x=c.

But it may be made to satisfy the required

condition by adding another term which itself satisfies the original equation m8W+——- +__= 0.
6tr' + dz* :
the values, as increased by the new terms, be

For let

W =A cos (ar+6z) + Acos (2ac—ax-\-bz\
W=Asin (ax+bz) + Asin (2ac— ax+bz) ;
.. ^
,
<■ rr
then the new value of U or

1 dW.
-y- is
rri1 dx
— sin (nx+bz) — ^sin (2ac — ax+bz)i
m*
tit

and that ofU' is
cos (ax+bz) +^ cos (2ac— ax+bz) :
m
inr
and, therefore, the new value of X or U.cos nt+ U'.sin nt is
a\
ctA
—jsin (nt-az-bz)-\— sin (nt—2ac+ax— bz) ;
m
m
making a=c this expression becomes
aA . ,
, . aA ...
, .
——; sin (nt — ac — bz)-\—_ sin (nt—ae—bz)
which =0 whatever be the values of x and t. Thus we find that the existence of one series of waves and the
assumption of a rectilinear boundary imply the existence of another system of waves, whose elevation will be
represented by substituting In the expression for K the additional terms of W and W, and will therefore be
——(£"*— e~™*). A {cos (2ac— ax+bz) cos w< + sin (2ac— ax+bz) aunt}
m
= ——(£"* — s~"*). A. cos (nt-2ac+ax— bx\.
m
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Tides and This expression, examined in the same manner as before, represents a series of parallel waves, in which the Tid« ui
^ Waves. ^ equation to the ridge of every one is — ax + bz=nt — 2ac± r, &c, and which are all parallel to the line whose 'w*
v ' equation is — ax+bz=0. The ridges of the former waves were found to be parallel to the line whose equation ^""V^
is ax + bz=0. Hence the inclinations of the ridges of the two sets of waves to the boundary are equal, but they
,T
are inclined opposite ways. This is the mathematical explanation of the reflexion of waves from a straight
boundary.
_
(356.) The whole elevation of the waves is
8otx«.'
j
With
(«-*-*-—») A (cos nt-ax-bz +cos nt-2ac. + ax—bz) ;
^ "P*
7ft
mm.
which, when x—c, becomes
2
(e"^ -£""'') A. cos nt—ac—bz.
m
The coefficient, therefore, for the undulation at contact with the boundary, is twice as great as that of an
unreflected wave.
Reflexion
('^7.) In the same manner, if we take the expression for W in its most general state, putting it in the form
anv kind°f 0(T>2). we may add to it another term 0 (2c— *, z), which will satisfy the equation m*W+^^
=0
from a
____
straight
equally well, and which in the expression for X adds the new term +0'(2c— x, z) to the former term
boundary.
(X) ~)} the sum of which is 0 when x=c. And, as above, the expression for K is
1
2
(s™* — e~"*) .(j> (c, z), or is double that at the same point in an Unreflected
771
wave. The additional term for W being oj (c+c — x, z), and the original term being 0(c + jr—c,s), it is evi
dent that the system of waves represented by one expression depends on x—c, in the same manner in which the
other depends on c— x, and is, therefore, a reflected system whose form is exactly similar to the form in which the
original system would have proceeded if not stopped by the boundary.
(358.) Leaving for the present the consideration of the motion of the waves as determined by the differential
equations, we shall consider one case in which we seem to derive some assistance from general reasoning.
Form of
(359.) Suppose that a tide-wave is travelling along a canal of large dimensions, and of variable depth in its
the enst of cross section, the depth diminishing gradually to both shores. (We may suppose the dimensions to be such as
broaTchan" ,^l0Se °^ tne English Channel, or any similar arm of the sea.) It is evident that the investigation of (218.)
nds which ^oes no* aPP'v nere : for, on account of the shallowness of the water at the sides, the velocity of flow
are shallow towards both sides to produce the elevation of water there must be comparable with, perhaps equal to, the
near the velocity of flow at mid-channel in the direction of the canal's length. Moreover, as the slope of the bottom
sides.
;s exceedingly small, the waves in every part of the channel will be travelling in nearly the same manner as if
the extent of sea of the same depth were infinitely great, and will therefore travel with the velocity due to that
depth : and, therefore, the ridge of wave cannot possibly stretch transversely to the channel, and travel along
with uniform velocity lengthways of the channel. The state of things, then, will be this : the central part ot
the wave will advance rapidly (171.) along the middle of the channel ; the lateral parts will not advance so
rapidly ; and the whole ridge will assume a curved shape, its convex side preceding. When this form is once
acquired, it may perhaps proceed with little alteration ; for if, as in figure 18, we suppose two such curves
exactly similar, but one a little in advance of the other, the space which separates the wings of the two curves,
measured perpendicularly to the curves, (the direction in which that part of the wave must really travel,) is
much less than the space which separates the centres of the curves, and by proper inclination may be less in any
proportion ; and, therefore, may represent exactly the space travelled over by the wave at that depth while the
wave at the greater depth travels over the greater space. That part of the ridge of the wave which is nearest
to the coast will, therefore, assume a position nearly parallel to the line of coast.
(360.) Now the wave whose ridge is nearly parallel to the coast, or which advances almost directly towards
the coast, will be a wave of the same character as that treated of in (307.;. For the slope of the beach adds to
the surface of the sea a very insignificant quantity, as compared with the breadth of the tide-wave, and the
general effect is the same as if a perpendicular cliff terminated the sea on that side. Therefore, for those parts
of the sea which are near to the coasts the law of (307.) holds; namely, the greatest horizontal displacement of
the particles occurs at the same time as the greatest vertical displacement ; and, therefore, when the sea is
rising, the water is, for some distance from the coast, flowing towards the coast, and when it is falling, the
water is flowing from the coast.
(361.) In mid-channel, the motion of the water will be such as is described in (184.), &c. ; that is, the water
will be flowing most rapidly up the channel at the time of high water, and its motion upwards will cease when
the water has dropped to its mean height.
(362.) From this there follows a curious consequence with regard to the currents at an intermediate
distance from the shore, where the effects of these two motions may be conceived to be combined.
At high water the water is not flowing to or from the shore, but is flowing up the channel.
When the water has dropped to its mean elevation, the water is ebbing from the shore, but is stationary with
regurd to motion up or down the channel.
which, when x~c, becomes
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At low water, the water is not flowing to or from the shore, but is running down the channel.
Tides and
When the water has risen to its mean height, the water is flowing to the shore, but is stationary with regard WaTe,k
to motion up or down the channel.
"~v_w '
**■ 'Jf (363.) Consequently, in the course of one complete tide, the direction of the current will have changed Revolving
through 360°, the water never having been stationary. And the direction of the change of current will be of motion of
- auch a kind that, if we suppose ourselves sailing up the mid-channel, the tide-current will turn, in those parts ,he ,K!e
which are on the left hand, in the same direction as the hands of a watch ; and in those parts which are on the "^orc >C
,B right hand, in the direction opposite to that of the hands of a watch.
l°*a (364.) Beyond this we can add little to the Theory of Waves upon a sea extended in both dimensions. But
the following remarks will be found important with reference to the method of determining from observations
some of the phenomena of tides.
(365.) In tracing the progress of the tide across an extended sea, we cannot observe the different waves as
we can those upon a small piece of water. We can do nothing but make observations of the time of the rise
and fall of the sea at many different points along the shores of the bounding continents, or at islands in different
parts of the sea : and when we have thus ascertained the absolute time of high water at many different points,
if they are sufficiently numerous, we may draw lines over the surface of the sea passing through all the points
at which high water takes place at the same absolute instant. These lines (adopting the word introduced into Cotidal
general use by the highest authority on the discussion of tide-observations) we shall call cotidal lino. The line* on
tracing out the cotidal lines in different seas is the greatest advance that has yet been made in the discussion of open seasthe phenomena of the tides in open seas.
(366.) Now when the series of waves is single, the cotidal lines correspond exactly with the lines marking The relathe position of the ridge of the wave at different times. But when the series of waves is compound, it may tion bc'
happen that the form of the cotidal lines will not present to the eye the smallest analogy with the forms of the ^^"1' 'e
ridges of the mingled waves. This will be seen in a simple instance.
line, an<l
(367.) Suppose that there are two systems of parallel waves rolling across the sea at the same time, the the waves
ridges of all the waves of one series being parallel to x, and the ridges of all the waves of the other being from w|«fl»
parallel to z. The forms of the ridges, as they might be seen by an eye placed at a sufficient distance, would
be the intersecting lines represented in figure 19. The elevation of water caused by the former at the time t obscure.0'3'
will be represented by 6. cos nt—mz : that caused by the latter will be represented by a. cos vt — pr. We have
taken the same coefficient for t in both these expressions, because the recurrence of tide-waves, whether forced
waves, or free waves introduced in the integration for satisfying the limiting conditions, must be periodical as the
exciting cause. But the coefficients of x and z may be different: thus, for instance, one of these waves may be
a forced tide-wave, and the other may be a free tide-wave, in which case the coefficients (292.) will not
necessarily be the same : this is, however, immaterial to the present investigation.
(368.) The whole elevation, then, of the water at any point will be
•

a.cosn/— px + b. cos nt — mz
= (a cos px+b cos mz) cos nl + (a sin px + b sin mz) sin nt,

which has its maximum value for that point when
a sin VT+b sin mz
tan 7i/=
.
a cos px+o cos mz
This expression for I determines the time of high water at that place ; and, therefore, the line connecting all the
points at which it is high water at the same instant will be determined by making g ''" Pr"^ sm m- equal to
acospx+bcosmz
the same quantity tan nt. Giving a definite value C to the quantity nt, we have for the equation to a certain
cotidal line,
a sin c—r~.
px+b sin mz = tan C,
„
a cos + </ cos mz
from which

sin mz —C———s\npx—C

(369.) If a=o, this equation becomes sin tnz— C= -sinpx -C ; whence »iz-C=-pjr+C, or =-pr+C±2Tr,
or =— px-f-C + 4ir, Sec, or mz— C=px — C+ir, or =px— C + 3ir, &c. These expressions evidently represent
two series of straight lines, making equal angles with the co-ordinates : one of them is stationary, (as C or nt
disappears from the equation,) and its deduction from the investigation above denotes that there is no sensible
tide along those lines : the other is the real system of cotidal lines. The former is represented in figure 20 by
the double lines, the latter by the single lines. In drawing the latter, we have supposed C to vary successively
hy

at each step.
(370.) If a<6, the first expression for mz— C is included between the arc whose sine is —, and the arc
6
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AVaves.
s,ue 1S • -j-, which values mz — C attains when px — C is -^-±2fttr and -~±Znr.
2
Wna
Setting
responding curves for values of C varying successively by — are represented in figure 21.
2
Eiperi(871.) If e>6, the curves will be such as those represented in figure 22.
WmsT
(372.) It is evident that the contemplation of these curves (more especially if a email part only of each can _
be traced) will not easily enable us to discover the nature of the simple interfering systems of waves fro
they originate. If either system were complicated, as in (303.), the difficulty would be still greater.
Section V.—Account op
(373.) Our theory of waves, as we have remarked
in the Introduction, is not the most complete that
could be devised. It embraces (as we believe) every
case of general interest to which mathematics are at
present applicable, but it does not comprehend those
special cases which have been treated at so great length
by Poisson (Memoires de VIrutitut) and Cauchy
(Savans Etrangers). With respect to these we may
express here an opinion, borrowed from other writers,
hut in which we join, that as regards their physical
results these elaborate treatises are entirely unin
teresting ; although they rank among the leading
works of the present century in regard to the improve
ment of pure mathematics. We shall not therefore
trouble ourselves with detailing the few imperfect
experiments of Biot (Memoires de I'Inslitut) and
Bidone (Turin Memoirs) which have been made in
verification of these theories.
(374.) One of the most important works that has
been published, in regard to experiments as well as to
the theory of Waves, is that by the two brothers
Weber, entitled " WeUenlehre avf Experimente gegrundet." This work contains an abstract of all the
theories and all the principal experiments of preceding
writers that the authors had been able to collect. The
points however to which we shall allude here are the
experiments made by the Webers themselves. These
■Weber's were made with an apparatus which they call WellenWtllen- rinne. It is a very narrow trough with glass sides.
rinnt.
In one instance it was 5 ft. 4 in. long, (Paris measure,)
about 8 inches deep, and about £ an inch wide ; in
another instance it was 6 feet long, 2^ feet deep, and a
little more than an inch wide. The glass sides were
properly supported by pieces of wood connected with
the bottom ; in the smaller, the glass sides were con
tinuous ; in the larger, the gloss only occupied 6
openings in different parts of the sides, the other parts
being of wood. Some experiments were made with
quicksilver, and some with brandy ; but the principal
part were made with water containing a great number
Motion of of floating particles of the same specific gravity as the
particles water; by observing the movements of these through
floating in j^e glass sides, sometimes with the naked eve and
the water
f.
.,
.
J observed, sometimes with a microscope, the motions of the
particles of water, even to the bottom, were easily
examined. The waves of experiment were generated
by plunging a glass tube into the fluid, raising the
fluid fnto the tube by suction, and then allowing it
suddenly to drop.
Method of (375.) The form of the wave was determined by
determin- immerging into the liquid with its plane vertical a
fDSinhf h S'ate sPrmk'ec* wun fl°ur> and suddenly withdrawing
waTe° *
tn's way " appears that a satisfactory trace of
the front of the wave was obtained ; the liquid
removing the flour from every part which it touched.
In a nearly similar manner the form of the back of the

Experiments on Waves.
wave was obtained ; the slate being in this case sud
denly plunged into the fluid ; these determinations are
however confessedly much less satisfactory than the
former. The experimenters, however, were able to
ascertain that, when the height of the wave was laTge
in proportion to its depth, its front was much steeper
than its back, as our theory of (203.) gives it.
(376.) The wave was sometimes observed when it
had run to one end of the trough and was reflected
there, (a method carried to great perfection in Mr.
Russell's experiments, to be described hereafter.)
But generally the observations were made soon after
the wave was formed. We have no doubt that some
irregularities in the results were entirely due to the
mixture of waves of various lengths which always
occurs at first, and that they would have been avoided
if the actual observation had been deferred till the
principal wave had cleared itself of the small waves.
(377.) By inspection of the motion of the particles,
the Webers discovered the following general rules.
When a wave-ridge is followed by an equal wavehollow, every particle moves in an ellipse, (or a curve
as near to an ellipse as the eye can judge,) whose 0bB
major axis is horizontal; the motion of the particle \im,
when in the highest part of the ellipse being in the mow
same direction as the motion of the wave, and in the ™j|
opposite direction when at the lowest part of the'ljn"
ellipse. (Fig. 23 is copied from Weber's figure.)
When a small wave-hollow follows a large wave-ridge,
the motion is such as is represented in fig. 24 ; and
when a large wave-hollow follows a small wave-ridge,
the motion is such as is represented in fig. 25. These
motions are all in general conformity with the results
of our theory in (182.); it being remarked that, by
the theory of' (226.), &c, the same may (with certain
combinations) apply to a single wave. At different
depths the motion was different ; the horizontal motion mil
being diminished in some degree for the deeper par- ^
tides, and the vertical motion being very much
diminished, so that, on approaching the bottom, the
ellipse became near.y a horizontal line, as shown in
figure 26. These results agree with those of (177.),
&c. It was also found that different particles in the
same vertical line described corresponding parts of
their courses at the same instant of time, as we have
found in (162.).
(378.) From contemplation of these eTperimental
circumstances, the Webers constructed figure 27 to cc4
represent the motion of particles at the surface of aF-1
progressive wave followed by other waves. We need !..ul|
scarcely point out to the reader that these motions Ki,
coincide exactly with those which we have found in
(182.).
Im
(379.) Some discordances were found in the results, ■**
depending on the manner in which the wave was pro- !3
duced, and which it would be extremely difficult topTO
tV
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Hfiud compare with theory. Thus when the suction-tube
Iiiti was plunged deep in the fluid, it was sometimes found
that the horizontal motion of particles near the bottom
Has greater than that of particles at about half the
"m' depth. The form of the waves was varied by plunging
the suction-tube to different depths. When it was very
iin deep, the wave produced was long and flat ; when it
only touched the surface, the wave was short and
high. In the latter case it was found that each par
ticle performed its elliptical revolution in a shorter
time than in the former ; as the theory of (169.) gives.
(380.) In some experiments it was found that the
time occupied by particles near the bottom in
describing their elliptic courses was less than that
occupied by particles near the surface. It is plain
.that some complicated system of waves was here pro
duced by some peculiarity ,in the primary disturbance,
of which we can give no further account.
(881.) Each particle described its second course in
a shorter time than the first. This is evidently caused
by a small wave following a large one.
(382.) In regard to the general velocity of the wave,
the Webers found that it was increased by increasing
the depth of the fluid in the trough, but they did not
ascertain the law. They also found that it was inde
pendent of the specific gravity of the fluid. They
found that a bulky wave travels more quickly than a
small one, as appears from (208.).
ted (383.) Observations were also made of the motion
prf of the particles when two equal waves meet each other.
was found here that the motion of each particle was
In1 Itbackwards
and forwards in a straight line, as is repre
sented in fig. 28, which is copied from Weber's figure.
We need scarcely to point out that this is precisely the
same kind of motion as that which we have found from
theory in (189.), &c.
(384.) Other observations were made by the
Webers, but none which seem to bear closely upon
our theory .
(385.) In regard to the experiments that we have
abstracted, we may give our opinion as follows : —The
contrivance of using a vessel with glass sides and
observing the motions of floating particles is one so
admirably adapted to overcome the greatest of all the
difficulties attending the comparison of a wave-theory
with experiment, namely, that of ascertaining the laws
I of movement of individual particles, that we think it
t gives these experiments a claim for superiority above
aJl others. In other respects we think causes of uncer
tainty may be pointed out. The narrowness of the
troughs used makes the effect of any irregularity of
the sides great. The rapidity of the observation
throws great doubt on the measures of time. How
ever much the Webers might be inclined to trust to
their " Tertien-Uhr," (a watch with which the T'T part
"fa second of time could be observed,) we have little
confidence in the use of it. The same cause—namely,
the observation of the waves as soon as they were
formed—has introduced great complexity into the
facts of experiment, which would not have existed if
the slower process used by Mr. Russell had been
adopted. Although a complete theory ought to ex
plain the most complicated experiments, yet, under all
the difficulties of wave-mathematics, we must confine
ourselves to simple cases if we wish to have valid com
parisons of theory and observation. We would how
ever point out to any future observer the use of
vol. v.
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Weber's Wellenrinne with several of Russell's methods Ti<lcs an<J
of observation as likely to give better results than any ^^*^**V
yet obtained.
'
(386.) No allusion is made to theory, in the course
of the Webers' experiments ; and though they have
stated the leading points of several theories, (in another
part of their book,) they do not appear to have the
power of familiarly applying them. We look upon
their experiments therefore as quite free from theory,
and for that reason we consider their coincidences
with theory as peculiarly valuable.
(387.) Mr. Russell's experiments on Waves are con- Russell's
tained in the Report of the Seventh Meeting of the cxperiBritish Association, p. 417—496. They constitute, menUupon the whole, the most important body of experi
mental information in regard to the motion of Waves
which we possess. We shall endeavour here to epito
mize the principal contents of that paper, (omitting, for
the present, all that relates to the tide-wave ;) it will
be necessary, however, to make some remarks upon
Mr. Russell's references to theory, because we believe
that any one who should derive his first knowledge of
the nature of waves from that paper would receive
from it a most erroneous notion of the extent of the
Theory of Waves at the date of those experiments.
(388.) We shall commence with the experiments Apparatus
made with apparatus arranged expressly for this pur- f°r crepose. A rectangular trough or cistern was constructed, atm!? a
20 feet long, 1 foot broad, and more than 7 inches deep.
At one end, an additional length of 7 - 3 inches was left,
so that in fact the trough really was an uninterrupted
trough, whose length was 20 feet 7 ' 3 inches. Only
20 feet, however, was used in the experiments, the re
maining part being used for the generation of a wave,
in one of the following manners. A sluice being placed
at the distance 7 '3 inches from the end, water was
poured into the small part of the trough behind the
sluice, to a known height above the surface of the
water in the trough ; then, upon raising the sluice, that
portion of this water which was higher than the general
level (and whose volume therefore was known) rushed
into the trough, forming a swell there which was im
mediately propagated as a wave along the surface of the
water in the trough ; and the sluice, being depressed,
formed a smooth end to the trough in that part from
which the wave began. Or, a vertical rectangular
trunk, occupying the whole or a part of the small por
tion at the end of the horizontal trough was filled with
water to a certain height, and, by lifting the trunk,
that water was allowed to gush out below its lower
edge. Or, the sluice of which we have spoken was
used to form a wave by merely agitating it with the
hand. And in some experiments the disturbance was
given by pressing a solid into the water, and in others
by withdrawing a solid from the water.
(389.) The method used for measuring the velocities Mode of
of the waves is extremely ingenious. The length of increasing
20 feet was far too small to permit of any accurate de- *e nD&e
termination of velocity. But Mr. Russell remarked0 awave*
that the wave, upon meeting one of the vertical ends of
the trough, was reflected without alteration of form,
and therefore could be observed in its reflected course
as well as if the trough had been prolonged ; and, as
the same remark applied to every reflection at each end
of the trough, the trough might be used as a channel of
indefinite length. (The theory of(355.)and (357.) shows
that the reflection from the plane end will in all cases
2 z*
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Tides and produce a wave of exactly the same kind as that which
'Waves. ^ comes m contact with the end, whatever that kind may
v """" be.) Thus the wave was sometimes observed after it
had been reflected 60 times, or after it had really de
scribed a length of 1200 feet. Moreover, the progress
of the wave was observed without difficulty at a great
number of points in its course,—for instance, in the
experiment just cited, at three points in each length of
20 feet, or in 180 points in the length of 1200 feet. The
first observations were usually made after the wave
had run the length of the trough once or twice ; this
allowed many small waves (such as apparently have
injured Weber's experiments) to separate themselves
and disappear.
Mode of
(390.) The method of observing the time at which
observing the crest of a wave passed a given point was most happy.
the passage
of a wave. The flame of a candle, placed above the trough and at
a small horizontal distance from it, was reflected by a
mirror in an inclined position downwards to the water,
then by the surface of the water it was reflected up
wards, and being received upon another inclined mirror
was reflected to the eye of an observer, who viewed it
through an eye-tube, furnished with an internal wire
and a more distant mark for directing the observer's
eye. When the water was at rest, or when the hori
zontal surface at the top of the wave was passing under
the mirror, the candle was seen in the centre of the eyetube ; when an inclined part of the wave (either the
anterior or the posterior) was passing, the candle was
seen on one or other side of the eye-tube. In this
manner the passage of the highest part of a wave whose
length was three feet, and whose height was only onetenth of an inch, could be observed with accuracy.
Mode of
(391.) The length of the wave was observed by
observing adjusting two fine conical points, which nearly touched
(he length
andhT'ht
<lu'escent surface, so that the anterior part of the
and
height
of a wave. wave would touch one and the posterior part would
leave the other at the same instant. The height of the
wave was observed by noting the elevation of the water
in small pipes passing from the side of the trough and
turning upwards at its outside. We doubt the accu
racy of these determinations ; they are, however, less
important than the determination of velocity ; yet we
shall presently find that fuller information regarding
them would have been valuable.
(392.) Mr. Russell's researches, in these experiments,
Species of
wave ob were directed entirely to the examination of what he de
served by nominates " The great primary wave," and which he de
Russell.
scribes as " differing in its origin, its phenomena, and its
laws, from the undulatory and oscillatory waves which
alone had been investigated previous to the researches
of Mr. Russell." We are not disposed to recognize this
wave as deserving the epithets "great" or "primary,"
(the wave being the solitary wave whose theory is
discussed in (226.) &c.,) and we conceive that, ever since
it was known that the theory of shallow waves of great
length was contained hi the equation

==^"^—s(195.),

with limitations similar to those in (226.), the theory
of the solitary wave has been perfectly well known.
Leaving this, however, we may state that Mr. Russell's
experiments were all made upon a single wave of con
siderable length, similar to that discussed in (230.) and
(232.), in which a particle is actually moved a certain
distance by the wave and then remains at rest in a
position differing from its original position. The result

WAVES.

in (234.) shows that such a wave may travel, without any Tifas
force to maintain its motion, provided it be long in proportion to the depth of the fluid ; and provided that its
velocity be Jqk, k being the depth ; or in other words, AkoZ
that it can, when moving freely, have no other velocity Esperi.
than *Jgic. We are not able to state fully how far Mr.
Russell's experiments satisfy the former condition : for
Mr. Russell was not aware of the influence of the
length of the wave in any case, and therefore has not
given it here. Supposing, however, (as his incidental Iniura
remarks imply,) that the length was 3 feet, this length0'"1;
may correspond to a in the second or principal term in
the expression of (232.), and as a has the same place up(lll'i
there which X has in (165.), &c, we may consider velocii
X=3feet. Therefore, when the depth was 6 inches, nt6!*
X
X
b?M'
j = 6 ; when the depth was 4 inches, 7=9, &c. The
k
k
velocity is therefore (see the table in (170.)) sensibly
not the same as if the wave were infinitely long. The
wave, therefore, (in conformity with the remarks in
(235.),) would tend to split into several waves, each of
which would move with its own velocity ; and this
appears to have happened in some instances (rejected
in Mr. Russell's table of results). But the difference
of velocities would be small, and probably the elevation
observed would be that of the first part, which corre
sponds to X=3 feet.
(393.) There is, however, another point to be con- Infia
sidered, namely, that the height of the wave, in many ',fd»
of the experiments, bears a sensible proportion to thej^»
depth. According to the theory of (208.), supposing npa
the succession of waves continuous, the top of the wave velM
would travel with a velocity greater than that due to
the undisturbed depth, and even greater than that due
to the disturbed depth, and expressed by >Jgk x ( 1 +34),
,
. height of wave _
where b— -—-;—
. Hut if, as in continuous
depth of water
waves, we refer our first calculation not to the undis
turbed depth but to the mean depth ; then instead of'k
we must put k^l + ^\ the mean depth ; and instead
3bk
of 3bk we must put — , the greatest elevation above
the mean being—.

Thus the last formula becomes

v'j* (» + ^X1 + f) = ^i+2*>(394.) To examine, then, the general coincidence of
Mr. Russell's results with the theory, we have pro
ceeded thus :—We have taken the abstract in pp. 440,
441, 442, of the Report of the British Association,
having corrected a few errors in it, and have divided
the experiments into groups in which the depth of the
water and the height of the wave are nearly equal. We
have assumed that the mean of the observed velocities
corresponds to the mean of the depths, &c, an assump
tion which is not rigorously true, but probably much
nearer to truth than any one experiment. We have then
computed the theoretical velocity for the undisturbed
depth by the formula of (169.), &c, supposing X=36
inches ; and in other columns we have altered this
velocity in the proportion of 1 : ^ 1 + 6, 1 : >Jl + 'M>,
and 1 : Jl+2b.
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Experiments in which the Height of the Wave is small.
irimV.
ieraulllaf
na-jn

Limits ofGroups in the "Total Depth"
of Mr. Russell's Table.

bhihr
krvtof
I*

Undis
turbed
depth of
Water in
inches.
1-000
1-150
2-963

5-20 to 5-50 (excluding 5 -21)
7-42 to 7-70

3 903
5-088
6-220
7-040

Observed Velocity
H.ight of velocity in computed Computed Computed Computed
Wave in feet per for undis Velocity Velocity Velocity
turbed xVi+6. X V1 + 3A. x^l+2L
inches.
Second.
Depth.
0-075
•150
•207
•280
•256
•252
•304
•474

1-670
1-810
2-860
2-960
3-310
3-758
4-094
4-406

1-629
1-744
2-702
2-747
3-016
3-303
3-495
3-597

1-689
1-854
2-795
2-869
3-114
3-384
3 579
3-716

1-803
2-057
2-972
3-099
3 300
3-540
3-742
3-943

1-747
1-958
2-885
2-986
3-208
3-463
3-662
3-831

2-061
2-446
2-677
3-225
3-368
3-677
3-671
4-293
3-917
4-286
4117
4-216

1-928
2-267
2-533
3-061
3-16S
3-388
3-467
3-911
3-723
3-985
3-912
4-017

Experiments in which the Height of the Wave is largb.
120
1- 62
2- 19
3- 35 to
3-50 to
3- 69 to
4- 40 to
521
5- 61 to
6- 15 to
6- 69 to
7- 74 to

. .
. .
. .
3-41
3*61
3-97
4-75
. .
5-82
6*40
7-20
8-00

rooo
1-300
1-900
2-960
3-020
3-007
3-910
3-870
5-070
5-080
6-034
6-946

0-200
•320
•290
•420
•532
•830
0-625
1-340
0-692
1-160
0-823
0-884

(395.) The experiments which are most favourable
for determining the influence of the height of the wave
r.ir are those of the second group. If we compare the
column of "Velocity computed for undisturbed depth"
with the column " Observed velocities," we find that
all the computed velocities are too small. If we com
pare the " Computed velocity x Jl + b," which is the
same as that due to the depth measured from the crest
of the wave to the bottom of the trouffh, we find that
9 are too small and 3 too great. If we compare the
"Computed velocity x ^1+2 6," which is that de
duced from our theory of (208.), we find that 5 are too
small and 7 too great. If we compare the " Computed
velocity x ^1+3 6," we find that 3 are too small and 9
too great. The comparison of the first group leads to
nearly the same result ; the numbers in the corre
sponding columns being — all too small — 6 too small,
2 too great — 4 too small, 4 too great — 4 too small, 4
too great. On the whole, therefore, we think ourselves
fully entitled to conclude from these experiments that
the theory of (208.) is entirely supported ; and that the
velocity is correctly calculated by supposing it to be that
due to the mean depth increased by three times the
semi-oscillation in depth, or the whole depth from the
crest of the wave increased by the whole oscillation in
depth.
(396.) The reader will, however, remark that the
km- excesses of our computed quantities are for the most
>• part in the small depths of water, and the defects in the
great depths. We think it most likely that this is due
to the difference in the lengths of the waves. It is not
unlikely that X was less than 36 inches in the small
depths, and greater than 36 inches in the great depths.
IT<!:.

1-760
2-060
2-300
3-010
3-080
3-252
3-505 1
3-820
3-970
4-170
4-262
4-497

1-629
1-858
2-217
2-701
2-724
2-719
3-018
3-007
3-300
3-302
3-468
3-586

1-785
2-072
2-380
2-887
2-954
3-072
3-250
3-488
3 518
3-659
3-697
3-808

If we had calculated with such numbers, we should the length
have found smaller computed velocities for the small of the
depths, and greater for the great depths; and the waves.
ngreement with the observed velocities would have
been extremely close.
(397.) Other experiments of Mr. Russell's were Experi
directed to the inquiry, whether the mode of producing ments of
the wave (in other words, the form of the wave) in a general
fluenced its velocity ; it was found that no difference character.
of velocity was perceptible with waves produced in dif
ferent ways. This is in accordance with (234.). Ex
periments were also made, (of which no details are
given,) which showed that the motion of the particles
from the surface to the bottom of the channel is the
same, and that particles once in a vertical plane con
tinue in a vertical plane. These results agree wiih
those of (180.).
(398.) Some experiments were made by Mr. Russell
on what he calls a negative wave—that is, a wave which
is in reality a progressive hollow or depression. But
(we know not why) he appears not to have been satis
fied with these experiments, and has omitted them in
his abstract. All the theories of our IVth Section,
without exception, apply to these as well as to positive
waves, the sign of the coefficient only being changed.
We may remark, as a matter which may be observed Negative
(in some localities) in daily experience, that the pheno wave pro
duced by
menon of a negative wave is given in great perfection the
paddles
by the paddles of a steam-boat : the first wave which of a steam
passes away from it being a hollow of considerable boat.
depth. We were first made aware of this by observa
tion of the traces made by Mr. Bunt's excellent selfregistering tide-gauge on the banks of the Avon, at a
short distance below Bristol ; but we have since fre2 z2*
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^WavesT*1 quently remarked it in the waves caused by steam_ ' , boats in other places, merely by watching the fall and
rise of the water on the river banks.
Experi(399.) Experiments were also made by Mr. Russell
menta in as to the velocity of transmission of a wave in a channel
aud^trarj"
...inand trape- wnose section is a triangle. In some channels which
coidal
channels. he used the breadth was -e X the depth, in others it was
3 x the depth ; and one side in all cases was vertical.
This construction, in conformity with the remark of
(222.), could not be expected to give exactly the velo
city determined by the formula of (220.). And it is
expressly remarked by Mr. Russell that the wave did
not stretch across the channel, but travelled in the
manner described in (359.). We should therefore ex
pect the experimental velocity of the leading part of
the wave (or that corresponding to the deep side) to
approach more nearly than the formula of (220.) gives
to that of a rectangular channel of the same depth.
This is what appears in some degree from the experi
ments, although their results are irregular. We select
a few in which the height of the wave is small. With
these we shall give some observations made in trape
zoidal channels. In computing all these we shall use
the following process. We shall take the undisturbed
depth of the water from Mr. Russell's numbers. From
this we shall compute the equivalent depth in a rect
angular channel, by dividing the area of section by the
breadth of the surface (220.). To this we shall add
double the height of the wave, as in (395.), and with
this sum we shall compute the velocity.
,

3
Triangular Channel H, breadth = - x depth ; both
sides above the surface of the water being vertical.
Depth of Height Computed
Undisturbed Equivalent
Depth in Rectangular
Velocity Observed
of
Inches.
in Feet. Velocity.
Wave.
Channel.
Tabular
abstract
of experi
ments.

604
7-04
7-04
7-04

302
352
352
3-52

0-14
0-08
0-11
0-12

2-80
296
2-96
2-97

2S5
303
3-05
804

Triangular Channel K, breadth = 3 X depth ; both
sides above the surface of the water being vertical.
4-04
4-04
4-04

2-02
2-02
2-02

010
0'17
037

2 39
2-40
2-61

2-05
2-28
250

Trapezoidal Channel L, formed by pouring in one
additional inch of water into K.
5-00
5-00
5-00
5-00

3-00
3-00
3-00
300

0-24
0-42
0-53
0-68

2-85
2-99
310
312

3-20
3-00
2-90
3 04

Trapezoidal Channel M, formed by pouring in one
inch of water into L.
6-01
6-01

4-01
4-01

0-40
0-86

3-22
3-40

3-08
3-50
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The general agreement with our theory is at least T'^n
as close as the agreement of the observations among ™
themselves. The mean of all the triangular results,
and that ofeach of the trapezoidal results, agree closely xKmn
with the theory.
Eiperi(400.) A series of experiments was made in a mml> <*
channel of uniform depth, whose sides were vertical and "*
met in a vertical line, the horizontal plan of the channel gIp~.
being a triangle with one acute angle. Observations merits i
of the height of the wave were made at three stations, *mim1
at which the breadths of the channel were in the proportion of 4, 2, 1. According to the theory of (254.) rn
and (263.), the heights at these points ought to be in
1 1
the proportion of -,
1. And this proportion very
well represents those observed ; the inequality being
sometimes greater and sometimes less. Thus, com
paring the first and third, which ought to be as - : 1,
i
they are found to be (in the different observations)
1- 5
5
2- 0
3
2-0
6
1-25
5
1- 5
25
2- 0
8
0
1-0
0-25
4
The velocity cannot be easily calculated, the height
of the wave, being great in the narrow part of the
channel ; but it appears, on a general view, to agree
well with that in a rectangular channel of the same
depth.
(401.) It was always found that the wave broke timei
when its elevation above the general level became bmki
equal or nearly so to the general depth. The applica- oftKl
tion of mathematics to this circumstance is so difficult, w"f'
that we confine ourselves to the mention of the observed
fact.
(402.) Observations were also made in a channel Espw
(we presume of uniform breadth) whose depth diminished gradually, the bottom being inclined at a slope Tir,!t)
of 1 in 51. The height of the wave here, in conformity depik.
with the theory of (247.) and (264.), ought to be in
versely as the fourth root of the depth. The results
are irregular, but it is easy to see that this proportion
agrees well with the general mean, and that other pro
portions (for instance, inversely as the depth or as the
square root of the depth) would not at all agree with Time I
it. Here too it was remarked that the wave broke."1"*
when its height above the general level was equal to
the depth of the water at that place.
(403.) In confirmation of the last remark, observa- Time I
lions were made on the surf of the sea, a series of rods which
being fixed in the sand, by which the height of the Q
wave at the instant of breaking could be observed.
The general result was that the wave broke when its
height above the antecedent hollow was equal to the
depth of the water. Mr. Russell, however, has not
stated whether this depth was measured from the mean
level of the surface, or from the bottom of the hollow.
(404.) Before dismissing these experiments, how-PecuH
ever, we must allude to a very remarkable practical in
fact which led to the whole investigation. It had been
accidentally discovered that the navigation of certain
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Vif »nd canals of small depth, on which boats are drawn by
horses, could be greatly facilitated by increasing the
speed of the boats ; the resistance when the velocity
° , y was great being considerably less than when the
velocity was small. The whole of the circumstances
l<oh affecting this result are most ably analyzed by Mr.
Russell in a paper in the Edinburgh Transactions,
vol. xiv. The following general statement will put the
reader in possession of the principal facts. There is
one particular velocity (that defined by the equation
v*=gk) at which a free wave will travel along a canal
ofgiven depth k. Nevertheless a boat travelling along a
canal, at whatever speed, will be accompanied by a wave
travelling with the same speed as the boat, whose mot ion
at that particular speed is maintained by the horizontal
pressure of the boat upon the water. These two kinds
of waves are in all respects analogous to the free-tidewave and the forced-tide-wave, of which we have
spoken frequently in Section IV., and may with pro
priety be called the free-canal-xoave and the forced■ canai-wave. Now the general feet is this. If the boat
ft moves more slowly than the free wave, the foreed wave
^ precedes the middle of the boat, and the force necessary
kme. to keep up the speed of the boat is (in proportion to its
velocity) considerable. If the boat moves more rapidly
than the free wave, the forced wave follows the middle
of the boat, and the force necessary to keep up the speed
re. is (in proportion to its velocity) less than in the former
case. But if the boat moves with a velocity equal to,
^ce or rather slightly exceeding, the velocity of the free
wave, then the boat rides with its middle on the top of
the wave, and is drawn with a force much less (in pronit portion to its velocity) than at lower speeds, and even
S'" absolutely less. And these are the facts to be explained
p by our theory.
„„. (405.) The theory of (229.), &c, is sufficient for this
purpose. Suppose, as in (232.), the value of X to be 0
2b 1 3 x(vt-x) ,2tc(vI-*)
wheniif - x is <0 ; and to ^e^-j^
•"
-sin+i sin
—— Iwhen vt — x is > 0, < a : and to be b
o
a
)
when vt — x is > a : (in which expressions v is not ne
cessarily = ,Jg~k, but may be -any quantity whatever).
k
dX
Since, by (194.), k + K=
— = k-k — nearly, we
8kb . -rrtvt— x)
have K— - k<^= —— sm4
— . This is the eledx 3a
a
vation of the surface of the water ; and, since it applies
only from vt —x = 0 to vt— z=a, it shows that through
that extent the water will be elevated, its elevation de
creasing very gradually at both extremities of the
wave. Now in the expressions of (233.) and (234.),
suppose a the length of the wave to be so large that
the terms depending on i may be neglected : then the
expression for F, the force which is necessary to main
tain the motion of the wave with the velocity t>, will be
found to be
32*6r, ,s
*(»*-*)' *(vt—x)
—3a« (v'—qk)
.cos a -.
v
9 ' . sin8 — a
(406.) Suppose now the velocity to be less than
that of a free wave, or v' to be < gk. The form
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„—
ir(r/ —x)_ nnc —
v(vt — x)' The changes of sign of v—
■'
—'
—C.shr
.cosa
a
Position of
... expression depend, only
, on the
., last
, term [sin—
.- . * (vt - x)' with
the wave
this
rea
gardtothe
being always positive when vt — x is > 0, < o]. For boat, exthe front of the wave, as far as its middle, vt-x is P^'ned
from
a T\Vl—J") . n
theory.
< ^>
~ — 1S<2> 1111(1 * is negative. For the back
-x).
it
,_.
of the wave, vt— x is > -, I^L —Ms
> -, and F is po
sitive. It appears, then, that the wave may be retained
at this slow speed if there be a force resisting its front
and a force urging forward its back, And it will
therefore easily be conceived that (with perhaps a
trifling change in the wave's form) a portion of the
effect will be produced by only a force urging forward
its back. As the motion of a boat ean produce no
force except forwards, it is readily seen that the boat
can produce the force requisite only by following the
wave. Thus when the velocity is less than that of a
free wave, the wave will precede the boat.
(407.) If the velocity were greater than that of a
free wave, or c! > gk, the form of the expression for
.v.
u vbe +, ri
■ 3 —
*(»<—*) . cos—r(H— j) ,
the eforce would
C .sm3
a
a
which would be found to be positive for the front of
the wave, and negative for its back. The force there
fore to maintain a rapid wave ought to tend to accele
rate its front and to retard its back. As before, the
boat can produce only the accelerative part, and there
fore must be upon the front of the wave, or must be
followed by the crest of the wave.
(408.) If v*=gk, no force is requisite. But as we
have found in the preceding instances that an accelerat
ing force on the front and a retarding force on the back
produce the same effect, we may infer that the com
bination of an accelerating force in front and an acce
lerating force on the back will produce no effect, or will
produce the same effect as no force, or will make
v,=gk. If, then, the head and the stern of the canalboat equally urged the water, the boat must ride on
the top of the wave to maintain this velocity.
(409.) But as the head of the boat urges the water
more than the stern does, the velocity of the wave
must be such as requires a greater accelerating pressure
on the front than on the back, or such as requires a
pressure similar to that treated of in (407.), or must be
a little greater than the velocity of the free wave, in
order that the boat may ride evenly on the crest of the
wave. This is true in practice.
(410.) There is no difficulty in determining the exact Theory of
form of the wave which a given force exerted by the >°ng wave
boat would produce, provided we suppose it to act m.*!n~n*
equally on all the particles in the same vertical, the forcej jn ^A
wave being long. The equation of (236.), omitting the general
dX , <fX ,
d'X , d'X
formproduct of -7— and-— ,becomes .
=
F.
If
dx
dx?
dt
we make gk =v'*, v' is the velocity of a free wave. And
as F depends upon the position of the boat, and upon
the position of any particle of water with respect to the
boat, F may be expressed by tf'(vt—x). Thus the
equation becomes
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Making v't—x=u, v't+x=w, as in (197.), we have
v+vJ
d'X
«+•
4l!'«.
2iT
du dw
2t/
Integrating this with respect to « and w, as in (198.),
we have
.
iv'1 (r+t)' * — t/ 1
4**X =4>{u) + vdr) + ^—a{-^r «+ -j^*}
4d/i
or 4»"X= 0(t>'< - x)+V (u'i + ■r)+^3^7iX(rf- *) •
Omitting the two first terms, which express free waves,
x=«i«x(l-'-x)And K = -A-

x'(0<_*) ; or F=x>f-x)=

dK
dx '
We leave the discussion of this equation to the reader,
conceiving that the process which we have used in the
last articles is better adapted to the general explanation
of the observed facts. We may remark, however,- that
the breaking of the waves attending the boat, in certain
cases, appears to be owing to this circumstance, that
the form of the function x'; is such that the function x
does not satisfy the equations of (229.), and therefore
at some point there is an infinite force on the particles
of water.
(411.) We have not yet, however, alluded to the
algebraical circumstances on which the diminution of
Explana resistance to the boat depends. For this purpose we
tion from will consider the velocities of the individual particles of
theorj'
of the di water. For any particle this is expressed by
minution dX _ 2b (3
4ir(f/ — x))
2ti>
2ir(r<-.r) vv
nf the re
+ 5- cos—1
— cos —
sistance to dt
2a
a
I
a
3B-t2a" a
the boat. When vl—x=.a or 0, that is at the beginning or end of
the wave, this velocity is
26|3t _2ttV rcl „
3irl2a
a 2a I
When vt —xz :-, that is at the middle of the wave, this
2
velocity is
26(3i
2*v
3^12^ V +

xv\8bv
~2a\~Ya
The boat, riding on the top of the wave, has its head
and stern almost free of the water, while its middle is
immersed in water which is travelling in the same di
rection as itself with the velocity?^. Consequently the
3a
velocity through the water, upon which the resistance de
pends, isnot v butr — —-; and the resistance is there3a
fore diminished in the proportion of 1 : ^1 —
.
To this is owing the great facility of drawing the boat
at the high speed, provided it ride on the top of the
wave. Perhaps it may be assisted by the circumstance
that the head being raised above the water, or rather
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being left by the water, presents less of bluff resistance Titan
than usual. Neither of these circumstances (the rapid
motion of the water in the same direction as the hoat,
and the elevation of the boat's head above the water) j^*,
presents itself when the boat either precedes or follows Eiptrithe wave.
mfotsu
(412.) It was remarked that at low velocities the""*
boat is followed by a breaking wave, but that at the
advantageous velocity there is no broken wave. We
cannot undertake to put the explanation of this fact in
detail into a mathematical form.
(413.) Observations were made by Mr. Russell on Obscm
the velocity of waves in navigable canals. Their results tiom 4
agree generally with theory ; but as the circumstances "»™ 0
are never so perfectly known as in artificial canals, we C4m*'
do not think them worthy of the detailed notice which
we have given to the others in (392.), &c.
(414.) Mr. Russell also made some observations on otem
the motion of waves of the sea. These observations tion* «
completely failed. Mr. Russell was not aware that the
velocity of waves depends on their lengths, and, in deep 'fn
water, depends sensibly on nothing else ; and was
therefore baffled by obtaining the most discordant
results. His oi servalions, too, are useless to any other
person, as no attempt was made to measure the length
of the waves. Observations were, however, made (by
immersing a glass tube to a considerable depth in the
water) to determine whether the agitation of the water
produces a sensible effect at great depths. It was
found that where the depth was 12 feet, waves 4 or 5
feet long produce no sensible motion near the bottom ;
waves 30 or 40 feet long produce a very inconsiderable
effect. The reader will see that these results agree per
fectly with those of (177.), &c.
(415.) We shall allude hereafter to some of Mr.
Russell's observations of tides. Meantime we shall
repeat our opinion of the great value of the experiments
which we have abstracted, but we must warn the
reader against attaching any importance to the theore
tical expressions which are mingled with them in the
original account.
(416.) The general pha?nomena of waves of the sea, Gm
to which we have incidentally alluded in several parts
of Section IV., are so notorious that it would be useless ie>-"
and indeed difficult to produce authorities. They are, tcriH
the great velocity of large waves as compared with that
of small ones (168.) ; the crossing of any number of
systems of waves without obliterating each other, (352.)
and (354.) ; the power of the wind to raise the waves,
and their broken character during the raising, (271.) ;
the power of the wind to maintain the waves in increas
ing height from the windward shore, and their smooth
character, (267.) ; the reflection of waves, unbroken,
from a vertical wall, (357.) ; the breaking of the waves
on the edge of a shoal, (158.) and (248.) ; the breaking
of the surf on a sloping beach, (2 19.) ; and some others.
We may, however, remark that some treatises have been SP<*J
written expressly on the motion of the waves of the sea, ^
embodying the results of considerable thought and ex - 0f ^
tensive observation, and in some respects worthy ofthe
reader's attention. Among these we may particularly
specify those of De la Coudraye, Bremontier, and
Emy. The theories of these writers are throughout of
very little value, (as will always hold with theories of
waves which are not based upon the mathematical ex
pressions of the general properties of fluids :) their ob
servations are, in a great measure, directed to the prac-
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Wnui lical effect of waves, upon sea beaches and erections in
the sea. Among those which have a bearing on our
theory, we may mention that the horizontal motion of
**lu"' ^ (he particles of water next to the bottom, produced in
shallow water by long waves (180.), is proved to be
ffflon sensible by the disturbance of the stones and sand at
ftcs. the bottom ; and that the breaking over the edge of a
" shoal (248.) is stated as occurring on the edge of the
"f* bank of Newfoundland when the waves in general are
to! high, although the depth on the shallow side is 500
irji.'k feet, (that on the deep side being much greater.) We
** may mention, on the authority of the best charts, that
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a similar breaking is observed about the line of " no Tides and
soundings," (that is, where the water suddenly becomes Waves,
deeper than 600 feet,) which at some distance borders v-~v~"->
the British Isles. We defer the mention of the bore
and other tidal phenomena (to which these authors
allude) to 6ur last Section.
(417.) The estimations of the height of the greatest Height of
waves raised by the wind (272.), which are scattered waves of
through the works of different writers, are very unsatis- the sea"
factory. We are, however, inclined to think that in no
circumstances does the height of an unbroken wave
exceed 30 or 40 feet.

Section VI.—Investigation of the Mathematical Expressions for the Tides produced by the Sun and
Moon, considered as Waves in Canals.
(418.) In our last section we quitted for a time the main object of this Essay, in order to show that the
results of our Theory of Waves are supported by experiment, as far as experiments on the small scale can be
found which admit of comparison with them. We now return to our principal object, (to which the remainder
of the Essay will be devoted,) and shall employ the present Section in investigating the nature of the tides
which would occur if the water were confined in a channel of uniform section and of simple form. The
theorems of Section IV., as will appear from the following proposition, will be applicable to this inquiry, as
soon as the magnitude of the disturbing forces shall be determined.
(419.) Proposition.—In investigating the motion of the sea in a narrow canal, it is unnecessary to consider
the forces arising from the rotation of the Earth.
The genera] equations for the motion of the waters on the surface of the Earth, whether limited by fixed
boundaries or not, are those of (84.), omitting the second for the reasons given in (87.). They are, therefore,
dp"1
dlu
dv
Laplace's
= - r* — + 2nr' . sin 0 . cos 0 . —
dd
dP
dt
applicable
dp'"
du
il'v
to fluid8 i"
= — 2nr' . sin 0 . cos 0 . —• — r8 sin' 9 . -—
canals as
(to
at
df
well as to
d
dv
fluids
W = --j-Ally)— Uy.COtau0-y—
covering
ab
the whole
3Sb" f
11
spheroid.
=I-f ort< Hsino-.cose+coso-.i-inG.cos/ii + w— *)*— -f — gw+p"',
where a is the terrestrial longitude (measured from a certain fixed meridian carried by the Earth) of the
original or mean place of a particle of water, nt + v its longitude as disturbed by tide at the time t ; 0 is the
original angular distance from the north pole, 0 + tt the same angle as disturbed by tide at the time t; y the
depth of the water, w its tidal elevation at the time t ; n the earth's angular velocity of rotation ; p"' that part
of the pressure of the particles which depends upon their motion ; and the other quantities as in (22.) and (82.).
Now it is our object to show that, when these equations are transformed into that shape which applies to the
motion of water in a narrow canal, the symbol n will disappear. As this latter is found only in the two first,
it will be sufficient for us to show that it disappears from the combination of the two first.
(420.) Now, in investigating the motion of water longitudinally in a narrow canal, putting I for the
length of the canal as measured from a fixed point to any particle of water under consideration, we want to
find

to be used in the same manner as in (149.) or (195.) To do this by means of the equations above,
dt
^
we must put
=^-.^f,
In figure 29, let BT=/, BT'=/+J/, T and T' being two particles
dl
do at avt at
upon a line parallel to the axis of the canal; and let 0, gt, and 0+BO, ra+Jnr, correspond to the same two
particles. Then it is evident that TU=b£0, UY=b$m x sin 0. Putting T, therefore, for the acute angle at T,
. „, UT' bScrXsinO
„, TU bS6>
Svt sinT id cosT rT .
wehave,#smT=— =
; cosT=^=— : or _=__,_=_. Usmg these as the values
, dm
d6 . t,
. , dp'"
.
of — and — in the expression for —-, we have
dl
dl
dl
dp"1 _dp"< dO djT_ <to
~dT ~ d9 '~dl
(to ' dl
r* (
d?u
d*v\ 2nr* /
dv
= __ CosT.^+sinT.sin0.^ ) +-r- ( cosT.sin 0.cos0.b \
dt'
dry
b \
at

„
du\
sin T.cos 0.— ).
atj

Now considering the motion of the water produced by the tide to be only in the direction of the canal's length,

352*
"^Vave"'1
^J^L^

When the
equations
to^aiiTls""
the centr'ifugal force
does not
'

TIDES

AND

WAVES.

PuttmS 1< f°r
displacement of the particle in that direction, it is seen in figure 80 that br.sin 0=L.sinT, Tideu
L.sinT
, _ ,
dv
sinT dL
. d'o
sinT crl.
. .
, , ,.„.
w,,«
or p= . ■ a ; alld> therefore, -j~ —
. —-, and — = . ■— (omitting, in the differentiation, the v—•.'
b.sin 0
at b.sin 0 d<
d/* b.sin 0 dr
Sect. '
terms depending on the differentials of 0 and T, because they would introduce the squares of small quantities.) ^'P™
T
rr
L.cosT
du cosT rfL
<ru cosTd'L
the TU
Similarly, bu=L.cos I, or u= —^ , and
= —— .—y, and — —
'"dr"" Substituting these quan- consi,](
as ^3'
tities,
in ("an
dp'"
f d*L
<rL .
,
...
=— — .—rT =
-r (since b and r are sensibly equal).
dl
b dr
dr
This equation does not contain n, and, therefore, is unaffected by the Earth's rotation : or, in other words, it is
in(jjfferent whether we consider the relative change of place between the point on the Earth and the disturbing
luminary to arise, partly from the motion of the Earth and partly from the motion of the luminary, or entirely
from the motion of the luminary. (This does not hold when we consider the Earth as covered, in whole or in
part, by extensive sheets of water.) The equation, moreover, is exactly the same as if the canal were straight,
(421.) Having established this point, we shall desert this method of investigation, and shall proceed to
ascertain the value and effects of the acting forces, as if the Earth were fixed, and the Sun and Moon revolved
in diurnal movement round it.
(422.) Problem.—The form of a canal is a small circle upon the Earth, of any diameter, and in any position :
the luminary being in any position, it is required to find its force upon the waters at each point, in the direction
of the canal's length.
(428.) In figure 31, let He be the small circle, e the point at which the force is to be ascertained, S the
place of the luminary : take KF the great circle parallel to the small circle, and therefore passing through E
the centre of the sphere : draw SN perpendicular to its plane produced, meeting that plane in N ; join EN by
the line EFN ; take G the centre of the small circle, and draw GH parallel to EF. Since GE is perpendicular
to the planes of the circles, or parallel to SN, it is evident that G, E, H, F, S, N, are all in the same plane
perpendicular to the plane of the circles. Draw es, en, parallel to ES, EN ; join Ee, Se. Let the radius of
the small circle, expressed by the angle corresponding to the distance in arc between its pole and its circum
ference, be a: let the linear radius of the sphere be b; then GH = b.sin «, EG=b.cosa. Also let ES=D,
ZGES=j8; then EN=D.sin/3, SN=D.cos/3. And let ZHG<?=0. Then, conceiving x to be measured
parallel to EN, y perpendicular to it in the plane of the great circle, z parallel to EG, and E to be the origin
of co-ordinates, the values of those co-ordinates respectively are as follows :
For S;
For e;

D.siu j3,
b.sin a. cos 0,

0,
b.sin «. sin 0,

D.cos/3.
b.cosar;

and, therefore,
(Se)«= (D.sin ft -b . sin a . cos e)* + (b.sin a . sin 6)*+ (D.cob /6 — b.cos «)«
= D9 - 2Db (cos /3.cos « + sin 0 . sin a . cos 0) + b'.
(424.) Now the force which the luminary exerts upon the solid part of the sphere is the same as if the whole
S
S
matter of the sphere were collected at E, and may, therefore, be represented by
or — in the direction
(o llj)1 U"
g
ES. The force of the luminary upon the particle at e may be represented by
in the direction eS ; or by
S eE
S ES
'
in the direction eE, and -^-rj- in the direction es parallel to ES. The former of these, by (279.), pro(Se)
(Se)
duces no sensible effect, and may, therefore, be put out of consideration. Hence we have
Force upon the solid sphere parallel to ES

g
=fy'

Force upon the particle at e parallel to ES

S.D
~ (Se)"'

Excess of the latter above the former, which is the true relative disturbing force upon the particle at e,
\(sey D!/
(425.) This, however, is the disturbing force in the direction es. If we resolve it into two parts, one
parallel to en and one perpendicular to it, or parallel to eg, the latter will be entirely transverse to the direction
of the canal at that point, and will, therefore, in our investigation be rejected : the former will be found by
multiplying the force in the direction es by cos sen or sin ft. Thus we have
Disturbing force in the direction en

s=sf ■

■ —

sin ft.
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,ai (126.) Finally, resolving this force into two, one parallel to Ge, and the other perpendicular to it, or Tides and
is. tangential to the small circle (and, therefore, urging the water along the canal), we find for the latter,
Wares.
VI.
»
■•_

ExpresBion for the
disturbing;
]
r
\ »_
force pro
proPutting for
j the expression iD!- 2Db (cos/?, cos a+ sin /3. sin «. cose) +bs>~ «, and expanding to the duced by
(oe)
t
J
the Sun
or Moon
second power of b, the expression becomes
on the
water of a
{3b
3 b4
15 b4
1
canal.
— (cos /3. cos oc+ sin /3. sin «.cos 0) --. ^ +"^"* Jj7 (cos/3.cos « + sin /3. sin a. cos 0)'j.
Disturbing force in the direction of the canal at e=S^^8 —

sin /3. sin 0.

This force acts to urge the water in the direction cTL We shall, however, conceive the length of the canal
lo be measured positively in the same direction in which 6 is measured positively, that is, from H towards e :
and this gives for the proper expression for the disturbing force,
S.sin/3.sin 6

(cos /3. cos a + sin /3. sin a . cos 0) + ? .

— ^pgi (cos /3. cos a + sin /3. sin a. cose)1}.

(427.) Problem.—To find the expression for the force as varying with the time, the luminary being
supposed to revolve uniformly in a small circle.
Let Ppo, figure 32, be a sphere whose centre is the centre of the earth, and whose circumference passes
through the circle oS in which the luminary revolves : let P be the pole of the circle oS (it will, therefore, in
fact be the point corresponding to the pole of the earth) : and let p be the point corresponding to the pole of
the canal ; let P, p, o, O, E, G, be in the same plane ; and let p, S, H, E, G, be in the same plane ; let O be the
origin of the angle or arc for the canal Of; and let o be the origin of the angle or arc for the small circle oS.
The spherical angle opS is evidently equal to OGH. Let OGe=0 : this angle is independent of the position
of S, and may, therefore, be properly used for defining the point e. The angle 0 in the investigation
above is HGe, or 0— OGH, or 0 — opS, figures 32 and 33 ; ft or GES is represented on the s'phere by pS ; a is
here a constant. We will put 90°— <r for Po or PS (a is then the declination of the luminary) ; and i for Vp ;
and nt for the angle oPS, which is proportional to the time.
(428.) Now our expressions above depend on sin /3. sin P, cos/3, and sin (i, cos 9; and these we must
endeavour to express so as to contain no variable but nt.
First,

Now

sin /3 . sin 0 = sin 2^S . sin (0 — opS)
=sin 0.sinpS.cos opS — cos oi.sinpS.sin opS.
_ „ cos/6. cosB — sin a „
.
cosouS=—
cosPpS=
:—-—r—*
(figure 33.);
r
sin
sm c

o-.sin 2. cos nt) — sin a
sinpS.cosopS = cos
—■/3. cos
;—j2 -sin a = cos 2 (sin it. cos1 2+ cos:—sin c
sin S
=z cos a . cos J . cos nt — sin o-.sin 2.
And
sin pS . sin opS = sin PS . sin oPS = cos u . sin nl ;
therefore
sin /3.sin 0= — sin o-.sin 2. sin 0 + cos rr. cos 2. sin 0.cos nt — cos o-. cos 0. sin nt.
Second,
cos fi=z sin a. cos J -f cos o-.sin 2. cos nr.
Third,
sin /} . cos 0=sin pS . cos (0 — opS ) = cos 0 . sin pS . cos opS + sin <p . sin pS . sin opS
= — sin o-.sin S.cos 0 + cos o-.cos 2. cos (p. cos'nt+ cos o-.sin 0.sin nt.
Fourth. By means of the two last we obtain cos a . cos /3 + sin a.sin/5.cos9=
Expres
sions which
cos a. sin o-.cos 2— sin «.sin o-.sin 2. cos 0+cos a. cos o-.sin 2.cosn*-f sin «. cos o-.cos 2. cos <p. cos nl
must he
multiplied
+ sin a . cos o- . sin 0 . sin nt.
to give the
disturbing
And the first and fourth are now to be substituted in the expression at the end of (426.).
It is evident that this would lead to results of great complexity ; and we shall content ourselves, therefore, f?roegmf
with applying it to a few special cases.
the^Umtherefore

(429.) (I.) Suppose the luminary in the equator, or a—o.
Disturbing
In this case
sin fi . sin Q— cos 2 . sin 0 . cos nt — cos 0 . sin nt.
body sup
posed to be
cos a. cos ft+ sin «.sin /8.cose=cos a. sin 2. cos nt+ sin a.cos S. cos 0. cos nf+sin a. sin 0.sin nt.
in the
The product of these two expressions, with sign changed, which represents the principal part of the disturbing equator,
force, is
'he C!mal
forming
any small
— ^ cos a.>in S. cos 2. sin 0. (1 + cos 2nl) —\ sin «.cos4 £.sin 0.cos0 (1 + cos 2nr)
circle.
TOL. V.
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1
••«..„, 1
. »
. . „
I.
*
.^ .
— - sin a.cos u . sm0. sin 2iU+- cos a. sm d.cos 0. sm 2/i' +- sin a. cos c.cos* 0. sin 2nt
2
2
2
1
+ - sin « . sin 0. cos 0 . ( I - cos 2n<)-

Btet
yjm
^
Sect
Eiprn
lions {
This expression consists of three distinct classes of terms :
'I* If
j
I
ceroid
Disturb(430.) The first or
cos a. sin o.cos c. sin <j>-\— sin a.sin'S.sin 0.cos 0, does not depend on nl, and there- ***
ance of
2
2
inCn
i level, fore does not p\e rise to any oscillation, or any state of waters varying with the time. But as it depends ou#,
it shows, (152.) and (283.), that the relative mean level in different parts of the canal is not the same as if the
luminary did not exist.
(431.) The second, or — ^cosa.sin8.cos5.sin0.cos2n/4- - cos a. sin c. cos 0. sin 2nt, depends on0 and 2ni.
Putting it in the form A. sin 2/i/ + 0+B.sin 2nt -0, or (A-fB) sin 2nt. cos 0+ (A-B) cos 2«/.sin 0, we easily find
for its equivalent
g
g
j
g
_____
cas_.sin:,-.cos-^.sin 2h/ + 0+cos «.sin -.cos3-. sin 2nt — 0.
If x be the lenprth
becomes
D of the canal measured from the same origin
° as 0, 0 = b;—:—,
sin or and this expression
1
. .3-.cos -.sin
$ . ~2nt" +, ,—■x (-cosa.sin
. S-.cos3-.
52 sm
• 2nl—
-, , —;* .
cos a. sin'
2
2
b sin a
2
2
b sm a
Each of these two terms is of the same form as those considered in (274.), putting H for the multiplier here, it
for 2nt, and mx for _;—-— ; and each will give rise to a wave, one of which will roll in one direction and the
b sui a
other in the opposite direction. If we examine the expression for Y at the surface, or K, in (279.), and (264.X
and remark that for these two waves m has different signs, we shall see that the two coefficients above will be
multiplied by equal factors with opposite signs; the absolute sign of either depending upon the depth of the
water. The whole elevation of the water then, produced by these two waves, will be represented by
kh sin «. cos ec. sin 2
X Ifin8- .cos2hZ+ —
cos* ^-.cos2/i£— =—%— f)
[2
b sm a
2
b sm a)
8n' b* sin' a— 2<jk
kb. sin a. cos «. sin £ .
^
,
n , . , . _ .,
or
X {— coso.cos0.cos2n;— sin 0.sm2/<n.
8« b'sin'a — 2jk
1
t,i
tan 0 ...
It we make tan tU—
^, this becomes
cos 6
Ah. sin «. cos «.sin i X Vcos* 8 . cosa0 + sina0 . cos 2iU—f,
Sn'b* sin4 a ~2nk
3Sb
where it must oe remembered that k is the depth of the water, and that the multiplier
has been omitted.
First soir.i- This expression shows, 1st, that/or the same place the oscillation goes through all its phases while 2nt changes
diurnal
DV gT_ and therefore the oscillation goes twice through all its phases while 2nt changes by 4t, or while nt changes
tide.
by 2t, or while the luminary performs its revolution; that is, the tide is semidiurnal. 2nd, that for the same
time the oscillation has all its different phases for values of ^extending through 2ir, that is for values of 0 extend
ing through 2ir (for 0 aud \jt have the values 0, ^, w,
2t, together), that is, for the whole extent of the
2
2
canal and for no smaller extent ; therefore there is hut one wave on the canal, which passes round it with an
irregular motion twice in a tidal day. 3rd, that the magnitude of the fluctuation is different at different places.
But as the expression contains the factors cos a. sin 2, this wave has no existence unless the canal is a small
circle whose pole does not coincide with the pole of the earth.
(432.) The third class of terms, or — - since (1 -f-cos'2) sin 2^. cos 2/tJ-f -since, cos?, cos 20. sin 2iU, depends
upon 20 and 2nt. Putting it in the form A. sin 2/i< + 20+B.sin2«i— 20, it becomes
— -sin «. sin* -.sin 2nc + 20 + - sin«.cos* g-sin 2/i<— 20;
which, as above, will produce an elevation of waters represented by
1
Ah.sin'a r
8
7
3
rrl
— 7 . -iTT —:
r 1 sin4 - . cos 2/i* + 20 + cos* - . cos 2nt — 20 L
or

— \■ „

8|" a , \(\ + \ cos'o^ cos20.cos2«*+<:os£.sin 20.sni2nA.
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ami
2 cos 2
_.
. ,
iia. If tan v=
— tan 20, this becomes
ymS
l + COs'fi
VI.
1
Arbsin'a
/7l 1
~V
I
_
- 4"nVsin'a-gfc * V U + 2 C°S V -^'2* 4WS.sin«20.cos2n,-X,
; a:
,m to which the multiplier -gj-is yet to be supplied.
mils.
This expression shows, 1st, that for the same place the oscillation goes through all its phases while 2nt changes Second
by 2r, or is semidiurnal ; 2nd, that for the same time the oscillation has all its different phases for values of x semiextending through 2t, that is, for values of 20 extending through 2t ; or it has all its different phases twice ^'"aial
repeated for values of extending through 4ir, that is for values of 0 extending through 2ir ; therefore there is tlJe*
a double wave on the canal which passes round it with an irregular motion once in a tidal day ; 3rd, that the
magnitude of the fluctuation is different in different places.
(433.) The two waves which we have found will produce only one apparent semidiurnal wave at each place. These two
For fhe expressions L.cos2/ii— V+M.cos2/ir— x or (Lcos ^ + M cos^) cos 2h/ + (L sin y-+M sin x) sin 2nt may pounded
into oue
be represented by N.cos 2nt— O where N=^{(L cos ^ + M cos X)« + (L sin f + M sin v)4} and tan 0= semiL ' +M sin
diurnal
r——-—rr—~5 which, as estimated at the place, presents (he appearance of a single semidiurnal tide-fluctua- L'f**li
L cos f + M cos x
■ 1
tion. As the relation of the coefficients of the two waves, and even the similarity or opposition of their signs,
will depend on the depth of the canal and other special circumstances, we cannot proceed further in the investi
gation.
(434.) There is no term depending on nt, and therefore no diurnal wave.
(435.) (II.) Suppose the canal to be a great circle, or a = °0°; the position of the great circle and thedeclina- The canal
tion of the luminary being any whatever. (We shall, for convenience, assume this case in all our succeeding supposed
investigations.)
to be a
great circle
In this case sin /3 . sin 0= — sin a . sin e . sin 0 -f cos a . cos c . sin 0 . cos nt — cos a . cos 0 . sin nt ;
ln any
and cos a • cos /3 + sin « . sin ft . cos 6 = — sin a . sin 2 . cos 0 + cos a . cos S . cos 0 . cos tit + cos a . sin 0 . sin nt.
and the *
If we multiply these terms with sign changed, we find in the result the following classes of terms.
(j
\
— sinV+- cosVJ sin,o.sin0.cos0 independent of nt. These, as before, do not indi'
cate an oscillation, but they show that the mean elevation of the water at each place is modified by the attraction
of the luminary. And as the extent of this modification depends on a, there will be a slow change in the mean
elevation of the water depending on the slow changes of a. The elevation will however be the same for equal
3b
f\ 3
\
1
rallies of a with opposite signs. Introducing the factor S.-gj, putting^- — - sinVj for — sin*<r+- cos* a, and

body^nanT
position.
Disturbance of
mean level,

observing that 0=£> 1 being the length of the canal, the actual elevation, by (152.) is
3Sb /l 3 . , \ . „ r . „
+ 2^U~2Sm\)^'rfn2*
3Sb'/l

3 . , \ . „ . . ,
— - suiVj sm'l /, sin 20,

or

+

or

3Sb*/l 3 . , \ . „
- 4^D»V2
i-=- - — 2- sua aJ sin'i . cos 2d>.
Y
9Sb*

The part which depends on a is

sinVsin'o. cos 2^.

Now sin <r= sine of declination of luminary ; and 0

tsOor 190°, or cos 20=1, for those parts of the canal which have the greatest geographical latitude; conse
quently at those parts the mean level of the water rises when the declination of the luminary is greatest ; it falls
by the same amount at the equator.
g
(437.) To estimate it in feet we may remark, that this coefficient for the Sun is - of the coefficient computed Computa*
tion in feet.
in (31.), or 9- xO'2710 foot, or 0"61 foot. Therefore when the Sun's declination is a, the elevation of the water
4
depending on these terms, produced by the Sun, is 0*61 foot x sin\r.sin*i>.cos 20. If the canal pass through
the pole, sin !—], and the expression is 0-61 foot x sinVcos 20. As f in this case is measured from the pole,
the expression shows that the water is raised at the poles by 0*61TootX sin* a, and is lowered at the equator by
the same quantity.
3 a 2*
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(.438.) If we put M for the mass of the Moon, D' for her distance, and fi for her declination, the correspond- Tides
9Mbs . .
*"
ing quantity for the effect of the Moon's action will be
i.sin'fl.cos 2<j>. Observing that (if the Moon's v
■ ■
Sect.
9
E*?re
1 of Ihe Earth's) this coefficient is - of that computed in (35.)> the numerical coefficient is sioa; f
mass be supposed —
80
4
the Ti
-XO'5959 foot or 1*34 foot; and the elevation of the water is 1*34 foot x sin'p . sin'J . cos 20.
asWi
4
]t Ca
(439.) Secondly, there are the following terms depending on nt and 20
sin a. cos <r. sin 2. (cos S. sin 2<|>.cos nt — cos 20. sin nt)
2x
sin n/-f--g-+cos' ~.stn „f-__j.
—sin a. cob a. sin <}
As before, the effects of these two terms will be represented by two waves, one moving in one direction and the
olher in the opposite direction ; and the elevation produced by both will be represented by
24b. sin o-.coso-.sint
(-si4 cos nt + -r- + cos'- . cos nt n*b%-l<jk
b
2
2A"b . sin <r . cos a. sin S
. (cos $ . cos nt . cos 2<p tin nt, sin 2<f).
nV-4gk

or by
Let tan f=

tan 20
cos o

then the expression for the elevation becomes

2Ab . sin a . cos a . sin ei
X Vcos^.cos1 20 + sin* 20 xcosj;<— Y»
nV-4<7/„3Sb
which is to be multiplied by
Diurnal
tide ; it
depends on
the declina
tion of (he
disturbing
body, and
disappears
if the body
is in the
equator.

From this expression it appears, 1 st, that for the same place the oscillation of the water goes through all its
phases while nt increases by 2t, or while the luminary goes round the earth ; it is therefore a diurnal tide ; 2nd,
that for the same lime the wave is in all its different stages for the extent through which i// varies by 2-, or
through which 20 varies by 2t, and is therefore to be found twice in all its different stages for the extent through
which 0 varies by 2ir ; or there are two complete waves upon the canal, going round it once in two days, with
an irregular motion ; 3rd, that the amount of oscillation is different at different places ; 4th, that, other circum
stances being the same, the extent of the oscillation is proportional to the sine of twice the luminary's declination,
and changes sign when the declination changes from north to south, and vanishes when the luminary is in the
equator.
When the
(440.) There are two cases that deserve distinct notice.
canal is
1st. If the canal is equatorial, 2=0, and the whole expression vanishes ; or, whatever be the declination of
equatorial
there is no the luminary, there is no diurnal tide.
2nd. If the canal passes through the poles of the earth, 2=90°, and the expression is reduced to
diurnal
tide.
2A:b . sin or . cos a .
When the
canal
passes
through
the poles,
the tidewave is a
stationary
wave.

or the wave is a stationary wave, such as is treated of in (187.). Its period is diurnal ; there are two waves always
existing at the same time. The origin of 0 is, in this case, at the pole ; and there will therefore be no vertical
oscillation at the poles, (where 20 = 0 or 360°,) and none at the equator, (where 20=180° or 540°,) but there
will be a large oscillation at latitude +45° (where 2^ = 90°, 270°, 450°, or 630°). An elevation in north latitude
occurs at the same time as a depression in south latitude. The origin of nt is the plane which passes through
the axis of the earth and the axis of the canal; and the water is therefore in its mean state, as depends on this
diurnal wave, when the luminary is six hours from the meridian, and in its most elevated or depressed state
when the luminary is on the meridian. The elevation or depression depends on the sign of sin a or sine of
declination ; it depends also on the sign of ji!bs— 4<}k, which will vary as the canal is deep or shallow.
(441.) Thirdly, there are terms depending on 2nt and 20, namely,
-cos'or . cos 2 . cos 20 . sin 2nt— ^ cos'o- . ( 1 + cos*3) . sin 20 . cos 2nt,

-- cosV.sin*-.sin 2n*+20 + 5 cos'o-.cos*-, sin 2nt— 20,
or
il
2
2
«
Semi
diurnal
tide, dif which produce two waves travelling in opposite directions, the sum of the corresponding elevations fo which
ferent in will be represented by
different
1 kb . cos'/r f . , 3
—
—
MS
t-t 1
parts of
• -vrr—; < si" - ■ cos 2nt + 20+ cos* - . cos 2nt — 2$ I
4 ri b'—gk\
2
2
J
the canal.
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1 ftb.cos'ir f/1 ,1 ,A
- .
,. .
s . „ , . aA
|^_-(--cos,dJ.cos2n<.cos204-cosS.sin2n<.sin2^|.

or],y

Tides and
Waves

Makin? tan v=-r——r» tan
l+cos*o
BUS t'tf
tga
F-

this becomes
i
^
4i^pyG + ^ cos,0 •cosS^+cos,8-sm'2*-cos

which is to be multiplied by
From this it is readily seen ; 1st, that the tide is semidiurnal ; 2nd, that there are two waves on the canal at the
same time, revolving irregularly in a day ; 3rd, that the extent of oscillation is different in different parts of the
canal; 4th, that it is in all proportional to the square of the cosine of the luminary's declination.
(442.) If the canal is equatorial, d=0, cos 2=1, and the expression becomes
,
,
38b tt>CO»g C0S2^=^j
4DJ Vb»— qk
*

If the
canal is
equatorial,
the tide «
equal in alt'
or the extent of oscillation is everywhere the same, and the water is high or low on the meridian under the parts,
luminary according as gk is greater or less than 7i*b*.
(443.) If the canal pass through the pole, 2=90°, cos J=0, and the expression is reduced to
If the
3Sb kb COS*<7
„,
_
na»«p«
-m>- w=ik cos 2*-COB2"'>
the poles,
which shows that there is a stationary wave at each pole and at each intersection with the equator, the high water the wave is
at ihe pole corresponding to the low water at the equator. The extreme phases of the oscillation occur when the a stationluminary is on the meridian of the canal, and when it is in the meridian six hours from that of the canal ; if n'b* arv wavebe greater than gk, it is high water at the equator and low water at the poles in the former of the cases, and low
water at the equator and high water at the poles in the latter case.
(444.) The reader will remark that qk is less than 7i*b* if r is less than
or if ^P*^ °^ ^ js iess than Relation of
*■
b
g
earth s radius
the eijn of
equatorial centrifugal force
,
,
1
. ,
,
, . .,
theexpres—
:
, or less than 289
—- ; or if the depth
sionsdepth
to
gravity
1 of the sea is less than 14 miles. And Aqk
J is less the
k
n*b
of the 6ea"
than n'b' if g is less than —, or if the depth of the sea is less than 3J miles. In this calculation we suppose n
the apparent angular velocity of the luminary to be not sensibly different from the real angular velocity of the
earth ; this applies very nearly to the sun and nearly enough to the moon.
(145.) In the expression for the force urging the water along the canal, we have preserved the terms dependb*
ing on — . We do not however think that the examination of the effects of substituting in these expressions the
Talues found in (4'28.) or (429.) or (435.) would repay us for the trouble.

The additional factor

is about

and the terms multiplied by this factor are of the same order as those already discussed, so that the new
terms may be considered as of magnitude corresponding to — part of those already found (more or less).

The

terms depending on nt and 2nt are nearly similar to those already found ; the only novelty is, that there are
terms depending on Snt. But as these terms are evidently small, and as observation has not yet given reason to
suppose that there is a sensible sea-tide occurring three times every day, we shall not further consider these
terms.
(446.) Now it must be remarked, that the coefficient of each of the terms which we have discussed is slowly
variable. The coefficient of the term examined in (439.) depends on Sln <^cosjr _
^ ^ ^ena ;n (441.)
depends on -TyT~ > wheie a is the declination of the sun (or moon), and D its distance ; two elements which
are continually varying. The elements, however, and the combinations of them which we have just set down,
may be expanded (by the usual astronomical developments) in such series as H + H' cost'<4- &c, where, for
"" JD»C°S °» H is 0 ; and, for °^1<r, H is much larger than H'. In the latter of these cases, which applies to
the semidiurnal tide, supposing the force only to vary, the coefficient of elevation or depression, by (288.),
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fcm
_
_
Him
r—j(H4-H' cost'/), which is the same as that corresponding to the position VSm
1 f7™**
U/1
Variation of the luminary at the time of the tide, supposing the elevation or depression computed from that position as Sect"
turbh/'8"
St remametl constant ; but the time of high or low water would be sensibly different. But in reality, when tym
bodj '^dis- the force varies from change of the attracting body's distance from perigee and of declination, its angular motion ™e™'|
tance and varies at the same time : it will be convenient, then, to consider the effect of these two causes together. Now consid!
of its angu- the reader will perceive that in (427.) and all the articles following it, we have used nt merely to denote the*s^»i
considered bour-angle of
"ttract'nD body ; and, therefore, upon supposing that angle to increase irregularly, we must, m Cu
_,,
3 Sb cos* a
S
in (427.) &c, put a new symbol. Thus we shall put — - . ——— . sin* - . sin 2 hour-angle +20 for the
first term in (441.) ; or —

3 Sb cos* V
h
x
— — sia* % ■ sin2 hour-angle + 2^-

Now let e be the eccentricity of the

orbit in which the body moves round the earth, ht its mean anomaly, <■> the inclination of its orbit to the earth's
equator, It its mean distance from the intersection of its orbit with the equator. Then, as its true right
ascension may be expressed very nearly by the formula,
w'
mean ri»-ht ascension + 2c sin ht
sin 2lt.
its true hour-angle may be expressed very nearly by
nt— 2e sin ht+ — sin 2lt ;
4
and the expression above becomes
-?.Sb. sin4^x^r . sin2nf+^-4<? sin A/+^- sin 2/'.
2
2 D3
b
2
2x
Expanding the sine, and remarking that, when z is small, sin 271*+—-+z is expressed with sufficient accuracy by
sin ^2n t +

+ x . cos ^2nt + ^\

the expression becomes
- 1 Sb sin4 1 x

X {sin ^2nt+^-2e. sin (2nl + hi + ^ + 2e . sin ^2n t - ht + ^
sin(W^+?f)-£ sin(2«<-2«+^)}.

(447.) Now cos' <r= 1 — sin' o-= 1 — w*. sin» // nearly =1 —— + — cos2&.
distance, as in (22.),

D = Dm (1—c.cos ht) nearly,

1-cos' a
2 /
w'
\
jy3 = p , Xl l+3e.cos^+— cos2/H nearly.
3/, w*\ Sb . 5 f . ~
2x e ,
—g ( 1 - yJ • fp • sin 2 X (sin 2nt + "b ~2

or

And, putting D„ for the mean

~ = -i-j (1 4- 3s. cos ht) nearly; therefore

Substituting this, the expression above becomes
'
+

2x 7e
2x w'
+ IT+ Sin 2nt ~ ht + b+ ~2

~

2r)
+ b" J ;

and the corresponding expression for the elevation of the water, omitting the constant factor
/ <,'\ Sb** . J .
-,C1-i>g7*,g"
1
2x
1
e
2x
1
1e
2x
cos2n<+A*+—+
—-———- '. —.cm2ni-ht+-.
4n«b'-4<7*:cos2«<+^-~—-i——,
b (2n+A)»b«-4y* *. 2- ~"""*T"'T
b T(2n~A)«b»-4j*
2
b
1
w*
, 2x
+—
—r-—— . — . cos2nt + 2lt+T.
(27i+2/)'b«-45'* 2
b
Expres(448.) Expanding this expression to the first power of h and /, and omitting the constant factor —, ,
«ion for the
4tt-b,—4<7*'
deration 01
%x
2x
the tide, ;t may be put in the form P.cos2n< + -r--r.Q.sin27^4-— ,
with force
b
b
vetjp wh„c
variable.

V-l+(s + A
IcH+fl-. Jf' .V.COSga
\ 4«:b?— 4(/*/
V2 4?lV- 4^*^
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—
*r and this may be put in the form R.cos2n<+—— T, or R.cos2«<+2$—T, wher Ri-Vp'+Q'—P nearly,
"M
£
itKi and T_4e.sin lit — — sin 2/i nearly.
(449.) If the magnitude of the wave had been computed on the supposition that the force was constant and
equal to that given by the values of D and a for the time of computation, the expression would have been
/
_«
\
2~r
merely f 1-f 3e cos/i< + — cos2_ 1 Xcos 2n< + -g-. It appears, therefore, that one effect of introducing the
motions which we have considered is, to increase the term (in the coefficient of elevation of tides) which Modificadepends on the eccentricity of the orbit, or to make the tide proportional to a higher power than the cube of tions to be
the parallax (supposing the depth of the sea less than 14 miles) ; another effect is, to diminish the term madeinIhe
depending on the declination, or to make the tide proportional to a lower power than the square of the cosine tio™P"'0a
of declination (on the same supposition) : a third effect is, to make the phase of tide depend on ceedhigon
i
the suppo2nt—4esinAt+—- sin 2/i + 2<i nearly, or on 2 true hour-angle + 2>. The hour-angle, however, is to be ,ition ot
2
constant
computed with an increased value of ellipticity of the moon's orbit, and a diminished obliquity. The same *°rce"
remarks apply, in all respects, to the term depending on 2nt — 2(f>, and therefore to their combination.
The terms in the moon's longitude and distance depending on the evection (which is but a slowly varying
eccentricity of the moon's orbit) follow the same law as those depending on the eccentricity, so nearly that the
same investigations may be held to apply to them, without farther examination. The law of the inequality
called Valuation is a little different. If the inequality in the moon's distance depending on variation be called
—D„. p. cos qt, that in longitude will be + ^-p. sing*, or that in hour-angle will be —
p. sin at. Treating
o
8
these terms in the same manner as those above, it will be found that there is added to P the term
4n*b"*'IfffcV

^' ^'^ t0^ ^ tCfm (t^mV— 4(jk)P ,sin?<"

^e secont^ term within each of

these brackets bears to the first a proportion which is not exactly the same as that for the terms depending
on e, but is not very different from it ; and, as the numerical value of Variation is small, there will be no
sensible error in assuming that it is exactly the same. Thus, the remarks which we have made regarding the
term depending on the eccentricity apply also to the evection and variation : the term depending on the
obliquity following a different law. There is no other inequality in the moon's motion worthy of notice.
(450.) To examine the effect of friction, we will neglect the square of f in the expression of (325.) ; and
2
putting i successively _2n, 2n+h, 2n — h, and 2ra + 2/; v*—gk, "^j^i and omitting the same constant factor
as in (447.), we have the following terms to add to those at the end of (447.) :
fbs2n
. „ J 2x
fb*(2n+h)
e . „ . , 2x
- (4»V-4g*)« Sm2,,<+¥+((2^y^4^7 ' 2 ^"t + ht+T
v
* *
______
/b*(2n-^)
7e . „
,2/
/_«(2n+2/)
u«

.

2x

2x
2~x
which, if expanded to the first power of h and /, maybe put in the form P'.sin 2«/+— +Q'.cos2ti{+t-, where
b
.b
„,
fh*
J „ (~
„12/i»bs+4#*\
1J / „,6«sb2+29*-\ .
,1
/b*

\fc . * B6n*b«+l_ff*\

. .

/

, 127i'b*+4<7*\

)

the additional factor -—r———-. being; omitted, as in (448.). It is easily seen that
4/1*1^— 4gk
2/i/b'
16/11'+ I6gk
„lt 4/iV+4</Jfc .
P'=-Px„4«*bs — 4gk
. , -JVh
., g-,c.oosAt+/b7
,A „, /,.,-,.cos2rt
J
(4nV — 4gky
J
(4n*b,—4gky
„

2-nfb*

_,.

12nV+12//fc

.

4nV+4gk

, . nj

»

Friction
taken into
account.
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(451.) If we combine these terms with those of (448.), introducing some terms of the order f*eh and T^

. will
. be found *-v«
f*v*l (which are perfectly insensible), and if we make - •fb*
—— =p, fVCAnV+igk)
„t—; ,' =p, it
Seen
J
'
AitW-igk r (4ttV-4gky r'
Kipm.
that the complete expression for the height of the water at any instant, omitting the factors 8,0M f"
*
the Tid
Alteration
f
w4 \ Sb'A: . 4 S
1
.
couMe
which it -31 I- 2 J pT™i 8 4«V-4^* 13
{cos(2««+2^)-2np . sin (2«i+2tf>)} x {l +(3+^T^) e (cos«+Ap,.sin ht)

expression.

1
\nVl
+' 2 4/t*b«+ {sin(2«i+2<^) + 27)p . cos (■^nt+2^}'><{(4+^^~'^^ e (sin ht -hp,. cos, ht)
+(-^ + 4^^470W,(Sin2""2'',/'COS2")5i
cos2.
+sin ^+P)+«»X {(4+ig^)».^H^)+(>|+4^4gt) ^ • -5(1=5}.
Presented6" (452.) The interpretation of this expression is as follows:
b^usi'n"
The tides, as affected by friction, may still be computed by the formula of (449.), provided that first we
the eletake the co-ordinates of the attracting body's place, not for the time for which the calculation is made, but
ments of for a time anterior to it by p, ; and, secondly, that, having thus computed the time of any phase of the tide
an earlier (hjp-h water, for instance), we adopt a time earlier than the time so found, by a.
epoch, and
* r
theuadding (453.) In the case of the diurnal-tide, for which the coefficient has the form H'.cosi'J, and in which the
a constant
2
•o the phase phases of tide depend on il + mx where i=n and m=r (439.), we think it is desirable to call the reader's
of the tide. r
1
b
attention to the circumstance that the approximate expressions in (286.), (287.), and (289.), may not apply.
For, these expressions suppose that f—gkm* or n*— rj^ is large, or that

*s large.

Now we have

seen that this quantity vanishes if the depth of the sea is 3^ miles, and changes sign if the depth is still greater.
Our knowledge of the depth of the sea is extremely imperfect, but, such as it is, it entitles us to suppose that
the depth may equal or exceed 3£ miles. In this case it will be necessary to resort to the expressions at the
end of (289.), and it will be found that it may happen that the greatest diurnal tide will occur on the day
when the force which causes it is smallest. We think it unnecessary to remark on the time at which the high
or low diurnal tide occurs, because that time has not been a subject of accurate observation.
Effects of
(454.) We shall now consider the tides in a canal caused by the simultaneous action of two bodies, as the
two bodies gun and the moon. We shall consider all the symbols of the present Section, up to this point, as applying to
considered. tne gun^ antj (as j„ Section II.) shall put M for the mass of the moon, fi for its declination, and D' for its
distance. And, n being the apparent angular motion of the sun round the earth in its diurnal motion, we
n' 29
Ai'V 14
shall find n' for the apparent angular motion of the moon round the earth, where — — ^ nearly, and f — J = —
nearly.

It will be convenient to compare our conclusions with those of the equilibrium-theory.

(455.) First, in regard to the ordinary semidiurnal tide.

The coefficient of solar tide is — - .
cos a
4 D'^'b*— gk)
(441.), omitting those factors which depend only on the position of the canal and of the place of observation
■j •
3 MA-b'cosV
upon it; the coefficient ot lunar tide is — - . ^,
—1-5—. Hence,
4 D8(/t"b — gk)
.1-1
m ■ .
1
<* • t McosV
D»
n'b'-gk
the lunar cotfficient = solar coefficient x —
X
X
—.
U
Scos'o- n'b' — gk
M' / P' V /P V cos* u
But by the equilibrium-theory (44.), the lunar coefficient = solar coefficient x -=7
jr— )•(\ —
S (\P„/
P )| coss a-, which
upon substituting from the articles preceding (44.) becomes
1lunar coefficient
«= •
1 coefficient
«• ■
= solar
x Mcos'u X D5 :
D3
S cos' c
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Kb u>d Consequently the proportion of the lunar coefficient to the solar coefficient given by the wave-theory is greater Tides and
'[*'* (han that given by the equilibrium-theory in the ratio of n*b*—gk to n"bs— gk, or in the ratio of n* h j-k to v Waves.
kv1^
bavi.
"
9 b
,
[™B. /nr\t n% k
k
k
Tne BoIar
iufor [-)
-, or in the ratio of '00346-r to '00323 — -. Any probable supposition that we may make inandlunar
fcMei \n J 9 "
D
D
"
tides are
BsJereJ regard to the depth of the sea will give for this ratio a value sensibly different from that of equality. Suppose, J"^^"^*
iCails. for instance, the sea were 4 miles deep; then g = -001 nearly, and the ratio is '00246 : "00223, or 11 : 10 and^unar"'
nearly. The mass of the moon, therefore, as inferred from the tides with a sea 4 miles deep would be too [orce: ,he
great by TV part. If the sea were 8 miles deep, the ratio would be '00146 : '00123, or 13 : 11 nearly, and bXg too6
(be inferred mass of the moon would be too great by | part. Thus we find,
great.
1st. If the depth of the sea is less than 14 miles, the mass of the moon inferred from the tides is inevitably The excess
too great.
,
different in
2d. The error will be different (or the moon's mass will appear different) in canals of different depths.
c™ah ot
(456.) In regard to the variations of these coefficients as produced by the variations of distance and declina- depth6"1
tion, (he equilibrium-theory requires that those coefficients be used which correspond to the actual distance,
Sc., of the sun and moon at the moment : the wave-theory with friction requires that coefficients be used which
n'b8 k
f . . 9*
* at present to the coefficients
correspond to an earlier time, preceding the tide by —
, g +9
jxt- This applies
Ct v
only.
(457.) In regard to the mode of combining these coefficients, the equilibrium-theory, (44.) and (49.), putting
M,and S, for the coefficients, gives for the height of tide at any instant M,.cos 2.1 — wi + Ss. cos 2.1— s, or
V{M!,+2M,S, . cos 2.771-^ + S,'} X cos 2 (1-mJ+F,
i
t-,
S,.sin 2 . to — s
where tan F = M2+S,.cos2.m — s'
l-m being the moon's hour angle, l—s the sun's hour angle, and therefore m — s being the excess of the sun's
hour angle above the moon's at the instant of computation for tide. The wave-theory gives in the first instance
(441.) for the sun S,.cos 2nt — for the moon M,.cos 2n't — x'- but these receive some modifications. Both
forces are variable, but (on account of the extreme slowness of the variations for the sun) it will be sufficient to
consider those of the moon. Both tides are affected by friction, and this must be taken into account for both.
Referring then to the expressions at the end of (451.), to the explanation in (452.), and to the formula of
(449.), it will be seen that we have to combine two such expressions as the following :
For the Sun
S,.cos 2nt + 2np — xFor the Moon
M,.cos 2ril+2n'p' -T-x,
Sj, M„ and T, being certain functions of the bodies' co-ordinates at a time anterior by p, =
^."-^
'
(4n b — Agky
and pv being
——,, and/:.'=:
—-4
° 5,
• 4n*bt-4gk'
f
4n"b'—4gk
Combining these as in (49.), an expression will be found exactly similar to that of (49.) cited above, but in
which the angle entering in the second term of the coefficient, and in the expression for F, instead of 2,m— s, is
(2„_2n-)

^-T+T.

(458.) If we expand the third term by putting n'=n + («' — v), and retain only the first power of (n— n), the
expression for the angle becomes
n'b' k
(2n-2n0

^-|t C2«-2n'HTJ
\9

or
vol. r.

V
/t'b' k
9* +9 ,
T
(2/t-2n')X' t_f
4 " /n'b _ AV
9n-2n'C
3 B*
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Tides and Since 2nf. is the sun's mean hour angle from a certain plane at the time t, and 2n't is the moon's mean hour
Waves, angle from the same plane, (2n — 2n') t is the difference of their mean hour angles or the difference of their mean
v-»»' riuht ascensions- at the time t. Consequently the angle above is the difference of mean right ascensions of the
sun and moon, not at the time t, but at the time
n*bJ k
,_ /

ST

9

,

1

Tiit>
v"'
w"
lions f
coimi
in C

VT "V
n'b*
or it is the difference of trite riirht ascensions at the time (~t — -V . ■
4

A
*Y

The rcla(459.) The second term shows as the effect of friction that we may calculate the height and time of high water
tions'of'the °n the equilibrium-theory, (the constant x excepted,) provided we consider the Sun and Moon to have the rela1\vo bodies
»l*bs k
at an ante— -]—
""to be l've position which they really had at the time preceding the time of tide by — .
-Jr, » or Pr It- is sinused in the
I
]
calculation
\ 9
°/
affected by ou^ur
quantity (although found by a very different process) should be exactly the same as the quanfriction.
tity found i.i (452.) for the retroposition of time for which the coefficients are to be computed. The combination
of results shows that both the coefficients and the relative positions are to be used which correspond to a time
anterior by a certain quantity.
(460.) With regard to the diurnal tide, wc leave the reader to make similar remarks. We will only observe
that as the coefficients of the diurnal and of the semidiurnal tide depend in very different ways on the depth of
the sea, it is impossible, without a precise knowledge of the depth, to assign any proportion between the coeffi
cients as depending on the proportion of the forces.
Effect of
(45] ) Suppose now that a shallow river, or even a shoaly sea of considerable length, communicates with such
lion of'Vide a cana^ as we have supposed. The insignificance of such a river will prevent it from altering the tides of the sea
up a river
l'lc smallest sensible degree ; and we may consider the sole effect of their communication to be, that the sea
considered, will always maintain at the mouth of the river the height given by the preceding theory, and that it will always
supply or receive the water necessary for the propagation up the river of such waves as are consistent with the
circumstances of the river. The only points to which we shall now allude are, the time and height of the tides
during the different parts of a lunation.
Uonoftiie
(46--) With regard to the height of the tide : the highest tide at the station on the river will always be that
height of "Inch is propagated from the highest tide of the sea. The tide occupies always the same time in passing from
the river- the sea to the river station (with a small inequality, perhaps of a few minutes, which, although important in the
tide to the ne\t article, is quite unimportant for our present purpose). The effect of this is only to require a greater retrotT'^'ea'tide Pos'''on °^
p'aces of the sun and moon by which the magnitude of the tide is computed. Thus, suppose
always the ''ial *or
Rea"tide >' is necessary to compute for places of the sun and moon earlier by forty-four hours, and
same'.
suppose that the tide-wave occupies three hours in passing up the river: then the height of high water at the
inland station must be computed from the positions of the sun and moon forty-seven hours earlier than the
time of high water at the inland station ; because that time is forty .four hours earlier than the time of high w ater
in the sea-tide by which the river-tide is produced.
The rcla(463.) But for the calculation of the time of high water a different rule is necessary. It will be seen by (206.)
lion of the that the time of high water at the inland station, as measured from a certain fixed phase of the tide at the shore, is
time of the „
/
/
,
river-tide
c5<- 4,
i or
... C 3j;— A, where b is the proportion of the rise of tide above the mean state to the mean
river-uue ^ .1 1 —
to the time %mv v 2c
2d
tide not depth of water in the river. The quantity £> therefore will be proportional to ^{M,' + 2M,S, cos 2 (A' — A)-fS3!',
always the where A' is the moon's right ascension and A the sun's, computed for i', the time whose expression is at the
end of (458.) ; or supposing Sa much smaller than M„ 6 will be proportional to M,-r-S3 cos i (A' — A). Substi3y
tuting this in C — — b, it takes the shape E— G/. cos 2 (A' — A). Now the time of high water on the seac
coast is determined by making cos 2n't - x'+F maximum, where F=-jrp-sin 2 (A'—A) nearly ; and where x'=
JV13
2n'.f
X+T
-— . As this requires that 2n'/— x'+F=2mir, m being a whole number, we have the time
Aii' — Uqk—
b
2mT+x
of high water on the coast =——
£ft

F 2mir+x'
5~r= —
dill
ZTl

s,
—, ,
,M Bin 2 (A —A), and therefore the time of high
/in iiJg
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tin tad water at the inland station =

™" »n<1

feci. Ii.
^ 2w^+X'+E=Kj|>y'^_^_y+GVi-Li aud 2" ^,Gr'=tan N : then the time of high water at the it:
The time
for a rivertide w to be
)—
computed
/
N \
with tllR
Now 2(n< — «'<) + N, or (2n — 2n') f <' -)
lis the difference of mean ri<rht ascension of the sun and places of
\
2)1— iff)
the Sun
the moon at the time t'-\
——- ; therefore 2 (A' - A) 4- N is very nearly the difference of true right ascension c""10011
2?l — 2n
aponding
of the sun and moon at that time. Thus it appears that for computing the time of hitrh water it is necessary to a lat(,>"
to use, not the positions of the sun and moon at the true time of the tide, nor the positions at that anterior time jh°tCu.ed
which is employed in computing the height of high water, hut a time later than that which is used for com- for the
pitting the height, and therefore a time which is nearer to the true time of high water.
heights.
(464.) It appears also that the effect of the passage of the tide along the shallow river, as shown hy the varia- Th('
Hon in the time of high water as referred to the moon's transit, if computed by the formula of the equilibriumtheory, is to give a mass of the moon which is a little smaller than that corresponding to the variation of ft.°°" f°0"m
g
g
— - those time*
hekrhts. For we adopt the quantity L as the representative of - — ■; but L really is a/ ( - — ] 4- G* x* ■ ?f
"ill
J
1
2711*1,
v \2n M3 I
be a little
a
too large,
therefore we adopt for —^—, a quantity which is too great, or for M„ a quantity which is too small.
2n Mj
(465.) If we investigated the effect of the passage up the shallow river upon the time of low water, w e should ModiBcafind that the positions of the sun and moon corresponding to an earlier time than that used for the height of the tio" in the
high water must be employed ; but we should still find that the mass of the moon inferred from the variations
,™cut
of the time of low water as referred to the moon's transit is too small.
timcs of
(466.) We shall here close our exposition of the Wave-Theory as applied to the tides. As nearly the whole low wafer,
of this theory is published for the first time in the present treatise, we shall not remark upon it at great length.
We think it right, however, to point out to the reader its great and important defect as applied to the explana
tion of tides upon the earth, namely, that in the case of nature the w ater is not distributed over the surface of
tha globe in canals of uniform breadth and depth, or in any form very nearly resembling them. Iu this regard Advnnits fundamental suppositions are probably as much, or nearly as much, in error as those of Laplace's theory, lageaend
But we also think it right to point out that in regard to the completeness of detail with which the principles can di»»dTanbe followed out, there is no comparison between the two theories. This will be seen by the reader who has theory of *
remarked the facility with which the results of " difference between the angular velocities of the sun and moon," waves as
" variable coefficients of force," and " friction," are obtained in finite form. For these, Laplace's theory is quite applied to
useless. And though (as we have stated) the fundamental suppositions differ much from the real state of the tlde8seas, yet no one can hesitate to admit that the same general conclusions will appply :— for instance, that the
moon's mass inferred from the height of the tides is too great, and by different degrees in different places : that
the effect of friction will be a retroposition of tides in reference to the places of the sun and moon, &c. The
peculiarities of river-tides, which no other theory has touched upon, are almost completely mastered by this.
(467.) With these remarks we terminate our Theory of Tides. Any mathematical deduction which may be
required iu reference to any special phenomenon of observation will be given in the place where such phamoraetion is mentioned. The remainder of our Essay will be devoted to the Observations of Tides and their
Comparison with the Theory.

|T>'fi land station is

K-L sm2 (A'-A) + N.

Section VII.—Methods used for observing the Tides, and for reducing the Observations.
-■
(468.) The greater part of the observations of tides cumstances, and where the water is quiet, will usually
.! hitherto made have been observations of time and give results of considerable accuracy for the times of
I height of high water only, made at the entrances of the high and low water on the coast.
(469.) But this supposes that the rise of the water is Observa
put docks of our principal commercial towns. These ob
::i servations, as regards time, are all affected by the continuous and its fall continuous, and that both follow tions of
4 circumstance treated in (208.) and (463.), namely, (hat simple laws ; a thing which is by no means to be assumed, time of
the time of transmission of the tide from the sea is less and which we shall find incorrect in application to greatest
height and
for a large tide than for a small one ; and, as regards various instances. Moreover, as regards time, it is greatest
height, they do not even give the coefficient of vertical inaccurate, because it is impossible to fix precisely on depression
; : oscillation. Both these defects are removed by adding the lime when the surface of the water, having risen are inac
observations of time and height of low water : and such with a decreasing velocity that at last is imperceptible, curate.
a system of observation, if made under favourable cir begins to full with a velocity which at first is insensibly
3 b 2*
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Tides and small. To obviate the latter inconvenience, it was pro
Waves. posed by Mr. Whewell that the time should be noted
which the surface of the water passes any fixed
MrTwhe^ at
points
on a wall in its ascent and in its descent. If the
well's pro
posed me rise and full followed the same simple law as in the sea,
thod of ob (the elevation above a mean point being expressed by
servation. sin n/,) the time intermediate to these observed times
would give the time of high or low water with pre
cision, because the instant at which the water passes
the line, when in rapid rise or fall, can be very accu
Objections rately observed. But in fact, the laws of rise and fall
to that
are so different that this deduction would be erroneous
method. for high water, and very greatly in error for low water.
The author of this paper endeavoured to use, for the
time of low water, observations of height made at equal
intervals of time for an hour and half in the neigh
bourhood of and including low water, but even in that
time the fall and rise occurred with such different
velocities that it was necessary to abandon the use of
the mean of any of the times, and to judge as well as
could be done, under all circumstances, from the general
of the fall and rise during the whole interval.
Jtis highly course
(470.) There is no method, in fact, which will give
important
to observe satisfactory results as to low and high water, and none
the whole which gives any knowledge whatever of the general
course of course of the tide, except the observation—by the senses
the tide. of an observer stationed for the purpose, or by the in
dications of a self-registering tide-gauge—of the height
of the water at every instant of time, or at least of the
height at very small intervals. When a self-registering
instrument is established, it is as easy to keep it in
action constantly as occasionally, and thus the register
of every tide may be preserved. When the observations
of a special observer are used, it is necessary to limit
the observations, either to two or three days which
exhibit the principal changes of circumstance, (as a day
near spring tides and a day near neap tides,) or to a
period which embraces those changes (as a half-lunation).
We shall mention the cautions with which both kinds
of observations ought to be made, and shall notice the
principles ofconstruction ofa self-registering tide-gauge.
Caution
(471.) The first thing is, to obtain a surface of water,
necessary communicating so freely with the sea as to assume the
for accu same mean level, and yet unaffected by the agitations
rate ob
servation. of ordinary waves. A sheltered situation ought there
fore to be chosen ; but, in parts opening immediately to
the sea, it is necessary to use other precautions. The
most effectual is, to place in the water a large vertical
trunk or trough, communicating with the water only
by a small hole at or near to its bottom. Suppose, for
instance, this hole to be 10 feet below the surface ; the
agitation of the water by waveslOfeet long is, by (118.),
diminished to -j^-j- part of that at the surface, and there
fore would not sensibly disturb the water in the trunk
even if there were no limitation of the communicating
aperture. But if a wave be very long—as for instance
any of the modifications of the tide wave—then the
agitation caused by it is as great at 10 feet depth as at
the surface (180.), and its time is so great that it will
be able always to maintain the water in the trunk sensibly
at the same level as the external water, even though the
communicating aperture be small. If then a float be
placed in the trunk, carrying an index above, this index
will rise or fall with the general mean level of the water
as affected' by the tides only. We have had great
pleasure in watching the steady motion of the index on
the admirable tide-gauge erected at the Royal Dock
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yard of Sheerness, while the swell on the outside was Tida:
so heavy that to judge of a mean level within the accu- Ws«
racy of many inches appeared quite impracticable. The ^*
instrument, however, is more likely to fail for observa- ™^
tions near low water. For suppose the surface to drop nseii I
till the hole is only one foot below the surface, then the obimi
motion of the water produced by waves 10 feet long is the Tii
nearly as great as that at the surface, and therefore,
however much the aperture be limited, irregularity inthe0(
the height of the surface will be produced by the waves, vsiioa
The only simple way of preventing this is to let the bottom of the trunk and its communicating aperture be
carried as low as possible below low water. It might
perhaps be advisable to have the trunk divided into two
chambers by a vertical partition, the first chamber re
ceiving the water from the sea by a small hole in its
bottom, the second receiving the water from the first
by a small hole in the partition ; the motion of the water
in the second would be extremely steady. It is almost
needless to observe that a fixed vertical scale of feet
and inches, or other measures of length, is indispen
sable ; in simple observations it may be traced upon
the quay wall or post at which the elevation of the sur
face is noted ; where a float carries a vertical rod, the
rod may be marked as a scale of feet and inches, and
the indication opposite to a fixed index may be noted,
or the rod may carry an index which in rising or falling
will point to different divisions on a fixed scale.
(472.) In some of these ways, observations of the
height and time of high water (and for the most part
of low water also) are regularly made by direction of
the Board of Admiralty at Portsmouth, Plymouth,
Ramsgate, Liverpool, Dublin, and occasionally at Har
wich and other ports when maritime surveys are in
progress. Observations of the same kind are also usually
made at the principal docks in the Thames, the Mersey,
and the Clyde, as well as at other ports. The principal
data for determinations of the time, &c, of tides in
ports all over the world have been obtained by some
of these methods, either from the loose observations
made by harbour-masters and merchant-sailors, or from
the more accurate observations conducted by the officers
of government surveying-ships.
(473.) The principle of the self-registering tide-Grai
gauge is in all cases the following.. By means of a P™'
pendulum-clock urged by a sufficient weight, a sheet
of paper either spread upon a flat surface, or rolled as
required upon a large cylinder, or fixed in a tubular
form upon a solid cylinder, is made to travel uniformly.
The first of these methods is used for Osier's anemo
meter, in which the self-registering principle is similar
to that of a tide-gauge ; the second in Palmer's tidegauge, (Phil. Tram. 1831 ;) the third in Bunt's tidegauge. A pencil, carried by mechanism connected
with the float, is made to move through a space propor
tional to the vertical motion ofthe float, and in a direction
perpendicular to the direction of the paper's motion
(where the paper is on a cylinder, the motion of the
pencil is parallel to the cylinder's axis). A curve isthus
traced, whose abscissa represents time, and whose or
dinate represents rise of the surface of the water.
Occasional examination is always necessary to verify
the correctness of action of the machinery. We cannot
perhaps do better than copy (with some alterations)
from the Phil. Trans. 1838, the description of Mr.
Bunt's tide-gauge, erected on the bank of the river
Avon, nearly a mile below Bristol.
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maai (474.) The principal parts of Mr. Bunt's tide-gauge
ffiw (figures 34 to 39) are A, an eight-day clock, which
turns a vertical cylinder B once in 24 hours ; the upper
^V'' end of B carrying on its circumference a toothed
^ffe,' contrate-wheel, in which works a pinion p carried by
hrrag the axis of one of the clock-wheels. C is a wheel with
iTidfs, grooved circumference; to which is attached the wire
^for E, which passes over the upper part of C, (lying in its
Jots*- P00™') an<* over a 'ar&e Pu"y * attached to the outvti. side of the quay-wall, and depends in the water-trunk,
- supporting the float D at its lower end. A counterpoise
G is suspended by a wire attached to a smaller barrel
jf^,., carried by the same axis as C, and thus keeps the wire
ioKt. E constantly stretched, and moves the wheel C when,
by the rising of the water, the float D ceases to pull
upon E. H is a still smaller drum carried by the same
axis as C ; a finer wire is attached to it and wrapped
round it, and on this wire is suspended the bar I which
carries the pencil K. The diameters of the drum H and
the wheel C are so adjusted that the vertical motion of
ihe peucil is one-eighteenth part ofthe vertical motion of
the surface of the water, a is a strong oak frame at
tached to the quay -wall ; from it project arms cc whose
ends are supported by pillars dd ; there also projects
an arm e whose end is supported by the pillar f. cc
carry the mahogany frame b, to which the clock, the
bush for the upper pivot of B, and one bearing of the
spindle of C, are attached, (the other bearing of the
spindle of C being in another upright S ;) e carries the
bush for the lower pivot of B. The nature of its bear
ing may be seen in figure 38 ; it is in a plug b, which
may be lowered by a screw and winch, either for ad
justment, or for taking the cylinder out, (for mounting
papers, &c, upon it ;) as by lowering it, first the upper
pivot is disengaged, then the lower, and then the end of
the cylinder may be made to slide upon the pieces aa.
(415.) The upper end of the bar I slides between
two guides P and N, and the lower end between two
guides QQ. It carries the small brass bar d (fig. 37),
which has movement upon an axis whose projection is
at e, (the movement being in the direction to or from
the surface of the cylinder, and the axis being suffi
ciently long to permit no other sensible movement.)
The bar d carries the pencil-holder K, which is pressed
towards the great barrel by the crooked lever carrying
(the small weight L. A is a screw for adjusting the
height of the pencil-frame in reference to its suspending
wire. The great barrel B is 24 inches in length and
48 in circumference ; it is made of mahogany staves,
screwed upon mahogany ends and diaphragm, and
covered with white enamel.
(476.) The action of this machinery will be under
stood from the remarks in (473.). Referring to the
Philosophical Transactions, 1838, for some parts which
we have omitted, we think the following points im
portant. The pallets (in the escapement of the clock)
may be detached from the train, by lifting a latch
behind the clock, and drawing them backward ; this
arrangement is required from its being necessary to fix
the hands so that they cannot, as in other clocks, be
made to slide without carrying the train along with
them. The pinion which drives the cylinder may be
detached by pulling it forwards, so as to allow the
cylinder to be turned freely. From inequalities in the
teeth of the wheels the cylinder is not moved through
exactly equal spaces in equal times ; to prevent error
from this cause, the places of the hours and minutes
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marked on the top of the large cylinder were thus Tides and
determined : the pallets were detached from the clock, Wav<-'8(the large cylinder remaining connected with it,) and v^^"™">
the hands were moved to indicate 0 hours 0 minutes,
0 hours 20 minutes, 0 hours 40 minutes, &c, and at
each of these positions a pencil line was drawn on the
cylinder by sliding the pencil-frame between its guides.
The scale ofheight was determined by marking feet and
inches on the outside of the float-trunk, and noting the
internal indication of the gauge as the tide rose to each
successive foot on the trunk. A small scale M, curried
by the frame b, may be pushed in contact with the
barrel, and thus the heights and the times may be read ;
or lines of feet may be turned on the barrel, by causing
it to revolve while the pencil is held to it. The float is
of pine, well saturated with oil ; the aperture by which
the water enters is about 7i ffth of the sectional area of
the trunk.
(477.) A sheet of paper is wrapped round the cylin
der and expanded by moisture ; its ends are then pasted
together, and it may (if necessary) be fixed with pins or
bands. The curves are then well traced by the me
chanism upon the paper, and it may be removed at
pleasure.
(478.) If it were desired to take the record of each The same
tide so as to exhibit the course of a great number of sheet may
tides in sequence, as in fig. 40, it would be necessary pnrth'e1'ne(1
to apply a fresh paper every day to the barrel. But tide-gauge
remarking that the tide comes later on each successive during a
day by nearly an hour, and that the same hour of high fortnight,
water recurs only in 15 days, it is evident that the same
paper may be kept upon the cylinder for a fortnight
without risk of the curves interfering, although there
may be a great complication of lines on the paper. In
figure 41 we give a copy of the curves delineated by the
self-registering tide-gauge at Sheerness, (extracted by
permission of Captain Beaufort, R. N., Hydrographer,)
from 1840, December 23, (new moon,) to 1841, Janu- Specimensary 7, (full moon.) The reader, in tracing the curves, °» the
must conceive the two ends of the drawing to be united, jr""e**b
and must begin at the point marked with the word Beif.regis" Change." We have selected this period, because it tering tideexhibits one of the greatest irregularities that we have.ga»ge*ever known in the tides, namely, that of 3d January,
1841, morning tide, when the water was five feet lower
than was expected. This is fully confirmed by obser
vations made at the same time at Woolwich, at Deptford, and at the London and St. Katherine Docks. It
followed a very heavy gale which had blown partly
from S.W., and partly from N.W. or N. In figure 42
we give a copy of some of the curves traced by the
Bristol tide-gauge at the same time, (with which we have
been favoured by Mr. Bunt.) In figure 43 are repre
sented a few curves, (corresponding to another period,)
traced by the self- registering tide-gauge at Swansea,
(for which we are indebted to the kindness of J. W. G.
Gutch, Esq.) It must be remarked that the floats of
the tide-gauges at Bristol and Swansea do not descend
sufficiently low to record the phaenomena of low-water ;
that at Sheerness fully records the circumstances of low
water. The reader will at once see that the informa
tion furnished by this instrument is infinitely more
valuable than could have been obtained by any system
of personal observation.
(479.) We shall now proceed with the methods of Methods of
reducing tide-observations. And first, in regard to the reducing
law of rise during each tide at any given locality, ^^"^j
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Tides and Although times of high water and of low water have
Waves. been observed, and their difference of velocities up the
river have been remarked, and although curves
applicable same
exhibiting
to the eye the laws of rise and fall have been
to the
course of a traced, (by some of the means above described,) we are
single tide not aware that they have been reduced to algebraical
at any
form except by the writer of this paper in the Philo
place.
sophical Transactions, 1842. The elevation of the water
had been observed at Dcptford at every quarter of an
hour during half a lunation. The spring-tides and
those near them were classed together as one group,
and the neap-tides and those near them as another
group. In order to combine those of each group,
it was assumed that the predicted time of high
water in the Nautical Almanac was correct, (a con
stant difference excepted,) and the interval from one
predicted high water to the next was conceived to cor
respond to 360° of phase, and the time of every inter
mediate observation was converted into phase by that
proportion. (In a subsequent discussion of tides ob
served every five minutes at Southampton, we have,
instead of using any predicted time, fixed upon the
estimated times of low water as the origin of phase.)
To bring all the observed heights to a comparable state,
the range from high water to low water in every halftide was supposed to correspond to 2 '000, and the
depression below the nearest high water at every ob
servation was converted into number by that propor
tion. The various tides in each group were thus made
entirely comparable. The means of all the phases and
all the converted depressions within every 10° of phase
were taken, and thus a series of mean phases very near
to 5°, 1 5°, 25°, &c, and the corresponding converted
depressions, were obtained. By observation of the
progress of the numbers, it was easy to alter the latter
so as to obtain converted depressions corresponding ex
actly to 5°, 15°, 25°, &c. Then it was assumed that
these could be represented by the following formula :—
Converted depression =
A,+A, cos . phase-f-A cos . 2 phase+&c.,
+ B, sin . phase+B, sin . 2 phase-f&c,
which, it is well known, is sufficient for the representa
tion of a function which is periodical for 360° of phase.
Then the values of A„, A„ B„ &c, are determined with
comparative facility in the following manner. 1st. A„ is
the mean of all the converted depressions. 2nd. Multi
ply every converted depression by cos. phase, and take
their sum; then, (since cos 5°+ cos 15° -f&c. to355°=0;
cos 5°. sin 5°+ cos 15°. sin 15°-|-&c.=0; cos 5°. cos 10"
+cos 15". cos 30°+&c.=0; and so for every one
except the multiplier of A,, where cos' 5"+cos' 15°+
&c. to 355°= 18), thatsum=18 A,. 3rd. Multiply
every converted depression by sin . phase, and take their
sum; it will be found tobe=18B,. 4th. Multiply
every converted depression by cos. 2 phase and take the
sum; it =1S As, and so on. Thus the values of all
the coefficients are obtained.
Methods of (480.) Secondly, in regard to the laws of time and
reduction height of tide at the same place in different positions of
applicable the sun and moon. Every examination referring to
to the laws this object proceeds on the supposition that the times
of height and heights may be represented generally by the forms
and time at
any place given by the equilibrium-theory, (45.), (46 ), (53.), and
in different (54.), though perhaps with altered proportion of coeffi
positions cients, arguments altered by addition or subtraction of
of the sun constants, and (in some cases) altered form of function.
and moon.
Laplace is (so far as we are aware) the first person who
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combined observations in considerable groups for com- Tulm^
parison with theory. His labours will be found in the
second and fifth volumes of the Mecanique Celeste. In "*"v^1
the second volume he treats the observations made at
Brest from 1711 to 1716. He commences with the U5ci fcheight of syzygial tides. These he divides into four oust-n^
classes, corresponding to the two equinoxes and the two l,ie Ta«i
solstices, and uses at least two syzygies (one new and™?1;'
one full moon) for each equiuox or solstice, the whole thc owi
number being 24 syzygies of each class. Por each of viiiu*.
these he takes the heights for several neighbouring days ; and uses, as the whole range of tide on any day, the J^'J1^'
difference between the mean of two high waters on that Uaia>j
day and the intervening low water. In* order to deter- the liojfc
mine the interval by which the greatest tide follows the «fltl?
syzygy, he does not remark which tide appears to be the t"iei'
greatest, but he remarks that the tides on the second
day before syzygy, and the fifth day after it, are very
nearly equal ; then, observing the extent of change of His ittide in one day, (which at those points of the lunation is llv)Ji
considerable,)' he is able to correct this approximation, ^Jf.
and thus to find very exactly the times at which the tide,
tides are equal ; the time intermediate to these is that
at which the total tide is highest. It is found to be
almost exactly 36 hours after the syzygy.
(481.) Laplace has assumed (without assigning any For the
reason for it except the possibility of a communication alt'-nw
between the port of observation and two tidal seas, as o!A\
in (121.) and (312.)) a result similar to that which we^",
have found in (455.), namely, that the rapidity of the jading
moon's motion in right ascension increases her effect on on h:
the tides, as compared with the sun's effect. To dis- ™Sos
cover the value of the coefficient, he proceeds in this *
manner. Assuming that in the mean of his syzygial
tides the moon's declination is sensibly the same as the
sun's, the syzygial solstitial tides ought to bear to the
syzygial equinoctial tides the proportion of the mean
value of the square of the cosine of declination at the
solstices to the similar quantity at the equinoxes. Now
they are found to be somewhat greater than this pro
portion gives. The difference is attributed to the
moon's quicker motion in right ascension, or slower
motion in hour-angle, at the solstitial syzygies than at
the equinoxial syzygies ; and, assuming the moon's
mean effect to be to that of the sun as 3 : 1, or to be \
of the whole mean effect, the proportional change in the
moon's effect caused by that difference of velocities in
right ascension is found, and from this the proportional
change caused by the whole mean velocity in right
ascension is inferred, (supposed to be always propor
tional to that velocity in right ascension.) Prom this
1 r
Laplace finds the moon's effect to be increased — ; this,
as we have seen (455.), implies that the sea is 4 miles
deep.
(482.) Por the effect of the sun's variation of dis- ?o:
tance, Laplace compares the heights at the winter sol
stices with those at the summer solstices. For thel
effect of the moon's variation of distance, Laplace com
pares 12 apogeal tides with 12 perigeal tides (in
syzygies), and finds that their magnitudes are precisely
in the proportion given by theory, without any allow
ance for the difference of the moon's movement in
right ascension at perigee and at apogee. (The effect
of this, in our theory, will be found in (448.).)
(4^3.) The effect of diurnal tide is found on com- For
paring the morning syzygial tides wiih the evening""
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fidaiiid syzysrial tides, at the solstices. In the summer, the
Wins, evening tides are the greater at Brest ; in the winter the
^v**' morning tides. See (48.) and (63.). But Laplace
y1' remarks that observations of low water are necessary
r*j^ for a complete determination, (we shall hereafter find
an instance of such a determination.)
Tids, (484.) For the quadratures, Laplace first deter
mines the time of smallest tide by a process nearly
similar to that for the time of the largest tide near
syzygies, and finds exactly the same value for its
retardation. In order to determine the proportion of
the sun's effect to the moon's effect, by comparing
fc the neap tides .with the spring tides, (see (51.) and
" (32.),) it may be assumed in the mass of observations
*mftliat the declinations of the two bodies will be equal;
but a correction is required, because the inequality in
■ma's the moon's motion called the variation always dimiIrishes her distance and increases her velocity in right
ascension at syzygies and produces the opposite effect
at quadratures. Making due allowance for this, it is
found that a corrected mean spring tide is double a
corrected mean neap tide, or that the moon's effect is
three times as great as the sun's. On comparing those
in which the declinations are remarkably different, the
coefficient ^ is again found for the increase of the
moon's effect depending on her motion in right ascen
sion. The effect of change of the moon's distance is
said to be as distinct in the quadratures as in the
syzygies.
(4S5.) The diurnal tide in the equinoxial quadra
tures follows the same law as in solstitial syzygies, the
moon's declination being the same ; but as in the
former the sun's declination vanishes, the amount of
diurnal tide is only \ of its amount in the latter. This
by the observation.
! ■ tl l( is verified
(1S6.) To determine the proportions of the effects of
the sun and moon from the times of high water, Laplace
jtsu:. has taken observations nearly 7 days apart, (nearly 3\
days before and nearly 3^ days after the greatest tides.)
For the first of these 2(;n— s) in (49.) is nearly —90°,
and for the second it is nearly +90°, and therefore
these two values give nearly the two greatest pos
sible values for F with opposite signs, and their difference
is particularly well adapted to determine the proportion
of S' and M'. The effect of the moon is thus also
found to be three times that of the sun, or a little
greater.
(487.) The hours at which the greatest tides and the
least tides occur are determined by interpolating among
the times of the observed tides following the syzygies
and quadratures. It is found thus that the hour of
smallest tide is not quite six hours later than the hour
of greatest tide. There are many other deductions
compared with theory, but those which we have men
tioned are the most important, and they will serve to
give the reader an idea of the process which Laplace
has followed, using no great number of tides, and not
comparing the general laws of particular phamomena,
80 much as the special values which the expressions
assume in extreme cases.
(488.) In the fifth volume of the Micanique Celeste,
Laplace has discussed the observations matte at Brest
during sixteen years, from 1807 to 1822. The theory
which he has used is precisely the same as that of his
second volume, with this addition, that he has pursued
to great length the consequences of his assumption that
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the effect of each of the attracting bodies, both as re- ^"les m^
gards the coefficient of tide and as regards the constant _*™* .
in the argument, will contain a multiple of the body's
angular movement round the earth. In this respect
his theory is greatly superior to that of the English
philosophers whom we shall mention shortly. The
method of expansion which he has adopted is exactly
similar to that of (447.) and (450.), though its principles
are absolutely arbitrary. We shall defer to the next
Section the statement of his results ; and shall onlymention here that his method of discussion is exactly
the same as in his second volume, not using all the ob
servations made at all times, but only comparing those
which are made at or near to the times at which the
irregularity which he is seeking has its extreme values.
(489.) The method of discussing the observations
which we have above described as Laplace's (inde
pendently of the advances, however arbitrary their
foundations may be considered, in the theory) was
undoubtedly a great improvement upon that used by
Lalande in his Traite du Flux el Reflux de la Mer, La„iace',
who had contented himself with picking out, from the ,net]uid
same collection as that first used by Laplace, a single much
observation here and there, and thus (taking them as superior to
affected bv winds and other accidents) had sometimes m , ,
i
i •
.
i
i_.iri
employed
arrived at conclusions opposite to those which LiapJace before him.
established. But the great principle of employing
masses of observations was first used in its greatest
extent by Mr. (now Sir J. W.) Lubbock, in the dis- ^
cussion of the observations of high water made at the boc'^^
London Docks during nineteen years (from 1808 to thods of
1826).— See the Philosophical Transactions, 1831. treating
The process used by Mr. Lubbock was nearly as fol- tiines ;m<1
lows. The quantity treated in regard to times was, the ||2fcmter
interval between the moon's passage over the meridian
and the time of high water : the quantity treated in
regard to heights was, the height of high water above a
certain fixed mark on the dock-wall. Then, first, the
observations were divided by months, (the observations
of every month of January during all the nineteen years
being collected into one group, those of every month of
February into another group, and so on.) As the
moon's node has performed one revolution, and the
moon's perigee two revolutions, almost exactly, in the
nineteen years, and as the inequalities in the moon's
motion not connected with the time of year depend only
upon these elements, and have gone through all their
changes in the nineteen years, it is plain that the means
inferred from these groups will give an accurate repre
sentation of all the phenomena which depend solely
upon the time of year. The groups weTe then sub^
divided into parcels,, each parcel including all the ob- Taldes d'e.
servations at which the moon's passage over the meri- pending
dian occurred in each half hour of apparent solar time, only on the
Thus for the month of September, the first parcel in- time °^ the
eluded all the observations corresponding to the moon's XJJT^mt cf
passage over the meridian within half an hour after tbe moon's
the sun for every September through the nineteen transit,
years; the second included all in which the moon
passed more than half an hour and less than an hour
after the sun, and so on. Thus the first table of rough
results was obtained, which, when its irregularities
were smoothed down, gave a table of results adapted
to further use. Secondly, the observations were j.Qr ^e
divided into groups corresponding to minutes of the effect o{
moon's horizontal parallax, (the first group including variation
all in which the moon's parallax was greater than 54', of parallax.

3G8*

TIDES

AND

Tulcs and aluj ]eRS than 55', and so on,) and each group was subWaTca. (jiyjdgd i„t0 parroK corresponding: to each hour of
""' y
apparent solar time at which the moon passed the meri
dian ; the observations made in the afternoon were,
howeTer, alone employed here. Thirdly, the observa
tions were divided into groups corresponding to every
three degrees of declination of the moon, (the middle
For the group containing all in which the declination was
effect of between 1 J° north and 1^° south,) and each group was
variation subdivided into parcels corresponding to each hour of
of dcclina- apparent time in which the moon passed the meridian,
tioa.
The mean of each parcel was in all cases taken, as well
fbr the times as for the heights. Thus three sets of
tables were obtained, the leading division of the first
being the month, that of the second being the parallax,
that of the third being the declination ; and all being
subdivided according to time of moon's transit. In
the first table, the means of all the results for the dif
ferent months corresponding to the same half hour of
moon's transit were taken. These means were subtracted
from all the quantities of the three sets of tables, and
thus new tables were formed. Then it was intended
by the author that a tide (either in time or in height)
should be computed as follows:— 1st. The quantity
depending on the moon's transit only should be taken.
2nd. The correction to this depending on month and
moon's transit should be added. 3rd. The correction
depending on parallax and moon's transit should be
added. 4th. The correction depending on declination
and moon's transit should be added. It was, however,
pointed out by Mr. Whewell and acknowledged by Mr.
Lubbock (Philosophical Transactions, 1834) that the
last correction is nearly included in the second, because
for a given month and given hour of moon's transit
the moon's declination is given, excepting that part
which depends on the inclination of her orbit to the
•ecliptic.
(490.) Observations were also selected in classes, to
show that there is no sensible diurnal tide at London ;
and others showing that the direction of the wind pro
duces no sensible effect. Although little of mathe
matical deduction accompanied this work, we must
allow that it was far more complete as a classified dis
cussion of observations than any that had preceded it.
(491.) In the Philosophical Transactions, 1833, Mr.
Lubbock applied the sanie method (merely so far ns the
process for the first table mentioned above) to observa
tions made at St. Helena, Brest, Plymouth, Ports
mouth, and Sheerness. In the volume for 1834 he has
modified the tables of 1831, so as to correct the error
which we have mentioned. In the volume for 1835
he has discussed an immense number of observations,
made at Liverpool during nineteen years from 1774 to
1792. They are treated in exactly the same manner
as the London tides, except that the observations when
the moon's declination is north are separated from those
in which it is south, the difference between these
showing the existence of a diurnal tide. In the volume
for 1836, the same observations are discussed specially
for the discovery of the diurnal tide ; the process is
simply to divide by months and to subdivide by half
hours of transit, (as before,) which defines in every case
the moon's declination nearly, and then to divide each
parcel once more into two parts, one part including
upper transits of the moon with north declination, and
lower transits with equal south declination, (the tides
corresponding to which ought to be similar,) and the
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other part including upper transits of the moon with Tii«M
south declination, and lower transits with north decli- w™
nation.
•
(492.) Thus far, however, we have merely numerical j[elio4
values, embodying the result of all the observations in used ti
a convenient form, and adapted to prediction, but not obtemi
giving mathematical laws. The first step to this object ^
was made by Mr. Whewell in the Philosophical Trant-^J?
actions, 1834. The following is his method, for the the Ok.
times of high water ; it being premised that the paral- iemii«
laxes and declinations spoken of are the same as those ~
used by Mr. Lubbock, and therefore are those which
correspond to the time of high water, or a. time near it, ihodio
and not those which correspond to the anterior time treatia
indicated by theory in (452.). First, he remarks that •''■J*
(as pointed out by Mr. Lubbock) the mean of all theraill.'
intervals between the moon's transit and the high water
contains a term corresponding very exactly in value for
different hours of moon's transit to the first terrain
(54.) increased by a constant (for London 1 hour 25
minutes), provided we diminish m—s by another couS
•
stant (for London 2 hours) ; the value of ^ being jibperly determined ^for London ,it is 2^)-

N«t,,he

takes the tables of difference for each half hour, of
moon's transit between the mean interval and interval
corresponding to different values of the moon's parallax ;
and, by inspection, he sees that iu regard to the changes
produced by change of parallax, the numbers in the
table change sign when they pass 57' (the mean paral
lax) ; and, in regard to changes of hour of transit, they
may be represented by sin* (hour of transit— 4h), and Detertherefore that the formula is something like a multiple mira
of »'. sin* (hour of transit—4''). Determining the mul-™*
tiplier so that the sum of all the numbers in the table ^jjj
will be represented by the formula, he obtains finally forra
8-xp'X { I+siii (2.in~^s-&) } . Thin does not*™
correspond exactly to the second term in (54.). Fortiot^
the declination, he changes all Mr. Lubbock's numbers Ukbt
expressing the difference from the mean state depend- uua*
ing on declination, to the difference from the numbers '
when the declination is 0, and shows that in regard to
change of declination the sum for all the different hours t
of transit may be expressed nearly enough by a mal- •
tiple of the square of the sine of declination, and that '
when the mean for declination 0 is restored, the mean
correction may be expressed by 11— 132 X sin* decli
nation. He then applies this quantity with sign
changed to Mr. Lubbock's numbers, and finds that
there remains another set of numbers whose law is to
be investigated. From inspection, nearly as before,
this is found to be represented nearly by
84
—sins declination^ sin ^ 2.»t - s—8h^;
and thus the whole correction for declination is
(j2~ sin* declination^ j 132+84 sin (2.m—s— 8k) }.
The observations of height are discussed in a similar
manner ; the general principle being, to take the prin
cipal term of the expression in (53.), and to examine
whether the principal part of the height agrees with it,
(the correction to m—s being somewhat different from
that used for the times of high water.) Then the dif
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Rjaux! ferences depending on parallax and on declination are
Whs. resolved into parts nearly in the same manner as above.
We shall not delay further on this, but shall remark
jjL]"' that, however much the conclusions were modified by
Jib, liter suppositions or by choice of expressions analogous
teti»{,tothoseof(457.), &c.,we confidently refer the reader
to this investigation as one of the best specimens of the
arrangement of numbers given by observation under
C,.* a mathematical form. In the Philosophical Transacfiimt, 1836, Mr. Whewell has used the same method
with some small additions, for reducing to law the
I numbers given by Mr. Lubbock's discussion of the
Liverpool tides.
*
(493.) In the Philosophical Transactions, 1833, Mr.
Lubbock exhibited the inequalities of the time of tide,
(neglecting those depending on parallax and declina
tion,) by graphical construction, for six different places.
The method is, to construct a curve, in which the time
of the moon's transit is the abscissa, and the interval
from transit to high water is the ordinate. In the same
volume, page 232, Mr. Whewell recommended the
adaption of this as a general method of obtaining the
numbers useful for prediction of tides. In discussing
a series of observations made by the persons employed
on the Preventive Service, (Philosophical Transactions,
1835,) he appears to have used projections extensively.
In examining the effect of the sun's declination in the
Liverpool tides, graphical projection was used by Mr.
Whewell, to exhibit the numbers remaining after the
application of other known corrections ; and, a curve
being drawn with a free hand among the points laid
down from the actual numerical data, this curve was
treated as the proper representation of those remaining
numbers, and the values at different times were mea
sured from the curve, instead of adopting the numbers
themselves. Since that time, the use of curves has
been commonly adopted by Mr. Whewell and Mr.
Lubbock, (see the Philosophical Transactions for 1837,
and especially the investigation of the progress of the di
urnal wave by Mr. Whewell ;) and in the Philosophical
Transactions, 1838, Mr. Whewell (adopting Mr. Bunt's
methods) has given rules for the most advantageous emV ployment of the method of curves. They are as follows :
fc- (494.) " Upon a series of parallel ordinates corresponding to the times of moon's transit, I lay down
'f' (he successive tides, that is, the heights or the lunitidal
intervals, as the one or the other are the subject of
ild examination. This curve is more or less irregular, but
jjjjal for most places the leading feature is the zigzag form
"* which arises from the diurnal inequality. A curve is
drawn by the eye so as to cut off this inequality,
leaving equal differences above and below. We may
then proceed as follows to find the other inequalities.
" Having laid down the observed intervals and
heights, referring both to the apparent time of the
moon's transit, and having drawn through each series
of points the dotted line which cuts off the diurnal
inequality only, but retains every other, I trace off on
a piece of transparent paper, having an axis drawn on it
extending from 0 hours 0 minutes to 12 hours 0 minutes
transit, the successive portions of the dotted line of ob
servation just mentioned, which are included between
those hours during the first three months of the year ;
fitting the tracing paper in its place every time by means
of the two extreme points of the axis. I thus obtain six
irregular curves, [the same curves, nearly, occurring
twice in each lunation,] the mean of which is found by
vol. v.
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drawing across them, at equal distances, twenty-four Tides and
vertical lines, and finding by my scale a point in each Wavei.
which is the exact mean of the six intersections. In
this manner I get four mean curves [one for each time
of three months] on separate pieces of paper, which by
repeated combinations are reduced into one, being the
mean semimenstrual curve for the year.
" The next step is to reduce this curve to a mean
parallax (57'* 2) at each hour of transit. For this
purpose an arrangement must be made, showing the
mean parallax for that year at each of the twelve
hours, which will be found to vary from about 56' "9
to 57'* 5. [That is, for each of the days throughout
the year, at which the moon's transit occurs between
0 hour and 1 hour, the parallax must be taken from the
Nautical Almanac, and the mean of all these must be
supposed to apply to 0 hour 30 minutes ; and so for
other hours.] The parallax table of the preceding
year, if already discussed, will be sufficiently near for
making the requisite small alteration of the curve to
the mean parallax ; otherwise a"n approximate parallax
table for the current year must be first made.
"I then calculate [in the same manner] the mean
declination, [for each hour of the moon's apparent
transit,] which varies, not only as the parallax, slightly
from hour to hour, but also considerably from year to
year. The hourly differences (being only about half
a degree from the mean) I have disregarded, and I
prefer marking on each annual curve the mean decli
nation of that year, to any attempt to reduce the dif
ferent annual curves to one common declination.
" Having [as before mentioned] very carefully ob
tained the mean semimenstrual curve, I cut it out
nicely on a piece of thick drawing-paper, and laying
the intersections of the vertical hour lines of 0 hour
and 12 hours with the axis, on the corresponding
points on my sheets, [viz. those mentioned in the first
paragraph,] I pencil-in the mean curves, and then ink
them. The residue, or space between the mean curve
and that of observation, is next transferred to a straight
line below [as an ordinate to a new curve.]
" In examining this residue, the first step is to lay
on an approximate line of parallax. For this I make
an arrangement for every hour of transit, and for 54',
55', 56', and S^, 60', 61' of parallax [that is, two
groups for each hour] (omitting 57' and 58') of all the
vertical distances, at the successive hours of transit, of
the curve from the straight line, adding to each a
constant to avoid negative quantities. I thus obtain
twenty-four parcels, the means of which give an
approximate correction for 55' and 60' at every hour of
transit. From this a first line of parallax is laid down,
preparatory to the obtaining of the declination-correc
tions.
" These are obtained by collecting the measured
distances from the parallax line to the curve, into
parcels of 0°decl. to 13°decl., and 21"decl. to 28°decl.
for every hour of transit, omitting those of 14° to 20*
decl., and taking the axis, with the mean declination of
the year, as a better representative of the mean declina
tions. The means of these twenty-four parcels give
me a declination-correction very near the truth. From
this I lay down, on the parallax line, the effect of decli
nation, and thus get an approximate curve of declina
tion combined with parallax. Both this and the
former curve of parallax are drawn in with pencil
only, being merely used as approximations, whence
3c*
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Tides and corrections of the first parallax and declination-correc^ Waves. jj-0iw are obtained. This is done by an arrangement
*~v~" (as before) of the spaces still remaining between the
pencil curve of declination combined with parallax, for
hours of transit and for 54', 55', 56', and 59', 60', 61'
parallax, which gives a small additional correction of
the parallax corrections first obtained. From this
corrected parallax correction, I draw in, with ink, the
true parallax line, making the requisite alteration in
the line of declination combined with parallax, which
is then also inked in. Finally, a correction of the
declination-corrections being made from this latter
line, is considered as giving the true effect of the
declinations."
The accu(495.) We have only to remark further on this, that
racy of re- much will depend upon the operator's mental assump
sit de- tjon a9 tQ tne iaw 0f tne ineqUaiity as depending on
the a*sump- either of the elements of correction. If, for instance, he
tion of a assumes (as required by theory) that the correction for
correct law. declination is nearly proportional to the square of the
declination, it will be better to use the square of decli
nation throughout. It is evident that there is nothing
in the precepts above to prevent the operator from
referring the parallax, declination, &c, to any time
previous to the transit which immediately precedes the
tide ; and this, in fact, is done by Mr. Whewell in
some discussions of tides.
Compari
(496.) In remarking on these methods we cannot
son of
fail to observe that Mr. Lubbock's method of using all
Laplace's
methods the observations for his first results, and the methods
with Mr. founded on this by Mr. Whewell, are in some respects
Lubbock's greatly superior to Laplace's, which used only obserand Mr. vations made at particular times. Thus Laplace
Whewell's. assumec[ that the principal corrections for parallax must
occur on the days when parallax was greatest or least ;
Mr. Lubbock's method, if properly used, would show
whether that is true or not. On the other hand, Laplace's
method is much superior in the facility which it gives
for introducing such considerations as that of the va
riation of effect produced by variation of velocity in
right ascension, (a real quantity, as shown by the second
terms in our expression of (448.), and by the remarks
in (455.), though for a reason very different from La
place's.) But, viewing the two independent methods
introduced by Mr. Whewell, of reducing the tabular
numbers to law by a process of mathematical calcula
tion, and of exhibiting the law to the eye without any
mathematical operation by the use of curves, we must
characterize them as the best specimens of reduction of
new observations that we have ever seen ; although,
with a more accurate knowledge of theory, they might
have been much improved.
Methods
(497.) Thirdly, in regard to the progress of the
applying tide over the different parts of the sea covering the
to the pro- greater portion of the earth. As the tide is itself a
Sde'wave6 changeable state. of the water, and as its elements vary
across the from day to day, it is necessary to fix upon some
ocean.
definite phenomenon at some definite time in order to
be able to compare the times of tide at different places.
By common consent of mariners, the time adopted is
" the time of high water on days of new moon and full
moon," or rather the interval from the moon's transit
at which high water occurs on those days. This is
Establish- called the establishment of a port. It is to be observed
ment; its that the interval taken on the day of new or full moon
meaning, ig not, the same as the mean of all the intervals taken
under all circumstances; this latter is termed by Mr.
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Whewell the corrected establishment, and it is by far Tideta
the more important element in scientific discussion. Wwi
The former however is most easily understood by prae- v-*<*
tical men, and it is therefore the element most usually y^t2
adopted in such comparisons as those of which we are used [«
speaking.
otwnij
(498.) Now the establishment is commonly given in llieTidi
the time of the place. But in order to make the^1"",
establishments of different places comparable, with the obsfrn
v iew of tracing the general course of the tide, we mast tions.
express them all in the time of one standard place,
Greenwich for instance. For this purpose we have
only to subtract the east longitude or add the west
longitude, (expressed in time,) and we have then a set
|
of numbers which are strictly comparable, and which I
express the Greenwich time of high water at each of the
places on the day of new or full moon.
(499.) Suppose now that these last numbers are
marked on a chart, and that, on inspecting the chart, we
see at two points on opposite sides of a sea and at i
several small islands between them the same indication 1
II P. This denotes that it was high water at all those
places at the same time, which on a day of new or full
moon was 3 o'clock. We may then consider the tide
as a great wave whose ridge passed through those
places at 3 o'clock on that day. Suppose that, on
looking at another part of the same sea, we find a series
of points marked lVb, From this we infer that the
ridge of the wave passed through this series of places
at 4 o'clock on the same day. We conclude therefore
that the ridge of the wave has travelled from one of
these lines to the other in one hour ; not by the motion
of the particles of water through that space, but by the j.
change in the relative motion described in (135.), and
other parts of Section IV. If now we draw a line
through the first series of points that we have men
tioned, it is called the colidal line of IIIb; a line drawn
through the second series of points is called the colidal
line of IVh ; and so on.
(500.) Cotidal lines of this kind had been drawn by
Dr. Young and other writers, but to a small extent.
The first instance (so far as we are aware) in which
they were traced on a large scale, was in the charts
inserted by Mr. Lubbock in the Philosophical Trans
actions, 1831. But greater extent, as well as greater
accuracy, were given by Mr. Whewell's investigations
in the Philosophical Transactions, 1833, 1835, and
1836.
(501.) It is proper to remark that the whole of our Thr
directions regarding this matter go on the supposition "P"
that the semidiurnal tide is the only one of any import- |°™
ance ; at least that the diurnal tide, though perhaps tiii -t
sensible, does not materially disturb the times and impa
general order of the semidiurnal tide. We shall how- ujJ '
ever find instances in which the diurnal tide is far wbfr
greater than the semidiurnal tide. In these cases the
word establishment ceases to be applicable. And
though it would not be difficult to extract, from a long
series of observations, a fundamental number bearing
the same relation to the semidiurnal tide which the
ordinary establishment bears to the semidiurnal tide of
other places, yet it is not easy so to state a rule that
nautical persons would be able speedily to ascertain its
value for such a place. In regard to these localities
therefore cotidal lines are yet wanting.
(502.) We cannot close this part of our work with
out remarking on the confusion, and the consequent
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difficulty of drawing cotidal lines, produced in many
**■ places by the inaccurate habits of seamen and all who
miaister to them, (in England at least,) in not disA ' tinstnishing between high water and the termination of
br flood or slack water. On this point see (5.) and (184.).
w In French works these are carefully distinguished :
in thus in Romme {Tableau des Vents et des Marees) the
••k' woras fl°t and jusan are appropriated to the flow and
„. ebb, while moniant and perdant are used only for the
rise and fall; and the want of synchronism between
them is clearly explained. But in some of the best
English charts, from ignorance of this circumstance,
the times of high water on the coast and in the sea at
m a few miles distance are marked as differing 24 hours
or 3 hours ; and even in the table of tides in the
Nautical Almanac, the establishments at Portland
Road and Portland Race are marked as differing
3 hours. We trust that this stain on the scientific
character of our mariners will soon be removed.
Section VIII. — Comparison of the preceding
Theories of the Tides, with Observations.
(503.) In the present Section we propose to bring
together the principal results obtained by the methods
described in the last Section, and to confront them
with the theories of the preceding Sections. For
convenience we shall divide this Section into the
following Subsections :
Subsection 1. — On the individual tides in rivers,
and in bays and estuaries in which the character
of the tides is nearly similar to that of rivers.
Subsection 2. — On the individual tides in some
small seas.
Subsection 3.—On the laws of the tides for varying
positions of the Sun and Moon, at several different
places.
Subsection 4.—On the progress of the tide over
different parts of the ocean.
Subsection 1.— On the individual Tides in Rivers, and
in Bai/s and Estuaries in which the character of tlte
Tides is nearly similar to that of Rivers.
(504.) The common property which unites the
various classes of canals considered here is, that the
elevation and depression of the surface of the water
bear a sensible proportion to the depth of the water.
The theories, therefore, which are to be considered as
specially applying to them are, the whole of the Sub
section commencing at (192.) and illustrated by figures
9, 10, 11, 12, 13, 14, 15 ; and the theory from (307.)
to (309.), illustrated by figures 16 and 17. Besides
these, however, we shall find it necessary to apply the
theories relating to variation of breadth and depth
(238.) to (264.), because in far the greater number
of rivers, &c, the breadth and depth diminish in pro
ceeding from the sea. And in all cases the laws of
friction must be supposed to apply, and the theorems
from (332.) to (335.) must therefore be used. We
shall now advert to special instances.
(505.) The theories from (238.) to (264.) lead us
to expect that, where a river contra, ts rapidly and
shoals rapidly, the range of tide will certainly increase.
lVe are not prepared to say that the law which we
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have laid down in (264.) would apply with extreme Tides and
accuracy, because the assumptions of very slow con- Wave*,
traction and very slow variation of depth on which the
"s^™~^
process of (262.) is founded might not be safe except
the contraction, &c, extended through the length of
several waves. Still there is no doubt of the general
correctness of the result. But the theorem of (332.)
shows, as a consequence of friction, that if the channel
be uniform the range will decrease. Combining these,
we see that there is a certain rate of contraction with
which the range of tide will be stationary : if the river
contracts more rapidly, the range will increase from
the preponderating effect of contraction : if it contracts
less rapidly (and d, fortiori if it expands), the range
will diminish from the preponderating effect of friction.
We can easily supply the reader with instances.
In the Thames, the mean range at Sheerness is Instances
about 13 feet, at Deptford about 17 feet, at London of the
Bridge about 15 feet, and from this point it diminishes chang« of
gradually to the weir drawn across the river at Ted- XkUin
dington, (a few miles above Richmond,) where it is passing up
about 2 feet. A longitudinal section of the river, a river;
given by Messrs. G. and J. Rennie in the Fourth Re- nr8t »nporl of the British Association, is copied in figure 44, afterwards
(as far as relates to the tides,) and exhibits clearly to decreasing,
the eye this change of extent of oscillation.
The ranges in different parts of the Severn we have
mentioned in (7.).
On approaching the Seine, the mean range is about
13 feet; at Havre it is 20 feet; at Quillebeeuf it is
about 13 feet; and from this point it decreases rapidly.
At the Cumbray islands, in the Firth of Clyde, the
mean range is about 6 feet; at Greenock about 7;
at Port Glasgow about 9 ; at Glasgow about 7 ;
after which it decreases.
In the river St. Lawrence, the range increases from
4 or 5 feet at its mouth to 14 feet at Quebec ; after
which it dies away.
These instances might be multiplied to any extent,
the alteration of range of tide in all contracting rivers
following nearly the same laws.
(506.) There is, however, another cause which
sometimes operates to increase the tides considerably
without any convergence ; it is the interruption of the
canal, supposed uniform, by a barrier. This case is
treated theoretically in (307.) and (333.). From
(307.) it appears that, if there is no friction, the high
water will occur at the same time in every part of the
canal, and its range may become very great at the
upper end: the horizontal motion, or tide-current, will
be very great at the mouth. In (333.) it appears that,
from the introduction of friction, the height will not
increase so much ; and the time of high water will be
later
Perhaps
. _
„ , as
. we ascend
.. ,the ■«canal.^t,
i the
»„» best
.» instance .Instances
of this case is m the Bay of Fundy. At its entrance 0f iargc
the currents are very rapid, Dut the range is only tides in
about 8 feet. But at the head of the bay (where interrupted
it branches into two shoaly arms) the range of tide eBtu:lrles"sometimes amounts to 60 or 70 feet. The high water
is later here than at the entrance of the bay by one
hour nearly. In the Gulf of California the tide rises
to a great height, though small at its entrance. In
like manner, the range of tide in the Wash is about
26 feet, while it is only 6 feet at Yarmouth ; and at
St. Malo, Avranches, &c, it is nearly 40 feet, while at
Cherbourg it is only 15. We consider this last in
stance analogous to the others, because we imagine
3 c 2*
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Tides and that the islands of Jersey, &c, almost effectually preWavea. vent the tide from flowing on the eastern side of the
v—""V" bay (in any important degree as regards the supply
of water for the bay) ; and, therefore, the tidal entrance
to Avranches is, in reality, one of much less breadth
than it at first appears.
(507.) The next circumstance in river-tides which
we shall notice is, the relation of the times of slack
water (or the turn of the current) to the times of high
and low water. In (184.) we have seen that if the
river-tide were a wave propagated without friction
along a uniform channel of indefinite length, the times
of turn of the tide would be exactly intermediate to
the times of high and low water, or the cessation of
flow would be three hours after high water, and the
cessation of ebb would be three hours after low water.
But every modifying circumstance which occurs in
common rivers brings the cessation of flow nearer to
the time of high water, and the cessation of ebb nearer
to the time of low water. Thus, in (256.) we find
that the shoaling of the bottom produces this effect ;
in (257.) the contraction of its breadth does the same ;
in (332.) friction produces a similar effect ; and in
(335.) it does so in a greater degree if the river is
stopped by a barrier : this last effect, however, is small
Instance of at the mouth of the river. From all these causes
TaUiet "ter" com"met'» tne turn °f current ought to follow the high
highor low an<^ 'ow water at a small interval, especially on adwater and vancing near to anything like a barrier in the river,
stationary It is notorious among all persons acquainted with
water.
river-navigation that this is strictly correct in fact;
but we are unable to refer to any numerical values,
except for Deptford on the Thames. The mean of a
great number of observations (discussed by the author
of this Essay in a paper in the Philosophical Trans
actions, 1842) gave, for the interval between high
or low water and slack water, 37 to 40 minutes of
time.
Instance of (508.) The theoretical circumstance to which we
low water snaji next anude is that, in a tidal river affected by a
higher than Senera' current towards the sea, and subject to friction,
high water the low water in the upper part may be higher than
in the sea. the high water near the sea (343.). We cannot refer
to a better exhibition of the observed fact than that in
figure 44 ; the same thing, however, (we believe,) has
been ascertained from accurate levelling along the
river Forth.
(509.) The next theoretical point, and the most
difficult, (from the imperfection of limited solutions
where the convergence of the series employed is very
slow,) is the general law of rise and fall of the water
at some distance from the sea, the extent of vertical
oscillation of the surface bearing a sensible proportion
to the depth of the water. Where there is no barrier
across the river, (at least within a great distance of the
sea,) and where the oscillation is not very great, the
theory of (192.) to (221.) will apply. From this we
find as follows.
(510.) First, supposing the place not very far from
the sea, the principal effect will be, that the rise of the
Instances water will occupy a shorter time than the fall (see
0f the
figure 11); and the inequality will be greater lar from
change in the sea than near the sea, and greater at spring-tides
the form of than at neap-tides. In illustration of this, we are able
curve'ln *° V^ace before the reader figure 45, representing the
passing up registered tidal curve at Sheerness on the spring-tide
a river.
of 1841, February 24, afternoon ; figure 46, represent
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ing the tidal curve formed from observations of the Tidaa
same tide at Deptford ; and figure 47, representing Wn*
the tide of 1821, July 29, (in nearly similar position Wv?
of the moon, &c.,) near London Bridge (Fourth Se- ^ ^
port of British Association, page 495). In figure 48 M7of
is represented the course of the neap-tide of 1841, TVmjj
March 2, afternoon, at Sheerness ; and, in figure 49, obw"*
that of the same tide at Deptford. All these curves ^
are drawn to the same scale, and illustrate fully the _
points that we have mentioned. In figures 45, 46, 47, Subset,
the times of rise and fall are, respectively, at Sheerness °" llK
6h. 5 m. and 5h. 55 m.; at Deptford 5h. 0 m. andi^'"4
7 h. 0 m. ; and at London Bridge, 4 h. 48 m. and
7h. 59 m. (the whole time being accidentally too small Bin,«
in the former and too large in the last). In figures E-"""
48 and 49 the times of rise and fall are, at Sheerness,
6h. 30 m. and 6h. 30 m. ; and at Deptford, 6h 0 m.
and 6h. 30 m. At Teddington the times are about
1 h. 15 m. and 11 h. We may also state from Lalande, imaaj
that the tide at Havre occupies six hours in its rise, dimiaj
but that at Quillebceuf and places above it, it occupies d™*
not more than two hours. A better instance is that "s
of the St. Lawrence : at 40 leagues below Quebec,
the rise and fall occupy equal times ; at six leagues
below Quebec, the rise occupies five hours, and the fall
seven hours ; at 20 leagues above Quebec, the rise oc
cupies three hours, and the fall nine hours.
(511.) Secondly, supposing the place somewhat instao.
further from the sea, there will be a sensible check to doublt
the descent of the water; there may even be a small1"'-"
rise near the middle of the descent. That such a
check does occur in fact will appear from figure 50,
which is copied from a diagram given by Mr. Rus
sell in the Seventh Report of the British Association,
representing the tidal curve ou the river Dee, in
Cheshire.
(512.) Thirdly, supposing the place still further tasi
from the sea, and the tide somewhat larger, so as to ,ril'!!
make another term in the approximation necessary, it
appears, from figure 14, (remarking that the tidal curve
for any station may be formed nearly enough by re
versing the form of the wave near that station,) that
there may be a treble elevation in the course of one
tide ; and comparing this with figure 15, it appears
that this phenomenon may be very conspicuous for
spring-tides at the same station at which it cannot be
perceived at neap-tides. Now this treble tide does
occur in the Forth, where it is known by the name of
the Leaky. (Something like it occurs also in the Tay,
and probably in the Thames and other long rivers.)
It is understood that Mr. Russell has in preparation
an elaborate account of observations of the Leaky ; as
it is not yet published, (a short notice only being given
in the Tenth Report of the British Association,) we
must draw our information from Wright's account in
the Philosophical Transactions for 1750, page 412.
The principal points mentioned are, that the Leaky
begins at Queen's Ferry, or a few miles above it, and
in neap-tides extends 25 miles up the river above
Queen's Ferry, and in spring-tides 19 miles further
(three miles above Stirling) ; that the highest water
is not that from the first rise, but that from the second
rise. (In this respect it appears to differ from the
tide represented in figure 14, in which the first rise is
the highest ; but it is extremely probable that the con
sideration of friction and of other impediments might
sensibly alter this form.) It is stated, also, that there
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pda ud are no Leakies at full moon, though there are at new
moan. We doubt the accuracy of the writer in regard
to this point, because the circumstances of sea-tide,
ml' which alone could affect the river-tide, (namely, semi
diurnal and diurnal tide,) are the same at new and full
ad moon. On the whole, while we see beyond doubt
that the Leaky is a legitimate instance of the application of our theory, (having been observed 90 years
* before the theory explaining it was formed,) we think
]. it has not yet been described with the accuracy that a
phfenomenon so remarkable deserves.
(513.) But suppose the tide to be so very large in
proportion to the depth of the water that our series of
terms in (2 10.) ceases to be convergent ; what shall
we conclude to be the form of the tide-wave ? Our
mathematics here are at fault ; and (till the analytical
difficulty has been overcome) we must refer to ob
servation. We may state this, then, as the result.
'ptet As the very large tide progresses, its time of rise
ptide becomes shorter, and its time of fall longer ; but the
l*e descent is not uniform, the greater part of the descent
P"^ occupying not much more time than the rise, and the
f' fast part of the descent being almost imperceptibly
slow, which again is succeeded by a very sudden and
rapid rise of the next tide. The course up the Severn
may be gathered from figures 51, 52, 53. At the
lower part of the Bristol Channel the rise and fall, we
believe, occupy nearly equal times, (although we are
not aware of any careful observations,) and figure 51
may be taken as the representation of the tidal curve
there. Figure 52 is a copy of a curve traced by a
self-registering tide-gauge erected at Hung Road, (near
the confluence of the Avon and the Severn,) for which
we are indebted to the kindness of Mr. Bunt. The
whole time of rise appears to be four hours at the
least. Figure 53 represents the tidal curve at Newnham, drawn generally from our own rough observa
tions. The whole time occupied by the rise (1£ hour)
is accurate. We believe that this may be taken as a
type of the tide-wave in rivers where the entering tide
is remarkably large.
(514.) Connected with this rapid rise of the tide,
in the case of the last article, is the Bore ; a phamomenon on which, we believe, some misconception
prevails. We believe that the following description
of its cause and appearance will be found correct. It
fcsjtdjs necessary for its formation that there be a very
tjJre 'arSe l'^e r'smS irith great rapidity (thus, at Newn' 'ham, where the water rises 18 feet in an hour and
half, the bore is considerable). It is necessary, also,
that the channel of the river be bordered with a great
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extent of flat sands, near to the level of low water. Tilie9 an<l
These circumstances hold in the Severn, the Seine, the ^ W»v«b.
Amazons, the bays at the head of the Bay of Fundy, v^>**~~>
(Chignecto Bay and the Bay of Mines,) and other
places where the bore is remarlcable : the second does
not hold in the Thames ; and, in consequence, that
river has no bore. When the rise of the tide begins,
the surface of the water is disturbed in mid-channel,
so as to distort reflexion, but the water is not broken ;
it is merely like a common wave. This point (which
we state from our own observation) is fully confirmed
by De la Condamine's account of the bore in the
Amazons, and by the practice, in the Hoogly river,
(near Calcutta,) and other places subject to a bore, of
rowing boats, &c, into the middle of the channel on
the approach of the bore, in order to place them out
of danger. But as this rapid rise elevates the surface
suddenly above the level of the flat sands, the water
immediately rushes over them with great velocity and
with a broken front, making a great noise. And this
is the whole of the Bore. It is, however, a majestic
phamomenon, especially when witnessed from a station
which commands the river for several miles above
and below, (we may particularly mention Newnham
churchyard, on the Severn,) and at an hour when
other sounds are stilled. The rise of the water con
tinues, after the Bore has passed, with unabated rapid
ity, as far as can be seen by general observation, and
the tidal current flows rapidly up the river, which is
now quite full. At last its rapidity of rise diminishes,
and at 90 minutes after the bore, at the place which
we have mentioned, it begins to drop, the current
still flowing up. About 15 minutes after the beginning
of the drop, a singular line of ripple (of which we can
give no further explanation) is seen, stretching across
the whole river, and moving very slowly downwards.
This appears to be the place at which the ascending
current and the descending current meet ; for, as soon
as it has passed, the water is seen to be running slowly
downwards, and in a very short time it is running
with a speed which is scarcely to be seen under any
other circumstances of any river, except, perhaps,
some of the largest rapids. The remarkable point
attending this last phenomenon is, that the phase of
change of current moves down the river. In every
other instance, the phases, whether of high water, of
low water, or of change of current, move upwards;
although that of low water (208.) moves upwards
much more slowly than that of high water. It would
seem here that one of the velocities has actuallly
changed its sign.
•

(515.) The only instance in which the pha>nomena of tides in a continuous river have been reduced to mathe- Instance of
statical law by such a process as that of (479.) is in the tides of Deptford (Phil. Trans. 1842). Referring to Deptford
(479.) for the process used, it appears that the result expressed the depression of the water for every value of tl<le ex~
phase; the pluise being an angle increasing by 360° from high water to high water, and the unit in terms of^rn^jue.5'
which the depression is expressed being the half oscillation. Thus it was found that at Deptford, when the matical
range of tide was 15 feet 3 inches, putting p— phase —77°. 50', the depression of the water below a fixed mark law.
might be represented by
. ni •.
1 3 ft. 1 0 in . + 7 ft. 7 1 5 in . X { 0 • 939 sin p - 0 • 066 sin (2p - 38° . 22') - 0 • 048 sin (3p - 48° . 40*)
, .
+0-012 sin (4/J-970. 20}
and that when the range of tide was 19 feet 2 inches, putting p= phase —86°. 23', the depression of the water
below the same mark might be represented by
13,ft. 3 in, + 9 ft. 7 in. x { 0 ■ 902 sin p - 0 • 106 sin (2p- 19° . 1 1') - 0 • 069 sin (3p- 62° . 19')
4 0'033sin(4p-75°.35')}.

.'- :
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Tides and rj^g first thing to be remarked is, that the mean level (or the term independent of sines) is higher in the large Tidau
.J"6^' / tides than in the small ones. Probably a part of this arises from the influence of the second term in the expres- ^™
Difficulties s'on °^ (309 ■) ; but a part also is produced by the difference of the same kind at the mouth of the river, as it
in reconcil- appears in Mr. Lloyd's paper {Phil. Trans. 1831) that the mean level at Sheerness is higher in spring tides than '^11
ing the
in neap tides by 7 inches nearly. The next thing which deserves notice is, that the coefficient of sin (2p— 19°.ir)iono(
observed js larger than that of sin (2p — 38° . 22') in a greater proportion than that of the range of tides ; whereas the expres- The<*T
tuTtheore s'ons 0*" (210.) and (309.), supposing them to be put under brackets with the coefficient of the first term as aa"i0*
tical law. general multiplier, would give for the coefficient of the term depending on 2mvt a quantity proportional to the^™)
range. This seems to show merely that the approximation is not carried far enough for such a tide as that of J,
the Thames. The third point to be noticed is, that the argument of the second term (or the angle whose sine Sote
enters into the second term) is not double the argument of the first term, as it ought to be by the expression of°D liB
(200.) or (210.), but is double the argument of the first term diminished by a constant. This may arise from
Explained the same imperfection of the mathematics ; or it may be explained thus. The bridges and other impediments pit6n|
in some
may produce in some degree the effect of a barrier, and therefore the true expression ought to be intermediate Bart, i
t^e im 'd' to tnose °^ (200.) and (309.). The former with changed sign, and putting C for bk, gives for the variable part &tau
menu to of depression
motion of
the water.

C jsul ("»»<— ww7) —^o. rax', sin (2mvt — 2ffjx')|.
'
^
The latter, with changed sign, making ——— .cos ma— mr'=C=bk, and putting B=1S0°, gives for the variable
part of depression
C |sin tnvt—- fr.ntx'.tan (ma—inx) .cos 2mv<j.
If then the true expression were the mean of these two, it would be
f
THj/
711x' 3
\
C jcos — .sin mvl —-— - i.mj'. (cos 2mx'. sin 2mvt— sin2wj'— tan (ma—mx')cos 2mc/)|.
_„sin 2mx' — tan (ma — ntr1)
-—:—= ,
_ .„ ,
,, .. .
r ,
...
, , .,
If
=tan 2mx — D, where D will be small it the place ot observation is near to the bridges,
cos 2m.i
Sc., this will become
(
7HX
?HXf
)
C |cos
.sin mvl
E.sin 2rwf— 2mx' -\-Dy,
and if we put mot—*^-—p, it becomes
2
C jcos^^.sinp — E.sin2^— tnj'+Dj
or

)mx'
i
cos - — . sinp — E . sin 2p — Fj,

an expression possessing the peculiarity in the form of the argument of the second term to which we have
adverted. On the whole, we regard the phenomena of the Deptford tides as agreeing pretty well with the laws
given by our mathematical investigations.
Instance of (516.) Before quitting the subject of tides in continuous rivers we may remark, that it is easy to conceive a
a river (the river so long that there may be at the same instant several tides of high and low water alternately at different
Amazons) p0;nts along the river, its course being so long that the wave of high water occupies several days in passing up.
ral higli C" ^e are aware °f only one instance in which this is recorded as actually having been observed, namelv the river
and low Amazons. De la Condamine, who descended this river in 1743, (see the French Memoirs for 1745,) has stated
tides exist- that the tide is observable at Pauxis, 200 leagues from the mouth of the river, and that between this place and
ing upon the mouth there are at any instant a score of places, more or less, [une vingtaine de parages, plus ou moins,lzt
it at once, wnjcn jt js high water at that instant ; the places intermediate to these having low water at those times. He
conceives the tide-wave to advance there at the rate of one league per hour nearly.
Instance of (517.) When the river is stopped by a sudden barrier, (a circumstance which holds nearly in the Southampton
estuary tide Water, the Orwell, the Stour, several arms of the sea on the coast of Cornwall, many of the sea-lochs of Scot(South- ]arui) &C ) and many other estuaries,) the theory of (309.) illustrated by figures 16 and 17 ought to apply. We
reduced to are not aware that sufficient observations have been made upon any estuary-tide except that of Southampton,
mathemati- and there they give the very singular curve represented in figure 54. Here is a double high water, as in figure
cal law.
17, and it appears therefore that there is some agreement between the theoretical and the observed forms. But
of'exCUla?' * 's not so 0DV'0US wrien tne height is expressed algebraically by the process of (479.). It appears, then,
° e*tp aln" that the variable part of the depression below a fixed point (as applying to seven tides between 24th February
and 27th February, 1842) may be expressed by
7 ft. 3in.x{0-S9S.sinp + 0,194sin2/>-l° + 0-191 sin 3p — 68°. 8' + 0-034 sin 4/> + 5°.43'}
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jUnsnd where p is an angle increasing uniformly with the time, and changing through 360° in the course of one tide. Tides and
Waves.
|T«a The theoretical expression (309.), as modified in (515.) is
C x jsin mtt—-b.mx'. tan (ma — mJ) . cos 2»ip/J.
This matter is open to further investigation.
(518.) The phenomenon of long continued high water
or double high water in estuaries is, we believe, not
]. uncommon. Thus at Havre, as described by Dicquemare, (Journal de Physique, 1779,) there is a long con
tinued elevation called la tenue du plein. The tidal
curve, as far as we have been able to construct it from
nd Dicquemare's description, is given in figure 55. On
a the coast of Holland, (which possesses all the properties
of an estuary in this respect, that the tidal water runs
for a great distance over a shoaly bottom and then is
suddenly stopped by the coast,) there is a double high
water (see Moll, Nieuwe Verhandelingen der eerste
l^1 dasse . . . van het instituut ... te Amsterdam, zevende
iJ^dee/)- The first high water appears to be considered
[h by the Dutch, in common language, as the real high
in. water, and the second is called the agger, but so little
difference is there between them, that, in making the
extensive series of simultaneous tide-observations pro
posed by Mr. Whewell, the agger was sometimes ob
served for high water.
(519.) We may here properly advert to the anomaly
which has been observed in the tides at Christchurch,
Poole, and Weymouth, and which by some writers (and
by nautical persons on the coast in general) is ascribed
C to the effect of a tidal current from the Solent or western
ET channel behind the Isle of Wight. We shall first state,
<H>>- that we conceive this explanation to be untenable,
*• Without laying stress on the algebraic circumstance,
that the union of two separate tides, one of the form
fl.sin nt + A, and the other of the form 6 . sin ?i< + B,
will produce a simple tide of the form c.sin n< + C, it
will be seen from figure 56 that the line of the main
land is continued by a long projecting shoal from the
visible mouth of the Solent, so as in reality to prolong
that channel to a length which, by discharging its water
at once into the open sea, must effectually prevent it
from affecting a long line of coast. Now in figures
57, 68, 59, we give the tidal curves of these places ; in
- - : which the part marked with a strong line has been care
•I ' fully observed by ourselves, (by noting the height of
1' the water every five or ten minutes,) and the rest
has been supplied from the information of persons on
the spot. It is quite evident, on comparison with
figures 12, 52, 53, that these are simply the tides pro
duced by running over a shallow bottom ; that at Wey
mouth corresponding to a case in which the tide is
greater than at Christchurch and Poole ; which is cor
rect, the tide at Weymouth being double that at Christ
church and Poole. The two latter tides were observed
at the mouth of the Avon and at the quay at Poole, and
in each of these places the tide has flowed over a shoal,
(Christchurch Bay being very shallow,) and has still a
considerable distance to flow over it ; so that they may
be regarded as tides in continued shallow channels.
With regard to the Weymouth tide, we cannot explain
fully the length of the shoal ; but it is remarkable that
the cotidal lines follow in close sequence near to Wey
mouth, which implies that the tide-wave travels slowly
tn the same manner as if the water were shallow,

whether that be or be not the cause of it. It would be
a curious circumstance if it should be found, theoreti
cally or experimentally, that the alteration of the cotidal
lines by the form of the coast produces the same modi
fication of the tides as a shoal which retards the velo
city to the same degree. In all three instances also the
form of the coast compels the tide to turn backward to
these parts, (by passing round Portland Bill to Wey
mouth, round St. Alban's Head to Poole, and round the
reefprojecting from Hengstbury Head to Christchurch ;)
it would be a curious circumstance if it should be found
that this assists to produce that modification.
(520.) In the Philosophical Transactions, 1840, Mr. Tidal
Whewell has given tidal curves for Liverpool, deter curves at
Liverpool,
mined by observations every half hour and also by ob Ports
serving the exact time at which the surface of the water mouth,
passed two fixed marks ; and tidal curves determined Plymouth.
from observations of high water and the time of passing
two fixed marks at Plymouth. He remarks that, at
Liverpool, the rise occupies less time than the fall ; but
his tables and his curves imply the contrary for Ply
mouth. This however is an error, arising from an
error in the tabular arrangement of his figures (see
page 264, January 4, where the figures 3.28.0 in the
last column are improperly raised). On correcting this,
it is found that the rise occupies less time than the fall,
as, theoretically, it ought to do (204.). And this is
the general rule. The tide-observations published by
the Admiralty seem to show that at Portsmouth the
rise is the longer ; but we have good authority for say
ing that the observations of low water there are very un
certain. It is not impossible, however, that Portsmouth
may share in some degree in the peculiarities of South
ampton.
Subsection 2.—On the Individual Tides in some Small
Seas.
(521.) The small information that we possess with Small tides
regard to the tides of the Mediterranean Sea may be in the
first mentioned. It is notorious that the tides are so Mediter
small that they cannot usually be recognized ; or can ranean.
not be distinguished from the effects of wind, (except
in the neighbourhood of the Strait of Gibraltar, where
they are affected by the tide of the Atlantic Ocean.)
This agrees with the result of (300.), in which the
greatest value of Y for a closed canal contains as a
factor the length of the canal, which for the Mediter
ranean (considered with reference to tidal phenomena)
is small. Yet that there is a tide in every part is
shown by the observations of Toaldo at Venice (Phil.
Trans. 1777). The spring tide there is about four Tides in
feet, although at the mouth of the Adriatic it can hardly the Adri
be recognized. It is plain that this case is similar to atic Sea.
that of (307.), or to those of the Bay of Fuudy, &c,
mentioned in (506.), and that a tide, insensible at the
mouth, has by virtue of the factor

become sencos ma

sible at the head.
(522.) The tides in the English Channel claim notice,
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and as
having
beenEnglish
the subject
careful Aexamination
by
■\Vaves.
many
persons,
and of
French.
paper in the
v-»'\^"~/ Pliii. Trans. 1819, by Captain Anderson, deserves to be
Tides in mentioned. This writer conceives, that if there is any
Channel where a meelin9 of two ^des, as from the English ChanFalse ' ne' and from the North Sea, there must be a terrible disnotions on turbance of waters, as if two streams ran to abut each
the meet- against the other. The reader who has entered into the
ing of tides. Theory of Waves will at once perceive that no such con
sequence follows. While calling to mind the analogy of
two ordinary waves on water running in opposite direc
tions and crossing each other without any shock, he may
also refer to the result of the investigation in (310.),
which is precisely that of two tides from two tidal seas
meeting in the same canal, and which shows that at
every point the motion of the water is similar to that
in ordinary tides, except that there is no simple relation
between the times of high water and slack water. If
the consideration of friction were introduced, the general
expression of (321.), making H=0, must be applied,
and the same limiting conditions must be used as in
(310.), which will show that at both entrances the tidewaves travel towards the centre (except one is much
greater than the other). But, dismissing this writer's
speculations, we find his information valuable. It
appears that in the upper part of the Channel (to which
his detailed remarks are confined) the water flows up
the Channel nearly three hours after high water, and
runs down nearly three hours after low water. He
mentions this as a most singular and astonishing fact,
although it is merely the law of (184.), which is that
of the simplest case of waves. We may mention here,
that this continuance of the current after high water, &c,
if it last three hours, is called by sailors lide-and-halftide ; if it last one hour and a half, it is called tide-andquarler-lide, &c.
Reversion
(523.) The results of far more extensive observations
and revolu- are collected by Monuier, in his Memoire sur les
<-■■■••■< 1"'i
Courants dela Manche, 4-c. From these it appears, as
currents a universal rule throughout the English Channel, that
in the
at any great distance from either shore the current runs
English
Channel. up the Channel nearly three hours after high water, and
down the Channel nearly three hours after low water ;
and that on the English side of the Channel, especially
opposite the entrances of bays, the directions of the
currents turn in 12 hours in the same direction as the
hands of a watch ; and that on the French side they
turn in the opposite direction. This is entirely in con
formity with the theories of (184.) and (363.). The
same laws are recognized as holding in the British
Channel, and in the German or North Sea near the
Scotch and English coasts. Two instances are men
tioned, (off the Start Point and off Ushant,) in which it
seems that the direction of the tide, after having turned
through a certain angle, turns back through the same
directions ; but they do not appear to be well esta
blished.
(524.) With regard to the Irish Channel, we have
Different
height of little to remark, except that there is a very great dif
tides in
ference in the height of the tide on the different sides,
different the tide on the east side being considerably the greater.
parts of
the Irish They are also greater in the northern part (north of
Channel. Wicklow, on one side, and of Bardsey Island on the
other side) than in the southern part. Between Wex
ford and Wicklow they are very small. For these facts,
and for information regarding the height of the tides
along a considerable extent of coast, we would refer to
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fig. 60, {Chart of British Tsles and North Sea,) in which Tides u
the small figures along different parts of the coast denote
the extreme range of the tide in yards (Whewell, Vhil.
Trans. 1836). The theory of the motion of waves on c^3t
a large surface of water bounded by an irregular figure mTuF
is so imperfect that we cannot explain this mathemati- TVot;
cally ; although it seems likely enough that the great"""1''"'
wave coming from the Atlantic and passing the south- jy'""
eastern coast of Ireland should not produce a great rise _
on its eastern coast. The greater rise in the north is un- Sublet.'
doubtedly due to the similarity to estuary tides, forwhieh 9" '1"
we have had to refer so frequently to (307.) and (333.). ^'^J
(525.) The tides of the German Sea present a very
remarkable peculiarity. Along the eastern coast of Stu. '
England, as far as the mouth of the Thames, the (Hewave, coming from the Atlantic round the Orkney
Islands, flows towards the south. Thus, on a certain
day, it is high water in the Murray Firth at 11 o'clock,
at Berwick at 2 o'clock, at Flamborough Head al '5 p«»li»
o'clock, and so on (see the cotidal lines in figure 60) of tV;»
to the entrance of the Thames. But on the Belgian of,lli*
and Dutch coasts immediately opposite, the tide-wave maa
flows from the south towards the north. Thus, on the
day that we have supposed, it will be high water off
the Thames at 11 o'clock, (the tide having travelled in
12 hours from the Murray Firth,) and at Calais nearly
at the same time : but at Ostend it will be at 12, oft the
Hague at 2, off the Helder at 6, and so on. This df;
cumstance is so strange, that Mr. Whewell, in order 'l6
explain it, has had recourse to the supposition of a re
volving tide in the German Ocean, in which (he tidewave would run as on the circumference of a wheel,
the line of high water at any instant being in the posi
tion of a spoke of the wheel. Although our mathe
matical acquaintance with the motion of extended wa
ters is small, we have little hesitation in pronouncing
this to be impossible. The only conceivable case fa
which it could hold would be, when there was a shoal
in the middle nearly touching the surface of (he water:
a supposition which does not apply here, the sea be
tween Suffolk and Belgium being somewhat deepest in
the middle.
(526.) We believe that a complete explanation may txM
be found in the arrangement of the great shoals of' the u0"\
North Sea. It must be remarked that (except within jj^Pj
a very small distance of Norway) the North Sea iscon*siderably deeper on the English side than on the Ger
man side; so much so that the tide-wave coming from
the north runs into a deep bay of deep water, bounded
on the west side by the Scotch and English coasts as
far as Newcastle, and on the east side by the great
Dogger Bank. As far as the latitude df Hull, the
English side is still the deep one : and though a s-pecles
of channel through the shoal there allows an bpeuing
to the east, yet immediately on the south of it is the
Wells Bank, which 'again contracts th« deep chahhd'to
the English side. Softer tills (that is, in the latitude of
Yarmouth) the deep channel' expands equally to' both
sides. It seems reasonable to conclude from this that
the great set of north tide is on the English side of the
North Sea, both between the Dogger Bank arid Eng
land and between the Wells Bank and England, (i
branch stream of tide having been given off t6 the easi
between these two banks:) and that any passage of
tide-wave over these banks may be .neglected. Now
this view is supported in a remarkable degree by the
tidal observations on two dangerous shoals called the
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|)j«iiid Ower nn<l Leman, lying between Cromer and the
*»,°- Wells Bank, but nearer to the latter. It appears that,
JT"^ on these <.hoals, the direction of the tide-current ret volves iu 'he same manner as the hands of a watch.
R"1" (See Norie s or any other charts, or Monnier, p. 23.)
fccrjHulNow, in conformity with the remarks in (363.), this
w"> proves beyond doubt that the Ower and Leman are
on the left hand of the main stream of tide, (sup* posing the face turned in the direction in which the
tide proceeds,) or are on its eastern border ; and there
fore that the central stream is still nearer to the coast of
Norfolk. From a point not far south of this we may
'^j suppose the tide to diverge in a fan-shaped form over
the uniformly-deep Belgian sea. Along the English
coast, the wave will flow to the south : but it will
reach the whole of the Belgian and Dutch coast at the
same instant : and, if this tide alone existed, we doubt
not that the time of high water would be sensibly the
same along the whole of that coast.
(527.) But there is another title of great magnitude,
t< namely, that which comes from the English Channel
through the Straits of Dover. This also diverges, we
conceive, in a fan-form, affecting the whole Belgian
sea> the western part turns into the estuary of the
Thames: the eastern part runs along the Dutch coast,
producing, at successive times, high water (even as
combined with the North Sea tide) along successive
points of that coast from Calais towards the Heldcr.
And this we believe, to "be the complete explanation of
the apparently opposite tide currents. The branch
tide of the North Sea running between the Dogger
Bank and the Wells Bank will assist in propagating the
tide along the German coast from the Helder towards
the mouth of the Elbe. We have gone into some de
tail in this explanation for the purpose of showing the
importance of considering the form of the bottom in
explanations of specific tides.
(528.) A remarkable set of observations was made
bv the late Captain Ilewett, R.N., on the depth and
motion of the water at a strictly definite point (a boat
aihe being moored over a small hillock discovered in the
bottom of the sea) in latitude 52° 27' 30*' N., longi
tude 3° 14' 30" E., or a few miles south of the Wells
Bank, near the middle of the Belgian sea. They have
since been communicated to the British Association.
The result was, that the change of elevation of the sur
face was insensible : but that there was a considerable
stream of tide alternately N.E. and S.W. (magnetic).
The point in question corresponds pretty well to the
intersection of thecotidal lines of 9 o'clock of the North
Sea tide, and 3 o'clock of the English Channel tide
(ordinary establishment), and these tides would there
fore wholly or partially destroy each other as regards
elevation. As regards the compound tide-stream, the
greatest positive current from one tide will be com
bined with the greatest negative current of the other, and
this will produce a stream whose direction agrees well
with Captain Hewett's. At 3* on the day of new moon,
the North Sea tide would be running north (magnetic),
and the English Channel tide would be running east,
and therefore the compound current would be running
north-east ; at 9* it would be running south-west.
Both currents, and consequently the compound cur
rent, would cease at about 0*, 6', &c, on the day of new
moon : and as Captain Hewett's observations were made
rather more than a day before new moon, the slack
water would occur an hour or more before noon.
vol. v.
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(529.) The phenomenon known by the term Race
is peculiar to promontories projecting into narrow Races—
channels. Thus nearly every headland of the English Portland
Race.
and Irish channels has more or less of a race. The
most remarkable of these is Portland Race. When the
rising tide in the neighbourhood is nearly at its mean
level, the water begins to run eastward past Portland
Bill and over the sunk ledge which projects from the
Bill : when the tide has reached its greatest height,
the Race is raging most furiously, the velocity of the
current to the east being 6 or 7 miles per hour. When
the water has dropped to its mean level nearly, the
current turns, and at the time of low water it is raging
towards the west. It is plain fhat this current is only
the ordinary tide-current treated iu (184.), but it ne
cessarily runs past the promontory with great rapidity
in order to transfer the proper quantity of water from
the bay on one side of the promontory to the bay on
the other side.
(530.) It is scarcely necessary to mention at length
the rapid currents which are sometimes produced in Rapid cur
the channels communicating from a surface of water to rents from
two tidal seas, or to two parts of the same sea in which bays com
municating
the hours of high water are different. The more rapid with
tidal
current is always that which passes through the seas by two
narrower channel. Thus, the mouth of the South channels.
ampton water communicates with the English Channel
by two courses, namely, by the east and by the west
of the Isle of Wight : the former, being wide and deep,
allows the water to take nearly the same level as that
at the east end of the island, and this at some states
of the tide is different from that at the west end of the
island, and therefore the water runs with considerable
velocity in the western channel (the Solent). A more
remarkable instance is that of Loch Alsh, on the west
coast of Scotland, opposite the Isle of Skye : this island
very much interrupts the great tidal channel between
Scotland and the Long Island (Lewis, Harris, &c),
and the times of high water on the north and south
coasts of Skye are therefore different : Loch Alsh is
principally supplied from the north side by the broad
entrance called Kyle Haken, and its water therefore
nearly takes the level of the northern sea : its height
is therefore at some stages of the tide considerably
different from that of the southern sea, with which it
communicates by the narrow strait of Kyle Rhea;
and the water consequently rushes through Kyle Rhea
with a current of fearful rapidity, changing its direc
tion twice in every tide.
(531.) We shall close this subsection by stating that, Mean level
at the expense of the British Association (see their 8th of the
nearly
Report), a series of levels was carried across the land sea
independ
from Portishead on the Bristol Channel to Axmouth on ent
of the
the English Channel, by Mr. Bunt, and simultaneous range of
tide.
observations of the tides were made at these stations,
and were referred to the marks whose difference of
level was obtained. Although the whole tide at Portis
head was 35j feet, and that at Axmouth only 10 feet,
the mean level at Portishead was only 9 inches higher
than that at Axmouth : its high water being 13 feet
7 inches higher, and its low water being 12 feet 2 inches
lower. Thus it appears that the Theory of Waves, in
the manner in which we have throughout used it, con
sidering the greatest elevation above the mean level,
and the greatest depression below it, as very nearly
3 D»
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equal, is properly applicable to the tides. We have and the low water in the upper part lower than at its Tida
also been informed that the levellings in the Ordnance mouth, by nearly equal quantities : but we possess no fe
Survey have shown that the high water in the upper documentary information on this point.
v—v
part of the Bristol Channel is higher than at its mouth,
^1
ML Of
TTiMr
Subsection 3.—On the Laws of the Tides for varying Positions of the Sun and Moon.
Tidei.
(532.) The Equilibrium-Theory (44.), Laplace's Theory (98.), (101.), and (107.), and the Theory of Waves (436.) and (283.), (439.) and (441), modified in (448.) and (452.), agree in the general form of the expressions Sul>*
for the elevation of the sea, supposing the coefficients altered and the arguments of the angles altered. We shall ^ "
therefore (for convenience), in the first instance, use the formula? of the Equilibrium-Theory in our compari- ,j.c"
sons, introducing the modifications given by the other theories as may appear necessary.
for«
Depend(533.) The first line in the expression of (44.), with which (436.) agrees, gives us the slowly varying effect pwitf
ence of the 0f the two attracting bodies, in feet,
"w*
mean level
uidi
of the sea
(1 -34 X sin* /i+0 '61 Xsins(r) x (cos 2. terrestrial latitude + C),
Moon's dc- fi and a being the declinations of the Moon and the Sun.
dination.
\
In the expression of (44.) C is -: in that of (436) it is 0.

The constant, in both cases, depends on the con-

dition of giving a certain external form to a certain quantity of fluid ; the form is the same in both, but the dif
ferent proportions of the polar to the equatorial surface in the two suppositions (one, of the earth completely
covered with water, the other, of a canal passing through the poles) give different absolute elevations. In
either case, however, the elevation at mean latitudes is small ; it will be most conspicuous near the equator or
near the poles. The quantity of information which we have bearing upon this point is small. In the Phil.
Trans., 1839, p. 157, Mr. Whewell shows that the observations of high and low water at Plymouth give a
mean height of water increasing as the Moon's declination increases, and amounting to three inches when the
Moon's declination is 25°. This is in the same direction as that corresponding in the expressions above to a
high latitude. The effect of the Sun's declination is not investigated from the observations. In the Phil.
Trans., 1840, p. 163, Mr. Whewell has given the observations of some most extraordinary tides at Petropaulofsk
in Kamschatka, and at Novo-Arkhangelsk in the island of Sitkhi on the west coast of North America. From the
curves in the Phil. Trans., as well as from the remaining curves relating to the same places (which, by Mr.
Whewell's kindness, we have inspected), there appears to be no doubt that the mean level of the water at Petro
paulofsk and Novo-Arkhangelsk rises as the Moon's declination increases. We have no further information on
this point.
(534.) The third line of (44.), which we shall next treat, gives the expression for the ordinary semidiurnal
tide, on the Equilibrium-Theory : the corresponding term for one body on Laplace's Theory will be found in
(108.) ; and that on the Wave-Theory for the general combined effect of two bodies, in (457.) and the pre
ceding articles. It appears that the forms of (53.) and (54.), with extensive changes of angles, &c, may be
adopted as representing any theory. We shall consider the different parts of these formulae separately.
Theoretical (535.) Semimenstrual inequality of time and of height. —This is the name given by Mr. Whewell to the
formula) variation of that term, in the expression for the time of high water, or for the height of' high water, which in
for semi- (489.) is called the quantity depending on the Moon's time of transit only ; and which, for the time, putting 9
menstrual for the Moon's hour angle to the west of the meridian at high water, is represented in the first line of the last
tie?"111* expression of (54.) by
720* S'. sin 2.m — s
20=-* M'+S'. cos 2.771—4
or more correctly by
S'. sin 2.m — *
S. .sin 2. m-.s
tan 20= —
M' + S'. cos 2.m— s
M4 +S, . cos 2.m—
(see (56.) ) : and for the height, by the first term in the expression of (53.), which is proportional to
V{MA«+2M4 S, .cos 2.m-s+SJ\.
The expressions of (457.), and the articles preceding it, show that, on the wave-theory, these expressions will be
changed to
S". sin (2.»ra-J-2a)
tan (26-2\) =
-.
M"+ S". cos (2.m-f-2a)
Height
cc ^{M""-|-2M'"S'".cos (2.7»-4-2«)-t-S""}
where the proportion of S" to M", or S'" to M''' is not the same as on the equilibrium-theory, in consequence of
the relation of the magnitude of the effect to the periodic lime of the forces (455.). In considering the mean of
many observations in all relative positions of the Sun, the Moon, the perigee, a:id the equinox, the variable term
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feud T in (457.) may l>e neglected. Now the points which we shall examine are, 1st, whether consistent values of Tides and
ft**- c«
S" Waves,
•v-^ — can be found ; 2nd, whether consistent values of « can be found ; 3rd, whether, with adopted values of —— ^—
IVIII.M"
M
'
Run- and a, the general forms of the observed results agree with those of the formulae.
(536.) 1st. On the value of

For the times this may be found by choosing one mean of observations determLn-°*
M
ingtheproin which m-s — a is as near as possible to 3* (say 3* + .r) and choosing another mean of observations in which portion of
it differs 6* from the former (or is 9*+ x). These will be respectively the times when the Moon's transit (in solar and
f3- solar time) is later by 3' and by 9* (nearly) than the time when the tide is greatest. For the first of these, "ekcta.
tan(2fl,-2\)=-„„S syr-r-o = for the second, tan (28,- 2\) = +
~ : and half the difference of
?

!
gp
'these, when x is small, will not differ sensibly from tan (0,-0,)=—.

Or it may be found by taking the least

S"
S"
and greatest values of 0— X : for the first of these, sin (20„ — 2\)= - — : for the second, sin (204— 2\) = + — :
S"
taking half the difference, sin (0,— es)=jyp,For the heights, the easiest way is to take the greatest and least ranges, which correspond to M'''4 S'" and
g///
M'"—S'" in the formula, from which the value of =37, »s found.
(537.) Thus the following results have been obtained :

Different
determinaAt Brest, by all the observations near to 128 syzygies and 128 quadratures (Mkc. Cel. liv. xiii. p. 204.), tionsoftliis
S'" 1 " 643
proportion
from heights, ^^=-=^ i_.^=0,3456.* There is no deduction from the times, except that made by Mr.
S"
Lubbock (Phil. Tram., 1832) from a year's observations, which gives ^=0" 33945.

S"
At London, by 19 years' observations, from times (Lubbock, Phil, Trans., 1831), —, = 0 *37887,t or from
another discussion (Lubbock, Phil. Tram., 1836) 0' 38386. There is no satisfactory determination from
heights, the whole range not having been observed : but supposing the mean range to be 15 feet, and
the greatest difference in the height of high water at spring tides and neap tides to be 3' 4 feet as shown
by Mr. Lubbock's observations, and supposing that (as in the open sea) the variations between spring
tides and neap tides are the same for low water as for high water (which does not agree with the obser
vations at Plymouth, where the variation for low water is the greater in the proportion of 3 : 2), the
S'"
1*7
value of ^77, would be -^—^ =0-2267. This result is worthless.
S"
At Liverpool, by 19 years' observations, from times (Whewell, Phil. Trans-, 1836),
=0'37866, or
(Lubbock, Phil. Tram., 1837) = 0-37124.

From heights, (Whewell, Phil. Trans, 1836,)

^j-^=0-39875 ; but as there were no observations of low water, this result is valueless.

If the mean

range were considered =24 feet, and the difference of high water for springs and neaps =5 '48,
S " computed as for London =0*228. This is worthless.
j^fj-r
These determinations (omitting those to which we have taken exceptions) may be considered as first-rate.
following are greatly inferior :
From times only (Lubbock, Phil. Trans., 1833, page 20 ; and Whewell, Phil.
S7
At Sheerness, from 12 months' observations .... —M"
At Portsmouth, 12 months'
At Plymouth, 9 months'

The

Tram., 1834, page 20).
= 0" 37865
= 0-3461 1
= 0' 40673

• Mr. Whewell {Phil. Dram., 1 834, p.20) hasquoted as Laplace's value - ^ b0»38231. We know not on what authority this is
"riven : it is certainly not on that of the Mecaniqtie Ciltite.
t Mr. Whewell has given the number r^gg^r 0-3348 : we know not on what authority.
3 d 2*
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Froxn times. (Whewell, Phil. Trans., 1838, page 245).

v—!vW-

A4 ^ly^^Kfrotn l years' observalione ..
■ -

.
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... ..

^ ts 0*4025

'At Bristol, 4 years' '' :'" . ".' .'
.' , . . . '.
,
At Leith, Portsmouth, Pembroke, and Ramsgate, (periods
- t\ i>iii.k
\.
< ■ " •!•»
git ' * •
d . ■■'
. '"■
not mentioned), — appears a little less than at Liver/< ,,,,Mr , / ', , . . . , • . . ■ i i
i 1 1* i:"
,.l -i.i ... ,., ... PftPl-. .V i- .
I
.>..'•:
.i ..i ■
S
■. , I
■,
.• : i
,.| „' i ,i -j , ,From heights, at Portsmouth vfTTj = 0' 2 ; at Plymouth

== 6 : 334 ,

'

'ii
•■
.

=0-294; at Bristol =0-303.
11 -> From heights at Plymouth (Whewell, Phil, Trans., 1839; '
'
v ■ i. j I i'..i"i:i.-„ 'page 153, &c), by 6 years' observations of high and
i- . )).'.- i.
•'
.'.I .».;!■
'■ ■■ ii" 'i'. i ' i.'/
! wgw
. /' ■•...-.'i. i..
low water- <• »•>
■■ «■ 't" «• <<■
. 1 ^7 , =*^yj^" =
— 'ILII'll 111
■!i - .!.■■
„, .
, 1(/ ,

At Dundee (page 157), by one year's observation of high, ,
I.' . I l.'.-.l, ..I
I..H . '
1/
S"
and low water, from times . . . , .
^ = 0'35S4
. t
'i ii-i • 11 1
. 1 i..'gn> ■ 1 . I .' 1 (1 " . 1 . i i h;H|
■ 1
From heights ■<„ >.t ■. 'l< . 1 »
■■«
rt^ fc= 0"2T74 1 f/ ":;
.,, , , , • ,, . -, ■ ■ . k ,|. .
j
I" . .W. 1 'III .!../! >'i1n- in- 1 -j !i I Li 1
' 'Al Dundee,, Mr. Mackie {British Association, 7/A Bepprt), ,
, ,.
, k 1.
'•■ has found by 7 months' observations from times . '. '—is 0;3t20.

'In the Philoscp?iicat Transactions, 1836, page 305, Mr. Whewell has,' insisted ou the difference ,pf,;tie-pstreow
values,"6fJ 'the sem'iraehstrual' inequalities ^and. the consequent difference of deduced! values of ^p>^ at different
opurtiom.

places, as ascertained by three weeks' observations. We have not the smallest confidence in such a result,
^aVmn irt our own observations, for four days only, encountered a discordance of two hours between, the times
occupied by two successive tides.
_
n-.- . »•.■! '.

fram'differ- (538.) Confining ourselves uow, to, .the. values of
outplaces S"
t'
v
• '
do not
yp,, deduced from the times only, which are incom^
parably more exftCt than those deduced from the
heights (the Brest and Plymouth observations excepted), the following remarks suggest themselves.
The two places (London and Liverpool), at which the
greatest number of observations have been made, agree
precisely in the value which they give for ^.

And the question now is, whether such a difference for ^
different ports, as we consider to be established, is con- 191
gistent with our theory ? We answer that it is, and « c
that it may be ascribed to one or more of the follow ing f
,
,"
,
,
.
(*> . tldef w,ere formed independently (or nearly
so> \n Al^1 c,hann<*s ,of dlfferent ^.^VH
Por,lon of the soIar fd lunar waves' Thl'h bY, ^

Yet it contains the factor ^rprfft' wou,d be difrerent 5n fte

seems impossible to deny that at some places (we
particularly cite Plymouth and Bristol) the value of
g„
J
deduced from the times is certainly greater by
M
•jVth part, and that at other places (as Portsmouth and
Dundee) it is less by nearly .^th part. And these we
consider to be real and certain differences in the comparative effects of the Sun and Moon in the seas near
to those places. They cannot be explained by any
difference in the speed of spring-tide-waves and neaptide-waves, a* in (463.), because, by the rules of
,
. S" .
1. . , i
.
(536.), the value of w is obtained by comparing
two times of tide when (the values of m-s-oc being
the same with opposite signs) the magnitude of the
.,
,. , ,
,
„
tide, which depends on cos 2.,m-s
was the same.
Indeed we consider it perfectly certain that the value
°f M7' deduced from the times is an accurate rePre-

d!^eren' ^annels. This 'can scarcely apply to.tlu.
dllFerenf P^ts of England, but ,t maxwell apply m
comparing the tides of the Atlantic with those of the
Pacific.
(y8.) If tides are communicated by different channels
to the same port, the proportion of the solar and lunar
waves, (121.) and (312.), will depend on the length,
&Ci] „f those channels, and may be different at different
places. This applies, probably, to every port in England.
The harbour-tides are, without exception,
tides which have acquired a greater magnitude than
the ocean-tides, in consequence of the tide having
passed over a s]oping
Nqw though we ^
not 8™** accurately the values of the expressions used
in (246.) and (247.), still it is certain that they will
depend on 71 and m as well as on the depth and slope,
ftU(1 therefore> that the ^ and Iunar1 tides wi„ be • <
aUjnd fa different degrees.
Moo

(539.) The difference in the values of |L there- ,°ufo
from
sentation of the proportion of the magnitudes of the fore, however difficult to be explained from the aclual ihea
srilar and lunar tide-waves which come to the port, circumstances of each port, presents no difficulty ia «m
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value of 0 corresponding to 2. in — s — 2«=0, or which T^vpsld
is the mean value of 6, is that upon which Mr.Whewell .
'.
has with great propriety fixed as the characteristic of
the time of high water at any place. He has sometimes
called it " the mean lunitidal interval," (or the mean
hour-angle of the moon at high water,) or sometimes
" the corrected establishment," for a reason to which
we shall advert shortly.
The value of 2a is determined from the heights by
taking that value of 2. m—s which gives to the height
is greatest value. For, the expression for the height
is evidently greatest when 2. m — s —2u=0.
. Since m—s is the angle in right ascension by which
the Moon has separated from the Sun, and since the
mean separation in a solar day is 49 minutes nearly,
the number of days after syzygy corresponding to the
separation m—s (supposed to be expressed in minutes
Mr. Whewell has even expressly said (Phil. Trans., of time) is m • nearly, or m — *=number of days X
1S38, page 245) : " We see, therefore, how different the
mass of the Moon wpnH be found to be by calculations 49. Therefore <*, if expressed in minutes of time =49
from the tide-observations of different places." This X number of days after syzygy, or «, if expressed in
would be true for an equilibrium-theory ; but, as that degrees, = 12° 12' X number of days after syzygy, at
contemptible theory is. entirely Inapplicable, except for which the lunitidal interval =. mean lunitidal interval,
some forms which require such extensive changes that or at which the highest tide occurs. In the same
they are now useless, it is scarcely worth while to refer manner, a=49", or 12° 12' X number of days after
ttf'ft- 1 For a wave-theory it is not correct. We shall quadrature at which the lunitidal interval has its mean
value, or at which the lowest tide occurs. At solstices
have occasion to revert to this subject.
(separately considered) these numbers are to be in
r (540.) Nbw^ considering the values of
deduced, creased Tfth, and at equinoxes to be diminished Alb.
(542,) Thus the following determinations have been Dotermi ia.
,',,< from the1 vertical1 range of tide, we find that there are obtained :
lions horn
different
lit but three accurate determinations (those from Brest,
At Brest (Mec. Cel., vol. v., pages 187
places.
fan Plymouth, and Bristol), to which that of Dundee may
to. 200), from observations of heights
be added as somewhat inferior. They agree iu giving
at equiuoxial syzygies, the highest
m a smaller value at each place than that giveu by the
tide follows syzygy by 1' ■ 480, or . a = 16° 36'
times." We, cannot explain this, but we assert disa=20° 29'
At
solstitial syzygies by l'1- 547, or
£»Mt tinctly that there is nothing in it contradictory to
From
observations
of
heights
at
cquitheory in its present state. We believe it to depend
noxial quadratures, the lowest tide
upon circumstances purely local, upon the depth and
follows quadrature by 1 '5097, or . a=19° 56'
breadth of the channels through which the tide passes,
At
solstitial quadratures by 1 '5127, or tt=16°25'
and the like. For here, unlike the case of (538.), the
Laplace has not given the details of
determination depends entirely upon the difference of
computation applying to the times,
spring tides and neap tides. The most singular cir
but he remarks that the hour of low
cumstance is, that, apparently at London and Liver
water (expressed in fractions of a
pool, and certainly at Plymouth (Whewell, Phil.
day) corresponding to the greatest
Tram., 1839, page 151, &c.), the semimenstrual in
tide, supposed to occur at ld,5 after
equality is greater for low water than for high water.
syzygy, is O^-UliO, and the hour
Thai is, upon increasing the general magnitude of the
of high water corresponding to the
tea-wave, it produces a greater effect on shore-lowleast tide, supposed to occur at ld,5
water than on shore-high-water. From these observed
after quadrature, is 0 ■ 431600. If a
tacts, as well as from those of (513.), &c, we are in
later epoch were used, the first of
duced to fix upon the subject partially discussed in
these numbers would be increused by
the third subsection of Section IV., as more strongly
a less quantity than the Moon's dairy
deserving attention at the present time than any other
motion (9— \ being then negative,
point ia the Theory of Tides.
and increasing in its negative value),
- (541.) 2mL On the value of 2a. This is determined
and the second would be increased
from the times by taking that value of 2. m—s which
by a greater quantity than the Moon's
is found from observation to give to 6 at high water
daily motion : and thus they might
i's mean value. For, if we take pairs of equal values
be made exactly equal. The value
of Di— j— a with opposite signs, we obtain pairs of
of m — s at this time would determine
equal values of 20 — 2\ with opposite signs: the mean
a. Thus it appears that «, as found
from the times, is greater than as
of all ia 28 — 2\=0, which corresponds to 2.m->-t— 2ot
found from the heights. Mr. Lub
—0 or gives 2« = the corresponding value of 2.m-&.
bock, from one year's observations of
may here observe that the quantity A, which is the
times (Phil. Trans., 183-2), found . .= 22° 0'

Wriani the general theory. One point, however, we must
*"*4' specially remark. Our explanations of the difference
*UIL c'cP€nt' ent're'y on the difference of trhe periodic times
[nmf°rces> and, therefore, the consideration intro10f duced by Laplace (481.) for the varying alteration of
b*judthe effect of each body as connected with its varying
P*" velocity in right ascension, applies to all of them. This
P° consideration is embodied in our formula? of (448.).
And if the observations applying to this were properly
ptos-J. treated, in a manner equivalent to that of Laplace,
[*• (491.), and if the observations were sufficiently
5i numerous and good, we ought to obtain the same
, value of the Moon's mass from every port. Unforof tunately, the philosophers who have reduced the
English observations, do not appear to have been aware
of the principle on which the true value of the mass
S"
may (theoretically, at least,) be deduced from — ;
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At London, from times (Lubbock, Phil.
Dundee, where the result is deduced from the obser- Tidal
Trans., 1S31, page 400) . . . . a=32°
valutas of a single year. The values of a deduced ™
From heights (page 403) .
from the times cannot be made to agree.
—-\
o=26°
(544.) Now a little consideration will show that the £etl'
At Liverpool, from times (Lubbock,
Phil. Trans., 1835, page 283; and
amount of a cannot posjibly be explained by delay in^f
Whewell, 1836, page 8, observing
the transmission of the tide. The smallest value of aThew]
that the tide occurs 11 hours after
implies a delay of 29 hours; while it will appear that
the moon's transit)
«=24° 15' the tide at the Cape of Good Hope is earlier by only 15 If0""1
From heights
a=20° 30' hours, and that at Cape Horn by a still smaller quan- _
At Bristol, from times (Whewell, Phil.
tity, than that at Brest ; and thus it would Beem that, Bum
Trans., 1838, page 237), the value of
even in the southern sea, where no reason for delay of On Uij
tide can be imagined, it has already been delayed at \in I
a is the Moon's motion during 56
hours, or
*=28° 30' least 14 hours. Putting this aside, we shall at once ?*
From heights, the value of a is the
state our conviction that the apparent delay arises p
Moon's motion during 40 hours,
entirely from friction, as explained from theory in (459.). the <tt
a=20°20' We may remark that the expression there found has the aM
At Dundee, from times (Whewell, Phil.
same sign whether the depth of the sea be greater or
Trans., 1839, page 157) .... a=23°
less than 14 miles. We do not deny that it is possible Tin j
to explain the same thing by the interference of two C1™
From heights
«=20°
At Portsmouth, from times (Lubbock,
titles with nearly opposite phases, of which one hn-'
Phil. Trans., 1833, page 21) . . «=26° 30' suffered no retardation, and the other a small retarda- ,
At Plymouth, from times (same refer
tion ; and that, in the instance of Brest, two sucln
ence)
«=28° 45' mingling tides may bt produced, one from S. to N.jand1
At Sheerness, from times (same refer
the other from E. to W. But the other explanation is so ^ J
ence)
much more natural that we shall adhere to it.
(t i, ,
a=30°
(545.) But, as we have one system of values of j ptmi
(543.) We have now to consider how the existence given by the heights of tide, and another given by the Mm
and variety of magnitude of this quantity a can be ex times, it may be asked which is the true one? We
plained. And first we must remark that a part of it answer, without doubt, that given by the heights. WenJ
depends on the circumstance lint we have not observed have shown in (462.) lhat local circumstances do not of ret
the tides in the ocean in which they are actually alter, except by a constant quantity, the times of high
formed by the Sun and Moon, but on rivers and water for a given range of tide, and therefore do not j °S
narrow seas up which they have been propagated as alter the clay of highest tide(upon which <*, as deduced ^(j,
waves without external forces. Now the tide at Lon from the heights, depends) ; but in (463.) it appears tfnij
don (the mean effect of two waves at 12 hours' inter that local circumstances do alter the day when the tide !T
val, as we shall hereafter explain) has travelled fron. occurs at mean lunitidal interval, or do alter the time
Brest in 16 solar hours nearly, and, therefore, to refer for which the relative positions of the sun and moon
the London tide to its origin in that part of the are to be used in computation of the time of tide. They
Atlantic Ocean we must subtract from a the Moon's may be expected, therefore, to alter it differently in
motion in 16 solar hours, or 8° 15'. In this manner different ports, and thus the discordance of values of z
we find the following table of values* of a referred to in the first column is explained. It is remarkable that
that part of the Atlantic ocean which is near Brest ; — the difference between the time-values and the heightvalues of a is less at the two most open ports (Dundee
and Brest) than at any of the others, as might have
Number of
Cor
Cor
hours oc
Cor
been expected.
rected rected
cupied by responding value
(546.) It is, however, worthy of remark, that all the
of
of
Place.
passage of correction a from value
time-values of a are greater than the height-values.
<c from
tide from
to a.
times. heights.
This implies that the effect of the local circumstances is
Brest.
opposite to that assumed in (463.), and therefore that
the great tides travel more slowly from the sea than the
Brest . . .
Oh. 0m.
0° 0' 22" V 18° 20'
London .
small tides. We cannot venture positively to explain Nst
1G 10
-8 15 •13 45 17 45
Liverpool .
7 40
-4 0 20 15 16 30
this, but we may suggest the following consideration
Bristol . . . 3 30
-1 50 26 40 18 30
for the reader's judgment. Before the old London
Dundee . . . 10 SO
-5 30 17 10 14 30
Bridge was removed, the higher passage of small tides KW
Portsmouth.
7 52
-4 0 22 30
Plymouth . .
was materially obstructed by the sterlings of the bridge ; ura
1 45
-1 0 24 45
Sheerness . . 14 51
-7 30 26 0
that of great tides much less. The small tides were &"»
therefore nearly similar to tides in an interrupted
in which the time of high water is the same as
The values of a from the heights agree as well as we canal,
that
at
the sea (307.) ; while the large tides partook
can expect. The only sensible discordance is that of
of the nature of tides in an uninterrupted canal, and «p*j
the tune of high water up the river was progressive.
\\ e have been anxious to combine with these the value of Similar considerations may apply to the other ports.
a, deduced from the observations of height at Leith, which are
tabulated m the Report of the llth meeting of the British Asso The quantity a is sometimes called the retard, and the
ciation, page 30. But in the want of explanation of the table time in which the Moon moves through that angle from
and the apparent inference from it as it stands, that the highest the Sun is called the age of the tide.
tide precedes syzygy (contrary to universal experience), we have
(547.) 3rd. On the agreement of the laws of the observed
not ventured to use it.
semimenstrual irregularities with those given by the lor-
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between the Moon's transit over the meridian at London Tides and
and the time of high water (altered only so as to adapt Waves,
it to the value of a=3'2° as above, instead of 30° which v-^^-"'
Mr. Lubbock has used,) and we copy from the Philo
agreement is perfect. We subjoin a Table similar to sophical Transactions, 1836, Mr. Whewell's table of the
prrud Mr. Lubbock's, of observed and computed intervals observed and computed intervals for Liverpool.
itmObserved and computed values of Q for London ; the computed values being found by the second formula of
an
(535.), supposing^— =0-37887, a=32°,X (in time)= lh. 25m.35\
mills. With regard to the times we may state, that for
Wins. those places for which the comparison has been made with
S''
the values of^ and a peculiar to those places, the

Solar Time
of Moon's
Transit.
h
0
0
1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10
11
11

m
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30

at Moon's
Transit.

m—s
at
High Water.

m—t-— K.

Computed
Value of
<-X
in Time.

Computed
Value of
i
in Time.

0
0
7
15
22
30
37
45
52
60
67
75
82
90
97
105
112
120
127
135
142
150
157
165
172

o
l
8
16
23
30
38
45
53
60
68
75
83
90
98
105
113
120
128
136
143
151
158
166
173

0
329
336
344
351
358
6
13
21
28
36
43
51
58
66
73
81
88
96
104
111
119
126
134
141

in
+ 31
+ 24
+ 17
+ 9
+ 1
- 6
-14
-22
-29
-35
—40
—43
-44
—41
-33
-20
- 2
+ 15
+ 29
+ 39
+43
+44
+ 42
+37

h
1
1
1
1
1
1
1
I
0
0
0
0
0
0
0
1
1
1
1
2
2
2
2
2

0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30
0
30

/
0
30
0
20
50
20
40
10
30
0
30
0
30
0
30
10
• 50
20
0
30
0
30
0
30

1
0
30
0
20
50
20
40
10
30
0
30
0
30
0
30
10
50
20
0
30
0
30
0
30

.s
42
50
16
20
18
59
50
22
30
44
42
50
18
18
38
20
50
7
54
18
46
20
0
34

m
57
50
42
34
26
IS
10
3
56
4!)
44
41
41
41
51
5
22
40
55
4
9
9
7
3

a
17
25
51
55
53
36
45
3
5
SI
53
45
17
17
57
15
45
42
29
53
21
55
35
9

Observed
Value of
1
in Tim?.
h
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
1
1
1
1
2
2
2
2
2

m
57
50
42
35
26
18
11
3
56
51
45
43
42
44
52
5
23
39
56
5
10
10
8
3

S"
Observed and computed values of 9—\ for Liverpool, supposing —t = 0 '37866, and a — 24°. 15' nearly.
{Note.—Our a is not the same quantity as Mr. Whewell's a, Philosophical Transactions, 1836, page 8. Mr.
Whewell uses a as the correction to the Moon's distance from the Sun at the time of transit preceding the tide ;
onrs is the correction to the Moon's distance from the Sun at the time ofhigh water.) \ for Liverpool is 1 lh 6m.
Solar Time
of Moon's
Transit.
h
0
1
2
3
4
5

m
30
30
30
30
30
30

Computed
Value of

Observed
Value of
t-\.

m s
+ 12 16
- 4 7
—20 6
—34 0
-43 6
—42 40

m s
+ 12 12
- 4 36
-20 0
-33 54
—42 48
—43 12

It would scarcely be possible to obtain closer agree
ment. In figure 61 we have represented the values of
6—X for London by the ordinates of a curve, the ab
scissa representing the solar time of the Moon's transit.
The dark line is the curve representing the values of
8—X computed from theory, and the dotted line is that

Solar Time
of Moon's
Transit.
h
6
7
8
9
10
11

m
30
30
30
30
30
30

Computed
Value of
t-y.

Observed
Vulue of
1— X.

m
s
— 25
8
+ 9 2
+ 36 28
+ 44 20
+39 40
+ 27 36

m
s
— 25 0
+ 9 6
+ 36 36
+ 45 36
4- 39 48
+ 26 6

representing the observed values. The same form pre
cisely is given by the observations at other places ; we
leave to the reader the task of laying down that for
Liverpool, and we refer him to the Philosophical Trans
actions, 1833, page 19, for the curves of six different
places.

Compari
son oftheoretical law
and ob
served law
of semimenstrual
inequali
ties of
time.
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Tides and (548.) We may now point out the difference between
Waves. the vulvar Establishment of which we have spoken in
Difference (2.) and (497.), and Mr. Whewell's Corrected Establish
between ment. At London, for instance, the vulgar Establish
ment, taken from the table above, would be lb 57™.
Vulgar
Establish But the mean interval between the Moon's transit and
ment and the time of high water is lh 25m35•; and this is the
Corrected Corrected Establishment, differing 31m from the other.
Establish
ment.
It is better for adoption as a mathematical element,
because it expresses a simple quantity (namely, the
delay of high water after the Moon's transit, supposing
no Sun to exist) ; and it is better for practical use,
because it differs less, upon the whole, from the real
interval on any day, than the vulgar Establishment
does. Thus at London, if we roughly computed the
time of high water with the interval lb 57m from Moon's
transit, we might sometimes be lh 15™ in error; if we
used lh 2Gm, we should never be more than 44'" in
error.
Compari
(bid.) With regard to the heights, it is possible to
son of
use
such constants in the second formula of (535.) as
theoretical
close approximation to the observed
ami ob- will give a very...
served law heights. Thus, for the representation of the heights of
of semi- high water at Liverpool, Mr. Whewell has used the
menstrual values M' = 6-872 feet, S'=2-74 feet, a— 15° (appli
inequali cable to the Moon's distance from the Sun at the pre
ties of
heights, ceding transit), and has subtracted from the result of
the computation, the constant 7- 19 (the mean of all the
computed numbers). This he compares with the dif
ference between each of the heights, and the mean of all
the heights, as measured from a certain fixed point. The
result is as follows :—

WAVES.
Solar Time
of Moon's
Transit.
h
0
1
2
3
4
5
6
7
8
9
10
11

m
30
30
30
30
30
30
30
30
30
30
30
30

Difference of Difference of
observed
computed
height from height from
mean.
mean.
Feet.
+ 2 35
+ 2-35
+ 1-83
+ 0-84
-0-48
— 1-89
—2-90
—2-90
-1-89
—0-48
-r-0-84
+ 1-83

Feet
+ 2-35
+ 2-39
+ 1-88
+ 0-90
-038
-1-76
—2-91
—2-94
— 1-85
—0-38
+ 104
+ 1-81

Tid .
Wi
Sm.1
Cortp<
HI ul
T! - r
Oten
T,,
S*
Or; It
fell
hn
MS
s
,d,

The agreement is good, but it has been obtained onlv
by taking for M" a quantity which shall make a good
agreement, and not by taking it from the range of the
tide. To make an equally good agreement for the
heights in the London tides (Phil. Trans., 1831, page
390), it is necessary to use a value of M" much smaller
than that used by Mr. Lubbock, so that the value of
S" is unreasonably large. But, for the reasons men
■^p

tioned in (510.), we do not think this important. In
figure 02 we give the curve representing the semimenstrual inequality of height for London ; the abscissa is
the Moon's solar time of transit, and the ordinate is the
height of high water above a fixed point.
(550.) We now come to the corrections in these semimenstrual formulae depending on the varying declinations
and varying distances of the Moon and Sun. And first, the correction for the Moon's declination. The term
which the equilibrium-theory gives for correction of time, (54.) and (56.), is
M. S, . sin 2 . m — s
36LP
(sin*^ — sin* A)
* (M4-+ S,, ,cos2.m— s)!cos' A

and that for correction of height, (53.) and (56.),
M/ + M4 SA . cos 2 .m—s
(sin' u, — sin* A)
— 3.
A/{M4,+2.M4S1 ,cos2.m—»+Si'}co<r,A
where the whole height is represented by 3 %/{M4"4-2M1Sa .cos2.m —s + S4*}. Here fi is the Moon's declina
tion, and fi and m—s are to be taken for the time of the tide. The theory of wives, (-44S.), (449.), and (452.),
makes several important modifications in this expression. First ft and m — s are to be taken for a time anterior
by a constant quantity [>t (452.) and (459.), (not by a quantity which makes a constant). This quantity p, for
Brest is about 36 hours, for London 52 hours, for Liverpool 44 hours, and for Bristol 40 hours. Secondly, i.i
computing
the retardation or its tangent, or 6— \ (the expression which in (535.) we have found it necessary t*>
Formulas
for lunar use) from the formula
declination
(Si+T). sin 2. m—s
360"
corrections
of times.
*
M, +N+(Si+T) cos 2.m—s
and in computing the height from the formula
V{MA8+2MtSi .cos2.m~^j+S1,+('2M1 +2S„ .cosS.m"^*) N + (2S4 +2M4 .cos 2.m—s)T],
nVl w'.sin -2lt (u=obliquity of Moon's orbit to equator, «7=Moou's laugin'V- gk
tude or right ascension) ; and for M + N", so far as depends on declination, we must put

we must increase 2m further by
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p. The mean of all the values of this expression is M.cos'A, or Ml = M ^i-^^.^, and this expression is therefore ^aves.''
'HI.
■
rl

1/

n-V-^fc/

^oTa

I'

Therefore N=-m/iJ*"™) *&g£±.
A\ n^—„kJ
cos8 A
,[«.
n'\/i
irf
Also, putting 2m' for —-—
a,*. sin 2lt, sin 2.m — s is to be changed to sin 2m— 2s + 2m'=sin 2.m—s
It t)
+ 2m'. cos 2.m —s, and cos 2.m— .5 is to be changed to cos 2m—2? + 2m'— cos 2.m—J— 2m'. sin 2m—j. Omit
ting therefore all variations depending on the varying distance and declination of the sun, and all except those of
declination of the moon, we have to compute the time of tide after transit, or 0— X, by the formula
_ 36°" x
S„ {sin 2 ■ m — s + 2m'.cos 2.m — s }
*
Ma +N+S4{cos 2.~m—s— 2m'. sin 2.m—s}
or (expanding to the first power of N and 2m'), by the formula
360" S4.sin2.m—*
— 360" 2m', M.S. .cos 2. m—*+S4»
=
,1 360"N . — S1.sin2.m— s
T
St.cos2.w— s
*
(M4 + Si.cos2.m— s)*
*
(M4 +S4.cos 2.m-^)"
and putting for N aud m' their values, wc have for the second and third term, which constitute the declinationcorrection of time of high water,
360"f
nW ; u'.sia
, . 211.
„„ M4SA.cos
- l„«bf—
-TJ7
——2.m-j-r-S4«
■
gk
(M4 +S4.cos
2. »n-i)«
A
2nVl \ sin8 /i— sin1 A
M4S4.sin 2.m—s \
\ ~"n"b*-gk)
cos" A
' (MJ + SA.cos2.m^7)8J
We proceed now to advert to the bearing ofobservations, as far as they have yet been discrtssed, upon these terms.
(551.) The first term, depending upon w* sin 211, has not been elicited from observations at all, for very good One term
reasons. The square of the sine of declination is w" sin'/I, and therefore wasin 211 is proportional to the increase has been
of the square of the sine of declination. Now Laplace gave very little attention to the times of tides; and more- omitted in
over, in the discussion of solstitial and cquinoxial observations, he confined himself to the times bordering very g°™p,*"u:
closely on solstices and equinoxes, on both sides of them (480.), &c, and therefore the increase of the square of obscrva.
declination could not appear. Mr. Lubbock and Mr. Whewell, though they have used observations made with all tions.
values of declination, have unfortunately (from inattention to this theory) classified the tides, as regards declina
tion, only by the amount of declination, grouping together the observations at which the declination was increas
ing «nd those at which it was diminishing : in the mean of these, therefore, the term depending on the increase
or decrease of declination has been entirely lost. We regret this much, because that term would be of singular
use in giving the value of the important constant

——^ ; of which we shall shortly speak further.

(552.) For the second term, the observations were arranged with reference to the declination, (though some
what complicated at first by the introduction of the calendar month,) and they are therefore so far in a fit state
to compare with theory. It must be remarked that m, s, and it, are to be taken for the moon's place at a period
anterior by that constant which we have called the ape of the tide or p( ; and therefore that the interval of the
time of tide from the moon's transit, or 0— \, ought not to be reckoned from the last transit of the moon, but
from that transit of the moon over some meridian at which it occurred at the time p, nearly before the tide.
Mr. Whewell, in discussing the intervals of tides from the nearest transit^of the moon at London and Liverpool,
{Phil.Trans. 1834 and 1836,) found, besides terms multiplying sin 2. m— .», terms of the form 132"(sin* A — sin'u)
for London, and 84". (sin" A -sin'/i) for Liverpool. These terms, not at first understood, are a singular proof of the
theory as regards the necessity of referring the interval to a transit earlier by the age ofthe tide. For the" moon's ve1 • •
"
•
cos obliquity
.. .
*OS«A
...
. , , . .
locitvinriffhtascension
= vel.inloiiff.X cos*
- —.—r—,7
—. -=vel. in long. X ——
0
declination
cos /i =vel. in long, x (1 —Sin* A + sin'ii),
r
therefore, supposing the theory correct, the moon's right ascension or time of transit would be increased, from the
true anterior epoch to the transit near to the time of tide, by vel. in long. X age of tide X (1— sin* A -f-siii*/j) or by
ax(l—sin*A-f sin'^i) ; of which the part that depends on declinatiou isaX (sin'/j — sin* A ) ; and therefore the
interval from that transit to the tide would be increased by a (sin* A — sin*/j); which, with the values above for
0, gives for London 128" (sin* A —sin'/i), and for Liverpool about 80" (s»n A — sinV ), (referring the end of a, in
Mr. Whewell's manner, to the place of the moon at the transit preceding the tide ;) the agreement of which with
the quantity deduced from observation is very close.
vol. v.
3 e*
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(553.) The general comparison, however, of the results for decimation-correction of times deduced by Mr.
Whewell {Philosophical Transactions, 1834, 1836, 1838) -with the term given by theory, is almost impracticable.
Where the tide ought to be compared with a transit of the moon earlier by two days, it is evidently unsafe to ^
Difficulty attempt to use results deduced from comparison with a transit on the s:une day, especially for an element which ^
of com
changes so rapidly as declination, and more particularly as one term whose influence would probably then be J
paring
sensible is entirely neglected. This consideration excludes all but the investigation in the Philosophical Trans-T
theory
with ex
fictions, 1833. In that paper Mr. Whewell has gone through the labour of reducing two years' observations at ^
isting re Bristol by reference to three different transits of the moon, (a process which, with proper management, would
sults of
give the results depending on the change ofthe moons declination and change ofthe moon's elliptic inequality, which 3
observa
we are seeking ;) and he finds that the same transit (B), to which it is necessary to refer for semi-menstrual Sul
tion.
inequality of height, will give a declination-correction agreeing generally with theory. But how nearly this 0l>
agreement holds is not explained. Our theoretical term is
360"/
2/iV/ \sin>— yin'A
M4 S. .sin.2. m—s _
^
v \
ri'V-gk)
cos'A
' (M, -f S. .c^-m^*)' '
■
taj
Mr. WhewelPs has the form -f a factor x « ("20— 12*), s being a periodical function which is positive when its
argument is less than 12* and negative when its argument is between 12* and 24*, and has for maximum and
minimum values -fl and — 1, these values occurring, the first before 6* in the argument, and the second after
18*. (This appears clearly, from the instance p. 239, to be the nature of the curve.) Now this law agrees
well with that of the theory. The factor is +6'" for declination 24° and —7" for declination 7° ; or the difference
S4
for decl. 24° and decl. 7° is 13". But if from the theoretical term we compute, with - — =0*394, as found from
M4
the times at Bristol (537 ), the maximum value of that term (occurring when 2.m—s = 129°), we find the differ(<2n'b'l \
1 — ^2-j^ j J. Are we to make this equal to 13",
and to infer from it that gfc is greater than n'sb\ or that (444.) the depth of the sea is greater than 14 miles? We
think not. Calculations on the equilibrium-theory, assuming the received mass of the moon (33.) and (3'j.), give
for the proportion of the moon's effect to the sun's effect 0-596 : 0*271, or 1 : 0'45 nearly ; and the only way
in which we can explain the raising of that ratio to the proportion 1 : 0'394 is by supposing ri'W—gk to be positive.
(455.) A contradiction of the same kind will be found if we use any other supposition, as Laplace's: but will
the reduced observations justify us in drawing any theoretical deduction? We scarcely think that they will.
Independently of the general omission of steps of the reduction, we may remark that, as appears from Mr.
Whewell's description of the mode of reducing, (extracted in 494.) the means of corrections were supposed to
apply to the means of declinations, instead of to the means of the squares of declinations. This error cannot fail
to injure the whole deduction.
(554.) The declination-correction for heights will be thus found. In the expression
V{Mi,-r-2MAS,.cos2.m-*+S1N- (2M.+2Si.cos2.m-*)N},
(53.), (56.), and (535.), omitting T, we are to put cos2.m — s — 2m'. t
expand to the first power of m' and N. This gives for the small terms

2. m—s for cos2.m—j: and to lo

Formula:
M4S4 . sin 2.m — s
M» 4-Si- cos 2. m — s
for lunar
— 2m'+ Ndeclina
V{M/ + 2M1S4.cos2.OT-i-|-S.«}
V{M/ + 2MJS4.cos2.m-s+S.1s}
tion-cor
rection of or, restoring for m! and N their values, the small terms are
heights.
n'Vl
MaSA.sin 2. m—s
nnb*-gko»! sin 2lt.-V{M1s+2M4S1.cos2.m-^+S/}
M1,+M4Si.cos2.m_f _ 2n%H \ sin2^ — sin*A
"TjV1 n-V-gk) •
cos4A
J{ MA!+ 2M4S4 . cos 2 . m - s +
Now the first of these terms has been neglected, for the same reasons which we have assigned in (551.). The
treatment of the second term by English mathematicians has been unsatisfactory, in the same manner as that for
the declination-correction of times. Moreover, as the whole range has not been observed, except at Plymouth,
2n'bV
it can generally lead to no result as to the value of 1
^
; and at Plymouth the two phases (high and
low water) appear to depend upon such different laws that we cannot use the variations for high water only in
conjunction with the whole range.
(555.) Laplace's deductions for the whole ranges of tide at Brest are so important that we must devote a few
Laplace's
deduction words to them. The proportion of the small term above to the whole mean range is
of the
of the
Mt'+2M,,SA .cos 2.m-s
sin'ju — sin!A
moon
from deA1
n'V-gk)
cos'A
M4«+2M4S1 .cos2.m-i+S
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as we have explained (536.) ; and using this value with the values of m — s and /i Waves.

CjJ in the observat ions which he discussed, and comparing the difference of the observed ranges when ^ = 0and^^^7'
u=23l>, and the ratio of that difference to the whole range, with the formula, he obtained a value for correcf
"
tions.
1

2^>l , and therefore for

1 , , or for -4- ST , •

11 is evident that — = number of lunar days in

b
if
's sidereal period ; that 7Q = ^— .
= f solar day \ ^ ^ proportion of centrifugal force at the equator
9*9
Vlunardayy
g- to gravity ; and that - is a constant which in our theory represents the proportion of the depth of the sea to the
earth's radius. Thus a constant in Laplace's theory, analogous to the depth of the sea in our theory, was found.
Then using that constant in the fraction discussed in (455.), he finds that the proportion of the moon's effect to
the sun's has been increased, in consequence of this value of the depth of the sea, in the ratio of 4 : 5. (In his
MA M" 5 M'
M"
first investigations he had found the ratio to be 10 : 11.) That is to say, —- or — = — . — . Now -— is
oa
5
4 S
S
M'
known from the semimenstrual inequality ; therefore -— is known ; and (43.)
M' __
M
(Sun's distance)'
S' — (Moon's distance)3 '
S
and the sun's and moon's distances and the sun's mass are known, therefore the moon's mass is known.

Thus

Laplace found for the moon's mass a value very nearly = — of the earth's mass.
It is to be remarked that Laplace's expressions are more complicated because (as is evidently necessary for
accuracy) he combines, with these considerations applying to the moon's declination, analogous considerations
applying to the sun's declination. Moreover., Laplace does not ascribe the alteration of the proportion of effects
to the depth of the sea, (his own theory not admitting of a solution so general as to exhibit that effect,) but to the
assiined interference of waves coming by different channels. But the expressions introduced are exactly the
same. We cannot sufficiently admire the union of sagacity and ingenuity in this process ; the sagacity of per
ceiving that the effects would not be proportionate to the forces, but would also depend on the periodic times of
the forces ; and the ingenuity of inventing a conceived combination of circumstances which, mathematically
speaking, would account for the difference of proportion and would afford means of calculating it, but which
probably were not the grounds of his original conjecture, and which can scarcely be supported as applicable,
locally, to Brest. We do not at all imagine that Laplace believed in his hypothesis of two canals.
(556.) We shall not delay long on the corrections for elusion is by no means certain. It was founded upon Difficulty
the moon's varying parallax. It will be sufficient to the consideration that such a transit made it unneces- of com1 state here that, in conformity with (448.) and (452.), sary to introduce any constant multiple of p', and paring
3nVA
therefore brought the observed inequality to a form th?m. witn
2.m-i ought to be increased by —— esinht ; and approaching nearly to the term in (54.). But, on the "sul's of
. . , , c . , , „
..
other hand, an earlier epoch (the same which gave best observahat instead of using 1 + 3* cos to as represenhng the rMuUs fo^i.^^, inequulity of height and for non
factor for the effect of the moon depending on parallax, declinaUun.correetion) exhibited more distinctly, in the
we ought to use 1+^3 + l"?7' , X cos ht. The magnitude of the coefficient of the variable term, the
\
n xr—gkj
influence or the parallax-correction ; and this alone is a
former of these terms is lost in all the investigations, strong proof that the earlier epoch was better. Morefor the same reason as the analogous term in the de- over, the existence of a constant multiple may be
clination-corrections. In a discussion of the Liverpool accounted for by the supposition, that the larger tide
tide-observations, {Philosophical Transactions, 1836,) corresponding to a larger parallax, travelling further up
Mr. Whewell found that the correction of the time of the small river above Bristol, does not make high water
high water for parallax implied that the coefficient 8e, at Bristol so soon as a smaller tide which is almost
instead of being increased, was to be diminished. But stopped there. The law of the variable part of correcweittaeh little importance to this, as in that discussion tion obtained by Mr. Whewell, as depending on the
the tides were compared with the next preceding transit interval of the sun and moon, agreed pretty well with
of the moon, and the parallaxes, &c, were token for the theoretical law.
that transit, instead of taking one long before it. In
(557.) In the some place, Mr. Whewell has stated
the Philosophical Transactions, 1838, the Bristol ob- the result of reducing the observed heights of the tides
servations were discussed in reference to several transits at Bristol. It appears that the same age of the tide
in order to ascertain which gave the most consistent which represents the other inequalities is proper for
results for parallax-correction. The result was that a this. With respect to the agreement of the law of cortransit later than that which represented best the semi- rection, as depending on the moon's distance from the
menstrual inequality and the declination-correction was sun, we can pronounce nothing precise. Mr. Whewell
necessary for the parallax-correction. But this con- has however stated that this factor is, from observations,
3 e 2*
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Tides and nearly constant ; which agrees with theory ; inasmuch length in (46 ), (47.), and (48.), contains the expression Tidet
for the diurnal tide. The reader will readily undo
Wave*. as the theoretical term
stand that, upon applying to these terms the theory of v—V
M4 +SA cos2. m-s
(439.), modified by the theory of friction nearly as in ^Kl'
(451.),
results of the same kind but with different con Com|j
V{M4« + 2MiS1 cos2.m-»+S.'}
son ofl
stants will be obtained ; the relative effects of the sun Then!
diners from 1 only by a quantity of the order of ^jp^ > and moon will be altered in a proportion different from ">M
that of the alteration in the semi-diurnal tide; the"."*
and not of the order of g■ as Mr.Whewell has stated. magnitude of the tide will be determined by the posi-0
tions of the bodies at an epoch anterior by a different Su!w
(558.) The effect of parallax on the height of the quantity ; and the absolute time of diurnal high water On tl
tides at Brest was discussed by Laplace in the follow on anv day will bear no distinct relation to that of semi- ^
ing manner. From the discussion of the declination- diurnal high water. In fact, the diurnal tide is to be J^j
observations, to which we have already alluded (555 ), worked out with little reference to the semi-diurnal tfj
tide
he took the value of the quantity
r. He then
(562.) In (63.) we have pointed out the way in "*'
71 b — gk
which the diurnal tide shows itself most obviously, by G(M
substituted this, as a known quantity, in the expression
making the two semidiurnal tides appe:ir unequal.*
\^~*—"b* k ' ~iJeC0S"*' an" computed with it the Many notices of this kind are to be found in eirly re- ty,,
cords (as Philosophical Transactions, 16G8, Colepresse
ranges of tides for large parallaxes and small parallaxes, on the tides at Plymouth, and Sturmy on those at
Laplace's and took their ditTerences. Thus he obtained as a com Bristol : 16S4, Davenport on those at Tunkin : 1776, a
compari puted number representing the theoretical sum of the remarkable instance of their effect on the coast of New
son of
observed differences for a certain number of observations, 51 '52. Holland, described by Captain Cook, &c.) In the
parallax- The number actually deduced from the observations same manner, observing the times as well as the heights
inequality themselves was 47 '27. Thus the observed difference of tide, it has been extracted from later observations.
with theo was less than the theoretical difference. But this theo- Thus in the Philosophical Transactions, 1S36, page 57, Kurd
retical cor- retical difference, it must Ije remarked, depends entirely &c, Mr. Lubbock has found that at Liverpool, in the i',lesl
rections. on the circumstance that Laplace has chosen to use month of January, when the moon's transit occurs in LlvBP
only the declinations for finding
—— ; whereas, the afternoon at any time before 8 hours 30 minutes
p.m., or in the forenoon after 8 hours 30 minutes a.m.,
in our opinion, both declinations and parallaxes ought the high tide which precedes that transit is greater than
to have been used, and a value of that quantity ought the high tide which follows it by a quantity which
varies in magnitude, but which when greatest is nearly
to have been found from their combination.
(559.) The theoretical law of the declination and a foot. But if the moon's transit occurs at the opposite
Verifica
tion of
parallax-corrections (that they depend on the square of time of the day, the high tide which precedes that
the theo the sine of declination and on the simple difference of transit is less than that which follows it. The same
retical law the parallax from mean parallax) is fully proved by rule applies to February, if, instead of 8 hour* 30
depending
Mr. Whewell in the various discussions of the tides at minutes, we take 7 hours 30 minutes ; for March, we
on the
magnitude London, Liverpool, aud Bristol, to which we have so must take 6 hours 30 minutes; for April, 3 hours 20
of declma- 0^en referre{l. It may be interesting to the reader to minutes; for May, 0 hours; for June, 9 hours in the
tion and remark that the whole difference in the height of high opposite part of the day ; and so on. The maximum
parallax,
water at London, depending on declination, is about difference is greatest in January and July, and least m
six or eight inches, and that depending on parallax is April and October. From this it is plain that a con
about one foot ; and that at Liverpool the correspond siderable part of the diurnal tide depends on the son.
ing quantities are nearly two feet and three feet. At In the middle of January the sun's right ascension is
19 hours 30 minutes nearly ; therefore the moon's right
Bristol they are greater.
(560.) The corrections depending on the sun's de ascension, when her transit occurs at 8 hours 30
Observed
inequali clination and parallax, being much smaller than those minutes p.m., is 4 hours nearly, and the diurnal tide
ties defor the moon, (both because the absolute effect of the therefore does not vanish till several days (5 or 6)
the sui?g0n sun 's 'eBS' an^ because
proportionate variations of after the moon has crossed the equator. The same
its
distance
are
less,)
are
not
so easily extracted from appears from the other months. There is no sensible
place.
observations. But in the Philosophical Transactions, diurnal inequality in times. Mr. Lubbock {Philoso
1836, pages 131 and 21 8, Mr.Whewell and Mr. Lubbock, phical Transactions, 1837, page 101) considers that the
taking the observations at Liverpool and London, and Liverpool diurnal tide corresponds to the position of
subtracting the effects due to semi-menstrual inequality the moon 4 days before the tide.
(563.) In the Philosopliical Transactions, 1836, page Ap<
and to corrections for the moon's declination and pa
rallax, have obtained those which depend on the sun's 289, &c, in which Mr. Whewell has given the results to
place. The results appear to agree well with theory. of the simultaneous observations of tides made at his ver.
Those at London are more completely worked out by representation on a great extent of coasts of Europe
Mr. Lubbock (the observations being referred to an and America, he has stated the relation of the diurnal
earlier transit) in the Philosophical Transactions, 1837, inequality to the position of the moon. On the North
p. 97, &c. In the Ninth Report of the British Asso American coast, it corresponds to the moon's place at
ciation, p. 13, will be found some results as to solar the same time ; on the coast of Spain, Portugal, the
corrections deduced by Mr. Bunt from the observations west of France, Cornwall, the west of Ireland, the
north of England and Scotland, and the Cape of Good
at Bristol.
(561.) The second line of(44.), which is considered at Hope, it corresponds to the moon's place 2 days earlier;
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Kcsmd at Cowes, Portsmouth, &c, to the place 4 days earlier,
ffsra. These differences suggested the notion that the diurnal
T"""' wave travelled at a different rate from the semidiurnal
r ifj ' wave. To ascertain this, a very admirable investigation was given by Mr. Whewell in the Philosophical
krarj Transactions, 1837, page 227, &c. The height of low
rfOfc- wa|£r as weu as high water on every day for 19 days
K^' having been observed, the effect of diurnal inequality
at high waters separately and at low waters separately
3. was found by the use of curves, as is described in (494.).
•v Thus the effect of diurnal tide was ascertained at four
J* limes in each diurnal tide ; these being used as ordip. nates, the curve drawn through them represented the
of diurnal wave ; and the time of its maximum was
easily found and compared with the time of scmidiurnal high water. Thus from Ferrol, by the west
coast of Ireland and north coast of Scotland to Lincoln
shire, it precedes one of the semidiurnal tides about
3J hours, (with some irregularities) ; so also from Ferrol
to Havre ; but at Bridport the two tides are together,
and at Lulworth and Portsmouth the diurnal tide is
„ 4 OT 5 hours later, after which it is traced with diffi„y,. culty. It Ls to be remarked that in this paper Mr.
necu. Whewell considers the position of the moon, on which
^ the diurnal tide depends, to be 4 days earlier than the
^ tide (instead of 2 days for many of the places, as stated
before). This seems to reconcile the phenomena
much better, though it shows the great uncertainty of
the conclusions from observation,
■j" (564.) In the same volume, page 75, &c, Mr. Whe
well has treated the diurnal tide at Plymouth and
Singapore, and. finds that the Plymouth tide correby spoads to a position of the moon 4 days earlier, and that
a; Singapore to a position 1£ day earlier. He remarks,
however, that the agreement is best in May, June, and
July, and that there are discrepancies in March, April,
and August. We imagine that this arises from the
circumstance that Mr. Whewell has nowhere taken
account of the sun's part of the diurnal tide ; and if this
is sensible, (and the Liverpool observations discussed by
Mr. Lubbock seem to show that in January and June
it u not much inferior to the moon's part,) Mr. Whewell's determination of the corresponding position of
the inoon is worth little. We consider this subject as
I!/- still open to investigation.
t0f (565.) That the tide should follow the sun's and
ijt.f moon's positions by four days is quite conceivable on
the theory of canals. The investigation of (451.) and
J*1 , (452.), putting n for 2 n, applies to diurnal tide ;
and thus we fiud for the interval preceding the tide
£i at which the moon's place is to be used,
*>
fb* Qi*b* + 4gk)
'
(n'b'-igkf '
Now this retard may be considerably greater than
fb' (4nb»+4gA-)
(4n'b»
if the value of k be much nearer to n b
"47
than to ■
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at high water, (increasing one and diminishing another Tides ana
each by 3J inches,) and about 5 inches at low water. Waves.
And he has found from this that the diurnal tide pre
cedes one of the semidiurnal tides by 2 hours 17 minutes
nearly, which, though not quite accordant with Mr.
Whcwell's determination, agrees perhaps as nearly as
can be expected.
(567.) There is, however, one cause of doubt in Cause of
these determinations, to which we must call the reader's doubt iu
attention. We have seen that, in examining the fluc the results
to epoch
tuations of height of high water depending on semi- as
of diurnal
menstrual fluctuations of force (537.), the effect is far tide.
less than seems properly to be expected from the cause,
and in one instance at least it is smaller than at low
water. It would seem probable therefore that all the
high water fluctuations depending on diurnal tide ought
to be multiplied in a certain degree, in order to be coinparable with those of low water. This would vitiate
the determination of the epoch of high diurnal tide as
compared with high semidiurnal tide.
(568.) At London there is scarcely a sensible diurnal Diurnal
tide in the height of high water. This might arise tide in
from the maximum and minimum stages of diurnal tide sensible at
occurring very nearly at low waters (semidiurnal), the Loudon.
mean stages occurring at high waters ; and this is par
tially supported by the observation that Mr. Lubbock
has discovered traces of diurnal inequality in the times
of high water at London, {Philosophical Transactions,
1837, page 120,) not however, in our judgment, very
distinct. But (as will be seen in the chart of cotidal
lines) there appears to be no doubt that the tide at
London is produced by the mixture of two tides, one
coming from the English Channel, and the other, which
has been 12 hours longer on its way, coming from the
North Sea ; and that while the senlidiurnal fluctuations
ofthese, being in the same phase, corroborate each other,
the diurnal waves, being in opposite phases, (high diurnal
tide of one corresponding to low diurnal tide of the
other, &c.,) destroy each other.
(569.) The equilibrium-theory (47.), and Laplace's Instance*
theory (101.), lead us to expect that the diurnal tide of very
will be large in middle latitudes, and small near the great
equator and near the poles. The theory of canals (440.) diurnal
tides.
gives the same result, supposing the canal to be a com
plete circle passing through the poles ; if the canal is
incomplete or interrupted, considerations similar to
those of (296.), &C. apply, and no simple law like that
of (440.) can be enunciated. The fact of observation
is, that the diurnal tide is as large near the equator as
in middle latitudes, at least in some very remarkable
instances pointed out by Mr. Whewell, and which
have been made the subject of very careful ex
amination (although the existence of very large
diurnal tide, as the general law in those parts of the
earth, may be ascertained at once from Romme or
any other good account of tides). Near the equator
are Singapore, King George's Sound, in lat. 35" S.
{Philosophical Transactions, 1S37), Coringa Bay,
Cochin, Surat Roads, Gogah, Bassadore (Philosophical
Transaction', 1839), and others less carefully observed.
In the northern seas are Petropaulofsk (Kamschatka),
that is, if the depth of the sea be much nearer to
and Sitkhi (Norfolk Sound). In some of these locali
miles than to 1 4 miles.
ties the diurnal tide, when its range is greatest, greatly
(566.) Laplace, in the fifth volume of the Mecaniqve exceeds the semidiurnal. Mr. Whewell appears to
Celeste, page 226, has determined the effect of diurnal imagine that the actual tides cannot be completely re
tide at solstitial syzygies at Brest, to be about 7 inches presented by the combination of a diurnal and a semi-
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Tides and diurnal tide ; but, so tar as we can perceive, there is
Waves, no difficulty at all in thus representing them,
^•^v™"'' (570.) We cannot here enter into a consideration of
all the various effects produced by the mix ture of these
tides in various proportions. But, for a general idea,
we invite the reader's attention to figures 63, 64, 65.
Fig. 63 represents the course of a fortnights tides at
Plymouth; and here the diurnal inequality, though
sufficiently marked, does not conspicuously disturb the
semidiurnal tides. Fig. 64 represents the course of
several days' tides at Singapore, and fig. 65 that at
Petropaulofsk. It will easily be perceived that at
Petropaulofsk there appears to be but one tide in a day,
sometimes because one of the semidiurnal high waters
is made so low as to be little perceptible, but more re
markably at other times, because one of the semidiurnal
low waters is made so high as scarcely to disturb the
appearance of a single tide.
(571.) We here close our remarks on the discussion
of " the laws of the tides for varying positions of the sun
and moon" as ascertained from observation. And we
cannot do so without formally pointing out to the
reader that absolutely the whole of these, as regards the
tracing out the laws of the phenomena, and very nearly
the whole as regards the determination of constants and
coefficients, is due to Mr. Lubbock and Mr. Whewell.
Yet while acknowledging that nearly nil that we know
is due to these philosophers, we cannot help expressing
our wish that they had taken as guide a more complete
theory than the miserable equilibrium-theory, and for
this reason—we believe that so we should have known
much more. Where observations are so rude and so
numerous that they can be treated only in large
groups, every thing depends on the assumption of the
theory which is to direct the selection of the groups.
We cannot, however, be too grateful tor so much which
has been done well, and which must suggest so clearly
the critical points that will demand special attention
in future discussions of observations.
(572.) A circumstance affecting the height of the
Effect of
the baro tides, to which we have hitherto made no allusion, is
metrical
, pressure the state of atmospheric pressure. It was first pointed
out (we believe) by the French hydrographer, M.
on the
Daussy, {Connaissavce des Temps, 1934,) that a low
tides.
state of the barometer is accompanied with high tides.
This has been carefully examined by the English in
vestigators, and M. Daussy's result is fully supported.
On this point we cannot do better than refer the reader
to Mr. Lubbock's paper, Philosophical Transactions,
1837, page 97, &c. It appears there that in a set of
observations considered by Mr. Lubbock, the unex
plained fluctuations of the tide correspond precisely to
those of the barometer ; and Mr. Lubbock has laid it
down as a rule, that a rise of 1 inch in the barometer
causes a depression in the height of high water amount
ing to 7 inches at London, and to 11 inches at Liver
pool. Mr. Bunt also, in the Eleventh Report ofthe British
Association, page 31, has discussed with great skill the
effect of the barometer on the tides at Bristol, and has
shown that a rise of 1 inch of barometer produces a
depression of 13' 4 inches. He has also shown that the
height of the tide, as depending on the barometer, is
properly to be computed with the contemporaneous
barometer. The explanation of this circumstance, by
considering that a heavy atmosphere acts as a weight
pressing down the water, is plausible enough; but as
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we cannot conceive air of different pressures in different TW«»
parts of the earth, without supposing that there is a w,m
violent effort to restore equality of pressures, we cannot '^T'
say that it is quite satisfactory .*
^•TD
(573.) Connected with this is the effect of windsonof
upon the tides (as distinguished from barometric pres- TWy
sure). Both M. Daussy and Mr. Lubbock, on com- ""J ot|paring the differences between observed heights and ^?M
computed heights with the directions of the wind, have _
come to the conclusion that the effect of the wind isSubiet.:
insensible ; see PhilosophicalTravsactions, 1831. Never- 0n,!*
theless all practical mem believe that the wind has n^^0?
considerable effect, different in different localities; the yamm
rule- for London is given with great clearness by Mr; siti'owd
Lubbock in the Philos&pkical Transactions, 1834,pag»tlleSl"
145. In fig. 41 we have shown the effect at Sheerness
of a single gale (January 3, 1841), which lowered the
tides in the Thames five feet, as we ascertained from Effect o(
examination of the registers at St. Katharine's Docks, ,lle ™
the London Docks, Deptford, Woolwich, and Sheerness; and which produced a depression of about three
feet at Hull and at Dover, and a sensible effect at
Bristol. At Dublin and at Glasgow the tides were
raised by it. But the want of regular observation at
any great number of ports has made it impossible to
trace the course of this great depression in all the seas
round Britain.
Subsection 4.—On th" Progress of the Tide occr
different parts of the Ocean.
(574.) Our remarks on this subject will consist
principally of observations on figure 66, the chart of
the world with cotidal lines marked on it. It is almost
entirely copied from Mr. Whewell's chart in the
Philomphical Transactions, 1883, with some modifica
tions suggested by his papers in the Philosophical
Transactions, 1835 and 1836. The Roman numerals
upon the cotidal lines denote the hour, in Greenwich
time, of high water on the day of new moon or fnll
moon-, as far as cau be judged from the various con
siderations collected by Mr. Whewell, principally in the
Piiilosopkinal Transactions, 1833.
(575.) The reader's first inquiry, on looking at this
'
chart, will probably be, what are the extent and value
ofthe evidence upon which these lines are traced? In
a matter like this, depending entirely on numerous de
tails, we can only, as a complete answer, refer to the
original discussions, but we may here state our opinion
very generally. The tidal hours on the coasts of Bri- jr,1'?^
tain, Holland, France, Spain, Portugal, and North
America, are now well known, from the simultaneous ±fatj
observations made at a great number of stations, for :rs ps
which we are entirely indebted to the zeal of Mr. Whe- bHvT
well, and to the liberality of the various governments *ca!
to whom his representations were addressed. The tidal
hours at the islands of the Atlantic appear also to be
well known. We conceive therefore (recognizing also
the justness of the principles on which Mr. Whewell
has generally drawn his curves) that the cotidal lines of J*'*
the Northern Atlantic are now drawn with very great. ™ (
accuracy. But when we remark the importance of them,w
alterations which those simultaneous observations have donbli
introduced in the lines on the coast of North America,
(although the evidence, upon which the first draft of
those lines was made, was at least as good as that upon
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fia «nd which ihe lines in other parts of the world are drawn,)
and when we see the discordance of accounts as to the
^yJ|J tine *f ni» n water at many places, we cannot imagine
jj^j. ' that they are drawn with great certainty in other parts,
of Even the African side of the South Atlantic is not free
from serious doubts, the Indian Sea is still less known,
and for the Pacific Ocean east of New Zealand we have
scarcely grounds for conjecture.
(576.) Taking them, however, in those parts in
4. which they are best known, we may find many circum
stances which admit of direct and instructive com
parison with theory. In all places where the circum
stances of depth, &c, vary much in a small extent of
sea, we may consider the alteration in the tides
through that extent as following simply the laws of
waves on which no force is acting (because the length
of the column of water on which the Sun or Moon acts
is too small to allow their attraction sensibly to modify
IVnshe the pressures). Suppose now that in the neighbourhood of any particular coast the bottom shelves gradually from deep sea to one comparatively shallow.
' This would be attended, theoretically, with two consettina quinces. The first is, that the wave would travel
more slowly (174.), and therefore the separation of the
' cotidal lines corresponding to successive hours would
be less, or the cotidal lines would appear to be crowded
it? together on the map. The second is, that the magninre tude of the tides would be much increased (247.), &c.
And these circumstances might be found in places
where the change in the deplh was not known from
Irrtbe observation ; for the usual limit of sounding is 200
{^ fathoms, which is probably a small quantity compared
f wiih the depth of the ocean. We may then expect
that, where the cotidal lines approach closely, the
magnitude of the tides will be increased. Now this
frtta-does occur. A well-marked instance is the Bay of St.
• ^j" George in South America, in which a close approximaiion of cotidal lines is accompanied with large tides.
It is possible here that the tides may be still further
increased by the converging form of the waves (254.).
(577.) Another curious effect of the same cause is
the distortion of the lines produced by islands, sur
rounded by shoals, in the ocean. The shoals prevent
the tide-wave from advancing rapidly, and the cotidal
line is therefore thrown back ; but, conceiving the ridge
of the wave to be thus bent, it is easy to imagine that
after passing the island the two lateral parts of the wave
will bend round it till they unite, and will then form a
straight front nearly as before coming to the island.
The successive cotidal lines will have forms correspond
ing to the forms of the ridge of this wave at successive
times. Of this there are several instances apparently
beyond doubt. Thus the 1 o'clock line is thrown back
by the Azores ; the 11 o'clock line is bent by the Ber
mudas, and its lateral branches nearly meet ; the 10
o'clock line, after having been interrupted, just meets
behind New Zealand. A similar effect of the same
»,l!m? cause is, the universal dragging of the wave along the
«W shore, as we have mentioned in (359.).
(57S.) The velocity of the tide-wave ought, with the
assistance of the table in article (174.), to give us good
• of information as to the depth of the sea. Thus in the
North Sea, figure 60, the tide-wave in 9 hours appears
"~ to describe somewhat less than 6 degrees of latitude,
fa or, on the average, about 45 miles per hour. This, by
the table in (174.), corresponds to a depth of 140 feet.
We believe that the average depth along the line of
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deep channel is greater than this, and that at the sides Tides and
less ; and it is probable that the actual velocity is Waves.
affected by both these. If the tide-wave of the Atlantic
were purely derivative, it might be considered as
describing 90 degrees of latitude, from the southern
1 o'clock line to the northern 1 o'clock line, in 12
hours, or to move about 520 miles per hour, which
would imply a depth of about 18,000 feet or 3^ miles.
The reader vyill have no difficulty in extending similar
remarks to other seas.
(579.) But these remarks apply solely on the sup These rc .
position that the seas which are the subject of remark marks do
apply
are so small, that the action of the Sun or Moon on a not
to large
column of water as long as the sea will produce a seas.
pressure which is insignificant in proportion to the
height of the tides or the changes in the heights. And
this consideration, of which the justice is obvious, does,
in our opinion, make it impossible to receive one of
Mr. Whewell'B speculations as to the tides of the
Atlantic. The general course of the tide-wave there
bemgfrom S. to N., or rather from SSE. to NNW., The tides
Mr. Whewell has inferred from this that the tides of of the At
can
the Atlantic are mainly of a derivative character, pro lantic
not be
duced by the tides of the Southern Ocean and trans treated as
mitted up the Atlantic in the same manner in which derivative
the tides of the Atlantic are transmitted up the English tides.
channel. We doubt this entirely. A channel as large
as the Atlantic, if it ran due north, would have large
tide-waves of a stationary character (440.) and (448.) ;
but being in some degree inclined, the tide-waves
would travel towards the NW. (439.) and (441.), but
with a very irregular velocity, not dependent on the
depth of the water (supposed uniform.) And even if
the waves were stopped by a barrier (such as we may
conceive the coast of North America to be, omitting
the comparatively narrow channel between Britain and
Greenland), yetthe investigation of (338.) shows that the
effect of friction is to give nearly the same formula for
the tides in mid-sea as if no barrier existed. Indeed
we may remark as the general effect of friction, that the
tides at a distance from shore, or at a distance from a
communicating channel, will depend more, so far as
regards their form and succession, on the acting ex
ternal forces than on reflection from barriers or com
munication from other seas, their magnitudes, however,
being diminished and their epochs being altered. With
out, therefore, denying entirely the effect of the South
ern Sea, we conceive it to be extremely small.
(580.) But, whatever supposition we make as 'to Difficulty
effects of friction, &c, the power of mathematics fails of explain
totally in the attempt to express the transmission of ing theo
the tide-wave or waves through the Atlantic Ocean. retically
the trans
It has some analogy to a canal, (an analogy which, mission of
though distant, gives us confidence in applying some tide-wave
of the results deduced from canal investigations, as for in the
instance the effect of the depth on the magnitude of Atlantic.
the tide, and the effect of friction in producing the age
of the tide.) But it has not so much as to enable us
to predict what will become of the tide-wave in its
general progress; and of course the analogy fails
totally as regards the effect of those very important
features which have no existence in a canal ; huge
promontories projecting into its sides, or vast bays
opening large lateral expanses for the spread of the
tide-wave.
(581.) There is moreover another consideration
which must not be left out of sight in estimating the

392*

TIDES

AND

Tides
and difficulty
reconciling
observations
llie to
tides
of
■Waves.
an ocean ofw;th
such a our
theory
as we are ofable
give
' J_'"~* ' even for the simplest cases. It is that, supposing the
cotirlal lines to be accurately what they profess to be,
namely, the lines connecting all the points at which
high water is simultaneous, we have nevertheless, in
(366.), &c, given reasons for supposing that they may
The coti • not at all represent the ridges of the tide-waves that
dal lines run over the ocean. Thus, an eye at a great distance,
may not capable of observing the swells of the tide-waves,
represent might see one huge longitudinal -ridge extending from
the ridges the mouih of the Amazo'is to the sea beyond Iceland,
of the tide making high water at one time from Cape de Verde to
waves.
the North Cape, and at another time from Florida to
Greenland ; and another ridge, transversal to the for
mer, travelling from the coast of Guiana to the
northern sea ; and the cotidal lines which we have
traced may depend simply on the combination of these
waves. It does not appear likely that we can ever
ascertain whether it is so or not ; but it is certainly
possible that the original waves may have these or
similar forms ; and if so, it is vain for us to attempt
entirely to explain the tides of the Atlantic.
The inter
(582.) To the Pacific Ocean the same remark
ference applies still more strongly. There is however one part
of wave- in which we seem to discover, from the considerations
riilges may
explain the mentioned above, some explanation of the singular
cotidal
form of the curves as traced by Mr. Whewell ; namely,
lines west the western coast of South and Central America. It
rica, "le" seems not unlikely that the east-and-west action of the
tidal forces, acting as if on the water in canals stretch
ing east-nnd-west, would produce waves running eastand-west, (the length of their ridges being north-andsouth,) according to the laws of (296.) and (337.). It
seems probable also that the north-and-south action of
the tidal forces would produce another wave, either
running north or south, or of stationary character. The
effect of the composition of these, as in (366.), &c.,
would be to produce cotidal lines, having considerable
resemblance to those on the American shore of the
Pacific.
Difficulty
(583.) If we look to the Pacific Ocean with re
of explain ference to diurnal tides, and consider the southern sea
ing the
as a part of it, we seem to have a case which posdiurnal
tides in the sesses considerable analogy with Laplace's assumpPacific. tion. Yet it is remarkable that here we appear to
find a more complete failure than anywhere else, of
Laplace's celebrated result as to the non-existence of
diurnal tide, (all the large diurnal tides being in that
se"a.) It is true that this failure might be explained
by supposing the depth of the sea to be extremely
unequal.
(584.) Upon the whole, therefore, we are driven to
the conclusion, that we cannot at all explain the cause
of the form of the cotidal lines in the ocean, so far as
they have been traced with any probability. And,
supposing us to kuow with tolerable certainty those
corresponding to the semidiurnal tide, we cannot at all
predict those which should hold for the diurnal tide.
(585.) Nevertheless we are able to lay down one law
Laws
which
of vast theoretical importance, (or rather two laws, one
neverthc applying to the group of semidiurnal tides and the
less will other to the group of diurnal tides.) It is simply that
apply
assumed by Laplace, and which also applies to, or
every
where.
includes the effect of, our theories of " the'relation of
the magnitude of the tide to the depth of the water "
and " friction." Whatever be the number of commu-
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nications from other seas, or reflections from barriers, Tides^
whatever the depth of the water or the amount of Wws
friction, still the result of a given periodical force will
be a periodical effect whose period is the same, but^' .
whose coefficient is represented by the coefficient ofthe imtp
force multiplied by a function of the period, and whose Theorr
argument also contains a term which is a function of lnilu»
the period. This law completely brings under our
management all terms depending on the slow variation _i
offerees (as those which depend on ellipticity, declina- Subw
tion, &c.) For (l + 3e cos hi) cos nt is
0»«*
Progre
3e
3e
°fib<
= cos nt+— cos (n+h) t + —- cos(n-A)f",
owl j
£1.1 [
and, h being small, either of the functions of n men-J^
tioned above, and which we will call N, is changed for
dN
dN
dH
the additional terms toN+ -r-Aand N —k ; and, —
an
an
on
being discovered in any one case, (as, for instance,
when Laplace inferred it from the observed declinationcorrection,) is applicable to the other cases, (as, for
instance, when Laplace applied the value so found to
correct the first value of the mass of the Moon.) And
this holds for any port under any circumstances what
ever ; it even holds, so far as we can see, for the
heights of tide as distinguished from the time of tide;
and from these two classes of phaenomena (supposing
observation to be perfect) the correct mass of the Moon
ought equally to be inferred, though the laws of the
two classes are, in the first inspection, discordant. But
this law does not in the same manner bring under our Oct I
management the rules of diurnal tides to be inferred for it
from semidiurnal, or vice versd ; the difference between
n and 2 n being too great to permit us to confine our- liia<
selves to the two first terms of Taylor's theorem. Aandt
similar law however would connect the diurnal tide oiha
with the slow variations of diurnal tide and the altera- j^JJ
tion to be made in the Moon's mass as applying to
diurnal tide; and thus, theoretically speaking, the
Moon's mass might be inferred from the parallax-cor
rections of diurnal tides in the same manner in which
Laplace has found it from declination-corrections of
semidiurnal tide.

Conclusion.— On the present Desiderata in thb
Theory and Observations ok Tides.
(586.) If we advert to the different parts of this
extensive subject in the same order in which we have
treated them in the preceding Essay, we shall find the
following to be the most important points requiring
attention.
(587.) A subject of very great importance is, the
more general solution of Laplace's equation in (96.), to
the extent mentioned in (119.)> so as to enable us to lllCt
apply the general theory to seas limited by shore- J.-l
boundaries. A great point would be gained if this :-t.could be done on any assumption whatever as to the l!oil:e
depth of the sea.
(58S.) The value of Laplace's theory is lost in a TM
great measure, because the solutions hitherto attempted ,-,fil,?.ii
apply only to those cases in which »=m exactly (10U).
or i=2 n exactly (107.). Thus the difference in the
specific action of the Sun and Moon, depending on the i ei.
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itnud difference of their angular velocities, is entirely lost.
tves- it would be highly important to obtain solutions on
•v-*' the supposition, that i differs from n or from 2 n by a
k"'"' small quantity whose square may be neglected.
(589.) Laplace's theory would be much more
stents valuable if it were extended so far as to include the
effects of friction. The methods of (315.), &c, would
probably apply with sufficient accuracy.
to(590.) The additions to the theory, indicated in the
three last articles, would be exceedingly valuable, even
if quite independent. If they, could be treated in
combination, their value would be very greatly
increased.
(591.) In the theory of waves, the most important
point by far is the theory of river-tides, in which the
extent of vertical oscillation bears a sensible proport ion
to the depth ; which we have partially treated in (192.),
in!•at. 4c. The following extensions would very much in
crease its value; it is apprehended that they would
introduce more of labour than of difficulty.
tit (592.) The investigations of (218.) and (260.) must
Ue be extended so as to include the terms depending on
P . the vertical oscillation, at least to the third order ; ob^ servations showing that those terms are not only sen
sible but important. This investigation, if properly
conducted, will include the extension of the investiga
te tionof (309.).
(593.) The effect of friction must be introduced in
combination with these investigations.
(594.) The investigation must, if possible, be effected
M for the case where the vertical oscillation is very great ;
as, for instance, where the low water leaves very small
depth on the bottom. In this case it is hopeless to
EJit-j attempt a converging series, and an independent and
p finite method must be tried. Much would he gained
if this could be effected in the simplest case, as for
a rectangular channel, of uniform section, without
. friction.
tkx. (595.) In regard to observations, it is very desirable
«b- that simultaneous observations at short intervals should
be made on different points of some long tidal river, or
j M>nie deep estuary, for examination of the change of
the wave. These observations should be discussed as
is mentioned in (479.). It is particularly desirable
that these observations should be made in very high
spring tides and in very low neap tides, to discover
the laws of alteration of the various constants as
depending on the range of the tide.
(596.) As a special locality, we may point out the
various channels near the Isle of Wight as most parti-! cularly requiring attention. It would be very useful
that simultaneous observations of a few tides should
be made at two or more points on Southampton water,
two or more on the Solent, one or two on the eastern
side, as at and beyond Portsmouth, and one or two on
P the west side of Hurst Point.
(597.) In regard to the reduction of long series of
tide-observations as applicable to particular ports, we
shall only call the reader's attention to the following
points.
'
ids (596.) It will probably be found, from the inquiries,
theoretical and experimental, to which we have alluded
"above1, that the elevation of high water in rivers or
bays requires a certain multiplier to make its fluctua
tion of range comparable proportionably with the fluc
tuation of range on the coast, and that the depression of
low water in like manner requires a multiplier different
voi.. v.

WAVES.

393*

from the former. Much confusion would be removed Title* and
by ascertaining these multipliers and applying them at
vo"once to the observations.
v"—m*^*/
(599.) It will probably also be found that the time Correction
of high water requires a correction depending on the of time,
whole vertical range, to make it comparable with that depending
of the sea; and that the time of low water requires a ^j™11*6
different correction. These should be ascertained, if
possible, and applied. It would, perhaps, be best to
assume that such a correction is needed, and to deter
mine its quantity from the observations themselves in
such a manner that the epochs of highest tides and
mean lunitidal intervals shall synchronize. And in
like manner, for the corrections to the heights, it might Correction
be best to determine the factors, so that the mean of height,
height shall be uniform, and that the first proportion of
the Moon's mass to the Sun's, inferred from the semimenstrual inequality of heights, shall be the same as
that given by the semimenstrual inequality of times.
(600.) In the places where the diurnal tide, though Methods
sensible, is small, its effect in height at the time of high for diurnal
or low water may be considered independent of its tideeffect on the time of the high or low water, and wic*
rerm. The best way of disengaging it, numerically,
would probably be, to calculate a small approximate
table of second differences of the heights, and, subtract
ing from each observation of height the mean of the
preceding and following heights, to apply that com
puted second difference. But where the diurnal tide
is very large, the effect on height is not independent of
the effect on time. In this case we see no method so
clear and easy as to calculate beforehand a few tables
of the values of cos 6+a cos (2 6+6) with different
values of a and b ; the result will enable the experi
menter to judge how much the real epoch of high semi
diurnal tide differs from the time of highest water, and
what is the real epoch of diurnal tide. The same will
apply to the times.
(601 .) The whole of the inequalities should then be Methods
treated with reference to the theory of (451.), and so as for general
to include the terms pointed out in (5"i0.) and (554.). ine(lua1'For these it will not be sufficient to class together all
observations at which the declination was the same ;
before this is done, the whole must be divided into two
categories, namely, those of declinations increasing and
of declinations diminishing, which are to be afterwards
subdivided by absolute declinations. In like manner,
as regards parallax, all the observations must be divided
into the two categories of parallax increasing and
parallax diminishing ; which are to be afterwards sub
divided by absolute parallax. The whole of these
elements are to be taken for an epoch anterior by a
quantity equal to the age of the tide. From the discus
sion of these inequalities in time as well as in height,
the mass of the Moon is to be inferred by the process
sketched in (555.) ; and the agreement of the different
values of the mass will be the proof of agreement of
theory and observation.
(602.) The best method of starting in these reduc
tions cannot be the subject of general rule ; the age of
the tide however should be determined as early as
possible. When the lunar parallax correction is ascer
tained, that part of it which applies uniformly in the
same age of the Moon (depending on variation) should
be subtracted from all the observations, or rather from
the means of the groups, and then only can the semimenstrual inequality be found exactly. Each inequality,
3 r*
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Tides ami when determined, should be subtracted from the obserWavea. Vations before investigating a new one.
(603.) The same methods should be used for diur
nal inequality, where it is conspicuous. But, as north
declinations and south declinations are not now to be
confounded, it will be advantageous to express the
places of the Sun and Moon by north-polar-distances
Points to instead of declinations.
be noticed (604.) In regard to the tracing of cotidal lines, the
in the tide- principal defect, in marine localities which otherwise
° inthee attention
are We" known,
'n ,neare
Pac'fic
Ocean ingenerally.
The
Pacific™
of those's who
interested
denning these
Ocean.

means for rendering the tide even coarsely sensible, in Tide s
places where its range is small, where it is partly
masked by day-breezes and night-breezes, and where
the water is held in a state somewhat different from
that of the open sea by the rings of coral reef which
surround so many of the islands.
(605.) In some smaller seas scrupulous attention Red-mx
should also be given to the distinction between the to the M
actual time of high water and the time when the simple
sine expressing the sea-tide reaches its maximum. It oftidf.
is not unlikely that in this way some part of an appa function
for dm
rent anomaly which Mr. Whewell has remarked to the ing coti
Unes should be particularly directed to the devising of east of the Isle of Wight may be removed.
Una
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Semidiurnal tide
2
Its time is related to the apparent position of the moon . .
2
The interval between high water and moon's transit is
variable
3
Spring and neap tides
4
Thfl duration of the fall is longer than the duration of the
rise
•
5
The water continues to run up the river after high water .
5
High water occurs later for places higher up the river ....
6
The progress of the tide is too rapid to be explained by the
transmission of the same body of water
G
The duration of fall increases and that of rise diminishes in
ascending the river
6
The rapid rise sometimes produces a bore, sometimes
double or treble tides
6
In contracted estuaries the tide is high. In ascending
rivers the tide diminishes
7
Bay-tides are simpler
8
Channel-tides nearly similar to those of rivers, near the
mouth
9
Rotation of the direction of the tide-currents
9
Tides small in open seas and in small seas
10, 1 1
Anomalous tides iji certain localities
12
Spring and neap tides known to the ancients
13
Section II.—Equilibrium-Theory of Tides.
Inadequacy of all theories of the tides, and the cause of it. 14
Popular explanation of equilibrium-theory
15
Newton's first theory of motion of the sea, and his modified
theory
16
Newton's calculation of the force of the Sun, and of the
elevation of water produced by it
16
Newton's calculation of the proportion of the Sun's force
to the Moon's
17
Newton's corrections apparently erroneous
17
Merit of Newton's theory
19
General problem of the equilibrium-theory
20
Tides the same on a spherical earth as on a spheroid
21
The tide produced by each of the attracting luminaries is
the same as if the other did not exist
21
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Actual forces of the Sun upon any particle of water
23
Disturbing forces of the Sun upon every particle
Condition of equilibrium when the density of the fluid is
insignificant
Expansion of equations, supposing the elevation of water
small
-9
Expression for the elevation, and calculation for the Sun's
effect
30,31
Elevation apparently, but not really double the depression 34
Elevation produced by the Moon calculated
3o
Calculation of forces supposing the density of water sen
sible
37,39
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PART I.
THE ANCIENT ARCHITECTURE OF GREECE, EGYPT, AND PERSIA.

CHAPTER I.
The Origin of Architecture.
Ip we pass over the time when there existed no imple
ment capable of excavating a rock, or felling a tree, and
when the human savage, who drew his subsistence from
the Earth or waters, retired for the night to the shelter
of some natural cave or hollow tree, we shall come to
a period when the practice of building began in the
World, and this was, probably, as early as the formation
of the first Societies. As soon as a number of indivi
duals or families had united themselves together for the
purposes of defence, or of more effectually obtaining
the means of support, habitations, larger an'd more
commodious than those afforded by Nature, would be
required.
The means resorted to by different Tribes of people to
procure the necessary protection from the inclemency
of the weather, may be reasonably supposed to vary
according to the mode by which each people obtained
its subsistence, to the materials for building which hap
pened to be found in the places occupied, and, perhaps,
to some peculiarities of character with which each people
might be endowed.
WltJ
A pastoral nation, of which each family must change
its place of abode as often as its flocks consume the
staly the productions
of the Earth about the station it occupies,
will have little inducement to erect permanent buildings ;
and, in a region nearly level, tents, or at most, light
timber-huts, which can either be removed at pleasure,
or abandoned without loss, will, probably, be the only
dwellings it finds necessary to construct.
Nearly the same thing may be said of a people inha
biting a mountainous country, or the sea-coast, and
seeking its support from hunting or fishing ; for the
families or communities which pursue those modes of
living, being thinly scattered over an extensive terri
tory, will, in most cases, find it convenient to fix their
abodes in caves formed by Nature or Art in the rocks.
mat- But when men applied themselves to the cultivation
i . of the ground, in a region where an ungrateful soil
compelled them to the constant performance of a re
gular succession of labours in order to acquire the
•euArt. means of subsistence, being necessarily attached to one
spot, perhaps for life, it is conceivable that their dwell
ings would be of a permanent nature ; and, consequently,
it is among such a people that, through successive im
provements, the practice of building may be expected to
rise to the dignity of an Art. This would take place when,
in process of time, men had learned to give to their build
ings such internal arrangements as were suited to the
purpose for which they were intended; to make the
exterior forms characteristic of those purposes ; and to
vol. v.
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establish the fit proportions which the several parts of p,rt i,
an edifice should bear to each other, in order to fulfil v^^aa^
the above conditions, and to render the whole capable
of producing an effect which might be pleasing to the
eye. Now the Art of Architecture i3 a collection of
rules for constructing buildings conformably to these
principles.
As this Art must have had its origin in some very The protosimple and rude construction, and as its early progress type of Armust have been made by insensible steps, neither the cl"1^,1""'
primitive form of a building nor the successive improve- tB0WB
incuts it underwent were likely to excite such notice at
the time they were made, as to cause the memory of
them to be preserved. It is therefore hardly to be ex
pected that any Tradition, still less that any Historical
document should remain, concerning either the one or
the other, of a date anterior to the establishment of a
considerable number of general principles of construc
tion. Afterwards, these becoming objects of study for
persons who were called upon to exercise Architecture
as a profession, would necessarily lead to an inquiry
whether they were founded upon any original model,
and what that model might have been.
i Vitruvius, who wrote on the Art, in the time of Au- Probable
gustus, or of one of his immediate successors, has, in f°rm °r l"e
the 1st Chapter of his lid Book, indulged his own first housesfancy, or recorded that of some more ancient Philoso
pher, respecting the origin of the Arts and Sciences, and
particularly that of the Art of building. Having given
a fabulous account of the origin of fire, he goes on to
state that, by the comfort men derived from it, they
were induced to form themselves into Societies, and
erect buildings to shelter themselves from the severity
of the climate. Such buildings, he thinks, would re
semble the huts constructed by men who occupy the
lowest grade in Society ; and, to give an idea of that
primitive style, he describes the mode of building prac
tised by the Colchiuus, a people who probably were
then in the same rude state as are now the inhabitants
of the Islands in the South Seas.
He says, it consisted in fixing trees upright in the
ground, side by side, so as to include the space to
be inhabited ; the distance between the rows of trees
equalling the length of the trees intended for the co
vering. The roof was laid over the tops of the upright
trees, and above these, other upright trees were placed,
in a manner similar to those below. Thus the building
was raised to the height required. A roof was formed
at the top, he says, by raising beams across from the
four angles, so as to unite in a point ; the sides and
roof were filled up with boughs, and the interstices
were stopped by chips and clay.
It is, however, by no means necessary to suppose
that the square or rectangular form which Vitruvius
2i

238

ARCHITECTURE.

describes is the only one which would be affected by also that such works may have occasionally served as r.the earliest people for their houses ; indeed, it is pro retreats for the inhabitants of a Country from the pur
bable that a circular form would as often be adopted, suit of an invading enemy, or as secure places to con
if it were not the original construction ; and this is so tain the treasures of the Sovereign or of the Slate. For
much the more likely to be the case as it is less artifi some or all of these purposes, Pyramids or caverns seem
cial, and as the practice exists among those people who to have been the necessary accompaniments of most cities
approach the nearest to the state of Nature. The conical of the ancient World.
At the earliest period of Society in Egypt, the rocks Eeyptii
form is that which is actually {riven to their huts by the
natives of the Southern extremity of the American Con of ,Thebais seem to have presented an indestructible pJrsai
tinent, and a cylindrical form of wall with a conical asylum for the dead, who were deposited in extensive
roof is very generally adopted in the interior of Africa. excavations made in those natural masses of stone ; but
The inquiry into the nature of the earliest edifices when the seat of the Empire was removed to Memphis,
Tombs of
masonry are seems to lead us to the discovery that, before Man had near the Delta, those masses were not so abundant, and it
probably provided any thing better than a frail tenement of wood became necessary to erect artificial buildings, containing
more ?** to shelter him, when living, from the summer's heat and chambers for the same purposes ; such masses are the
dwcllinmof wmter s c0'd> he had bestowed incredible pains in the Pyramids, which still exist in that part of the Country,
the same endeavour to form an eternal building of stone which and form a distinguished feature in an Egyptian scene.
material. was to receive him when dead.
The three principal Pyramids of Egypt are supposed
A pile of stones, or a mound of earth, was certainly to have been erected by Cheops, by his brother Cethe first monument erected to commemorate some phrenes, and his son Mycerinus, who were successively
event, to mark the grave of some person who had been Kings of that Country. But so little dependence can be
of importance during his life, or to serve as a general placed upon the early History of Egypt that it is impos
receptacle for the bodies of men slain in battle : such sible to say whether we are to refer their reigns to a
are the monumental Barrows of earth or stones which period previous or posterior to that of the Trojan war.
abound in Europe, from the Steppes of Tartary to the Those Pyramids are situated along the Nile, near Cairo,
Highlands of Scotland, and which have been discovered probably not far from the place where the ancient Mem
even in North America. The more artificial Pyramids, phis once stood, and they are built of granite uponanuwhich have been erected in so many different parts of the cleus of natural sandstone.
World, are works, in all probability, intended for similar
At a short distance Southward from the great
purposes, and their construction displays the next step in Pyramids is the town of Saccara, in the neighbourhood
the Art of building.
of which are several Pyramids, some constructed of
The pyramidal or conical form, which was universally stone, others of brick, and one is described as formed of
Origin of
given to these monumental masses, is naturally enough heaps of pebble-stones cemented together. The exterior
tlie pyra
midal form derived from the form which earth assumes when of the latter is composed of six stages, each terminating
of tombs. thrown loosely in a heap, such as that which would at top in a horizontal surface 11 feet broad, and the
necessarily be made over a grave when the excavation vertical distance from stage to stage is 25 feet. Between
Was filled up after the body had been deposited ; or, we the stages, the faces of the Pyramid are oblique to the
may add, from the form assumed by stones piled loosely horizon, so that the whole has the appearance of several
on the ground as a monumental mark ; and, accord frusta of Pyramids placed one on another.
ingly, we may consider the adoption of that form as an
In Upper Egypt the Pyramids seem to have been
argument in favour of the propensity of Man to imitate, less general than in the country about Cairo, probably
in his artificial constructions, the appearance of some because the natural rocks were more abundant in the
natural object, or some primitive work.
former district than in the latter ; but M. Caillaud, and
In Countries abounding with mountains and rocks, subsequently Mr. Burckhardt, observed great numbers in
Tombs ex
cavated in natural excavations would often be found capable of Nubia, at the distance of more than one hundred leagues
rocks.
serving as receptacles for the dead ; and when these beyond the cataracts of the Nile. They are described
were wanting, artificial excavations might be made with as bearing considerable resemblance to those of Egypt,
less labour than it would require to erect a Pyramid. both in their general form and in the character of their
It is therefore probable that both these species of se sculpture, but they are much smaller, the greatest not
pulchre are of equal antiquity, and were employed for being above 50 feet high. They are disposed in groups
the same purpose, according to circumstances. Exca of twelve or fifteen together, and within the mass of
vations, which have been used as sepulchres, abound in each is formed a sepulchral chamber, to which there is
Egypt, Persia, India, and Europe, and even in the an entrance through a Temple built against the face of
Island of Teneriffe in the Atlantic Ocean. An account the Pyramid.
of the disposition of the chambers and galleries in the
The custom of erecting Pyramids must have been AKj
principal places where such sepulchres hare been very general throughout Asia. The Tower of Babel p%t«
formed, is given under Catacomb, in our Miscellaneous was, not improbably, a work of a similar nature, and u
Division.
that which was called the Tower of Jupiter Belus, in
But though the Pyramids and Catacombs were, gene- the centre of one of the divisions of Babylon, was cer
Pyramids
and caverns rally speaking, intended to contain the bodies of the tainly so. According to the description given by Hen>
bT™-ed°also ^ea<^' 'here is sufficient reason to believe that in some dotus, (Clio, sect. 1 8 1 .) the base ofthis Tower was a square,
for other* *° cases tney must have been used as Temples, or at least, each side of which was a furlong in extent. The building
purposts. that some part of each was appropriated to the pur consisted of eight different portions in pyramidal forms,
poses of Religion, or to the residence of its Ministers ; one above another; the whole height was onefurlong, and
the latter destination is inferred from the testimony of as the portions are stated to have been built in regular
Herodotus, who on that account was not permitted to succession, perhaps they were all of equal height, viz.
see the interior of the Labyrinth in Egypt. It is possible about 80 feet. The ascent from the ground was by an
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Hidtoc- inclined plane which passed eight times about the Tower, plex and refined style of building, in later times, pro- Part I.
^ and formed the divisions just mentioned ; in each of bably caused simple Pyramids to be disregarded, and
*v™
*V^the divisions were constructed Temples, consisting of such as once existed to be destroyed.
apartments whose roofs were supported by pillars, and
The pyramidal form of Sepulchral monuments, or Pyramids
ia the upper Temple was a magnificent couch of gold. Religious edifices, does not appear to have been con- are not con
It is probable also, that this Temple was used as an Ob fined to the ancient continent; we find the same form fine.d 10 ****
servatory, and that from it the Chaldean Astrono affected by the inhabitants of parts of the World which continent,
mers made the celestial observations, of which a few are separated from it, in opposite directions, by the
have been transmitted to our times. Here, then, we Atlantic and Indian Oeeans : we allude to the Pyramids
have an example of a Pyramid which does not seem to existing in Mexico at the time of the invasion of that
Country by the Spaniards, and in the Islands of the
bave been used as a tomb.
In his account of the Retreat of the Ten thousand South Seas at the time of their discovery, and perhaps
Greeks from Persia, Xenophon mentions the arrival of at the present day. On reading the descriptions of
liis army at an uninhabited city, which he calls Larissa, these works we cannot avoid being struck with their
situated on the Tigris ; and he says, that close to the resemblance to the Pyramids of the Babylonians and
city there stood a Pyramid of stone, 100 feet square and Egyptians.
200 feet high, into which the inhabitants of the neigh
Dr. Robertson states, on the authority of the Spanish
bouring' villages retired after the defeat of the Persians. writers, in the Vllth Book of his History of America,
(Anabasis, book iii.) Bochart supposes this city to that the great Temple of Mexico was a solid mass of
he the Resen stated by Moses (Gen. x. 12.) to have earth, of a square form, and having part of its super
been built by Ashur ; and if so, there is a probability ficies reveted with stone. Each side of the base was
that this Pyramid was one of the most ancient in the 90 feel long, and it diminished gradually upward till it
World. It seems to have contained chambers, and terminated in a quadrangle 30 feet long each way ; on the
therefore must have been intended either for a tomb top of this square was a Temple containing two altars,
like those of Egypt, or for a place of worship, like the on which the victims were sacrificed. And he thinks
Tower of Belus. Its proportions, however, differ consi it probable that all the other Temples of Mexico resem
derably from those of the Egyptian Pyramids, inasmuch bled this exactly. Whether it was intended as a place
as its height uppears to have been double the length of of burial, or not, does not appear, but the morai which
each side of its base, whereas the heights of the latter Captain Cook saw at Taheite in his first voyage was
are scarcely equal to the lengths of their sides,
certainly an elevation for that purpose. He says it
iss'f In the earliest times, Barrows of a conical or pyra- consists of an enormous pile of stonework 270 feet
1 midal form seem to have been commonly raised as long, 90 feet wide, and from 40 to 50 feet high, in the
funereal monuments in Greece. In the XXIIId Book form of a Pyramid, with a flight of steps on each side.
of the Iliad, Homer states that the Tomb of Patro- The foundation consists of rock stones, the steps are of
clus was made by heaping earth over his graYe ; and, coral, and the upper part of round pebbles ; the rock
from the circumstance that the foundations are said to and coral stones are squared neatly, and the whole is
have been laid deep, we infer that the Pyramid was
ipact and firm, which, considering it was c
reveled with masonry. Pausanias mentions (Argolica,
the natives possessed iron tools, or i
& 15.) a sepulchre of Opheltes, at Nemea, about which have been a work of prodigious labour. This
were several altars, and the whole of which was sur one side of a court, whose length and breadth are nearly
rounded by a stone wall ; and he speaks of a pyramidal equal, and the court, which is surrounded by a wall, is
structure between Argos and Epidauros which was paved with flat stones.
built over the graves of the combatants who fell in the
Having described what are the most simple construc
quarrel of Pratus and Acrisius. These monuments, tions, and what were the kind of works first executed
perhaps, resembled that pyramidal Tower which still by Man, we proceed to exhibit the probable origin of
exists near Argos, on the road to Tripolizza, and which edifices of a more artificial character.
is described in the Supplement to Ike Antiquities of
Athens originally published by Stuart and Ilevett. Its
plan is rectangular ; at the foot the length is 44 feet,
and breadth 31 feet 4 inches ; the height of the part yet
CHAPTER II.
standing is 9 feet 2 inches, and at that level the length
is 34 feet, and breadth 24 feet 3 inches. How the The supposed Prototype of a Systematic Style of
Building,
building was terminated above is unknown, all the
upper part having been destroyed, but in the interior
may collect from what is said by Vitruvius in Comparison
there is a chamber, now roofless, about 20 feet long theWe
lid Chapter of his IVth Book, that, at a period as °f " oriS'and 17 fleet 6 inches wide. On one face of the Pyramid
is an entrance covered by horizontal courses of stones early as his time, the analysis of the forms of buildings ."^"'^j,
which projecv beyond each other till they meet at top, had led to the hypothesis that they are all derived from the form of
and form a triangular head. A passage from this en some mode of construction employed in the infancy of an ancient
trance leads nearly to the opposite face of the Pyramid, Society; and consequently that the most superb edifices Temple,
and at the extremity on one side has been the doorway are but grand imitations of the system of timbers forming
the framework of a simple cottage. It is indeed easy to
of the apartment.
It is a remarkable circumstance that Pyramids did conceive that whatever might be the forms of the primitive
not, subsequently, become prominent objects in Greece, dwellings of the inhabitants of any Country, that form
as they did in Egypt, and perhaps we may consider this would be copied when a more substantial material than
a.* a proof of the independent origin of the Architecture timber was employed, or a more extensive edifice than a
of the former Country ; the prevalence of a more com hut was tube constructed. Hi then, we admit that the first
2 i 2
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Architcc- habitations of any people were of timber, and in whatture. ever (jullntry this material abounds it is prob;ib!e enough
V—"v^""' that such would be the case, the hypothesis will be jus
tified by showing the correspondence between the con
struction of a timber-hut and the general disposition of
the members of a stone edifice, which may be supposed
to have been erected by the people of such a Country at
a time when the Arts and Sciences were extensively
cultivated among them.
This conformity we purpose now to trace, taking for
our example a building similar to some of those erected
in Greece or Rome at the time of its greatest national
splendour. Such a comparison will afford an oppor
tunity of showing the situations and uses of the principal
members which enter into the composition of almost
every building of importance, whether ancient or mo
dern, and, therefore, will facilitate the comprehension of
the more particular descriptions which will be, hereafter,
given.
It may first, however, be observed that Architecture
was, probably, brought to considerable perfection in
edifices of timber before stone was employed ; because
no traces remain of any buildings, executed in the latter
material, whose forms indicate a series of approximations
to the perfect state of the systems or Orders exhibited in
the most ancient of the existing edifices ; and it cannot
be said that such examples may have formerly existed
but are now destroyed, because it is reasonable to be
lieve that such works, being the oldest and rudest, would
be constructed in a more substantial manner than the
others ; and, therefore, would be better able to resist the
ravages of time.
The best notion we can form of the construction of
the hut is, that a number of posts would be placed ver
tically on the ground, so as to enclose an area in the
form of a square or parallelogram ; along the tops of
these would be placed a horizontal beam on each of the
four sides, and over these would be laid other horizontal
beams, parallel to one of the sides of the building, in
ordei to support the material which was to serve for the
roof. But, as the flat covering which we have here
supposed, would not, in a Country subject to heavy
rains and snows, afford a sufficient protection to the in
terior, an inclining roof supported by beams placed
obliquely above the vertical posts would, very early, be
substituted for the flat one. Now the Temples of the
Greeks and Romans were generally rectangular, accom
panied and, often, surrounded by columns, and covered
by roofs inclining on both sides from a ridge over the
middle of the building and parallel to its length. This
construction bears, certainly, great resemblance to the
hut just described ; but, in order to get a more com
plete idea of the correspondence of the copy with its
supposed original, we must compare them together more
particularly, first exhibiting the principal members and,
afterwards, the minor parts in detail.
The origin
The trunks of trees placed vertically in the ground
columns and are suPP0^etl to ^e represented by the columns in the
entablature. finisned building. (PI. i. fig. 1.) Over the tops of these
trunks, on each face of the primitive hut, was placed a
beam horizontally, and this, in the copy, is what has the
name of epistylium or architrave. Above the architrave
may be supposed to come the transtra or horizontal
timbers, which, stretching over the enclosed space, in a
direction parallel to either face of the building, support
the roof. These being placed at certain distances from
each other, and their extremities appearing immediately

over the face of the architrave, were represented in the plri!
copy by rectangular divisions which, from the manner v—y»
of ornamenting them, bear the name of triglyphs. The
notches cut in the architrave to receive the extremities
of those beams were called by the Greeks opa, and,
hence, the intervals of the beams have the name of
metopes. The whole space occupied by the triglyphs
and metopes was called, by the same people, zopkorut :
in later times it has been called ihefrize, because it is
generally ornamented with sculpture.
From this description of the timbers above the archi
trave, it will be immediately perceiveJ that the triglyphs,
which represent the extremities of those timbers, should
only appear on two opposite faces of the building ; yet,
in every ancient example of a rectangular building where
triglyphs are employed, they are formed in a similar
manner on each of the four faces ; unless, therefore, we
suppose the timbers to be disposed in two directions, at
right angles to each other, and to be framed together so
that the lower and upper surfaces may be in the same
plane respectively, this must be considered as n depar
ture from strict conformity with the original model ; and
then the triglyphs placed on the two faces which are
parallel to the directions of the beams must be supposed
to have been intended, only, to give a certain similarity
of ornament to all the fronts of the edifice. It is not,
however, in every building that a representation is made
of the ends of the beams immediately above the archi
trave ; for, in some, the frize is ornamented in a different
manner, or left quite plain, as if copied from a model
in which the ends of those beams were covered by a
smooth board.
Above these transverse beams may be supposed to
have been placed other horizontal beams of smaller
dimensions, closer together, and at right angles to them.
The extremities of these latter beams, or joists, may ex
tend beyond the face of the architrave and frizc and
support the planks or still smaller timbers, which either
constitute the covering itself of the roof, or serve a? a
bed for the materials employed for the covering. The
reason of extending the joists and covering of the roof
beyond the face of the architrave, is, that the rain-water
which falls on the roof, may, thereby, be thrown beyond
the posts or columns, or beyond the walls of the build
ing, if, in the intervals of the posts, walls are constructed.
The projecting parts of the lower joists just mentioned,
being imitated in stone buildings executed according to
some of the systems or Orders, become what are called
modillons, and the extremities of the upper course re
present, perhaps, what are called dentels. Each of those
species of projections, like the triglyphs, can, properly
speaking, only appear on two fronts of any quadrangular
building, unless each course consists of timbers framed
at right angles to each other, as above described ; hut
as this method is not adopted in practice, and us we
find that the modillons and dentels are exhibited on
every face of such buildings, we must suppose this to be
a measure adopted, as before, for the sake of obtaining
a similarity of ornament on every side.
The courses of modillons and dentels, together with
the beams upon which those courses appear to rest, and
the part of the roof above them, form what was some
times, by the Ancients, called the corona, but, ill modern
Architecture, is called the cornice; and the name ot
corona is occasionally by Vitruvius, and always by the
moderns, confined to the projecting member immediately
above the modillons. The whole system of horizontal
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uc. beams aliove the columns, comprehending the archie. trove, frize, and cornice, was called by the general name
of epistylium, but in later times, the entablature.
When an inclining roof was to be made, (see pi. i.
fig. 2,) beams, called by Vitruvius canlherii, and by the
present Architects, rafters, were disposed in two planes
declining each way from the columen, or ridge of the
roof, which ridge extended longitudinally above the
middie of the area enclosed by the building : the upper
extremities of the rafters were attached to this ridge,
and the lower extremities rested upon the entablature
vertically over the extremities of the horizontal beams
in the frize. Above these rafters were placed small tim
bers, called by Vitruvius templa, by the moderns purUna, in horizontal positions, and parallel to the ridge
of the roof; and, over them, a second tier of rafters,
smaller than the former, and projecting, at their lower
extremities, beyond the face of the architrave or frize on
the flanks of the building. These last rafters, in some
cases, carry the tiles or other materials which cover the
sloping roof; and if we may suppose them to be placed
so that one rafter may be over each triglyph and metope,
the projecting extremities, being imitated in the copy,
will constitute what, in one of the Orders, are called
mutules, whose inferior surfaces are in a plane parallel
to the inclining surface of the roof in which they are
placed. And though these also can only, with propriety,
exist upon the two lateral fronts of any building, yet it
has been, universally, the practice to depart so far from
the model as to repeat them upon the front and rear
faces of a complete edifice. The extremities of the purlines, appearing in front and rear of a building, may
have suggested the idea of forming modillons in each
of the inclining sides of the roof, which in some of the
Orders is done ; but, in practice, a deviation is made
from the character of the model by placing such mo
dillons closer together than the purlines really would
be, and by forming their side faces in vertical planes
instead of perpendicular to the directions of the rafters.
The desire of ornamenting the inclining extremities
of the roof in a manner similar to the horizontal cornice
has led, in some Orders, to the employment of dentels
also in those situations ; as if the inclining roof had been
formed by two tiers of purlines, in alternate order with
the rafters, under its external covering.
In the above developement of the Vitruvian hypothe
sis, it is not intended to assert that artists can, in any
case, bind themselves to produce a perfect correspond
ence of all the members in the buildings they construct,
with those of any model ; but, merely, to exhibit a simple
structure, the parts of which may have served as pro
totypes of the members we find occasionally employed
in the most complex edifices.
The roof of a building, when formed by two inclined
planes, was, by the Ancients, called by the general name
fastigium. The triangular extremity of such a roof is
called a pediment, and the space included within the
horizontal and inclined cornices of the pediment had,
and still retains, the name of tympanum.
The principal members of a finished edifice have now
been compared with those of the simple hut; if we
descend to the minuter parts and ornaments, we shall
find that many of them may be traced to objects neces
sarily conuected with the same prototype, and from
which it is possible they may have been derived ; others,
by their nature, are incompatible with such an origin,
and, therefore, must be considered either as imitations
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of some natural objects, or as improvements which Part I.
would easily suggest themselves when the members ^■v™-'
were executed in a different material.
It is supposed that, originally, the trunks of trees, The base si
which served as posts, might have been planted imme- a column,
diately upon the ground ; but experience would soon
show that the bottoms of the posts were liable to be
destroyed by its humidity, or that the weight of the
edifice would force them into it, and thus endanger the
safety of the whole. An endeavour would, perhaps, be
made to remedy these evils, by placing a tile or flat
stone under the bottom of the post to keep it from the
ground, and, by presenting a greater surface underneath,
to prevent it from sinking ; from this probably originated
what has been since called the plinth. The bottom of
the post being liable to split by the weight above it, may
be supposed to have been protected by a hoop or cord
surrounding it ; and, from this, some have derived the
torus and other ornaments placed above the plinth,
which, with the latter, form the base of the column.
Now it might happen that the tops of the posts were The capital,
not exactly situated in a horizontal plane, from the in
equality of the ground, or of the lengths of the posts ;
and, in such a case, the architrave which was placed
upon them, might not touch every one. In order to
remedy this, it may be supposed that flat tiles, or stones,
would be placed above the posts, having their thick
nesses so regulated that the under surface of the archi
trave, when in a horizontal position, might rest upon
each. If this opinion is well founded, one of these
tiles may be represented by the abacus of the column in
the finished building ; and ropes surrounding the tops
of the posts, like those in the base, might have been
the origin of the echinus, the astragal, and some other
of the ornaments, which constitute what is now called
the capital of the column. The column may, therefore,
be considered as formed of three parts or members, vix.
the base, the body or shaft, and the capital.
It must be owned, however, that bases and capitals
are not, universally, the accompaniments of columns ;
in some edifices, we find columns without bases, in
others, we find them without capitals, and there are
some columns without either bases or capitals ; neither
do all capitals of columns resemble ropes or rings, on
the contrary we find, in this member, a very great di
versity of form, and the talents of artists have been
particularly exerted to give it all the beauty of which it
is susceptible.
Some columns have their upper extremities adorned
with spiral curves, or volutes, projecting beyond the
surface of the shaft, and the opinions concerning the
origin of these ornaments have been various. Vitru
vius asserts that they are imitations of the curls of hair
about a woman's head ; but later inquirers think they
were derived from the curling leaves of plants, or from
the horns of animals slain in sacrifice ; with which a
capricious taste might, on festival days, have decorated
the columns of a Temple. It is difficult to say which of
these ideas is the most just, and, peihaps, none of
them deserve much consideration.
In other columns we find the capitals consist of two
or more rows of leaves surrounding the shaft, at its
upper extremity, so as to resemble very much the
foliage of a plant growing round the side of a cylindri
cal or bell-shaped vessel. And, according to Vitruvius,
it was from the casual observation of such an object,
near Corinth, that the idea was first taken. This account
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A-chiiec- of the origin of that particular species of capital has, grooves, similar to those in the bases of the columns Put i
tare.
however, been much controverted ; and it is alleged that of the Temple at Priene, are found in the bases of w,
"—"V"™"' the representation of foliage, similarly disposed, adorned columns existing in some of the Gothic Cathedrals of
the tops of Egyptian columns before the time at which Europe ; the latter grooves certainly could not have been
the Grecian capital is said to have been invented. intended as rests for spears, and they may have been
However this may be, there is certainly nothing impro cut, both in these and in the Asiatic columns, merely far
bable in the supposition that this kind of capital, as well ornament. See Wild, Lincoln Cathedral, plate xiii.
The trunks oftrees are not of equal thickness through,
as that last mentioned, was derived from some such
out their length, and this circumstance has been copied
appearances.
Lastly, we find that the summits of columns are, in the columns of buildings ; which artists have, almost
sometimes, sculptured to represent the head of a man at all times, made to diminish in diameter toward the
or woman, or the figures of animals ; and we, therefore, top, though they are far from being agreed, either upon
conclude that no general type has been followed in de the precise quantity of the diminution, or upon the form
signing this member ; and that artists, in different cir which should be assumed by a section of the column,
cumstances, have chosen such forms as their tastes taken in the direction of its axis.
indicated, in order to obtain a pleasing effect.
In concluding the account of the origin of columns, it Orfjio i
The shaft
The shaft of the column is frequently furrowed longi may be proper to observe that, occasionally, artists have tiata
tudinally in channels, and various opinions have been employed some in the form of square prisms or frusta
started respecting the origin of this piactice. If we of Pyramids, to which the name of pilasters is given ;
listen to Vitruvius, he informs us that they were made and if it is necessary to look for the primitive type of
to represent the folds of a woman's dress; and by some this member also, it may easily be conceived to exist in,
persons they have been supposed to represent the natural such posts as were made by cutting the trunks of trees
inequalities which are found in the bodies of certain into one or other of those forms.
Lastly, the essential ornaments of the members in the oripn i
trees. But it is conceivable that the stone column might
be cut longitudinally in a number of plane faces prepa entablature of an edifice may have been derived from triglyph
ratory to giving it the curved form, and it might easily natural circumstances, which could not fail toaffordsub- J^p*
happen, that some artist, in search of novelty, would jects for imitation. The rain which fell upon the sloping
chisel out the spaces between the angular ridges, per roof would descend from its projecting extremity, would
haps to increase the effect of his work by the play of flow across the entablature, and along the columns, and
light and shade it would produce ; and, hence, the chan would appear in drops on the under surfaces of the pro
nels may have originated. This opinion is rendered jecting members. This has been supposed to be re
more probable by the fact that pillars of a prismatic presented by what are called the gutt<B, or drops, sus
form are found in some of the Architectural edifices of pended below the mutules, by the channels cnt, as if
for the passage of water, in the extremities of the beams
Egypt and India.
Another opinion has been started by Mr. Mitford which lie across the architrave, and by the guttae which
(Principles of Design in Architecture, let. 7.) which, Bre formed below the triglyphs. It is not impossible,
from its singularity, must not be omitted. He supposes also, that the channellings of the columns might have
the channellings to have bepn purposely made to serve been made to represent the courses of rain-water down
as rests for the spears of the warriors, who might de the shaft. On the other hand, some persons consider
posit them there previous to their entrance into the the gutta? in the Grecian buildings as imitations of the
building; and he founds his opinion upon a passage in heads of nails, which may have been driven to attach
the 1st Book of the Odyssey, where it is said that Mi the members in which they are found to the parts of the
nerva placed her spear by the tall column within the edifice above them.
The ornamental members about the columns and en- Pomii
spear-holder, in which were many others. This spearholder he supposes to mean, one of the channels of the tablature of a building, which are called by the general pnWJ
column; and he observes that, in the columns of one of name of mouldings, project beyond the surface to which
the Temples in Ionia, (that of Minerva Polias at Priene.) they are applied, and their exterior surfaces are either
the upper surface of one of the mouldings of the base curved or plane, but their particular forms and combina
has a horizontal groove surrounding the column, which tions have been made to depend on our perceptions of
seems intended to serve as a footing to receive the spears. beauty, and, perhaps, on the fitness of the meml>ers for
It is urged, however, in opposition to this theory by the purposes to which they are subservient. In plate n,
Lord Aberdeen, (Principles of Beauty in Grecian Archi may be seen the forms of the different mouldings which
tecture, p. 114.) that the place where the spears were are employed in both the Greek and Roman Architec
deposited was a large receptacle, expressly formed for ture, either to surround the columns, or to extend along
the purpose, in or near the column, or in the wall of the the entablature.
We have said that the principal mouldings about the
building, where they might be more conveniently de
posited than round the columns ; in which situation, his columns, viz. the torus, astragal, and echinus, were,
lordship thinks, they must cause an impediment to the probably, derived from the means employed to strengthen
passage, and be liable to fall down. Without, however, and secure the shafts. The same reason, however,
assenting to the opinion that the channels of columns cannot be given for all the mouldings which occur
were originally made for this purpose, we may observe either in the columns or in the entablature of the
that it would be easy to secure the spears in their places, building ; and, in the absence of all positive informa
and prevent any impediment to the communication, by tion on this subject, we are reduced to form the best
having fillets or cords to surround the column at top conjectures which the doubtful light of ancient practice
and bottom ; and by placing the spears in an upright will afford. It is probable, then, that it would occur to
position in the interval of the cord and the concave sur the first builders of permanent stone edifices, that some
faces of the channels. It may be added that horizontal small projecting member should mark the separation
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biiec- between any two of the principal parts, as between the
n architrave aud frize ; and, for this purpose, a simple
jUU or U"tel, whose section is a square or rectangle,
would serve. But, subsequently, the too frequent re
petition of square mouldings, in one and the same edifice
or Order, appearing disagreeable, men would naturally
be led to vary the surfaces of such mouldings by giving
a simple or compound curvature to their sections.
Hence would arise the torus, astragal, echinus, cavetto,
the two kinds of cymatia, and that which has been
called the birds-beak moulding. These mouldings
being introduced, the next step taken to increase the
embellishments of the Order, would be, tp combine two
or more convex mouldings together; and this would
require the intervention of a simple fillot or a concave
curved moulding, in order to prevent confusion.
Such is, no doubt, the origin of the scotia, which is
generally placed between two tori, or astragals ; and, in
this way, the system of mouldings constituting the base
of a column is formed.
In many ancient examples, (though the practice
ivas not universal,) we find the echinus and the cima
reversa employed where a weight is to be sustained, no
doubt because their form renders them fit for that pur
pose. The torus and astragal are well adapted for
strengthening the shafts of columns, for which purpose
they are used in the bases and capitals. The cavetto
and the cima recta were chiefly employed to form a finish
at the summit of an edifice, perhaps because their upper
extremity, terminating in a thin edge, would render
them improper for the purposes of support ; while the
same members are of importance in throwing off the
rain-water, which would flow down the face of the
building if it were not for the concave form of their
under-surfaces. The bird's-beak moulding is that which
most frequently occurs in the Greek edifices ; its form is
such as to permit it to be used either as a support or as
a crowning member, and, accordingly, we find it em
ployed in both circumstances, though most commonly
for the former.
All the mouldings above-mentioned afford a field
for the chisel of the sculptor, and the last step in the
embellishment of an edifice would be, to give them the
highest possible degree of ornament. The subjects
chosen for this purpose are, sometimes, the figures of
animals, but, generally, the leaves of plants, of which
Nature presents an inexhaustible variety of beautiful
specimens. The meandering ornaments and scrolls so
frequently exhibited on ancient edifices are supposed to
have been derived from imitations of the ruffled surface
of water.
The hypothesis of Vitruvius concerning the primitive
model of an edifice, and the opinion that thu model was
first copied in Greece, were, perhaps, universally ae. quiesced in till the remains of the Architectural works
i of the Egyptians became known in Europe. Since that
time many artists, being struck with the enormous
quantity of masonry employed in the walls of the Tem
ples of Egypt, and with their ponderous roofs, sup
ported by numerous short and massive columns, arranged
in close order, have inclined to an opinion that the
primitive types of those buildings were the rocks in
which the first inhabitants of that Country formed their
dwellings or tombs, by excavation ; while, from an opi
nion of the superior antiquity of some of the Egyptian
edifices, and from certain resemblances in the ornaments
of these edifices to those of the Temples of Greece, they
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have concluded that the Grecian style of building is but Part I,
a derivation from the Egyptian, and has no claim to v^y^
originality.
There i3 nothing improbable in the opinion that dif- Probability
ferent Tribes ofmen should have adopted different modes ihat the
of construction for their original dwellings ; and, there- prototype
fore, we are far from thinking that a timber-house, of the g
kind before mentioned, was the origin of all the different buildings is
styles of Architecture which have prevailed in the World, a hut.
But, with respect to that of Egypt, the huts of the pre
sent inhabitants of that Country, which are composed of
mud and reeds, built in the form of frusta of Pyramids,
and which, probably, resemble those of their remotest
ancestors, present, also, so great a similarity of form to
the vast masses of masonry placed at the entrances to
their ancient Temples, that hardly a doubt can remain
concerning the original model from whence the forms of
those masses have been derived. It may, perhaps, also
be unnecessary to have recourse to a caverned rock for
the model of the Egyptian columnar edifices, since a
building which, in a burning climate, would be required
only to afford shelter from the sun, and a free circula
tion of air, must, necessarily, consist of a number of
pillars supporting a roof. Even some of the tombs that
have been excavated in the rocks afford indications of n
style drawn from the construction of a building raised
from the ground. Above the columns which support
the roof is an abacus, sometimes surmounting a capital
ornamented with leaves sculptured in the stone ; over the
abaci is a horizontal band of stone, plain or ornamented,
similar to an architrave ; and, over all, in front is a pro
jecting cornice, whose inferior surface is, sometimes,
sculptured in imitation of reeds, as if disposed there
horizontally for the support of the materials forming a
roof.
The resemblances said to exist between the Egyptian Uncertainty
and Grecian buildings, if we leave out those parts which of the
must,
"f"1^11
, necessarilv,
V be common to all edifices,
i are
j • found
i_ il 'ne
Grecian
in the capitals of some of the columns employed in both 6t).]e js jg.
Countries, and in a sort of frize on the faces of some of rived from
the Temples in Egypt, on which frize are sculptured, at the Egypintervals, in vertical planes, clusters of three reeds con- tla"stituting an ornament which has been likened to the
triglyphs in the entablatures of the buildings of Greece,
and from which M. de Pau supposes the iatter to have
been derived. But these can hardly be considered as
affording sufficient ground for establishing a dependence
of one style on another ; since, without any inter-com
munication, both people might have invented ornaments
which resemble each other so faintly. Aud the impos
sibility of fixing the dates of any of the Egyptian build
ings, puts it out of our power to ascertain whether those
buildings in which the resemblances occur, were, or
were not erected befoie the Greeks acquired an in
fluence in the affairs of Egypt ; after this had taken
place, it is as likely that the Egyptians copied some of
their ornaments from the Greeks, us that the latter should
have copied from them.
We have said enough, perhaps, to show that the Vi- Possibility
truvian hypothesis is deserving of some consideration, ofdispenssince it may be made the basis of an elegant system, an in? "'^ an
adherence to which might operate as a guard against ^[0j'"i*
any considerable deviation from propriety and good
taste in the execution of a complex edifice. But it must
not be understood that this hypothesis alone is capable of
guiding an artist in his constructions, or of restraining
the excesses of a capricious fancy ; since the nature of the
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building to be raised, and our perceptions of beauty may
be, together, sufficient to obtain these ends. In forming
a portico, for example, we have to support a roof by
means which may leave one or more of the sides open
to the air. The roof must, therefore, be borne on
columns, and between the breadth and height of these,
certain proportions must subsist, which experience would
soon determine for the best. The entablature might be,
originally, one plain mass of stone, but it would be sub
sequently found more pleasing to divide its exterior
surface, horizontally, into two or more parts by project
ing mouldings, and to ornament the facia; in various
ways, which would produce an agreeable play of light
and shadow ; and lastly, the capitals of the columns
may have been, originally, simple blocks broader than
the shafts in order to increase the points of support under
the entablature ; and these would soon, by the taste of
artists, be brought to the graceful forms they have since
exhibited.
Supposed
One nation only, viz. the Chinese, is considered as
origin of having adopted a mode of building derived from the
the Chinese forms of the tents in use among a pastoral people. But
Architec from the lightness of construction, which is the charac
ture.
teristic of that style, the buildings are not of long dura
tion ; therefore, the specimens which that Country
affords are, all, of comparatively recent date ; and it will
be better to defer the consideration of them till we come
to the period in which that style was made known to the
people of Europe.

CHAPTER III.
The Invention of Architecture among the Greeks
Seats of the Almost as soon after the Noachian Deluge as Society
first Em- could be formed, we read that Nimrod and Ashur built
pircs.
lne cities of Babylon and Nineveh, and founded Em
pires in the regions of Chaldea and Assyria, along the
courses of the Euphrates and Tigris. From these ter
ritories proceeded colonies to Africa, Europe, and, pro
bably, to the more Eastern parts of Asia, all which
places, in process of time, became the seats of powerful
Monarchies, and the sea-coast of Syria must have been
soon covered with populous cities, which, in the time of
Moses and Joshua, that is, within 500 years from the
Flood, were of so much importance as to be surrounded
by walls, which, from their loftiness, are described as
reaching to heaven. In the plains of Assyria, stone
being sparingly distributed by the hand of Nature, the
material employed in building was chiefly brick; and the
perishable quality of this material, together with the
frequent wars which desolated a territory situated be
tween the powerful Monarchies of Egypt and Persia,
will account for the entire disappearance of all the earlier
Architectural works raised in that part of the World.
Situations
The city of Babylon was situated in the Delta formed
of Babylon, by tne Euphrates and the Tigris, about the thirty-second
anTEcba de8'rce of North latitude. It was brought to the highest
tana.
degree of its perfection by Nebuchadnezzar about six
hundred years before the Christian Era ; but its splen
dour must have been of short duration, as it was taken
by Cyrus about sixty years after the death of that
Monarch, and, from that time, it gradually declined.
What its ancient condition was we have no means of
knowing, except by the description of Herodotus. He

says (Clio, sect. 181.) it was situated on ench side Fmi
of the Euphrates, and the whole formed a square, w,
each side of which was fifteen miles long ; it was divided
by twenty-five parallel streets, running from North to
South, and by as many, also parallel to each other, from
East to West. The walls were 387 feet high, and 87
feet thick, all built of brick, and there was a quay of
the same material along each side of the river, which
was crossed by a bridge, formed by laying great hori
zontal stones over the tops of piers, built in the bed
of the river. In the centre of each division was a
circular space surrounded by a wall ; in one of these
stood the Royal Palace, whose walls were adorned with
sculpture, and the Temple of Jupiter Belus occupied
the other.
The ruins of this celebrated city have been lately
visited by several European travellers ; according to
Mr. Rich, they extend on both sides of the Euphrates
between Mohawil and Hellah, 48 miles from Bagdad,
and consist of immense masses of brickwork, buried
under earth which has been accumulating over them
for Ages. The bricks obtained from these heaps bear
inscriptions which have been the subjects of many
learned discussions; and, recently, a large statue of a
lion has been discovered among the ruins ; but, as jet,
it is impossible to trace the line of the ancient walls,
or to ascertain, with certainty, the site of the Tower of
Belus.
The city of Nineveh was of equal antiquity and, pro
bably, of equal magnitude with the city of Babylon ; it
is, now, entirely destroyed ; but it is supposed to have
been situated on the Tigris, in about the thirty-sislh
degree of North latitude, near the spot on which the city
of Mosul now stands.
Ecbatana, the Capital of the Median Kings, was also
a city of great magnitude, and surrounded by seven
walls, rising gradually each above the next towards the
interior ; this, also, has been destroyed ; but it is sup
posed to have been situated in the North of Persia, near
the present town of Hamadan, in about the thirty-fourth
degree of North latitude.
The Egyptian Thebes, situated near the Southern ofTI
extremity of that Empire, is the most ancient city of ai I
whose buildings any remains subsist at the present time. gN
The period of its foundation ascends, probably, to the
same antiquity as that of Babylon and Nineveh. It was
the first seat of the Egyptian Government, but, at an
early period of the History of the World, that seat was
transferred to Memphis, near the Northern extremity of
the Empire. From this time its importance declined ;
but the imperishable nature of the materials, the dry
ness of the climate, and the immensity of the masses,
have preserved the buildings through all the vicissitudes
of three thousand years. Memphis, less fortunately
situated, by being nearer the line of communication be
tween Asia and Africa, has been more subject to the
destructive caprices of Man, and has disappeared from
the face of the Earth, so that its situation is entirely un
known. The Pyramids, however, which were in m
vicinity, still exist
About fifteen hundred years before the Christian Era, The
colonies from Syria extended themselves to the Cou»- <<"
tries bordering the Archipelago, and brought the
Science of Legislation, and the Art of building to those ^
uncivilized lands. From this time we may, perhaps,
date the origin of the principal cities of Greece, though
the existing remains of their purest Architecture
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nature yet remaining in Greece, they were by the people Part I.
considered as a work of the Cyclopes ; a Tribe which is
supposed to have arrived there from Thrace, and to
have founded colonies in the Country. The stones of
which the walls are composed are rudely shaped and
placed together; and passing through the wall there is
a gallery formed of stones laid in horizontal courses,
but projecting over each other, so that the sides approach
together at the top, and a vertical section of the gallery
is of a triangular form.
In those times the lawless character of the people, or
the danger of being surprised by invading enemies, ren
dered it necessary to construct strong places for the
purpose of securing the wealth of the Prince or of the
State. The earliest of these buildings seems to have been
erected at Orchomenos by Minyas, a King in Bceotia;
and it is described by Pausanias (Baotica, c. 38.) as one
of the most wonderful productions of Grecian Art. But
the most interesting to us, because it remains in a tole
rable state of preservation, is the subterranean chamber
at Mycene, which is called the Treasury of Atreus. TheTreasury
This also is mentioned by Pausanias. (Argolica, c. 17.) °J Atreus at
The entrance to the chamber is by a passage 20 feet 6 MycenlB'
inches wide, between two parallel walls, the remains of
which are about 50 feet long ; this passage is open to the
sky ; and, at its extremity, is the entrance, which forms a
gallery 1 8 feet long and 8 feet wide, covered by flat stones ;
but having above them a triangular urch, if it may be so
called, consisting of horizontal courses of stones, like
those in the gallery at Tirynthus before described, and
probably intended to lessen the pressure of the horizontal
ceiling of the gallery. At the extremity of this gallery
is the chamber, which is of a circular form, and
48 feet 6 inches diameter ; the walls are formed of
circular courses of stones laid horizontally on each other ;
each course projecting towards the interior, beyond the
course below, till they meet in an apex over the centre ;
thus producing a resemblance to the inside of a dome.
The height of the chamber is 45 feet: and a section taken
vertically through the centre forms nearly a parabola, or
rather two segments of circles rising perpendicularly
from the pavement and meeting nearly in a point at the
top. The interior projections of the stones have been
cut to form a smooth surface, but there is a little irregu
larity in one part, probably caused by some accidental
displacement of the materials. The whole of the inter
nal surface appears to have been lined with plates of
bronze.
On one side of the circular apartment is a square
chamber 27 feet long and 23 feet wide ; and between
the chambers is a communication through a narrow
passage formed in a manner similar to the gallery
before mentioued. There are several subterranean
chambers, similar to this, near the same place, and the
Treasury at Orchomenos, mentioned above, appears
from Pausanias to have been of similar form ; many
similar buildings also exist in Egypt, Sicily, and Italy.
About the chamber at Mycens are scattered many
heterogeneous enrichments which appear to have be
longed to the building ; and from these Mr. Donaldson
has given, hi the Supplement to Stuart's Antiquities of
Athens, a design for the restoration of the facade at the
entrance of the building. The exterior of the wall,
which is shown in pi. i. fig. 3 , appears to have been
faced with red, white, and green marbles, embellished
* Set Col. Francklin'j learned Inquiry concerning the Site of this with zig zags and scrolls ; a species of ornament which
City.
is frequent on the fragments of ceramic vases found
»0L. T.
2 K

alec- belonged to edifices erected a thousand years later. The
«. cities of Asia Minor, Sicily, and Italy were probably
fmj founded between the years 1000 and 700 before Christ;
and, both in these and in the cities of Greece, are dis
played the first monuments of a school of Architecture
which, subsequently, prevailed throughout the civilized
World, till the Arts and Sciences fell with the Roman
Empire, and which, after a long sleep, revived in the
XVih century ; since that lime it has extended itself
over Europe, and, till very lately, it formed, exclusively,
the style of the artists of this quarter of the World.
In Syria, the city of Jerusalem is yet known by its
ancient name ; its prosperity was at the highest point in
the days of Solomon, about nine hundred and ninety
years before Christ ; at which time it contained a splen
did Temple dedicated to the true God. The cities of
Balbec and Palmyra, in the same part of Asia, must
have been considerable at a very early period ; but the
ruins at present existing on their site, and those more
recently discovered near the Jordan, belong to the time
of the Roman power in that region.
Persepolis, situated further Eastward, still presents
tome ruins, the date of which is referred to the time of
Cambyses, though the city itself is probably much more
ancient.
In India, two cities of great antiquity once existed,
viz. Canouge and Palibothra,* (if these names were not
both given to the same place.) The former was situated
on the Ganges, according both to Strabo and Arrian ;
who add, also, that its form was quadrangular, its
length SO stadia, perhaps about 8 miles, and its breadth
15 stadia, or 1 J mile. According to the Poem Mahabbarit, it was founded about one thousand years before
Christ, but we know nothing of its buildings.
Since the Architecture of Egypt is commonly conf be. sidered as more ancient than that of Greece, it would
"i* seem that we ought to proceed, immediately, to exhibit
J* the character of the former in the remains of the ancient
t. Temples and Tombs of that Country. We prefer, how
ever, to begin with the Architecture of Greece, because,
in the latter Country, from a few simple and cognizable
principles, the Art grew up into a perfect system, which
has stood the test of more than twenty-five centuries ;
and, with some exceptions and modifications, consti
tutes the Architecture of Europe at the present day.
With this, as a standard, we are accustomed to compare
both the Egyptian and Roman styles of Architecture ;
and without an accurate knowledge of the dispositions
and proportions of the different members which com
pose the Grecian system, the others cannot be conve
niently described, nor easily understood.
l»o( Cadmus probably first induced the people of Greece
* to build their habitations near each other, and to sur™" round them by walls for the purposes of defence ; and
„ thus their earliest cities were formed. Near Argos are
still to be seen the remains of the walls of Tirynlhus,
which, probably, formed a military post or citadel for the
protection of that part of the Country. The construction
of these walls must be referred to a very early date,
though the precise time is unknown ; according, how
ever, to the testimony of Strabo and Pausanias, they
were erected at a period which must have preceded the
Trojai. war, and by a people who had emigrated from
Lycia. In common with several other works of a similar
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Architee- about *he same place ; and the holes for the cramps by
turf. which the marbles were attached to the wall are still
•"^
visible. On each side of the door-way, he supposes a
column to have been placed, the form and ornaments
of which he has made out from a base and part of a
shaft discovered among the ruins. See pi. i. fig. 4.
On that side of Mycenas which is opposite the Trea
Walls of
Mycenae. sury of Atreus, remain what appear to be parts of the
ancient walls of the city, and which, according to po
pular tradition, formed part of the Palace of Agamem
non. The entrance is by an aperture similar to that of
the Treasury of Atreus, being formed by two vertical
jambs and a horizontal lintel, rudely executed. Above
this is a piece of sculpture representing two lions, each
about ten feet high ; one on each side of a short
column, with their fore feet placed on a sort of pedestal.
From these figures, the aperture has obtained the name
of the Gate of the Lions. This gateway is men
tioned by Pausanias, (Argolica, c. 17.) who also states
that in his day it was reported to be a work of the
Cyclopes.
The notices we have of (he earliest Temples in Greece
The supposed origin or Asia are so few and unsatisfactory that what can be
of Temples. sa\£ Qf them may be delivered in a few words. The
Sacerdotal office, which at first was possessed by the
father of each family, became, in some Countries, by
the establishment of a Monarchical Government, vested
in the Prince; and where this happened, there is reason
to believe that some division of the Regal Palace was
set apart for the offices of Religion. But when, subse
quently, a regular Order of Priests was formed, it would
no doubt be found convenient to have places expressly
appointed for performing the sacrifices ; and therefore
Temples would be erected.
Before the time of Homer there were few Temples in
Greece. Those he mentions are of Minerva at Athens,
Apollo at Delphi, and Neptune at Mga. He often re
presents sacrifices performed on altars in the open air ;
and it is plain from the terms which he employs that the
Fanes of Minerva and of Apollo were roofless. That
Temples existed on the Asiatic coast before his time is
certain, for Hecuba is described by him as leading a
procession of matrons to the Temple of Minerva in the
city of Troy, in order to propitiate the Goddess.
The Palaces From the description, in the Iliad, of King Priam's
of Priam Palace, we may obtain some idea of the public buildings
in that part of Asia about Homer's time. This edifice
is stated by him to have been built of stone, and to have
consisted ofa court surrounded by apartments ; of which
there were fifty on one side for his sons, and twelve
opposite them for his daughters and their husbands ; be
sides these, there were the apartments occupied by the
Monarch himself.
From what we can collect, in the Odyssey, of the
and Ulysses. Palace of Ulysses, its plan does not seem to have been
very different from that of King Priam's Pulace. It
appears to have consisted of an avXij, which, from the
derivation of the word, may be concluded to be a court
without a roof ; this was surrounded by the apartments,
some of which must have been formed with a lower and
an upper story ; for Penelope occupied the upper rooms
in one part of the house, and the armoury was up stairs
in another part. But it is probable that in some places
the house might have consisted only of a ground-floor ;
for Minerva, in the shape of a bird, placed herself upon
a rafter or beam, and beheld from it the destruc
tion of the suitors ; therefore, there could have been no

ceiling in this part between the pavement of the room, fail
which was on the ground-floor, and the roof; thev—J,
latter was, probably, formed of rafters resting on the
walls, and meeting in a ridge or point at top. Co
lumns are mentioned by Homer, as having a place m
this building ; but it is remarked by Lord Aberdeen,
that he makes no allusion to their beauty ; it is there
fore probable that they were nothing more than wooden
posts ; and as a cable was stretched between them
and the wall, for the purpose of executing the guilty
attendants of Penelope, (Odyssey, book xxii.) we
may infer that they surrounded the central part of the
aula, or court, at a distance from the walls. Mr.
Gwilt, in an interesting Essay prefixed to his edition of
Sir William Chambers's Architecture, infers, from the
epithet sonorous, applied by Homer to the 'AtOoiea, at
passage between the columns and the walls, that it was
covered by a roof.
It has been observed that the Odyssey was composed
at a later period than the Iliad ; and therefore the de
scription just given may not apply correctly to the style
of building employed at the time of the Trojan war.
It is not, however, likely that the interval between the
times of composing the two Works was considerable,
and it is evident that the character of the building is
such as prevailed among the Greeks at a very early
period, which is all that it is necessary to show.
In the buildings consisting of open courts surrounded
by apartments,we see also the first examples of a groundplan, which has been ever since practised very generally
for the dwellings both of Princes and private individuals
of rank, in the whole extent of Europe and Asia ; from
Spain to China.
The roofs of houses in the Homeric times were some- Flit id
times formed by two or more inclined planes, meeting "¥ i
in a ridge or point above ; as we have seen reason to *J^S
believe from the description of the Palace of Ulysses, ^0StSi
and as may be shown from a passage in the Iliad, in
which two men wrestling are compared to two beams
in the roof of a house. But it is also evident that
in some cases the roofs were flat ; of which the Palace
of Circe affords an example, since Elpenor, one of
the companions of Ulysses, was killed by falling
from
At it.
a time more ancient than that of Homer's heroes, FUtra
we learn that the houses in the East were built with flat ""^
roofs; for, in the Book of Deuteronomy, the people ot ^
Israel are commanded to surround the roofs of their ^it
houses by a rail or parapet, to prevent any person from
falling off. And since, in all Ages, in that part of the
World, there has been little variety of fashion in houses,
furniture, and dress, and the manners and customs
of the people are nearly the same now as in the
time of Moses, we may safely conclude that manner of
building was then, as it is at present, general both in
Syria and Egypt. To these terraces there was an
ascent by steps on the outside of the house, and the
fineness of the climate permitted the inhabitants to use
them for the purpose of repose as well as of exercise.
From the war of Troy till the time of the Ionian Tie Ai
migration, a period of about a century and a half,
little is known of the state of Architecture in Greece. ^on
Vitruvius, indeed, says, (chap. i. book iv.) that a Temple, ^ \a
dedicated to Juno, was erected at Argos during theuignt
reign of Dorus, the son of Hellenus, which must have
been more than twelve hundred years before Christ : he
styles that it was built according to the Order,
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called the Doric, and he asserts that the same Order was,
. subsequently, used in the other cities of Greece. He
~' admits that the proportions of the Order, meaning, no
doubt, the relations between the dimensions of the dif
ferent parts of the columns and entablatures, were not
then reduced to any system; we must, therefore,
suppose that the Greeks, at that time, had no fixed
principles to guide them in the construction of their
buildings.
Whatever progress the Greeks might have made in
civilization and Art during that period, it seems certain
that it was arrested by the return of the Heraclids to
Peloponnesus. This people, driving from their dwell
ings the inhabitants of a considerable part of the
Country, and maintaining a sanguinary warfare with
those who remained, so much unsettled the minds of
men that no leisure could be found for cultivating the
Arts of Peace.
m\ While the political affairs of Greece were in this
ex perturbed state, a Body of adventurers from it, under
the command of Ion, the son of Xulhus, colonized
^j1 that part of Asia which was before inhabited by the
t Carians and Leleges. Then it was, as Vitrnvius asserts,
that the Temple of Apollo Panionios was erected by the
colonists in a manner resembling the Temples of Greece.
These persons, being ignorant of the proportions which
the columns should have, in order to support the roof,
conceived the idea of making them correspond to the
dimensions of the figure of a man ; the height of which
is about six times its breadth. They, accordingly, made
the diameter of the column, at its foot, equal to onesixth uf its whole length ; and the system, or Order,
which received those proportions, they are said to have
called the Doric, because it had been first used in the
cities of the Dorians ; by which name, at that time,
probably, all the Greeks who lived to the North of the
Gulf of Corinth were called ; and, perhaps, also, to
distinguish it from another system or Order which, Vitruvius says, was invented or used by Ion himself, and, on
that account, called the Ionic Order.
E9. In establishing the proportions of this latter Order,
I Yitruvius asserts, that the inventor copied the dimensions
Pf0- of the figure of a matron, which, is, in general, more
. slender than that of a man ; and he gave to the diameter
of this kind of column, at its base, one-eighth of its
whole length, by which it assumes a mure graceful
appearance than the other. Yitruvius goes on to state
that the ornamental paits about the Ionic column were
intended for resemblances to different parts of the dress
of a woman. Thus the mouldings of the base were
intended to represent the shoe ; the volutes of the
capital, to represent tresses of hair curliog on the right
aod left of the head ; and the channels of the shafts,
to represent the folds of the garments.
If we may give credit again to Vitruvius, a third
. 1 Order was subsequently invented, by a sculptor named
Callimachus, who is said to have lived about the end of
the Peloponnesian war. This Order was, afterward,
called the Corinthian, and it has been supposed that the
artist, wishing to give to his columns more delicacy than
was possessed by those of the Ionic Order, adopted the
proportions observed in the figures of young women.
Vitruvius, however, does not determine what part of the
whole length of the column is equal to the diameter,
and, in all probability, the practice of different artists was
very various. The circumstance from which the capital
of this Order originated, has already been alluded to,
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and the following tale concerning it is stated by Vitruvius p«t I.
from report. He says that a young woman of Corinth,
being just marriageable, was seized with a disorder, and
died ; after her interment, her nurse collected in a basket
the toys which pleased her when alive, placed the whole
over her grave, and covered them with a tile. The
basket happened to be placed over the root of an acan
thus, which, afterwards, grew up round its exterior,
and curled under the angles of the tile. This being
observed by Callimachus, he took from it the idea of the
capital of a column ; and, whatever we may think of
this story, there is certainly no improbability in the
supposition that the ornament in question was derived
from the appearance of some plant encircling a vase.
When we contemplate the account which Vitruvius The Greeks
has given of the origin of these Orders, we cannot avoid invented an
recognising, in some parts of it, the liveliness of imagi- Aiebitaenation which has always characterised the Greeks; and, ture ,0UI"ied
on proporwhile we suffer ourselves to be amused by the circum
stances he relates, we are cautious of considering them
as entitled to implicit confidence.
It will, however, be hardly fair to refuse our i
entirely to the general facts, whatever we may think of the
particular circumstances ; for, among a people so exqui
sitely refined as the ancient Greeks, it is highly probable
that an imitation of natural objects would be adopted,
both for the purposes of ornament, and to establish a
system of proportions, by which the magnitudes and dis
positions of the members of their edifices might be deter«
mined. This imitation was at first, no doubt, rude, but
by the liberty which that people took of altering the
proportions according to the dictates of an improving
taste, their Architecture finally acquired that degree of
perfection in which it has been transmitted to the present
limes.
The architectural works of the Egyptians, as well as TheEgypthose of the Greeks, bear the marks of a very remote *'»">
period; and, if we consider only the probable ages of not reduced
some particular edifices, the claim of even superior an- j™"a system!
tiquity may, by some, be decided in favour of the former
people ; but, if we consider Architecture as nn Art
founded on a system of proportions, we think there
can be little doubt that the Greeks are really the in
ventors of that Art ; since, as is observed by a French
writer, among the other people, there is not found
any expression of the characters of edifices by those
variations in the proportions which constitute the dif
ferent Orders of Architecture. The Egyptians em
ployed columns in their buildings at a ]>eriod, at least,
as early as those of the oldest recorded in the descrip
tions of Greece ; and, long before the time of the sup
posed invention of the Corinthian capital, there existed
columns in Egypt, the heads of which were ornamented
with sculptured leaves of the palm or lotus. But in the
Grecian edifices, the principal ornaments are always,
respectively, made to accompany one particular Order,
which differs in the proportions of its parts from another
Order ; while, of the Egyptian works, there is nothing,
in the proportions, by which we may distinguish either
the columns or entablature of a building in which
certain ornaments exist, from those in which they do
a°L?0.
,between ^.
Opinion
that
The intercourse
Egypt andj Greece ibecame lhre
Gr(eks
general about the year 679 before Christ, when the 1st
Psammeticus entered into an alliance with the Greeks,
in order to be supported by them on his throne- And
it is an opinion, entertained by some persons, that the
2 & 2

might have
modified the
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existing examples of Egypt were executed, or restored,
by Grecian artists at the time that this intercourse sub
sisted between the two Countries. We are far, how
ever, from thinking that this opinion is well founded,
because, on account of the extreme veneration enter
tained by the Egyptians for every object competed with
their Religion, they never suffered any but their Priests,
or persons subordinate to them, to perform any of the
services required about their sacred edifices ; it is not
likely, therefore, that foreigners would be allowed to
change the style of their Architecture.

CHAPTER IV.
Description of the Grecian Doric Temples.
In Greece, as well as in Egypt, nearly all the most
ancient specimens of regular Architecture, yet remaining,
are the Temples which were consecrated to the Gods.
These, being constructed with great solidity, and not
subject to the mutations which affect buildings intended
for domestic purposes, might be expected to survive all
such edifices ; and, as they possess, at the same time,
a simplicity of character which causes their form to
approach very near to what is supposed to have been
that of the primitive model, it will be proper, in describ
ing the Grecian buildings, to begin with the Temples.
This we purpose to do after having stated the different
denominations which, according to Vitruvius, were as
signed to them, on account of the disposition and num
ber of the columns employed.
The Greek Temples were, almost universally, rec
Genera'
plan of the tangular, only one or two examples remaining of
ancient
a circular or polygonal form, though, no doubt,
Temples. many such existed formerly. These, however, were
small, in some cases the building consisted merely of
a row of columns, disposed on the circumference of a
circle, and covered by a roof ; in others, a space was
enclosed by a cylindrical wall, covered by a roof, which
projected beyond the wall, and was supported by a
circular range of columns. These Temples were said to
be monopteral.
The plan of the generality of the rectangular Temples
in Greece and her colonies was a simple parallelogram,
a form which also prevailed in the Temples of Egypt.
ie of the smaller Temples a row of columns was
in front ; but, in most cases, there was a row both
front and rear. And the superior Temples were, gene
rally, surrounded by one, or even two ranges of columns.
The Temple was divided into two or more parts ; in the
front, and, sometimes, in the rear face was formed a
porch ; beyond this, or between the two, was the naos,
or body of the building, into which the worshippers
were admitted ; and, at one extremity, separated from
it by a wall, was, sometimes, an apartment called opisthodomus, to contain the treasures of the Temple or of
the State, and into which the Priest, or the chief Magis
trates only, were allowed to enter. The porch in front
was called pronaos, and that in the rear, posticos. The
interior of the naos was without ornament, and, gene
rally, received its light from the door only, or, perhaps,
from openings formed in the roof ; though, in some
cases, windows were formed in the walls.
The roofs of the rectangular Temples were formed in

Temples
are, in ge
neral, the
most an
cient build
ings remain
ing.

two inclined planes, extending from front to rear, meet- PmL
ihg in a ridge over the middle, and forming a triangular
pediment at each extremity. Above the walls, at the
angles of the building, are generally placed acroteria,
or pedestals, which rise through the roof to about the
level of the ceutre of the tympanum. On the upper
surface of each of these pedestals a square place is sunk,
probably for the reception of some figure which miejht
be intended to ornament the roof.
The simplest fdrm of the rectangular Temple was that
in which the two side walls were carried out from the
naos, to form the porch before mentioned, at one or both
extremities of the building. These projecting walls were
terminated on the front, or on both faces of the build
ing, by pilasters, which, thus situated, were called
aniee ; and, hence, this kind of Temple was said to be
in anlis. Between the pilasters in front were placed
two or more columns which, with the pilasters, sup
ported the entablature.
When columns were placed at one extremity of the Diiiim
building, in advance of the line joining the ant*, the of To
Temple was said to be prostyle ; the entablature was J^tn!
placed over the front columns, and returned on the right of'(^
and left as far as the ants, or, perhaps, quite along the coiumiu.'
sides of the building. If columns were placed, in a
similar way, at both extremities of the building, it was
said to be amphiprostyle.
A Temple having columns entirely surrounding the
walls was called peripteral ; in which kind of Temple
a space equal to an intercolumniation, that is, to the
distance between two columns, is supposed by Vitruvius
to be left between the columns and each of the side wall"
of the naos ; to which spaces the Greeks gave the
name of pteroma'ta. When the exterior of a Temple
was not surrounded by a peristyle or colonnade, the
Temple was said to be apteral.
A Temple was of the kind called dipteral, when it had
two ranges of columns resting on the pavement, and en
tirely surrounding the naos. When there were two rows of
columns in front and rear, and only a single row on each
flank, the temple was said to be pseudodipteral. In this
case, a space equal to the extent of two intercolumniations existed between each of the side walls and the
columns.
A Temple was called Hypxthral when it had a row
of columns in the interior at some distance from each
of the four walls. The space between the walls and the
columns may, in some cases, have been covered by a
roof, but the central space enclosed by the columns had
none. Hyprethral Temples being those of the greatest
magnitude, had, generally, a double range of columns
surrounding the naos on the exterior ; and they are
supposed by some to have been mostly, if not always,
dedicated to Jupiter; but this is very doubtful.
Vitruvius, in the lid Chapter of his Hid Book, dis- jj*"
tinguishes Temples according to the magnitudes of the
intervals of the columns ; thus a Temple is said to be ,|,eiji«
pyenostyle when the interval between the nearest sides
of the columns is equal to once and a half the diameter
of the column. It is said to be systyle, when that in
terval is equal to two diameters. But he considers both
these kinds as inconvenient, because persons entering
the Temple arm in arm cannot pass between the
columns.
The next kind is called eitstyle, in which the intervals
were equal to two diameters and a quarter, or two and
a half, except one interval, viz. that in the middle of the

ARCH I T E C T URE.
itte- front and rear faces, which was a little greater. This
kind he considers as uniting beauty, convenience, and
(—J strength.
.
\
Another kind was called ditutyle, in which the intercolumniution is equal to three diameters ; he considers
this as, in general, too wide, since the architrave, if
curie of stone, was liable to break. • 1
Lastly, the kind called arteostyle has the columns
plared at considerable, but undetermined intervals from
each other; the entablature is supposed to be formed
of limber, and, where this disposition is employed, the
whole edifice is made low and broad.
K!ot It may also be observed, that Temples were dispit) tinguished according to the number of columns they
in?!o had in front ; thus we read of tetrastylr, hexatiyle,
octattyle, and decattyle Temples, which denominations
were, respectively, applied to them according as they
had four, six, eight, or ten columns in front.
ia- We proceed next to give a concise description of
f lh8 some of the principal Temples in Greece and its ancient
rto. colonies, and to state their general dimensions, in order
i to afford data for determining the characters and pro». portions of the several Orders of Architecture employed
in the edifices of those Countries. And, as the existing
specimens of the Doric Order are the most ancient, we
begin with them. The dimensions are expressed in English
feet, decimally divided, for the sake of comparing
them together with facility ; in the Vllth Chapter
is given a general Table, in the same measure, of the
dimensions of the columns and entablatures ; and in
plates iii., iv., and v., are elevations of the same
columns, showing the proportions of their several mem
bers. In the plates, the lines of numbers marked H,
express the heights of the members individually, and
those marked P, their projections from the axis of the
column. Agreeably to the general practice, the module,
or lower diameter of the shaft of each column, is sup
posed to be divided into sixty equal parts, called minutes,
and the integers in the lines of numbers are of that
denomination.
Probably, one of the earliest Temples the remains of
which are still to be seen is that at Corinth. It is of the
Doric Order, and the proportions of the members ofits co
lumns seem to show that it must have been erected before
Architecture had acquired that perfection which distin
guished the Athenian buildings of the time of Pericles.
The disposition of the columns which are yet standing
have led the authors of the Antiquities of Athens to believe
that the Temple must have been of the kind called
peripteral and hexastyle. Its form seems to have been
rectangular, and, measuring on the exterior of all the
columns.it must have been about 160 feet long and 109
feet wide. The columns are 23.7 feet high, from the
foot of the shaft to the top of the capital, and the dia
meter, at bottom, is 5.83 feet ; consequently, the whole
height of the column is equal to 4.06 diameters, which
makes the ratio of the diameter to that height greater in
this than in any other of the Greek examples. The
diminution, or difference of the diameters at the top and
bottom of the shaft, is nearly equal to one-quarter of the
lower diameter, and the difference of the two semidiameters is -fa of the height of the shaft.
The capital consists of an abacus and echinus with
three rectangular fillets surrounding the column under
the latter member. A little below the fillets are three
channels eut round the column, forming a separation
between the main body of the shaft and what is called
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the hypotrachelion, or that part immediately below the Part !.
capital. The shaft, which consists of but one block of ^^V*
stone, is cut kmgitudinally by twenty channels or flutes,
each of which forms, on the plan, a segment of a circle
whose radius is equal to the breadth of Jhe channel.
These channels extend from the foot of the column to
the fillets under the echinus.
The frize and cornice are entirely gone, but part of
the architrave remains ; the height of this member of
the entablature is 4.722 feet, pr about one-fifth of the
height of the column, and its face is in a vertical plane,
which, if produced downward, would fall a little within
the foot of the column. The distance between the
centres of the columns is 13.5 feet, and the intercolumniation, or distance between the nearest sides, is 7.67
feet, or nearly \\ diameter.
The Temple of Jupiter Panhellenius at-iEgina seems The Temple
to be of equal antiquity, though it is impossible to *' ^S"1*'
assign a date to either. It is, however, observed by
Lord Aberdeen that, as the Slate of jEgina fell into ob
scurity almost immediately after the Persian invasion of
Greece, it is unlikely that such a building would have
been erected subsequently to that period. The Temple,
which was of a rectangular form, of the Doric Order,
and peripteral, was 90.5 feet long and 41.5 feet wide,
measuring on a line circumscribing all the columns.
According to Dr. Chandler, it had six columns at each,
extremity and twelve on each flank, including the ex
treme columns, with two columns between the antae.
The Temple itself was divided into three parts, forming
a pronaos, naos, and posticos, and is supposed to have
been hypssthral, as three columns are yet to be seen
which must have belonged to the interior. The height
of each of the exterior columns is 15.796 feet, and the
diameter, at bottom, Is 2.927 feet, so that the whole
height of the column is equal to 5.397 times its diameter;
the difference of the two diameters is nearly equal to
one-quarter of the lower diameter, and the difference of
the aemidiameters is -j\ of the height of the shaft. The
architraves and frizes of the entablature remain, but
the cornice is wanting ; the height of each of the for
mer members is nearly equal to 2.5 feet, or to one-sixth
of the height of the column.
When the Greeks colonized Sicily, about 650 years
before Christ, they carried with them the principles of
their Architecture ; and within a period of 250 years,
during which time the States they founded enjoyed an
independent existence, several Temples of the Doric
Order were erected, the ruins of which yet subsist. To
this island, therefore, we must look for other specimens
of that Order, whose execution may be referred to an
early Age.
The ruins of Selinus occupy two hills and the valley The gre»t
between them. On the Eastern hill are the remains of g^™^
three Temples lying nearly in one direction, viz. from
North to South ; of these the first appears to have been
one of the largest of the sacred structures of antiquity,
and is, therefore, supposed to have been dedicated to
Jupiter Olympius. It was octastyle, with seventeen
columns on each flank, pseudodipteral, and probably
hypaethral. The plan was rectangular, and the build
ing was raised on a stereobata, or basement, the sides of
which were formed in three steps surrounding the whole.
Its length was 331 feet and breadth 161 feet, measured
on the upper step and on a line circumscribing all the
exterior columns. The breadth of the body of the
Temple within the walls was 67.25 feet, and its length
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Architec- was probably about three times its breadth. The proture.
naos and posticos were, each, about 65 feet long ; the
v^v^/ walls of both were terminated by antae pilasters, between
■which were two columns; and before the pronaos was a
portico having four columns in front, with one between
each of the extreme columns and the antte. Three
entrances eonducted from the pronaos to the cella which
was divided into three parts, longitudinally, by two rows
of Doric columns, eleven in each row, at the distance
of 20 feet from the walls.
The height of the columns surrounding the Temple
is 48.583 feet, including the capital, and the diameter at
the bottom of the shaft is 10.625 feet, so that the height
of the column is equal to about 4.5 diameters ; the dif
ference of the upper and lower diameter is
of the
latter, and the difference of the semidiameters is JL of
the length of the shaft ; a greater diminution than is
found in any other example with which we are ac
quainted. The flutings on the shaft are shallow, and
there is a narrow, longitudinal fillet between them; and
a narrow groove is cut round the shaft immediately
below the fillets of the echinus. The faces of the archi
trave and of the metopes in the frize are in a vertical
plane, which, if produced, would fall about the middle
of the face of the shaft ; and the faces of the triglyphs
project beyond that of the frize. A plain course of
stone lies above the corona, and the entablature is
crowned by a pediment the inclining sides of which are
also formed of two plain courses of masonry.
The heights of the architrave and frize are, nearly,
equal to each other, and that of the cornice is about onehalf of each. The height of the whole entablature is
21.76 feet, which is about ~ of the height of the
column.
The central Temple is 200 feet Southward of the
former, and the third is 154 feet Southward of the last;
both of them are hexastyle and peripteral, but the former
has fourteen columns on each flank, and the latter,
fifteen. The pronaos, or vestibule, of the central Temple
seems to have been enclosed by bronze gates or doors,
as the grooves in which they turned are still visible.
On the Western hill, which is supposed to have been
the Acropolis, are the remains of a wall, nearly a mile
in circuit, and enclosing a space covered with the ruins
of buildings, among which, the remains of three Temples
have been made out. All the six Temples are of the
Doric Order, built of limestone covered with fine
plaster, and several members of their entablatures have
been painted. The Architecture and sculpture of these
Temples have been beautifully illustrated by Mes
Angell and Evans in their recent publication on
sculptured metopes in the ruins of Selinus.
Thejemple At yEgesta, or Segesta, are the remains of a Temple
at
190 feet long and 76.7 feet wide, measured on the upper
step as before. This was hexastyle, amphiprostyle, and
peripteral, with fourteen columns on each flank, and
two columns between the antae both of the pronaos and
posticos. Each column is 30i096 feet high, and the
bottom diameter is 6.6 feet; consequently the height
of the column is equal to 4.56 diameters. The shafts
of these columns are entirely plain, and a groove is
cut round them at the foot, either to produce a dark
shadow, or to serve for the reception of bronze orna
ments which might be occasionally fixed on. The height
of the whole entablature is 14.77 feet, which is ~ of
the height of the columns ; the faces of the architrave

and of the metopes in the frize are in a plane, which, if fall
produced, would pass through the middle of the front Wy<
of the shaft ; and the faces of the triglyphs project
beyond that of the frize. In the vertical face of each
step on the four sides of the stereobata is a row of
small blocks of stone, and a horizontal groove is cat
along the bottom of the same face.
The Temple of Minerva at Syracuse is 182 feet long n» T«
and 74 feet wide, measured also on the npper step, and °fM«
has the same characters as the Temple last mentioned; alSF™
the height of the columns surrounding it is 29.667
feet, including the capital, and the bottom diameter ii
6.503 feet.
The columns of this Temple are remarkable for stand
ing on a plinth, which is not the case in any other
example of the Greciau Doric Order. The columns of
the pronaos are still further remarkable in being thicker
than those which surround the building, in having an
astragal under the echinus, and a base, consisting of
two astragals on a low plinth, with a fillet above ; cir
cumstances which have led to an opinion, that thrnigh
this Temple is, undoubtedly, one of the most ancient in
Sicily, these columns must have been set up subsequently
to the construction of the rest of the building.
At Agrigentum are the remains of two Temples, 'W
nearly similar to each other, and nearly of the same ^
size, of which one is dedicated to Juno Lucina, and the
other to Concord. Both are hexastyle, peripteral, and
amphiprostyle, with thirteen columns in each flank.
The length of the Temple of Juno is 124 feet, and us
breadth 57 feet, measuring on the upper step. The
height of the columns is 20.932 feet, and their lower
diameter is 4.508 feet ; the architrave and frize remain,
but the cornice is wanting. In the stereobata of this
Temple is a doorway leading to a subterranean gallery,
communicating with the interior of the edifice.
The Temple of Concord is smaller than the other, its
length being 93.75 feet, and breadth 31 feet. An en
tablature surrounds the walls of the cella, iu the frize
of which are triglyphs, and the cornice above them is
crowned by a cavetto. But the most remarkable cir
cumstance is, that there are no mouldings on the hori
zontal corona, nor on the sloping sides of the pediment
The height of the columns is 21.51 feet, and the lowet
diameter 6.42 feet.
At the same place was, formerly, a Temple dedicated
to Jupiter, which must have been of vast magnitude;
according to Diodorus it was 340 feet long, 60 feet
broad, (probably 160 feet,) and 120 feet high. Instead
of having pteromata, or walks, round the exterior of
the body of the Temple, the walls seem to have been
built between the exterior columns, so that half of each
column projected beyond the face of the wall. Th»
semicircumference of each column was equal to 20 feet,
and the flutings were so large that a man could stand
in one.
_.
AtPajstum, on the Gulf of Salerno, in Italy, are the £5
remains of two Temples of the Doric order, which,
though, in their general features, resembling the style
of the Sicilian Temples, yet, in some points, appear
to approach the forms which characterised the later
examples of the Grecian school. The author of the
Antiquitin of Magna Gratia even supposes that they
may be of an Age subsequent to the Roman conquest of
the Country; the Roman style, he observes, seeming to
predominate over the borrowed features of the Grecian.
A certain sentiment, however, which is perceptible «
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ditto the designs, and the quality of the workmanship, affords
» indubitable proof that they are of a very ancient date ;
and we endeavour to account for the variations found
in Iheir style from that of other buildings of high anti
quity, by supposing the artists of a Grecian colony to
have been influenced by a capricious taste, which may
have led them to deviate from the general practice of
their masters in the mother Country.
The first is an hypeethral edifice 195 feet long, and
79 feet broad, measured on the top of the stylobata which
i it; it is hexastyle and peripteral, with fourteen
l flunk, and in the thickness of the wall
i the naos and pronaos, are steps formed for the
pnrpose of ascending to the roof, or to the upper gallery
of the naos ; this gallery was supported by fourteen co
lumns in the interior, seven on each side, at 8 feet from
the walls, and above these is a plain entablature which
supports an upper tier of columns of the same Order.
Thofe of the exterior peristyle are 29.952 feet high, in
cluding the capitals, and the bottom diameter is 7.06
feet. The extreme triglyphs on each face are placed at
the angles of the frize, as in all the ancient Grecian
examples; but they project in front of the frize, which,
U well as the architrave, is in a vertical plane passing
through the face of the hypotrachelion. There are also
triglyphs on the walls of the body of the Temple, and
the ceiling of the pteromata coincided with the under
surface of the inclining roof. The sides of the pedi
ment are plain, and without an epitithedaa or
The

Temple is hexastyle an peripteral with
nns in each flank ; its
is 107.33
feet, and its breadth 47 feet, measun
step. The pronaos is open on three sides, with four
columns in front, and one on each side between those
front columns and the pilasters of the naos ; but the
posticos is closed by a wall in front, as if intended to
serve for an opisthodomus or sanctuary. The height
of the columns is 20.354 feet, and the bottom diameter
is 4.244 feet.
Instead of the annulets under the echinus, which, in
almost every instance, occur in the Grecian Doric exam
ples, there is here formed, at the top of the shaft, a sort
of scotia ; on the concave surface of which is sculptured
round the column, a row of leaves whose tops incline
forward, as if pressed down by the weight of the capital
which they support ; the echinus being placed immedi
ately above them like a vase on the top of a plant. The
face of the architrave is vertically over the middle of the
shaft, and the extreme triglyphs have their centres cor
responding with the axes of the columns ; whereas, iu
every other ancient Grecian example, one of the vertical
sides is in coincidence with the angle of the frize. This
Temple is further remarkable for having no mutules in
the cornice, and for the soffit of the corona being formed
mto rectangular lacunario, or sunk panels, three deep.
The columns of the pronaos are shorter than those
of the peristyles, and they have small bases, consisting
of an astragal and fillet. There are triglyphs in the
entablature of the pronaos, and the top of its cornice is
on a level with the under side of the architrave of the
peristyle.
At the same place are the ruins of what has been
taken for a third Temple, and in the Antiquities of
Magna Greecia it is described as such ; we are, how
ler, informed by artists who have recently visited
this spot, that there are no traces of the walls of a

cella to be found within the peristyle ; and it is there- Part I.
fore probable that the edifice has been merely an open
portico. On this accouut we think it right to give the
description in another place.
As we endeavour to describe the Grecian Doric Tem
ples according (o their antiquity, we are brought, in the
next place, to those of Athens, which are universally
considered as affording the best specimens of the Archi
tecture of the Grecian school. A full description of
these celebrated buildings is contained in Stuart's Anti
quities ofAthens, and particularly in an augmented edi
tion of that Work, with a supplementary volume, just
published. In this Work, the joint production of several
distinguished Architects, numerous mistakes, into which
the author had fallen, are corrected, and the subjects are
enriched with copious and learned notes.
The most ancient, perhaps, of the Athenian Temples, The Temple
is that which was dedicated to Theseus, and which is of The»eus
thought to have been erected a few years after the at Atheosbattle of Marathon, when the ashes of that hero were
brought by Cimon to Athens.
This Temple, like the others, is of a rectangular form,
of the kind called peripteral, amphiprostyle, and hexa
style, and has thirteen columns nn each flank, including,
as usual, the columns at the angles. Its extreme length
is 104.244 feet, and its width 45.28 feet, measuring on
linns circumscribing the exteriors of all the columns.
The whole length of the side walls of the Temple is
74.06 feet, and the breadth between the exteriors of
these walls is 25.7S feet The side walls extend
beyond the naos at each extremity of the Temple,
forming a pronaos whose depth is 16.4 feet, and a pos
ticos whose depth is 12.49 feet. These walls are ter
minated by autre pilasters at the extremities, and between
the pilasters, both of the front and rear, are two columns.
The whole building is elevated on a stereobata, or ge
neral basis, to the top of which there is an ascent by two
steps surrounding it.
The columns are fluted, as usual, and are without
bases ; their height is 18.735 feet, and the diameter at
bottom is 3.304 feet. The height of the whole enta
blature is 6.846 feet, that is £j of the height of the
column ; the face of the architrave is in a vertical
plane passing nearly through the circumference of the
shall at its foot, and those of the triglyphs are in the
same plane.
The intercolumniations of this Temple are equal to 1.6
diameters, except those between every two outer co
lumns on each side, which are rather less ; and the
breadth of the pteromata is 6.45 feet. The antse pi
lasters are 3.19 feet broad; they have both capitals
and bases, but their shafts have no diminution ; the
capitals do not resemble those of the columns, but con ■
sist of an abacus, under which is a bird's-beak moulding
and an astragal,: the base consists of an inverted cymatium above a low plinth.
The soffit, or ceiling between the front columns and
the pronaos, is in a horizontal plane which passes a
little above the top of the corona of the front columns ;
and the entablature over the front of the pronaos is
continued to the interior face of the entablature of the
flank columns. Seven rectangular projections below
the ceiling, like beams of stone, each 1.575 feet broad,
and 3.1 feet from each other, are placed in horizontal
positions, extending from the front of the pronaos to
the interior face of the entablature of the front columns,
as if to support the ceiling above them. Their lower
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Arthitec- surfaces are on a level with the top of the frize ; and
between every two are sixteen lacunaria, or sunk pa
nels, of a square form, disposed in two rows, to orna
ment the ceiling. The general ceiling of the interior
is on the same level as that in front of the pronaos;
but, below it, in horizontal positions, and in the direc
tion of the breadth of the Temple, are other projections
like beams of stone ; the intervals between every two
of which are ornamented with two rows of lacunaria
similar to those before mentioned.
On the metopes of the Eastern front are sculptures re
presenting the labours of Hercules. On the frize over
the antae of the pronaos, where there are no triglyphs,
is the representation of some battle, probably that of
Marathon, and over the antffi of the posticus are sculp
tured the combats of the Centaurs and Lapithae. The
whole building was covered by a pediment roof which
is now destroyed. A plan and elevation of this Temple
is given in pi. i. figs. 5 and 6.
The Temple When Pericles became possessed of the supreme au
of Minerva thority at Athens, his own elegant taste, and perhaps
Parthenon the necessity of gratifying a people vain of their import
at Athens.
ance, led him to embellish the city with the most splendid
edifices Art could construct. Phidias was then in the full
enjoyment of the most exalted reputation, and, under
his direction, the Temple of Minerva Parthenon, on the
site of the more ancient Hecatompedon, was built by
Ictinus.
The present Temple is of a rectangular form, its
length is 228.7 feet, and breadth 100.8 feet, measured
on a line circumscribing all the exterior columns. It
is peripteral, hypaethral, and octastyle, having eight
columns in front and seventeen on each flank, including
the columns at the angles. The length of the body of
the Temple between the exterior of the front and rear
walls is 158.6 feet, and its breadth between the exterior
and the side walls is 70.22 feet ; the thickness of the
front and rear walls is 6.658 feet, and of the side walls is
3.858 feet. The body of the Temple is divided into two
unequal parts by a wall 2.917 feet thick ; and there were
doors of communication between them, the traces of
which are still to be seen near the wall on each side :
one of these divisions was 43.8 feet long, and the other
98.6 feet ; the former was the opisthodomus or Trea
sury of the Temple, or, as some suppose, the public
Treasury of the State; it was covered by a ceiling, and
was divided into three parts by two rows of columns, two
in each row ; it had no windows in the walls, conse
quently it could only have received its light from the
doors, unless there were windows in the roof. Mr. Stuart
has, by mistake, placed six columns in this division ofthe
Temple ; but that there were only four is evident from
the disposition of the circles on the floor which mark
the places where they stood. The other division was
a court enclosed by the four walls, and having its cen
tral part open to the sky. In the interior was a peri
style, probably of Ionic columns, at the distance of 14
feet from the walls on each of the four sides of the
building, and the passage left between the columns and
the walls was, probably, covered by a roof. On three
sides of the Temple the pavement of this passage is
sunk in the middle below that of the court ; on the
higher level, next to the interior of the court, are yet
remaining the marks where the interior ranges of co
lumns stood ; and on the side of this division, which is
furthest from the entrance, are seen the foundations of
the pedestal which supported the statue of the God

dess ; this pedestal appears to have been about 20 feet Put I
square.
v""v*
The side walls were carried out five feet beyond
the walls of the front and rear faces, and were ter
minated by anta; pilasters. There are no columns
between the antae, as in the Temple of Theseus, but
there is a row of six columns parallel to the front and
rear of the building at the distance of seven feet from
the faces of the antae. Between these columns and
those of the front and rear faces is a space 12 feet broad,
but the breadth of the pteromata, or spaces between the
side walls and the columns of the flanks, is only 9 feet.
The ceiling ofthe pteromata was level with the under part
of the corona in front, and fragments of its soffit have
lately been discovered, from which it seems to have re
sembled that of the Temple of Theseus, and to have been
ornamented with lacunaria. Above the stones of this
soffit came the masonry of the roof.
The whole Temple and the surrounding columns stood
on a stereobata, or genera! basis, to the upper surface
of which was an ascent by three steps ; the walls of the
Temple stood on another basis, the upper surface of
which was the pavement of the interior, and to this was
an ascent by two steps from the pavement of the ptero
mata.
All the columns are of the Doric Order; the height
of those surrounding the Temple is 35.903 feet including
the capital, and, except the four columns at the angles,
their lower diameter is 6.15 feet. The columns at the
angles of the edifice are rather thicker than the others,
their lower diameters being 6.29 feet, and the shafts of
all the columns are fluted with shallow channels which
meet each other in longitudinal edges. The whole en
tablature is 11.192 feet high ; that is, i of the height
of the column, and the faces of the triglyphs are in the
same plane as that of the architrave. The anus pilas
ters resemble those of the Temple of Theseus.
The columns and walls of the Temple incline, at top,
towards the centre, so that the whole building assumes
the form of a frustum of a pyramid. By accurate mea
surements, lately made, it appears that the faces of the
abaci of the columns are vertical ; those of the archi
trave and frize incline inward at top, but the parts
which remain of the cornice incline outward, and the
foot of the architrave is in a vertical plane passing
through the circumference of the foot of the shaft. All
the metopes are enriched with sculpture representing the
combats of the Centaurs and Lapithae, and on the frize of
the wall enclosing the body of the Temple, which has no
triglyphs, was sculptured a Paualhenaic procession. The
two pediments were, also, filled with exquisite sculpture;
that on the Eastern pediment represented Jupiter receiv
ing Minerva in an assembly of the Gods, and that on the
Western pediment expressed the contest of Minerva and
Neptune. The epitithedas,, or crowning moulding of
the pediment, which is in the form of an echinus, is
terminated at each lower extremity by a lion's head
which is not perpendicular to the faces of the walls,
but inclined towards the opposite extremity of the
building.
The roof of the Temple was covered with flat marble
plates, the lateral junctions of which formed a number of
parallel lines extending down the sloping sides of the
roof : from the general ridge of the building to the tops of
the flank walls, and along the top of the cornice on each
flank was a row of fleurons, or honeysuckle ornaments
at certain distances from each other but not always
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llUc. corresponding with the extremities of the lines above
n. mentioned.
The shafts of the columns, instead of being exactly
frusta of cones, have a certain entasis or swell, so that
s longitudinal section through the axis is bounded on
each side, not by a right line, but by a curve concave
towards the axis. This form, which was long supposed
to be peculiar to the Roman columns, was first observed,
by Messrs. Allason and Cockerell, to exist in a Grecian
eiample, in the columns of this Temple, and it has been
subsequently ascertained that a similar entasis exists in
other examples of the Grecian Doric Order. The cur
vature of the section appears to be continuous from the
top to the bottom of the shaft, as if it were part of a circle
of very large radius, the centre of which is in a horizon
tal line passing through the foot of the axis. In general,
however, the deviation of the shaft from a conical form
is scarcely perceptible to the eye ; and it, therefore,
easily escaped the notice of previous travellers.
The appearance of this Temple must have been ex
tremely brilliant from the paintings with which it was
adorned. The abaci of the capitals of the columns,
the tenia or fillet of the architrave, and the capitals of
the triglyphs and metopes were all embellished with a
painted fretwork, and the regulee under the triglyphs
with inverted palmettes and honeysuckles. In the
sloping sides of the pediments the epitithedas and the
mouldings below it, also the bird's-beak in the bed
moulding, were painted with oves. On the architrave
of the principal frout, under every metope, were bronze
shields or circular plates attached by metal cramps, and,
between them, are as many holes to which metal orna
ments or inscriptions were attached, so that the stone
work could hardly have been seen. On the other three
sides there were circular plates over each column only.
Between the columns of the hexastyle or inner portico
is a marble sill, in which was, at one time, inserted a
metal railing.
Beneath the marble steps surrounding the present
Temple are seen the substructions of the ancient Hecatompedon, consisting of a rusticated basement of free
stone. And below the interior of the Temple have been
found many fragments, among which are parts of an
Ionic architrave having three facia, a proof that this
Order had been employed before the time of the erec
tion of the present Temple. In the walls of the Acro
polis are immense fragments of a Doric entablature,
eiecuted in freestone, nearly similar to that of the Par
thenon, and frusta of columns, all of which are supposed
to have belonged to the Hecatompedon. These ancient
columns have channels, cut at top and bottom only,
about 10 inches long, the rest of the shaft being plain.
Besides these splendid examples of the Doric Order,
there exists in the Agora at Athens, a tetrastyle portico
pi the same Order, executed in the ancient manner ; but
it is supposed, by Stuart, to have been part of a Temple
dedicated to Rome and Augustus,
u At Bassa, near Phigalia, in the Peloponnesus, are the
remains of a peripteral Temple dedicated to Apollo Epicurius, of the Doric Order, with six columns in front and
fifteen on each flank. This Temple, the length of which
* 121.3 feet, and breadth 43.5 feet, measured between
the centres of the extreme columns, is remarkable both
from its position and construction ; instead of lying in
a direction nearly East and West, as is usual with the
Grecian Temples, it lies nearly North and South, and
from the interior faces of the walls of the cella project
vol. v.
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five piers on each side, to the extremities of which half Part I.
columns of the Ionic Order were attached ; all these N ■ v —
piers are perpendicular to the faces of the walls, except
that at one extremity of the cella there is one on each
side which stands obliquely with respect to those faces ;
and between these two is an isolated column of the
Corinthian Order. The time of its construction is un
known, and the employment of Ionic and Corinthian
columns in the interior would lead us to suspect that
that part of the building may have been erected subse
quently to the peristyle, which bears marks of the best
Age of Architecture in Greece ; but the masonry of the
whole Temple is so united together as to leave no doubt
that all the parts are of equal antiquity.
AtRhamnus.in Attica, are the remains of two Temples Rhamnu»,
of the Doric Order, one of which, dedicated to Nemesis,
was peripteral and hexastyle, with twelve columns on
each flank. All the columns are fluted at top and bot
tom only, the rest of the shaft being plain, and the sof
fits of the ceiling of the pteromata and porches are
ornamented with lacunaria. Nearly in contact with this,
is the apteral Temple of Themis, which consists of a
cella and one porch only, with two columns of the
Doric Order between the ants. The columns are of a
soft, porous stone, but the walls are of marble, the blocks
of which are polygonal prisms of unequal sides. These,
together with the Temples of Minerva at Sunium and
of Jupiter at Nemea, between Argos and Corinth, ap
pear to have been built in the time of Pericles. They
were all of the Doric Order, and each had six columns
in front, but their dimensions cannot now be ascertained.
In the Island of Delos are some remains of what is ,B<1 Dclossupposed to have been a Temple of Apollo. It is of the
Doric Order, but at what lime erected is unknown ; it
possesses, however, some peculiarities of form which
lead to an opinion that it was at a late period of the
Grecian school.
The height of its columns is 18.72 feet, and the lower
diameter is 3.092 feet ; consequently the height of the
column is about six diameters. The height of the en
tablature is 5.875 feet, or about ^ of the height of the
column.
The shaft is plain, except near the top and bottom,
where the circumference is cut in channels about one
foot long, as in the columns of the Hecatompedon : the
plain part is rather larger in diameter than that which
is fluted, and the echinus in the capital is nearly in the
form of an inverted frustum of a cone. The (ace of the
architrave is in a vertical plane which, if produced down
ward, would intersect the shaft in about the middle of
its length, and the faces of the metopes coincide with
that of the architrave.
At Cora, in the Ecclesiastical States, are the remains
of a Doric Temple supposed to have been dedicated to £orjL
Hercules, and to have been built while the South of
Italy was under the dominion of the Grecian Colonists ;
but, perhaps, not long before the Romans obtained pos
session of the Country. The columns of this Temple
are eight diameters high, and consequently the Order is
much lighter than that employed in the buildings ot
Greece or Sicily ; the shaft is of a polygonal form up to
one-third of the height, and the remainder is channelled;
the base consists of a simple torus without a plinth,
and the capital is formed by an abacus placed over a
moulding, the vertical section of which has the form of a
quadrant of a circle instead of an echinus. There are
triglyphs in the frize, but, between every two columns,
2L
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Architee- there are three of these ornaments, whereas the earlier
t>ire.
Greeks introduced but one or two.
S"^V™"/ Herculaneum and Pompeii were, originally, towns
built by colonists from Greece, and the style cf Archi
tecture in those places is decidedly Grecian ; the build
ings are mostly of the Doric Order, and the proportions
employed in the columns and their entablatures are
nearly the same as those of the Order at Cora. The
lightness of the shafts and the forms of the capitals of
the columns above-mentioned seem to afford ground to
believe that the Orders employed at all these places are
intermediate links connecting; those of the ancient
Greeks with the Orders afterwards adopted in Roman
buildings.

CHAPTER V.
Description of the Grecian Ionic and Corinthian
Temples.
We hove seen that, according; to Vitruvius, the Ionic
Order originated in Asia Minor, and that the first Temple
built in that style was in honour of Diana. However
this may be, it is certain that the Order prevailed chiefly
in the Asiatic States of Greece, and it was not till long
after its invention that it was much employed in Europe.
The triple
There existed in Athens, at an early period, a Temple
Athens*
dedicated to Minerva Polias and to Erectheus, which is
supposed to have been partly destroyed at the time of
the Persian invasion ; and, from a passage in Xenophon
it seems that the destruction was completed by a subse
quent fire in the XCIIId Olympiad, or about 408 years
before Christ. The present Temple appears to have been
erected upon the ruins of the old one, by Philocles, of
Acharnae, probably during the Peloponnesian war : it
is threefold, dedicated to Minerva Polias, to Erectheus,
and to Pandrosus; and it is considered as the best ex
ample of the Ionic Order that has ever been executed.
The body of the present building is of a rectangular
form, 74.52 feet long, and 38.39 feet broad, measured
on the exterior of the upper step ; this was divided into
two parts by a wall perpendicular to the length of the
Temple ; the division at the Eastern end was that dedi
cated to Erectheus, and the division at the Western end,
to Minerva Polias. Aprojection was made on the South
ern side close to the Western extremity, which formed the
small Temple appropriated to Pandrosus, and a corre
sponding projection was made at the Western extremity
on the Northern side, in order to serve as a common
porch to the two last-mentioned Temples.
The pavement of the Temple of Erectheus is elevated
about two feet above the general level of the ground on
the Eastern and Southern sides of the building, and it
is ascended by three steps which extend along those
sides. On the Western and Northern sides of the spot
occupied by this Temple the ground falls abruptly, so
that the pavement of the Temples of Minerva Polias,
of Pandrosus, and of the Northern portico is about nine
feet lower than that of the former Temple.
In front of the Temple of Erectheus is a portico ofsix
Ionic columns, the centres of which are 6.425 feet from
the face of the wall. At the Western, or opposite ex
tremity of the building, are four half columns of the
same Order, projecting from the wall, but their lower
extremities are 3. 1 5 feet below the level of those of the

columns at the Eastern end, and about 13.75 feet abate Pat
the ground on this side. On the interior side of this
Western wall are four pilasters placed exactly at the
backs of the columns, and between the columns and pi
lasters are three windows which give light to the passage
leading to the Temple of Pandrosus. One general roof,
with sloping sides, served for the whole of the double
Temple of Erectheus and Minerva Polias.
The Northern portico is 34 feet long from East to
West, and 20 feet wide, but the Western flank projects
7.5 feet beyond the Western end of the whole building.
It has four columns in front, with one on each flank
between the front columns and the pilasters which are
attached to the wall of the building. This portico was
covered by a pediment roof, andthe top of the cornice of
the portico was on a level with the under surface of the
architrave of the main building. A doorway opposite
the centre of the portico leads to the passage before
mentioned, which may be considered as a pronaos to
the Temple of Minerva Polias, and which was separated
from that Temple by a wall. At the opposite side of
this pronaos was a doorway leading to the small Temple
of Pandrosus, whose length is 19 feet from East to West,
and breadth is 11.5 feet ; the Western flank coinciding
with the Western end of the main building. It consists
of a flat roof, supported in front by four female figures,
which, in such a situation, are denominated Caryalida;
and there is one on each side between the front figures
and the pilasters, which are attached to the wall of the
Temple of Minerva. The figures are 7.087 feet high,
and stand upon & podium, or low wall, which encloses
the area of the Temple. The height of this podium is
5.633 feet, and it stands on three steps, which elevate
the pavement about 2.37 feet above the groutid. The
entablature of this Temple is 2.983 feet high, and the
top of its cornice is on a level with the middle of the
architrave of the portico of Minerva Polias. The soffit,
or ceiling, is ornamented with square, sunk panels, three
deep, the sides of which are in the form of inverted steps.
The departure from the general simplicity of the
Grecian Temples which we observe in this edifice, seems
to have been rendered necessary by the nature of the
ground and the disposition of the neighbouring build
ings ; which anciently, perhaps, approached very near
the Temple, and prevented the view of it except from
three points, where as many streets led to the site it
occupies. Opposite each of these three openings a por
tico was formed, seemingly with the design of affording
a grand termination to the view on approaching the
Temple along the street. The manner in which the
masonry of the three porticos is connected with the bodj
of the building proves that the whole edifice was erected,
as it is now, at one time.
In the portico of the Temple of Minerva Polias, the
columns are 25.822 feet high, of which the base occu
pies 1.108 feet, and the capital 1.954 feet, measuring
from the astragal below the volutes to the top of the
abacus. The diameter of the shaft at bottom is 2.786
feet, so that the height of the whole column is equal to
9.27 diameters; the difference of the upper and lower
diameters is
of the latter, and the difference of the
semi-diameters is ^ of the length of the shaft.
The capital consists of a sculptured echinus, and on
two sides it has volutes, the faces of which, on each of
those sides respectively, are in a plane parallel to the front
of the portico ; above these is a square abacus, the sides
of which are cut in mouldings. The base is of the kind
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■m. nWtilAllie; that is, it consists of two tori with a scotia
t. and fillets between them ; the lower torus is plain, and
""■/ the upper is sculptured with an ornament called a gnilloeht. None of the bases of the columns of either
Temple have plinths. The shaft is fluted or cut in
twenty-four channels, which do not join in a single edge
as is the ease with almost every Doric column, but have
a narrow fillet or flat surface between every two ; in order,
no doubt, to render them less liable to be broken when,
as in the present case, the channels are deeply cut in
the shaft.
The taste of the Greeks for ornamenting their Archi
tectural works was displayed to great advantage in this
Temple; for, between the spiral mouldings in the vo
lutes of the capitals are cut channels, which were once
filled with gilt bronze ornaments or mouldings in simi
lar curves ; and ornaments of the same material were
placed in the angles between the curves of the volutes
and the top of the shaft, in front, which must have con
siderably increased the effect of the sculpture. Glass
ejes of various colours were also fixed between the
carves which form the guilloche in the capital.
The height of the entablature is 5.513 feet, which isjj
of the height of the column, and the intercolumuiations
are equal to 3.5 diameters.
The antee pilasters, which are placed at the extremi
ties of the walls, have bases similar to those of the
columns, but the tori are fluted horizontally ; the capi
tals have uo volutes, but the hypotrachelion and an
echinus moulding above it correspond with those in the
capitals of the columns, and are similarly ornamented ;
above the echinus is a cymatium which supports the
abacus. The heights of the pilasters are equal to those
of the columns, but their breadths are less than the dia
meters of the latter, being equal to 2.4 feet, and their
shafts have no diminution.
The architrave of each of the three buildings is divi
ded horizontally into three facia?, every one of which
projects a little way over the one below it ; and Mr. Mitford thinks this is the oldest Temple existing in which
such a division was made, but we have shown that a
similar architrave must have formed part of some Tem
ple more ancient than the Parthenon itself. The frizes
ofthe Temples of Erectheus and of Minerva Polias are
plain, and the corona has its under surface excavated.
In the Temple of Pandrosus there are dentels, which rest
immediately upon the architrave, and seem intended to
supersede the triglyphs of the Doric Order.
The columns of the Temple of Erectheus are similar
to those of Minerva Polias, but on a smaller scale ; their
height is 22.554 feet, and the lower diameter of the
shaft is 2.3 17 feet. The capitals of the columns of both
Temples are very much alike, but the bases of the
former are less elegant than those of the latter ; the lower
torus being smaller, and the upper one channelled hori
zontally, which gives the base a confused appearance.
The execution of the portico of this Temple does not
appear to have been performed by the same hand as
that of Minerva Polias, and is much more coarse ; the
volutes are tame, and the sculptures rude. Fig. 1.
pi vi. is a general plan of the triple Temple ; figs. 2 and
3 are elevations of the hexastyle portico, or that of the
Temple of Erectheus, and of the front of the Temple of
Pandrosus. Fig. 1. pi. vii. is an elevation of one- of the
columns of the tetrastyle portico, or that of Minerva
Polias.
A specimen of the Ionic Order, which united con
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siderable beauty with simplicity, was that found in an Part I,
apteral Temple, the remains of which lately existed on
the South bank of the Ilyssus near Athens. This Temple on
Temple was supposed by Mr. Stuart to have been built 'hel'yssu*.
in honour of the hero Panops ; the date of its erection
is unknown, but, probably, it was about the time of the
Peloponnesian war. It was of a rectangular form, and
amphiprostyle, with four columns both in front and
rear. Its whole length was 41.623 feet, its breadth
19.532 feet, and the body of the Temple was divided
into two parts by a wall separating the naos from the
pronaos. The height of the columns was 14.693 feet,
and the diameter of the columns, at the bottom of the
shaft, was 1.783 feet. The height of the entablature
was 3.606 feet, or about one-fourth of the height of the
column, and the frize was adorned with sculpture.
The bases of these columns were of the Attic kind,
but deficient in elegance ; the scotia was high and shal
low, and the upper torus fluted horizontally. The
extremities of the side walls were terminated by pilas
ters, the bases of which were similar to those of the
columns; except that the lower torus was smaller;
the capitals resembled those on the pilasters of the
Erectheum, but the mouldings were quite plain ; like
all the Greek antae, the breadths of these were rather
less than the diameter of the columns, and the shaft had
no diminution. It is much to be lamented that this
building, which was in good preservation in Stuart's
time, is now entirely destroyed, and that not a vestige
remains of the ruins.
The famous Temple of Diana at Ephesus was of the [,)n;c
Ionic Order, but we only know that it was 425 feet Temples in
long, and 220 feet broad, that the columns were 60 feet Asiahigh, and that it was of the kind called dipteral, having
two rows of columns along each flank. This Temple
was designed by Ctesiphon, and burned by Eratostratus
three hundred and thirty-six years before Christ. It
was the wonder of Asia, and is said to have been four
hundred years in building, though all the Greek cities of
Asia contributed to the expense.
Soon after the Persian invasion of Greece, it is pro
bable that the Temple of Bacchus was constructed at
Teos. Vitruvius shows that it was built by Hermogenes, that it was of the Ionic Order, with eight columns
in front, and that it was of the kind called pseudodipteral. He further adds, that this Architect was the in.
ventor of that style of building, by leaving out the
interior of the two ranges of columns which surround
the dipteral Temples, in order to afford spacious walks
between the columns and the walls. This building is
now completely in ruins, so that no vestige of the plan
can be discovered ; but, from the fragments which re
main, the form and dimensions of the columns and
architrave have been fully ascertained. A description
of them is given in the Ionian Antiquities.
The once magnificent Temple of Apollo Didymeus
near Miletus, was of the same Order, and is supposed
to have been built about three hundred and eighty years
before Christ. It is almost entirely destroyed, but tra
vellers have succeeded in ascertaining that the extent of
the Western front was nearly 163 feet, and it appears to
have been of the kind called dipteral. The columns of
the interior range are fluted through the whole length
of the shaft, but those of the exterior range, only to
about two feet below the capital ; from which circum
stance it seems probable that the Temple was never
finished.
2 hi
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The Temple of Minerva Polias at Priene appears, by
an inscription, to have been dedicated by Alexander the
Great, probably on being rebuilt after it had been de
stroyed by Xerxes. The authors of the Ionian Antiqui
ties show, from the ruins, that the Temple has been
peripteral, and surrounded by a peribolus or enclosing
wall. The eyes or centres of the volutes appear to
have been bored, as if for the convenience of fixing
festoons, and the facia of the entablature incline
forward at top, both on the exterior and interior of
the colonnade. This is the last existing specimen of
the Grecian Ionic Order whose age can be depended on ;
and the ruined state of this and the preceding Temple
renders it impossible to show the proportions of the
column and entablature, the bases and capitals of some
of the columns being all that remain entire.
At what
We have mentioned the circumstance which is said
time the
to
have given rise to the invention of the Corinthian
Corinthian
Order may Order; and, though the story is doubtful, and there
have come is reason to believe that the capital of this Order had
in use.
been employed at an earlier period, yet it is probable
that it might not have come much into use till the time
of Callimachus; that is, towards the conclusion of the
Peloponnesian war. About that time, it appears that
the hypaethral Temple of Minerva at Tegea was built
by Scopas, an Architect of Paros, the interior of which,
according to Pausanias, was adorned with columns of
the Corinthian Order. Unfortunately this superb build
ing, as well as the city itself, is completely destroyed,
and the ruins, if any remain, are so deeply buried, that
it is not likely any information can ever, now, be ob
tained concerning it.
The Temple No example of this Order remains, of a truly Grecian
oftheWinds origin, which can be called a Temple ; unless we are
at Athens. allowed to consider as such, the edifice at Athens built
by Andronicus Cyrrhestes, an Astronomer of that city,
in honour of the eight principal Winds. It is the
general opinion that this building was erected about the
time of Alexander the Great, though the character of
the mouldings and sculpture has, by some, been thought
to indicate the Age of Hadrian. This Temple, or Tower,
is of an octagonal form, having four of its sides made
to face the four cardinal points of the horizon, and the
others, to face the four intermediate points. The length
of each side, on the exterior, is 10.8 feet, and both on the
North-Eastern and North-Western faces is a doorway,
with a porch in front, having a pediment roof, supported
by two columns of an Order which some have been
pleased to call Corinthian, but which others have pro
posed to call the Attic Order; and attached to the wall, on
the Southern side of the building, is a tower in the form
of a segment, equal to three-quarters of a cylinder, the
diameter of which is 9.7 feet on the exterior. The general
pavement is raised on three steps, each one foot high,
and in the centre is a well with small channels cut about
it, probably to serve the purpose of a clypsedra, or
water-dial ; being, perhaps, supplied with water from
the circular building before mentioned.
Each external face of the building is quite plain up to
the height of 29 feet from the top of the steps ; at this
height is a moulding which surrounds the building, and,
above it, upon the different faces, are sculptured the
figures of the eight Winds. The walls terminate in a
general entablature, consisting of an architrave, frize,
and cornice, which together are equal in height to 4.229
feet, and the top of the cornice is 7.937 feet above the
moulding before mentioned. The diameter of the

Temple is less at top than at bottom, so that it has the hn
appearance of a frustum of a pyramid ; and the whole v«v
is covered with a pyramidal roof 4.375 feet high, con
sisting of one block of marble resting on the walls and
having its exterior cut in the form of tiles. Above this,
according to Vitruvius, was a brazen Triton, holding a
rod in his right hand, and capable of turning with the
wind so as to point toward the figure of the Wind at that
time blowing.
In the interior of the building, are three cornices
along the periphery of the wall, and projecting from it
The lower one is 5.68 feet from the pavement, and con
sists of one plain facia with a moulding at the top. The
middle one is 8.637 feet above the former; it consists
of sundry mouldings, and is supported by modillons
which project from the wall, and have their under sur
faces cut in the form of a scroll or curve of contrary
flexure ; in the soffit of this cornice are panels of a
trapezoidal form sunk between the modillons ; and
between the mouldings on the front of the cornice is a
row of dentels. The third cornice is 1 1.475 feet above
the last, and quite plain ; this supports eight small
columns resembling those of the Doric Order, and these
support the internal cornice of the whole building.
Mr. Stuart observes that the capitals he has given to
the columns of the porches were found about the build
ing, but he doubts whether they ever belonged to it;
however, as such capitals are abundant in Athens, and
other parts of Greece, they may serve as specimens of
an Order which approaches very near the Corinthian.
Each capital consists of a row of lotus leaves surround
ing the vase, and reaching from bottom to top ; about
these, at bottom, is another row, about half the height
of the former, and consisting of clusters of leaves, re
sembling those of the olive. An elevation and plan of
these buildings are given in plate vi. figs. 4 and d,
and an elevation of one of the columns in plate vii.
fig. 5.
One of the most superb Temples of antiquity was that ™j
of Jupiter Olympius at Athens, which was begun in the 0lJJ
time of Pisistratus. The work, however, was interrupted by his death, and by the troubles in which the
State was, subsequently, involved ; and it appears from
what Vitruvius says, in the Proem to the Vllth Book,
that it was finished by Cossutius, a Roman Archi'.ect,
in the time of Antiochus, that is, about 400 years after
ward : but as the Emperor Hadrian is also said to have
finished the same building.it is probable that some of
the ornamental parts were not added till the time of that
Monarch.
The columns of this Temple are of the Corinthian
Order, 6 feet in diameter and 60 feet high, of Pentelic
marble, with Attic bases and fluted shafts, but, as they
were probably put up by Cossutius, they cannot be con
sidered as specimens of the Grecian style. The Temple
was rectangular, dipteral, hypaethral, and decastyle,
having ten columns in front and twenty-one on each
flank. The body of the Temple, measured on the ex
terior, was 259 feet long and 96 feet wide, and was
divided into two parts by a wall ; one of these divisions
was covered by a roof; the central part of the other was
open to the sky, and was surrounded by an interior
peristyle. The side walls of the Temple were continued
beyond those of the front and rear, and were terminated
by a column at each end. Between these were four
other columns, and there were three rows of columns
beyond them, at both extremities of the Temple. The
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Ha. whole length of the Temple was 354 feet ; its width
t. 171 feet, measured on lines circumscribing all the ex^ terior columns, and it was surrounded by a peribolus or
enclosure, of a rectangular form, 679 feet long and 463
feet wide.
Many other examples of this Order might, perhaps,
at one time, have existed in Greece, but it is highly
probable that the columns were transported to Italy
by the Romans when they became possessed of the
Country.

CHAPTER VI.
Description of the Civil Edifices of Greece.
The Propylea, or entrances of the Grecian cities,
were, usually, adorned with Architectural embellish
ments ; and those of Athens and Eleusis have been
particularly remarkable for their grandeur. We, there
fore, think it may be acceptable to give a short descrip
tion of these buildings.
The Propyleum of Athens is situated on the Western
side of the Acropolis, on an ascending ground, com
manding an extensive view towards the Gulf of Corinth,
and lying in a direction from West to East. On account
of the form of the ground, the horizontal pavement is
divided into three parts ; and steps, extending across
the entrance from North to South, afford an ascent from
one level to the next. On approaching the Western front
of the building there is, according to Stuart, an ascent
to the first pavement by a flight of steps about SO feet
long, with a pedestal or pillar of masonry on each side
of them ; but it has been since observed that the one on
lie Southern side of the steps, certainly, never existed ;
for its place is occupied by the substructure of a small
Temple, which is now thought to be that of Victory,
without wi'ngs ; and the existence of even the steps
themselves is uncertain, as the spot on which they were
supposed to have been placed, has been long occupied
by a Turkish battery. The upper part of the pedestal on
the Northern side of the ascent is, decidedly, of Roman
construction ; but, from its appearance, it is possible
that the lower part may have been more ancient.
The pavement before mentioned is of a rectangular
form, about 78 feet long from North to South, and 40 feet
wide. On the Eastern side, three steps, extending the
whole length of the pavement, led to the next platform,
which is three feet higher than the other, and on this is
the body of the building. The plan of this is a rectangle,
66.5 feet wide from North to South, and 42.25 feet long,
within the walls which enclose it on the Northern, South
ern, and Eastern sides ; it has a magnificent portico of
six Doric columns before the open entrance on the West,
*hich makes the whole length of the building equal to
M feet from the front of the columns to the interior of
the Eastern wall. This part was, originally, covered by
a roof, which, together with the cornice of the portico, is
now destroyed. The architrave and frize remain, and
we find that the metopes of the latter were adorned with
sculpture.
The interior of the building is divided into three
passages, directed from West to East, by two rows of
columns, two in each row, (Mr. Stuart places three in
each row, but this is a mistake,) and, from the frag
ments which have been found in the walls, it appears
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that the columns were of the Ionic Order, that their Part L
capitals resembled those in the Temple of Erectheus, ^-^r-—'
and that they had Attic bases. Within this portico may
be seen vestiges of an inclined plane, with traces of ruts
cut in the rock, to enable the cars to ascend towards
the citadel.
The foot of the Eastern wall is elevated above the
pavement of the building, and there is an ascent to it by
five steps leading to the third pavement, which is five feet
higher than the former. In this wall are five door
ways which lead to the interior of the Acropolis, through
another portico of six Doric columns, which forms the
Eastern extremity of the whole building. About the
three centre doorways are false lintels and jambs ; and
above them were cornices, supported on consoles, of
which some indications remain on the walls, together
with various holes for the insertion of metallic orna*
merits. The length of this portico, from North to
South, is the same as that on the Western front, and its
depth, from East to West, is 26.5 feet, not including the
thickness of the wall just mentioned, which separates
it from the principal building. This portico also was
covered by a roof with a pediment facing the East,
but the roof was higher than that of the rest of the
edifice. At the foot of the columns of the Eastern
portico is one low step descending towards the citadel,
in order, probably, to prevent the rain water, from
it, running down into the Propyleum.
On the right and left of the first, or Western platform,
is a building of the Doric Order with three steps in
front, which are placed on a blue marble band, consider
ably elevated above the platform. That on the left was
divided into two parts by a wall, from West to East, in
which was a door and two windows. In front of its
pronaos are three Doric columns between antse, and the
sides of the windows on the interior are ornamented
with short pilasters. The length of the whole is 55.75
feet from North to South, and the width is 41 feet, on
the exterior of its walls.
This is supposed, by Mr. Stuart, to have been the
Temple of Victory without wings, but, by later travellers
it is considered as a simple chamber. Mr. Stuart also
supposes that there was a building similar to it on the
Southern side of the platform, and he considers this as
the saloon which was decorated with the paintings of
Polygnotus ; but, it is evident that it could not have had
•
the same length as the opposite chamber, unless its ex
tremity had been raised on substructions carried out from
the rock, of which no indications appear. There is not
even any vestige of a wall on the Western front of the
Southern building, and it is probable that no such wall
existed. Both these wings seem to have been crowned
by pediments, as a fragment of one has been found under
that on the Northern side ; and it has been supposed
that there were small colonnades on that side of the two
wings of the Propyleum, which faces the citadel. The
wings undoubtedly formed part of the original structure,
as the masonry of both is inserted in that of the central
building.
The columns of the Western portico are 28.667 feet
high, of which the capital occupies 2.304 feet, and the
upper diameter is 3.917 feet. The columns of the
Eastern portico are 28.79S feet high, to the top of the
capital, which is in a horizontal plane, coinciding with
the ceiling of the principal building, or a little above the
top of the architrave of the Western front. The pedes
tals of the columns within the Propyleum are 5.25 feet
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Architec- high, which brings the foot of their bases on a level with
ture. the pavement of the Eastern portico. The columns are
"V"'' 2T.167 feet high, including the bases and capitals, and
the tops of the capitals are on a level with the top of the
architrave of the Western front; their upper diameter
is 2.858 feet, and their shafts are fluted.
The height of that which is called, by Stuart, the
Temple of Victory, and of the building on the opposite
wing is 25.596 feet from the pavement to the top of the
cornice. The columns are 19.196 feet high; and the
upper diameter 2.729 feet, and the height of the en
tablature is 6.397 feet. The antse pilasters of these two
buildings are 3.027 feet broad, and their shafts are
without diminution.
Under the present Propyleum have been found the sub
structions of a more ancient entrance to the Acropolis.
But in front, where the inequalities of the rock must
have rendered it necessary to form additional works for
the purpose of carrying the roadway, no remains of any
such works exist ; it is.therefore, probable that they have
been removed at some succeeding time. In the North
ern wall, under the right wing, are the appearances of
what some persons have supposed to be a triple entrance.
It is, however, probable that they are but the intervals
between buttresses supporting the wall of the building
on this side ; for, besides being too narrow, the sides
of the buttresses are left in steps, and have not been
made smooth, as the sides of gates would have been. A
low, continuous wall is carried out from the ends of the
steps in front of the Northern wing of the Propyleum,
nearly as far as the pedestal ; but Mr. Stuart is wrong
in making a gateway through it, for no such thing
appears.
This superb edifice was constructed by Mnesicles
between the years 437 and 432 before Christ, and
during the time that Pericles possessed the Government
of Athens.
The ProThe Propyleum of Eleusis is now totally destroyed,
pyleum of but from the account published in the Unedited AntiEleusis.
quities of Athens, it appears to have been, in some
respects, similar to that which has been just de
scribed, being formed by two lateral walls, 60 feet
asunder and 50 feet long, with a hexastyle portico of
Doric columns both on the Northern and Southern fronts.
There were five portals in a transverse wall, which led
to the interior of the town, and, between the Northern
front and the wall, was a double row of Ionic columns,
three in each row. These columns resembled those of
the Temple on the llyssus, and had Attic bases, of which
the upper torus was fluted horizontally ; the tops of
the abaci were on the same level as the tops of the
architraves in the entablatures of the porticos.
After passing through the Propyleum, there was found
a peribolus, in the form of an irregular pentagon, en
closing a Temple of Ceres. The entrance to this
enclosure was by a smaller Propvleum, or vestibule,
about 48 feet in length, and as much in width ; in the
interior extremity of which were three portals formed
by the side walls and by two intermediate piers ; and in
the middle of this vestibule, opposite the pilasters by
which the piers are terminated, were two Ionic columns,
similar to thoseof the Temple on the llyssus, with plain
Attic bases, and an entablature only ornamented with
dentels in the cornice.
The Temple of Ceres was nearly a square on the
plan, and the length of each side was equal to 180 feet,
exclusive of the portico, which was on the Western front,

and consisted of a single row of twelve Doric columns, Put
with shafts quite plain, except very short flutes at top ^v
and bottom. In the interior of the Temple were two
double rows of columns, in directions parallel to that of
the portico, which is contrary to the general practice of
the Greeks. When this ruin was measured, a fragment
of one column alone retained its original position ; the
places of the others were ascertained by the holes in
the pavement, which were intended to receive the plugs
connecting it with the lower part of the shaft; a> si
tuation in which plugs are rarely found, though they
are frequently found at every joint of the stones in a
column. This pavement, being below the level of that
in the portico, seems to indicate that it belonged to a
crypt or subterranean chamber. Plutarch speaks of
lower columns in the interior of this Temple, and, hence,
it is probable that there must have been a double range,
one above the other.
A little in front of the grand Propyleum was a Temple
of Diana, consisting of a naos and pronaos, with no
other columns than two between the antae. The Temple
was of a rectangular form ; its cella 24.5 feet long and
16 feet wide, and the ascent to the pavement was by
five steps. The columns were of the Doric Order and
fluted, and the triglyphs returned quite round the flanks.
In other Grecian Temples the roof terminates in ililiicida, or dripping eaves, but in this, the cymatium, or
upper moulding of the pediment cornice, was continued
along the flanks, and a channel was hollowed iu it, for
the purpose of collecting the rain from the roof; which
was then discharged by the lions' heads sculptured at
intervals along that moulding.
The external appearance of the dwelling-houses of
the ancient Greeks seems to have been very simple, ltnB
the Republican spirit of that people not permitting any Qm
of the Nobles to have their residences superior to those k*
of the generality of the citizens ; and it being thought
highly indecorous to attempt, in the habitations of in
dividuals, to rival the Temples of the Gods. Nothing
remains, in Greece, of this class of buildings at the
present day, and the only account we have of them is
that which Vitruvius gives us, in the Xth Chapter of his
Vlth Book, where the internal disposition is said to
have been made in the following manner.
The house was divided into two principal parts ; one,
called andronitidis, contuined the apartments appro
priated to the male part of the family, and the other,
called gyneeconitis, contained those appropriated to the
women ; the latter occupied the Southern, and the former
the Northern side of the building. The entrance is de
scribed as a narrow passage on the Southern side, and
having a stable and servants' room situated, one to the
left and the other to the right hand of it. After getting
through the passage, there was found an open qua
drangle, the Southern side of which consisted of the
apartments just mentioned ; on the right and left hand
were the thalami, or chambers. This quadrangle con
stituted, generally, an interior peristyliiun, being sur
rounded by columns within the walls, on the four sides.
A long pas-age on the exterior of the thalami, and on
the Eastern and Western sides of the building, separated
them from other apartments, which, being destined for
the reception of strangers, were called xenodochia ; and
these passages, from their situations between the auls.
or courts, were called tnesaulee. On the Northern side of
the peristylium was a covered space, opposite to the en
trance, called prostai, which served as a porch, and
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iicfcrtcc- had, on each side, an apartment, of which one was
tee. called thalamus, and the other antithalamus. At the
•v^ extremity of the prostas was a passage leading to a
vestibule, and from thence to a peristylium larger than
the former. On either side of this passage were the
ad, or apartments in which the mistress of the family
dwelt. On one side of the vestibule was a dining-room,
or Iriclinium, so called, probably, from its containing1 a
triple couch for the company at meals ; and, on the
other, a painted room, or room for pictures, called
pinacotheca. The peristyle last mentioned formed the
centre of the men's apartments ; on the Eastern side of
it were the libraries, and on the Western side the exedree,
or places for study, conversation, and exercise. The
Northern side was occupied by the ceci, or apartments for
the master of the family, and a vestibule in its centre led
to a portico, which formed the exterior of the building
towards the North.
w. From the dwelling-houses of the Greeks we may proilk ceed to describe, in a few words, the disposition of the
tT» parts of their Theatres. The form of these buildings on
the eiterior was nearly semicircular; they were gene
rally situated on one side of a hill, and the seats of the
spectators occupied its declivity ; or if a solid rock
served for the basis of a Theatre, the seats were formed
by cutting its mass in the shape of steps ; of which kind
of Theatre there are several still in existence, but reduced
to heaps of ruins.
These seats, or steps, were divided at intervals by
broad flat surfaces, or landing-places, concentric with
the steps ; these were by the Greeks called diazomata ;
and at the top of the steps was a colonnade, within
which also were steps, serving as seats for spectators.
Vitrnvins prescribes that the upper edges of all the steps
and diazomata should be in one right line, and he says
that under the steps, in various parts of the building,
were left vacuities, in which were put echeia, or brazen
vessels, in order to increase the effect of the voices of
the performers.
The curve formed by the lowest range of seats, or
steps, was exactly equal to three-quarters of a circle,
and within this curved line was a level space, which the
Greeks called the orchestra, on which the dances were
performed.
Beyond the chord line which limited the orchestra,
was a level stage, raised about 10 or 12 feet above the
orchestra, on which the actors performed their parts;
this was called the logeion, and it was terminated
by the sccna, or wall against which the scenes were
exhibited. Its length was nearly equal to the internal
diameter of the Theatre, and its depth was limited
}>y the circumference of the circle formed by complet
ing the curve of the lower step surrounding the or
chestra.
The height of the scena depended upon the magni
tude of the Theatre, and it is described by Vitruvius as
equal to that of the colonnade on the top of the seats.
Three doors were formed through it, of which the cen
tral one was for those performers who represented the
citizens, and the other two for such as personated stran
gers; an arrangement which accorded with that pre
scribed for the entrances of private houses.
The colonnade at the top of the steps was roofed over,
out the rest of the Theatre was without cover, except
that a great piece of cloth was occasionally drawn over,
to protect the spectators from the heat of the sun, or
from a shower of rain. If a heavy rain took place, it
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was necessary to suspend the performance, and the P«t !.
spectators retired to a covered portico behind the scena. V"*N*"|»/
Among the Ancients, the Theatrical representations took
place by daylight.
The dramatic performances in the Greek Theatre were
of three kinds ; nit. Tragedy, Comedy, and Satire, and
to each of these a particular kind of decoration was
adapted. For Tragedy, the scene represented Palaces
and Temples, of niaguiticent forms ; for Comedy, streets
with private dwelling-houses; and for Satire, were
painted all the circumstances of a rural prospect. And
to exhibit these different subjects, when required, there
were placed, in vertical positions, in front of the wall
of the scena, triangular prisms of wood, called periactoi,
because they turned on axes: on each side of these
was a painting, representing some part of one of
the scenes which it was intended to exhibit, and when
the parts relating to one subject were, by the revolu
tion of the periactoi, brought into a plane surface, the
scene was complete.
Gardens and promenades were made about the
Theatres, for the entertainment of the company before
and after the performance.
The nature of the Greek Theatre can be learned only
from the description of Vitruvius; as no building of that
kind exists entire in Greece, of an Age earlier than that of
the Roman conquest. The plate, representing a plan of a
Greek Theatre, which is given with this Work, is taken
from the edition of Vitruvius, published by Mr. Wilkins :
see pi. viii.
According to Suidas, a Theatre of wood was erected
at Athens about 498 years before Christ, for the purpose
of exhibiting a Drama of Pratinus, and the timbers gave
way during the representation. After this, the Atheni
ans erected one of stone, which was finished by Lycurgus, the Orator, about 170 years afterward. This was
probably that called the Theatre of Bacchus, the ruins of
which are yet to be seen at the South-Western angle of
the Acropolis. It is formed by a semicircular excavation
of the rock, from the inclining sides of which the seats of
the spectators were cut, which, consequently, were sup
ported by the rock itself. A semicircular wall is carried
round the upper part of the excavation, and is strength
«ned by buttresses on the exterior of the Theatre. This
wall, which probably formed the back of the colonnade
above the seats, is 248 feet in diameter, and 7.8 feet
thick, and has rectangular recesses made in it, with
vaulted tops. The lower part of the wall of the scena
remains in the gorge of the excavation, with part of the
staircases at each extremity. This contains some semi
circular-headed arches ; but both it and the semicircular
wall are of later dale than the original Theatre, and pro
bably were the work of Herodes Atticus.
The Odeon was a building similar to a Theatre, and Ihe Odeon
intended for the exhibition of Musical performances, of Pericles.
Pausanias describes one, which was erected at Athens
by Pericles ; and the authors of the Antiquities of that
city suppose that a semicircular excavation in the rock
of the Acropolis, below the South-Eastern angle, is the
place in which it stood. It must have resembled a Theatre
in form, but probably it had no scena, and in the gorge
of the building might be a portico or colonnade. Pau
sanias says the roof was like the tent of Xerxes, which
may imply that it was of a conical form. The colonnade
was adorned with the prows and sterns, and the timbers
of the roof were formed of the masts of the vessels which
had been taken from the Persians.
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In the Supplement to Stuart's Athena is given the torus is in the form of an inverted echinus. The capita!
present state of the few Greek Theatres the destruction of is separated from the shaft by a groove surrounding v.
which is not so complete as to prevent any trace of their the column, and consists of elegant foliage, disposed
Remains of plan from being discovered. Of those situated in about a cylindrical block, which seems to be a continu
Greek The Europe, besides the Theatre of Bacchus beforemen- ation of the shaft of the column ; a small row of plain
atres in
tioned, we select the following. At Cheronea are the leaves, resembling those of the lotus, surrounds it at
Europe.
remains of some, the seats of which appear to have bottom, and above these is a taller row, composed of
been partly cut in the rock, and in which the diazo- clusters of leaves resembling those of the nettle. From
mata are visible. In one at Argos, the lower range of the middle leaf in front rise two stems, each of which
seats coincides with the circumference of the semicircle, afterwards divides into two others; of these one pair
but from the appearance of the ground, it is probable diverges to the right nnd left, and curls under the angles
that the two upper ranges were flanked by two walls of the abacus, the other forms double volute? in front of
perpendicular to the scena, and touching the back of the the capital. The groove which separates the shaft from
diazomatoe above the first range. Two flights of steps the capital of the column, seems to leave the lower
are observable, considerably distant from each other, for course of foliage unsupported, and gives the column an
the purpose of ascending from the lower to the upper unfinished appearance ; but if, as is probable, the grooTe
ranges of seats ; and there were, probably, two others was intended to contain a metallic moulding or row of
close lo the external walls. On the banks of the AI- ornaments encircling the column, that objection is re
pheus, at Megalopolis, has been a Theatre, which was moved : we may observe, however, that though the
column is, undoubtedly, in itself, highly elegant, yet the
erected on one side of an artificial mound.
Ruins of several Theatres are still to be seen in va cutting of the capitals by the wall of the building must
rious parts of Asia Minor, and those which are in the have always produced a disagreeable effect when the
best state of preservation are at Stratonicea, Miletus, columns were viewed in flank.
The architrave is divided horizontally into three
and Laodicea ; representations of which are given in
the lid Volume of the Ionian Antiquities. In the facia;, and the frize is sculptured with figures represent
walls are several semicircular-headed arches, formed by ing the story of Bacchus and the Tyrrhenian pirates;
voussoirs, but not the smallest information can be ob in the cornice is a row of dentels resting upon the frize,
tained of the date of their construction ; and, no doubt, and the entablature is crowned with a row of plain
they were erected at the time during which the Romans knobs instead of a cymatium. This kind of ornament
had possession of that part of the World. In one of above the cornice seems to have been very common in
the Theatres at Scythopolis, in Syria, Mr. Bankes has the ancient Temples, if we may judge from the many
discovered a complete example of the echeic chambers medals on which it is represented, though scarcely any
under the seats, with a gallery of communication, afford example of it occurs, except in this building.
The frize and architrave are each formed of one block
ing access to each chamber, for the purpose of arranging
of marble, cut in the form of a ring ; these are crowned
and modulating the vases.
When an individual among the Greeks gave a thea by the roof, which is a solid piece of marble, approach
The Choragic Monu trical or musical entertainment, in which the performers ing to a conical form on the exterior, and the interior ij
ment of
excavated in the form of a segment of a sphere. The
Lysicrates. contended with each other for the prize of superior skill, whole roof, or tholus, rests upon the cylindrical wall,
it seems to have been customary to erect a monument
in honour of those who gained the victory. The person like that of the Temple of the Winds ; the exterior is
who gave the entertainment was called Choragus, and sculptured to represent a thatch, or covering of laurel
the edifice was called a Choragic Monument. The leaves, and from the centre rises a tall flower, on which
most splendid of these is that which was erected by formerly stood a tripod. The tops of the leaves of the
Lysicrates, about 330 years before Christ, and vul tholus approach nearer to a horizontal plane toward
garly known as the Lantern of Demosthenes. It has a the top than they do toward the foot, whicn gives to the
square basement, or pedestal, 12.654 feet high, and external surface the appearance of a curve of contrary
each side of which is 9.541 feet long; above this are flexure. There is no entrance to the building, nor is
three circular steps, which support a cylindrical build there any aperture to give light to the interior. &«*
ing, 7 feet diameter on the exterior, and 11.25 feet pi. vi. fig. 6.
Next to the Theatrical buildings of the Greeks it will 0"
high ; this consists of six pieces oj marble in the form
of portions of a cylinder, cut by planes passing through be proper to show the disposition of the edifices which
the axis, and placed together on the pedestal, so as to served for the public promenades and Baths of the citi
form an entire cylinder with its axis in a vertical posi zens ; for the Schools of Philosophers ; and those ffl
tion ; but, at each of the six places of junction, a co which instructions in gymnastic exercises were given,
lumn is introduced in such a way that half of it appears and the public combats of the uthleta? were liedto project beyond the face of the cylindrical wall. This These Palmslrce and Gymnasia were essential to every
wall is quite plain to within 1.6 feet of the top, where Grecian city, for the small States of that Country being
there is sculptured a row of tripods surrounding the perpetually at war with each other, and their towns
building. The columns are of the same height as the frequently in danger of a siege, such public institutions
cylinder, viz. 1 1.25 feet, including the bases and capitals, enabled the young people to study the Arts, and to
practise the exercises which were to qualify i'|<m
and thut height is equal to 9.64 diameters.
The columns may be said to be of the Corinthian for the defence of the community to which they
Order; their shafts are fluted, and the longitudinal belonged. Little more of them is now to be known
fillets that separate the channels, end at top in points of than what may be obtained from a general descripiion
leaves. The base of each column consists of two tori given by Vitruvius, (v. 11.) which we have already
with a scotia between them, and is connected with the extracted in our Miscellaneous Division, under GvuNipedestal by a conge, or inverted cavetto; the upper siuji, and which need not, therefore, be repeated here.
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titeo At Epidaums, traces may be seen of a vast system of
» edifices, containing Temples, Baths, Xysti, and Theatres
v~/ for the accommodation of" persons visiting the Temple
l'"of of Jisculapius for the recovery of their health. Similar
J° f*' edifices exist in ruins at Ephesus, Laodicea, Alexandria,
Troas, and at many other places in Asia ; and at Praeneste, in Italy.
A very ancient edifice, probably a Palaestra, formerly
existed at Thoricus, on the South-Eastern coast of Attica.
It was of a rectangular form, 104.67 feet long, and 48
feet wide, and consisted of a space enclosed by co
lumns, but without walls ; the columns stood on a
general basement formed in steps on each side, and
were of the Doric Order, fluted at top and bottom
only, but no part of the entablature remains. The
number of columns in front of the building was
seven, from which it is inferred that the building could
not have been a Temple ; since then there must have
been a column opposite the doorway, contrary to the
practice of the Ancients, and to every notion of conve
nience ; the number in flank was fourteen. The height
of the columns is 17.441 feet, and the lower diameter
3.317 feet.
In the Island of Delos also appears to have been a
Palaestra, which, from the name of Philip of Macedon
inscribed on the architrave, was probably erected in the
time of that Monarch, though its form and the occasion
of its erection are both unknown. The columns are
of the Doric Order, and their style is lighter than that
of any other known example of the Order. The height
of the column is 19.305 feet, and the lower diameter is
2.958 feet; consequently, the height is equal to 6.5
times the diameter, and the height of the entablature is
4.912 feet, or ~ of that of the column.
The face of the architrave is in a vertical plane, which,
if produced, would fall about the middle of the length of
the column in front ; the faces of the metopes are in the
same plane, and those of the triglyphs project about two
inches in front, as is the case in the fiize of the Temple
of Apollo, in the same Island. The echinus in the capital
has nearly the form of an inverted frustum of a cone.
This must be considered as the latest example of
what may be called the Grecian Doric ; that Order,
soon after this time, ceased to be employed in Greece,
and instead of it was substituted the Corinthian.
The remains of a building coming under the denomi
nation of a Palaestra are still to be seen at Athens. The
authors of the Antiquities of Athens call it the Stoa,
and they suppose it to be that which Pausanias calls
Poikile, and from which the followers of Zeno had the
name of Stoics ; but from the indications of a Roman
style observed in it, the conductors of the recent edition
of that W^rk, think it may have been one of the build
ings erected by Hadrian.
It is a rectangular enclosure, 376 feet long and 252
feet broad ; and in the middle of one of the shorter sides
is an entrance gate, elevated on a stereobata, to the
top of which there is an ascent by six steps. This por
tico, which is 34 feet long and 21 feet broad, has four
Corinthian columns in front, and is covered by a pedi
ment roof. The whole extent of this side of the enclo
sure is also ornamented with Corinthian columns de
tached from the wall, and standing on pedestals as high
as the top of the stereobata ; and the entablature of the
wall is broken vertically, so as to pioject from the wall
over each column. The two lateral walls of the qua
drangle are extended about 16 feet beyond the line of
vol. v.
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that front, and each extremity is ornamented with a Part I.
Corinthian pilaster. About the middle of each of the W»y—>
lateral walls was formed a projection towards (he exte
rior, of about the same dimensions as the portico beforementioned, and, like it, intended probably for an
entrance; and nearly midway between each of these
projections and the two end walls of the enclosure, was
formed a semicircular recess, 33 feet in diameter, which
perhaps was intended as an exedra, or retired place for
conversation.
There are traces, quite round the interior of the
quadrangle, of a peristyle or colonnade, consisting of a
double row of columns at about 23 feet from the walls ;
and near the middle of the quadrangle are some old
foundations, but it is impossible to determine to what
they have belonged.
At Pajstum, in Italy, are the remains of a peristyle Peristyle it
which, as has been said, was formerly considered to be Paestum.
part of a pseudodipteral Temple, but the destination of
which is now thought to have been very different. The
columns stood upon a rectangular basement, 177 feet
long and 75 feet wide, with each side formed in steps
like those surrounding a Temple. In front were nine
Doric columns, a circumstance which, one would think,
might have led to a suspicion that the building could not
have been a Temple, since one of the columns must
have been opposite the entrance. The peristyle has
eighteen columns in each flank, and there is a row of
columns along the middle of the interior, and parallel
to the flanks, probably for the support of a general
roof, which, as there was no cella, would require such
support from the impossibility of getting materials long
enough to extend across the breadth of the edifice. A
work thus constructed may, with great probability, be
supposed to have been intended for the performance of
gymnastic exercises, for the delivery of Philosophical
lectures, or it may have served as a market-place.
The height of the columns is 20.965 feet, and the
diameter at bottom is 4.709 feet; but the sides of the
shaft are remarkably curved ; at one-third of the height
the diminution is ^ of the lower diameter ; at two-thirds
the diminution is
and at the top of the shaft is gL,
Where the antae of a Temple would be, there are here
two pilasters which present some peculiarities. They are
20 feet high, including the capital, the height of which is
3 feet ; the breadths at top and bottom are nearly equal
to the upper and lower diameters of the columns, and
the sides are curved in a similar manner. A plain
fillet separates the shaft from the capital, which has the
form of a cavetto, projecting at top and resembling that
which crowns Egyptian buildings ; it is covered by a
square abacus, and has a small ornament suspended
from each angle.
The peristyle was crowned by an entablature, of
which the face of the architrave, if produced, would fall
a little within the foot of the column ; and a large
moulding, now destroyed, separated this member from
the frize. The exterior of the frize is in a vertical plane,
which falls a little within the hypotrachelion, and there
are no triglyphs. The cornice is entirely lost.
It is right to observe here, that, in modern Architec
ture, the name of Portico is given only to the columns
and roof placed before a doorway ; but the Romans
applied the term, generally, to any system of columns
supporting a roof. Thus the colonnade surrounding a
building on the exterior, or any court in the interior,
was called, indifferently, peristyle or porticus.
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CHAPTER VII.
The Principles of Grecian Architecture.

It seems to hare been the intention of the
Architects that the lengths, breadths, and heights of
Temples, as well as the dimensions of all their members,
should constantly bear certain proportions to each other;
so that all such buildings might be constructed accordin"1 to a system founded on the established relations
between the parts of which they were composed. This
is what is signified by Vitruvius, in the 1st Chapter of
the Hid Book ; and the reason given by this writer
for adopting such a system of proportions in sacred
edifices is, that the different parts of the human figure
bear also certain proportions to each other, which are
nearly constant ; and he means to infer that because
Nature has thought fit to use proportions in the forma
tion of her noblest creature, proportions should also be
used in those edifices which, being appropriated to the
worship of the Deity, ought to be of the most perfect
construction.
The relations between the several members of the
Grecian Orders will be presently exhibited from the
existing examples of those Orders ; we purpose here
only to show what relations, if any, subsisted in the ge
neral elements of the Temples themselves.
The propor- In the IVth Chapter of the IVth Book, Vitruvius,
tion between speaking ofrectangular Temples surrounded by columns,
the length states that the length of the Temple should be double
and breadth
of Temples. its breadth ; and, as he mentions afterward the pro
portions of the cella and pronaos, his meaning pro
bably is, that that proportion should subsist between the
two sides of a parallelogram which pass through the
centres of the surrounding columns, or which circum
scribe the bottoms of all their shafts.
But though there is an approximation to this propor
tion in all the Greek examples, it cannot be said that it
holds good precisely in any one of them. In the Temple
of Jupiter, at Selinus, the length is to the breadth in
the ratio of 2.05 to 1 ; in the Temple of Theseus, these
terms are to one another as 2.3 to 1 ; and from a mean
of the six best examples of the Doric Order in Greece
and Sicily, the proportion between the length and breadth
Is as 2.21 to 1.
Distribution In order to give to the flank and front of a Temple
of the co the proportions he requires, measuring on lines passing
lumns in
front and through the centres of the columns of the peristyle,
Vitruvius directs that the number of interrolumniations
flank.
on each flank should be double the number on each
face ; which, if all the diameters of the columns and
the intervals between them were respectively equal,
would be quite correct ; but in the Greek Temples these
two conditions do not take place ; and as the central intercolumuiation is made wider than the others, in order
to afford sufficient space for persons who are to enter
the door, while those of the flanks are nearly all equal ;
it follows, that by this rule the length of the Temple
would be found less than twice its breadth. In order,
perhaps, to approach nearer to the required ratio, the
Temples of Jupiter, at Selinus and at /Egina, have the
number of columns in flank exactly double the number
in front, and, in fact, in those examples, the length irj
to the breadth as 2.1 to 1, which is nearly the proportion
pr scribed by Vitruvius.
But in the later examples of the Doric Order, the
Greek Architects seem to have intended to increase the
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ratio of the length to the breadth, by adoptiug a rule Paj
nearly as simple as that of Vitruvius ; for we find int the
Temples of Theseus and of Minerva Parthenon,rs at 1
Athens, and in those of Juno Luciua and of Concord,
at Agrigenlum, the number of intercolumniations in
flank is double the number of columns in front, or which
is the same thing, the number of columns in flank is
one more than double the number in front ; and in
these examples, the lengths of the Temples are to their
breadths nearly in the ratio of 2.3 to 1. The proj^rtion is still higher in the two smaller Temples at Selinus,
and in that at iEgesta, which have the number of co
lumns in flank greater, by two, than double the number
in front. Perhaps the Greeks were led into this devia
tion from the simplicity of the first rule, by some idea
of the beautiful appearance afforded by a loner line of
flank columns, when viewed by an eye situated near one
extremity of the building.
We should be cautious of adopting, too literally, the Tie pi
opinion often asserted of the perfection of that system fV*
of proportions which prevails in the Grecian Architecttire. It has been alleged that the magnitude of any heredl
one member beiii^- given, the form of the whole build
ing, and the distribution of all its parts were determined
from it by invariable rules ; but this must be understood
with some limitation, for the whole practice of the
Greeks shows that, in their Architectural works, they
used their discretion, and indulged in considerable li
berty. It may, however, be safely affirmed, that when
a Greek Temple of any given Order wns to be built,
it was only necessary to decide upon three arbitrary
points ; vis. the diameter of the column, the number of
columns in front, and the species of intercolumniation ;
then every part of the edifice might be determined by
established proportions, with a few modifications de
pending upon local or other circumstances.
Vitruvius seems to consider that a particular number
of columns was necessary in front of each of the differ
ent species of Temples ; viz. six for peripteral, eight
for pseudodipteral, and ten for hypaetbralTetnples; but
this rule has not been adhered to in practice; the latter
kind of Temples, for example, have sometimes ten,
sometimes eight, and, occasionally, only six columns in
front. On contemplating the forms of the Greek Tem
ples, we cannot avoid perceiving that they possess a
great and noble simplicity of character ; every member
appears to have its use, and the horizontal lines of the
stereobata and entablature, being unbroken, permit the
length and breadth of the edifice to be appreciated at
once by the eye.
The Orders, or systems of Architecture, are distin- *JJj
guished by the forms of the columns, and of the entablature above them ; and from the account that has c xl
been given of the most celebrated buildings of Greece,
we shall be able to draw some conclusions respecting
the general features of the Orders employed in that
Country ; and obtain a knowledge, not of the prjpor
tions which are to be invariably adhered to in the con
struction of an Order, but of those from which a devia
tion maybe permitted, only within certain limits, which
are authorized by these examples.
The follow ing Table, formed from the Works referred
to'in the preceding account, exhibits, in one view, the
dimensions, in English feet, of the columns and enta
blatures belonging to the principal examples of the
Grecian Doric Order, and will be useful in enabling •
to ascertain the characteristic proportions of that Order
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in particular. The height of the architrave is
of the triglyph, and the height of the cornice to the top of Part I.
i. to the top of the fillet between it and the frize ; the the corona ; the height of the epitithedas is not included.
height of the frize is measured to the top of the capital
of Bottom Upper Height of Height of Height of Height of
Names of Edifices.
^sliaft °' Height
diam.
diam.
architr.
frize. cornice. entablat.
capital.
4.34
5.83
4.722
Temple at Corinth
21.335 2.365
....
>•••
....
2.172 2.5
2.927
Temple ofJupiter Panhellenius, at ./Egina 14.374 1.422
2.5
■ . r•
.• ••
6.3
9.18
4.58
21.76
Temple of Jupiter, at Selinus
43.791 4.792 10.625
8.
4.917
5.475
3.532
Temple at ^gesta
26.788 3.308 6.6
5.76
14.767
5.004
Temple of Minerva, at Syracuse
25.459 3.208 6.503
••. •
.•..
•>••
....
Temple of Juno, at Agrigentum
18.259
2.573 4.508 3.406 4.146 3.354
....
•••
1.937
9.138
Temple of Concord, at Agrigentum. . . . 19.19
4.642 3.562 3.615 3.58
2.321
4.92
4.74
4.817
2.5
12.16
Hypslhral Temple, at Psstum
27.106 2.846 7.06
1.75
8.136
Hexastyle Temple, at Psestum
17.958 2.396 4.244 3.043 3.219 3.167
■. •■
....
4.709 3.167
....
Portico at Pactum
18.96
2.
..••
..•■
....
Portico at Thoricus
16.079 1.362 3.317 2.517
1.008
6.846
2.552
2.742 3.096
Temple of Theseus, at Athens
17.075
1.66
3.304
2.395
11.192
4.S12 4.425 4.371
Temple of Minerva Parthenon, at Athens 33.636 2.267
6.15
1.056
5.875
Temple of Apollo, at Delos
17.004
1.717 3.092 2.333 2.577 2.242
4.912
1.891 2.158 0.863
Portico of Philip
18.3
1.005 2.958 2.441
7.812
1.162
Portico in the Agora, at Athens
24.561
1.625 4.337 3.3S2 3.183 3.467
P">- In all the examples of the Grecian Doric Order that gular, round the column, making a separation between
?' have been given, we may observe that the style is ex- the hypotrachelion and the rest of the shaft. By a mean
Wa tremely heavy. The height of the columns, including of several examples, the projection of the face of the
the capitals, is, except in one or two instances, only abacus, from the axis of the column, is equal to 0.565
from four times to five and a half times the diameter at of a diameter of the column.
A remarkable circumstance in some of the Grecian
bottom. The capital is equal in height to about half
the lower diameter, and the height of the entablature, Temples in Sicily and Italy deserves to be mentioned ;
not including the epitithedas, is about one-third of the viz. that the diameter of the column at the hypotrache
height of the column, or about one-fourth of the whole lion, is considerably contracted, and the echinus seems
height of the Order ; that is, of the column and enta to rest on the top of a row of leaves which crowns the
blature together : the heights of the architrave and frize shaft. It is difficult to account for this caprice, which
are nearly equal to each other, and that of the cornice is can hardly be reconciled with any principle of good
about half the height of either of the others, or one-fifth taste, as it destroys that appearance of strength which
of the whole entablature. The members of the whole should be the inseparable quality of a column.
The shafts of the Grecian columns have been shown Diminution
Order are large, and are composed of few parts, as if it
was intended that the buildings should be seen to ad to diminish, invariably, from bottom to top ; a practice of the
vantage from a considerable distance, where the effect supposed to have been drawn from the law observed by snaf'Nature in the formation of the bodies of trees. Now,
of small ornaments would have been lost,
k The more particular characters of this Order may be if columns were to be viewed from an infinite distance,
' " expressed as follows : the columns have no bases, and there is no reason why short and tall columns, of one
' this rule may be considered as without exception, if we and the same Order, when employed for the sup
omit two or three of the examples in Italy and Sicily : port of buildings of similar forms, should not them
perhaps, the edifice, being raised on a platform the sides selves be similar bodies ; in which case the upper and
of which were formed in steps, these served as a general lower diameters would always bear a constant ratio to
base for the whole system of columns, and a particular each other, or to the length of the shaft ; but on account
base for each was thought unnecessary. The shafts of the apparent diminution of objects, when elevated
we cut longitudinally, by twenty strife, or channels, above the eye, it is evident that this constant ratio ought
every two of which, in almost every case, unite in an not to subsist if the apparent forms of all columns, of
edge ; the transverse section of a channel is frequently the same Order, are to be similar when the eye is
circular, brrt, in some cases, as in the Temple of Apollo, situated at the same distance from a lofty as from a
and "m the Portico of Philip, they are elliptical. This short column, and in, or near a horizontal plane passing
channelling, however, was not universally adopted, for through its foot ; and it is also evident, that the difin several examples which have been described, the ference of the upper and lower diameters should be less
channels exist only very near the capital and at the foot as the height of the column increases, on account ef fhe
of the column, the rest of the shaft being plain. The greater diminution which the upper part of the taller
abacus is, in every example, of a square form, with ver object will experience. It is for this reason Vitruvius
tical sides ; the ectjinus, though beautifully curved in recommends that the upper diameter, which he makes
Ihe vertical direction, is nearly an inverted frustum of equal to five-sixths of the lower, when the column is
a cone, but rounded abruptly at the upper extremity ; not more than fifteen feet high, should be seven-eighths
the lower extremity is surrounded by three or four annu of the lower, when the column is fifty feet high. In
lets projecting from it, having their upper and lower these extreme cases, the differences of the upper and
,
surfaces either horizontal or inclined upward
from their lower diameters are one-sixth and one-eighth of the
outer • inKics, and having their exterior faces either latter respectively; and if we assume the mean height
■vertical or parallel to a tangent drawn to the echinus of the shaft of a Doric column to be 4.5 diameters, the
from its foot. At a short distance below the echinus is differences of the semi-diameters at top and bottom will
cut one or more horizontal grooves, generally rectan- be ^ and -fa of the lengths of the shafts respectively
2 M 2
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ArchitccBut, whatever propriety there may be in these rules,
mre.
and Vitruvius professes to follow those given by the
v-"V"'*'' Grecian Architects, it does not appear that, in practice,
the latter paid much attention to them ; for, of sixteen
examples of the Grecian Doric Order which we have
compared together, we find that the difference between
the upper and lower diameters of the shaft varies from
one-fifth to one-third of the lower diameter, and the
mean of all was one-fourth nearly. But as this mode of
expressing the diminution does not indicate, what seems
to be the most important point,.viz. the obliquity of the
side of the shaft to the axis, supposing the former to be
rectilinear, which is nearly the case ; we have compared
the excess of the lower above the upper semidiameter
with the length of the shaft, and we have found that, when
the columns were between fifteen and twenty feet high,
the diminutions were from ^ to -fo of the height of the
shaft, and the mean was — ; when they were between
twenty and thirty feet high, the diminutions were from
■fa to -fo, and the mean was
; and, when between
thirty and fifty feet high, (leaving out one example in
which the diminution was only j^j.) the diminutions
were from -fa to fa, and the mean was — ; from all
which it appears, that nearly the same diminution was
given to the highest as to the lowest columns ; of the
intermediate columns, two, whose heights were equal,
differed in their diminutions as much as — and —•
Either, then, no Optical principle was adhered to in
giving the diminutions, or they must have been regu
lated by the situations of points of sight which we have
it not now in our power to ascertain. The variation of
the diminution on account of the point of sight being
very near the column is, however, of little consequence ;
for as is observed by Sir William Chambers, the near
ness of the object renders the image thereof indistinct,
and, consequently, any small alteration imperceptible.
Form of the It has been said that the outline of a section of the
shaft.
shaft, passing through the axis, is a curve concave to
wards the axis. This form is alluded to by Vitruvius
when he describes the column as having a swell, or en
tasis, in some part of its length. His Commentators,
however, are not agreed whether he means that the
middle part of the shaft should be greater in diameter
than the bottom, or whether the section should diminish
from bottom to top, so that each side may be in a curvi
linear direction, presenting its concavity to the axis,
which would give the appearance of a swell. Palladio
felicitates himself upon the former idea, but the mea
surements ofall the ancient examples have confirmed the
general opinion, which is in favour of the latter. The
only argument, if it may be called one, which could be
offered in support of the other is, that a timber column
compressed by a weight, acting in the direction of its
length, would swell out near the middle before break
ing, and it is conceivable that some observation of this
fact may have suggested the idea of giving to columns
a similar swell, to men who were bent upon copying
Nature even in her deformities ; but, to give such an
appearance as an ornament is, evidently, one of the
greatest abuses of principle into which a depraved taste
can fall, and, except something like it which occurs in a
few of the Egyptian examples, it was reserved for an
Age later than that of the Greeks to incur the reproach
of such deviations from propriety.

The curvature of the outline of the shaft is supposed Pm,|
to have been given from some refined perception which ^vi
the Greeks might have had on the subject of the appa
rent diminution of objects on account of their height
above the eye ; and Vitruvius seems to think that it
was intended to correct that apparent diminution in
some way or other. The Roman author does not ex
plain himself upon this subject, bat modern artists, who
entertain the same opinion, found it on the circum
stance, that the sides of the shafts of columns which
are, accurately, either cylindrical or conical, from some
cause with which we are not well acquainted, assume,
to the eye, the form of curves whose convexity is
toward the axis ; this appearance conveying an idea of
weakness, the Ancients might have attempted to remedy
it by giving them a convex form on the exterior, is
order to make them appear conical. If we suppose that
the Greeks had this notion, it must be owned that they
did not always confine themselves to the mere correc
tion of the concave figure ; for they made the shafts of
some of their columns, as those in the Temples at
Peestum, to curve so much as to appear very sensibly
convex ; and this inclines us to favour another opinion,
which is, that the curvature of the profile was merely an
imitation of the forms of certain trees.
The apparent concavity of the conical shaft of a
column is a fact of general observation, but it is at va
riance with the form determined by the rules of perspec
tive, aud no satisfactory reason has yet been assigned
for it. The opinion at present received is, that it may
be the result of an erroneous judgment which the mind
makes of relative magnitude, when bodies of different
sizes are presented, at the same time, to the eye : thus
the entablature and slylobata of a building produce per
ceptions of magnitude which cause the smaller object
between them, viz. the shaft of the column, to appear
less than it is in reality. This explanation is liable to
some objections, and we venture to suggest the follow
ing, which has the advantage of being less Metaphysical.
When we direct the axis of the eye to the middle of a
tall column, the organ accommodates itself to the dis
tance of that part of the object in order to obtain dis
tinctness of vision, and then the obiique pencils of light
from the upper and lower parts of the column, do not
so accurately converge on the retina ; hence arises a
certain degree of obscurity, which always produces a
perception of greater magnitude than would be pro
duced by the same object if seen more distinctly. The
same explanation may serve to account for the wellknown fact, that the top of an undiminished pilaster
appears so much broader than the hody of its shaft; to
which, in this case, maybe added some prejudice in the
mind, caused by our more frequently contemplating
other objects, as trees, which taper towards their upper
extremities.
Vitruvius, in the lid Chapter of the Hid Book, con- Apr"
siders that the diameters of columns at the angles ofi**1
buildings appear smaller than those of the intermediate "JJJ
columns in the peristyle, on account, as he says, of their ^
being more surrounded by the air ; that is, probably, on
account of the columns, in one case, being seen against
a bright ground, and, in the other case, against the
walls of the building, which being behind the colonnade
are generally in shadow : and, in order to compensate
for this Optical diminution, he recommends the former
columns to be made thicker than the latter by fa W s
diameter. This rule is, no doubt, drawn from the
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•a. general practice of the Greek artists, who in the Temples
ofTheseus and in the Parthenon have made the columns
at the angles to exceed in diameter the intermediate
columns by -fa and -Jj of a diameter respectively. Vitruvius also directs that the columns between the anta?
before the pronaos should be less in diameter than those
of the peristyle, or colonnade surrounding the Temple,
for a similar reason. But there is a difference of opinion
among modern artists concerning the apparent magni
tudes of columns which are seen against a bright
ground ; to some eyes they appear larger than those
seen against a dark ground, though the former is con
sidered as the more general case, and these opposite
deceptions admit of explanation from Optical principles.
Both opinions may be confirmed by the practice of the
Ancients, since, though it was generally the case, they
did not always make the angular columns thicker than
the others ; and in the Temple of Minerva at Syracuse,
the columns of the pronaos, which must have been seen
against a dark ground, are thicker than those which sur
round the Temple, contrary to the precept of Vitruvius,
and to what we observe in many other buildings.
Other reasons may be offered to jusify these rules
of Vitruvius ; first the angular columns should be
thicker than the others in order to give them more
strength, where greater strength is required ; secondly,
the columns between the antas should be more slender
than those of the peristyle, not only because they have
less weight to support, but also, because they will
thereby have a greater apparent distance in perspective.
It may be observed here that these interior columns
were, by the Ancients, placed not exactly opposite those
of that part of the peristyle which was in front, in order
that they might not be entirely concealed by the latter.
rty- The architrave is plain, and its face is situated
nearly vertically over the circumference of the foot
of the column, though some examples exist in which
this is not the case ; in the Portico of Philip, the
face of the architrave, if produced downward, would
cut the front of the shaft of the column about the mid
dle of its height ; and, in the Temple at Pactum, it
stands over the circumference of the top of the shaft.
Above the facia of the architrave is a plain rectangular
fillet which serves to mark the separation of this mem
ber from the frize.
It seems to have been the intention of the Greek
*• artists to consider the exterior faces of the triglyphs as
coinciding with the general face of the frize, and to con
sider the metopes as sunk within it ; for in the best ex
amples of the Order, such as the Temples of Theseus
and of Minerva, at Athens, the faces of the triglyphs are
in a vertical plane coinciding with that of the architrave
nearly, and the metopes are in a plane parallel to that
of the architrave, and distant from it, towards the axis,
about one-twentieth of the diameter of the column.
There are some exceptions, however, to this disposition ;
for in the Temples at Selinus and at jEgesta, in Sicily,
and of Apollo at Delos, the faces of the metopes are in
the same vertical plane as that of the architrave, and
those of the triglyphs project before it. The breadth of
the triglyph is nearly an arithmetical mean between half
the upper and half the lower diameter of the column,
and is divided into three vertical parts, each of which,
called by the Greeks meros, is formed into three sides,
of which one is parallel to the front, and the others
make angles with it equal to those between the sides of
a regular octagon, so that there are left two channels
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between the three parts ; the middle of a triglyph is Part r.
made to correspond with the axis of each column, but ^-^v*" '
the exterior edges of the two extreme triglyphs are placed
close to the extremity of the frize. This may be con
sidered as universal in the Grecian Doric Order; the
only exception, perhaps, being in the hexastyle Temple
at Pffistum, where the centres of the extreme triglyphs
correspond with the axis of the columns at the angles.
The metopes are nearly equal in breadth to the height
of the frize ; consequently they are nearly of a square
form, though the practice is not universal ; and this
equality of breadth, together with the disposition just
mentioned, of the extreme triglyphs, is the cause why the
interval of the two columns nearest to each angle of the
building is always less than that between any two of the
other columns. On the flanks of the building, as well
as on the front, a triglyph is placed close to the angle, so
that, at each angle, two triglyphs come together; a
circumstance which is at variance with the idea that the
triglyphs represent the ends of beams placed across the
building, since two such beams could not have their
extremities visible on both faces, as has been before
observed.
An opinion has been entertained that the Greek Distribution
artists aimed at perfect regularity in the dimensions and °f the in
disposition of the triglyphs and metopes, and, conse- s'^P1") *£C"
quently, in the magnitude of the iutercolumniations,
which were limited by the necessity of having a triglyph
to correspond with each column, and either one or two
over each interval between the columns. It has been
supposed that those persons considered it indispensable
that the breadth of the triglyphs should be invariably
equal to half a diameter of the column, and that the
metopes should be perfect squares. In consequence of
this opinion, no small embarrassment has been felt in
distributing the several parts of an edifice which was to
be constructed according to this Order ; and the forma
tion of a Doric design, in which all the conditions shall
be fulfilled, has been considered as a Mathematical pro
blem of great intricacy. But the works of the Greek
Architects do not indicate that any such perfect regula
rity was attained in practice. The triglyph at the angle
is frequently made wider than the others ; and, in the
most superb building of antiquity, the Parthenon itself,
all the metopes are not complete squares; the three of
them nearest to each extremity of the front having
greater breadth than height, in order, no doubt, to gain
a small increase in the corresponding intercolumniations,
for the convenience of persons passing between the
columns. In some of the ancient Grecian Temples, it
appears that the spaces between the triglyphs remained
unclosed; in proof of this it has been observed that in
the Iphigenia in Tauris of Euripides, Pylades proposes
to Orestes to enter the Temple through those spaces.
These apertures, which must have been in the entabla
ture over the walls of the cella, were, probably, as is
observed by Lord Aberdeen, for the purpose of giving
light or air to the interior ; or it might be that the
Temple was left in an unfinished state.
It has been shown that the Doric frize is sometimes
ornamented with sculptured figures ; and of these the
best specimens are, perhaps, found in the Temples of
Theseus and of Minerva at Athens. One peculiarity in
the design of the Greek sculptured frizes deserves to be
noticed, viz. that where sitting figures are introduced,
the height of them is equal to that of the standing
figures, so that, if the former were to rise from their
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Architec- seats, they could not be contained in the frize ; this was which is higher than that of the peristyle, the pilasters rati
ture.
probably done to avoid leaving unoccupied that part of are of the same height as the columns of the peristyle ; '
the frize which would be above the head of the sitting they are rather less in breadth than the diameters of
figure. A proof that in sculpture, as well as in Archi those columns, and the breadths at top and bottom are
tecture, the Greeks sometimes sacrificed Truth and equal. Instead of an echinus, similar to those of the
capitals of the columns, there are, in some examples,
Nature to the production of a rich effect.
The corona Above the frize is a course of masonry which seems three plain facias formed at the top of the pilaster, of
or cornice. to support the corona, and, on that account, is called which the upper one projects over the shaft about half
the bed-moulding of that member ; it is generally divided as much as the abacus of a column projects over the
horizontally into two facias, both of which project be top of its shaft, and its under-surface is, usually, ex
yond the faces of the metopes and triglyphs, being cavated upward so as to form a groove along the face
broken vertically, at intervals, so as to form such pro and flanks of the pilaster. In other examples, as in the
jections ; and those parts which are immediately above Athenian Temples, the upper facia is formed in mould
the triglyphs are called the capitals of those ornaments. ings the sections of which are curvilinear, and the uiiderThe corona, properly so called, which forms the prin surfaces of some of these are also excavated upward so
cipal member of the cornice, is a course of masonry as to give to the mouldings the bird's-beak form. The
placed above the bed-moulding ; and, from a mean of thickness of the antae pilasters in flank is about equal
several examples of this Order, we find that its projec to half the diameter of the columns in the same build
tion from the axis of the column is equal to 0.S82 of a ing : greater thickness than this would have made them
diameter of the column, or 0.426 of a diameter from the appear too heavy.
The pilasters being of equal breadth at top and
face of the frize or of the architrave. The soffit, or under
surface of the corona, is generally formed in an inclined bottom, while the columns diminish in diameter upward,
plane both on the faces and flanks of the building, the it is evident that if the former were equal in breadth to
outer extremity being the lowest. The mutules are the lower part of the column, they would appear larger
thin plates applied to the soffit of the corona, both over than the columns ; and this effect would be increased
the triglyphs and over the middle of the metopes ; they when the pilasters were viewed obliquely on account of
are of a rectangular form ; their length, m the direction the diagonal breadth being larger than that of the face.
of the face of the building, is equal to that of the capital These circumstances justify the rule given by Vitruvius,
of the triglyph, and their breadth equal to the projec and which the Greek artists have uniformly adhered to ;
tion of the corona beyond that capital. From their vix. to make the breadth of the pilaster rather less than
under surfaces are suspended three rows of conical or the diameter of the column adjacent to it, for, by so
cylindrical or sometimes trochoidal guttae, or drops, each doing, they both appear to the eye of equal magnitude.
In contemplating the examples that remain of this
row being parallel to the face of the building and con
taining six drops. One row of similar drops is attached Order, in Greece and Sicily, we find that its proportions
to the under surface of a block, to which the name of were various in respect, first to the ratio between the
regula is given, and which is placed under each triglyph height of the column and its diameter ; secondly, to the
degree of diminution of the shaft; thirdly, to the ratio
against the face of the architrave.
Over the front and rear faces of the building, a fillet between the height of the capital and the diameter of
or some small moulding, above the plain face of the the column, and, lastly, to the height of the entablature.
horizontal corona, forms the termination of the Order : Various efforts have been made to determine the degree
the inclining sides of the pediment consist each of a of antiquity of any example by the proportions of the
plain member similar to the corona with a fillet above, columns in some or all of these respects; but the only
and over this is a large moulding, generally in the form thing certain is, that, in general, the oldest columns are
of a cymatium, but sometimes of an echinus, which those the heights of which are the least multiples of the
being the crowning member of the building, has the diameters of their shafts ; the other conditions are too
name of epitithedas. This moulding in some cases, variable to sene for the establishment of a general law.
The practice of embellishing the Grecian Doric
perhaps, returned along both flanks in horizontal direc
tions, and, consequently, formed the summit of the Temples by painted ornaments, may be inferred from the
Order on those parts ; but, in the Parthenon it only ex description we have given of those on the Parthenon ;
tends a little way on each flank and terminates in a lion's and we have only to add that this practice seems to
head. Over the cornice of the flank is, in this case, have been very general. The traces of the paintings
a row of fleurons, at intervals from each other, extending are, now, nearly obliterated, but, from what lias been
discovered, it is evident that the greatest pains have been
from front to rear of the building.
The fillet, or the curvilinear moulding, at the upper taken in executing the outlines of the ornaments, which
part of the corona, has its under-surface generally exca have been drawn by masterly hands. We cannot, how
vated so as to form a bird's-beak ; this practice was, pro ever, avoid contrasting this species of embellishment
bably, in some measure intended to prevent the rain with that executed in the marble itself; the former has
from the upper part of the building flowing down upon long since vanished, while the latter remains an eternal
the part below ; but it is, besides, supposed to have monument to the talent of the artist.
Prom the examples that have been given of Temple* Gesen
been dictated by the wish to produce a great contrast
between the light and shade, in preventing any reflected constructed by the Greeks according to the Ionic ofpropo!*
the t
light from falling upon the part in shadow, which, Order, we perceive that the essential fiirms remain cijn I«
afterward, arriving at the eye, would diminish the nearly the same as those of the Doric Order, but that Onto.
the difference in the proportions of the column and en
obscurity.
Doric
With respect to the antse pilasters, in the Doric Order, tablature is considerable. In order to make the com
pilasters, we find, from the Greek examples, that, except where parison with more facility we subjoin a Table similar to
the pilasters are placed on the pavement of the Temple, that which has been given for the Doric examples. The
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Part J.
Height
of
Height
of
Height
of
Lower
Height
of
Height
of
Height
of
Height
of
Upper
Names of Edifices.
cornice, entablat.
capital.
tliani.
shaft.
diam.
arehitr.
frize.
base.
1.954
1.108 2.786 2.291 2.354 2.217 0.942
Minerva Polias at Athens
22.76
5 513
1.833 0.921
2.317
Erectheus at Athens
19.8
0.871
1.98
1.933 2.0S4
4.935
1.014 0.889
1.783
Temple on thellyssus nearAthens 12.769
1.472 0.4S4
3.600
1.517
1.644
By taking a mean of these examples, we find that the Temple of Minerva Polias, at Athens, the upper
the height of the columns is 8.95 times the diameter of torus is enriched with what is called a guilloche ; in
the lower part of the shaft, which is a much higher the Temple of Erectheus and that on the Ilyssus, it is
latio than was found to subsist in the Doric Order. A fluted horizontally : but this latter method, by cutting
new member is introduced ; viz. the base of the column, the profile of the principal moulding into u great num
the height of which is about equal to half a diameter ; ber of minute parts, destroys the character of the whole,
the capital is altered in form from that of the Doric and is, perhaps, not to be considered as the most happy
Order, though not in proportion. The mean height of refinement adopted by that ingenious people.
The diminution of the shaft, or the difference between The shaft,
the entablature, not including the epitithedas, is ^ of
its upper and lower diameters, is equal to about onethe height of the column, or — of the height of the sixth of the latter, or the difference between the upper
whole Order. The heights of the architrave and frize and lower semidiameters is
of the whole length of
are nearly equal to each other, as in the former Order, the shaft, (taking the mean dimensions of the principal
but that of the cornice is about one-third of either of columns of this Order in existence.) Consequently, the
these, or one-seventh of the whole height of the enta diminution in the Ionic Order is much less than in the
blature. From all which it follows that the general Doric. A section of the shaft, through the axis, has its
effect of this Order is considerably lighter than that of sides gently curved, and the surface of the shaft is
the Doric.
channelled, longitudinally, in twenty-four or thirty
In the Temple of Erectheus, and in that on the flutes, of a semicircular or semielliptical form, and a
Ilyssus, the bases of the columns consist of two tori, plain fillet, equal in breadth to about a sixth part of
of a semicircular form, separated from each other by a the breadth of a chanuel, is left between every two
scotia, with plain fillets above and below ; the lower channels.
In this Order, the capitals are distinguished by The capital,
torus rests immediately upon the pavement, or upon a
step which serves as a general plinth for all the columns volutes, the planes of which are parallel to that face of the
of the building, and the upper fillet is joined to the building before which they stand, except in the capital
shaft by a curve, concave outwards, called the apophyge.. on the column at each angle of the building, which has
In the bases of the columns of the Erectheum, the fillet volutes on both the exterior faces of the cupital ; and,
above and below the upper torus projects only as far in order to give symmetry to the two sides of each face,
from the axis of the column as the centre of the curva the volutes which meet at the exterior angle are formed
ture of the torus ; but, in the Temple on the Ilyssus, the obliquely to the faces ; for this purpose a projection is
fillet below the upper torus projected as much as the made diagonally at that angle, of such extent that the
extremity of the curvature of the torus itself. The horizontal distance of its extremity from the centre of
fillet below the scotia falls vertically over the centre of the column, in a plane parallel to the face of the build
the lower torus, but its projection is greater in the ing, is equal to that of the volute at the next angles of
Temple of Minerva Polias than in that on the Ilyssus, the capital. The volutes being formed on each side of
and, on that account, the base of the former possesses this diagonal projection, the two exterior faces of the
greater elegance. In the Temple of Minerva Polias, capitals on the columns at the angles are similar to each
the thicknesses of the upper torus, the scotia, and the other, and to the front of the capitals of the other
lower torus are, nearly, in the ratios of the numbers 6, columns: by this ingenious contrivance, the Greek
7, and 8 respectively, and the lower torus projects, from artists avoided the defect of presenting the profiles of
the axis of the column, as much more than the upper the volutes of the angular columns on the side faces of
torus as is about equal to its thickness ; while, in the their buildings. The spiral curves, or balthei, com
Temple on the Ilyssus, the projection was not above posing the volute, are double or triple ; the principal
half as much, and, on this account also, perhaps, we one springs from under each extremity of the face of
may be allowed to prefer the former. Bases, consisting the abacus, and bends downward, while the others hang
of such members as wc have described, are all called in festoons on the face of the capital, between the
Attic, though they seem to have been used, indifferently, volutes.
The top of the shaft of the column is, sometimes,
both at Athens and in Asia. The bases of the Ionic
columns, belonging to the Asiatic Temples, are, in surrounded by an echinus, passing behind the volutes,
general, far from possessing the elegance of form which and having its surface sculptured with figures repre
characterises those belonging to the Temples of Athens : senting oves and darts ; below this is an astragal, and
in the Temples of Minerva Polias, at Priene, and of the hypotrachelion, between the echinus and astragal,
Apollo DidymiEUS, at Miletus, the lower part of the is ornamented with delicate sculpture. Each side face
base of the column consists of three double astragals, of the volutes presents the appearance of two frusta of
separated from each other by two small scotife, and, irregular cones, joined together in the middle, and sur
above these, is a large torus, nearly equal, in height, to rounded by rings ; and the abacus, instead of being
all the rest of the base, and seeming to crush the small prismatic, as in the Doric columns, has each of its four
mouldings below.
faces moulded in the form of a cymatium.
The architrave is either plaiu in front, or it is divided The enta- 1
In the Greek bases the mouldings sometimes are,
and sometimes are not, ornamented with sculpture. In into two or more fticite, of which each projects over the Mature.
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Arrhitec- cne below it. The frize and corona are either plain or and delicacy to a Doric member, thus ornamented, to Fte
ture. sculptured ; and the bands which separate the archi- produce the elegant capital which adorns the Corinthian Wy
v""""v-"""' trave from the frize, and the latter from the cornice, are column. However this may be, on account of the
formed in mouldings, which, also, are generally adorned small number of examples of this Order remaining in
with sculpture. In some examples, as in the Temple Greece, and the uncertainty we are in, whether these
of Minerva Polias at Priene, there is a row of dentels are to be considered as correct specimens of the style
immediately above the frize, and over these comes the adopted in that Country, we think it advisable to post
moulding which forms the bed of the corona. In this pone the general description of the Order till we can
situation, we must consider the dentels as representing introduce it into our account of the Roman Architec
the extremities of the smaller joists, placed above the ture, of which it forms a distinguished part. The few
timbers of the frize, to support the covering of the roof. Greek Corinthian examples which can be referred to,
The soffit of the corona is excavated so as to form an are those of the Tower of the Winds, the Choragic
inverted channel, in a direction parallel to the face of Monument of Lysicrates, and the capital of a pilaster
the building, and occupying nearly the whole breadth of at Eleusis. See plates vi. and vii.
The hypasthral Temples of the Greeks generally Upper
the soffit ; this was, probably, intended to prevent the
rain which fell on the roof from running down the en contained in their interior two tiers or Orders of columns I«i
tablature. The lower extremity of the face of the placed one above another ; but, of such a disposition ,fce'B
corona is in a horizontal plane passing through the foot the only remaining example, which is sufficiently perfect
of the bed-moulding of the cornice ; consequently, the to allow us to form an opinion of the principles on
latter member is coucealed from the view by the pro which it was regulated, is the great Temple at Pastum.
jecting corona, except when the spectator is almost close In that edifice the columns of both tiers are of the Doric
to the building. By a mean of several examples, the Order, and similarly proportioned ; a plain architrave
projection of the corona is 0.9 of a diameter from the axis rests on the abaci of the lower columns, and the upper
of the column, and 0.41 of a diameter from the exterior columns are placed vertically over those beloiv, but the
of the frize. An epitithedas, generally, in the form of a height of the former is equal only to about four-sevenths
cymatium, finishes the entablature on the inclining sides of the others. We learn from Pausanias that the
of the pediment, and, sometimes, it is continued on the Temple of Minerva at Tegea, which was built in the
XCIVth Olympiad, (about 400 years before Christ,) was
horizontal cornices of the flanks of the building.
The antae pilasters employed in this Order have adorned interiorly with two rows of Doric columns,
ionic
pilasters. capitals which are sometimes similar to those of the surmounted by others of the Corinthian Order; or, as
columns, but without volutes; in other cases they con Lord Aberdeen supposes, with Ionic columns below,
sist ofseveral mouldings either plain or richly sculptured. and Corinthian columns above. Those of the exterior
Their bases are, also, generally, similar to those of the peristyle he supposes to have been of the Doric Order.
columns, but a remarkable difference occurs in the
Besides the three kinds of columns which have been Opinio
bases of the pilasters at the Erectheum ; the lower just described, we find, in that division of the triple cokb
torus, instead of being smooth or cut in concave flutes, Temple at Athens, which was dedicated to Pandrosus, *^
is formed into a number of astragal mouldings, like a female figures employed for the support of the entabla- ^
cluster of reeds placed in a horizontal position. The ture. These figures are called Caryatides, and it has
breadths of the shafts of the Ionic pilasters, like those been a subject of much inquiry how the human figure
of the Doric Order, are less than the diameters of the was first employed for such a purpose. If, as Vitruvius
intimates, some Grecian artist had conceived the notion
columns, and they have no diminution.
It is said that the earliest specimens of the Ionic of making the proportions of the Doric and Ionic
Order of columns were not in possession of that which, columns the same as those of the human figure ; it is
afterward, became one of its most distinguishing charac not unreasonable to suppose that it might, also, occur
ters ; viz. the volutes in the capital ; and this strengthens to an artist, either Grecian or Egyptian, to cut the
the opinion that the Order was, originally, nothing more column in the form of a man or woman ; the idea of
than an improvement on the Doric, by making its making such figures serve for the support of an en
columns more slender than those of the more ancient tablature would easily originate in what must have been
Order, and by giving them bases. The 7olutes might, the subject of daily observation, viz. the application of
subsequently, have been added, in imitation of the small human strength to the bearing of burthens. The
branches of trees, placed about the capital to decorate sculpture might, at first, be rude, and, perhaps, some of
the Temple ; for these, curling under the angles of the the earliest examples were those statues which Pausa
abacus, would easily lead to the idea of a permanent nias saw in Laconia, consisting of shafts of columns,
ornament like that in question.
on which a face was carved for the capital, and feet for
Our know. The opinion most generally received among the an the base ; but, in the progress of Art, such figures
Greelc
tiquanes of the present day is, that the capital of the would, at length, be brought to the perfect form ex
Corinthian columns of the Corinthian Order is an improvement on hibited in the female statues first mentioned. But so
OrJer
some of those which crowned the massive columns of simple an account of the origin of the practice of
imperfect. Egypt, and the foliage employed on the latter, certainly, placing human figures to serve as capitals was, proba
in some cases, resembles that which adorns the former. bly, not agreeable to the taste of Vitruvius, and tie has
But, without going so far as Egypt for the origin of this heightened the interest of the subject by relating the
capital, we think we may, with equal propriety, consider following circumstances concerning it.
it as an extension of the principle exhibited on some of
The inhabitants of Carya, in the Peloponnesus, having
the columns at Pactum, the capitals of which very much joined with the Persians, at the time of the invasion of
resemble vases placed on the stems, and surrounded by Greece, the city, after the invaders were driven out of
the leaves of plants, and it required but the taste of a the Country, was taken by a combination of the other
sculptor of the best days of Greece, by giving height Greek States, and the people were either put to the
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bit*, sword or made slaves ; to perpetuate their disgrace,
rt. these statues were employed in the buildings of Greece,
y—'and represented their women in the condition of bearers
of burthens. Again, Vitruvius asserts that mole
figures in the Persian costume were employed, in a
similar way, in a Portico erected at Sparta, after the
battle of Platea, to solemnize the victory gained by
Pausanias, the son of Cleombrotus, over a large army
of Persians. Now there is nothing to disprove this
latter story, but we must not suppose that male figures
were then first employed for the support of an en
tablature ; since we find that in Egypt the same prac
tice existed from a period which, there is every reason
to believe, is much more ancient than that of the Persian
war in Greece.
With respect to the female figures, the account given
by Vitruvius of their origin falls to the ground, as, in
au inscription brought from Athens by Dr. Chandler,
and containing a description of this Temple, the figures
ire called K<tpai, or virgins ; whence Lord Aberdeen
concludes that they were intended to represent the young
ladies employed in the celebration of the Panathenaic
Festival, who were selected from the best families of
Athens. Mr. Gwilt, in his Paper on the origin of the
Caryatides, and in his edition of Sir William Chambers's
Architecture, shows that they, originally, represented
the virgins who celebrated the worship of Diana ; this
Goddess was, sometimes, called Caryatis, either from
tapiu, the nut-tree, into which Bacchus transformed
Carya, one of the daughters of Dion, King ofLaconia,
or from the fact mentioned by an old commentator on
Statins ; viz. that some virgins who were celebrating the
rites of Diana, being threatened with danger, took
refuge under the branches of a nut-tree : the same
commentator adds, that a Temple in honour of Diana
Caryatis was, afterward, erected on the spot, to com
memorate the event.

CHAPTER VIII.
Construction of the Grecian Buildings.
We know but little of the mechanical disposition of
the materials in the Greek buildings ; all that we can
say on this head being derived from the short account
given by Vitruvius in the Vlllth Chapter of the lid
Book, and from the information of those travellers who
have hud opportunities of examining the remains of the
edifices we have described.
Different kinds of walls appear to have been con
structed by the Greeks ; one of these is called by Vitru
vius incerlum, and he says it is the most ancient, but,
from the obscurity of his description, there is great
doubt concerning its nature ; some thinking that the
bricks or stones were placed irregularly, without regard
to either verticul or horizontal courses; others, and their
opinion seems the most probable, that the materials
were disposed in horizontal courses, but that care was
not taken to make the vertical junction of every two
bricks, in each horizontal course, fall between the masses
of two bricks in the courses immediately above and
below them.
He describes the stone walls of the Greeks as of three
different Km. Is : the first, called isodomum, has its
horizontal courses of equal thickness ; the second, called
vol. v.
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pseudisodomum, has the courses of unequal thickness ; Part I.
and he considers both these kinds of wall as possessing ^■^"v—'
great durability. It does not, however, appear whether
the Greeks always used smooth, squared stones in
masonry of these denominations, or whether the same
names were applied to it when the materials were
roughly hewn. The third sort is called emplectum, and
consists of two thin walls of squared stone at a certain
distance from each other, the interval between them
being filled with flints or rubble stones : these were
disposed carefully, perhaps in horizontal courses, at
least so that the vertical joints in any two courses were
not coincident ; and by this means the whole was united
firmly together. The Greeks also placed bond-stones,
which they called diatones, at intervals, stretching quite
through the wall, from one face to the other, and
serving to increase the stability of the work. The com
mentators on Vitruvius are, however, divided in opinion
'concerning these walls, and some think that the Greek
isodomum and pseudisodomum, were, at least in some
cases, of the kind just now called emplectum.
The walls built by Epaminondas about the city of
Messene still remain in part, and these are particularly
worthy of remark, because they afford an ancient ex
ample of that mode of building described by Vitruvius
under the name of emplectum. The entrance leads to
a circular court 63 feet in diameter, in the interior sur
face of which are two niches of rectangular forms both
on the plan and elevation, with projecting sills and
cornices. On the side of the court opposite this en
trance is an interior one which is divided into three
parts by two piers of masonry. The exterior entrance
was probably flanked by two square towers, of which
the foundations remain ; from these proceeded the walls
of the city, which were strengthened at intervals by
square and semicircular towers; the former about 20
feet in length on each side, and the latter about the same
in diameter. The walls are 9 feet 3 inches thick ;
they consist of two faces of wrought stone connected
together at certain distances by transverse courses of
the same material, and the interval is filled with rubble.
The towers and certain parts of the walls are crowned by
battlements, and the former are pierced with loop-holes
whose sides diverge towards the interior.
The labours of Messrs. Stuart and Revely have shown Masonry of
that the wall enclosing the cella of the Parthenon was ^,^™csk
formed of horizontal rows of marble blocks, each of ' ° '
which was equal in thickness to the wall itself, and that
the junctions in each alternate horizontal course were
vertically over each other. And this was, no doubt, the
method employed by the Greeks where great durability
was aimed at. The same gentlemen describe the con
struction of the other parts of the Temple as follows,
and their account will give a good idea of the prac
tice of that people in executing their finest works. Tlie
pavement is composed of square stones, of equal size,
and the joints are so neatly fitted as to be scarcely dis
cerned. The columns consist of several single blocks
placed one on another, and the height of each block is
equal to about two-thirds of a diameter of the column.
The architrave rests merely on the capitals of the
columns, without any fastening, and consists of three
blocks in thickness and one course in height, each block
reaching, in length, from the axis of one column to that
of the next. The frize is formed of one course in height ;
the metopes arc thin plates of stone fixed against the
face of the frize, and the block of stone on which the
2 N
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The Greek mouldings are, in general, elegantly pm|
Architcc- triglyphs are cut are inserted partly in the frize. The
ture. cornice is formed of blocks, each of which is equal, in turned even in situations where such delicacy may be W/.
v*"' extent of front, to one mutule and a triglyph.
supposed scarcely perceptible except to a critical eye ;
In executing the steps to their buildings, the Greeks the lower part of the echinus for example, always pre
left the exterior surface in the rough, about the upper serves a gentle curvature though it differs almost insen
edge, both on the vertical and on the horizontal faces ; sibly from a portion of a cone. But the greatest care
this was, no doubt, intended to protect the edge of the seems to have been taken in forming the bird's-beak
step from accident during the progress of the building, moulding, where both the anterior and posterior faces of
and was smoothed off after the work was completed. the projecting part are made beautifully convex, and the
A similar practice was adopted in other parts of their latter joins the swelling surface of the lower moulding
edifices. On the middle of the vertical face of each by a concave turn ; thus causing the whole to assume
stone forming a step, a rectangular projection was also the appearance of a beautifully undulating curvature.
The Ancients have sometimes formed the profiles of
left, in order, perhaps, to serve as a handle for the con
venience of bringing it to its position ; this was after their mouldings so that, to an eye situated below them,in
wards cut off and the face of Ihe step brought to a some given position, they might appear similar to the re
smooth surface. The inclining faces of walls were also gular mouldings which they were intended to represent.
frequently built in the form of steps, by each course of And, to obtain a good effect, the projections of even the
stone projecting beyond the one above it ; this was, no rectilinear mouldings were, by the rules of Optics,
doubt, intended to enable the workmen easily to give to adapted to their elevation above the eye. It was for
the face of the wall the required slope, by cutting off this reason the faces of the architrave and frize of an
the angles of the courses. In many unfinished works Order, were sometimes made to incline forward at the
of the Greeks, we find the steps and walls left in the top, that, to an eye below, they might appear vertical.
This practice, however, is not general, and in the Par
states we have just described.
The close union of the marble blocks, particularly at thenon the members incline back pyramidally.
The upper part of the Temples, except those of the Foot
the vertical joints, in Greek buildings has been fre
quently the subject of admiration, and is justly con hypffithral kind, was covered by one general roof con- the rw
sidered as a proof of the care taken by the ancient sisting of two inclined planes, meeting in a horizontal
artificers to ensure the stability of the edifices they ridge at top, and projecting over the flank walls of the
raised. In order to accomplish this accurate junction Temple. The lower extremities of the roof were either
of the blocks with the least labour, each of the faces left so that the rain-water might run off at every point,
which were to be placed in contact vertically, had its or else the corona was terminated above by a cymalium
middle part hollowed out in a square or rectangular which formed one side of a gutter to receive the water
form to a small depth, so as to leave a raised margin a from the roof ; this water was discharged through
few inches broad all round the exterior; the surface of apertures terminated by lions' heads. The inclination
this was highly polished, and consequently the two cor of the sloping sides of the roof to the horizon, in the
responding margins of the adjoining blocks came closely Greek examples, varies from eleven to fifteen degrees ;
together, so that often the line of junction on the face a mean of several gives, for the angle of inclination,
of the building is imperceptible. By this practice it is 12° 40', and the height of the apex of the pe'liment
evident that the trouble is saved of polishing the whole above the horizontal cornice is about one-ninth of the
of the two contiguous surfaces.
whole length of the corona in front.
The centre of an hypaethral Temple not being co
In general the Grecian buildings were erected before
the ornaments in sculpture were executed ; and it seems vered by a roof, it may seem that the building must
that these were always cut out of the solid stone, the have presented an unfinished appearance to a spectator
surface of which had been previously smoothed ; the viewing it in flank, since a chasm must appear to have
flutings of the columns were evidently executed in that existed between the pediment roofs at the extremities
manner, from the appearance of some of the unfinished of the edifice. To fill up this chasm it has been sup
buildings ; though, in some cases, the flutings may have posed that the four walls of the cella were carried up
been formed, roughly, on each block before it was vertically, like those of a tower, at least to the height of
brought to its place ; and some persons have thought the ridges of the roof, which might then terminate
that the plug in the axis of the column, at the junction against the upper parts of the end walls of the cella.
of every two blocks, served as a pivot for the adjust The whole building would thus appear complete ; but it
ment of the flutes during the erection of the column.
must be owned that no traces of such a tower has ever
It is probable enough that, in the earlier periods of been observed.
Grecian Architecture, the ornaments on the mouldings
In the small circular, or polygonal buildings, the roof
were painted, and that it was not till a succeeding time, consisted of one solid stone resting on the walls, as may
when considerable progress had been made in the Art, be seen in the Temple of the Winds, and in the Choragic
that the ornaments were sculptured in the marble. In Monument of Lysicrntes, at Athens. The inclining
proof of this it may be observed that, in the capitals of roofs of large buildings were covered with rectangular
the Doric columns, oves and palmettes are sometimes plates or slabs of marble placed in rows, the lower part
represented by painting, but never by sculpture, whereas of the slabs in one row overlapping the upper part of
in the Ionic capitals, which are later works, such orna those in the next lower row ; and to prevent the rain
ments are cut in the mouldings, witn different degrees from entering at the side joints, which, by the arrange
of delicacy in different examples. Oves, indeed, are ment of the slabs, formed continuous lines parallel to
sculptured on the Doric pilasters, but the execution of each other, from the ridge to the foot of the sloping side,
these is bad, and seems to indicate that they were among those joints were covered by pieces of marble, called
the first examples of the application of sculpture to the apfioi, whose superior surfaces were cut so as to form
mouldings in the Orders.
two inclined planes meeting in a ridge over the joint,
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tec- and whose inferior sides were grooved to receive the
' two contiguous edges of the plates, which were made to
project a little above their general surface,
•ciu An accurate idea of the form and proportions of the
1 doors and windows iu Grecian edifices may be obtained
1 from those of the Temple of Minerva Polias at Athens,
which afford, perhaps, the only specimens remaining of
the style of ornament employed about such apertures
in the most finished buildings. The doorway under
the tetrastyle portico is of a rectangular form, 16.86 feet
high, and 7.5 feet broad, and surrounded, both on the
horizontal and vertical architraves, by plain facia: and
curvilinear mouldings, separated from each other by
lines of beads. The whole breadth of the architrave
is 1.625 feet, and on the exterior facia; are sculptured
elegant paterae. Above the horizontal architrave is a
curved moulding ornamented with oves, and over this,
but separated from it by a cavetto, is an elegantly sculp
tured cymatium, which is supported at the extremities
by ornamented consoles, contiguous to the vertical archi
traves and extending downward to the level of the top
of the doorway. Between the half columns which are
attached to the wall at the Western extremity of the
Temple, and elevated considerably above the pavement,
are three windows, each 6.375 feet high, 3.1 feet wide
at bottom, and 2.S62 feet wide at top. The architraves,
at the sides, stand on a plain projecting sill, and each
extremity of the horizontal architrave is vertically over
the exterior of the foot of the jamb. The whole is sur
rounded by a moulding, whose exterior fillet projects
from the face of the wall, and is broken at right angles
about the extremities of the horizontal architrave. See
pi. vii. figs. 3 and 4.
sou This subject may, not improperly, be concluded by
a description of the methods of tracing the several
mouldings employed in the Grecian Orders ; their situ^ ations on the column and entablature have been already
lea, pointed out.
The outline of a section of a Greek moulding is, in
almost every case, a portion of some conic section, and
to describe such curves it will be only necessary to fix
upon the positions and lengths of their axis, and then
to apply the usual geometrical or mechanical rules.
The echinus forming the principal feature of the
Doric capital, we begin by considering its profile, which
may be either elliptical, parabolical, or hyperbolical. A
very elegant elliptical echinus will be traced if we
assume the lowest point A, (pi. vii. fig. 8.) to be the
extremity of the conjugate axis, and the upper point B,
both of which may be supposed to be given, to be one
extremity of the transverse ; we may then draw B C in
any direction at pleasure, or parallel to an assumed liue
A D, (representing a tangent to the curve,) for the
direction of the transverse, and A C, perpendicular to
it, for that of the conjugate ; the intersection of these
lines, at C, will be the centre of the ellipse. From the
known equation of the ellipse the curve may then be
described, viz. by determining the length of as many
ordinates as we please, and tracing a curie line through
their extremities. Or it may be done by any of the
means taught in elementary books. The parabolic or
hyperbolic echinus may be determined in a similar man
ner, by assuming the point B for the vertex, and B C
for the direction of the axis ; a line from A, perpendi
cular to B C, and meeting it in C, will be a semiordinate to the curve ; which, therefore, from the equa
tion, or, by various other means, can be described.
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The large torus moulding in the bases of some of the
Ionic or Corinthian columns is sometimes made of a
semicircular, sometimes of a semielliptical form, the
methods of describiug which are known ; but, in a few
cases, we find it in the form of an inverted echinus ;
which, therefore, may be traced as above.
The scotia, or excavation between two tori in the
base of a column, if we consider it as elliptical, may be
traced in the following manner. Join A, B, (pi. vii.
fig. 9.) for a diameter, bisect it in C, and through C
draw C D perpendicular to the axis of the column and
equal to the given depth of the excavation ; C D will
then be a semiconjugate diameter, and the equation of
the curve will give the values of the ordinates, by which
it may be drawn.
For a cymatium ; the given points A and B may be
joined, (pi. vii. fig. 10.) and the line A B bisected in
C; the vertical line DCE may then be drawn through
C, and quadrants of ellipses formed as in the figure, C D
and C E being each equal to the semitransverse axis,
and A D, £ B, each, equal to the semiconjugate.
It has been observed by Mr. Nicholson that the
volutes in the capitals of the Grecian Ionic columns
resemble that curve which is called a logarithmic spiral ;
and, in fact, from the best admeasurements that have
been obtained, of some of those volutes, particularly
those of the Temple on the Ilyssus, and of the Erectheum, they appear to differ so little from that species
of curve, that we may safely consider them as such ;
and, in describiug them, we may employ the rules
usually given by Geometricians for that purpose ; that
is, we may determine a number of points through which
the curve is to pass, and then trace it, by hand, through
them.
A property of the logarithmic spiral is, that if lines
be drawn from its centre, making equal angles with
each other, the lengths of the several successive lines,
terminated by the centre and curve, are in geometric
progression. Hence, if we would trace an Ionic volute
according to this principle, it will be only necessary to
know the whole height, and the position of the centre of
the spiral ; but, as there may be an infinite number of
such spirals formed with the same data, and all are not
equally elegant, it becomes necessary to make a choice
among them before the rule is applied. In the two ex
amples above-mentioned, there are three complete revo
lutions of the spiral, besides the circle which forms what
is called the eye of the volute ; and to produce a figure
resembling one of these, it will be necessary to fix the
position of the centre of the volute so that its whole
height, which we may suppose to be given, shall be
divided by the centre in the ratio of about 1.6 to 1, or
of 8 to 5. In the Erectheum that ratio is 1.5SS to 1,
and in the Temple on the Ilyssus, it was 1.621 to 1 ;
the ratio which we have chosen is nearly a meau between
both, and the larger space is to be above the centre.
In describing such a volute, then, it will be necessary
to divide the given height in that proportion ; by this
the centre is determined ; then, from this point, draw
any number of lines at pleasure, making equal angles
with each other, and find a mean proportional between
any two of them which are known or have been deter
mined, it will be the length of that line which is equi
distant from both. Thus A B (pi. vii. fig. 7.) being
the given height, and C the centre of the volute, and
the several lines CA, CE, C D, &c, making equal
angles with each other, a mean proportional between
2n2
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Architec- C A and C B will give the length of C D ; a mean pro
portional between C A and C D will give the length of
C E, &c. A third proportional to C D and C B will
give the length of C H ; whence other mean propor
tionals may be found, and so on. These lengths may be
all determined arithmetically and taken from a scale of
equal parts ; or they may be determined by any geo
metrical method, and a curve being drawn through the
extremities of these lines, will form the required spiral.
The interior spiral in the volute of the Erectheum may
be described in the same manner, having assumed any
one point through which it is to pass ; and the same
thing may be said of the spiral curves which form the
fillets.
When we consider the high state of the inventive
faculty among the Greeks, we are tempted to believe
that they may have been acquainted with some of the
scientific properties of this curve which was, so many
Ages after they first used it, invented, or reinvented in
the Northern parts of Europe ; for we can hardly sup
pose that they traced the curve at random, though they
may have adopted it as an Architectural feature from a
perception of its beauty alone.
Several methods have been proposed for describing
these volutes by compasses, on the supposition that a
quarter of each revolution of the curve line is a qua
drant of a circle ; it is evident, however, that this was
not the method of the Greeks, since no part of their
volute is circular except the eye at the centre ; and it
may be doubtful whether the finding the centres for
describing the quadrants is not more troublesome than
the strict geometrical method above shown. If, how
ever, the method of circles should be preferred, that in
vented by Mr. Goldman, which will be explained when
we come to the description of the Roman Ionic Order,
seems the most perfect, and may be employed.
With respect to the capitals of the Corinthian columns,
it is, obviously, needless to assign any measures to the
parts that compose them, on account of their variety
and the minuteness of their divisions ; the tracing of
them must, therefore, be left to the judgment and taste
of the artist.

CHAPTER IX.
Dt-xriplion and Character of the Egyptian Edifices.
Extent of
The reasons have been given why we began with an
the remains account of the Grecian Architecture, though we were
Archite'c a" w'"mS to admit that, in the simplest state of the Art,
.-ro " this might not be the most ancient. We proceed, in the
next place, to exhibit a sketch of what is known of the
Architecture of Egypt and Asia previous to the time of
Alexander, when that manner of building, which before
seems to have been general in the East, was partly
superseded by the more scientific and elegant styles of
Europe.
The ruins of the Egyptian buildings extend, at inter
vals, along the banks of the Nile, in a valley fertilized
by its overflowings from the Island of Phils near Syene,
in about the twenty-fourth degree of North latitude, to
the shores of the Mediterranean, comprehending a line
of about five hundred miles in length ; and of these
ruins, if we may form a judgment from the compara
tive rudeness of the sculpture, those ubout Thebes, or,

as it is now called Medinet Abou, situated in about p^i
25° 40' North latitude, are more ancient than any of the 'wv»
others.
Monuments of Architecture, similar to those of
Egypt, have been traced through Nubia and into Ethio
pia, as far as two hundred leagues to the South of
Phils. Those in Nubia are inscribed with the charac
ters of the Princes who appear to have constructed the
edifices of Thebes : but the dominion of these Princes,
perhaps, did not extend more than one hundred leagues
to the South of Phils, as, beyond that distance, the in
scriptions indicate the names of Sovereigns unknown to
Egyptian History.
At what time Thebes became the seat of the Egyptian Am«t
Empire is not known. Osymandias is the first Sove- »plH«
reign whose History bears any marks of probability, but, T^f '
of the time in which he reigned, we know nothing more '
than that it must have been long anterior to that of
Homer ; though the generally received opinion is that he
lived 2270 years before Christ. According to Strabo,
this Prince had a Palace at Thebes of great extent; the
entrance was by an immense court, and, adjoining to
this, was a long portico with a roof suppoited by animal
figures ; this led to another court more enriched than
the first, and containing three enormous statues. He
had also a Tomb, at the same place, ornamented with
figures relating to Astronomical subjects, which were en
closed in a circle of gold. It is evident, therefore, that
the public buildings of Thebes must, even in that remote
Age, have possessed great splendour, and that the Arts
must have arrived at considerable perfection.
Homer describes Thebes as a place of great magni
tude and importance in his day. But, as the Egyptian
cities seem to have been without walls, the hundred
gates, by which the ancient Poet designates it, must
have been merely such as formed the portals of the
Temples or other public buildings. It was the succes
sor of Cetes or Proteus, the reigning Monarch in the
time of Homer, who, according to Herodotus, con
structed a strong edifice to secure his treasures, which
were secretly removed from thence by the Architect or
his brother.
About five hundred and twenty-five years before the
commencement of the Christian Era, Egypt was conquered by Cambyses, and, from that time, the splendour Rmu
of the nation declined ; two hundred years after this y^,
it was again conquered by Alexander the Great. The EgTpL
style, however, of the Temples erected during the reign
of the Ptolemies, nearly resembles that of the more
ancient ones, and, probably on account of the great
durability of all the public edifices, it would not often be
found necessary to erect new ones subsequently to that
time ; consequently, though the old manner of building
ceased to be practised, little opportunity would be
afforded for the introduction of the Greek oi Roman
Architecture in the Country, and this may account foe
the few remains of buildings erected in either of those
styles in Egypt.
The expedition of the French army into Egypt gaw
the scientific persons who accompanied it, an oppor
tunity of examining the structures which remain in that
Country after a lapse of, probably, three thousand
years ; and this good, at least, resulted from the expe
dition, viz. that we are become acquainted with those
remains many years before we should have obtained that
knowledge from the researches of solitary travellers,
who would not have had the means of accomplishing
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what was dohe under the protection of a powerful
t. army. It is chiefly from the great VVork of Denon that
—> we are ahle to state what is known of the Architectural
works of the Egyptians ; though, since that Work was
published, much important information has been ob
tained from the researches of several enterprising individunlswho have visited that Country,
yon Of all the great Pyramids the bases are square ; the
length of each side of the largest is about 700 feet,
1 and its height about 450 feet. On the sloping surface
are steps which lead to the top, where there is a
square platform about 30 feet in extent each way. The
lengths of each side of the bases of the second and
third Pyramids are 650 feet and 280 feet, respectively.
The height of the former is about 400 feet, and of the
latter 160 feet.
r of Iu order to form the pile, the sides of the natural
* rock upon which it was founded were cut in steps, and
"■ the stones were disposed about and upon these, to the
required extent, being raised to their places by a very
simple contrivance, which is described by Herodotus.
(EuUrpe, sect. 125.) He says, they placed on the
ground, under the block of stone, two levers, by which
the stone was elevated to the lower step ; then two
other levers were placed under it to raise it to the next
step, and so on, by which means the Pyramid served
for its own scatfold. This contrivance shows that, in
those days, the builders must have had some knowledge
of one of the mechanical powers ; though, most pro
bably, they depended less upon machinery than upon
the united labour of many persons. The whole exterior
seems to have been intended to be faced with stone, in
such a way that each side might form a smooth inclined
plane: the revetment was begnn from the top and com
pleted by working downward ; and the passages and
chambers were probably formed as the work advanced.
According to Herodotus, the lower part of the second
Pyramid was covered with Ethiopian marble of various
colours.
The faces of all the Pyramids are invariably turned
towards the four cardinal points of the horizon ; the en
trances are on the Northern sides, and passages, inclining
downward, lead to the chambers where the dead are
deposited. The roofs of these chambers are formed by
simply laying; long stones across from one wall to the
opposite, or where the breadth of the chamber was too
great, the roof stones rested upon columns in the in
terior. The roofs of the passages are, in some cases,
formed by laying stones horizontally above the side
walls in two or more courses, the interior extremity of
each stone projecting beyond that below till the courses
on each side meet together at the top, as in the gallery
ofTirynlhus before mentioned. In other cases, the roofs
consist of blocks of granite resting on the side walls at
one end, inclining towards each other, and meeting in
an angle at the top.
' The disposition of their galleries and chambers may
be understood from the following description of the in
terior of the Pyramid raised by Cephrenes, which is taken
from the account given by Mr. Belzoni, who lately
reopened it.
The entrance is on the Northern side, and the first pas
sage is built of granite, but the rest are cut in the na
tural sandstone rock, which rises above the level of the
basis of the Pyramid; this passage is 104 feet long, 4
feet high, uud 3.5 feet wide ; it descends in an angle of
26°, and at the bottom is a portcullis ; beyond this is a
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horizontal passage of the same height as the first, and Part I.
at the end of 22 feet it descends in a different direcv—.
tion, and leads to some passages below. Hence it reascends towards the centre of the pyramid by a gallery
84 feet long, 6 feet high, and 3.5 feet wide, and leads
to a chamber, which is also cut out of the solid rock.
This apartment is 46 feet long, 16 feet wide, and 23.5
feet high, and contained a sarcophagus of granite 8 feet
long, 3.5 feet wide, and 2.25 feet deep in the inside.
Returning out of this chamber to the bottom of the
gallery, there is a passage which descends at an angle
of 26° to the extent of 48.5 feet ; at this place it takes
^ horizontal direction, and continues so for 55 feet,
when it ascends again at the same angle, and proceeds
to the base of the Pyramid, where another entrance
is formed from the outside. About the middle of the
horizontal passage, there is a descent into another
chamber, which is 32 feet long, 10 feet wide, and 8.5
feet high.
At Apollinopolis Magna, nearEdfou, about 20 miles ^j^*'
South of Thebes, is a Temple, one of the largest in iisPjiag"a
Egypt, which, at the same time, possesses considerable
simplicity of character and remains to this day in ex
cellent preservation. It is of a rectangular form, 450
feet long and 140 feet wide. The entrance is in the
centre of one of the short sides, which is constituted by
two masses of building, each 100 feet long and 32 feet
wide ; both are of a pyramidal form, and lie in the same
direction, with an interval between them 20 feet wide,
forming a passage which has a doorway at each extre
mity. This passage leads to a quadrangle, 140 feet
long and 120 feet wide, with twelve columns on each
side toward the right and left, and eight on the side ad
jacent to the entrance, all placed at a few feet from the
walls toward the interior. The space surrounded by the
columns is open above, but the passages between the
columns and the walls are covered by a flat roof. On
that side of the quadrangle which is oppo site the en trance is a covered portico, extending the whole breadth
of the quadrangle, and 45 feet in depth. This is en
closed by a wall in the rear and on eaeh side, but is
open in front ; it contains three parallel rows of massive
columns, six in each, and is covered by a flat and pon
derous roof. A doorway through the rear wall leads to
the body of the Temple, which is also a rectangle, 200
feet long and 98 feet broad, enclosed by walls and co
vered by a roof. No light seems to have been admitted
to this part of the Temple, except from the door; and
an exterior wall has been built on three sides, at a little
distance, leaving an uncovered corridor between it and
the walls of the Temple.
The exterior surface of the walls of the building is
covered with figures, and iu the interior of the masses
at the front of the Temple are chambers and staircases;
the latter leading to the roof. All the walls of the build
ing incline inward like the sides of a Pyramid, and the
upper extremities, as well as the edges Ibrmed by the
meetings of every two faces, are ornamented with reedshaped mouldings. The columns are of a cylindrical
form, surrounded by horizontal mouldings at intervals,
like rows of cordage, and crowned by bell-shaped capi
tals adorned with leaves of various forms ; and above
them is a plain architrave. The walls of the Temple
and the architrave of the peristyle are crowned by an
inverted cavetto, whose upper extremity projects over
the lower: the face of this moulding is ornamented with
triple reeds, iu vertical planes, at certain distances from
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Architec- each other, and the intervals are filled with sculpture. communicating with each other, and whose roofs are fir,:
supported by columns in the interior.
v«y>
See pi. ix. figs. 1, 2, and 3.
On the Western bank of the Nile, opposite Luxor, is Rai„ ,
The 9ite of ancient Thebes is covered with ruins on
The Temple both sides of the Nile .
the Eastern side are two an immense statue of red granite, which is said to have MtJim
al
villages, called Karnac and Luxor, situated about two been
thrown down by Cambyses ; between this and iimmiles from each other, where those ruins are most nu Medinet Abou, which is about i$ mile from it, the
merous ; and the greatest edifice in Egypt is a Palace, ground is covered by colossal statues, two of which are
or Temple, whose remains exist at the former of those seated on pedestals, and are said to be the largest in
places. Its general plan is one simple rectangle, and Egypt. At Medinet Abou are the remains of a Palace,
it consists of several apartments and courts, separated or Temple, in front of which is a rectangular peristyle,
by walls extending quite across the Temple. The en 55 paces long and 65 broad. The columns are 45 feet
trance is at the extremity of one of the short sides, and high and 7 feet diameter, and of better execution
in front are two masses or towers of masonry, 140 paces than most of the works in this place ; on the exterior
long and 25 paces wide, exactly similar to those in front of the walls is a bas-relief, representing a chase of lions,
of the Temple at Apollinopolis. A passage between and an invasion of enemies, who by their dress seem to
the adjacent extremities of these masses leads to the be Indians. Near this place are situated the Tombs of
first court, which is rectangular, and 110 paces deep. Osymandias, and of the other Kings of Egypt, which
This court is crossed by two rows of columns, at the are mentioned by Strabo.
extremity of which are two other masses disposed simi
The Temple of Isis, at Tentyris, or Dendra, on the TempU
larly to those in front of the Temple ; and a passage Western side of the Nile, about 30 miles to the South of T"1!between them leads to the next court, which is 78 paces Thebes, is also one of the most complete yet remaining
deep, and entirely filled witli 126 columns, disposed in in Egypt. The plan of the exterior walls is a double
nine parallel rows across the Temple. Beyond this is rectangle, of which the first forms the vestibule ; this is
another court, containing several apartments besides 160 feet wide and 90 feet deep, enclosed by a rear and
obelisks, and colossal figures ; and lastly, from this is two side walls, and covered by a roof. In front are six
an entrance to a vast quadrangle, nearly square, the cylindrical columns, 55 feet high and 7 feet diameter,
central part of which is surrounded by a double colon the capitals of which consist each of four female heads
nade ; and between this and the exterior walls are the supporting a cubical block under the architrave; and
apartments for the Priests attached to the Temple, if it in the interior are eighteen similar columns disposed in
was one ; or for the Monarch and his attendants, if the three parallel rows. The spaces between the exterior
building has been a Palace. Adjacent to this are many columns are each filled by a wall 26 feet high, except
other buildings of great extent, connected with it by that in the centre, where there is a doorway ; and the
avenues of sphinxes, lions, and rams, some of which ceiling is painted with zodiacs. The second rectangle,
extend as far as 1200 yards, towards Luxor.
which joins the rear of the vestibule, is 1 15 feet wide
In Iront of the mass, through which is the entrance and 180 feet.deep, and serves as a peribolus, or enclo
to the Temple, or Palace, are colossal statues, and the sure, to the apartments of the Temple itself. In the
exterior of the mass is decorated with paintings, repre rear wall of the vestibule before mentioned, is an en
senting battles, sieges, and triumphs. Among the ruins trance to a square hall, 55 feet long in each direction,
of this Palace is said to be a portion of a building still and covered by a roof w hich is supported by six co
more ancient than that which now exists, and bearing lumns in two parallel rows ; the capitals of the columns
inscriptions indicating the name and title of a King, are formed by heads similar to those of the vestibulewhom M. Champollion supposes to be Osymaudias Beyond this hall there are two others in succession, of
himself.
the same breadth, but each is only 18 feet deep, and
Temple it
Near Luxor are the remains of another building of a from the last there is an entrance to the sanctuary,
Luxor.
nature similar to that at Karnac, but of a less simple whose breadth is 24 feet and depth 40 feet. In the
plan. At one extremity are, as usual, two great pyra second hall are two staircases leading to the roof, or
midal masses of masonry, each 98 feet long and 90 feet terrace, upon which is an apartment 9 feet square, having
high, placed both in the same direction, with an interval a zodiac painted on the ceiling.
About this Temple are three others, one of which
of 20 feet between them. In front of these towers, and
on each side of the interval between them, is an obelisk appears to be unfinished ; a circumstance from which
of a pyramidal form, 12 feet square and nearly 100 feet we may perhaps conclude that the Temples of Teutyns
high, and covered with hieroglyphics ; and the interval are among the latest specimens of the ancient Egyp,ian
forms a passage leading to a rectangular peristyle which Architecture. And from the Greek inscriptions found
has been enclosed by walls. In front of the entrance is among the ruins, it is probable that the Architecture
a doorway, crowned by a cavetto, with a winged globe has suffered some modification from the intercourse
over the centre, and on each side is a colossal bust subsisting between the two people. Elevations ot »
standing on the ground. Beyond this is an avenue 18 doorway and of one of the columns belonging to lh,s
feet wide, between two rows of columns, 56 feet in Temple are given in pi. ix. figs. 4 and 5.
height and 9 feet in diameter, which leads to an avenue
N ear the same place, and at the village of Esne, on ^
120 feet broad, in the same direction as the former, and or near the spot where the city of Latopolis is supposed ^
consisting of two double rows of columns, 30 feet high to have stood, are the remains of a Temple of J npiter g^,
and 4 feet diameter. At the extremity of this is a co Ammon, consisting of a portico enclosed by three walls,
vered portico enclosed by two side walls, and forming a and containing twenty-four columns disposed in four
sort of pronaos to the building beyond ; the portico is parallel rows. The capitals are bell-shaped, and orna
filled with thirty-two columns disposed in four parallel mented with leaves, and above each is a plain cubical
rows. This 'eads to the body of the Temple, which abacus supporting the architrave : the shafts are fluted
consists of several small square enclosures, or chambers, in part of their length, and the lower part is rounded so
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x. that the foot is less in diameter than the part above.
a The columns stand upon plinths, and between every
two i-i a wa'l IS feet h'gn- The whole column, in
cluding the plinth and abacus, is 42 feet high, and its
diameter 6 feet.
At the Southern extremity of Egypt, near Syene, are
the two Islands Phihe and Elephanta, in which are the
remains of several Temples. The famous Nilometer,
or chamber, containing a column for ascertaining the
elevation of the waters of the Nile, was in a Temple
dedicated to Horus, or Apollo, in the latter of these
Islands. The Temple of Isis and Osiris, at Philae,
resembles the rest of the Egyptian Temples, but in
trout of it is a rectangular space, without roof, en
closed by three walls. Its length is 492 feet and breadth
Ibl feet, and there is an interior colonnade at a little
distance from each of the side walls.
u At Ypsaiubul, in Nubia, near the second cataract of
»!• the Nile, is a great Temple, buried about two-thirds of
its height in the sand, which has been for many Ages
accumulating about it. With incredible labour Mr.
Belzoni made an excavation, by which he obtained
access to the interior, and from his description we have
the following account. The Temple is 117 feet wide
and 86 feet high, and the entrance is by a large pro
naos, 57 feet long and 52 feet wide, whose roof is sup
ported by two rows of square pillars about .">.', it it broad ;
ewh pillar has a figure on it, finely executed, and very
little injured by time, and the top of its head-dress reaches
to the ceiling, which is above 30 feet high. Both pillars
and walls are covered with beautiful hieroglyphics, ex
hibiting battles, storming of castles, triumphs over the
Ethiopians, sacrifices, and the like. The second hall is
about 22 feet high, 37 feet wide, and 25£ long ; it eontains four pillars, about 4 feet square, and the walls are
covered with hieroglyphics. Beyond this is a shorter
chamber, 37 l«et wide, in which is the entrance to the
sanctuary. At each end of this chamber is a doorway
leading into smaller chambers, each 8 feet long and 7
wide, iu the same direction as the sanctuary. The
latter is 23^ feet long and 12 feet wide : it contains a
pedestal in the centre, and at the end four colossal
sitting figures, the heads of which are in good pre
servation.
Before the entrance are also four sitting figures,
whose heights are about 51 feet, not including the caps,
which are 14 feet high. On the top of the door is a
figure of Osiris, 20 feet high, with two colossal hiero
glyphic figures, one on each side, looking towards it.
fbe Temple is crowned by a cornice 6 feet high, orna
mented with hieroglyphics, and under it is a torus and
architrave, the latter of which is 4 feet high. Above
the cornice is a row of sitting monkeys, 8 feet high and
6 feet broad across the shoulders. The Temple seems
to have had a fine landing-place from the river, but this
is now buried under the sand.
The era of the greatest splendour of the Egyptian
Monarchy seems to have been that which extended from
the expulsion of the Palli, or Shepherd Kings, to the
'eign of Sesostris, and the greater part of the more an
cient edifices are thought to have been the works of
that Age. The hieroglyphics in rings, discovered by
Mr.W.Bankes, among the subterranean ruins of Abydus,
near Thebes, have been shown to express the names of
&ngs who reigned within the same period.
The more ancient buildings of Egypt seem to have
met with die fate of many of those iu Greece and Home ;
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that is, their materials have been employed in the con- Part I.
struction of works subsequently erected ; this has been
the case, at least, with those about Thebes, as may
be inferred from the paintings, sculptures, and hiero
glyphics, on some of the masonry, which belong to a
period more ancient than that of the present existing
structures.
The description which is given by Strabo, in his Slrabo's deXVIIth Book, of the Egyptian Temples, is nearly veri- scripiion of
fied by the accounts we have of the remains existing at j|'aenlTy?D'J"
the present time. He says that, at the entrance was a plcj
paved court the length of which was three or four times
its breadth. Within this were plantations, and it was or
namented with sphinxes. At the extremity of the alley
of sphinxes was a vestibule, or propyleum, which led to
another court, and at the extremity of this was a second
portico, which led to a third court : all these courts were
surrounded by galleries. The body of the Temple was
divided into the pronaos and the seeo* ; the latter of
which corresponded with the naos of the Greek Temples.
On the two sides of the pronaos were pteromata, or
walls like wings, of the same height as the Temple, and
ornamented with figures. The secos was small, and
contained the image of the God, or the sacred animal
which was the object of worship. It was surrounded
by chambers for the lodgings of the Priests, or of those
who had the care of the Temple.
Of the Egyptian Temples it may be said that they General
are characterised by uniformity of plan, elevation, and characters
decoration. That at Karnac is a simple rectangle, but Egyptian
in that at Tentyris, the walls of the portico project late- Temples,
rally beyond the side walls of the Temple. The one at
Luxor consists of several squares or rectangles clus
tered together, nearly in the form of a double cross, and
the sides are situated obliquely with respect to the direc
tions of the avenues of columns by which the Temple is
approached, as if to avoid some defects of ground. They
are distinguished from the Greek Temples by having
flat roofs ; which being formed of solid stone-work, the
blocks could not always be obtained of sufficient length
to rest on the walls of the larger apartments; conse
quently it was necessary to place columns in the inte
rior, for the support of the roofs ; and these, in some
cases, are so numerous as to look like a forest.
In the Egyptian Architecture almost every considera
tion yielded to that of strength, though beauty was not
neglected, and the edifices of that Country possess a
species of magnificence from their bulk, independently
of the delicacies of Art with which many of them were
adorned. The quarries of Egypt afforded blocks of the
greatest size ; and the labour of a multitude of slaves,
aided perhaps by the simplest of the mechanical powers,
accomplished the removal of the heaviest masses to their
place of destination. According to Herodotus, the
stone which served for the roof of the Temple of Latona,
at Butos, was forty cubits long in each direction ; and
if we suppose the cubit to be equal to 20^ inches, that
block must have contained above 300,000 cubic feet
of stone. This enormous mass was transported on
rafts, from the Island of Philse to Butos ; a space of 150
leagues.
Calcareous stone was generally employed in the walls Manner of
of buildings, and granite in the obelisks and statues, constructing
The skill of the workmen was exhibited in squaring the Jhe ^g'p"
blocks with precision, and fitting them accurately with pleJ>
each other. Plugs of wood seem to have been occa
sionally employed to connect them together, but there
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rch •,tec. is no appearance that metallic cramps were used for
tur
that purpose : nor was the Art of constructing vaults at
all known to this people. The hieroglyphics and figures
■ were somelimes executed in relief, but generally they
were sunken and embellished with colours.
None of the Works hitherto published give any notion
of the rich and elegant decorations of some of the Temples,
the ornaments of which are nearly as various as those
of the Grecian edifices ; but we have been favoured with
a sight of the drawings executed by Mr. Charles Barry,
when in Egypt, which, it is to be hoped, that gentleman
will one day communicate to the public : from these it
appears, that not only the exterior and interior surfaces
of the walls of the buildings, but the soffits of the por
ticos, the beams and intervals between them, were richly
ornamented with sculpture, painting, and gilding.
The walls of the Temples invariably have their exte
rior faces considerably inclined at top towards the centre,
so that the figure of the whole edifice resembles a frus
tum of a Pyramid. This seems to have been intended
chiefly for stability, but perhaps partly, as is observed
by M. Quatremer de Quincy, to diminish the breadth
of the building at top, in order to suit the lengths of the
stones which were to cover it. Still further, for the
same object, the workmen sometimes placed courses of
stone along the tops of the walls, the upper projecting
over the lower towards the interior, like inverted steps.
At all the angles formed by the faces of the walls,
instead of leaving a sharp edge, the artists executed
a reed moulding, equal to about three-quarters of a
cylinder, with lines cut obliquely upon it, very much
resembling a pole having a string wound about it ;
and the same kind of moulding was continued, horizon
tally, along the tops of the walls. This seems to have
been an imitation of the system of poles which might
have been originally constructed to form an outline of
the edifice, and guide the workmen in building the
walls ; though, possibly, it might have originated in the
desire to ornament the angles, as the Greeks, for the
same purpose, employed pilasters, and the Italian
artists rustic quoins. The tops of all the walls were
crowned by a sort of cornice, of a concave form on the
exterior, and having its summit projecting forward ; the
front of this member was covered with sculpture, gene
rally resembling a series of reeds parallel to each other,
and directed from top to bottom ; and both the exterior
and interior faces of the walls were covered with hiero
glyphics.
The pronaos was roofed and enclosed by walls on all
sides except the front, where the first row of columns
stood between the extremities of the two flank walls ;
the exterior angles of the front were inclined, as has
been said, but those terminations of the front which
were next to the two outer columns of the row were ver
tical. Between the columns, and up to about half their
height, a wall was constructed from which the lower
parts of the columns appeared to project as much as
half their diameter ; the wall was adorned with sculp
ture, and was terminated by the usual cavetto or curved
cornice, but it was interrupted between the two middle
columns to form a doorway,
towers
Generally, in front of the Temple, were one or two of
portals, those towers, or masses of masonry, mentioned in
speaking of the Temples at Karnac and Luxor ; these
also were tapered toward the top, the reed moulding
was cut at the angles, and the whole was crowned by a
cavetto and covered with hieroglyphics. A pair of

obelisks, or statues, was frequently placed in front of p,rt|
the passage cut through these masses ; and within the ^r
latter were staircases which led to the platforms on
their tops ; these staircases were always directed straight
forward, or the parts were made to turn at right angles
to each other. No reason can be given for the forma
tion of such immense masses of masonry, except it be
that the artists of the Country intended to produce a
grand and striking effect by a vast accumulation of ma
terials as well as by the forms of their edifices. Two of
these towers were generally placed in the same direction
at a little distance from each other ; and, in front of the
interval, was a portal constituted by two jambs and a
lintel ; the exterior and interior edges of the jambs were
generally made to incline inward like the walls of the
building itself, though sometimes the interior edges were
vertical. The faces of these members were adorned with
a great profusion of hieroglyphics ; a reed moulding sur
rounded them on the exterior, and the lintel, like the
building itself, was crowned by a cavetto ornamented
with sculpture. On the centre of the lintel was, usually,
carved a scarabeus or beetle, or, sometimes, a globe
having a wing on each side.
Where windows occur, they are, generally, in the vv",<"
shape of a long square without any ornament, but
splayed on the interior side. The windows of Egyptian
Temples are, almost in every case, extremely small ; and
the only example, perhaps, in which they approach the
magnitude and proportions of those found in Grecian or
Roman buildings, is the Temple at Dendour in Nubia;
and, probably, this is the work of a late period of
Egyptian Architecture. Its outline is pyramidal, as
usual, and in the facade is a doorway crowned by a
cavetto ; but, above this, are three rectangular windows
occupying nearly the whole breadth of the facade.
Over the middle one is the winged globe, and the whole
pier between the two windows has the form of a pilaster
with a capital resembling those of the Corinthian Order.
The capitals do not reach to the level of the tops of the
windows, and appear as if placed there, in bad taste,
for no purpose but that of ornament.
The ceilings of the Egyptian buildings are generally Oi-:
smooth ; but, in some cases, they seem formed in hollow
panels by the architraves of stone, which cross each
other at right angles over the tops of the columns.
Frequently there are traced upon the ceilings what are
culled zodiacs ;, that is, representations, in piano, of
the zodiacal constellations, disposed in a circular order
about the centre of the compartment. From the posi
tions of these constellations, an effort has been made In
ascertain the dates of the construction of the edifices m
which they are found ; but nothing satisfactory on this
head has yet been elicited.
The simplicity of the forms of Egyptian buildings has
led some persons to suppose that the workmeu might
have dispensed with any previous design like that,
which, in the edifices of other Countries, is necessary to
guide them in the execution ; and it is the opinion of
M. Denon that the Temples were entirely constructed
by the eye, and according to a routine established
among the builders, who, he observes, were unembar
rassed by any adjustment of the members of the fri«
or cornice, or by any care of providing against a lateral
thrust in their roofs.
That the Egyptian columns were copied from thefcrra
form of certain trees is probable, not only from their
appearance, but from the testimony of Herodotus, who
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iiec- says, {Euterpe, sect. 171.) that King Amasis actually
n. caused columns to be made resembling' palm-trees.
>^ They are without bases, or have only a plinth, and that
is frequently circular. The capital is generally of the
bell-shape, and is either quite plain, or is ornamented
in several different manners ; frequently it is surrounded
by rows of lotus leaves, either simply marked by lines,
or sculptured in relief; in the latter case, the capitals
resemble some of those of the Corinthian Order. On
the columns of the Temple at Pliilie, the capital is sculp
tured to represent three rows of plants, the tops of which
are like pahn-leaves ; and in some examples, as in the
Temple at Tentyris, it has the form of a female head.
But, what is very different from the practice of the
Greeks, is that in the same building, and even in the
same row, the capitals of the columns do not resemble
each other. In the Egyptian Temples the intercolumniations are generally small, not exceeding 1.5 diameters.
The height of the column, from the bottom of the
plinth to the top of the capital, is equal to from three to
eight diameters, and the tallest column is above fifty
feet high ; in some cases the shaft diminishes gradually
from bottom to top, and is sculptured as if it were a
bundle of reeds bound together, at intervals, by three or
more turns of cordage ; these intervals are either plain,
channelled, or reeded, and sometimes all the three kinds
exist upon one column. Two circumstances are pecu
liar to the Egyptian columns ; the first is, that there are
often cubical blocks of stone between the capitals and
the entablature ; and the second, that the lower part of
the shaft is sometimes cut away, so that the part which
rests upon the plinth is smaller than the part above ;
such is the case with the columns of the Temple at Lalopolis. It is difficult to assign any reason for the latter
practice, since it can only tend to weaken a column in
a part where it ought to be the strongest; the lower
parts of these columns are rounded and ornamented
with sculptured foliage, which makes them appear as if
they stood upon the roots of plants. In other instances
the upper part of the column swells out from the shaft
suddenly, and then tapers again to the top, making it
resemble a post crushed by a weight above ; and, that
the form has been adopted from observing some such
effect seems evident, because under this swell there are
mouldings, resembling cordage, about the column, as if
to prevent its splitting further by the weight. The
most remarkable example of this kind of column is that
observed by Mr. Barry in the interior of the Tombs at
Benihassan, about forty-eight leagues South of Cairo ;
he compares each column to a bundle formed by four
large reeds of the Nile placed upon a plinth and tied
together by cords near the top; small sticks are intro
duced between the reeds at the place of ligature, to
render the column more circular, and afford the means
of firmly tying the whole together. See pi. ix. fig. 6.
The porches of the Tombs at Silsilis, about seventy
miles South of Thebes, are formed by columns of a
similar nature ; but the same gentleman also observes,
that the fronts of two of the Tombs at Benihassan con
sist each of two fluted columns resembling those of the
Doric Order, one on each side of the entrance ; the
columns are about 5j diameters in height; the flutes
»re shallow and twenty in number ; the capital consists
of an abacus only, and there are no indications of abase
or plinth. Above the architrave, which is plain, is a
projecting ledge of the rock, in the form of a cornice,
the soffit of which is sculptured, apparently in imitavol t.
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Mr. Barry gives another instance of fluted Egyptian
columns in an excavated Temple at Kalaptchic, about
twenty-five leagues above the first cataracts. The
Temple consists of two chambers, and the roof of one of
them is supported by two such columns ; their shafts are
each 7.667 feet high, and 3.167 feet diameter, with a
slight diminution upward : they have a square abacus
and a circular plinth. In a Temple at Eleuthias, a few
miles South of Esne, is a large vestibule whose roof is
supported upon polygonal columns of sixteen sides.
(Gwilt's edition oi' Chambers's Architecture, p. 37. note.)
In the Egyptian buildings there are no pilasters, pro
perly so called, except the small ones in the sepulchral
chamber of the great Pyramid ; but, sometimes, hu
man figures are placed as columns, either alone, or, as
it were, attached to the fronts of square piers, of which
the Temple at Ypsambul, described by Belzoni, affords
examples. It is observed by Mr. Forsyth that, in
general, the Egyptian statues are well adapted for the
support of an entablature, their backs are flattened as
if for the purpose of adhering to a wall ; their arms are
placed close by their sides, and the head is secured to
the body by broad tresses which fall down on the
shoulders and breast.
In general, the entablature of the Egyptian buildings Theeutabl*consists of an architrave, either plain or ornamented, ture.
with a cornice over it ; but in some examples, as in the
Tombs of Silsilis, the entablature consists of an archi
trave, frize, and cornice, each projecting over the one
below it, like an inverted step ; the upper part of the
cornice projects still further, and the projection is sup
ported by a sort of modillon. The height of the enta
blature is about one-third of that of the columns. Over
the architrave of the interior range of columns in the
great Temple at Karnac is a wall with rectangular per
forations, like windows, immediately over the intervals
of the columns below.
Above the capitals of the Egyptian columns is an
abacus, sometimes resembling that of the Greek Orders;
but, at other times, it consists of a cubical block, either
plain or sculptured. Over these blocks is placed the
horizontal beam parallel to the line of columns, and cor
responding to the architrave of the Greeks : and above
all, is what may be called the cornice, the section of which
is concave outward, and which has its top projecting
beyond the face of the architrave. The concave front of
this member is adorned with sculpture, in some cases
consisting of a series of reeds parallel to each other
from top to bottom of the cornice, in other cases the
reeds are in groups of three or six in each group ; the
intervals, or metopes, if they may be so called, are
sculptured with winged globes, as on the portico of the
Temple at Tentyris. These reeds are disposed with re
gularity, but not over the middle of the front of the
columns as in the Greek Temples; for, in the portico
of the Temple at Latopolis, each group is equally dis
tant from the next, and one is placed over the middle of
the intercolumniation, but the middles of the other
groups fall over the sides of the columns. The interval
between every two groups is occupied by a channel cut
in a vertical plane down the face of the cornice. The
Egyptian reeds differ also from the Greek triglyphs in
an essential circumstance, 'viz. that the latter are so
situated as evidently to indicate the supports of the
roof; whereas the others are ornaments in the front of
2o
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the roof itself, above which there is generally nothing
to be supported.
The entablatures are frequently sculptured with
figures of animals, and it is possible that the zophorus
or frize, in the Greek Architecture, received its name
from this circumstance; winged globes and the scarabeus are, almost invariably, the ornaments of the
Egyptian architraves.
The ArchiIt was an observation of a French author, that tltere
tecture of ;g nothing in the Egyptian Architecture conformable to
■cutely an- tne c'rcumsta,ices °f tne moderns ; for, says he, we do
pticable to not possess those immense blocks of stone which, in
Egypt, are the motives, or excuse, for a style of build
modern
edifices.
ing distinguished by being enormously massive ; and he
supposes that an imitation of their works on a small
scale, or with materials of small dimensions, would in
spire ridicule rather than afford pleasure. This obser
vation, to a certain extent, may be just, but it would be
improper to exclude the Egyptian Architecture entirely
from the modern practice, as it is possible that there
may be some cases in which it may be employed to
advantage. That style has lately been adopted, with
success, in the construction of an iron-foundry in
Wales; and, if it were only applicable to such build
ings as Manufactories, Prisons, or Tombs, it would con
tribute to the production of an agreeable variety in our
Architecture.

CHAPTER X.
Ancient Edifices of Syria and Persia.
Temple at
While the Egyptian Empire flourished, the style of
Aradus.
its Architecture extended itself into Syria and, perhaps,
still further towards the East. To this period may,
perhaps, be referred the execution of a work which was
observed by Pocock on the Island of Aradus, or, as it is
now called, Tortosa. According to the description of
that traveller, it is a court formed by cutting down the
solid rock from top to bottom. In the centre of the
court is a throne composed of four stones besides the
pedestal on which it stands ; one serves for the back,
another for the canopy, and two others for the sides.
Between these was, probably, placed the Idol worshipped
in the court, which, no doubt, was a kind of Temple.
In two of the corners of the court there appear to have
been small apartments cut also in the rock.
The Temple In the sacred Scriptures is given an account of the
atjcrusalem construction of the Temple at Jerusalem by Solomon ;
from which we perceive that the plan of the building
very much resembled that of the Temples of Greece or
Egypt. According to the description in the Book of
Kings, the plan of the Temple was a parallelogram ;
its length was CO cubits, and its breadth SO cubits,
and it was divided into three principal parts by walls
parallel to its breadth. There is some doubt about the
precise value of the cubit here supposed to be employed,
but assuming it to be equal to 1.824 feet, which is that
generally assigned to it, it will follow that the length of
the Temple was 109.44 feet, and its breadth 36.48 feet.
In front was a prouaos or portico ; then followed the
cella, or main body of the Temple ; and, thirdly, at the
other extremity, wa3 the sanctuary. The breadth of the
portico was equal to that of the Temple, and its depth
was 10 cubits, or 18.24 feet ; the body of the Temple

was 30 cubits, or 54.72 feet deep, and the sanctuary
20 cubits, or 36.48 feet. The height of the Temple, ^
probably the middle part, was 30 cubits, or 54.72 feetthat of the sanctuary was 20 cubits, or 36.48 feet, and
that of the portico, if we may judge from the height of
its columns, was about the same. The latter was
covered by a roof, and the body of the Temple was,
probably, similar to that of the Greek hypasthral
Temples ; it was surrounded, in the interior, by three
tiers of chambers, one above another, there was an
ascent by stairs from the ground to the middle and
upper stories, and the central space was a court open
to the sky. The bells which were suspended about the
Temple were, probably, intended, by the sound they
produced, on being agitated by the wind, to keep off
birds from the consecrated edifice. The like means are
known to have been adopted, for the same purpose, on
the roofs of the Grecian Temples.
The floors of the upper chambers were laid on beams
of cedar, the ends of which were not inserted in the
walls of die Temple, but rested on corbels of masonry
attached to their faces. The interior of the walls was
boarded with cedar, on which were figures of cherubim
and palm trees sculptured and covered with gilding.
Within the sanctuary were two figures of cherubs, made
of wood and covered with gold ; these were 10 cubits
high, and their expanded wings extended across the
breadth of the Temple.
In front of the portico and between the
of the side-walls, were two brass pillars, each 18
high and nearly 4 cubits in diameter; the chapiters,
which may mean either the capitals of the columns or
the whole entablature, were also of brass, and 5 cubits
high, ornamented with wreaths and leaves of pomegra
nates or lilies, and covered with network. Pillars are
also mentioned whose capitals were only 4 cubits high;
probably these were within the portico, and formed part
of the support of its roof.
The house of the forest of Lebanon seems to have
been similar to the Temple, but more extensive, being
100 cubits long and 50 broad. It had a portico in
front, the breadth of which was equal to that of the house,
and the depth 30 cubits ; its roof was supported on four
rows of pillars of cedar wood, fifteen in each row.
The height of the columns of the Temple being equal
to about five diameters, the proportions are nearly the
same as those of the Egyptian and earliest Greek ex
amples, and the capitals bear a considerable resemblance
to those of the former Country.
Persia was the seat of a powerful Empire, from the time T« i
at which Nimrod built the city of Babylon till the insasion of the Country by Alexander the Great ; and during
that period the Art of building must have been prac
tised there to a great extent. The frequent changes,
however, which the Government experienced, ana1
perhaps other circumstances with which we arc unac
quainted, have caused the destruction of nearly all the
monuments of the Architecture of this highly civilized
people ; indeed, if we except the ruins at present exist*
ing in one place, not a vestige of them remains. These
ruins are found in the Province of Farsistan, a few miles
to the North of Chyras, or Shiraz, and are probably on
the spot where the city of Persepolis anciently stood.
This city, one of the Capitals of the Persian Kings, i«
supposed to have been built or embellished by Cambyses, or rather by his successors Dan us and Xerxes;
but its prosperity must have been of short duration ; to
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tec. with the other cities of the Empire, it declined after the them are fluted with as many as forty longitudinal chan- Part L
■v^'
i. death of Alexander and the division of the territories he nels, each about three inches wide, with fillets between
them.
A
representation
of
one
of
these
columns
is
given
™* had conquered.
uof Le Bran, to whom we are indebted for the description in pi. ix. fig. 7 ; and if we include in the capital all the
hi and measurement of the ruins, supposes them to be the scrolls, that member will occupy about one-fifth of the
■'" remains of the Palace of Darius destroyed by the Ma- height of the column. On some columns are repre
cedoniati Monarch in one of his revels: and the ine sented camels stooping ; on others figures resembling
quality of the ground, together with the appearance of horses. One of these is given in fig. 8, and the sculpture
distinct apartments for men and women, are more fa on one of the piers at this place is represented in fig. 9.
some rocks, about two leagues from Persepolis, Persian or
vourable to the opinion that the ruins have formed part of areInformed
excavations, which have been taken for the ^lrt'^*n
a Palace than of a Temple. This traveller observes that
Tombs
of
the
Persian or Parthian Kings ; and from the
"
the whole of the edifice has been founded upon a marble
rock, which has been levelled, and constitutes a platform view and description given by Le Brun, the following
about 400 yards long from North to South, and about account of the ornaments about the facade of one of
half as much from East to West; and on the margin of them has been taken. One >ide of the rock being cut
the rock, there has been erected a wall surrounding the away, a vertical front is formed, about 70 feet broad and
whole building, and following all the sinuosities of the as much in height ; in the lower part of which is the
ground. The Western side of the platform is elevated entrance to a gallery. The sides and top of the en
22 feet above the plain in front, and there is an ascent trance are cut in the rock, so as to form three facia?
to it by steps in two ramps, which first diverge from parallel to the front, each deeper than the one on its
one another, and then come together at the top. The exterior; and over the top is the Egyptian cavetto.
steps, which are about 4 inches high and 14 inches Parallel to the front wall, and a little in advance, are
broad, lead, at about 42 feet from the edge, to two great four columns at intervals from each other, about equal
masses of masonry, resembling those which are placed to the breadth of the doorway, with capitals formed
before the Temples of Egypt : like them, they diminish of the heads of oxen projecting beyond the columns.
upward, and are crowned by a cavetto, the upper part of Over these, comes an architrave extending along the
which projects over the lower. In them are formed door whole breadth of the front, and divided into three faciae
ways which, no doubt, led to the front courts of the projecting beyond each other, upwards ; above this is
Palace, the magnificence of which is attested by the a kind of cornice, projecting about 2J feet, and sup
ported by modillons. Upon the top of this is a wall,
mimber of broken columns which lie scattered about.
These masses are 22 feet long and 13 feet thick, but like a parapet, of the same length as the architrave, and
the height of one is 39 feet, and of the other 29 feet. On sculptured with lions.
On the upper part of the rock, and attached to its
the sides are sculptured winged horses with human
heads, wearing Persian dresses. The bodies of the front, are sculptured two rows of human figures about
horses are in bas relief, but the legs are detached six feet high, one row above the other, and fourteen in
from the wall, and the style of the figures indicates a each row. The rows are separated from each other by
taste for whatever was capricious and extravagant in a sort of entablature, and another entablature is placed
on the heads of the figures in the upper row. On the
sculpture.
Beyond this first assemblage of ruins, and to the right right and left of these rows is sculptured an upright
of the above-mentioned masses, is another assemblage figure about twenty feet high, having the head and feet
upon more elevated ground, and seeming to form the of some animal, and the body forming an inverted frus
principal part of the Palace. This terrace is supported tum of a cone ; and in the sides of the excavation of
by walls, on which are numerous sculptures representing the mountain are three recesses, one above another, over
processiiins and sacrifices of horses and oxen ; several the extremities of the portico, each containing statues.
of the figures have the particular kind of head-dress Above the two rows of figures before mentioned, is
and umbrella which were worn by the Persian Nobles, the figure of a man about fourteen feet high, standing on
but others have long robes resembling those worn by steps and holding a bow ; an altar, with a fire on it, is
the Medes. The proportions of the figures are good, before him.
The sculpture on some of these rocks represents, in
but the execution is without taste, and appears to
bas
relief, combats, in which the warriors are mounted
have been hasty. Near these are the remains of some
subterranean vaults, which M. Le Brun supposes were on horses ; this is not the case in the bas reliefs of Per
sepolis, and it is therefore probable that these Tombs
intended to convey water to the Palace.
tio» The columns are of grey marble, from 70 to 72 feet are works of the Parthians, to whom Persia was at one
■• his;h and
feet in diameter ; consequently, their height time subject. A facade of one of these Tombs is repre
is equal to about 13 diameters ; which appearing too sented in pi. ix. fig. 10.
From the resemblance of some of the features in the
slender to support a great weight, has led that traveller
to believe that this must have been a summer Palace, ruins of Persepolis to those of the Egyptian buildings,
roofed with timber, or having some temporary covering. it seems probable that the Persian Architecture is de
Each column has a base, which is 4^ feet high, with rived from that of Egypt ; and the Palace we have no
sculptured mouldings. Some of the columns are deco ticed has been supposed to be executed by artists of the
rated with zig-zag ornaments, resembling those on the latter nation, who were brought into Persia at the time
fragment found near the Treasury ofAtreus, at Mycenae ; of the invasion of Egypt by Cambyses. All the sculp
the upper parts of others are ornamented with several tured Tombs above mentioned bear the name of Naxi
small scrolls which are not much unlike the spirals in the Rustan, or rather Neksha-e-Roostem ; that is, the sculp
capitals ot the Ionic Order. The shafts consist of four tures of the hero Rustan, or Roostem, the Hercules of
or rive dilferetit pieces besides the capital, and some of the East.
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PART II.
ANCIENT ARCHITECTURE OF THE ROMANS AND SARACENS.

Archilec
ture.
^■V""-'

CHAPTER I.
The Origin of Latin Architecture, and the oldest
Temples of Italy.

Archilec- The people of Italy seem to have begun, at an early
ture culti- period, the cultivation of Architecture ; and the ancient
Eirusc>3ytl,e mnau',ants °f Etniria or Tuscany are said to have inruscans. veutetj a pariicu|ar Order, before any communication
■was established between Italy and Greece. But, though
it is not meant to deny this fact, yet it is also possible
that, as a colony of Arcadians are said to have, very
anciently, established themselves, under Evander, in that
Country, this colony may have introduced a mode of
building which had been previously practised in Greece ;
and, in this case, the Order alluded to, which is com
monly called the Tuscan, might be only a copy or mo
dification of the very ancient Grecian Doric; which it,
in some respects, resembles, if we may judge from the
description given of it by Vitruvius. That the ancient
Etruscans possessed a certain degree of taste and ele
gance in Art cannot be doubted, when we consider the
remains of antiquity which have been discovered in
their Country ; and there is sufficient reason to believe
that the Romans employed artists of that nation to exe
cute their great works before they became acquainted
with the more splendid performances of the Greeks.
Early build- Architecture was probably unknown in Rome till the
ings of the time of the Tarquins ; but that, from that period, the RoRomans. mans had some acquaintance with the Art, and that their
edifices were, even then, not entirely destitute of orna
ment, is rendered probable by the circumstances we are
about to mention. The ancient Temple ofJ upiter in the
Capitol was begun during the reign of the elder of those
Princes, by Etruscan workmen, though it was not
finished till long afterwards. According to Cicero, it
had two rows of columns in the interior, by which it
was divided into three parts, longitudinally, and its front
was crowned by a pediment. It might, therefore, re
semble the Temples at Paestum which have been already
described, and, perhaps, was not inferior to them in
magnificence. We learn from the same authority, that
it was twice destroyed, and as often rebuilt upon the
same foundations. According to Palladio, the ancient
Temple of Vesta at Rome, which is supposed to have
been built by Numa Pompilius, was of a circular form,
and surrounded by columns whose capitals resembled
those of the Corinthian Order which was, subsequently,
so much employed in Roman buildings. Again, what
Palladio calls the double Temple of the Sun and Moon,
but which, it is now supposed, was dedicated to Venus
and Rome, and which is said to have been built by
King Tatius, or rebuilt at a subsequent period accord
ing to the original design, must, even in its primitive
state, have possessed great magnificence of character.
To these we may add the Cloaca:, or sewers at Rome,
which bear marks of very high antiquity, if they were
not executed by the elder Tarquin, as is commonly sup2S0

posed. No doubt many structures for Religious and Ml
Civil purposes existed in Rome and Italy, during the V—V"
times of the Monarchy and Commonwealth, which have
since gone entirely to ruin ; and it is probable enough
that they possessed neither the stability nor the splen
dour of the Grecian buildings.
From the time that a constant intercourse subsisted'™1™
between Italy and Greece, the artists of the former ^e<j"*P
Country laboured to copy the works of their more re-^'y
fined neighbours; and, not having sufficient correctness
of taste to relish the simple beauties of the Grecian
Architecture, or perhaps, being unwilling to confine
themselves to the repetition of forms which already ex
isted, they applied themselves to make variations in the
stvle, and increase the embellishments of the different
Orders. From this propensity to change has, no doubt,
arisen the fifth, or that which is called the Roman or
Composite Order, which consists in a union of the volutes of the Ionic with the foliage of the Corinthian
capital.
It is supposed that this Order is alluded to by Vitru
vius, in the 1st Chapter of the IVth Book, but he does
not give any particular description of it ; and, conse
quently, it has been doubted whether that which we de
scribe under this name existed in his time ; it is very
likely, however, to be the production of some Roman
artist who, in search of novelty, has found nothing bet
ter than a combination of the ornamental parts of two
Orders already existing.
It was an observation of Strabo that the Romans ex- Rmu*
celled the Greeks in their attention to objects of the ctai*
highest national utility. The latter people confined
their Architectural labours to the embellishment oftheir
Temples, the entrances of their cities, and th ir places
of public exercise; while their private dwellings were
moan, and, except the Palaestrae, every work which, in
another Country, would be considered essential to the
comfort of the people was, in Greece, disregarded, or,
by the nature of the Country, rendered unnecessary.
The former people not only gratified their piety or
vanity by erecting splendid edifices for the Gods, but
formed bridges and high road3 for facilitating the com
munication with every part of the Empire ; immense
sewers to drain and purify their cities, and magnificent
aqueducts to supply them with an abundance of that
indispensable element, water.
One thing in particular there is reason to believe P^JJ
that Italy may value itself on, viz. the invention ftftlW „,
arched vault and dome, of which not a trace exists in k,0,,t
any other Country of an earlier date than the time of tin ak«
its intercourse with Rome. And, though it is barely ml
possible that the invention may have taken place in a"
some part of Asia where, large masses of stone being
scarce, it is to be expected that, such a contrivance
would be thought of, to form a cover to a building, or
a bridge across a river ; yet the total absence of exam
ples the antiquity of which is authenticated, proves '.hat
the arch could not have been in general use, and even
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ilec. renders it probable that it was entirely unknown ; since,
i. if known, its obvious utility would necessarily have led
to its frequent application.
In mountainous Countries natural appearances are
not wanting which might suggest the idea of a curvi
linear arrangement of materials constituting an arch ;
the entrances of caverns and the perforations of rocks
frequently bear this form, and these have been imitated
on some occasions at a very early period. Mr. Hamil
ton describes an artificial perforation like an arch, made
in a solid wall, and serving as a doorway in an ancient
Fort at Ephesus ; but we do not mean to class under the
name of arches such apertures as this, nor the covered
passages described in speaking of the works at Mycenaj
and the Egyptian Pyramids. These methods are nearly
as old as the Art of building itself, and have been prac
tised not only in Greece and Egypt, but also in Britain,
in India, and in America. By an arch wc mean a
number of wedge-like stones disposed in a vertical
plane, and sustaining themselves in the air by their
mutual pressures. Of this kind of arch no vestige
appears among any of the remains of the early Architec
ture of Greece ; even the river Cephissus, which crosses
the road to Athens, had no bridge over it till one was
erected by the Romans when they had possession of the
Country. The tholos mentioned by Homer and other
Greek authors, and which is usually translated a dome,
signified, as Lord Aberdeen observes, merely a build
ing on a circular plan without regard to the roof, which,
in works of that kind, is supposed to have been fre
quently of timber and of a conical form ; and the roof
of the monument of Lysicrates, at Athens, is merely a
mass of stone resting vertically on the side walls of the
building. The roof of the Temple of the Winds is that
which approaches nearest to the character of a dome,
being composed of twenty-four separate blocks which
abut on a key-stone at the vertex ; but the editor of
Stuart's Athens docs not consider them as exhibiting any
feeling of the principle of the arch.
In Italy we find the earliest traces of arches, and,
* whoever was the inventor, the Romans have certainly
the merit of bringing them into general use, and of
employing them for the most important purposes. A
work which is with reason considered as one of the
earliest specimens of arches, is the conduit at Tusculum near Rome. This is a subterranean channel pro
ceeding from a reservoir under a mountain ; it has
Tertical sides and is covered by stones, in the form of
frusta of wedges, abutting against each other at their
oblique sides, in which construction the principle of the
»rch is distinctly exhibited. The reservoir is 10 feet
broad, and 10^ feet high, and is formed similarly to the
Treasury of Atreus, its sides being composed of circular
courses of stones, horizontally disposed, and gradually
contracting towards the vertex ; which gives an antique
character to the reservoir confirmatory of the opinion
that the conduit is an original example of vaulting, and
not a rude imitation of a more perfect form. (See
Kinnaird's Supplement to Stuart's A them.) Next to
this may be mentioned the arches found in part of the
ancient walls of Rome, built by Tullius, and the Cloaca
maxima ; the latter of which is formed of immense
blocks of stone joined together without cement, and
constituting a semicircular vault, as perfect as any sub
sequently constructed. These are generally supposed
U> l»ve been built by Tarquin the Elder ; and though
Mr. Mitford thinks the present arches were executed in
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the time of Augustus, yet the Etruscan character of the Part II.
workmanship renders the former opinion more probable. v^^—
They are now nearly choked up with earth, but, during
the prosperity of the city, they were large enough to
admit a carriage laden with hay, and boats could pass
through them.
We have no further knowledge of the employment of
arches at Rome till we come to the time of Julius
Caesar, who erected the Theatre of Marcellus, on the
exterior of which are rows of arches in good preserva
tion. From the way in which Dion Cassius speaks of
the erection of this Theatre, it has been supposed that
it was an exact imitation of the Theatre which had been
before built by Pompey ; and it is also supposed that
Pompey's Theatre was an imitation of one at Mitylene,
erected in, or about, the time of Alexander. Now both
Pompey'sTheatre and that at Mitylene have disappeared ;
but as there are arches in the Theatre of Marcellus, it
has been inferred that there must have been also arches
in both the others ; it must be owned, however, that
this fact is far from being certain. It is true that there
are some remains of Theatres in Asia Minor, in
which arches are to be found, but it is believed that
they were erected subsequently to the reign of Alexan
der ; and, therefore, do not militate against the prior
claim of Italy to the honour of the invention of both
the arch and dome.
In speaking of the windows of buildings, Vitruvius,
who probably lived about the time of Augustus, de
scribes the construction of arches in an unequivocal
manner, and it is evident, therefore, that they must
have been in use before his time. In the Xlth Chap
ter of the Vlth Book, he says that the upper parts of the
openings between the piers may be formed horizontally,
or in an arc of some curve ; and, he continues to observe,
that if the materials are small with respect to the
breadth of the aperture, they will neither stand in their
places nor support an incumbent weight if they are
made rectangular. He prescribes, therefore, that the
arches should be made of wedges whose joints, or faces,
tend towards the centre ; by which form they discharge
the weight above ; and that the angular piers, or the
piers forming the extremities of the wall, should be of
greater breadth than those between the arches, that, by
confining the wedges, they may give firmness to the work.
In the time of Augustus we find a degree of mag- Rome eranificence in the Italian buildings beyond that which bellishod by
they had before attained. The conquest of nearly the AuS"1"'whole of the then known World, and a general Peace,
allowed the Sovereign to turn his thoughts to the im
provement of his Country ; a constellation of illustrious
Poets and Philosophers at that time shone in the metro
polis of the Empire, and gave the minds of the people a
tendency towards subjects more useful and honourable
than the conquest of remote and unoffending nations.
With the other Arts, that of building was cultivated at
Rome ; Augustus himself caused to be erected several
Temples besides other superb edifices, and so far
changed the face of the city, that, in speaking of him,
it could be said, " murmorcam se relinquere quam
laleritiam accepisset."
It is a generally received opinion that the celebrated The ArchiVitruvi'us wrote his Treatise on Architecture during the yjjjjjjjj,,*
reign of this Prince, and, therefore, we may avail our- wri„en ;„
selves of his authority for an account of the style of the time of
building in use at that period. We know, however, Augustus or
that the precise time at which Vitruvius lived is Titus.
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Architeo uncertain, and the arguments in favour of that Work
being written in the reign of Titus have considerable
weight ; yet this will be of little consequence, since
Vitruvius describes buildings which had been executed,
and delivers precepts which had been acted on, before
his time, and therefore, in admitting the latter opinion
to be correct, we shall still, by following him, be carried
back to a period, perhaps even earlier than that of
Augustus.
Iu the Proem to his VHth Book, after mentioning
about twenty Greek authors, who had written on Archi
tecture and Mechanics, Vitruvius observes that very few
books had been written on the Art by Romans ; he
names Fussilius as the first, afterward Terentius Varro
and Publius Septimus, and he says that these were the
only writers previous to his time ; yet he allows that
there must have been some great Architects nmong the
ancient citizens of Home, and he instances Cossutius,
who was employed to complete the Temple of J upiter
Olympius, at Athens, in the reign of Antiochus, and
Cains Mutius, who built, at Rome, the double Temple
of Honour and Virtue, in the time of Marcellus. Of the
Works of the above-mentioned authors, that of Vitruvius
is the only one in existence ; the others must have pe
rished before the time of the revival of Learning in Italy.
In describing the Architectural works of the Greeks,
we began with their Temples, because the construction
of those edifices is more simple than that of any other
species of buildiug; and because a certain system had
been adopted in the distribution of their parts before
any rule was established for the Palaces of Princes, or
the dwellings of private individuals. In an account of
the Roman Architecture, it will be also proper to begirt
with the Temples of that people for the same reasons.
Forms of
The Italians occasionally erected Temples of a cir
the Italian cular form, having the naos, or cella surrounded by co
Temples. lumns, in a manner similar to that of the monopteral
Temples of the Greeks ; but the rectangular Temples
are, in Italy, as in Greece, much more general than the
others. They had the same denominations in both
Countries with respect to the disposition of the columns,
the number of columns in front, and the magnitude of
the intercolumniations ; but there are some differences
in the proportion of the lengths to the breadths, and the
Roman buildings have not always the same simplicity
of plan as those of the Greeks.
No Tuscan
There is no Temple remaining to afford an idea of
Temples the style in which such edifices were constructed by the
remain.
Etruscans; and from the brief description given by Vi
truvius, we only learn that they were of a rectangular
form, like those of the Greeks, with a portico in front,
the columns of which were placed at a considerable dis
tance asunder; that the shafts of the columns were
plain and were supported on simple bases ; that the
walls and columns were of stone, and the entablature
of timber.
A Temple at Cora, and another which is supposed to
have formerly existed at Albano, both of which places
are in the vicinity of Rome, have been considered as
Etruscan works, but this is certainly a mistake ; the
Architecture of the former is evidently a modification or
corruption of the Grecian Doric, and was no doubt
executed by Greek colonists; and the fragments of a
column and entablature which have been found at Al
bano no less evidently belonged to a Doric building
executed in the time, and probably at a late period of
the Empire. A Temple dedicated to Jupiter Latialis,

is said to have been built at this place in the time of fatl
Tarquin the Proud, and both here, and at Tuseulum, v*yi
in the neighbourhood, are many substructions, which
probably belonged to Tuscan or Latin buildings ; but
the Temple has entirely disappeared, and all those sub
structions seem to have been subsequently built upon,
so that it is quite uncertain to what works the remains
which have been discovered at these places are to be
ascribed.
Of the Roman circular Temples, there exist the re- Temp'.a
mains of two, of ancient date, which deserve to be par- J*910
ticularly mentioned. One of these is in Rome, and wai tieSi
dedicated to Vesta ; the other is a Temple of Vesta,
or of the Sibyl, and is situated at Tivoli. Their cells
are cylindrical, and were supposed to have been covered
at top by domes which rested on the walls, though they
do not possess any feature which may render this fact
certain. The Temple at Rome stands on three stops
surrounding the building, and that at Tivoli on a circu
lar basement, about five feet high, and bounded by a ver
tical wall. The exterior of each cella is surrounded by
a colonnade of the Corinthian Order, and of a circular
form ; and Palladio says, that the lengths of the columns
are equal to the diameter of the cella, agreeably to t
rule given by Vitruvius in his IVth Book. The same
Architect observes, that the columns are not planted
vertically, but are inclined a little at top towards the
wall of the cella ; and this he supposes to have been
intended to resist the horizontal thrust of the vault.
But it lias been since determined by measurement that
the contrary is the case in the Temple at Rome ; tbe
axes of the columns being inclined outward at the top;
and this inclination, which might be supposed to have
arisen from the pressure of the vault towards the
exterior, a pressure which the other construction was
intended to prevent, is now believed to have been de
signedly given to counteract the effect of the general
diminution of the upper part of the building, caused by
the particular diminutions of the surrounding columns.
In the Temple at Tivoli, the leaves of the capitals are
cut into the substance of the vases, whereas they are
generally executed in relief. Mr. G wilt observes thai
this Temple, though not highly finished, is of a L~ '
tiful form.
But the circular Temples of Italy, which by some i
supposed to have been adopted from the form of the u
Tower of the Winds, or the Monument of Lysicrates,
•re exhibited in the greutest perfection in the Pantheon
at Rome. This remarkable building is generally sup
posed to have been built by Agrippa, about a. d. 14;
though there seems reason to believe that the body of
the Temple was erected during the Republic, and that
only the portico was added or renewed by AgrippaIts plan is a complete circle, whose interior diameter
is 137 J feet; the wall is about 23 feet thick, with
eight heraicylindrical cavities formed vertically io the
thickness, at equal distances from each other, about
the building, iu order to save materials; and there
are three semicircular, and four rectangular recesses,
formed in the interior face of the wall, with two column*
about 83 feet high in front of each, and a pilaster at
each angle.
It is probable that, originally, all these seven i
constituted as many semicircular-headed alcoves, open
towards the interior of the building from top to bottom;
though now the upper parts of some are concealed l>y
the ornaments above the entablature of the columns and
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its. pilasters before-mentioned. The alcoves perhaps then
contained altars, and, at present, they serve as chapels,
AH the lower part of the interior is of marble, and pro
bably is as ancient as the time of Agrippa.
The cylindrical wall of the Temple, which is chiefly
of brickwork, is 102 feet high, on the exterior, termi
nated above by a horizontal cornice, and divided into
three parts, horizontally, by two other cornices, at the
heights of 45 feet and 74 feet respectively ; and within
the thickness of the wall, in each of the two upper diviiions, is formed a row of arches the interiors of which are
filled up with horizontal courses of brickwork.
The curvature of the wall is interrupted in front by a
rectangular projection 103 feet broad and advancing 20
feet from the circumference of the cylinder. This pro
jection has a plane surface on the exterior, in which is
the doorway, with a cylindrical recess on each side ; it
has four pilasters in front, and is terminated above by a
pediment the horizontal cornice of which is on a level with
the second of those on the cylindrical wall ; the apex of
the pediment is 20 feet above the base, so that the height
of this member is about one-fifth of the whole length of
the horizontal cornice. In front of this projection, and
of equal breadth with it, is an octastyle portico, pro
jecting 62 feet from the circumference of the circular
part of the edifice ; the columns have plain shafts, and
are about 47 feet high, and there is a double row, each
containing four columns, between those in front and
the pilasters beforementioned. The portico is covered
bj a pediment similar to that on the wall of the buildand the horizontal cornice of the latter is cut by the
sloping sides of the roof of the portico.
Above the columns and pilasters, in the interior of the
building, is a horizontal entablature, over which is a
podium surrounding the Temple ; this formerly sup
ported a row of small pilasters with rectangular recesses
between them, and the whole was crowned by a second
entablature, the top of which is on a level with the
second exterior cornice. The pilasters, which seem
to have been of later date than the columns below, are
low removed, and a different arrangement of the orna
ments has taken place. From the second entablature,
as a circular base, 75 feet from the ground, springs the
dome, which is of a hemispherical form, 137J feet dia
meter, ornamented interiorly with five horizontal rows
of sunk panels, whose sides have the appearance of in
serted steps, and ending at top with a circular opening the
diameter of which is 26 feet. Several horizontal courses
of brickwork surround the dome at the top of the wall
on the exterior, atid seem as if intended to resist its
kteral thrust. The whole Temple, inside and out, is of
the Corinthian Order, and the foliage of the capitals
resembles clusters of olive leaves. Formerly the pave
ment of the Temple was ascended by steps, but the
ground has now risen so much on the exterior that it is
necessary to descend in order to get within the building.
Aphwi, deration, and section of this Temple is given
™ pi. xn.
The height of the columns of the portico is 47.029
feet, and the lower diameter of the shaft is 4.797 feet ;
the architrave is divided into three facias, which are not
Wactly in vertical planes, but their tipper extremities
incline towards the building, and the height of the whole
entablature is 10.217 feet, or a of that of the column.
The cornice has no dentels, and their place is occupied
by a plain facia, but below Uie modillons is an echinus
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moulding sculptured with oves; the distances of the Parti,
modillons from ench other are equal to half a diameter ' ■ v
of the column, and their breadths are equal to 0.2 dia
meter. See pi. xi. fig. 1.
In the interior of the Pantheon, the height of the co
lumns is 34.674 feet, and the lower diameter is 3.642
feet. The shafts are fluted and the channels are filled
with cablings, or reeds, as far as one-third of their
height. The extremities of the modillons, and those
sides of the lacunaria, or coffers, in the soffit of the co
rona, which, in a building formed by plane walls, would
be parallel to the face of the wall, are here portions of
circles the centres of which are in the axis of the build
ing ; and those sides of the modillons and coffers which
would be perpendicular to the face, all tend to the
same axis.
We may conclude our account of the circular Temples
at Rome with a short description of those supposed to Temples of
have been dedicated to Bacchus and Minerva Medica Bacchus
in the same city, though the changes they have under
gone render it difficult to ascertain what was their pri
mitive state. The former consists of a cylindrical wall,
39.36 feet diameter, raised upon twelve semicircular
arches, springing from a double circular peristyle, the
columns of which are coupled in the direction of the
radii of the plan of the Temple, and the whole is
crowned by a hemispherical brick dome, 65.6 feet high
from the pavement. On the exterior of this circular
peristyle is another cylindrical wall, enclosing a corridor
14.75 feet wide, which surrounds the colonnade ; this
corridor is crowned by a semicircular vault 32 feet high
from the pavement, and between its roof and the base
of the dome is a row of semicircular-headed windows
in the cylindrical wall of the central part of the building.
In front there has formerly been a portico, which is now
destroyed.
The body of the Temple of Minerva Medica is of a cy- and Minerva
lindrical form on the exterior and 110 feet in diameter ; Medic?.;
but the interior of the wall is formed in ten plane vertical
faces, in each of which is a semicircular recess open to
wards the centre of the building. The whole is covered by
a hemispherical dome of brickwork, the vertex of which
is 1 13 feet from the pavement. On each side of the body
of the building there was formerly a semicircular wing
covered by a vault in the form of a portion of a sphere,
but these are now gone to ruin. At the entrance of
the building is a rectangular vestibule, with four Co
rinthian columns, and two pilasters of the same Order
in front. The whole vestibule is covered with a pedi
ment roof.
It is observed by Mr. Forsyth that a custom has pre
vailed of considering every circular edifice containing
alcoves, as part of a Roman Bath, and the three Tem
ples last mentioned are among those to which that
destination has been ascribed ; the opinion may not be
often well founded, but there is some probability that
with respect to the Pantheon it may be correct. The
Baths which, according to Dion, were executed by
Agrippa, are supposed to have constituted an immense
edifice of a rectangular form ; and from the traces of
walls which have been discovered at the back of the
Pantheon, as well as from the great alcoves in the inte
rior, this building is thought to have been a sort of ves
tibule connected with them on the side opposite the
portico. Cameron's Description of the Roman Baths.
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CHAPTER II.

The Religious Edifices of the Romans between the Times
of Augustus and Constantine.
The generality of the Temples erected during and
subsequently to the time of Augustus, in every part of
the Roman Empire, were of rectangular forms ; and
though the plans of most of them have the simplicity of
the Grecian models, yet there are some among them of
a more complex character, and seeming to have been the
prototypes of a style of building which, at a later day,
became universal in the ReligiousArchitecture ofEurope.
At the foot of the Campidoglio, (the ancient Capitol
Temple of
Jupiter
of Rome,) formerly existed one of the Temples said to
Touans
have been built by Augustus, and supposed to have been
dedicated to Jupiter the Thunderer. The whole of it
is now destroyed, except three columns, but by tracing
the ruins, it is found to have been of a rectangular
form, 115 feet long and 92 feet wide, measuring on a
line circumscribing the columns. At that extremity of
the cella which is opposite the pronaos was a hemi
spherical recess, open to the interior, and occupying
nearly the whole breadth of the face. The Temple has
been octastyle and dipteral, but the columns were not
continued on the rear face, because that part was next
to the rock, and nearly joined it. It seems that on this
face was a very thick wall, and at a little distance behind
it was an arcade, forming a facing to the rock of the
Capitol, with half columns attached to the piers. The
columns of the Temple are fluted, and of the Corinthian
Order. It was about this building that, according to
Suetonius, Augustus caused small bells to be hung,
either for ornament, or that, by the sounds they emitted
when agitated by the wind, birds might be deterred from
settling upon the consecrated edifice.
The height of the columns is 47.082 feet, and the
lower diameter is 4.598 feet, consequently the height is
equal to 1 0.24 diameters. The base consists, besides the
plinth, of two tori, between which are two scotiaa, with
the fillets, and the scotiie are separated from each other
by a double astragal. The capital consists of two rows
of leaves, the exteriorsurfaces of which have considerable
obliquity to the axis of the column, and above these are
the stems which curl under the abacus. The architrave
is divided into three facia?, all of which incline back
ward, and the mouldings which separate them are orna
mented. A great rectangular panel, with ornamented
borders, occupies nearly the whole of the architrave and
frize over the front of the columns, for the purpose of
containing an inscription, the faci«e of the architrave
being interrupted abruptly to make room for it. The
cornice contains a row of dentels between two quartercircle mouldings, and over the upper of these is a row
of modillons, which support the corona. The height of
the entablature, not including the cymatium, is 9.514
feet, or i of the height of the column.
Between the Campidoglio and the Palatine Hill are yet
Temple of
Jupiter
standing three beautiful Corinthian columns, which have
Stator.
usually been named the remains of a Temple dedicated
to J upiter Stator ; but so little certainty is there of the
truth of this denomination that the ruins are now sup
posed to have been part of the comitium in front of the
Senate-house. Very little has been ascertained of the
form of this Temple, if it has been one, but Palladio
thinks it was peripteral and octastyle. The columns
are 47.646 feet high, and the lower diameter is equal

to 4.841 feet; consequently the height is equal to about hnH
9.8 diameters. The architrave is divided intc three '-*v«,
faciac, nearly equal to each other in breadth, and the
exterior surface of the frize, as well as that of the lower
facia of the architrave, is vertically over the circumfer
ence of the upper part of the shaft of the column:
there are both dentels and modillons in the cornice.
The height of the entablature, not including the epitithedas, is equal to 11.93 feet, or about one-quarter of
the height of the column, and the under part, or soffit,
of the corona has, formed in it, square coffers, or panels,
ornamented with sculpture. (See figs. 2, 3, 4, pi. xi.)
We are brought next to the remains of a Temple Teak
dedicated to Peace, which is remarkable for exhibiting Poet
a great deviation from the general simplicity of the
Roman and Greek Temples. Its plan is rectangular, and
a vestibule or porch was formed along the whole breadth
of the building in front. The vestibule was covered by a
vault, the height of which from the pavement was about
35 feet ; in front were six semicircular-headed apertures
serving as entrances, and, corresponding to these, were
as many semicircular apertures in the front wall of the
building. The length of the Temple on the exterior,
not including the depth of the porch, is 294 feet; the
depth of the porch is 30 feet, and the breadth of the
Temple is 197 feet. The pavement was 10 feet above
the ground, and there has been an ascent to it by steps
in front of the vestibule.
The building may be considered as divided longitudi
nally into three parts nearly equal to each other. The
central division, or as it would be now called, the nave,
was a grand hall of a rectangular form, extending the
whole length of the Temple, and equal in breadth to
one-third of that of the Temple. This was covered by
a vault, consisting of three groins, formed each by the
intersection of two hemicylindrical vaults at right angles
to each other. The height of the crown of the vaulting
from the pavement must have been about 116 feet, and
the interior surfaces of the groins show traces of having
been ornamented with sunk panels. A hemicylindrical
recess, 13J feet deep, is formed in the wall at that end
of the Temple which is opposite the entrance, and is
covered by a half-dome, or quadrant of a sphere, the
height of the vertex of which from the pavement is "I
feet. The front of the recess is open to theinteridrofthe
Temple, and the interior surface of its dome is orna
mented with octagonal and square panels sunk in the
masonry, with sides in the form of inverted steps.
The two lateral divisions of the Temple were each
subdivided into three rectangular parts, nearly equal to
each other, by two walls parallel to the breadth of the
Temple ; these parts were open towards the central di
vision, and were covered above by hemicylindrical vaults
springing from the walls just mentioned, and from the
parallel extremities of the building. The height of the
crown of these vaults from the pavement was 71 feet,
and in each of the walls is an aperture of communica
tion. The central part in each of the grand lateral
divisions is terminated by a hemicylindrical recess, co
vered and ornamented like that at the extremity of the
building ; only one of these two recesses is now standing,
and in its vertical wall are two tiers of small niches.
Those parts of the side walls of the Temple which form
the extremities of the other four parts into which th*
two lateral divisions are subdivided, are pierced with
two tiers of apertures, like windows, with semicircular
heads. Each of the four cross-walls terminated towards
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K. the central division of the Temple by a Corinthian
column, from the entablature of which sprang the ribs
of the groins which covered this part of the building.
The columns are now destroyed, but parts of the enta
blatures and bases remain, which are sufficient to give
indications of their character. The etchings of Rossini
give an accurate idea of the present state of this Temple,
and to them we refer the reader.
The roof being entirely destroyed, it is impossible to
say how the building was covered on the exterior, but
if the restoration given by Palladio were correct, it
would appear that two sides of a sloping roof rose from
the side walls of the building till they met the walls
above the piers on each side of the central division ;
these were carried up higher than the walls of the two
lateral divisions, and, according to that Architect, were
terminated by a pediment roof.
The Temple was begun by the Emperor Claudius,
and, after the conquest of Judea, it was finished by
Vespasian, who deposited in it the spoils of the Temple
at Jerusalem. It is said to have been destroyed by
fire, or an earthquake, during the reign of Commodus,
and, subsequently, to have been restored,
of Of the sacred edifices, constructed according to the
Ionic Order, which still exist at Rome, the Temple of
Fortuna Virilis is the principal. This, which is nearly
entire, is of the kind called prostyle, with four columns
in front, and one on each side between these and the
cella ; the sides and angles of the latter are also orna
mented with half-columns. The length of the columns
is 27.348 feet ; the lower diameter of the shaft is 3.109
feet ; and this member is fluted with twenty-four semi
circular channels having fillets between them. The base
is of the Attic kind ; and between the volutes in the
capital, is a double echinus, of which the larger one is
»bove the other, and immediately below the last is a
small astragal and fillet. The architrave is divided into
three faciac, each of which inclines backward, in order,
perhaps, to give a greater appearance of stability ; the
frize is ornamented with sculpture, and there are dentels
in the cornice. The height of the entablature, including
the cymatium, is 6.784 feet, or one-fourth of the column.
(See figs. 5, 6, pi. x.)
This example is remarkable for having the middle of
a denlel nearly corresponding with the axis of each of
its columns, and all its similar ornaments placed with
regularity vertically over each other in the different
members of the entablature ; circumstances which have
not been attended to, perhaps, in any other edifice con
structed by the Ancients,
il The Temple of Concord is supposed, by some, to
have been originally built in memory of the union be
tween the Patricians and Plebeians, when the latter
took refuge on the Mons Sacer ; others think it was
dedicated by Tiberius to consecrate the harmony be
tween Augustus and Livia. Be this as it may, the in
scription states that it had been destroyed by fire, and
subsequently restored ; and the bad taste of the resto
ration sufficiently indicates that it took place about the
time of Constantine.
It appears to have been peripteral, with a hexastyle
portico in front. The eight columns which remain are
* red and white granite of different diameters ; the
rases are Attic, and all are without plinths, except those
W the two angular columns. The capitals are deficient
in elegance and badly cut; the architrave has been
smoothed to unite it with the frize, and form a plain
Vol. v.
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surface to contain the inscription ; there are both mo- Part II.
dillons and dentels in the cornice, and the interior frize ^^^m-^
is sculptured.
The columns are 42.861 feet high, and the diameter
of the shaft at bottom is 4.486 feet ; consequently, the
height of the columns is equal to about 9.5 diameters.
The shafts of the columns are plain, and the inequality
in their lengths is some proof that they have been taken
from other edifices. Each capital contains eight volutes,
formed diagonally with respect to the abacus ; between
the volutes is an echinus, with an astragal below it ;
under this comes a cima recta and fillet ; and below
these, that is, at the top of the shaft, is another astragal ;
the first three mouldings are sculptured, and the other
plain. The architrave and frize are each equal to half
a diameter in height, and the former has been divided
into three fucite. The height of the whole entablature is
equal to 7.2 feet, or about one-sixth of that of the co
lumn ; and above the cornice, over the intervals of the
columns in front of the Temple, is a row of flat seg
mental arches, seemingly intended to relieve the weight of
an incumbent structure from that part of the entablature.
Of the remaining Temples at Rome, the following are Notices of
the principal; we notice them only to show their general sundry other
form, where this can be ascertained ; for the proportions Temples at
existing between the parts of the Orders employed do Komenot differ materially from those in the examples which
have been already exhibited.
Among the Temples built by Augustus at Rome there
remain the ruins of one dedicated to Mars the Avenger.
Its plan is rectangular ; the whole length of the cella
and pronaos together, including the thickness of the
walls, was about 116 feet and the breadth about 73
feet. The Temple was peripteral and octastyle, with
four columns between the antae pilasters. The columns
of the peristyle are of the Corinthian Order, and the
intervals between them are equal to about a diameter
and a half.
The Temple of Nerva Trajanus has a cella which is
nearly square, but a portico without side walls projects
in front. It is hexastyle, and there were two columns
on each side, between the front wall of the cella and the
front columns of the portico ; all the columns are of
Parian marble, and of the Corinthian Order, with fluted
shafts. The pavement is raised from the ground and
supported on arches ; a method which, Vitruvius says,
was practised in his time. The ascent to the pavement
is by a flight of steps in front.
The Temple of Antoninus and Faustina was similar to
the one last mentioned. Before this building, was a
grand rectangular peristyle, consisting of coupled co
lumns, which were surrounded by walls on three sides,
the Temple occupying the fourth.
The building which has been supposed to be the Ba
silica of Antoninus, is now, with more reason, thought
to have been a peripteral Temple. Its plan was rectan
gular, it had eight columns in front, and seven halfcolumns were attached to the interior face of the wall
on each side of the edifice.
No traces now exist of the great pseudodipteral
Temple of Jupiter on the Quirinal Hill, which was sup
posed by Palladio to have been of the kind called hypajthral ; nor of an octastyle Temple of Mars, which he
places between the Pantheon and column of Antoninus.
By the late excavations in the Forum of Rome, the
following particulars have been ascertained respecting
the grand double Temple, dedicated to Venus and
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Rome, which formerly existed within the circuit of that
magnificent place. It appears to have been a peripte' ral edifice, of a rectangular form, 351.5 feet long, and
166 feet wide between the centres of the extreme
columns ; and consisting of two square Temples joined
together at their rear faces ; in each of which was a
hemicylindrical recess covered by a half dome. The
building was decastyle, with twenty columns in flank
and four columns between the antac, both of the pronaos and posticus. To the pavement of the peristyle
was an ascent by steps, and the whole was surrounded
by aperibolus 525 feet long, and 318 feet wide, con
sisting of a double row of columns, twenty-six in front.
The columns on the flanks of the peribolus were inter
rupted by a portico in the centre of each side, that is,
opposite the place of junction of the two Temples ; and
there was an ascent to the platform of the peribolus by
a magnificent flight of steps extending along the whole
front. See the Work on the restoration of the Forum,
by Caristie. and a Plate recently published from a design
of Mr. C. H. Cockerell.
The Roman people must have beheld with pride the
splendour of this Temple when in a perfect state ; the
perspective of the long files of columns forming the
peribolus, blended with that of the more lofty columns
about the richly ornamented building in the centre, must
have produced an effect perhaps unrivalled in sublimity
by any work in the ancient World.
We may conclude this account of the Temples in the
city of Rome, by observing that in the Colonna Gardens
have been found some fragments of an entablature which
is believed to have belonged to the portico of a magni
ficent Temple, of the Corinthian Order, built by Nero.
The Temple is supposed to have been dodecastyle, or
to have had twelve columns in front ; and from the mea
surements which have been made of the fragments we
are enabled to determine the dimensions of tho several
members of the Order.
The height of the columns was 65.5 feet, and equal
to about ten times the lower diameter. The architrave
is divided into two facia;, of which the separation and
the crowning moulding are both sculptured, and the
frize is filled with immense scrolls of the richest sculp
tured foliage, remarkable for its elegance, and for
its upproach to the purity of the Grecian style. The
cornice is without dentels, and contains a row of modillons which are bounded every way by plane surfaces ;
these, as well as the modillon band, are divided into
two facia? of which the upper exceeds the lower in
height and breadth ; the corona is bold and plain, and
the epitithedas is delicately sculptured. See fig. 5, pi.
xi. The height of the entablature, not including the
cymatium, is 14.184 feet, or i of the height of the
column ; and the whole height of this gigantic Order
must have been above 81 feet ; the length of the por
tico was, probably, about 220, and the height of the
vertex ofthe pediment from the pavement about 106 feet.
Within the limits of the Roman Empire innumerable
Temples must have been erected previous to the time of
Constantine, mauy of which were splendid edifices ;
but, of these, a few only have escaped the destroying
hand of time : and, besides those in Rome, and the
•very ancient Temple at Tivoli, before-mentioned, the
T m !e on *°"0W,nS are> perhaps, the most considerable.
thTciitum- ^n the Cl'tumnuB, below Trevi, is a small prostyle
mis
Temple raised on a basement eight feet high, to which
there is an ascent by steps in front, on each side of the

centre, and leading to the entrances on the flanks ofthe Putn
porch. In front of the porch are four columns between ,—v«
two antee pilasters which are detached from the walls •
the pilasters are fluted vertically, as usual, but the
columns are remarkable on account of two of them
being fluted obliquely round the shaft, and the shafts of
the other two being sculptured all over with leavessure proofs of a decline of good taste. Both columns
and pilasters are of the Corinthian Order.
At Assisi in Umbria is a Corinthian Temple with six Tenple'
columns in front, and two columns on each side of the A55"'-,
portico between the wall of the cella and the front
columns. The Temple is rectangular, and its length is
nearly equal to twice its breadth ; it is remarkable on
account of the columns being placed on pedestals, a cir
cumstance which has not been observed in any other
ancient example. The ascent from the ground to the
pavement of the Temple is by steps along the front of
the building ; upon the middle step are placed blocks
which rise as high as the level of the pavement, and the
bases of the pedestals stand on these blocks. The height
of the pedestals is about equal to the breadth of an iutercolumniation ; that is, to about twice as much as a
diameter of a column.
But every building of Italy must, in grandeur of^
effect, when seen from a distance, have yielded to the
Temple of Fortune at Prasneste, about twenty-one miles
from Rome. We have already given some account of
this Temple in our Miscellaneous Division, (Fortune,)
and we shall here add a few more peculiarly technical
particulars. It was built on the upper part of a
rock, one side of which was cut into four broad terraces
supported by walls or arcades ; and, from the little
which is now visible, the following particulars have been
ascertained. On approaching the rock, the spectator
arrived at a flight of steps--, 7 feet high from the ground,
extending in length about 570 feet, and only broken by
a rectangular projection from the centre ; this led to a
narrow landing-place from which, by a flight of steps at
right angles to the former and commencing at the
distance of 180 feet from the centre on each side, there
was an ascent to another landing-place, 13 feet above
the former, and supported, in front, by a row of semi
circular arches on piers, of which many traces remainIn the centre of the second landing-place wens step'
leading to a third, which was 600 feet long, 32 feet
above the first landing, and supported in front by aplam
wall. Again, in the centre of this landing-place, were
steps leading to the first grand terrace, which was, also,
600 feet long, and 80 feet broad. A few steps, extending the whole length of this terrace, led to the next,
which is 570 feet long, and about the same breadth as
the other. Near the centre of this were two quadrangular
buildings, each 50 feet long, 33 feet broad, and 65 feet
distant from each other. At the back of each of these
Temples was a flight of steps at right angles to the
former, leading to a third terrace, 270 feet long, 26 feet
wide, and 36 feet above the first landing. On the right
and left of the centre of this terrace was a high flight t"
steps parallel to the last and leading to the fourth, or
upper terrace ; this is 160 feet long, 70 feet wide, an"
90 feet above the first landing ; along its whole front
and on each side was a colonnade. At the centre ot the
opposite face of the platform, appears to have been a
semicircular colonnade, 43 feet diameter, which might
have been part of a Theatre ; and on this, which was
the principal terrace, was probably the great Temple.
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««■ Similar systems of buildings exist in places once occu* pied by the Greek colonists in Asia Minor.
^ These extensive teiraces, rising gradually above each
other in a pyramidal form, to the height of above 100
feet from the plain, and adorned with splendid colon
nades, must have presented an imposing spectacle ;
aided by the veneration inspired by the Oracle,
seat was at this place, must, also, while the
superstitions of heathen Home prevailed, have rendered
Prseneste one of the most interesting spots in a land
where almost every object, natural or artificial, could
excite in the mind of the observer admiration or devotion.
The five Temples last mentioned are within the limits
of Italy ; and there now only remain to be described a
few of the principal Roman Temples the ruins of which
still exist in the Provinces of the Empire.
l{ At Nismes, in Provence, are the remains of two
buildings which are generally believed to have been
Temples, though one of them has been supposed to be
a Basilica, or Court of Justice. The latter, which goes
by the name of the Maison Quarree, is of the Corinthian
Order, and stands on a stereobata, 10 feet 5 inches
high, with steps along the whole front ; it is hexastyle,
with Iwo columns on each side between the cella and
the front columns, and there are half-columns placed at
intervals against the walls on the sides and rear of the
building. Above the basement are two courses like
step* along the side- walls, and the plinths of the columns
rest upon the upper of these courses.
The other is a rectangular Temple, on the exterior of
which are no columns but, instead of them, a wall sur
rounds the cella at the distance of about seven feet from
it, and encloses a passage. There is a doorway leading
into the passage on each side ofthe building, but the door
of the Temple was in the interior wall in front, so that
the cella of the Temple must have been completely
dark ; and, hence, Palladio infers that it must have been
dedicated to the Infernal Gods ; others suppose it to
have been a Temple of Diana. There are recesses all
round the interior of the cella, in which, perhaps, were
statues, and there are columns on pedestals between
the recesses. From the entablature, above the tops of
these columns, sprang the principal arches which, like
semicircular ribs, extended across the Temple, and from
one of these arches to another were placed slabs of
atone, longitudinally, which formed the vaulted roof,
but this is now fallen down. At the extremity of the
cella opposite the doorway, the breadth of the floor is
divided into three equal parts, forming divisions which
are nearly square; the middle space had pilasters at
the angles, and is on a level with the floor of the Tem
pi* ; the two side-spaces are raised as high as the pe
destals of the columns and pilasters ; and the ascents to
the two platforms are by steps formed in the thickness
of the adjoining wall of the cella, through which the
entrances are made from the passages round the buildwg. The capitals of the columns in this Temple have
two rows of leaves, above which is a sort of fluting,
and, over all, a circumference of oves ; but they are re
markable for having no volutes. The edifice is thought
to have been a Roman work executed at a late period
of the Empire.
The conquerors of mankind have, almost always,
caused the style of Architecture practised in their own
Nation to be adopted, and even to supersede that which
originally prevailed in the Countries they subdued. Thus
v«e find the rude majesty of the Egyptian edifices was
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exchanged, in the Northern part of that Country, for the Part II.
lighter Grecian and Roman styles, after the invasions v^^a^.
of Alexander and Caesar ; the Doric and Ionic Orders,
which were almost exclusively employed by the ancient
Greeks, were supplanted by the Corinthian, after the
Roman conquest. Thus, also, whatever style prevailed
in Syria in the earliest times, whether the Egyptian or
some modification of it, nothing now exists of such a
style in that Country ; and the Architectural monu
ments which Time and the Barbarians have partly
spared, were, evidently, erected during the existence of
the Roman power in that part of the World.
This is the case with the Temple of the Sun at Helio- Temple at
polis or Balbec, in Syria, a city once of great impor- Balbec
tance and situated in the neigh bourhood of Tyre. Ac
cording to the testimony of the Historian, John of
Antioch, this Temple was built by Antoninus Pius, pro
bably to replace a more ancient one erected by the
Greeks or Syrians ; and from the descriptions given by
Messrs. Dawkius and Wood, who visited Balbec in
1751, we are enabled to obtain a just idea of these in
teresting remains, which had been so long unknown to
the people of Europe. The Temple itself was of a
rectangular lorm, and occupied the Western extremity of
a great quadrangular enclosure, the sides of which were
parallel to those of the Temple. On the opposite side
of the rectangle was a hexagonal court serving as a sort
of vestibule, and a grand portico formed the Eastern
extremity of the whole.
The Temple was surrounded by two rows of Corin
thian columns ; its length, from West to East, was
268 feet, and its breadth, from North to South, was
146 feet, measured on a line circumscribing the exterior
columns, and the entrance was on the Eastern side.
The portico had ten columns in frout, and there were
nineteen in the exterior row along each flank. No
more than six of these columns were standing uhen the
gentlemen above-mentioned were on the spot; their
height is 58 feet, their diameter 6.917 feet, and the
height of the entabluture about 13 feet. The intercol limitations are equal to 14 feet, and the distance
of the columns from the walls is the same. The shafts
are plain ; each consists of three cylindrical blocks con
nected together by iron-plugs about one foot dia
meter, and the bases are of the Attic kind. The enta
Mature is extremely enriched ; in its cornice are both
dentels and modillons, and a pediment roof probably
crowned the whole. The colonnade of the Temple was
surrounded by a terrace 30 feet high, above the level
of the neighbouring ground, and supported on the ex
terior by a sloping revetment wall.
The pavement of the portico of this Temple is
ascended by thirty steps, and the front wall within the
portico is enciched with sculpture ; the jambs of the
portal are of marble richly sculptured, and the soffit of
its architrave is ornamented with a great eagle, in bas
relief, with extended wings and holding a tadnceus.
The interior of the Temple is divided into three parts
longitudinally, by two rows of fluted Coriuthiun columns
standing on pedestals, and supporting an entablature.
The walls are ornamented with pilasters corresponding
to the columns, and the intervals are occupied by
niches with semicircular heads; the bottoms of the
niches are on a level with the bases of the columns, and
above these niches are others crowned by pediments.
Towards the Western extremity of the central divisioa
is an ascent by thirteen steps to a hemicylindrical recess
2p2
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Architec- forming a sort of sanctuary, the entrance to which is
ture. between two great pilasters, and the interior is ornamented with festoons, flowers, birds, Neptunes and Tri
tons. The pavement of the Temple is supported by great
vaults which, perhaps, covered a subterranean Temple.
The great quadrangle is in length about 360 feet, and
breadth about 350 feet, and the Temple is situated on
the middle of the Western side; on the three other
sides are quadrangular recesses, or apartments, 60 feet
long and 22 feet broad ; these are open towards the
centre of the area, and, in front of each, were four
columns supporting the roof. Between these, on the
Northern and Southern sides of the quadrangle, there
are semicircular recesses, each 32 feet in diameter, with
two large columns in the open sides next to the court.
The hexagonal court, before-mentioned, on the
Eastern side of this peribolus, is itself enclosed within
a quadrangular area 146 feet broad, and having its
length equal to the breadth of the great quadrangle, of
which this appears to be a continuation. The hexa
gonal court is also surrounded by recesses, or apart
ments, contiguous to the interior faces of the walls, and
similar to those in the great quadrangle ; they had
columns in front, and their walls were adorned with
niches or tabernacles.
On the Eastern side of the hexagonal court is the
grand portico, which is 180 feet long, 40 feet deep, and
elevated 24 feet above the ground in front, from which
there is an ascent to the pavement by steps of the same
length as the portico itself. The latter is flanked at
each end by a tower 3S feet long, and 31 feet wide,
ornamented by pilasters attached to the exterior faces of
the walls ; the towers are open towards the interior of
the portico, and in the aperture of each were two Corin
thian pilasters. The front of the portico was formed
by twelve columns of the Corinthian Order, with plain
shafts and Attic bases. The diameters of the columns
at bottom are 4 feet 3 inches, and their height, including
the entablature, was 52 feet. The architrave is divided
into facia?, of which the upper one is enriched with
sculpture ; the frize is plain, and there are both dentels
and modillons in the cornice. Over the portico was an
Attic Order, 10 feet high, with pilasters above each
column. The bases of the columns rest upon pedestals,
3 feet 6 inches high, the faces of which project from that
ofa podium, of the same height, and extending the whole
length of the Eastern face of the wall enclosing the
quadrangle. Under the portico are recesses or taber
nacles, in two rows, with circular and triangular pedi
ments, of which some are complete, and others inter
rupted at the vertex. In the wall under the portico are
three doorways, of which the middle one is 34 feet high,
and 1 7 feet wide ; these lead into the hexagonal court,
on the opposite side of which are three similar doorways
forming the entrances to the great quadrangle.
On the Southern side of the great Temple is a smaller
one, of later construction, with a vaulted roof; this
Temple is of a rectangular form, peripteral and octastyle, with a double row of columns in front, and thir
teen columns on each flank ; all are of the Corinthian
Order, with shafts 44 feet high, and 4 feet 11 inches
diameter. The roof under the colonnade has been
sculptured in tablets of hexagonal, rhomboidal, and
triangular forms, within which are represented Jupiter,
Leda, and Diana; also some busts, probably of Emperors
and Empresses. On each side of the doorway in the
middle of the wall is a staircase, and at the interior

angles of the cella there are portions of two columns the rVs 11
shafts of which are joined together. Along the wall inthe
interior of the cella there is a row of half-columns, 4 feet
diameter, attached to the faces of a number of square
piers projecting from the wall, and distant from each
other 6 feet 7 inches. The columns stand on pedestals
11 feet high, and their height, including the entablature,
is 49 feet ; the latter is broken over the columns, and,
above it, springs the vaulted roof. Between the columns
are two tiers of recesses, of which those in the lower
tier are terminated by semicircular, and those in the
upper tier by pediment heads. At the Western ex
tremity of the cella is a rectangular space, like a sanc
tuary, on a higher level than the pavement, from which
there is an ascent to it by steps ; in front are two piers
with a half-column attached to the face of each.
Near this edifice are the remains of a third Temple
with a circular cella, 32 feet diameter, standing upon a
high stereobata, and appearing to have been crowned
by a hemispherical cupola. The cella is ornamented
with Corinthian pilasters attached to the walls, between
every two of which are semicircular-headed niches.
One face of the stereobata is rectilinear, and the re
mainder is cut in five faces in the form of rentrant arcs
of circles. On the rectilinear front are four columns,
each 39 feet high and 3 feet diameter, which constitute
a facade 50 feet long on that side ; and over each of the
salient points of the basement is placed one column, so
that the cella of the Temple appears to be surrounded
by columns, all of which are of the Corinthian Order.
The columns support a horizontal entablature, which
forms rentrant arcs of circles between the columns, like
the basement. The interior of the cella is octangular,
and surrounded by insulated columns, between every
two of which are niches ; and a general entablature
crowns the whole.
In the middle of the Desert, between Balbec and the T«tpa
Euphrates, lie the remains of the ancient City of Pal- Mm
myra, which, by some, has been thought to be the
Tadmor in the Wilderness, built by Solomon. Innu
merable ruins now cover the ground on which the city
stood; but nothing has been observed among them which
can justify our assigning ttiem an antiquity higher than
the time of the Roman Empire ; and it is probable that
the edifices to which they belonged, were raised about
the same time as those of Balbec.
The principal object is a Temple of the Sun, which
stood in the centre of a rectangular peribolus, nearly
square, and about 740 feet long in each direction. The
walls forming the peribolus were 59 feet high, and were
raised upon a continued podium, the height of which from
the ground was 16 feet ; both on the exterior and interior
faces of the walls was a row of attached Corinthian
pilasters, and an entablature crowned the whole. 0a
the Western side of the enclosure was a portico, 13S
feet long; its pavement was on a level with the top of
the podium, and the ascent was by steps extending the
whole length of the portico. The front of the latter
consisted of ten Corinthian columns with Attic bases ;
of these, the three extreme on each side are single,
and the others are coupled together in two pairs, one on
each side of the centre. The line of columns projected
49 feet from the face of the wall, and was crowned by
a pediment. The architrave was divided into several
facia? ; the front of the frize swelled in an elliptical
curve; and there were both dentels and modillons in the
cornice. The portico was continued through the wall,
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otifec snd formed another on the interior. Within the enlm. closure, and parallel to each wall, were two rows of
columns, except on the Western side, where the portico
stood, and here there was but one row. The columns
on this side were 48 feet 7 inches from the interior face
of the wall, and 8 feet 3 inches from each other ; but,
on the other sides, one row was 19 feet from the face of
the wall, and the other at the same distance from the
first. Altogether, there were two hundred and eightyeight pillars surrounding the court, with a highly en
riched entablature above them. The shafts of the
interior columns were all plain, and on each was fixed
a bracket to support a vase or a statue.
The Temple within the enclosure was quadrangular,
the length of its cella, from North to South, was 133
feet 4 inches, and its breadth, from East to West, 47
feet. The walls of the cella were terminated by anta?
pilasters; between which, at each extremity of the
building, were two Ionic half-columns at equal distances
from each other and from the ends. The Temple was
raised upon a platform, which was ascended by steps
surrounding it; it was peripteral, with eight columns
in front and fifteen on each flank, and the distances be
tween the faces of the pilasters on the wall and the
nearest sides of the columns are about 22 J feet. The
columns stand on plinths 1 foot S inches high, and the
height of the column and entablature, including the
plinth, is 64 feet. The shafts are fluted, and the capitals
seem to have been ornamented with metallic leaves and
volutes, fixed to the vases ; the entablature is filled with
sculpture, and there are both dentels and modillons in
the cornice. The principal entrance faces the West, in
one of the long sides of the Temple ; where there is a
doorway, 33 feet high and 15 feet wide, between two
clustered columns which form part of the peristyle of
the Temple ; and there are four windows on each side
of the cella, rather narrower at top than at bottom. In
the interior, at each extremity of the ceiling, are panels
ofsquare, octagonal, and rhomboidal figures, each having
a flower in the centre ; and, about the circumference of
a circle, in one division, are the signs of the Zodiac.
About 1200 feet to the North-West of this Temple
commences a quadruple row of columns, about 82 feet
broad, and supposed to extend to the distance of 4000
feel. At the entrance of this colonnade is a gateway,
resembling a triumphal arch, having three passages,
and crowned by a pediment ; it stands obliquely to the
lines of columns, and is adorned with Corinthian pilas
ters, whose faces are panelled and enriched with sculp
ture. Near this is a Temple, the cella of which is square
*ith a portico consisting of four Corinthian columns in
front, and one on each side between the front row and
theanta?; and there are half-columns attached to the
wterior on each face. On the shafts of the columns
>n front of the portico are brackets for the support of
statues, and the frize is enriched with festoons,
'jtln In various parts of Syria are remains of Roman
Architecture, similar, in style, to that of Balbec and
Palmyra. One of the cities of the Decapolis, now called
Djerash, situated on the Eastern side of the Jordan,
in about 32° 20' North latitude, and which is thought
by Mr. Burckhardt to have been the ancient Gerasa,
contains many interesting objects which have been
attentively examined by Mr. Barry, who lately visited
this place in the course of his extensive travels in the
East, We are informed, by this gentleman, that the
city consisted of two long streets crossing each other
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at right angles, and, at the extremity of one, is a great pari jj,
elliptical area, which, as well as the sides of the streets, ^_v-»'
is adorned with magnificent columns ; but, as accurate
delineations of these ruins have not yet been published,
we content ourselves with quoting the general de
scription given by Mr. Burckhardt, which will convey
some idea of their character.
This enterprising traveller states that the first object
which strikes the attention, on coming from Souf, after
passing the wall surrounding Djerash, is a Temple in
the form of an oblong square, 25 paces long and 18
broad, executed in a style of Architecture which
belongs to the best period of the Corinthian Order, and
superior to every building of the kind, except the
Temple of the Sun at Palmyra. The ruin stands on an
artificial terrace, five or six feet above the ground, and
two rows of columns, containing six in each, adorn the
front; it occupies the interior of a peribolus formed by
a double colonnade, which is remarkable in having
the corner columns composed of two shafts joined
together in such a manner that, on the plan, the double
column resembles a heart.
Proceeding Westward from this Temple, through the
ruins of private habitations, at two hundred yards dis
tant from it, are the remains of a small Temple, of
which three Corinthian columns alone exist. The streets
are, partly, paved, and on each side are colonnades,
which present some peculiarities. In certain places a
tall column stands near a short one, the entablature of
the latter resting on a bracket placed against the shaft
of the former, which must have given to the facade the
appearance of patchwork. Behind the columns are
several low apartments covered with vaulted roofs.
Near the extremity of the long street are the remains of
an Aqueduct ; hence the ground rises, and on the top of
the hill is a beautiful Temple with a Corinthian peristyle.
Near this is a large Theatre. Similar ruins are observed
at Omkeiss, or Gamala, and at Amman, or Philadelphia.
The Provinces of Asia Minor have been lately tra«
versed in different directions by English Missionaries,
and from their notices we learn that there are lo be seen
in them many interesting remains of Roman, or of the
later Grecian Architecture, capable of rewarding the dif
ficulties and dangers to which artists would be exposed
in exploring them.
We have now described the principal Religious edifices
that were erected within the limits of the Roman
Empire, previously to the Age of Constantine ; and we
may conclude this Chapter by stating some general
rules, which have been given by Vitruvius, concerning
the proportions employed in, or recommended for this
species of building.
We have seen that circular Temples were frequently Proportions
constructed by the Romans, and that they possess an of circular
important feature which is not to be found in any Grecian Temples,
work ; viz. the vaulted roof, of a hemispherical form.
This mode of building seems to indicate a considerable
acquaintance with the laws of mechanical action ; but
by whom it was invented it will be for ever impossible
to ascertain. Vitruvius prescribes that, in monopteral
Temples, the pavement should be raised on a stereo
bata, at a height, above the ground, equal to one-third
of their diameter. But when the circular range of
columns encloses a cella, the basement should be sur
rounded by steps ; the space between the columns and
the wall should be equal to one-fifth of the whole
diameter of the Temple, and the height of the columns
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above the basement should be equal to the interior
diameter of the cella. (Book iv. ch. vii.)
For the plan of those which he calls Tuscan Temples,
Proportions vitruvius gives the following proportions. The breadth
ot rcct r\n ^ii"
oil
iar Temples. 's equal to five-sixths of the whole length; half this
length is occupied by the cella, which is divided into
three parts by walls parallel to the length ; the other
half is taken up by the pronaos, which has four columns
in front, with, perhaps, another row of columns between
these and the front of the cella. Snch Temples, con
structed of timber, probably existed, in Italy, in his
time, but not a single example of this kind remains at
present.
With respect to rectangular Temples in general, he
states that their breadth should be equal to half their
length ; five-eighths of the whole length should be
occupied by the length of the cella, and the side walls
of the latter should extend, beyond the front wall, as
much as the remaining three-eighths, to form a ptothese walls should be terminated by aula? pilasIf the cella is more than 20 feet wide, two
columns might be placed between the antre, to separate
the pronaos from the pteromatrt, or walks about the
Temple. Between the anta? and the two columns just
mentioned, he supposes there is raised a pluteus, or
fence, of marble ; he does not say of what height, but
probably it was a low wall or species of balustrade.
If the breadth is more than 40 feet, he directs that
another row of columns should be placed between the
front of the cella, and the row between the antse ; and
these, though they have the same height as the others,
are to he made less thick, it being supposed that, in a
space enclosed by three walls, they will appear thicker
than the outside columns ; or, rather, that the latter will
appear more slender than the others, for reasons which
have been before stated.
By making the length of a Temple equal to double
its breadth, as above prescribed, it will be found that,
in peripteral Temples, (supposing the length and
breadth to be limited by the centres of the extreme co
lumns in front and flank,) the number of columns in
the flank of the Temple should be one less than double
the number in front, the extent of the intercolumniations being all equal, and including the extreme columns
in reckoning the number both in front and flank. This
disposition of the columns is different from that which
is supposed to have been affected by the Greeks, as has
been shown, and has the advantage of greater simplicity.
Among the Bomans, it seems to have been generally
attended to, when a peripteral Temple was constructed
of considerable magnitude, like those of the Sun, at
Palmyra and Balbec ; but the proportions of the cella?
were very various ; far from being conformable to those
prescribed by Vitruvius, they are frequently square, or
nearly so, as in the Temple of Fortuna Virilis at Borne ;
and, often, the extremities of the Temples were without
pteromata or wing-walls, instead of which, there were
merely columns on each side of the pronaos, as in the
Temples of Fortuna Virilis and of Concord at Borne.
Doorwaysof Vitruvius, in the Vlth Chapter of the IVth Book,
Tcm^es*" StatCS the forms of the doorways of Temples to be of
p ' three different kinds ; the Doric, the Ionic, and the
Attic. In all three, the members about the aperture
have a correspondence with the parts of an entire
Temple; thus the jambs, or, as he calls them, the ante
pagmenta, correspond with the columns ; the lintel, or
supercilium, corresponds with the architrave; ubove the

supercilium is a kind of frize, which he calls kyperthy- Psntr,
rum, and. over this, a corona, or cornice.
According to the text of Vitruvius, the height of the
aperture of the Doric doorway is to be four-sevenths of
the height of the soffit, or ceiling of the pronaos, from
the pavement of the Temple; but, as he had before
directed the top of the cornice of the doorway to he on
a level with the tops of the capitals of the columns m
front, this makes the space above the aperture too high,
and Newton, his translator, proposes to make the height
of the aperture equal to five-sevenths of that of the
soffit, as is practised in the Temples at Cora and
Tivoli. The breadth of the apenure at bottom is made
equal to eleven-twenty-fourths of its height, and the
breadth at top is less than that at bottom by one-third,
one-fourth, or one-eighth of the breadth of the antepagmentum, at bottom, according as the height of the
doorway does not exceed 16 feet, 25 feet, or 30 feet,
respectively. Above this last height, Vitruvius pro
poses the doorway to be of equal breadih at top and
bottom ; and, in these circumstances, there is some
analogy with the diminutions of columns.
He makes the breadths of the antepagmenta, at
bottom, equal to one-twelfth of the height of the aper
ture, and to be diminished, at top, as much as onefourteenth of the breadth at bottom. The heights of
the supercilium, the hyperthyrum, and, perhaps, the
cornice, are each to be equal to the breadth of the antepagmentum, at top. not including the cymatium, or
moulding on its exterior ; the projection of the corona
is equal to the same. The supercilium extends, right
and left, beyond the exterior of the antepagmenta, at
top, so much as to make the extremities stand verti
cally over the foot of those members, and the cymatium,
or exterior moulding, bends round this projection. From
this description it will appear that the form of the door
way, with its vertical and horizontal architraves, very
much resembles that of the window in the Temple of
Minerva Poliasat Athens.
The Attic doorway is like the Doric, except that
the antepagmenta and supercilium are each divided
into two facia?, of which the exterior projects a little
more forward than the interior; and the breadth of
the latter is, everywhere, equal to five-sevenths of
the breadth of the whole antepagmentum within the
cymatium.
In the Ionic doorway, the height of the aper
ture is found as in the Doric ; its breadth at bottom is
equal to three-fifths of its height, and the contraction
at the top is the same as before. The breadth of the
antepagmentum is one-fourteenth of the height of the
aperture, and that of the cymatium is one-sixth of the
former : the antepagmentum is divided into three facia,
whose breadths are respectively one-fourth, one-third(
and five-twelfths of that of the entire member. T^i*
corona over the door is supported, at each extremitji
by a console, which Vitruvius calls ancon or prothyru.
The members about the windows of the Roman
Temples were formed in a similar way.

CHAPTER III.
The Dwelling-houses of the Romans.
We turn our attention next to the domestic structures
of the Romans, which we purpose to describe from

ARCHITECTURE.
iit«. soch remains of them as are yet in existence, and from
it the short, and, generally, obscure accounts given by
r** Vitruvius.
iption The Consul Pliny, in epistles to two of his friends,
*f' Apollonius and Gallus, describes, at some length, the
interior arrangement of two Villas, the oue in Tuscany,
the other, which was the place of his winter residence,
at Laurentinum ; and the description of the latter,
which is in greater detail than that of the other, may
serve to convey some notion of the style of the houses
occupied by the wealthy Senators of Rome, in the most
brilliant period of the city. No remains of this Villa
are now to be seen, and there is not sufficient precision
in the account to allow a plan of it to be given ; it may,
however, be worth while to exhibit an outline of that
account, which, with a faint idea of the disposition of
the apartments, will afford an opportunity to introduce
the names by which they were designated.
The entrance, he says, was by a plain atrium, or
court, which led to a circular portico, or colonnade,
surrounding a pleasant area ; the colonnade was roofed
and had windows of lapis specularis, which excluded
the rain and rendered it a convenient retreat in bad
weather. After passing this colonnade there was a
cavadium, or open square, and, beyond this, a hand
some triclinium, or state dining-room, which looked
towards the sea on three sides, through folding-doors
or windows. On the left of the passage leading to this
triclinium were two cubiculi, either bed-chambers or
saloons, of which one was smaller than the other, and
had windows looking East and West. The angle, on
the exterior of the building, between the triclinium and
these cubiculi, formed a space screened from the cold
winds, and serving as a gymnasium, or place of ex
ercise, for the family in winter. Near this was a circular
building, the windows of which, he says, admitted the
sun during the whole day ; it was, therefore, probably
elevated above the ground floor ; this served as a small
bibliotheca, or library, and close to it was a dormitory,
which was heated by a stove under, or near it. The
remainder of this wing of the building was appropriated
to slaves and freedmen. On the ri<rht of the passage
reading to the great triclinium was an elegant apart
ment, and, beyond that, a larger one, serving as a
coenatio, or common supper-room ; after this came a
bed-chamber and procoiton, or anteroom, and separated
from these by a wall, were two other rooms of the. same
kind. From these, there was an entrance to a cold-hath,
in which were two baplisteria, or bathing-places, large
enough to swim in ; and, joining it, were the uncltiar'mm,
or anointing-room ; the kypocau.itum, or vapour-bath,
and the propigneon, or furnace, with two small sittingrooms. Adjoining these, was the calida piscina, or
warm bath, from which the bathers had a view of the
sea. Near this, there were two turrets, or summerhouses, one of which contained two dieetee, or suites
of apartments, one on the ground, and another on the
opper floor ; from the latter there was a beautiful pros
pect of the sea and the neighbouring villas ; the other
turret contained a triclinium, below, and an apartment
above, and, near this, were sundry apotheccc, or store
rooms, and a gallery of curiosities.
hi the garden was a cwnatio, or banqueting-room,
with two other apartments behind, and a gallery or
colonnade, with windows on each side, looking, on one
band, towards the sea, and, on the other, towards the
garden ; before this was a rystus, or terrace for
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walking. At one end of this terrace stood a detache.l
II.
building, in which was a heliocaminus, or an apart*vment warmed by the sun, on one side of which was
a recess containing a couch, and adjoining this, a bed
room heated by a small stove. An andron, or open
space, between the walls of the bed-room and that
of the garden, prevented the inmates of these cham
bers from being disturbed by any noise made by the
servants.
The ruins of the town of Pompeii, which were dis- Houses of
covered in the middle of the XVIIIth century, after PomPelu
remaining buried in the ashes from Vesuvius about
1700 years, atford considerable knowledge of the inte
rior disposition of the dwelling-houses of ancient Italy.
Iu this town they are generally small, as may be ex
pected in a city of the third degree in the Empire ; they
appear to consist but of one floor, though there may
have been rooms above those which are now visible ;
and, next to the street, they have shops which often do
not communicate with the houses to which they belong ;
the shops are open from wall to wall, except a low parapet
in front ; the doorway is narrow, and a stone-slab in the
interior served as a counter. Many of the houses have
peristyles, surrounding open courts ; one of these is
described as having five chambers on each of the sides,
on the right and left of the entrance, and three on the
side opposite the entrance ; these are paved with mo
saic, and the walls are painted : one of the chambers
seems to have been a sleeping-room, as there is a re
cess formed in the wall, which might have contained a
bed ; this room is 8f- feet long, and 7 feet wide, with a
vaulted ceiling; the walls are covered with stucco,
and painted red ; but it is remarkable that, neither
at this place, nor at Herculaneum, have any chimneys
been discovered, though it is evident from passages in
ancient authors, that the Romans had such. In these
towns, instead of chimneys, there seem to have been
hypocausla, or stoves, with pipes for conveying the heat
to the different apartments. The triclinia, or diningrooms, have but little light from the windows ; whence
we may conclude that these apartments were only occu
pied at the time of the principal meal, which took place
in the evening by the light of lamps.
At a little distance from the town is a sort of villa,
consisting of two divisions, in one of which the apart
ments are adorned with paintings ; in the other is a
court, 94 feet square, with a covered gallery on two
sides, supported on square piers ; the other two sides
were occupied by trees, of which some of the trunks
and branches lutely remained. Beyond this is an
open portico supported by six columns. The galle
ries and apartments are remarkable for their tessel
lated pavements, arabesque walls, and Doric columns,
the flutings of which have been filled with a painted
coat of plaster. On some of the. walls have been
scratched ill-shaped horses, ill-spelled names, and coarse
jests ; circumstances which have led to an opinion that
these buildings have been originally barracks ; but Mr.
Forsyth considers them to have constituted the Gover
nor's preelorium.
From what has been published of the buildings at
Herculaneum, it appears that the rooms are small in
dimensions, and contain some specimens of rich paint
ing. But Mr. Forsyth states of the latter, " that every
extravagance condemned by Vitruvius enters into it ;
the human and brute forms are fantastically represented,
the landscapes are but the caperings of a sportive
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genius, and the Architecture is as bad as that of the
Chinese.''
The Villa of Hadrian, at Tivoli, seems to have containcd specimens of all tl.e different buildings which
were ever constructed by the Romans for use or plea
sure ; it is now in ruins, but among them can be traced
a Temple, two semicircular Theatres, a Palaestra sur
rounded by arcades, a Bath, a Circus, and a Naumachia, which may have been filled from the waters of the
Anio, or Teverone ; a long wall pierced by arches, and at
its extremity a small tower, the circumference of which is
formed of three concave and three convex arcs, placed
alternately. This immense edifice had but a short ex
istence ; for eighty years after it was finished, Caracalla
took away some of the statues which adorned it, and
soon afterward it was totally abandoned.
Palace of
We may conclude this account of the Roman dwell
Dioclesian. ings by a short notice of the Palace of Dioclesian, at
Spalatro, which was erected by that Prince in the be
ginning of the IVth century, and the plan or disposi
tion of which is probably similar to that of the Palatial
buildings of former Emperors. It is described by
Mr. Adam as an assemblage of buildings within an
enclosure nearly rectangular, and the sides of which
nearly faced the four cardinal points of the horizon ;
its length, from North to South, is 698 feet, and from
East to West, 592 feet ; six octangular and ten square
towers flank the wall ; but they seem to hove been
intended rather for ornament than defence. The inte
rior is divided into three principal parts by two streets,
each of which is about 36 feet wide ; one is directed
from East to West, through the centre of the building,
and is terminated by a gate formed in the exterior walls
on each side ; the other is at right angles to this, and
leads from a gate in the middle of the Northern wall to
the centre of the Palace. Both streets are bounded on
each side by an arcade, 13 feet wide. The Northern
gateway is crowned by a horizontal lintel, consisting of
small stones with oblique joints which are broken ho
rizontally in the middle ; above this is a semicircularheaded arch, and on each side a small hemicylindrical
niche, with Corinthian pilasters ; over the whole is a
row of seven segmental arches, springing from Corin
thian columns which rest on consoles projecting from
the wall, and are ornamented with zig-zag mouldings.
Above the capital of each column is a plain block of
stone, between which and the foot of the arches is a
horizontal band adorned with sculpture ; the upper
mouldings of the archivolts do not bear on the supports
of the foot of the arch, but come to a point a little
above them.
In the middle of the Palace, and on the Southern side
of that street which is directed from East to West, is a
peristyle of Corinthian columns, from the capitals of
which spring semicircular arches ; above these is an
entablature, with a frize, the exterior of which is formed
like a portion of the convex surface of a cylinder, having
its axis horizontal, and there are modillons in the cor
nice. On the Southern side of the peristyle is a flight of
steps leading to a vestibulum, with a portico in front,
consisting of four columns of the Corinthian Order, the
tops of whose capitals are on a level with the tops of
the arches on each side of the peristyle ; above these
columns is a pediment, the horizontal entablature of
which is broken, and forms an arch over the interval of
the two middle columns. The vestibulum is of a cir
cular form, and seems to have been lighted from the

roof. A doorway on the Southern side of this leads lo P»rt IL
the atrium, a large rectangular hall divided into three V""V"
parts, by two rows of columns parallel to its length; on
each side of the door into the atrium is a small room,
one of which Mr. Adam supposes to have been a
porter's lodge, and the other the tablinum, or reposi
tory for the archives and records of the family. On the
Southern side of the atrium is a doorway leading to a
crypto-porlicus, an immense gallery, 22 feet wide, ex
tending quite along the Southern side of the building,
and commanding an extensive view of the harbour and of
the Adriatic ; it was probably adorned with paintings
and statues, the beauties of which, as Gibbon observes,
added to those of the prospect, must have caused it lo
afford a delightful promenade. The Southern side of
this gallery, and of the whole building, is formed by an
arcade, with columns standing on consoles projecting
before the exterior face of the wall ; the capitals of the
columns are plain bell-shaped vases, and over the arches
is a horizontal entablature which is broken so as to pro
ject over the columns ; it consists of an architrave and
cornice, of which the latter is supported by modillons.
On each side of the atrium is a passpge, the mesaula
of the Greeks, so called from its situation between the
halls. These lead to the great apartments of the Palace,
and beyond the latter are the rooms for bathing.
In an area Westward of the atrium is a rectangular
Temple which was dedicated to iEsculapius ; fifteen
steps afforded an ascent to its pavement, beneath which
are vaults of great strength, and the roof is of a hemi
cylindrical form, adorned with sunk panels of beautiful
workmanship. In the cornice of the doorway are mo
dillons, the soffits of which are sculptured to represent
birds, and men whose legs end in tails like those offish.
On the other side of the atrium is an octagonal Tem
ple, dedicated to Jupiter ; to this, also, there is an ascent
by steps, and it is roofed by a hemispherical dome of
bricks. Round the inside of this Temple are two Orders
of columns, placed one above another, and standing a
little beyond the face of the wall ; the lower Order is
Corinthian, and the other Composite ; the columns have
no bases, are only seven diameters high, and behind
them are pilasters attached to the wall. The entablature
is broken, so as to project over each column, and its
frize, which is convex outwards, is sculptured with foli
age. Over the pilasters spring slender brick arches in
the concave surface of the wall, and their interiors are
filled up with horizontal courses of the same material.
The dome springs from the foot of these arches, and the
bricks composing it are disposed in a sort of fanwork,
which assumes the appearance, and may have giten the
first idea, of pendentives. Below the entablature, the
interior of the Temple is surrounded by bas reliefs, and
in the ornaments about the doorway are sculptured the
heads of men and horses in the centres of the scrolls of
foliage.
In the North-Eastern and North-Western quarters of
the Palace are two piles of building, each two stories high,
but in a ruinous condition : Mr. Adam supposes them
to have contained apartments for women, or for the va^
rious attendants on the Court. Along the interior face of
the Northern, Eastern, and Western sides of the Palace
are vaults, which may have been intended as dwellings for
the slaves, or, while the Emperor resided in the Palace,
they might be lodgings for the Praetorian soldiers.
In the interior of the building are two or three spe
cimens of arches, formed of segments of circles meeting
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in a point at the vertex, but they have the appearance
t. of being more modern than the rest of the edifice. The
■w' st^le of the whole resembles that of the buildings of
Palmyra and Balbec, which were probably erected about
(he same period, and several circumstances indicate a
decline of architectonic taste ; such are the columns
standing on consoles projecting from the walls, which
give them the appearance of hanging in the air; the
swollen frizes ; the pediments whose horizontal entabla
tures are broken in the form of arches ; and the fan
tastic forms of the sculpture. In pi. xiv. is given a
general plan ofthis Palace, and an elevation of its South
ern front.
mf» From such descriptions as those we have given, and
the writings of Vitruvius, Palladio has endeavoured to
5" trace the plan of a Roman dwelling-house ; and though
it is likely enough that a variety of modes of distribu
tion prevailed among a people possessing such a taste
for magnificence as the Romans exhibited in their
public buildings, yet the general features may be con
sidered correct. The arrangement which Palladio has
adopted, is nearly as follows.
The entrance was by a vestibule on the South side,
and a door led from this to the atrium, or what would
be now called the grand hall ; this was generally adorned
with the busts, arms, and trophies of the ancestors of
the family. To the right and left of the atrium, but
without any communication with it, were the servants'
offices. On the North side was the tablinum, an apart
ment in which the family records seem to have been
kept, or it might be a sort of office where the master of
the house transacted business relating to his estate.
Between the atrium and the servants' offices were the
passages which led to the cavcedium, a kind of square
court, which, according to Vitruvius, was of five different
kinds ; viz. the Tuscan, which was open at the top, and
had a portion of the roof projecting from the walls, so
as to throw the rain which fell on the top of the build
ing into the middle of the court ; the Corinthian, which
w as similar to the former, only the extremities of the roof
of the house were supported by columns surrounding
the open part of the court; the Tetrastyle, so called,
from the number of its columns, which were placed one
at each angle of the projecting roof ; the Displuvialum,
which was also open at the top, but in which the roof
of the house did not project over any part of it, the rain
water being carried off by a gutter behind the tops of the
four walls of the court ; and lastly, the Testudinatum,
in which the whole court was covered by a roof ; this
was done where the span was not great, and dwelling
rooms were then made over the court.
The columns of the cavredium were sometimes made
high enough to include the two stories of which the
building was composed ; in this respect, the cavcedium
differed from the interior peristyle of a hypEethral Tem
ple ; the latter containing two Orders of columns placed
one above another
On the right and left of the cavcedium was a tricli
nium with its procceton, or anteroom ; beyond these, on
one side of the house, were the baths ; and on the other,
the cuhicvli. or bed-rooms. Through the Northern co
lonnade of the cavcedium was the entrance into the
basilica, a hall, in which, probably, the master of the
bouse, as a magistrate, or lord of some territory, gave
judgment to his clients.
On the right of this hall was the pinacotkeca, a room
containing paintings ; on the left were the libraries,
vol v.
i
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and between the basilica and the rooms just mentioned, Plrt
were passages leading into a large pertoyIturn, the right v—v"~"/
and left sides ofwhich were occupied by servants' rooms ;
and on the Northern side were the different wci, or
halls where the family seem to have resided, and where
they generally dined ; probably they were more particu
larly appropriated to the mistress of the house. The
principal of these was the Egyptian wens, which was
placed in the centre, and appears to have had two
Orders of columns, one above another, all round the
interior, with a floor between the two Orders, equal in
breadth to the distance from the lower columns to
the walls : above this floor was a passage, open
towards the exterior of the house, and windows were
formed between the upper columns to give light to (he
interior. On one side of this apartment was the Co
rinthian a;cus, which differed from the Egyptian, in
having but one Order of columns, and these rested
either on the ground, or on a podium ; this hall was
covered by a hemicylindrical ceiling. On the other side
was the tetrastyle acus, so called, perhaps, from four
columns placed in the interior, one near each angle ;
and, on the North, was (he Cyzicene cecus, a name given
by the Greeks, apparently, to those rooms which admit
ted of two dining couches, or tables, placed opposite
each other, and which had windows, or doors, opening
to the garden.
The disposition above given is supposed to approach
nearly to what Vitruvius intended for the houses of per
sons of the highest rank ; he recommends that bed
chambers and libraries should be situated with a view
towards the East, that they may have the benefit of the
morning sun ; that time of day being the most proper
for study. The baths and winter triclinia should be
situated towards the West, for the benefit of the setting
sun, because the bathing and dining took place in the
evening; and the summer triclinia are directed to be
placed on the Eastern side of the house, for the sake
of coolness ; but it is not to be supposed that a strict
adherence to these rules was always possible.
Vitruvius describes also the dispositions of houses
for traders and agriculturists, but it will be needless to
mention them.
The propriety of adhering to a system of proportions, The propor.
in the distribution of the parts of an edifice, seems to t;ons 0f t|le
have been fully recognised in the time of Vitruvius ; tparuxnti
since this writer gives, as a reason for making the pro- in Roman
portion of the length, breadth, and height of apart- hous«sments to vary with their absolute length, that, if they
were otherwise, the minor parts would either appear
too diminutive, or too clumsy.
In the IVth and Vth Chapters of the Vlth Book, he
states, as follows, what those proportions should be in
the principal divisions of a dwelling-house. In the
atria, or entrance courts, the breadth should be to the
length in a ratio which, when simplified, is either that
of 1 to <f2, of 1 to 1 1, or of 1 to If ; but he has omit
ted to give the absolute lengths to which these breadths
are respectively applicable. The width of the uncovered
part he makes equal to one-third, or one fourth of the
whole breadth ; the height of the ceiling of the covered
part, up to the lower side of the beams, is made equal
to three-quarters of the length of the court ; another
fourth is occupied by the depth of the lacunaria, or
panels, and by the thickness of the roof above them.
Of the alec, or passages on the sides of the atrium, the
breadth varies from one-fifth to one-third of the length
2 <J
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Architec- when the latter varies from 30 to 100 feet, in order, no
fair*, doubt, that the apparent forms of the short and long
V"^V^-/ passages may be nearly equalized. The breadth of the
tablinum is made to depend on that of the atrium ; when
the latter is from 20 to 60 feet, the former varies from
two-thirds to two-fifths of such breadth ; what relation
the breadth of the tablinum should bear to its length, he
does not say, and from this silence it may be presumed
that the length was equal to the whole breadth of the
atrium ; the height of the tablinum to the under side of
the beams is equal to 1^ of its breadth. Of the peri
styles, the width is directed to be equal to three-fourths
of the length. The lengths of the triclinia are to be
equal to twice their breadths, and their heights are to
be an arithmetical mean between the length and breadth.
But for exedreB and aci, when square, Vitruvius would
have their lengths, or breadths, equal to two-thirds of
their heights.
The interior of Grecian buildings seems to have had
but few decorations, and to connect the walls with the
ceiling, the builder contented himself with an architrave,
having mouldings, of small projection, similar to those
on the exterior. But, in the Roman edifices, the whole
entablature was introduced in the interior, when the
building was spacious, and a display of richness required.
The cornice, though generally objected to in the interior,
because it does not there serve the purpose for which
its projection was intended ; viz. to protect the lower
part of the entablature from the rain which fell on the
roof; yet, perhaps, is not entirely misplaced, because it
may seem to be required for the support of the ceiling.
The ornaments on the ceilings, both of the Roman
and Grecian buildings, were generally panels sunk below
the surface, as has been shown ; and this seems to have
been suggested by the crossing of the beams of the roof,
which would necessarily leave such coffers between the
beams.
Roofs of,
The roofs of the ancient rectangular houses of Italy
houses'
were>
originally
madeorwith
or at
four
K'"
planesperhaps,
terminating
in a point,
in atwo
ridge
top.inclined
The
lower extremities of the roof either projected beyond the
walls, to throw off the rain, or a parapet was formed
at the top of the wall, and a gutter, at the foot of the
sloping roof behind it, carried off the water through
pipes.
The Ancients considered pediment roofs as objects of
the greatest dignity in an edifice ; and such were, till
the time of Julius Caesar, only employed to adorn the
Temples of the Gods. That Emperor, who had obtained
leave from the Senate to wear constantly a crown of
laurel about his head, by permission from the same
Body caused a pediment to be constructed over his
Palace ; and from that time they became general.
In some Countries the roof of the building is made
horizontal that it may serve as a place of exercise for
the inhabitants ; but, in general, it is made with a cer
tain inclination, in one or more planes, in order to throw
off the rain or snow. The elevation of these planes has
always been different in different parts of the World. In
those regions wherein rain or snow is most abundant, we
find, as is observed by Vitruvius, that the roofs are most
elevated, in order to let it flow off most easily ; Nature
and observation having taught men the form of a roof
which is best adapted to their circumstances. The roofs
of buildings in Egypt and Syria were generally flat ;
those of the Grecian Temples, having their heights equal
to about one-ninth of their horizontal breadths, make

angles of about 12-J degrees with the horizon. In Italy, p^n.
which is situated more to the North than Greece, the Wy»
heights of the roofs are about one-fifth of their horizon
tal breadths, which makes the inclination to the horizon
equal to about 23£ degrees. And, subsequently to the
Roman times, the roofs of buildings in the North of
Europe have been made to form an angle of as much as
60 degrees with the horizon, or the pediments have been
made in the form of equilateral triangles ; the abundance
of snow seeming to require such a slope to secure the
edifice from damage.
Vitruvius, in speaking of the steps about a Temple, Stairs,
prescribes that they should be 10 inches high and 18
inches broad, but of those within a building, he makes
the proportion between the height and breadth as 3 to 4 ;
both of these rules, but the latter particularly, would
now be considered as making the steps much too steep.
The Ancients chose to make the ascent from one level
to another by an odd number of steps, because, in mount
ing, they considered it fortunate to begin and end the
ascent with the same foot.
We have before observed that no chimneys have been Ornxj
discovered in the ruins of Pompeii or Herculaneum, and
hence some have inferred that those conveniences were
unknown or unused by the Romans ; it may, however,
be observed, that Palladio mentions the discovery of two
ancient chimuey-pieces, one at Baia, and the other at
Civita Vecchia. He says they stood in the middle of
the room, and consisted of columns supporting archi
traves, on which were placed the pyramids, or funnels,
through which the smoke was conveyed. Such chim
neys have been noticed by late travellers in some of the
inns of the country. See further on this point in our
Miscellaneous Division, Chimney.
In the walls of buildings are, necessarily, left aper- Dwp"
tures to serve as doors and windows ; and though little vw^wl
is delivered by Vitruvius concerning those of dwellinghouses, it is probable enough that their proportions and
ornaments did not differ materially from those of the
doors of Temples, which we have before described. The
general proportions between the heights and breadths of
these apertures are recommended by Vitruvius to be as
3 to 2, or as 2 to 1 ; for which no better reason is as
signed than that musical strings, which have those ratios
to each other, viz. the fifths and octaves, produce sounds
which harmonize with each other ; and he seems to sup
pose that a proportion which was agreeable to the ear,
must also be so to the eye.
Of the manner in which the windows opened, we only
know that, in such apartments as the Cyzicene axut,
(Vitr. book vi. ch. v.) they opened like doors for the
convenience of entering the garden. Some of the win
dows in the houses of Pompeii were glazed.

CHAPTER IV.
Works of Public Utility and Ornament.
These denominations may be considered as compre
hending the Fora, the Porlici, the Triumphal Monu
ments, the Bridges, Aqueducts, and even the Tombs
of the Romans. Some examples of each of these spe
cies of buildings are still in existence ; and the princi
pal of them we purpose now to describe.
An important feature in a Roman city was the
Forum, which, within its area, contained the buildings
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nitec. intended for the meetings of the Magistrates, the Courts
rot ofjustice, the prisons, and the offices for the manage•y^ ment of the public revenue. It served, also, as the
public market-place, and, occasionally, as a theatre for
exhibiting' the combats of the gladiators.
The Fora were sometimes of a simple, and often of
i f. i
a complex character. We have spoken largely of those
in Rome in our Miscellaneous Division, (Forum,) and
here, therefore, be brief. The great and ancient
Forum at Rome was situated between the Copitolitie and
Palatine Hills, but its outline is now difficult to be
traced ; within its limits are the Arch of Septimius Severtis, the Temple of Concord, and the Curia or Senate'
House, besides the columns supposed to form part of the
Temple of Jupiter Stator.
In the same city were several Fora bearing the
names of different Emperors ; of these, the Fontm of
Nerva is supposed to have been 367 feet long, and 164
feet wide, and nearly of a rectangular form. At one
extremity were five arched entrances, and at the opposite
extremity was the fine Temple of Nerva before de
scribed. The interiors of the two side walls of the
Forum were ornamented with Corinthian pilasters,
having columns of the same Order detached in front of
them.
If we may trust to the representations given by Piranesi, the Forum of Trajan, which stood at the foot of
the Quirinal Hill, must have been a magnificent work.
The whole length is supposed to be 1150 feet, its gene
ral breadth 470 feet, and along the sides were rows of
houses and columns. At one extremity stood the Tem
ple of Trajan, and, on the opposite side, the Triumphal
Arch ; about the centre stood the splendid Basilica
Vlpiana, and near it the grand Triumphal Column of
the Emperor.
A Forum discovered at Herculaneum is of a rectan
gular form, 220 feet long, and 140 feet wide; the in
terior face of the enclosing wall was ornamented with
half-columns attached to it ; at one extremity was a
rectangular and two semicircular recesses, and at a dis
tance from the walls was an interior peristyle. One
extremity of the Forum opened into a street, on the
opposite side of which are the remains of two Temples.
That at Pompeii is in good preservation, and contains
several interesting ruins.
The Forum at Fano, in the March of Ancona, had, at
one extremity, a Basilica built by Vitruvius himself ;
wcording to his description, the portico of the Temple
of Augustus joined that side of the Basilica which was
furthest from the centre of the Forum ; and at the oppo
site end of the latter was a Temple of Jupiter. The
Treasury, the Prison, and the Curia are stated, by him,
to be situated upon the longer sides of the Forum, on
'he exterior of the shops which surrounded the area.
In the 1st Chapter of the Vth Book, Vitruvius
L! gives a few general rules for the design of a Forum,
which we may suppose to be such as he would have
adopted where local or other circumstances did not
happen to oppose themselves to the execution of a re
gular arrangement. He directs that it should contain a
large rectangular area, the breadth ofwhich may be about
two-thirds of its length, and that the interior should be
surrounded by two Orders of columns, one above ano
ther, at a small distance from the walls ; the lengths of
the upper columns are recommended to be about threequarters of the length of the lower ones ; behind the
lower columns are to be arranged the shops of the
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bankers and other iraders, and, on the upper floor, the p«rt II.
apartments for persons employed in collecting and ^—v—
administering the public revenue.
At one extremity of the Forum was to be placed a The Basili
Basilica, serving as a Court of Justice and as an Exchange for the merchants ; this is described as a rectan
gular building, the breadth of which is supposed to be
from one-third to one-half of its length. Within the four
walls of the Basilica, and at some distance from them,
was a row of columns on each of the four sides, leaving
two tiers of passages one above another between them
and the walls ; the upper passage seems to have been
covered with a roof of the kind called testudinated ;
that is, having a flat top with curved sides rising from
the entablatures of the columns. Behind, and attached
to each column, was what Vitruvius calls a parastata,
which seems to have been a pilaster, or an upright post
to support the beams which bore the floor of the upper
tier of passages, which was at a height above the pave
ment equal to one-half or two-thirds of the height of
the columns. Under one of these passages, and at the
extremity of a line drawn through the centre of the
Forum, parallel to one of its sides, was to be the Tri
bunal of the Judge.
The Romans, in order to perpetuate their great Triumphal
achievements, their public acts of beneficence, and ^.rch of
sometimes, perhaps, merely to gratify their vanity, 1 us'
erected Triumphal Arches, of which several still remain
to attest the bad taste prevalent at the time of their
construction. The Arch of Titus is that which possesses
the first claim to our attention, having been erected
before the period of any considerable decline of archi
tectonic genius ; though even this is, perhaps, justly
characterised as being too rich to be elegant.
Its plan is rectangular, and it is perforated by a single
passage, covered by a hemicylindrical vault. The length
is 49 feet, breadth 16J feet, and the whole height of the
building is equal to its length. The width of the aper
ture is 19 feet, and on each side of it, on both fronts,
are two fluted marble columns of the Composite Order,
standing on pedestals 9 feet high, and supporting an
entablature; this member is adorned with sculpture in
bas relief representing the Triumph of Titus after the
conquest of Judea. Above the entablature is an Attic
Order, 12 feet high, on which is expressed the apo
theosis of the Emperor. The Arch is semicircular, and
springs from a horizontal moulding, called the impost,
which crosses the front of the building at about 22 feet
from the ground.
The height of the columns is 22.065 feet, and the
lower diameter is 2.07 feet, consequently the height of
the column is equal to 10.6 diameters. The base is
similar to that of the columns belonging to the Temple
of Jupiter Stator, and the height of the volutes in the
capital is equal to half a diameter. The architrave is
divided into three facia?, the lower of which is vertically
over the circumference of the top of the shaft ; the frize
is highly sculptured, and there are both dentels and
modillons in the cornice ; the height of the entablature
is 5.245 feet, or ^ of that of the column. See fig. 6,
pi. xi.
The Triumphal Arch of Severus is, like the others, of Sevorus.
of a rectangular form ; its length is 75.5 feet, width
19.75 feet, and its whole height 68 feet. In its length
are three arches, of which that in the centre is 23 feet
broad, and eacli of the others 11.48 feet. These arches
spring from imposts on the piers ; the crowns of the
2 « 2
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ArcMtcc- side arches rise only to the level of the imposts of that
ture.
in the centre, and all of them communicate by a transV^V*"/ verse passage, covered also by a hemicylindrical vault.
Each fumade is ornamented with four fluted Composite
columns standing op pedestals 13 feet high ; behind
each column is a fluted pilaster, and above is an enta
blature which is broken over each column ; over this is
an Attic wall 19 feet high, with one large panel in
front, containing an inscription, and having a small pe
destal or Attic pilaster at each extremity ; the whole is
crowned by a small entablature. The dado or cubical
part of each pedestal under the columns is ornamented
with figures, and the whole face of the building above
the side arches is covered with sculpture, representing
Victories, Rivers, and Seasons. The soffits of the arches
are panelled in square forms, and there are modillons in
the impost mouldings, which are extended through the
whole depth of the building.
The height of the columns is 27.847 feet, and the
lower diameter is 2.837 feet. The base and capital
very much resemble those of the Arch of Titus, but the
shaft is different, being of a cylindrical form up to ouethird of its height above the base, from which place it
diminishes gradually to the top, whereas the other
diminishes from the base to the capital. The architrave
is divided into two facia; ; the frize is plain and very low,
and there are no modillons in the cornice. The height
of the whole entablature is 6.689 feet, or j\ of the height
of the column ; this member is far more meagre than
the entablature of the arch last mentioned, and its ver
tical breaks produce a confused appearance,
of the Gold- ^ne Arch of the Goldsmiths, at Rome, which is said
smiilis,
to have been erected also in honour of Severus, has but
one passage through it, and this, which is 9 feet wide,
is remarkable for being covered by a horizontal ceiling.
At the extremities of the piers, on each side, are two
panelled pilasters standing on a podium, with Composite
capitals, and in the entablature is a swelled frize. The
whole face of the work is covered with sculpture,
of Ji.nus,
The Arch of Janus, at Rome, is a square building
about 70 feet in length and width, and the same in
height, and is perforated by two hemicylindrical vaults
at right angles with each other. On each of the four
faces is a semicircular arch, of which the archivolts
spring from imposts. The lower part of the building
forms a podium with a cornice ; and, between this and
the impost of the arch on each face are six niches, viz.
three on each pier, with heads in the form of quadrants
of spheres ; these have no imposts, and the archivolt
is continued to the foot of the niche. Above the im
posts of the arch, on each face of the building, are three
other niches similar to those below, and over the niches
is a horizontal entab ature, which is crowned by a high
Attic. There are no columns on any of the faces,
of Constan- ^ 'le Arch of Constantine, at Rome, was raised
tine,
by the Senate with materials taken from the arches
of some of the former Emperors ; among which the parts
belonging to that of Trajan are very distinguishable by
their superior quality. Of all the Triumphal Arches
this is the richest and in the best preservation, but it
exhibits, at the same time, a melancholy proof of the
declining state of the Ait at that period. Like the
Arch of Severus, it consists of three passages covered
by hemicylindrical vaults, the crowns of the two sidearches rising only to the level of the impost of that in
the centre. Its length in front is 81 feet, its height 70
feet, and its depth 21.75 feet. The span of the centre

arch is 21.4 feet, and the height of its vertex from the PiKlI
ground, 38.2 feet. The imposts of the arches return *»y»
on the faces of the piers, and are ornamented with
dentels and modillons. The building is formed
of white statuary marble, and each front is adorned
with four columns of jaune antique marble, of the Co.
rinthian Order. These stand on pedestals which are
panelled, and have a figure sculptured in front of each,
and the bases of the pedestals are continued round the
piers. The plinths in the bases of the columns are con
nected with the cornices of the pedestals by an inverted
cavetto. The shafts of the columns, as well as those
in the Arch of Severus, are cylindrical up to oue-third
of their height, and, from thence, they begin to diminish
in a curvilinear form ; they are fluted with tweiity-four
channels, which are cabled, or filled up to one-third o
their height by a reed. A fluted pilaster is placed be
hind each column. The entablature is broken over
each column, and above it is a high Attic filled with
sculpture ; over that part of the entablature which is
vertically above the columns, are pedestals supporting
Dacian captives. The faces of the building in the in
tervals of the columns, and the soffits and sides of the
arches are ornamented with panels, in which figures
are sculptured ; and there is an ascent to the top by a
staircase in the interior. An elevation and plan of this
building is given in pi. xiv.
•
The height of the columns is 28.037 feet, and the lower
diameter is 2.902 feet. The base is Att'.c, but the upper
torus is double. The architrave is divided into three
facia;, all of which incline inward at their upper extre
mities ; the frize is plain ; there are both dentels and
modillons in the cornice, but the latter are thinly dis
tributed over a large and plain facia ; the corona is
small, and all the parts of the cornice have great pro
jections. The height of the whole entablature is fi.94
feet, or nearly one-fourth of the height of the column.
Out of Rome are many Arches, chiefly remarkable
for tiie indications they afford of a corrupt taste ; and
it may be, therefore, sufficient merely to describe thtir
features in a general way. The triumphal edifice of
Gallienus, at Verona, forms a double gateway, consist- ofM
ing of two arches, with an entablature and pediments, JlUl
supported by Corinthian columns, placed one on each
side of each gate. Above these is a second story con
taining a row of semicircular arches, with architraves
continued to the foot ; two of these arciies, which stand
over the pier between those below, have fluted Corin
thian pilasters on each side, supporting a pediment.
This slory is crowned by a general horizontal entabla
ture, which is broken over the space occupied by to*
two pediments, and is supported by two twisted Corin
thian columns. The third story contains a row of semi
circular arches, above those in the second story, but
larger. Over these is the upper entablature of the
building, which is broken above every alternate arch,
and supported by a pilaster at each extremity. Below
the ground-floor are elliptical vaults. The breadth of
the building is 52 feet, the height from the ground to
the soffits of the principal arches is 23 feet, and the
whole height is 66 feet. Some of the members of this
arch seem to have been the originals of those peculia
rities which distinguished the works of the Italian artists
in the XVth and XVIth centuries.
J
The Arch of Trajan, on the pier at Ancona, is also" ^
of a rectangular form, and consists of one semicircular
arch with a console in the vertex. In its facade are
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KkHtc. four Corinthian half-columns with fluted shafts, and
tm. Attic bases, and pedestals beneath. The entablature is
•v--' continuous over the two middle columns, and broken
over the two extreme ones. Above this is a high Attic
with small pilasters over the extreme columns, and one
general dado over the archway. The profile of the entablature is very coarse ; the soffit of the arch is unornamented, and there is a rectangular tablet between the
columns on each side of the arch.
o?!*'u!, The Arch of Augustus, at Rimini, appears to have
Lara. ))eeni when entire, 124 feet long and 88 feet high, to
the top of the entablature. It consists of one semicir
cular arch springing from imposts, and, on each side, a
Corimhian half-column, standing on a pedestal which
projects from the basement ; at each extremity of the
facade is a Corinthian pilaster; above these is the
entablature, and over the archway a pediment. The
entablature is broken over each column, and the pedi
ment, if it formed part of the original design, is a re
markable proof of a declining taste in Art, even in the
Augustan Age ; since, instead of rising from the extre
mities of the horizontal cornice, it rises from two points
vertically over the interior sides of the columns, so that
its span is only equal to the intercolumniation. The
sides of the modillons in the oblique entablatures of
the pediment are neither vertical nor perpendicular to
those entabl atures, but are formed between both those
directions.
At Orange is a Triumphal Arch of Roman workman
ship, remarkable for being of a square form, and for the
crown of the side arches rising above the horizontal
courses of that in the centre ; all the archivolts spring
from pilasters, and the soffits are richly panelled. A
Corinthian fluted column stands at every angle and on
each side of the centre arch. The entablature is con
tinuous over the two middle columns, and above this is a
pediment with a double Attic. The whole facade is
covered with sculpture. The sides of the building are
like the front, but without arches, and are ornamented
with figures in alto relievo. The bases of the columns
resemble two Attic bases placed one over the other, and
the lower one rests on a pedestal.
At Bara, in Spain, is a Triumphal Arch of a semi
circular form, with a simple archivolt springing from
imposts ; on each side are two fluted pilasters, with
capitals resembling the Corinthian, on a rusticated po
dium. The architrave and frize are plain, and there
are modillons in the cornice. The whole building may
be considered as a specimen of the Roman Architecture
10 its best state. Near this place are excavations, in the
sides of rocks, which have served as sepulchres, pro
bably, in very ancient times.
Returning towards the East, we come, next, to
' Athens, where still exists that which is called the Arch
of Hadrian ; this, when in its perfect state, consisted of
a semicircular-headed aperture formed in a wall ; the
archivolt rises from pilasters which terminate in a capi
tal resembling the Corinthian. On each side of the
arch there are two fluted Corinthian columns support
ing a horizontal entablature, above which is another
tier consisting of four Corinthian columns, supporting,
also, an entablature with a pediment over the middle
interval. It has been thought that this work, consisting
merely of a wall, ornamented as above described, could
hardly have been intended for a Triumphal Arch, and
that it may rather have formed the entrance to a portico.
It would be improper to omit mentioning here, a
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Triumphal Arch which exists among the ruins of Part II.
Palmyra. It consists of three semicircular-headed v-~*s^-*-'
apertures, and the crowns of the side-arches do not rise Arch at
so high as the imposts of that in the centre. The whole Pa,ln>'rafacade is divided vertically into three parts, of which
the centre projects before the wings ; all the salient and
rentiant angles are adorned with pilasters of a Compo
site Order, having their faces panelled and filled with
sculptured foliage. The pilasters support an entabla
ture which is broken to follow the planes of the facade.
The frize is enriched with sculpture, and the central
part of the entablature is crowned by a pediment.
Over one of the lesser arches is a niche which is
crowned in like manner.
Besides Triumphal Arches, the Romans raised lofty The CoColumns to commemorate the remarkable circumstances lun,ns »'
which tended to exalt the grandeur of their Nation ; TjSJ'j^r
two of the most superb of these monuments are still to
be seen at Rome, viz. the Columns of Trajan and of Antonine, on which, as on Historical Tablets, are sculp
tured the events of the lives of those Princes. And
amidst the ruins of Temples.Theatres, and other splendid
edifices of the Eternal City, these seem to have been
respected by Time, and by Barbarians both ancient
and modern. The Column of Trajan is of Parian
marble, 125 feet high including the pedestal ; the length
of the shaft is 90 feet ; its lower diameter 12 feet, and
its upper 10$ feet, so that the difference of the dia
meters is about one-ninth of the lower. The ascent to
the abacus was by steps within, and, on it, was formerly
a colossal statue of the Emperor. The Column of Antonine stands on a double pedestal, placed one above
the other, of which the lower one has been but lately
discovered, and that, by making an excavation at the
foot of the column.
The spiral direction of the sculpture on these His
toric columns has been ingeniously adopted to give the
story a continuity, which horizontal rings would have
interrupted. Mr. Forsyth observes, that the columns
are of no Order of Architecture ; that of Trajan has a
Tuscan base and capital, and a Doric shaft and pedes
tal, with Corinthian mouldings.
The Column of Phocas, at Rome, is a Corinthian Tlic Pillars
Pillar, which was erected in theVIIth century in honour of Phocas
of that Emperor. That which is called Pompey's Pillar, ™JP°mP«y
near Alexandria, is, probably, a monument of a similar
kind, and, therefore, may be mentioned in this place.
It is executed in granite, of a mixed Corinthian Order,
its diameter is 8 feet, and height 80 feet, exclusive of
the pedestal, whose height is 10 feet. Dr. Clarke is of
opinion that it wa9 erected by Caesar in honour of
Pompey ; on the other hand, Dr. White supposes it
was, originally, within the precincts, and an accompani
ment to the Temple of Serapis, and, consequently, that
it was a work of one of the Ptolemies. Some think it
was elevated in honour of Hadrian, or Severus, or Dioelesian, for the inscription on the pedestal is so much
obliterated that it is impossible to ascertain which of
these Emperors is meant. The shaft is said to he more
ancient than either the capital or the pedestal ; the
latter is supported on a block of stone, which appears
to have been part of a more ancient ruin, and this
block is surrounded by sepulchral fragments of ancient
Egyptian monuments.
No Works of the Romans are more deserving of Roman
notice than their Bridges, on account of the great Bridges,
utility of those edifices in facilitating the communication
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Architec- between the different Cities and Provinces of the Emture. pire. If the Romans thought the conquest of any
—
Country was not complete till a military road was made
through it, much more must they have thought it of im
portance to the security of their possessions that the
rivers which flowed between them should be subdued
by permanent buildings which might, at all times, per
mit a free passage over them. Some of the Bridges of
Rome existed in the time of the Republic, but on
account of the changes they subsequently underwent,
it is impossible to say in what manner they were at first
formed ; it is certain that some were of timber, but
there seems no reason to doubt that, in others, the road
way was supported by voussoirs of stone, arranged in
a circular order.
As the principal Bridges executed by the Romans
have been described, ad v., in our Miscellaneous Divi
sion, it will be unnecessary to mention them here ; and
we, therefore, proceed to an account of the Aqueducts
which supplied the city with water.
Aqueducts.
An Aqueduct in the time of the Romans was a work
of no less consequence than a bridge, and the construc
tion of each was in some respects similar. The former
conveyed the water from the rivers, or from an original
reservoir, to the place required ; and being necessarily
horizontal, or having but small declivity, whenever
hills or rocks intervened, it was necessary to cut through
them, and when the course of the water lay across a
valley, the canal was supported on arches of masonry,
which were, sometimes, of vast height, and placed in
two, and even three, tiers, one over another. No reason,
except it be that of making a display 6f wealth and
magnificence, can be given for incurring the expense of
these extensive canals, since an equal supply might have
been obtained in a more economical manner by forming
subterranean tunnels, or a system of pipes from the re
servoir to the place of delivery ; these might have fol
lowed all the inequalities of the ground, and it would
have been only necessary to take care that, in no part
of the course, the tunnel, or pipes, were on a higher
level than that of the reservoir. It has been supposed
that the Ancients were ignorant that water, flowing in
the branches of a bent tube, will rise to the same ver
tical height as that in the reservoir from whence it pro
ceeds ; but this opinion is by no means to be admitted
as a reason for their executing these works, since the
hydrostatical fact just mentioned is distinctly affirmed
by Pliny, and it appears from Vitruvius, (book viii.
ch. vii.) that the Romans actually used pipes of lead
for the conveyance of water to their- houses and baths.
The most ancient Aqueducts which brought water to
Rome are those called the Martian, the Appian, and
the Claudian. The first, which brings its supply
from the Teverone, was erected by Quintus Martius,
312 years before Christ ; it consists of two canals, one
above the other, supported by an upper and tinder row of
semicircular-headed arches, the apertures of which are
each equal to 16 feet; and the height of the whole work is
about 70 feet. The second was erected during the same
year by the Censor Appius Claudius, and is remarkable
for the form of its transverse section, which is narrower
at top than at bottom. The last was built by the Emperor
Claudius of squared stone, and its whole extent is 46
miles. The canal is borne on a long line of semicircular
arches 20 feet wide, supported on lofty piers ; and the
height of the crowns of the arches above the valley,
is, in some places, about 72 feet. Elevations of three

of the most celebrated Aqueducts are given in plate xiii, Pm|
At Vicovaro, near Tivoli, there is a canal more than a ^v>
mile long, 4 feet broad, and 5 feet deep, which forms
part of an aqueduct, and is cut through the solid
rock.
It has been remarked, that though, in some cases,
water might have been brought in a straight line to the
city, yet the Aqueduct has been constructed with several
bendings, by which the whole length of the work is con
siderably increased ; some have supposed that this was to
avoid the expense of raising the arches to an excessive
height over the low grounds, and others, that it was lo
diminish the velocity of the water, which, if great,
might damage the bed, or come less pure to the city.
According to Montfaucon, there were formed at intervals
along the line of canal, reservoirs called canlella, in
which the water, by expanding, might purify itself;
these were a sort of round towers of masonry, raised,
of course, to the same height as the canal, and some
times highly ornamented. The same author observes,
also, that, in various places, pits were sunk below the
general bed of the canal, in which the water, remaining
at rest, might deposit the earthy particles which it con
veyed. According to Vitruvius, an Aqueduct should be
arched over to prevent, as much as possible, the Sun
from shining on the water. Vitruvius also states, in
the Vllth Chapter of the VUIth Book, that, when
pipes, for the conveyance of water, pass across the
bottom of a valley, it is necessary to form what he calls
a venter ; that is, a subterranean reservoir, in which the
water may diffuse itself; and thus, he observes, the force
will be diminished, with which the water, by its swelling,
meaning its hydrostatical pressure, would act against
the pipes, to burst their joints. In such valleys, also,
and even in horizontal plains, he proposes that verticil
pipes, open at top, should be raised, in order that the
air which is conveyed with the water may, thereby,
escape. In modern practice such air-pipes, or valves
equivalent to them, are placed, not at the bottoms of
valleys, but wherever the pipes form a bend the con
vexity of which is upwards, in order to permit the escape
of the air which, in such places, would rest and im
pede, or entirely stop the movement of the water.
We may conclude this Chapter with a short notice of R«i
the Tombs erected by the Romans to contain the bodies TolN
of their dead : some of these were intended for the
interment of individuals or families, and some were for
the public in general. The latter were merely vaults
excavated in the ground, but of such extent that they
have been compared to subterranean cities, the others
were cylindrical, conical, or pyramidal towers, contain
ing within them ranges of vaults, connected with each
other, in which the bodies were deposited.
On the Appian Way is a great and ancient Tomb, OW
probably constructed by Etruscan artificers ; it consists ' ■
of a squre basement 45 feet each way, on which are
raised five masses of earth, in the form of frusta of
cones, reveled with masonry. Four of these cones are
10 feet in diameter at bottom, and are placed, one at
each angle of the basement ; the fifth is larger, and is
placed between the others, and the foot of each cone is
connected with the top of the basement by an inverted
cavetto. The Tomb is supposed to have been raised over
the bodies of the Horatii ; but this opinion is extremely
uncertain, and, indeed, is founded only upon the appa
rent antiquity of the workmanship. Near it is what has
been taken for another Tomb, but is more generally
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lm. supposed to have been a little Temple dedicated to the
At Valence, on the Rhone, is an ancient Tomb, said Part II.
«r. God Reilicolus, after the retreat of Hannibal from to have belonged to the Martian family ; its plan is
Rome. Mr. Forsyth thinks, from the rich chiseling it a perfect square and its height is equal to twice the "Tomb at
exhibits, that it was erected as late as the time of Scve- length of each face. At each angle is a column let into Valencc,>
rus, and that it was destroyed soon after it was built.
the masonry and standing on a pedestal, and, on each
The principal Tombs at Rome are those of Caius face, is a semicircular arch springing from columns
Cestus, of the Emperor Hadrian, and of Cecilia Metella. Above the latter is an entablature, and the whole is
The first is a simple pyramid raised on a square plan, crowned byapyramid,the height ofwhich is about halfof
each side of which is 102 feet, and its height is nearly that of the whole Tomb. At Vienne is, also, a singular at Vienuo,
the same. In the centre of the pyramid is a rectau- work, probably intended for a Tomb, and supposed to be
{ralar cell, 20 feet long and 13 feet broad ; and at one Roman. It is similar to the last, but open on all sides,
of its extremities is a small niche, which, probably, with a column at each angle, standing on a pedestal.
contained the sarcophagus. At each angle of the pyra In each face is a semicircular arch springing from square
mid is a Doric column, seemingly intended as an orna piers ; above is a horizontal entablature, which is
crowned by a lofty obelisk. The capitals of the columns
ment, for it does not support any thing,
to, The Tomb of Hadrian, now the Castle of St. Angelo, and the archivolts are unwrought.
At St. Remi, in Provence, is a Mauso.eum which, atSURenu.
consisted of a square basement, the length of the sides
ofwhich is 170 feet Above this was placed a cylindrical also, bears marks of Roman workmanship ; at bottom
tower, 115 feet diameter, formed by a thin wall of tufo, is a pedestal on two steps, with a sculptured dado, and,
and, probably, at one time, surrounded by a colonnade. on this, is a square story with semicircular arches
The interior is crossed by the modern stairs leading to springing from pilasters. At each angle is a fluted
the apartments on the upper floor, which were built by column of an Order resembling the Corinthian, and
Pope Paul III.
these support an entablature with sculptured frize.
i The Mausoleum of Cecilia Metella, which was built Above is a circular tower with Corinthian columns on a
by Crassus, is a plain, circular building, 90 feet in dia general circular base, and, over these, is an entablature
meter and 62 feet high, standing on a basement of the crowned by a conical dome.
same form. The body of the tomb is of travertine stone,
The excavations at Pompeii, which have brought to Tombs at
and, at the top, is a circular frize of marble, adorned light so many specimens of ancient Architecture, have, Porop61'with sculpture, representing rams' heads and garlands. also, made us acquainted with several Roman Tombs,
In the interior is a circular cell, 19 feet in diameter, to which are so much the more interesting, as, having
which there is an entrance by a passage on the exterior, been buried in the earth during so many Ages, they
j Near Capua is an ancient Tomb, consisting of a cubi cannot have suffered any change of form, from the
cal basement 21 feet long, and of the same height, with caprices of men, since the period of their construction.
a door in one of the sides crowned by a semicircular They are, in general, small, and are placed near to
arch. Above this is a lofty building, with a plain, round gether, so as to form a sort of street of Tombs, See
turret on each angle. The wall between every two Gell's Antiquities of Pompeii.
turrets is cylindrical with its concavity outwards, and
In the Hd volume of the Ionian Antiquities is Tomb at
in its centre is a small projection, containing a rectan given a representation of a sepulchral monument, about Mylassa.
gular window, which is crowned by a pediment, and a quarter of a mile from Mylassa, in Asia Minor. This
there is a semicircular niche on each side. Above the work, which was, probably, executed while the Romans
centre of the Tomb is a small round tower, ornamented were in possession of the Country, is raised upon a square
with Doric columns supporting an entablature, and the plan ; the lower part is a general pedestal, consisting of
whole is covered by a low cupola. Between the co a plain dado with a base and cornice, and, in the pedes
lumns are semicircular-headed recesses ornamented with tal, is a doorway to the chamber wherein the body was
paterae. On what occasion this building was erected it deposited. Above the pedestal, at each angle, is a
is now impossible to form an opinion, but the workman square pillar, and between them are two elliptical co
ship is Roman.
lumns on each face ; the pillars support a simple enta
In the Antiquities of Magna Gratia is given a re blature, above which are four courses of stones, formiuga
presentation of a remarkable monument, at Agrigentum, frustum of a pyramid, the sides of which are in the shape
Hi Sicily, which is commonly considered as the Tomb of of steps ; the lower part of the shafts of all the pillars is
Theron. It is a pile of building about 25 feet high, in plain as far as one-third of their height; the whole
the form of a frustum of a pyramid, standing on a qua above is fluted, and, between the pillars, the spaces are
drangular basement 13 feet in length, and as much in now quite open on each face, but, originally, they seem
breadth. The building is divided into two stories nearly to have been filled with marble panels. The soffit of
equal in height, of whieh the lower is a plain stylobata, the roof is richly ornamented, and hollowed in the form
"owned by a projecting cornice. The second has a of a triple square, the sides of each interior one being
blank window, surrounded by mouldings, in each front ; inscribed obliquely within the next exterior one.
the angles of this story are terminated by fluted co
What are called the Sepulchres of the Kings, near Sepulchres
lumns with Ionic capitals and bases, and the whole is Jerusalem, are, by M. Chateaubriand, supposed to be of the
surmounted by an entab'ature, of which the cornice is the Tombs of Herod the Tetrarch, and they are described Kin6s"anting. There is no regular doorway ; and, no doubt, by that traveller in the following manner. In the midst
when the sarcophagus was placed in the Tomb, the aper of a field is an excavation similar to the abandoned
ture was built up. The columns, which, instead of being work of a quarry ; a long and gentle descent leads to
vertical positions, incline with the walls, have Attic the bottom of the excavation, where an arcade has been
bases, and their capitals resemble those employed in formed, through which is the entrance to an open room
R Oman buildings. Lastly, there are triglyphs in the frize, cut in the rock ; this room is 30 feet long, 30 feet wide,
'Inch, also, converge towards the vertex of the pyramid. and 12 feet high. In the middle of the South side of
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the apartment is a recess, cut several feet deep in the
rock ; its section is square, and about the aperture are
ornaments resembling those of the Doric Order; over
the lintel is a sort of frize. containing triglyphs and
metopes ; in the centres of the latter are sculptured
simple rings, and these are continued down the jambs.
In the left-hand angle of the chamber is an open
gallery, leading to another square chamber, in the sides
of which are holes cut to contain the coffins. Three
vaulted doorways lead from this to seven other chambers,
of unequal sizes, which are, also, cut in the rock. Some
of the sepulchral monuments near this place resemble
in form those in the South of France, which have been
just described.
We have had occasion to mention the employment of
small bells, either as ornaments, or to keep away birds
from the ancient Temples of Greece and Syria ; and, it
is from a monumental edifice we learn that bells, for
similar purposes, were used in Italy at a very early
period. Tintinnabula are said, by Pliny, to have been
suspended by chains about a building of this kind which,
he says, was erected by Porsenna, near Clusium ; this
must have been about 500 years before Christ. See
Labyrinth in our Miscellaneous Division.

CHAPTER V.
Works of Public Convenience and Pleasure.
We class under those heads the Theatres, Amphi
theatres, Circi, and Baths of the Romans, all of which
were objects of the utmost importance to that people,
though there is found a considerable difference in their
execution, some having their details rudely formed, while
- in others the utmost delicacy of ornament has been
profusely lavished.
The Roman Theatres resembled those of the Greeks
in being of a semicircular form; but, being situated
within the cities, where the natural ground did not afford
the means of supporting the seats, as was the case in
most of the Grecian Theatres, it was necessary to carry
them upon the upper surfaces of vaults, and to terminate
them, on the exterior, hy a lofty wall surrounding the
edifice.
Pompey's Theatre, at Rome, seems to have been the
most ancient stone building of the kind, and, even of
this, the seats were probably made of wood, as it was
several times consumed by fire. The second stone
Theatre was erected by Julius Csesar ; and Augustus,
afterwards, caused one to be constructed in honour of
Marcellus, his sister's son ; the ruins of this last still
exist. Many others were, subsequently, erected in Rome
and the Provinces.
The Theatre Tb.e Theatre of Marcellus consists of a semicircular
of Marcellus part, which contained the orchestra and the seats of the
spectators, and of a rectangular part, in which were the
scena, the proscenium, and the porticos. The orchestra
occupied the most central part of the Theatre, and its
diameter was equal to 172 feet ; round its circumference
were two concentric rows of hemicylindrical vaults
supporting the podium, or wall in front of the level space
at the foot of the seats, and, probably, serving to contain
the animals destined for the exhibition of combats,
which seem to have taken place in Theatres before Am
phitheatres were constructed. Between the vaults of
the first row, at intervals, are passages by which, pro

bably, the animals were. brought into the arena, or p,si
orchestra, and, at intervals, in the second row, are steps
which led to the podium. On the exterior of the
second row is a corridor, extending along the circum
ference, and receiving light from apertures above. Be
yond this corridor were vaults, in directions diverging
from the centre of the Theatre ; some of these served
as passages, and others contained the steps by which
the common people ascended to the upper rows of
seats, and those of the Equestrian Order to their places ;
on the exterior is the grand corridor formed by the
double arcade surrounding the building. Between the
extremities of the semicircular part and the Hanks ofthe
proscenium are passages, which probably served as en
trances for the Nobles. Behind the centre of the tcena
was a vestibule, in which were steps leading to the parts
under the proscenium, and on each side of the vestibule
were the apartments for the performers and persons
who had the care of the Theatre : on each flank of the
proscenium was a covered portico for the convenience
of the spectators in bad weather. The whole diameter
of the Theatre is equal to 517 feet.
The semicircular front of the Theatre was adorned
with two Orders of attached columns placed vertically
above one another. The lower columns are of the
Doric Order, and rest upon a platform which serves as
a general base to the whole edifice, and is surrounded
by three steps. These columns are without bases, and
the fronts of their shafts project from the face of the
wall about three-quarters of a diameter ; and between
every two columns is a semicircular-headed archway,
formed by simple voussoirs springing from imposts in
the wall, at points taken about two-thirds of the height
of the column from the pavement. The columns nest
above were of the Ionic Order, and stood on plain pe
destals resting on the entablature of the lower Order;
and between every two columns is a semicircular arch
similar to those below. Some have supposed that there
was a row of Corinthian columns above the entablature
of the second Order, but of this there is no proof.
According to the dimensions given by Degodeti,
when reduced to English measures, it appears that the
height of the Doric columns is 24.119 feet, and the
lower diameter 3.198 feet. The exterior face of the
architrave is vertically over the top of the shaft; the
frize is ornamented with triglyphs, and the cornice con
tains a row of dentels partly concealed under the
inclined soffit of the corona, the face of which, also,
conceals the guttce over the triglyphs. The height ol
the whole entablature is equal to 6.063 feet, or nearly
one-quarter of the height of" the column. The span of
the arches between the piers is 8.794 feet ; the breadth
of the latter is 6.864 feet, their thickness is about 7 feet,
and their height from the pavement to the level of the
foot of each arch is 17.633 feet. An elevation of one
of the columns in this tier is given at fig. 1. pi. *•
The height of the Ionic columns, in the upper Order,
is 23.94 feet, and their lower diameter is 2.66 feet;
therefore the height is equal to nine diameters. The
architrave is divided into three facias, the upper extremi
ties of which incline forward ; the top of the cornice is
destroyed, but there remains a row of dentels over which
the corona must have been placed. The bases are of
the Attic kind, and the columns stand on pedestals four
feet high, the tops of which are on a level with 'he
bottom of the aperture of the arch. The volutes of the
capitals are very simple, and their planes are parallel to
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rckitcc- the exterior faces of the abaci. The fronts of the shafts
lure, of these columns, also, project about three-quarters of a
•y^ diameter from the face of the wall.
The ruins of other Theatres of similar forms have
been noticed at Herculaneum and Otricoli, in Italy ; at
Taorminaand iEgesta, in Sicily, besides several in Asia
Minor and Syria, which were erected during the pleni
tude of the Roman power in those parts of the World.
„trec. From the descriptions of Vitruvius, and from such reiof [he mains of these edifices as still exist, it appears that the
"» principles which regulated the construction of the Ro!** man Theatres were nearly as follows. A circle was
described with any convenient radius, which was pro
bably about one-third of the radius of the whole build
ing; the part included between the semicircumference
and the diameter was occupied by seats for persons of
Senatorial rank, and a wall, extending along the circum
ference of the semicircle, separated this space from the
seats of the other spectators ; a wall coinciding with the
diameter, and produced each way till it was equal to
twice the diameter, formed the front of the proscejiium
or pulpilitm. The space occupied by the Senators cor
responded with the orchestra in the Greek Theatres,
only the floor of the latter was horizontal, whereas in the
Roman Theatres it was an inclined plane rising towards
the circumference.
An equilateral triangle being inscribed in the circle,
and having one of its sides parallel to the above dia
meter, the wall of the scena was made coincident with
that side; and this determined the breadth of the pulpitum on which the actors performed their parts. This
pulpitiim was made not more than five feet higher than
the level of the orchestra, in order that the spectators in
this latter place might not be prevented from seeing
the performances. All the seats on which the spectators
sat, beyond the orchestra, had their centres in a ver
tical line passing through the centre of curvature of
the wall of the orchestra, and the lowest seat was ele
vated above the bottom of this area about one-sixth of
the diameter of the area, a height great enough to pre
vent those spectators from mingling with the Senators.
The seats rose gradually, from the lowest, towards the
circumference of the Theatre, in such a way that their
superior edges were in a right line making an angle of
about 22^ degrees with the horizon ; and, at inter
vals, the seats were interrupted by pr<ecinctiones, or
level landing-places, like the diazomala of the Greek
Theatres.
From the orchestra to the first praecinction were four
teen seats, which were allotted to persons of the Eques
trian Order, to the Tribunes and others of that quality;
all above these were the seats of the Plebeians : a covered
colonnade surrounded the seats above the upper prae
cinction, and formed a gallery in which Augustus ap
pointed the women to sit. The height of the seats is
recommended to be from 1.2 to 1.33 feet, and their
breadth between 1.94 and 2.22 feet. The circumference
of the semicircle was divided into six or eight parts,
and lines being drawn to these points from the centre
of the Theatre, determined the directions of the steps of
ascent to the different seats of the spectators ; the quadrilinear division of the seats between every two prweinctions and every two flights of steps was called a ciineus,
from its wedge-like form ; the stone seats seem to have
been covered by boards or cushions. The decorations
of the scena may be traced in the remains of the
Theatre at Nismes, but more particularly in some of
Vol. v
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those in Syria and the Decapolis. They consist of Part II.
various Orders of columns with broken entablatures
"v-^/
and pediments, and afford sufficient indications that
richness or ornament was consulted rather than good
taste.
Behind the wall of the scena were apartments for the
performers, and from these apartments there were en
trances to the pulpitum by three doors, of which that in
the centre was called the Regal door, and those on the
sides were called the Hospitalian doors. The rectilinear
side of the Theatre, on the exterior, was provided with
a grand portico or colonnade extending the whole length
of the building.
>
The history and construction of Amphitheatres The Flavian
having been given under that word in our Miscellaneous AmphiDivision, it will be unnecessary to enter into many theatre,
details concerning those edifices ; we, therefore, confine
ourselves to a general description of the plans and
Architectural embellishments of the principal buildings
of this kind which still exist. Of these the Flavian Am
phitheatre, or the Colosseum, being the most consider
able, has the first claim to our attention. The form is
that of an ellipse covering about five acres of ground,
and the whole edifice stands on a basement to which
there is an ascent by six steps extending along its whole
circumference. In the centre was the arena, so called
from the sand with which it was strewed, the lengths of
whose transverse and conjugate axes were respectively
281 and 176 feet. This was surrounded by an ellip
tical wall which supported the podium or fence above.
Behind this wall was a row of cells, which continued
along its whole circumference, and served to contain
the beasts preparatory to their entrance into the arena,
which entrance was made by passages cut at intervals
through the wall of the podium. Between these passages
were niches in which, probably, the combatants depo
sited their arms and dresses previously to engaging. In
rear of the cells was a corridor, from which proceeded
vaults, in directions nearly perpendicular to the curva
ture of the ellipse, and serving to support the first menianum, or the interior range of seats. In some of
these vaults were the steps which led to the podium,
and others were, simply, passages between the firet and
the next corridor towards the exterior. This corridor
received light from apertures cut in its vault through
the praecinction which separated the first horizontal
division of the seats from the second. In rear of this
second corridor were, also, vaults in directions nearly
perpendicular to the curvature of the ellipse, in some of
which were steps leading to the second division of the
seats, and others were galleries leading from the corri
dor to the double arcade which surrounded the whole
edifice. The transverse axis of the exterior ellipse is
61 5J feet, and the conjugate 510 feet.
On the Northern side of the building was the lodge of
the Emperor, and under it were apartments in which he
gave private audiences ; from these apartments a
colonnade led to the Imperial Palace on the Esquiline.
On the Eastern and Western extremities were the door
ways by which the combatants entered, or by which
the dead were conveyed away.
On the exterior of the building, about its whole cir
cumference, there are three Orders of columns, and one
of pilasters, all of equal diameter and disposed in tiers
one above another ; and the circumference of the wall,
in each tier, is perforated by eighty semicircular-headed
arches ornamented with archivolt mouldings : four of
2 *
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Architec- the arches in the lower Order, or tier, were for the ad
mission of distinguished personages, and the others for
the populace ; these were called vomitoria, and from
them the spectators ascended to their places by steps
under the vaults which supported the seats. The piers
supporting the arches are 7.329 feet wide, and each is
ornamented with a half-column projecting from the
wall ; the distance between the piers is 14.302 feet.
Horizontal mouldings at the imposts, or springing of
the arches, ornament the wall and entirely surround it,
except where they are interrupted by the arches and
columns. A plan and elevation of this edifice is given
in pi. xii.
Description The columns in the lower tier are of an Order resem
of the
bling the Doric, but they have bases, and there are nei
columns. ther triglyphs in the frize nor mutules in the cornice.
According to the dimensions given by Degodetz, their
height is 27.631 feet, and the lower diameter 2.91 feet ;
consequently they are about nine diameters high, and
they have a very small diminution. The base consists
of a plinth, a torus, and an inverted cima recta with a
fillet between the two latter ; the shaft fs plain and the
capital consists of an ovolo, the section of which is in the
form of a quadrant of a circle, with a small cima reversa
at its foot. The architrave is divided horizontally into
three facia?, the frize is plain, and below the corona is a
band on which a row of dentels may be supposed to have
been intended ; the height of the entablature is 6.644
feet ; consequently the height of the whole Order, above
the pavement, is 34.275 feet. For an elevation of one
of these columns see pi. x. fig. 2.
The second tier of columns is of the Ionic Order, and
stands on a continuous stylobata, 6 feet high, the face of
which is in the same plane as that of the piers, except
where it is broken under each column to form a pro'ection, like the face of a pedestal. The height of the
column is 25.731 feet ; the bases are of the Attic kind,
the shafts are plain, and the faces of the volutes without
ornament, the eye only being marked by a circle. The
height of the entablature is 6.636 feet, and its subdivi
sions are exactly similar to those of the entablature of
the Doric Order below ; the facite of the architrave in
cline inward at their tops; the cornice is without modil
Ions, and the dentel band is uncut. The entire height
of this Order, including the pedestal, is 38.367 feet.
The third tier of columns is of the Corinthian Order,
and, like the tier below, it.stands on a general stylobata,
the height of which is 6.396 feet. The height of the
columns is 25.584 feet; the bases are of the Tuscan
kind, consisting of a simple torus and fillet above the
plinth, and the leaves in the capitals are quite plain.
The height of the entablature is 6.596 feet, and its mem
bers exactly resemble those of the two lower Orders, ex
cept that the place of the corona is occupied by a row of
simple rnodillons which support the cymatium above.
The entire height of this Order, including the pedestal,
is 38.576 feet.
The fourth tier consists of Corinthian pilasters which
stand upon blocks 2.788 feet high, placed above a
general stylobata 7 feet high. The height of the pilas
ters is 27.99 feet, and they are without diminution ; the
bases are Attic, and the capitals are exactly like those
in the Order immediately below. The height of the
entablature is 7.369 feet, but it is not continuous ; over
the capital of each pilaster is a portion of an architrave,
and above it is placed a large corbel ; and in the interval
between every two pilasters are placed two similar cor-

bels in the same horizontal plane, and all at distances
from each other equal to one-quarter of their length in
the direction of the circumference of the building. These
support a continuous cornice which projects consider
ably beyond the wall ; and the edifice is crowned by a
plain parapet 6 feet high. By adding all the vertical
dimensions together, we find that the whole height of
the Amphitheatre, above the steps, is 162 feet.
All the columns in the three Orders have the exterior
faces of their shafts projecting from the wall, in each
tier, about three-quarters of a diameter. Between the
columns are semicircular-headed apertures whose
breadths, though some differ considerably from others,
are, in general, equal to 14.479 feet, and the breadths
of the piers are 7.883 feet. The faces of the walls in
the different tiers are not in the same vertical plane, but
each upper face recedes a little from that immediately
below it, towards the interior ; and the axes of those
columns which are in the same vertical planes, conse
quently, do not fall in the same vertical lines. The thick
ness of the piers is also different in the three lower
tiers ; reckoning from the bottom of the building up
ward, they are, respectively, 8.706 feet, 8.377 feet, and
7.284 feet. The arches spring from imposts and are
ornamented with archivolt mouldings. The lower parts
of the apertures coincide with the tops of the stylobata,
and these seem to have been intended as parapets, since
they are of a height just sufficient to be leaned over for
the prevention of accidents. Between every two pilasters
in the fourth Order is a square window, and between
every two corbels are holes left in which were placed the
beams intended to support poles carrying the canvass
cover, which was occasionally drawn over the building
to screen the spectators from the Sun or rain. The cloth
was attached to the building round its circumference,
and declined towards the interior, so that the rain might
fall into the arena by the aperture which it left in the
centre.
The magnitude and distribution of the parts of this
building are such as to cause it to form an imposing
spectacle, notwithstanding many defects which a critical
eye may discover in it. It may be justly objected to it
that the three entablatures are nearly alike, though the
columns are of different Orders. And it has been ob
served that the dimensions of the arches and piers and
the projections of the members are very irregular, which
seems to indicate great precipitancy in the execution.
The Amphitheatre at Verona, though smaller than .V::
the Colosseum, has the advantage of being in a better hV;:;:i:
state of preservation. It is of an elliptical form, MS
feet, long and 403 feet broad, and the dispositions of the
vaults and seats are similar to those of the Colosseum.
The exterior wall of the edifice is ornamented with three
tiers of Tuscan pilasters projecting before the faces of
the walls, and those of the two upper tiers stand upon
continuous podia ; between the pilasters in each tier
are semicircular-headed apertures.
■ The horizontal joints of the stonework in the face of
the wall are marked by channels, which are also carried
across the faces of the pilasters. This species of orna
ment, if it may be so called, has subsequently been de
nominated rustication. At Capua, Otricoli, and Nismes
are the remains of large Amphitheatres, but as a great
sameness reigns in all the works of this kind, it will be
unnecessary to describe them.
NaumachicB were buildings similar to Amphitheatres. M"*
and used for the exhibition of naval combats; the
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kc arena being filled with water from some river, or from
t reservoirs communicating with it. Those of Augustus
—^ and of Domitian are said to have been the most magni
ficent of these buildings, but no traces remain of them.
A Circus is a building in some respects similar to an
Amphitheatre, and was generally employed for the ex
hibition of chariot-races. It has already been described
at length (Circus) in our Miscellaneous Division, and,
therefore, it will be sufficient to state the dimensions
of one or two of those edifices whose foundations, which
are all that remain of them, afford the means of tracing
their plans with tolerable accuracy.
The Circus Maximus, which is supposed to have been,
orisrinally, constructed in a rude manner by Romulus,
and subsequently rebuilt by the elder Tarquin, was>
about 2000 feet long, and 550 feet broad on the exte
rior, and consisted of two parallel walls in the direction
of its length, which were united by a semicircle at one
extremity ; the other was closed by a row of vaults dis
posed, side by side, in a segment ofa circle, the radius of
which was equal to about 430 feet. These, which were
called carceres, were to contain the chariots previous to
their starting for the race ; the chord of the arc was not
perpendicular to the long sides of the building, but
inclined to them at an angle of about 85 degrees, and
at each extremity was a square tower. In the middle
of the arena, and parallel to its length, was the spina, a
low wall 1309 feet long, beginning near the centre of
the semicircular extremity of the building; and at each
end was a mela or goal. The seats of the spectators
were disposed in inclined planes within the walls, like
those of a Theatre, with a podium in front; and be
tween the podivm and spina, on each side of the latter,
was the course for the chariots.
The Circus of Nero was of the same form nearly as
that above-mentioned ; its length was 1400 feet, and
breadth 260 feet ; the spina was about 800 feet long,
and the carceres seem to have been contained in a
rectangular bui lding.
The Circus of Caracalla was of nearly the same
dimensions as that of Nero, but the two sidewalls were
not exactly parallel to each other, probably on account
of some local impediment. One of the sides was bro
ken, near the middle of its length, and the two parts
made, with each other, a very obtuse angle. The spina
was not parallel to either of the sides ; but, at the end
next to the semicircle, it was further from the straight
wall by about ten feet than at the other end. The carcerts consisted of a row of vaults like those of the great
Circus, and the chord of the segmental arc made an
angle of 80 degrees with one of the long walls. The
radius of curvature of this arc was equal to about 330
feet.
The Hippodrome, at Constantinople, is a building of
this nature, and it, probably, remains now nearly as it
stood when first constructed by Constantine.
From these descriptions we perceive that the plan of
the Circus was nearly in the form of a parallelogram,
the exterior length of which seems to have been equal to
four or five times the breadth. A high wall surrounded
the ranges of seats, and was, no doubt, pierced by semi
circular-headed arcades, like those in the exterior wall of
a Theatre. The length of the spina was equal to about
two-thirds of the whole interior length of the building ;
this was ornamented with obelisks and statues, placed
"hove it, and was terminated at each extremity by a
rntta, consisting of three columns, or obelisks, on
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pedestals. The carceres were, generally, vaulted chain- Tart II.
bers closed in front and. rear by gates ; in these the ^-yw'
chariots remained till the signal was given for driving
them round the arena. The oblique disposition of the
plan of the carceres, and, sometimes, of the spina itself,
was, no doubt, intended to equalize the spaces which
all the chariots were to describe, from their place of
starting to the goal.
The Thenna, or Baths, were public buildings in General
which the citizens, who had not conveniences for distribution
bathing in their private houses, could assemble and of '''l1*?'
enjoy that luxury. They contained a suite of apartments man al s'
for men, adapted to the several circumstances attending
the performance of that operation among the Ancients,
and a corresponding suite for women. Some remains
of the public Baths of Nero, Vespasian, Titus, Cara
calla, Dioclesian, and Constantine are still in existeuce
at Rome. Those buildings were generally of a rectan
gular form ; each was surrounded by a peribolus or
enclosure, and contained all the different apartments
for bathing ; peristyles and arcades, for the purpose of
promenading ; xysii, for the exercises of the athltice ;
Theatres ; exedrat, or apartments for conversation ; and
Temples, either in the peribolus or in the wings of the
building.
In the restorations, given by Palladio, of these edi
fices, we find apartments open towards the exterior, in
the fronts of which are rows of columns supporting
horizontal entablatures ; the open fronts terminate at
the roof in segmental arches with low pediments above
them, and without a horizontal cornice. He supposes
the xysti to be covered by groined vaultings, the middle
of the interior peristyles and arcades to be without roofs,
and the galleries, between the columns or piers and the
walls, to be covered by hemicylindrical vaults.
But the Baths which exist in the best state of pre- Baths of
servation are those of Dioclesian, which seem to have Dioclesian.
been also the most extensive and magnificent in Rome.
They form a rectangle 744 feet long, and 454 feet wide,
and were surrounded by a peribolus 1050 feet long, and
908 feet wide. In various places about this enclosure
were supposed to be exedra: of a semicircular form,
besides small rectangular Temples ; and, in the middle
of the longest side, a semicircular Theatre.
In the front of the building is an open court, 300 feet
long, and 170 feet wide, on the right and left of which
are vestibules, open towards the court and covered with
groined vaultings ; these lead, on each side, into a
saloon supposed to have been intended for the distribu
tion of prizes, and to the Baths for the use of those
persons who did not exercise in the xystus. In the
centre of the front, opposite the open side of the court,
was the grand entrance which led to the xystus, a rect
angular space 176 feet long, 73J feet wide, and 90 feet
high, and covered by three groined vaults supported by
Corinthian columns. On the right and left of this
were apartments for the spectators, vaulted in the same
manner, and beyond these, on each wing, was a mag
nificent peristyle 229 feet long, and 114 feet wide ; the
surrounding galleries were roofed by semicirculararched vaults ; and at the extremities of the galleries
were ephebei, or large apartments, open towards the
peristyles.
On the side of the xyslus opposite the grand entrance
are doors leading to a circular building, which might
have served as an apodyterium ; it is 62 feet diameter,
with a rectangular recess on each side; and beyond
2 r 2
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Architec- this building were the baths of the athlette, in a rectanture. gular saloon, 148 feet long, and 68 feet wide, covered
with a groined vaulting. Where the apartments open
into each other, the aperture is occupied by four
columns, or two columns and two pilasters, and the en
tablature over the two middle columns is in the form
of a semicircular arch. In the walls of the xystus are
semicircular or rectangular niches, between which are
columns supported on corbels projecting from the walls.
We have given, from Chambray's Parallel of the
Orders of Architecture, an elevation of a Doric column
said to have belonged to these Baths. Its height is
equal to eight diameters, and the principal moulding in
the capital differs from that in all the older examples of
the Doric Order, in having the form of a cymalium,
and below it is an astragal sculptured in the form of a
rope ; the cornice has no mutules, but contains a row
of dentels between two curvilinear mouldings, of which
the upper one is cut to resemble a bundle of leaves.
See pi. x. fig. 3.
In the grand Saloon, which has been since converted
into a Church by M. Angelo, the columns are of the
Composite Order, and an elevation of one is given at
fig. 7. pi. xi. . The height of the column is 45.182 feet,
and the lower diameter is 4.619 feet. The architrave
is divided into three facia? separated by sculptured
mouldings, and the upper extremities of all the faciae
incline towards the interior ; the cornice contains both
dentels and modillons, and both the corona and the
cymatium above it are richly sculptured. The height
of the whole entablature is 10.725 feet, or about onequarter of the height of the column.
General
In constructing the bathing apartments, a floor of
construc
tiles
seems to have been laid on the ground ; on this
tion of the
floor were placed pillars of brick, about two feet high,
Roman
at intervals, and above them was laid another floor of
Baths.
tiles ; between these floors, under the place where the
water was heated, a fire was made, and this part seems
to be that which was called the hypocauslum or furnace ;
the heat from this extended itself under the floors of
the different apartments which were intended to be
warmed. Above the hypocauslum were placed three
vessels, one, called frigidarium, contained the cold
water which came from the reservoir ; another, called
tepidarium, received the water which flowed through a
pipe from the former vessel, and in it the water received
a certain degree of heat ; the third, called calidarium,
received the water from the tepidarium by a pipe, and
in it the water acquired the greatest heat ; from hence
a pipe conveyed the hot water to the Bath.
One apartment for each sex was allotted for undress
ing, and called apodyteriutn. Another, called the
vnctuarium, contained the oils and ointments ; and in
this the people anointed themselves. Two apartments
were occupied by the hot and cold Baths, and some
times there was another apartment containing a small
bathing-vessel, perhaps for children. Near the hot
Bath was a warm room, called sudatorium, for promot
ing perspiration after bathing; and another, called te
pidarium, which served as a drying room, and as a
place for exercise before going into the open air ; be
sides these, there was a grand Saloon, called ephebeum,
for exercise and conversation.
In the floor of the sudatorium there seems to have
been an aperture through which the heat issued from the
hypocauslum : it was covered by a clypeus, or domeshaped vessel, which might be raised or lowered at

pleasure, in order to regulate the degree of heat in the tot"
room. This aperture, with its cover, was called laconi- v«
cum, and it was probably invented by the Lacedaemo.
nians.
The apartments just mentioned are recommended by
Vitruvius to be sheltered from the Northern and NorthEastern quarters of the heavens, and the hot Baths to be
placed on the South-Western side ; a disposition which
is found to exist in such remains of the ancient Baths
as have been discovered. In those at Baden, the
baptisteria or bathing-places are of a rectangular form,
about 27 feet long, and 19 feet wide, and are excavated
in the floor to the depth of 4 feet : at either end were
four steps, each 1 foot high, by which the bathers de
scended, and on each of the long sides there were two
steps, 2 feet high. The rule given by Vitruvius is, that
the breadth of the basin should be two-thirds of its
length, and that there should be a passage not less than
6 feet wide between the basin and the wall, that there
might be room for those persons to stand who were
waiting for their turn to descend into the water; he
mentions a pulvinum about the Bath, which was, pro
bably, a coping surrounding the basin.
In their Baths the Romans seem to have indulged
an unlimited taste for magnificence ; they employed, in
them, the most ornamental of the Orders of Architec
ture, which they covered with the richest sculpture,
and they adorned the walls and ceilings with splendid
paintings. But, however, much as these edifices ex
ceeded the ancient buildings of Greece in richness of
embellishment, they seem to have wanted the good taste
which characterised those classical works. Unfortu
nately a taste for variety led to a departure from the
sound principles of Art in the application of the most
important members of an edifice, which was not per
ceived amidst the profusion of ornament employed about
them ; and succeeding artists, copying the general
style without having the talent to execute the embel
lishments, produced those rude edifices which, in a later
Age, prevailed so generally in Europe. In the Baths
of Titus are still to be seen paintings exhibiting deline
ations of slender twisted columns, broken entablatures,
and curvilinear pediments ; and if to these we add
the columns supported on corbels attached to the faces
of walls, and a profusion of sculpture, in which animal
figures and foliage, in the most fantastical forms, are
displayed, we shall, perhaps, be led to recognise the
originals of most of those extravagancies which subse
quently prevailed in the Moorish and Gothic buildings,
executed in what are called the Middle Ages.
Colonnades covered with roofs, and quite unconnected P«*«
with any building, were often raised by the Romans to
serve us public promenades ; these were called by the
general name of Portico, and, though none of them are
now in existence, yet traces of them have been found
in many of the cities of the Empire. The building at Port*
Rome which is considered as the Portico of Pompey, '**
had, probably, a similar destination, but it is diflerendy
formed. This is a rectangular area 874 feet long, 154
feet wide, and open on all sides; it is covered by a
groined vaulting which rests on square piers, and above
this is a second story covered by the general roof of
the building. Between the arches, on the exterior of
the four sides of the building, are attached Tuscan or
Doric columns supporting an entablature above the
crowns of the arches. In the middle of the area, and
parallel to the long sides is a wall, in each face of which
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dine, is a row of semicircular niches ; and between these, in
ure. the thickness of the wall, are several circular staircases,
iv—' which led to the upper story. According to Durand,
this was situated before the house of Pompey, and was
one of the most delicious promenades of Rome, being
ornamented with alleys of trees and fountains.

CHAPTER VI.
Characteristics of the Roman Orders of Architecture.
The proportions of the several parts of the columns
and their entablatures, which form the different Orders
of Architecture employed by the Romans, are to be ob
tained from the writings of Vitruvius, and from the
several edifices remaining within the limits of the
Empire ; and these are chiefly such as have been al
ready described,
ppw- The Tuscan Order is that which presents the greatest
simplicity of character; and though it does not seem to
111 have been much used by the Romans, and no example
of an Order like that which Vitruvius calls by that name
is now in existence ; yet, as that ancient author has
given a description of such an Order, it will not be
proper entirely to omit noticing it. He makes the
height of the whole column equal to seven times its
diameter, including the base and capital, which are each
equal to half a diameter in height ; and he determines
the absolute height of the column by making it equal
to one-third of the breadth of the Temple for which it is
destined. The upper diameter of the shaft is made
equal to three-quarters of the lower ; consequently, the
difference of the two diameters is one-quarter of the
latter, and the difference of the semidiameters is
of
the length of the shaft. The base consists of a plinth, the
height of which is about a quarter of a diameter, and of a
torus, above the plinth, with an apophygis and fillet. The
plinth is remarkable for being of a circular form on the
plan, the semi diameter being perhaps equal to 1 '. of
that of the shaft at bottom. The profile of the torus
was perhaps a semicircle, and its height may have been
equal to four-fifths of the height of the plinth ; one-fifth
of the latter may have been the height of the fillet.
The capital consists of a rectangular abacus, an oyolo,
or curvilinear moulding, the profile of which is a quadrant
ofa circle, an apophygis and fillet, and the hypotrachelion.
The whole was divided into three equal parts, of which
the abacus and ovolo were each equal to one part,
the apophygis and hypotrachelion were together equal
to the third ; and the breadth of the abacus was equal
to the lower diameter of the shaft. The word hypotra
chelion being used by Vitruvius, it would seem that
there must have been some member to separate it from
the rest of the shaft, and perhaps this was an astragal,
consisting of a small semicircular moulding with its
fillet.
The architrave was laid over the columns, and this
consisted of two beams of timber placed side by side,
with an interval of 1£ inch between them, that the air
might circulate there, and prevent the decay which
Vitruvius supposes would take place if they were put
close together. Perpendicularly to the architrave were
placed horizontal beams which projected beyond the
laces of the building as much as one-quarter of the
length of the column ; and this being a much greater
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projection than exists in any other Order, some have Part II.
supposed that there is an error in the text of the Latin ~v"w
author ; but it is possible that this may he what he in
tends, for such a projection accords very well with the
description he gives of the Tuscan Temples, and would
afford a good shelter under the colonnade. Above
these cross-beams there must have been a cornice, and
the inclining rafters of the roof were placed in vertical
planes over the beams. For an elevation of a Tuscan
column, see pi. x. fig. 4.
The massive character of the Tuscan column, and
an absence almost total of ornament, caused Sir Henry
Wotton to compare it to a sturdy labourer in homely
apparel ; but its simplicity makes it harmonize admira
bly with an assemblage of low wooden buildings ; and,
of course, there are many situations in which it may be
applied with advantage.
The Doric Order seems to have been seldom em- The Roman
ployed by the Romans, and in passing through their D°"c
hands, it underwent a considerable change of character ; 0rderparticularly, it became less massive than that which is
exhibited in the Grecian examples. The rules given
by Vitruvius for determining its members are probably
derived from the practice of the Architects of his day,
but we shall not find them accord accurately with such
examples of the Order as have been measured ; in fact,
he himself makes a difference in the essential terms of
height and thickness of the columns when applied to
different buildings ; in Temples he prescribes that the
whole height of the column should be seven times its
diameter, and, in Theatres, that it should be half a dia
meter more ; the reason of which, he says, is, that in the
former, there should reign more of majesty, and less of
elegance than in the latter. In order to make the triglyphs in the frize fall into their proper places, by pre
serving a constant proportion between the diameter of
the columns and the extent of the intercolumniations,
he prescribes that, if the Temple is tetrastyle, the dia
meter of the columns should be , 1 1 of the breadth of
the Temple, by which means the intercolumniations
will be each equal to 3 diameters ; if hexastyle, it
should be
of the breadth, by which means the in
tercolumniations will each be 3£ diameters ; that is
to say, in both cases, the species of intercolumniation
is diastyle, but the proportion must vary according to
the extent of the intercolumniations. The above rule
permits two triglyphs to be placed over the intervals of
the columns, and causes the metopes to be rather greater
in breadth than the height of the frize. The diameter
of the column being regulated by such considerations,
the dimensions of its members may be all determined
with relation to that magnitude.
The columns of the Roman Doric Order may be con
sidered as having no base, for Vitruvius does not de
scribe one ; and of the only remaining examples of the
Order, viz. the columns in the lower tiers at the Theatre
of Marcel Ins, and at the Amphitheatre of Vespasian, the
former are without this member, and though the latter
have it, their difference in other respects from columns
possessing the essential characteristics of the Doric
Order, will hardly allow us to consider them as excep
tions to the rule. The Doric capital consists of an aba
cus, ovolo, and hypotrachelion ; each of these is of the
same height, and the height of the whole is equal to half
the diameter of the column.
Vitruvius prescribes that the diminution of the shaft
of the column, or the difference of the upper and lower
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Architcc- diameters should be from £ to ■} of the latter, according
ture.
to the height of the column, which he limits between 15
,*""^»«/ and 50 feet. And if we suppose the length of the shaft to
be equal to seven diameters, this will make the difference
of the semidiameters equal to between -fa and
of the
length of the shaft. Now in the Theatre of Marcellus, and
in the Colosseum, the columns are respectively 24 and 29
feet high, yet the diminutions, when compared with the
diameter, are £ and -fa respectively ; and when compared
with the length of the shaft are T^ and -j-^8- respectively.
Here, since the situations of the columns are similar,
while the proportions are so different, it is probable,
though from the want of examples we cannot positively
affirm it, that no general rule for the diminutions was
followed in practice.
The entasis, or swell of the shaft, is recommended to
be equal to about -fo of the diameter ; and the shaft to be
channelled longitudinally, with twenty grooves forming
segments of circles equal to quadrants, and intersecting
each olher in single edges along the column.
The height of the epistylium or architrave, including
the tenia, or fillet above, is equal to half a diameter,
and the face of the architrave is nearly in a vertical
plane passing through the upper part of the front of the
shaft. The height of the frize is three-quarters of a
diameter, and the triglyphs, which extend from top to
bottom of the frize, have their breadth equal to half a
diameter. The metopes are generally square, that is,
their breadths are equal to the height of the triglyphs.
The surfaces of the metopes seem to have been intended
to be in the same plane with that of the architrave, and
the exterior faces of the triglyphs to project forward
about -jJT of the diameter of the column. The centres
of the triglyphs were exactly opposite the axes of the
columns, and a space was left between the outer edge
of the extreme triglyph and the angle of the frize, the
breadth of which was about equal to that of half a tri
glyph, or to one-quarter of the diameter of the column.
Above the frize is a horizontal moulding of a rectan
gular form in profile and broken at intervals to form
projections over the triglyphs and metopes ; its height
is -jiy of a diameter; but whether this is to be included
in the three-quarters of a diameter given to the height of
the frize, does not appear from Vitruvius, and the exist
ing examples of the Order differ in this respect. Above
this moulding comes the corona, which is a plain beam
projecting nearly half a diameter beyond the face of the
architrave ; it rests upon a small bed-moulding in the
form of a cymatium, placed on the capitals of the tri
glyphs, and terminates above in a similar moulding;
the height of the corona, including those two mould
ings, is about one-quarter of a diameter. Above the
corona comes the epitithedas, or crowning member of
the Order, which is in the form either of a cymatium or
cavetto, and its height is about equal to that of the co
rona ; this completes the entablature.
According to Vitruvius, the soffit, or under surface of
the corona, is in an inclined phine, as if it coincided with
the directions of the rafters, and there are mutules over
the triglyphs and metopes as in the Greek examples ;
but the practice of the Romans seems to have been vari
able in these respects ; for, in the Theatre of Marcellus,
it is conformable to the method of Vitruvius, but from
the fragments at Albano, it appears that the soffit of the
corona, and the mutules, were in horizontal positions ;
and both in the Colosseum, and in the fragments found
at the Baths of Dioclesian, the soffit is horizontal, and

there are no mutules. The general projection of the co- Pita
rona beyond the axis of the column is above nine-tenths v—v*
of the diameter of the column.
In the details of this Order, Vitruvius professes to Com*
have followed the practice of the Greeks; but the b""«»i
character of the whole is considerably lighter than that Grec'"1
of any Grecian example we are acquainted with, ifwe wui
except those at Cora and Pompeii. The shaft of the"
column is more slender, and the entablature lower. In
the capital, the Greek echinus is changed for the ovolo,
or moulding, the section of which is a quadrant ofa circle,
except in the example found at the Baths of Dioclesian,
where this moulding is a cymatium, which, as well as the
ovolo in the capital at Albano, is ornamented with
sculpture.
The Roman triglyphs differ from those of the Greeks
in their projection from the axis of the columns; for
the latter, except in the Temple of Apollo, and in the
Portico of Philip, both in the Island of Dolus, have their
surfaces all in the same vertical plane with the face of
the architrave ; whereas, according to Vitruvius, and the
existing examples, we find the former project beyond
the general surface of the architrave and frize about as
much as the metopes were sunk within the frize in the
Grecian Order. The practice of the two people, also,
further differs in the position of the triglyphs at the
angles fornied by the meeting of the entablatures of the
front and flanks of the building ; the Greeks making
one side of the triglyph coincide with the extremity of
the entablature, while the Romans, according to Vitru
vius, made the centres of such triglyphs as well as of
the others correspond with the axes of the columns, as
has been said.
In the Grecian examples of this Order, we found the
height of the columns, taking a mean of several, to
be equal to about 5.25 diameters, and the mean height
of the entablature to be nearly one-third of the height
of the column. In the Roman Doric, the height of the
column is about 7.5 diameters, and of the entablature
one-quarter of the height of the column ; or if, as in
the Greek examples, we do not include the epitithedas,
it will be found that the height of the Roman entabla
ture is about one-fiflh of that of the column.
The Vitruvian architrave seems rather small consi
dering the strength required in that part of the edifice ;
on the other haud, the frize seems too high. In the
Doric entablature of the Colosseum, the architrave is
divided into three facia?, and in the cornice of the Theatre
of Marcellus there are dentels in place of mutules;
these circumstances detract much from the apparent
solidity of the Order ; nevertheless, in the latter build
ing, it possesses a masculine character, and this ex
ample appears to have been much imitated by the
Moderns.
There is reason to believe that, occasionally, the
Roman artists made use of columns which had been
executed in Greece, or which had formerly belonged to
Grecian edifices, and that they altered the forms of such
columns to suit their own taste or convenience ; it's
also possible that, in some cases, during the later period
of the Empire, when the intercourse between Italy and
Greece had become frequent, the Roman Doric Order
might affect a Grecian character. An example of »
modification ef the Grecian Doric occurs in some co
lumns which are supposed to have been taken from the
Baths of Dioclesian, and are now situated in the nave
of the Church of S. Pietro in Vincoli. These are of
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Ir. Cipoline marble ; their heights are equal to 8.8 diumeh, terSi and their shafts, which begin to diminish from onethird of their heights, are ornamented with shallow
flutings, like those in the Greek columns. The profile
of the principal moulding in the capital, instead of being
en ovolo, is nearly in the form of an inverted frustum
of a cone, and appears to have been originally an
echinus, but brought to this form by rubbing away its
surface; the sides of the abacus have also been rubbed,
so as to leave no margin between those sides and the
top of the echinus. The columns have a sort of Tuscan
base, consisting of a plinth and torus, which have, per
haps, been added to the original shaft,
join Of the Ionic Order few examples executed by the
M« Romans remain, but the description of it given by Vitravius is nearly as follows. The height of the column
is equal to 8.5 diameters, and it has a base and capital
peculiar to itself. The height of the former, from the
bottom of the plinth to the top of the upper torus, is
half a diameter, and the height of the plinth is equal to
one-third of that of the base. Above the plinth are
two scotise separated from each other by a double astra
gal with fillets, and upon the upper scotia is placed a
torus moulding, whose height is equal to that of the
plinth ; this must be considered as a specimen of ex
tremely bad taste, for the massive torus, which ought to
hate been the lowest moulding, seems to crush those
below it by its weight; happily for the credit of the
Roman artists, this construction does not seem to have
had many followers, and Milizia, speaking of it, says,
Ne' monvtnenti Romani non si e finora trovato vestigia
almno di si brutta base. Instead of it we generally
find that the bases of the Roman Ionic columns resemble
that which is called the Attic base.
The diminution of the columns seems intended by
Vitruvius to be the same as in the Doric Order, and,
like it, to depend upon the height of the column. The
height of the capital, reckoning from the top of the
abacus to the bottom of the volutes, is equal to half a
diameter, and the vertical section of the abacus is not
a simple rectangle, as in the Doric Order, but has a
cymatium and fillet at the top. The centre of the volute
is in a vertical plane passing through the top of the
front of the abacus, and in a vertical line drawn in that
plane at a distance from the middle of the abacus equal
to 0.489 diameter of the column. The whole height of
the volute is 0.842 diameter, measured in the vertical
line passing through the centre ; and this line, being
divided so that the ratio of the whole to the parts shall
be as 1 to 0.56, and as 1 to 0.44, respectively, and the
larger division, set down from the top, will give the
centre of the volute ; the diameter of the cathetus, or
eye of the volute is one-eighth of the height ; within this
cathetus the centres are to be found for describing the se
veral spirals, which, evidently, he supposes to be portions
of circles, whereas the Greek spirals seem to have been
a sort of transcendental curves. Below the abacus, at
a distance equal to two diameters of the eye, is the top

Names of Edifices
The Temple of Fortuna Virilis
The Temple of Concord
fhe Theatre of Marcellus
ihe Colosseum

Height of
base.
1.592
2.243
1.33
1.358
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of an ovolo, which is sculptured with oves and arrows ; Part II,
the height of the ovolo is equal to two diameters of the
eye, and at a distance below the ovolo, equal to one
diameter of the eye, is the upper surface of an astragal
which crowns the shaft, and separates it from the hypotrachelion. The projection of the top of the ovolo be
yond a vertical plane passing through the top of the
abacus is also equal to a diameter of the eye. The
shafts of the columns are fluted with twenty-four
channels of a semicircular form, and between every
two is a fillet equal in breadth to the entasis of the
column, that is, to about -Je of a diameter.
The height of the epistylium or architrave is made
to depend on that of the column ; when the latter varies
from 12 to 30 feet, the former varies from -j^ to -fa of
the height of the column ; and this increase of the height
of the architrave is to compensate for the apparent di
minution of magnitude produced by the elevation of the
object above the eye of the observer. The architrave is
crowned by a cymatium, exclusive of which it is divided
into three iaciaa, the breadths of which, from the bottom
upward, are respectively in the ratio of the numbers 3, 4,
and 5 ; each upper face projects a little over the lower ;
the lowest is nearly in a vertical plane passing through
the top of the exterior surface of the shaft, and the
highest nearly in a vertical plane passing through
the foot of that surface. The height of the frize is
equal to -J of that of the architrave, if plain, but if
sculptured it should be equal to £ of that member ;
and the frize, like the architrave, is crowned by a
cymatium. The cornice is divided into three equal
parts, of which the lower is occupied by the line of dentels, the middle by the corona, and the upper by the
epitithedas. The height of the dentels is equal to that
of the middle face of the epistylium ; their projections
are equal to their heights ; their breadths equal to half
their heights ; and the intervals between them are
each equal to two-thirds of their breadths. The whole
height of the entablature, according to the dimensions
above given, will vary from about £ to about J of the
height of the column ; and Vitruvius recommends that
the faces of the architrave and frize should not be in
vertical planes, but should incline forward at top as
much as -fa of their height, in order to counteract the
apparent receding of the upper parts of vertical ob
jects when viewed by an eye situated below them. He
makes the corona project as much as 1.131 diameter
from the axis of the column, and 0.656 diameter from
the face of the frize.
The comparison between the proportions assigned
by Vitruvius to the principal parts of this Order, and
those actually adopted by the Roman artists will be
best effected by means of a Table, showing the dimen
sions of the only existing examples of Roman Ionic
columns, which are those belonging to some of the
buildings we have already described. The dimensions
are in English feet, and in the height of the cornice
is included that of the crowning member.

Height of Height of
shaft.
capital.
24.335
1.421
38.375 2.243
21.72
0.89
23.015
1.358

Lower
diam.
3.109
4.486
2.66
2.91

Upper Height of Height of Height of
dlam.
architr.
frire. cornice.
2.72
1.834
1.489 3.461
3.701 2.12
2.65
2.43
2.24
1.906
1.622 2.832
2.424 2.25
1.67
2.716
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ArcbitccFrom these we find that the Vitruvian column is Temple of Concord, where all the four faces arc of Pi
ture. rather less slender than those actually constructed, for similar forms, the planes of the volutes being situated
"-^v™s a mean being taken of all, shows the height of the obliquely to the sides of the abacus, instead of bein» fa
columns to be equal to nine diameters. In every other a plane parallel to its front. This disposition certainly
• respect the proportions are nearly the same. The has the advantage of producing uniformity of appear
' height of the capitals and bases are equal to about ance on the four faces of the capital ; but the unequal
half a diameter. If we measure the diminution by the foreshortening of the spirals, which occurs when the eve
ratio of the difference of the upper and lower diame is not opposite the middle of the capital, gives an irre
ters of the shaft to the lower diameter, Vitruvius makes gularity to their figures, and the apparent ellipticity of
it from ^ to and the mean diminution in practice their curves makes them seem disagreeably compressed.
Of the Corinthian Order, Vitruvius gives no other at'- n» j
is ; or if we measure it by the ratio of the difference
of the scmidiaineters to the length of the shaft, his rule count than of its origin, and the dimensions of its Cni
for columns of the same height as those in the above capital. He makes the whole height of the capital, in "Mo
examples, makes the diminution equal to -pj-j, and in eluding the abacus, equal to one diameter ofthe column;
practice it seems to have been T J-y of the length of the plan of the abacus is not a square, but the faces of
the shaft. The rules given by Vitruvius for the dimen it are cut in the form of arcs of circles, concave out
sions of the entablature make this member rather larger wards, and described upon the sides of a square the
than it is found to be in the existing examples ; since diagonal of which is equal to two diameters of the
for columns of about the same heights as these, the column, and the versed sine of each arc is equal to ^
height of his entablature is equal to 2.313 diameters, of the side of the square. The bottom of the capital
while the mean height of those in the examples is but has the same diameter as the top of the shaft of the
2.12 diameters. It may be remarked that the facia; of column, and under it is an astragal and fillet. The
the architraves in the Theatre of Marcellus, and in the height of the abacus is equal to -J- of the diameter, and
Colosseum, have that inclination forward which is pre the remainder of the height of the capital is divided
into three equal parts; these divisions determine the
scribed by Vitruvius.
Comparison If we compare together the examples of the Grecian heights of the two courses of leaves, and the upper of
tetween the anJ Roman Ionic Orders, it will appear that the co- the three spaces is appropriated to the caulicoli or stems
Roma."
mmns °f 'he latter are scarcely more slender than those from whence spring the volutes which curl under the
of the former, since their mean height is equal to nine angles of the abacus. We may suppose him to mean
Ionic
diameters, and that of the Greek examples is 8.95 dia that the proportions of this Order, in other respects,
Orders.
be the same as those of the Ionic Order.
meters. The diminution of the shafts, if we take it with should
The Corinthian Order may be considered as exhibit
relation to the diameter of the column, i3 nearly the
ing the highest degree of refinement in Architecture;
same in both ; but if we estimate it with respect to the and
though it is distinguished for the richness of its
length of the shaft, we shall find the diminution of the ornaments,
as a whole, it may be considered, per
Roman columns is less than that of the Grecian ; in the haps, as theyet,
most simple of all the Orders, and admit
former it being equal to T^T, and in the latter to jfo of the ting of greatest facility in its execution. The construction
length ofthe shaft. The height of the entablature among of the volutes in the capitals of the Ionic Order, and the
both Romans and Greeks is equal to about two diame embarrassment arising from the disposition of the triters, or to about ij of the height of the columns ; but, glyphs, together with the sculpture in the metopes of the
in the Greek columns, the epitithedas is not included ; Grecian Doric Order, render these more complex than
now the only Roman Ionic example which we can con the Corinthian ; so that it would seem as if the ancient
sider in this way is the Temple of Fortuna Virilis, and artists, while, in the Orders of later invention, they
if, in this entablature, we leave out the epitithedas, its aimed to obtain more beauty than existed in the earlier
height will be equal to ^ of the height of the column ; Orders, endeavoured also to procure more simplicity
consequently, if, as is probable, there were at one time, and elegance. Among the Romans, the Corinthian
in the Empire, many specimens of the Order similar to Order became the general favourite ; it seems to have
this, by which the general character of the Order might entirely superseded the two more ancient Orders, and
be determined, it would follow that the Roman Ionic to have gone on increasing in richness of decoration
entablature maybe considered as much lighter than the till it arrived at the highest degree of luxury in the
Grecian. The height of the architrave is nearly equal works erected by that people in Asia Minor and Syria.
It is uncertain whether or not the Greeks invented
to that of the frize in both the Roman and Greek ex
amples, but there is a considerable difference in the that form of capital which is so generally employed in
proportion of the cornice to either of the other mem the Roman buildings constructed according to this
bers. In the Roman Order the height of the cornice Order; and which is found in Greece itself, in edi6ces
exceeds that of the architrave in the ratio of 1.25 to 1 ; constructed by Roman or native artists at times subse
and in the Grecian Order, it is only equal to ^ of the quent to the Roman conquest of the Country. Be that
as it may, it is to Italy, and to the different Proviuces of
height of that member.
We find a considerable difference in the capitals of the Empire, that we are to look for examples of the
the Grecian and Roman Ionic Orders ; the volutes of Corinthian Order, of which many remain to this day in
the latter are smaller than those of the former, and a state of good preservation. The following Table ex
consist of but one [spiral baltheus which is bent down hibits the dimensions of columns belonging to the sii
from the under side of the abacus, while the Grecian principal edifices; and from them we shall be enabled to
spiral is double or triple, and the curves are continued deduce the proportions which may be considered as
in the form of festoons on the front of the capital. The characteristic of the Order. We have added to the
sides of the Roman capitals present the appearance of Table the dimensions of the three principal examples oi
bundles of leaves bound in the middle, except in the the Composite Order ; in order to avoid making »
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Lpg. separate Table of examples the proportions of which do dimensions are all in English feet, and we have included Part 11.
tn. not differ materially from those of ihe former Order. The the epilithedas in the height of the cornice.
■v"""''
"v^/
v»™«c «f P,!;«,.««
Height of Height of Height of Lower
Upper Height of Height of Height of
bate.
shaft.
capital,
omni,
diam.
arc hrtr.
frize. cornice
Portico nf the Pantheon
2.398 38.995 5.636 4.797 4.102 3.396 3.396 4.325
Interior of the Pantheon
1.821
29.211
3.642
3.642 3.157
2.579 2.493 3.12S
Temple of Jupiter Tonans
2.325 39.391
5.368 4.598 3 99
2.772 3 189
3.553
Temple of Jupiter Stator
2.415 39 973 5.228 4.841 4.313 3.389 3.389
5.501
Facade of Nero
3.646
53 514 8.34
6.568 5.801
4.875 4.842 6.307
Arch ol Constantine
1.757
23.1
3.18
2.902 2.562 2.176
1.935 2.829
Arch ol Titus
2.345 17.056 '2.664 2.07
1.836
1.588
1.552 2.105
Arch of Severus
1.444
23.1
3 303 2.887 2.549 2.166
1.227 3 296
Baths of Dioclesian
2.405 .40.605
5.466 4.619 3.746 3.426 3.373 3.926
By a mean of the first six examples, we find the The modillons are sometimes of a rectangular figure,
height of the Corinthian column to he equal to 9.81 or are divided into two facia?, as in the entablature of
diameters, a proportion rather more slender than that Nero ; but, in almost every case, their under-stirfaces are
assigned by Vitruvitis, (ch. i. book iv.) who makes the cut in the form of a scroll or curve of contrary flexure,
height equal to 9£ diameters The mean height of the the thicker extremity of the member being nearest to
base is equal to 0 527 diameter, and of the capital, is the face of the cornice in which they are inserted.
1.135 diameter. The diminution, or difference of the Under this inferior surface is attached a piece of sculpupper and lower diameters is ^ of the latter, and the tuie in the form of a leaf, ard the profiles of the modililitrerence of the semidiameters is -j-L^ of the length of Ion represent the curve continued and forming a spiral
the shaft. The height of the whole entablature is equal ornament. There are some examples, as the eutablato 2.296 diameters; that is to - of the height of the ture of the Maison Quarree at Nismes, and even the
column. The heights of the architrave and frize are interior cornice of the Temple of the Winds at Athens,
nearly equal to each other, and each is equal to 0 667 in which the smaller end of the modillons is p aced next
diameter; and the height of the cornice is equal to to the wal1 « but il is evident lllat this disposition is im0.962 diameter. So that while the pr0i onions of the ProPer- since il takes away from tlle member its essenCorinthian shaft and base remain the same, nearly, as t,al character, which is that of a support to the corona,
in the Ionic Order, the height of the capital is twice as and makes itself appear to want support,
great. The proportions of the architrave, frize, and
11 has been sald- ,n Scribing the Pantheon at
cornice to each other, and to the diameter of the column, Rome- that on the '"tenor surface of tlie cylindrical
remain also nearly the same as in the Ionic Order The wa,l> the vertlcal sldes of tlle modillons and the correprojection of the corona from the axis of the column is sponding sides of the lacunaria or coffers in the soffit of
equal to 1.226 diameter, and from the frize is 0.749 the c°r°na, instead of being parallel to each other, tend
diameter.
towards the axis of the building ; by this circumstance
The Attic base is sometimes employed in the Corin- ^ symmetry of the work is preserved, while no rule of
Hiian Order, but.frequentiy.it consists of two tori, propriety is violated in consequence of one extremity of
having two scotiaj between them separated from each tlle modillon being smaller than the other, since the
other by a double astragal and fillets, and the whole larSer end is thal next to the wal1' whu;h ,s_l '),a^e
supported on a square plinth, lite projection of which from wherein the greatest strength is required. But on the
the axis of the column is, by a mean of the above exam- convex exterior of the same building, the vertical sides
pies, equal to 0.695 diameter
are made parallel to each other, in order, no doubt, to
The generality of the capitals in this Order consist of avoid ,he bad effect wnieh would bave bee" Prod"ced
a bell-shaped vase surrounded by two rows of foliao-e, by making the outer extremity broader than the other
one above the other, the upper row springing from The and thereby giving to the modillon an appearance ot
intervals of the lower; and from the intervals of the upper weakness.
•
row proceed cauliculi or stems, which, curling under the
The magnitude and disposition of the dentels and
angles of the abacus, form small volutes; each principal modillons in Roman Architecture follow no general
leaf is composed of clusters of small leaves resembling r,lles ! by takinf? a mean of the dimensions of these
those of the olive, and the bases of the shoots which form members in several buildings, we find, for the dente s,
the volutes are ornamented with the same kind of foliage. the height equal to 0.158 diameter of the column ; the
fa It is in the entablature of the Corinthian Order that breadth equal to 0.1 19 diameter ; the projection, 0.141
the Roman artists have deviated most considerably diameter ; and the interval of every two, 0.053 d.amer- from Nature and from the practice of their Grecian ter> or about ha'f the breadth : for the modillons, the
b masters, and even from the precepts of Vitruvius. In heiSlu 0.156 diameter; the breadth, 0.192 diameter;
' the cornices of all the Roman examples of the Order the length, 0.344 diameter ; and the interval of every
we find both modillons and dentels employed, and the tw°. 0.428 diameter. In some examples the centre ot
former are invariably placed above the others ; whereas n dentel or modillon corresponds nearly with the axis
if the modillons represent the ends of the principal of the column; in others one ol the vertical sides corrafters, and the dentels those of the smaller, the latter responds with it ; and there are again others in winch
should have been placed above the others; it is true the middle of the interval falls in that position. It is
that the dentels would not be seen to advantage by an evident, therefore, that convenience only has been ateye near the ground if they were placed above the mo- ****** to in disposing those ornaments
dillons. but there is no reason why one or the other of
The Composite Order differs so little from that which Tie Comthem should not be omitted ; and to retain both, thus has been just described, that it can hardly be considered P^'t.
unapplied, is a sacrifice of good taste to ostentation. 88 entiUed t0 a distlnct aPPe»ation. In the Arches ot
vol. v.
* s
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Architec- Titus and Septimius Severus, which are the principal
ture.
examples of the Order, if it may be so called, the prov—"V™ files of the entablature and of the base of the column
as much resemble some of those of the Corinthian Order,
as many examples of the latter resemble each other ;
and, perhaps, the writers on Architecture are no more
justified in treating this as a fifth Order, on account of
its capital, than they would be in considering as so many
different Orders, all the columns made subsequently
with capitals which are not exactly identical. It must
be observed that the Composite columns in the Baths
of Dioclesian are remarkable for as great a diminution
as is found in many of the Grecian Doric columns, the
difference of the diameters being equal to ,-5 of the lower,
and the difference of the semidiameters, to -fa of the
length of the shaft.
When the Triumphal Arches were first noticed, at the
time of the revival of learning, on account of the His
torical subjects sculptured on them, the capitals of the
two above-mentioned were observed to be compounded
of the leaves of the Corinthian, and of the volutes of the
Ionic Orders ; and this seems to have induced Scamozzi to consider them as appertaining to an Order
distinct from either of the other four. The Composite
capital consists of two rows of leaves surrounding a
bell-shaped vase ; the stems of the leaves of the inte
rior row- rise in the intervals of the leaves of the lower
tow, and the tops of the former leaves are as much
above those of the latter, as these are above the bottom
of the vase. The foliage is richer than that of the Co
rinthian Order in general, and seems composed of leaves
of the acanthus. Above the upper row is an ovolo
moulding which resembles the exterior of a shallow vase,
and from this vase, about the middle of the face of the
capital, spring two stems which diverge to the right and
left and form large volutes diagonally under the angles
of the abacus.
This kind of capital, which may be said to have a
greater appearance of strength and even less of elegance
than the Corinthian, has been employed chiefly on the
columns which adorn the Triumphal Arches of Italy ;
and Serlio suppoies that the Romans used it to express
their dominion over the people who invented the Orders
of which it is composed.
In the Roman Architecture, when columns are at
tached to the walls of buildings, the entablature, as
we have seen, is frequently broken so as to make it
project over each column ; this practice is generally
condemned, because it is said to be inconsistent with
the intention of an entablature, which is to express a
continuous line of beams resting on the columns. It
would be easy, however, to find a prototype for such a
mode of construction ; for the projecting parts of the
entablature may represent the extremities of beams sup
posed to be situated perpendicularly to, and carried out
beyond the face of the building.
IrreguUriIn comparing the different Orders of Architecture tcties in the gether, and contemplating the different examples of
of0|li0ertl0nS eac" (^K'er» we canr>ot avoid observing that the AnOrders. " cients did not bind themselves to any constant propor
tions between the parts of an Order, but, perhaps, made
them depend upon the situation or destination of the
edifices. In the 1st Chapter of the IVth Book, Vitruvius, describing the Orders separately, makes the height
of the Doric columns equal to seven times their diame
ter ; the height of the Ionic columns equal to
dia
meters ; and of the Corinthian to 9£ diameters. But in

speaking of the intercolumnialious, (book iii. chap. iL) pyi.
he slates, that in areostyle Temples, the height of the W '
columns should be equal to 8 diameters ; in the diastyle
and eustyle, it should be
diameters; in the systyle,
it should be °i diameters ; and in the pycnostyle, it
should be 10 diameters ; and these proportions are
given without any regard to the particular Order em
ployed. He thus makes the proportion of the diameter
to the height of the column depend upon the intercolumniation, a circumstance which was, perhaps, not
attended to by the Greeks. Again, the proportions are
made to differ according to the character of the build
ing -x the columns which ornament a Theatre being more
slender than those of the same Order which surround a
Temple.
Finally, the diminutions of the columns of the Roman
Orders, like those of the Grecian, are subject to great
irregularities if we compare the individual examples;
thus a column 34 feet high has the same diminution as
one 47 feet high ; a column 24 feet high has the same
as another of 34 feet; and a column which is 47 feet
high has less diminution than one which is 65 feet high,
contrary to the general rule which gives to the taller
column less diminution than to the shorter one. But
on taking the mean diminutions of columns belonging
to the different Orders, we find that the Doric columns
are more diminished than the Ionic, and these more
than the Corinthian ; from which circumstance wc are
disposed to conclude that the degree of diminution was
made to depend, not upon the absolute height of the
shaft, but upon the proportion that the diameter of the
column bore to its height ; and that this rule was subject
to great modifications, with the causes of which we are
not well acquainted.
It seems as if Vitruvius intended the general propor- d«»
tion between the diameter and height of a column to ofw
be employed only when the intercolumniation, or dis- ™P
tance between the nearest parts of the surfaces of two E,(M
columns, is of the kind called pycnostyle ; for, in the ^
lid Chapter of the Hid Book, he proposes, when the
intercolumniation is increased, to augment the thickness
of the columns, so much as from
to £ of the diame
ter of the column, in passing from the pycnostyle to the
areostyle. Now, we are probably to understand that
the intercolumniation is to be regelated by the aug
mented diameter, and not by the original diameter of
the column ; for, in the former case only, will the ratio
between the diameter and the interval be that which b
prescribed by the rule of the intended intercolumniation.
This may be easily perceived ; for in the araostyle inter
columniation, the ratio of the diameter to the interval
may be as 1 to 4 ; and by augmenting the diameter, re
taining the same distance between the centres of the
columns, the ratio will become as 1 to 3.5 nearly, which
would reduce the intercolumniation to the diastyle kind
nearly, and render the rule of the araeostyle iutercolnmniation useless. This could not have been the inten
tion of Vitruvius, and it is probable, therefore, that he
meant to increase the diameter of the column, in order
to give it such additional strength that the intercolurn
niation might be made equal to four diameters with
out danger. Sir William Chambers objects to this rule
of Vitruvius that it does not answer the intention, since
the diameter and intercolumniation are both increased
in the same proportion ; the objection, however, only
applies to the apparent strength, for the iutercolumniations are proportional to the diameters of the columns
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Wits©- simply, while the real strength of the columns in supporting incumbent weights, are proportional to the
mSmm' squares of their diameters, which is a higher ratio than
the former, as that author admits. (See Gwilt's edition
of Sir W. Chambers's Architecture, vol. ii. p. 268.) A
more serious defect would arise from the increase of the
intercolumniations, viz. that the architrave over the in
terval would become weaker, and, in order to remedy
this evil, it would be necessary to give proportional
thickness to that part of the entablature.
It is probable, as Sir W. Chambers supposes, that
Vitruvius intended the five intercolumniations men
tioned in his Hid Book, to be applied only to the Ionic
and Corinthian Orders, which, according to him, differ
only in their capitals ; for, in the Hid and Vllth Chap
ters of the IVth Book, he establishes other intervals for
the Tuscan and Doric Orders, regulating the latter by
the triglyphs, of which there were generally two over
each intercolumniation ; the monotriglyph and arseostyle
interval being only used in cases of necessity.
B"'
A regard to the first principles of Architecture would
urns in
us to suPPose tnat> m tne same story of a building
^z_0 all the columns should be of equal height ; but the in7 of a equality of the ground, or the different levels of the
parts of the roof have prevented the Ancients from ad
hering always to this rule. Pedestals were resorted to
in order to correct the former inequality, and bring the
bases of all the columns on the same floor to the same
horizontal plane, but no remedy could be found for the
other, and the columns were made of different heights.
In the Propvleum at Athens, the columns of the ex
terior portico are lower than those in the vestibule ; the
former are of the Doric, and the latter of the Ionic
Order. In the ruins of Balbec there is a contrary ex
ample, for the columns in the front of the portico are
higher than those within ; and a remarkable case, in
which the entablature of a line of columns has been
made to rest, at one extremity, on a corbel attached to
the shaft of a higher column, has been mentioned in
speaking of the ruins in the Decapolis.

CHAPTER VII.
General Description of the other Ornamental Paris of
Roman Edi/ices.
The employment of pilasters in the buildings of the
Romans was very general, and specimens of them may
be seen in the Pantheon, the Temple of Mars the
Avenger, the Baths of Dioclesian, and other works ;
sometimes they were attached to the faces of walls, and
projected but a little way from them, as in the interior
face of the first-mentioned building; but at other times
they formed a sort of square column, having the same
kind of bases and capitals, and having the diminutions
of their shafts and all their other proportions nearly
identical with those of the round columns which belong
to the same Order, as in the porticos of the Pantheon
and of Mars the Avenger.
In these buildings the pilasters are of the Corinthian
Order ; of the Ionie Order, the Baths of Dioclesian
aff>rd one example. The height of this pilaster is
*t}nal to 8.5 times its breadth ; the shaft is made with*Hit diminution contrary to the general practice, and
**Hcb face is furrowed by five channels with vertical
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fillets between them ; between the volutes of the capital Part If.
the plan of the ovolo forms an arc of a circle, and this ^^^v"»rnember is sculptured with oves and darts as usual ; the
base and capital are each equal in height to about half
a diameter, and the former is of the Attic kind. The
height of the whole entablature is equal to 1.8 times
the breadth of the pilaster, or to — of its height. The
architrave is divided into three facia?, the frize is swelled
In a cylindrical form, and there are dentels in the cor
nice. The Greek antsc differed from the Roman pilas
ters in being always placed at the extremities of walls,
from which they projected but little, in having no dimi
nution of shaft, and mouldings quite different from those
of the columns with which they were connected in the
same building.
In the ancient Grecian Architecture, pedestals were Pedestals,
not employed as supports of columns, but in Roman
Architecture they enter as an important feature and
were often highly embellished. The principal part of a
pedestal is a dado or die, in the form of a rectangular
parallelopiped, and either plain or ornamented with
sculpture ; this is crowned by a cornice consisting of an
alternation of plain facia; and curvilinear mouldings,
generally cymatia ; and under it is a base composed, in
most cases, of a torus moulding with an inverted cymatium above ; the whole rests upon a plain plinth. The
mouldings both of the base and cornice are more nume
rous in proportion to the richness of the Order, though
this rule is not universal ; in the Arch of Severus, for
example, the dados of the pedestals are plain and the
mouldings are few, though the columns are of the
Composite Order.
The dimensions of the Roman pedestals are various,
but, by taking a mean of those employed in the
Triumphal Arches, we find the height of the dado to be
equal to 2.41 diameters of the column, and its breadth,
1.41 diameter, or nearly the same as the length of each
side of the plinth of the column. The height of the
cornice is 0.45 diameter, and its projection from the
face of the dado, 0.35 diameter. The height of the base,
not including the plinth, is 0.5 diameter, and its pro
jection 0.41 diameter ; and when the plinth rests im
mediately on the ground, its height is equal to about
half a diameter ; so that the whole height of the pedes
tal, in the Roman examples, may be considered equal
to 3.86 diameters, or to more than one-third of the
height of the column.
A stylobata is a sort of general pedestal serving for
the support of a whole range of columns, and its profile
iR the same as that of a single pedestal ; under each
column in the range the stylobata is generally broken
so that its face projects a little forward, and this gives
to the whole the appearance of a number of pedestals
connected together by low walls.
Equal attention seems to have been paid by the An
cients to the apparent form of a stylobata and of the
shafts of columns; for Vitruvius directs (book iii. ch. iii.)
that the upper surface of the former should be raised
higher in the middle than at the extremities, in order to
correct the optical deception which causes a long line,
when perfectly horizontal, to appear lowest in the mid
dle, as it causes the sides of a conical shaft to assume a
concave figure. Small pedestals were sometimes placed
over the walls, one at each angle of a building, with
their upper surfaces above the sloping sides of the roof;
and a similar one on the apex of the pediment; these,
which were called acroteria, were probably intended for
2 s2
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Architec- the support of statues ; they were ornamented with a appearance of a broad pilaster of which the impost is Put a
ture.
moulding above, and Vitruvius prescribes that the lops the capital.
L ^
of those at the angles should be in a horizontal plane
The impost of the great Arch of Constantine has &
passing through the middle of the tympanum, and that corona with modillons and dentels, like the regular
the height of the acrolerion at the vertex should exceed cornice of a building ; and that of the great Arch of
that of the others by about one-eighth.
Sevems is ornamented with dentels, but has no modil
Arches.
The arches built by the Romans, both for their bridges lons. By a mean of the dimensions, in several examples,
and to serve as apertures in buildings erected on it appears that the height of all the mouldings of the
land, were almost invariably semicircular, and were impost, including the hypotrachelion, is ^ of the span
formed either of plain voussoirs, as in the Theatre of of the arch, or -fe of the height of the pier, and the pro
Marcellus; or, as in the arcades of the Colosseum, jection of its upper moulding is -fe of the same span.
the exterior front of the arch was divided into facia;, When the piers of an arcade are ornamented with at
and ornamented with mouldings resembling those on tached columns, the projection of the imposts from the
the horizontal archit ave of a building, and hence face of the wall is not permitted to exceed that of the
called an archivolt. The arches which cover the aper centres of the columns, lest the mouldings should inter
tures in Roman works are, in almost every case, made fere too much with the vertical lines produced by the
to rise from the upper surface of a sort of cornice, or surfaces of the columns.
impost, in the wall on each side ; but, in the decline of
The ornaments of archivolts appear to have been de- Arch'mi
Art, we find that some ill-founded perception of beauty, rived from those of the architrave in a horizontal enta
or some vain attempt to excite admiration by an appear blature, the fronts of the arch stones being broken into
ance of boldness, led to the practice of making them two or more concentric facice, and terminated at the
spring from the capitals of columns, or from the extre extrados by a cymatium and fillet; and as the facie of
mities of the horizontal entablature placed over a an architrave in general incline forward, so also in the
colonnade, the entablature being interrupted under the archivolts, the upper extremities of the faciae project
arch. Such caprices exist in the Architecture of the further from the face of the wall than the lower. In the
Roman Baths and in the Palace of Dioclesian ; from Doric and Ionic Orders of the Colosseum, the divisions
whence they were copied in the edifices of Europe in which separate the facise are plain chamfers ; but in most
later times, and became the origin of a stjle unknown of the Triumphal Arches those divisions are formed in
mouldings, generally astragals, either cut in beads or
to the ancient artists of Greece and Rome.
In the later Ages of the Empire, when small and ornamented with foliage; the cymatium above the ex
slender columns were employed for the support of terior facia? is also sculptured in a similar way. The
arches, a practice arose of increasing the projection of intrados of the arch spring from a point vertically over
the capitals in order to afford room for the foot of the the side of the pier ; and by a mean of several examples
archivolt on each side; and the intrados of the latter we find the breadth of the archivolt is equal to ^ of the
coming over the lateral extremity of the capital caused span of the arch.
In the generality of the Roman buildings we find that P^*"
the breadth of the aperture to be less than the intercolumniation ; and this is one of the distinguishing fea the height of the apex of the pediment above the top of
tures of the arcades in the Ecclesiastical edifices of the the horizontal cornice, is one-fifth of the whole length
time of Constantine, and in the buildings derived from of that cornice in the front of the building ; which makes
them.
the angle of inclination of the rafters to the horiion
In the Theatres and Amphitheatres of the Romans, equal to 21° 49' ; in the Grecian buildings, the angle of
and in their Triumphal Monuments, the arches are im inclination was found to be about 12° 40. The surface
portant features ; and by taking a mean of the dimen of the tympanum is in a vertical plane coinciding with
sions in several examples, we find that the proportion the face of the architrave. The corona of the inclining
between the height and breadth of an aperture covered sides of the pediment is like that over the columns, and it
in this manner is nearly as two to one ; consequently is surmounted by a cymatium the height of which is nearly
the height of the top of the impost from the foot of the the same as that of the corona. This cymatium does
aperture is equal to three-fourths of the height of the not occur over the horizontal cornice of the pediment,
whole aperture. The intrados and extrados of the vous but is generally continued, in Roman buildings, over
soirs of an arch weie originally made concentric with the entablature of the flanks ; and on this account we
each other, but it has been observed that after the time have, in describing the Roman Orders, included the
of Vespasian, the voussoir at the foot of the arch was height of the cymatium in that of the cornice : the case
frequently made the longest, and the others diminished was different with the Grecian Orders, for in them,
in length gradually to that at the vertex. Where great generally, a horizontal cymatium over the cornice of the
weight was to be supported several courses of voussoirs flank of a building either had not been formed, or had
were placed one above another, and their joints, in all been subsequently destroyed, so that its dimensions
the courses, united in lines tending to the centre of the could not often be ascertained.
The circular and polygonal buildings of the Greeks Dot*
arch.
Impost.
An impost, we have said, is a sort of cornice forming have been shown to be covered by roofs of solid stone ;
the ornament of the tops of piers which are connected but the Roman domes are formed of bricks, or pumice
by arches, and resembling, generally, the crowning stones of small dimensions ; and the Pantheon is the
member of a pedestal. At a small distance below the earliest edifice of the kind of which we have any know
mouldings of the impost is an astragal and fillet, the ledge, though it i3 not likely that a work of such mag
interval between which and the lowest part of the nitude should have been the first of the kind. In
mouldings is frequently plain, but sometimes it is orna building it, the lateral pressure round the base, which
mented with sculpture, and constitutes a sort of hypo- arises from the weight, must have been appreciated,
trachelion ; these mouldings give to the whole pier the since we find it is resisted by making the lower courses
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(Mk> of voussoirs thicker than the others, and by disposing
tut. several horizontal courses of materials round the exteV""/ rior of the foot of Ihe dome ; the mechanical conditions
of its stability, also, must have been known and dis
tinguished from those of the stability of a cylindrical
vault ; since an aperture is left at the vertex which, if
attempted in a vault of the latter description, would
have rendered it incapable of supporting itself for a
moment.
The domes which serve as coverings to Roman Tem
ples or Tombs may be considered as forming, univer
sally, segments of spheres ; yet one example remains
in which a vertical section of the dome presents the ap
pearance of two arcs of circles meeting in a point over
the centre ; this is the brick Temple, said to be of Pro1 serpine, on the L;ike Avernus. Its plan is octagonal
on the exterior, but within, circular, and the beds of the
courses forming the dome are horizontal : the figure of
the latter certainly differs but little from a hemisphere,
and it might be supposed that some partial sinking of
the materials had given it the pointed form ; but we
learn that no such failure is visible, and that the work
is undoubtedly of Roman execution.
«.
Niches or recesses were, generally, formed in the in
terior of Roman buildings, particularly of Temples and
Baths ; those of smaller dimensions serving to contain
statues, and the greater intended as oratories, orexedrae,
in which persons might retire for conversation apart from
the rest of the company. In almost every case they
were half-cylinders, terminated above by vaults in the
form of quadrants of spheres ; though, occasionally,
they were rectangular on the plan, and then their cover
ing was hemicylindrical. The decorations of recesses,
when the latter were small, resembled those about doors
or windows ; and, when large, the principal ornaments
of the interior of the building were continued or repeated
within them.
!d
In the ruins of Palmyra have been found examples of
as. columns coupled together, with two sides of their plinths
nearly in contact, and the intervals of the pairs of
columns equal to between three and four diameters.
Hence it has been concluded that this practice was
not unknown to the Ancients, though nothing of the
kind has been found in any Grecian building ; and
no other ancient example of coupled columns exists,
except in the Temple, called of Bacchus, at Rome ; and
in this building, which, as has been described, is cir
cular, the columns are coupled in the direction of the
radii. In such a situation as this, the coupled columns
are not destitute of utility, because they serve for the
support of a roof, and have a lighter appearance than
single columns of an adequate bulk. But when columns
support an entablature on the exterior of a building',
the reason of coupling them must have been to gain
large intervals opposite to doorways and windows ; and it
may have been supposed that, by so doing, equal strength
might be obtained' with greater extent of intercolumniation between the pairs, than single columns would
afford. This, however, docs not appear to be just ; for,
though the number of points of support may be equal
whether the columns be single or double, yet, bringing
some of the columns nearer together in order to in
crease the intervals of others, will cause the entablature
over the greater intervals to be weakened in proportion
to that increase.
In the Temple at Palmyra, and in a peribolus at
Djerash, two columns are joined together by their
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shafts ; these are, perhaps, the only ancient examples Part II,
now in existence of that practice. But they are sufficient v— ■'
to show that the clustered columns, which afterwards
became such an important feature in buildings, were not
unknown to the Romans; and may have been often exe
cuted by them, though the edifices thus ornamented may
have been destroyed.
The great examples which the colonnades of the Orders suRoman Temples and Fora would have exhibited, of perimposed
Orders superimposed on each other, are so completely ""j,^0*1
ruined, that we are compelled to draw the few notions
we can obtain respecting the rules of their construction
from the writings of Vitruvius, and from the columns on
the exterior of the Theatre of Marcellus and of the Am
phitheatre of Vespasian.
According to Vitruvius, (chap. i. book v.) the follow
ing rules should be observed. The lower Order of
columns should be higher than the Order next above
by one-fourth ; and the height of the second Order, if
there are more than two, should exceed that of the third
in the same ratio ; by which the height of the third
Order will only be equal to -fs of the lowest ; the height
of the podium, or continued pedestal, which, in each
Order, supports the columns, should also diminish up
ward in the same proportion. But there would be this
inconvenience attending an adherence to these rules,
viz. that the smallness of the diameters of the upper
columns, caused by the diminished length of shaft, will
render the intercolumniatious of the upper Orders too
great ; for if the intercolumniation of the lowest Order
is equal to three diameters, that of the second Order
will be 4£ diameter.-, and that of the third will be 6 J dia
meters, contrary to the precepts of Vitruvius himself with
respect to the intercolumniations.
Such an inconvenience could not have escaped the
notice of an Architect who had actually designed an edi
fice in which two or more Orders were placed one on
another ; and accordingly, in the Theatre of Marcellus,
and in the Colosseum, we find that the columns in the
upper Orders have nearly the same height and diameter
as those of the lower Order ; and, consequently, the
intercolumniations in all the Orders remain nearly the
same.
In these buildings we remark, that the strongest Order
is placed below, and the others increase in delicacy up
ward ; a method of construction which is perfectly jus
tified by the consideration that the strength of bodies
should be proportional to the weight they have to sup
port ; and that those which have the least weight to
support should be the most ornamented, provided their
height above the eye is not so great as to prevent the
ornaments from being seen.
The first principles of stability teach us that the axes
of the upper and lower Orders of columns should be
vertically coincident ; yet this rule was violated in the
interior of the Pantheon, where the pilasters of the
upper Order stood over the intervals of those below ;
and in the portico of the Temple of the Sun, at Pal
myra, where two columns stand over the aperture of a
doorway. Many similar improprieties in the practice
of the Ancients are mentioned by Serlio.
The Greeks and Romans had a great propensity to Greek
embellish their Architectural works with sculpture and sculpture
painting; and the edifices of the Romans are partial- f"pe"0'' *°
! , ,.6 .
. i , ,
.
i- .•
c .1. the Human,
larly distinguished by an unsparing application ot the
chisel : every part susceptible of ornament being often
entirely covered with representations of foliage, animals,
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or historical subjects. But the embellishments of the inferior surface of the corona, in the intervals of the p^n
Grecian, though less profusely bestowed than those of modillons, is commonly ornamented with square panels v«
the Roman buildings, almost invariably exhibit a supe of small depth having a rose in the centre of each; at
riority of taste in the design, and of skill in the execu other limes, though rarely, the soffit is plain. The in
tion ; and it is in the sculpture of the later works of ferior surface of a modillon is, generally, ornamented
the Romans that the decline of Art is particularly ob with a leaf resembling one of those in the Corinthian
servable.
But the sculptured ornaments on the ceilings ofonth
In the Roman examples, the shafts of the columns,
Sculptured
ornaments though sometimes plain, are in general fluted, and some buildings present the finest examples of elaborate work- «ilin|H
on Roman are even covered with sculptured foliage ; in the first manship. The general manner of ornamenting these ^'"E1
columns, case they are usually formed of a different material from parts of an edifice was by a system of panelling in cir
the bases and capitals, in order to produce a variety cular, polygonal, or rhomboidal forms, though, occasion
which may compensate for the want of other ornament. ally, . the ornaments were executed in relief. From
The shafts of the columns of Trajan and ofAntonine are fragments of the vaulting which once roofed the Tem
covered with figures in the directions of spiral lines ple of Venus at Rome, it appears that its surface was
round them, from bottom to top. Besides the constant covered with square and rhomboidal panels, deeply
ornaments of the capitals of columns, we also, occasion sunk, with ornamented sides, and with a rose in the
ally, find the mouldings of the bases, and even the faces centre; in the intervals between the panels are bands
of the plinths, ornamented with guilloches, or with foli of guilloches, crossing each other at right angles, and
age, in single leaves, in bundles, in scrolls, or in fes having roses at their intersections. The interior of the
toons. In the Temple of Augustus, at Mylassa, the dome of the Pantheon is occupied by square, sunk
bases of the columns are ornamented above the plinths pnnels in horizontal courses; and, in a similar way, the
with foliage, which give? to the shnft the appearance of soffits of the niches and the ceilings of triumphal arches
standing on the root of the plant, like the columns in are ornamented. The ceilings of the Temples at Balbec
some of the Egyptian buildings. Similar, but richer and Palmyra are profusely decorated with panels of cir
foliage, is cut above the mouldings of the bases of co cular and polygonal forms, the interiors of which are
lumns in the Baths at Nismes, and in the Baptisterium filled with figures, and the margins are enriched with
of Constantine.
fretwork or elegant foliage.
The paintings on the ceilings of the Roman Baths are ftaap
on the frize, The frizes of the Roman entablatures are distin
guished by some of the best specimens of ornamental in general remarkable for elegance of design, and ue^jC^j
sculpture. In the Temples of Vesta, at Tivoli, and of disposed in square compartments about the centre, or
Jupiter Tonans, at Rome, this member is adorned with along the margins of the apartments; they consist of
ox-heads, having in the intervals festoons of flowers, or representations of divinities and human beings ; of birds,
axes and vases, which are evidently intended to repre beasts, griffins, and centaurs ; of medallions, and an
sent the accompaniments of a sacrifice ; and in the endless variety of foliage in festoons. The tides of
Triumphal Arch of Titus, the same are expressed in a rooms were ornamented with perspective representa
more elaborate manner by the entire figures of the tions of slender shafts, like rods, supporting light enta
animal, and of the persons concerned in that rite. In blatures, or canopies with circular or triangular pedi
the Temple of Antoninus and Faustina, at Rome, and ments above : among these are representations of sta
of zHsculapins, at Spalatro, are representations of grif tues, tripods, and vases, with drapery and foliage id
fins and vases ; in the entablature of Nero are large festoons, and in some places are views of gardens. The
scrolls of the richest foliage, the execution of which is Baths of Titus and those at Herculanemn afford great
equul to that of the Grecian sculpture in its best time ; abundance of these paintings.
and at Palmyra and Balbec, the frizes are ornamented
with Eagles, Cupids, and other figures, having festoons of
flowers between them. It must be added that sometimes
the frize is filled with inscriptions, and, in a few coses,
these are contained in a tablet which occupies the height
CHARTER VIII.
of both frize and architrave.
fits of6 S°*~
*n l'le S0^1 °^
arcn'trave between every two coPractice of Roman Building.
blatures" *' ^umns 's generally a rectangular sunk panel, either plain,
The mouldings used in the Roman Architecture are Mmw
' or having the interior occupied by fretwork, and some
times surrounded by a guilloche, as in the Temple of mostly of the same denominations as those in thej^
Antoninus and Faustina. In the ceiling, between the Grecian, but the profiles and elevations of the first are
entablature of a peristyle and that of the wall of a formed by arcs of circles, whereas the latter are portions
building, are usually square panels formed in two or of conic sections. See pi. ii.
The torus and astragal are both semicircles, the dia
more depths, so that the sides have the appearance of
inverted steps ; these sides are usually sculptured with meters of which are equal to the height of the moulding,
crves, and the panel itself is ornamented with an elegant and they only differ from each other in their magnitude.
The ovolo is a quadrant of a circle, the convex surface
cluster of foliage in the form of a rose. Sometimes be
tween every two such panels is a plain square, sur of which is outward ; its semidiameter is equal to the
rounded by a rich fret in relief, as in the Temple of height of the moulding, and its centre is in a horizontal
Mars the Avenger. In circular buildings two of the plane passing through the upper extremity. This mould
sides of each panel are in the direction of radii from the ing generally occupies the place of the echinus in the
axis of the building, the other two are arcs of circles Grecian Architecture.
The cavetto is described in the same way, being also
concentric with the face of the entablature, of which the
Temple of Vesta, at Tivoli, affords an example. The a quadrant of a circle, but its concave surface is outnard,
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titcc- and its centre is in a horizontal plane passing through
*
the lower extremity.
/ ' Tlie apophygis, if it is a quadrant of a circle, is also
described in the same manner as the former mouldings,
but it, generally, does not exceed an arc of 60 degrees ;
in which case the centre is at the vertex of an equilateral
triangle formed on a line joining the two given points
through which the curve is to pass ; it is necessary,
however, that the centre should be in a horizontal plane
passing through the column in the place where the
apophygis joins the shaft, otherwise the profile of the
column will appear broken at that place.
The cima recta may be described by dividing the line
joining the extremities of the fillets above and below in
two equal parts by a line parallel to the fillets, and de
scribing a quadrant of a circle on each half, on contrary
aides of the first line ; the centres for describing the
quadrants will be in the second line ; and this construc
tion supposes that the projection of one fillet beyond the
other is equal to the height of the curvilinear moulding.
The scotia is sometimes described by joining the ex
tremities, a b, of the fillets above and below ; (see pi.
x. fig. 9.) and upon a 6, as a diameter, describing a
semicircle, in which case the upper surface of the lower
fillet is rendered a little concave ; but usually the scotia
consists of portions of two circles, which may be de
scribed in the following manner. Draw the indefinite
fines b to and a n parallel to the axis of the column ;
upon a b describe a semicircle as before, and draw b c,
making the angle m b c = 60 degrees, to cut the semi
circle in c ; lastly, draw c d, making the angle bed —
60 degrees, and meeting a n, to 6, in e and d ; d will
be the centre of the arc 6 c, and e the centre of the arc
a c ; and these arcs form the scotia required. The
eurves will not appear broken at c, because a line at c,
perpendicular to d c, will be a tangent to both.
The Ionic volute is an ornament which is required to
be drawn with considerable exactness ; and methods
have been given for describing it, by Vignola, Sir Wil
liam Chambers, and Goldman, on the supposition that
the spirals are formed by the union of several circular
arcs. The rules delivered by Goldman seem to afford
the most elegant form, and therefore wc may confine
ourselves to them. See pi. x. figs. 7 and 8.
He supposes the whole height A B of the volute to
be divided in C, in the ratio of 9 to 7, then the point C
becomes the centre of the volute ; about this point a
circle, a b, is described with a radius equal to -fg of A B,
and this forms the eye of the volute. On the diameter
a b, he takes from the centre C, the distances Cm, C n,
each equal to one-fonrth of a b, and divides each of these
into three equal parts in the points o, p, q, r ; on mn,or,
and p q, he forms squares, and produces their sides inde
finitely, as m figure 7 ; then m, s, t, n, o,v.&c. become tlie
centres for describing the several quadrants of the volute.
Having determined the breadth A D of the baltheus
or listel at the top of the volute, he makes A z equal to
half the side of the square sn, and joins zC ; through
D, he draws D d parallel to A z, and divides it into
three equal parts; he then makes C to', C o', C/r\ re
spectively equal to D d, D e, Df, and sets equal spaces
below C, and forms squares on m'n', d rf, p' </ ; the an
gular points of these squares become the centres for
describing the interior quadrants of the volute.
When the volutes are formed obliquely to the face of
the abacus, as are those of the Temple of Concord, of
the angular columns in the Temple of Fortuna Virilis,
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and those in the capitals of the Composite Order, the P*« II.
spirals, when represented on paper, become portions of v"""~V"
ellipses ; the vertical axes of the ellipses, that is, those
which coincide in direction with A B remain of the same
length as when the planes of the volutes are parallel to
the face of the abacus, but the horizontal axes are all
diminished in the ratio of radius to the cosine of the
angle of obliquity ; the several horizontal axes being
thus determined, the spirals may be traced by the usual
rules for describing ellipses.
The ornaments in the Corinthian and Composite
capitals must be traced by hand ; and it will be only ne
cessary to observe that the leaves of the former resemble
those of the laurel, or of the olive ; those of the latter, of
the acanthus, or of parsley.
Vitruvius observes, that the magnitudes of objects Optical moshould be changed according to their situation with re- dification of
spect to the eye ; and it can be conceived that this must a profilebe true, when some of the projecting members might
conceal others which, from their essential character, or
their embellishments, ought to be visible. In such a
case we immediately conclude that the projection should
be lessened, or the parts above and below should be in
creased in height beyond the quantities assigned by the
general rules; and that the faces which are usually ver
tical should be made with their upper extremities in
clining forward or backward, in order to cause them to
he seen to advantage. For the same reason the superior
surfaces of mouldings which have considerable projec
tion, instead of being horizontal, should be in planes
inclining upward tow ards the face of the building, or in
the form of a curve concave outwards ; as is often the
case with the fillet between the architrave and frize.
Such deviations from the general rules are observed
in the great works of tlie Romans ; but it is necessary
to understand, as has been observed by Newton, the
translator of Vitruvius, that they should only take place
when the object is viewed from a situation to which the
spectator is unaccustomed ; for, in most ordinary situ
ations, however the eye may be elevated above or de
pressed below the object, the mind has the power of
rectifying the perceptions produced by the images ac
tually transmitted to tlie eye ; and the objects appear,
not as we see them, but as wc have found them to be
by previous experience.
In the Vth chapter of his 1st Book, Vitruvius, de- Rules for
scribing the building of walls, says, the ground is to be the foundadug down to, and even into the solid earth ; the founda- tlonstion walls to be thicker than those which are built above
ground, and execited in the firmest manner. And in
chap. iii. book iii. he says, the stereobata, or the walls
above ground, on which the columns stand, are to be
thicker by half than the diameters of the columns them
selves. He adds, if the ground is soft and marshy, it
must be excavated, and piles of scorched wood driven in
very close together, and the intervals rilled with charcoal.
No rule, however, is given by Vitruvius for the depth of
the foundations below the ground, but the general prac.
tioe of the Ancients seems to have been to make it equal
to one-sixth of the whole edifice. He recommends to
sink the wells, cisterns, and drains, previously to laying
the foundations, as well to ascertain the nature of the
ground, as to supply the wants of the inhabitants.
Besides the general rule that the thickness of a wall Dimensions
should be proportional to the magnitude of the edifice, of w,Us'
Vitruvius directs, in the Xlth chapter of his Villi Book,
that buttresses should be erected in front of the founda-
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lion-walls, in order to resist, as he says, the expansion
of the included earth when swollen by rain ; and he
directs that the distance between every two should be
equal to the depth of the substructure below the general
level of the ground. Their thickness he recommends
to be the same as thai of the foundation-wall ; their
upper extremities, probably, coincided with the surface
of the wall at the level of the ground, and their lower
extremities projected from the surface of the wall as
much as the thickness of the wall itself. He also pro
poses that walls should be built as high as the level of
the ground within the interior space, and disposed in
triangular forms on the plan, one side of each wall
coinciding with the interior face of the building itself,
the better to enable the side of the building to resist the
outward pressure of the included earth.
Methods of The ancient Etruscan or Latin walls were constructed
building of large, square masses of stone without cement; but
walls.
during the existence of the Republic, this method of
building seems to have given way to the formation of
what was called the incertum opus, which consisted of
small stones mixed with mortar ; and specimens of it
are still to be seen in the Temples ofVesta, at Tivoli, of
Fortune, at Pra?neste, and in many other edifices ; but
Mr. Ramage observes, that this species of work must
not be confounded with that formed of large stones in
the shape of irregular polygons, as may be seen in the
walls at Cora, Praeneste, and other ancient cities of
Latium, which is of an older date. The Roman emplecton was employed, probably, during the same period ;
it was similar to that of the same name, which was in
use among the Greeks; but seems to have been executed
less carefully, the rubble stones being thrown promis
cuously with mortar between the faces of the wall ; and
Vitruvius justly gives the preference to the method of
the Greeks. To these succeeded the retiadatum opus,
which must have been fashionable in the time of Vitru
vius ; it was composed of stones or bricks made in the
form of rectangular prisms, and disposed with their
diagonals in vertical and horizontal positions, so that
the face of the wall had the appearance of network.
When this was used, bricks or rectangular stones in ho
rizontal courses were employed at the quoins, or angles
of the walls, in order to give it stability. Vitruvius
seems to consider this as beautiful ; but certainly from
the oblique pressures which the bricks must have exerted
against each other, in consequence of the weight of the
mass above them, it must have been very liable to give
way, and perhaps it could hardly have stood a moment,
but for the cohesive power of the mortar. This species
of wall is said by Mr Ramage to have continued in
fashion till the time of Caracalla, and examples of it are
to be seen in the Garden of Sallust, near the Quirinal
Hill, and in the Palace of Mecaenas, where it is mixed
promiscuously with brickwork.
In great works, like the towers and walls of towns, we
find that the general method of construction was to dis
pose the rubble stones as regularly as the nature of the
material wo aid admit, in horizontal courses ; and at dis
tances of three or four feet above each other were placed
horizontal courses of broad flat stones to bind the whole
together. Remains of this kind of masonry are very
abundant in England, and examples of it may be seen
in the walls of Richborough castle, in Kent, and of Silchester, in Berkshire ; in these places the rubble is dis
posed in alternate courses of rough rag-stone, large flat
bricks, and layers of solid mortar ; the whole has been

mixed with liquid mortar, which united the materials in tv\\i
a hard and strongly coherent mass.
^y*«
To connect the parts of a wall together, or perhaps
to lighten the pressure on particular parts of the foun
dation, it seems to have been customary to form, in the
thickness of the walls, one or more rows of arches, like
those in the walls of the Pantheon, consisting of two or
more concentric courses of voussoirs ; and within the
intrados of the arch are horizontal courses of masonry,
as in the rest of the wall.
Mr. Ramage observes, that the stone employed in the KijJsi;
buildings ofancient Rome is of five different kinds. The
first, called by Vitruvius Lapis ruber, and by the Mo- fil^a
derns Ttiffa, is a volcanic production, and is employed
in the foundations and walls of buildings ; the Temple
of Fortuna Virilis and the Aqueduct of Clandian are
built of this stone ; which, in the latter building, is cut
in large masses, that it may better resist the action of
the air, by which it is liable to be decomposed. The
second, called Lapis Albanus, or Peperino, is also vol
canic ; the more ancient Italian buildings, is the Cloaca
Maxima, and part of the Tullian walls under theQuiiinal Hill, are built of this stone, which is more solid and
less subject to decomposition by the air than Tuffa; it
is also capable of resisting the action of fire. The third,
called Lapis Tiburtinus, or Travertino, is a calcareous
concretion which was brought from the neighbourhood
ofTibur: it has the quality of hardening by exposure
to the air, but is decomposed by fire ; when employed
in building it is cut in large quadrangular masses, which
are put together without cement. The Temples at
Paeslum, the Colosseum, and the Sepulchre of Cecilia
Metella, are built of this stone. Silex was frequently
employed in paving streets, and filling up the interior of
walls ; and Pumice-stone, obtained from Asia, Spain,
and Marseilles, so light as to float in water, was, ou
that account, used in the formation of vaults : those of
the Colosseum, and the dome of the Pantheon, are
partly constructed of this last material. The Silex
was a basaltic, and the Pumice-stone a vesicular lava,
but neither of them are of the same species as the stones
which now go by those names.
Brickwork continued in use till the fall of the Em- Bnttra
pire, and, at first, it was nearly equal in strength to
stonework ; but, in the later times, it had not its former
solidity, on account of the greater quantity of mortar
employed. Vitruvius says, that the Greeks usedsquare
bricks equal to 5 palms, or 15 inches in length and
breadth, in their public works, and others equal to 4
palms, or 12 inches in length and breadth, for their
private dwellings ; they also used half-bricks, and placed
them with the whole bricks in alternate courses. The
Roman bricks, or tiles, were of finer quality than those
made at present, and were either squ ire or parallelogramic ; the former were sometimes 18 inches long and
broad, and the latter 12 inches long and 6 inches broad;
and in the times of Augustus and Tiberius, the bricks
were occasionally made of a triangular form, as may be
seen in part of the remaining walls of Rome. Vitruvius
does not specify any thickness for bricks, but it was in
general small, in some cases not greater than one
inch. It may be added that this author describes only
unburned bricks, and he recommends that they should
not be employed till after they had been made at least
two years.
It seems to have been the opinion of the ancient
Romans that an edifice of brick was more durable
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Hlec* than one of stone ; for Milizia says, they estimated the
"** , value of a stone-building every year less than in the
v
preceding year, by one-eightieth part of the whole, sup
posing that it would last only eighty years, whereas they
estimated the value of a brick-building always at the same
sum, as if it were indestructible. It is probable that
the stone here supposed to have been employed was of
a very inferior character.
The Romans used a species of mortar now called
Pozzolana, from Fozzuoli, anciently Puteoli, the name of
the place wherein it was first made ; it had the valuable
quality of hardening in water, so as to form with the
stones or bricks a solid mass uniformly consistent.
The harbour at Anlium and the mole at Pozzuoli, the
latter of which was probably erected near the Au
gustan Age, afford the best proofs of the durability of
this material.
It seems unnecessary to dwell longer upon the detail
of the practice of the Ancients in the mechanical con
struction of their edifices ; because, though it was in
general good, and it even forms the basis of the practice
of Architects in the present day ; yet the progress of
improvement and the circumstances of climate and of
manners, have necessarily brought on such changes as
render an adherence to their rules impossible.
™|
The Grecian artists produced simplicity and unity in
their most magnificent designs by forming a system of
[«nun unbroken horizontal lines in the lower and upper parts
tec- of the buildings ; these occur in the steps and in the
divisions of the entablature, and give to those members
the appearance of bands uniting the extremities of the
columns in one entire system, while they indicate at a
glance the whole length and breadth of the building.
The sides of the columns present also a system of
lines, nearly vertical, which serve to mark its height.
The system is completed by adding a low pediment
which forms a cover to the whole just sufficiently raised
in the middle to throw off the gentle showers of rain
which fall in a climate in which the atmosphere is sel
dom troubled by violent storms, without interrupting the
general effect of the vertical and horizontal lines of the
building.
Abundant in well-executed sculpture as are the mem
bers of the Grecian buildings, the variety of form pro
duced by the chisel is not suffered to interfere with the
outline, being sunk within the general face of the build
ing. The mouldings only of the capitals and entabla
tures break the rectilinear character of the edifice, and
diversify a style otherwise too monotonous, by the gracefill curves which they exhibit in profile. Large masses
of shadow, projected by the peristyle and its entablature,
fall upon the walls of the building, and powerfully con
trast with the light reflected from the curved surfaces of
the columns themselves which surround the building,
and produce a long succession of alternate lights and
shades which change every moment with the position of
the Sun and the eye of the observer.
Rome, in the zenith of her prosperity, copied, with
some modifications, the Architecture of Greece ; but
though her works might sometimes surpass their ori
ginals in magnificence, they almost always remained
inferior to them in purity of taste. Vitruvius, indeed,
professes to have formed his rules from the buildings
and writings of the best Grecian artists, yet he laboured
Under the disadvantage of not having seen the former ;
%nd perhaps the latter were the works of men who lived
tiear his own limes, when a considerable change had
vol. v.
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taken place in the style of the Architecture, even of Part II.
Greece herself ; and, lastly, from the loss of the draw- ^—-v^
ings, which originally accompanied his manuscript, we
remain in doubt of the precise meaning, and the effect
of many of the rules he has delivered.
In the best times of the Roman Architecture, the
Temples of Italy might be little inferior, in merit, to
those of Greece; a similarity of form was adhered to,
and perhaps the modification of the proportions of the
columns and their entablatures was but of small mo
ment ; it might even happen that this was rather to the
advantage of the Roman Architecture by rendering
those members of the edifices lighter than the corre
sponding ones in the Greek examples. The almost
general adoption of the Corinthian Order in Italy was
also the means of producing a degree of embellishment
superior to that of the Doric Order which had formerly
prevailed on the opposite shores ; but a great difference
took place in the exterior forms of buildings by the
construction of brick-domes, high pediments, and the
piling of one Order upon another. Of the domes it may
be said that they afford a convincing proof of high me
chanical skill ; and that they constitute a feature which
is capable of exciting sublime emotions, by the view of
an immense mass of solid materials suspended in the
air ; and which, by the application made of it in later
times, has given to buildings a degree of magnificence
superior perhaps to that of any production of the ancient
schools. We have shown how much the inclination of
the sides of the pediment of the Pantheon exceeded
those of the Grecian Temples ; and though the Romans
did not always give so great an inclination as we find
in that example, yet such was the general case. These
high-raised roofs are far from producing so pleasing an
effect as the others, either because they interfere too
much with the system of horizontal and vertical lines in
the building, or because they afford indications of less
skill in resisting the lateral pressure of the rafters, which
in low roofs is very considerable ; though in a climate
more rude than that of Greece, the utility of the higher
pediments is undoubted.
The supraposition of Orders is not without a reason
able excuse, if it have not, in some cases, the plea of
necessity. In Theatres, and such buildings where great
height was required for the exterior wall, it would have
been impossible to make one Order of columns extend
from bottom to top ; and an obvious measure was to con
sider the building as divided into several stories, and to
mark each story by a particular Order, the entablature of
which might conespond with the floor in the interior.
Single Orders are employed in the peristyles of the cavadia ; but there the floor is supported by parastatte, or
posts attached to the shafts of the columns, a mode which
can hardly be considered as exhibiting either skill or
science : the great column is evidently unfit for its pur
pose, and two Orders in such situations would have
been more natural than one thus broken.
We have had occasion to mention the magnificent
works ofAugustus,Vespasian, Trajan, and Hadrian ; and
we may also add, from Gibbon, that it was not only the
Sovereigns of Rome by whom the Empire was adorned ;
this honour was shared "with them by the Governors
of Provinces, and even by private individuals. Among
the works of the latter he enumerates those executed by
the munificence of Herodes Atticus, a citizen ofAthens,
from which a notion may be formed of the encourage
ment given to Architecture by the wealthy subjects of
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the Empire. But when the extravagant follies of the
Emperors had diverted the treasures of the State from
their legitimate uses; viz. the defence and embellish
ment of their dominions ; and when the insecurity of
property prevented even individuals from displaying
their taste in the erection of public or private edifices,
then the cessation of the demand for the talents of the
artists necessarily led to a neglect of the study of the
principles which are the foundation of a pure taste in the
Arts ofdesign ; so that when, at the command of a Prince
more enlightened than many of his predecessors, a new
edifice was to be constructed, nothing remained in the
power of the artist, if he did not copy mechanically the
whole of some building already in existence, but to in
troduce in his design the different members employed in
some similar work. This seems to have been often none
without regard to their connection with each other ; and
from ignorance of their just proportions, they have been
altered and distorted according to the fancy of the artist ;
while the surface of the work has been covered with a
profusion of ornament equally destitute of propriety and
elegance.
The patronage of Dioclesian and Constantine, it has
been observed, produced a gleam of taste which shone
with faint lustre for a short time ; but from the death of
the latter maybe dated the period of a complete corrup
tion of the Art. Symptoms of decline are exhibited,
principal!., in the Triumphal Arches of Severus, Gallienus, and Constantine ; in the edifices of Palmyra and
Balbec ; and in the Palace of Dioclesian at Spalntro.
In all these we find the members overloaded with orna
ments badly sculptured ; in some we find columns have
been taken from other edifices and cut to the required
length, when too long, without making a corresponding
diminution in the bulk of the shaft; or, when too short,
they have been mounted on pedestals. The entablatures
are often broken, and form projections over the capitals
of the columns attached to the walls ; thus destroying
the unity of the horizontal band, and the fine effect
arising from the long lines of shadow above the columns;
while the pedestals interrupt and spoil the effect of the
continuous basement; and the frize, instead of present
ing a vertical face, is cut in a cylindrical form, and re
sembles a beam crushed by the weight of the cornice
above. In some cases, columns with spiral flutings were
capriciously employed, in direct contradiction to the first
principles of stability, and exhibiting the appearance of
ropes employed as props to sustain the roof of a building.
Pediments are inscribed in each other ; some have not
the horizontal cornice ; others are bounded by a curve
at top ; occasionally the tympanum is broken vertically
into three different faces ; and finally, there are some in
which the inclining sides arc not continued to the apex.
All these circumstances are so many gross deviations
from the classic styles of Greece and Rome ; and like
the gilded statues and colossal figures of the same period,
are indications that, in Architecture and Sculpture, the
~ J~ of men were then disposed to run into the wildest

it does not appear adequate to the support of nn arch totB,
and the building above it ; nor is it in reality capable ^"v*'
of resisting the thrust which every arch exerts in a lateral
direction outward upon its points of support; piers alone,
which may have any breadth required, appear adapted
to these purposes. It may be observed that Sculpture
declined before Architecture, and this is what might be
expected ; since though to design a building may require
a greater effort of genius than to form a statue, yet it is
obviously much easier to copy the proportions of an
edifice than those of a human figure ; and, in fact, some
of the most magnificent edifices of Rome were erected
in an A^e when Sculpture had ceased to exist as a Fine
Art. We may remark here that the corrupt style of the
later Ages of Roman Architecture, and even the fornw
and proportions of that since denominated Gothic, are
visible in many of the representations of buildings de
picted on the walls of Hereulaneum and Pompeii

CHAPTER IX.

Ecclesiastical Edifices of the Western and Eastern
Empires.
Before Christianity became the established Religion ofPnbsH^
the Roman Empire, the Christians seem to have had ll,JtC-;51
regular Churches for the performance of divine worship; jl"^
for Eusebius relates that in the beginning of the reign usltj|u
of Dioclesian, they both repaired the older edifices, and lore i:
built new ones of considerable magnitude. The anger ti*<<
of Dioclesian, also, is said, by LactantiuR, to have been 2^'u*
excited by a new Church which had been built at Nicomedia ; and the edict issued by Constantine for re
pairing as well as rebuilding the Churches is a proof
that such must have existed before his time.
It is reasonable to believe that in the infancy of the TVrsii
Religion, and subsequently, in times of Persecution, Bja"a
those who had embraced its tenets, and had thus rendered themselves obnoxius to the Civil power, would io.le«,
hold their assemblies in private houses, and even, as
they are said to have done, in the public catacombs, in
order to elude the vigilnnce of their persecutors. But
this secrecy was not likely to be continued, by a people
zealous in the cause of their Master, longer than they
were compelled to it by necessity ; and as soon as their
increasing numbers required more space, or the storm
of persecution was abated, it might be expected that the
Faithful would endeavour to obtain possession of public
buildings for the purposes of Religion. That opinion,
therefore, is probably not correct, which has been as
serted; viz. that the Christians hud no public Churches
till the time of Constantine. But the intervals of the
Persecutions being short, it would perhaps not often
happen that buildings could be purposely erected to
serve as Churches ; and the people would be induced
to avail themselves of a species of building already ex
isting, and which could easily be adapted to their cir
cumstances. This was the Basilica, or Court erected
In the Arch of Hadrian, at Athens, the archivolt rises for the administration of justice, of which we have al
from the top of a short pilaster attached to the wall. ready spoken generally, in our Miscellaneous Divljion-,
But it is in the Palace at Spalatro that we find the ear ad v. We shall here more particularly describe their
liest examples of arches springing from the tops of construction. Even after Constantine had delivered
columns ; a practice which afterwards became com the Church from her enemies, and a puhlic profession
mon in Ecclesiastical edifices, but which, applied as it of Christianity could be made with safety, the Hea
is in this building, is a signal example of a corrupt then Temples were rejected, and the Basilica? we"
taste ; for whatever may be the real strength of a column, preferred, probably because they had not served
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for any superstitious purposes, and were more conve
nient for the celebration of Christian worship. After
wards the Churches purposely erected, at least in the
Western Empire, were designed in accordance with the
plan of such buildings ; and hence the first Churches
were called Basilica?, and that name has been since re
tained, though the forms of the more recent Churches
often differ entirely from those of the buildings from
which they are derived.
«eniThe celebration of Heathen worship was accompanied
f of lhe by the slaughter of animals, which was most conveR?'ciou»far ,,ien"y performed in the open air ; where, or under the
colonnurie surrounding the Temple, the bulk of the wor
shippers remained ; therefore there was no necessity (or
great capacity in the interior of the Temples. But the
Christian worship consisted in public prayer, and cate
chetical exercises, accompanied by the delivery of lec
tures ; and these, being best performed under cover,
required Religious edifices large enough to contain a
numerous congregation ; such were the Basilica?, being
spacious buddings roofed over and abundantly lighted
by windows.
The great Basilica; of the Heathens were of a rect
Jeneral
cm of the angular form, and divided into three or more parts by
Stsilioe. rows of columns parallel to the length of the building;
another colonnade, at each extremity, crossed the former
at right angles, and in the raidde of one of the end walls
was a hemicylindrical recess in which was situated the
tribune of the Judge ; the colonnades of the aisles being
discontinued when they arrived neiir the tribune, there
was formed a transverse division at that end of the build
ing ; and, thus, the interior division assumed the figure
of a cross. The recess, formerly occupied by the tri
bune, wns found a convenient place for the allar; which
continued to occupy that station till the desire of giving
to the plan of the Church, on the exterior, the form of
a cross, induced the artists to add to the original rect
angle, of which the plan consisted, another crossing it
at right angles at or near the middle of its length ; then
the altar was placed in the intersection of the two,
which, from this time, became the most important place
in the Church ; and, as a mark of distinction, was sub
sequently covered by a dome or cupola, rising above the
general roof of the building.
The circular recess at one extremity of the Basilica
gave the building something like the appearance of a
ship ; and from this circumstance, probably, the body
of the Church or Basilica was called the nave, a term
which was afterwards confined to the central division
between the parallel rows of columns. The lateral
divisions were called aisles, and the two arms of the
transverse rectangle, which crossed the principal
building at right angles, transepts. In the Churches
of Italy, and all those which were copied from them,
this transverse building was placed at or near one ex
tremity of the main body of the edifice ; but in Asia,
Constantinople, and Greece the forms of the Churches,
at least of those which were erected in, or subsequently
to the time of Justinian, were rather different ; the plan
of most of them consists of two rectangular parallelo
grams intersecting each other perpendicularly in the
middle, in such a way as to make the four arms of equal
length ; and the centre, like that in the Italian Churches,
is covered by a dome. This plan bears the name of a
Greek cross, to distinguish it from that of the Western
Churches, which is called a Latin cross.
The ancient Basilica: frequently had upper galleries

between the columns and the interior of the walls ; and Part II.
when these buildings were dedicated to the service of Re- S"v~
ligion, or Churches were erected according to the plan
of those buildings, the upper galleries were frequently
appropriated to the female part of the congregation,
which in the ancient Christian Church was separated
from the male part: and the ascent to them was by
steps in the thickness of the walls, so that the wo
men could arrive at their places without being seen by
those persons who were in the lower part of the
Church.
The Religion of Christ becoming, in the reign of Con Constantine
stantine, the Religion of the Empire, that Prince di- Pr<""otes
rected a portion of his own wealth and that of the State, eCuU,,ding
to the noble purpose of erecting, for its service, edifices at Rome. '
which might be worthy of the Roman name. Seven
Churches, built or consecrated within or near the city
of Home, are described as the fruits of his zeal ; and
though not one of them remains in its original slate, it
is incumbent on us to mention some of them, because
they were, in their time, objects of great importance,
and were also the first works of magnitude which were
appropriated to the celebration of Christian worship.
The first of these is the Basilica of St. John de La- The Basilica
teran , which was originally part of the Palace of Pluu- °f St- John
tius Lateranus, and subsequently of the Emperors of e * era°'
Rome. Constantine, to whom it belonged, caused it to
be dedicated to the Saviour, to St. John, and St. Peter.
Being now entirely modernized, it is impossible to give
an accurate description of it ; but, according to Rasponi, it was of a rectangular figure, except at the
Eastern extremity, where was a semicircular recess ;
the body of the Church was di\ided longitudinally, by
four parallel rows of columns, into five parts, forming
a centre, or grand nave, and two aisles on each side.
Contiguous to this, and forming part of the ancient TheBapti*.
Palace, is a building serving for a Baptistery, and sup- ^'nus™n°f
posed also to have been built by Constantine. The plan tine
is a regular octagon, and there is a descent by four
steps to the bottom of what was originally the basin, a
superb vessel of basalt for the immersion of the con
verts. Eight columns of porphyry surround the central
part in the interior of the edifice, and ubove the entabla
ture are eight smaller columns of white marble; these
bear a heavy entablature, above which, at the angles,
are pilasters supporting the dome of the edifice ; and a
remarkable circumstance is, that between these Orders
there is no ceiling, either over the centre or over the
gallery between the columns and the wall. The mate
rials of which this edifice is composed seem to have
been taken from other buildings, and the borrowed
columns appear to have been put up in haste, without
even reducing them to one size of shaft.
The Basilica of St. Peter was built on the North side The Basilica
of the Circus of Nero, perhaps with the materials of of St. Peter,
the Circus itself, and was consecrated by Constantine in
the year of Christ 324. This edifice is supposed to
have had the figure of a cross on the plan, and was,
probably, the first of the kind. The body of the Basi
lica is said to have been 200 feet long from East to
West, and 154 feet wide, according to the measurements
of the Abbe Uggeri ; and to have been divided into five
naves by four parallel rows of columns. The transept,
if it may be so called, was at the Eastern extremity,
and equal in length to 208 feet from North to South ;
in the middle of the Eastern face was the semicircular
chalcidia or apsis, which was about 43 feet in diameter;
3r 3

320

ARCHITECTURE.

and at the Western extremity, in front of the doorway,
was a grand rectangular peristyle. The whole building
is described as exceeding in magnitude and splendour
any Temple before seen, having in it an hundred marble
columns ; but it is allowed to have had small preten
sions to architectonic merit. Being destroyed by the
Saracens in 846, it was restored by Probus, probably
on the traces of the more ancient building. It was
again demolished by Pope Nicholas V., and the pre
sent grand Cathedral of St. Peter was subsequently
built on the same spot. For a plan of this Basilica see
pi. xiv.
of St. LauThe Basilica also of St. Laurentius, at Rome, was
rentius,
one of the seven Churches built by Constantine. It is
now of a rectangular form, and without the chalcidia
or semicircular tribune ; therefore, probably, the plan has
been changed since, the original construction. Its in
terior length is 296 feet, and breadth 70 feet. In front
is a pronaos with six Ionic columns between the antee.
The nave beyond is divided into three parts longitudi
nally by two rows of Ionic columns, and within the cen
tre division, or grand nave, are two ambones or pulpits,
one on each side, elevated above the level of the pave
ment with steps to ascend to them ; at the further ex
tremity of the grand nave is the Presbytery, or division
appropriated to the officiating Priests, which is enclosed
by a rail. Beyond the nave is the Choir or Sanctuary, of
aTectangularform, elevated above the general pavement
of the Church, and having an aisle on each side on a lower
level. This elevation seems to have been made at a
time posterior to the building of the Church in order
to obtain a space below for a Crypt or lower Chapel. On
each side of the Choir are five fluted Corinthian columns,
the bases of which are on the pavement of the aisles.
The capitals of these are of different kinds, and they carry
an entablature ornamented with sculpture, good and
bad ; above these is another Order of Corinthian columns
of smaller size, with spiral timings, and over them arc
arches and a wall pierced by windows. Between the
extremity of theChoir and the Eastern end ofthe Church
is a Chapel, the pavement of which is on a lower level
than that of the nave ; and it is supposed by some that
this was originally the vestibule of the building,
of St. Paul,
The Basilica also of St. Paul, on the banks of the
Tiber, was built originally by Constantine ; it was subse
quently enlarged, but according to the same plan, by
the Emperors Valentinian, Theodosius, and Arcadius.
This building also, which still exists, has the figure of
the cross, and the transept is placed at the Eastern ex
tremity, but its length only exceeds the breadth of the
body of the Church by a few feet. The length and
breadth of the latter are 296 feet and 215 feel respec
tively, and it is divided into five aisles longitudinally,
by four rows of columns of the Corinthian Order ;
twenty-four of the forty columns in the two interior rows
are supposed to have been taken from the Mausoleum
of Hadrian, and the rest are of the time of Theodosius
and Honorius. The entrance from the central nave to
the transept is covered by a grand arch, springing from
two columns of the Ionic Order with Attic bases. The
transept, which is 79£ feet wide from West to East, is
divided into two equal parts by a wall and columns in a
Northern and Southern direction ; in the centre of this
wall is an arched entrance opposite to the former, and, as
in that, the arch is supported on two columns. At the
Eastern extremity is the tribune or apsis, in the form of
a segment of a circle on the plan, and lined with mosaic

work. All the columns of the nave support arches j f^n
above those on each side of the central division are high w»
walls, adorned with Paintings which are divided into
two rows ; and at the top of this wall, on each side, is a
tier of arched windows filled with plates of Parian mar
ble and pierced with round holes in several rows.
Almost every column is formed of a single block ; the
shafts are fluted and the channels are cabled, or filled
as far up as one-third of their height ; but the flutes and
capitals are badly cut, and the former are not even
straight.
The Church of St. Agnes, without the walls, is ano- ofS
ther of the works of Constantine; its plan is rectangu
lar, 99 feet long and 53 feet broad, and it has no tran
sept, but there is a semicircular recess at the Eastern
end. The Church is divided into a grand nave and two
aisles by two rows of columns, each consisting of two
Orders one above the other ; and over the aisles is a
gallery on each side, as was usual in the Heathen
Basilica?. The walls of the recess are covered by plates
of white marble, ornamented alternately with little
bands of porphyry in the form of small pilasters; of
these two are curious in the two angles of the apsis,
with capitals of the Corinthian Order ; they have very
little relief, and are executed in the bad style of the
Lower Empire ; one of them has also an Attic base
as badly executed as the capitals.
Dr. Milner has given a copy of a mosaic picture exe
cuted by order of Pope Honorius, about a. d. 821,
representing this Church in its original state; from which
it appears that the walls of the nave were carried up
higher than the four exterior walls of the Church, and
were pierced by semicircular-headed windows aloug the
sides and front. The Church seems to have been covered
with tiles ; the roof of the nave terminated in n ridge
extending longitudinally over the middle of the build
ing, and in the gavel, or triangular front at the Western
end, was a circular window. At the Western extremity
of the body of the building was the narthuc, or porch
for Penitents ; the entrance to which from the street nas
closed merely by a curtain.
We may conclude this account of the ancient Roman 0I S*.
Churches with a description of the circular building Supwa
dedicated to St. Stephen, which bears marks of having
been executed in the latest period of the Roman Empire;
probably on the ruins and with the materials of a Tem
ple dedicated to Claudius. The exterior wall is 211 feet
diameter ; within this is another the diameter of which is
80 feet, in the interior circumference of which are eight
pilasters at unequal distances from each other; and be
tween these are alternately four and five columns half
sunk in the wall ; some of the columns are larger than
the others, and have Corinthian capitals ; the capitals ot
the others are of the Ionic Order. The shafts of some
are plain, of others fluted, and all of them support a
small cornice which is broken so as to project over each
column. Above these columns is a cylindrical wall with
arcades. Within this colonnade is another, 77 feet m
diameter, which consists of isolated columns all of the
Ionic Order, supporting an architrave, and having bases
of all sizes and kinds. At the extremities of a diameter
of this colonnade are two piers ornamented with Corin
thian pilasters, the faces of which are towards the centre;
and in the interval between them are two large Corinthian
columns, which, with the pilasters, support three arches
in the direction of a diameter of the building; on them
rests the timberwork of the roof. The Grand Altar is
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An-hit#c- in the centre, and there are other altars in the circumference of the exterior colonnade,
■^v^"' Ecclesiastical edifices must have been erected in
Syria and Greece in the very infancy of Christianity,
and before any were erected in Rome ; those Countries
being so much nearer to the place whence the Religion
emanated. Of those edifices the erection of which was
anterior to the time of Constantine not a trace now re
mains by which we can judge of their forms ; but Mr.
Whittington supposes, in his Ecclesiastical Antiquities
of France, that they were generally of an oblong figure,
and that near each of them may have been a lodging
for the officiating Priest.
Wotiiof
When Constantine removed the seat of Empire to
>L«tto- the city which he called by his name, he adorned his
new residence
stately edifices
thatanit
Sjzastium. Decame
neariy with
equalso inmany
magnificence
to the
cient Capital itself. Besides a Cathedral dedicated to
Sancta Sophia, or Holy Wisdom, and a Church to
the Apostles, he built a Forum of an elliptical form,
surrounded by colonnades and statues, having its oppo
site entrances formed by Triumphal Arches, and a lofty
column in its centre ; a Circus or Hippodrome, about
400 paces in length and 100 in breadth, having the
space between the mets or goals filled with statues and
obelisks. And, within a century after its foundation,
Constantinople is said to have contained a School of
Learning, a Circus, two Theatres, eight public and
one hundred and fifty-three private Baths, fifty-two
Porticos, fourteen Churches, and as many Palaces,
tare* of The pious Helena, mother of Constantine, about the
« rl oly game time, caused several edifices for Christian worship
f^^*1*- to be executed in the East ; the most celebrated of
which seems to have been the Church of the Holy
Sepulchre at Jerusalem. According to M. Deshayes,
Helena only built that part which covers the sepulchre,
and succeeding Princes augmented it so as to include
Mount Calvary. Its form is very irregular, being sub
ject to the inequalities of the ground, but it nearly re
sembles a cross; its length is 120 paces, and breadth
70 paces. M. Chateaubriand shows that the whole
building consists properly of three Churches, viz. that
of the Holy Sepulchre, that of Calvary, and that of the
Invention of the Cross. The first is of a circular form,
and constitutes the grand nave of the whole edifice ; its
interior circumference is ornamented with two tiers of
marble columns, sixteen in each, supporting two tiers of
arches. The columns of the upper tier are smaller than
those of the lower, and form the front of a circular gal
lery ; and a row of niches is formed in the interior cir
cumference of the wall, corresponding to the apertures of
the lower arcade. This part of the building is, or
rather was, covered by a timber-dome in the form of a
frustum of a cone, 30 feet diameter, with an aperture at
the top like that of the Pantheon at Rome. The Sepul
chre is under the middle of the dome, and consists of a
rectangular excavation in the rock, the entrance to which
is by a low aperture ; the interior is nearly square on the
plan, b feet 10 inches long each way, and about 8 feet
high. The Choir of this Church is on the Eastern side
of the tomb, and is divided into two parts ; in the first
are the stalls for the Priests, beyond this is the Sanc
tuary which is raised a little above the level of (he
former part, and on each side of it is an aisle, in which
several small Chapels or Oratories have been formed.
Xn the ri<>ht aisle are two entrances, one of which leads
by a vaulted staircase to the upper part of the rock of
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Calvary, where is formed the Church of that name ; P»rt
and the other, by a descending staircase, to the Church V""V~"''
of the Invention of the Cross ; and both these Churches
are covered by small domes. The Architecture is of
the Age of Constantine, and it is probable that it has not
been essentially changed since the time of its first erec
tion. The columns, which are of the Corinthian Order,
are mostly heavy and ill-proportioned. The Church
has no peristyle, and perhaps it never had any exterior
ornament. M. Chateaubriand relates that since his
return from Syria, the Church of the Holy Sepulchre,
perhaps he means its timber-dome, has been destroyed
by fire.
The Church of the Nativity, at Bethlehem, which Church of
seems to have been executed in this Age, is of a rectan- tlleNallvltJ'
gular form ; the body is divided into three parts by two
rows of Corinthian columns, and in the walls of the
central division, above the columns, are semicircularheaded windows. But what is remarkable in this
Church is, that the walls between the windows are
covered with mosaics, representing buildings in which
are twisted columns, and others the shafts of which are
ornamented with zig-zag grooves across them, very
much in the style of those employed in the Saxon or
Norman Churches erected about the Xth century.
The facades of the primitive Greek Churches are R'^"^
said to have been originally turned to the East, in order °jor 'f1^
that the Priest in celebrating the service might have his ancient
face turned that way ; but the practice was not general, Churches,
for in some cases, as in the Church at Antioch, the
principal facade was towards the West; and among the
Latins this last disposition was that generally adopted.
The semicircular recess at one extremity of the Basilica
had the name of apsis, from a Greek word which signi
fies an arch ; and this was the place destined for the
throne of the Bishop. In front of the apsis or tribunal,
was the Sanctuary or Chancel, a part surrounded by a
balustrade in which was the Grand Altar, and into which
only the Ministers who officiated had permission to
enter : this was elevated a few steps above the pave
ment, and, according to Eusebius, it was divided from
the rest of the Church by a lattice-work of wood. The
Chancel and Altar were generally situated at the Eastern
extremity of the building, in order that the congregation
might, in prayer, have their faces towards the Altar,
when, agreeably to the custom mentioned by the early
Fathers, the people turned to the East in that act of
devotion. Near the Sanctuary were the atnbones or
pulpits, which were placed one on each side of the cen
tral division of the nave ; these were also elevated above
the general pavement, and from them the Epistle and
Gospel were read to the people. In the central division
of the nave was also the presbyterium, a place enclosed
and appropriated to the Deacons and Chanters, corre
sponding to the Choir of the present day : between the
piesbyterium and the entrance was the narthex, or, as
it was afterwards called, the Galilee, a station assigned
to the Penitents, to whom also, or perhaps to those who
were more guilty than the rest, was allotted the portico
on the exterior of the Church. One aisle of the Church
was appropriated to the male, and the other to the
female part of the congregation, these, in the ancient
Church, being kept separate from each other. Over the
aisles were generally galleries corresponding to those
which, according to Vitruvius, were constructed in the
Heathen Basilica? ; the arcades in front have been sup
posed to be intended to screen the people ill the
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Architec galleries from the resi of the congregation ; but it is
ture.
more probable that they were merely formed for the
s™1v^,/ purpose of sopporting the roof, where a horizontal en
tablature could not be obtained on account of the wide
intervals of the columns.
The Constantinian Churches at Rome had generally,
before the Western extremity, quadrangular courts with
interior peristyles or arcades, as well tor the Penitents
as for the convenience of the congregation while waiting
for the hour of prayer.
The transepts were probably added to the original
rectangle in order to obtain room for a greater number
of persons to get a sight of the High Altar, which was
in the body of the Church; and in buildings thus con
structed it was generally, though not always, placed at
the intersection of the nave and transepts. In addition
to this there was, sometimes, a smaller altar in the
hemic) cle at the Eastern end of the Church : the latter
seems to have been the original place of the altar, the
Bishop's throne only being behind it. Mr. Green, in
bis History of Worcester, supposes the other arrange
ment to have taken place when the doctrine of Transubslantiation was introduced in the Christian Church.
The CatheThe Cathedral of Sancta Sophiu, at Constantinople,
dral of
which had been built by Constantine, having been twice
5f"f?
destroyed by fire, was rebuilt finally by Justinian about
A. d. 532. His Architect Authemius gave the design,
and the Emperor every day superintended the work,
which was completed in about six years from the time
of laying the foundation : the magnificence of the edi
fice so well satisfied the Emperor that he is said to have
glorified himself with the reflection that in it he had
exceeded Solomon himself. For a plan and elevation,
see pi. xiv.
The plan of the interior is that of a Greek cross, the
four arms of which are of equal length ; the central part
is a square, the sides of which are each about 115 feet
long. At each angle of the square, a massive pier of
travertine stone has been carried to the height of 86" feel
from the pavement, and four semicircular arches stretch
across the intervals over the sides of the square and rest
upon the piers. The interior angles between the four
piers in the central square are filled up, from the
springing points of the lour arches, in a concave form,
to a horizontal plane passing through their vertices,
which are at 143 feet above the pavement ; so that, at the
level of the vertices, the interior edge of the part filled
up becomes a circle, the diameter of which is equal to the
side of the central square. Upon this circle, as a base, is
raised the principal dome, the form of which is that of a
segment of a sphere, which is said to be equal in height
to one-sixth of the diameter of the base. On both the
Eastern and Western sides of the square, in the centre of
the Church, is a semicircular recess, the diameterof which
is nearly equal to the side of the square ■ it is carried up
to the same height as the piers, and terminates in a halfdome or quadrant of a sphere, its base resting upon the
hemicylindrical wall of the recess, and its vertical side
coinciding with the arch raised between the piers on
that face of the building; the flat side of each recess
and dome being open towards the interior of the
Church. These quadrantal domes were intended to resist
the lateral thrust of the arches raised on the Northern
and Southern sides of the Church, but they were found
insufficient, for the arches pushed away the half-dome
on the Eastern side twice, and it could only be made to
•tand by constructing the great dome of pumice-Btone

and very light bricks obtained from Rhodes, by filling up Ptrtll
the arches with others of smaller dimensions, and by t,"v«
carrying an enormous arch-buttress from a massive wall
beyond the building to the foot of the dome.
At the extrem.ties of the semicircular recesses, in a
line running East and West through the centre of the
Church, are smaller recesses, the plan of one of which
terminates in a semicircle, and of the other in a right
line ; these recesses are built to the height of the springs
ing of the four principal arches, and are crowned by
quadrantal domes, which, as well as the recesses, are
open towards the interior. In each of the two principal
hemicylindrical recesses between the great piers and the
other recesses just mentioned, are formed two other
cylindrical recesses, open towards the interior and co
vered by quadrantal domes. All the recesses and domes
are perforated by rows of small windows to obtain
light.
On both the Northern and Southern sides of the square,
in the interior of theChurch, is a grand vestibule forming
a square on the plan ; the roof of each consists of three
hemicylindrical vaults extending from North to South,
and of another vault of the same kind crossing the former
at right angles through the middle, and forming by their
intersections three groined arches ; these vaults are sup
ported by massive pillars which have bases but no
plinths; the upper part of their capitals resemble the
volutes of the Ionic Order, but the lower part seems to
be a barbarous imitation of the Corinthian base. Above
these vestibules are galleries exactly similar to them,
and, probably, appropriated to women during the per
formance of divine service. The whole Church is
surrounded by cloisters and enclosed by four walls,
forming one great rectangle on (he plan.
The exterior does not correspond with the internal
grandeur of the edifice, being surrounded by clumsy but
tresses. The entrance is by a portico as long as the
Church, and about 36 feet wide ; this is ornamented
with pilasters, and communicates with the interior by
five doorways of marble, sculptured with figures iu bas
relief. Contiguous to this vestibule, and parallel to it,
is another which has nine doorways of bronze.
After twenty years, the Eastern dome was thrown
down by an earthquake, but it was immediately restored
by the persevering industry of Justinian ; and it now
remains, after a lapse of thirteen centuries, a stately
monument to his fame. Besides this Cathedral, Jus
tinian is said to have built in Constantinople twentyfive Churches to the honour of Christ, the Virgin, and
the Saints: he also built a Church to St. John, at
Ephesus, and another to the Virgin, at Jerusalem, be
sides bridges, hospitals, and aqueducts in various parts
of the Empire.
The Christian Religion may be said to have rendered Christ"
an essential service to the Fine Arts, as is observed by
the Abhfe Uggeri, (Edifices de la Decadence,) in having t0 tbt '
contributed to the revival of the genius of the artists
after a period of barbarism, by the opportunity it afforded
them of raising Temples worthy of the Divine Majesty;
and to the preservation of many remains of ancient
Architecture, which became embodied in the buildings
they erected. While the Arts were tending fast to ruin,
Constantine ascended the Throne, and under his pro
tection were raised at Rome the works we have men
tioned ; the execution of which might have been im
possible from the want of materials and workmen, if
the fragments of the Heathen Temples had not fur-
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nished a supply of the former, and, in part, superseded
ton. the latter.
'V""' The style of buildings employed in the Churches
"°j erected during the time of Constantine and his immediate successors would necessarily resemble that of the
4'mihc Basilica; themselves ; for the materials employed must
ism haie had an influence on the design, and columns taken
Jk*' from other building's could only be applied in one which
resembled that from which they came. And though some
of the Basilicas, which had been erected at an early
period of the Empire, might equal in merit the best
works of the Augustan Age, yet it is probable that most
of them, and consequently the Churches of which they
were the prototypes, were executed under the influence
of that bad taste which characterises the Baths and
Triumphal Arches. This is visible in a disregard of the
proportions established by the more ancient artists, in a
multitude of minute divisions and ill-executed orna
ments destroying the simplicity which the designs of
edifices of that class should possess. In several in
stances the columns which adorn the Churches have
been taken from other edifices, either on account of the
haste with which the buildings were constructed, or from
incapacity on the part of the artists to execute any thing
equal to them. These have been fitted to their places
by the Procrustean expedient of cutting off the ends of
those which were too long, or mounting on pedestals
those which were too short ; the rude artists seeming
quite indifferent to the alterations which were thus
made in the original proportions of the members of the
Order. In some cases we find columns of different
forms and proportions, not only in the same edifice, but
in the same range, with bases, capitals, and entablatures
mingled in the utmost confusion, and one substituted
for another, seemingly because it came first to hand. A
striking example of the capricious style which was oc
casionally employed in the ancient Christian edifices
may be seen in the Tomb of Zacharias, at Jerusalem,
a work of the time of Constantine. In its porch is a
great torus moulding placed over a Doric frize, and
above this is an Egyptian cavetto serving ns a cornice.
*sof Amidst all this inattention to the principles of sound
»« of Architecture, a taste for that which might excite sur1 prise by its magnitude and dazzle by its splendour pre
vailed in the East : to this taste we may ascribe the
erection of the edifice of Sancta Sophia, which seems to
have been intended to unite the characters of the Temple
of Peace and of the Pantheon at Rome. An example
of a magnificent, hemispherical dome already existed in
the latter of those buildings, but this was raised on a
cylindrical wall, and the horizontal thrust at its base,
which is not considerable, could be counteracted by a
sufficient hoop of masonry surrounding it ; but the dome
of Sancta Sophia is of a different character, and presents
what must have been then a daring novelty, being raised
on the tops of four piers ; its form, also, is that of a
flat segment of a sphere, consequently the horizontal
pressure outwards at the base would be very great, and
this could only be resisted by masses raised about the
four piers : the difficulty of adjusting this resistance to
the pressure, must, in those days, have been consider
able, and it is not wonderful that the dome should have
failed twice before it could be rendered secure.
The masses of materials which fill up the four angles
in the interior of the building, to serve as supports for
the base of the dome, are called pendentivei ; these, if
we except the very small ones in the Palace of Diocle-

sian, are the first works of the kind with which we are Part II.
acquainted, and their construction displays great skill in
v"^>
the Art of building.
The external effect of this dome is entirely lost by
the enormous buttresses which prop it up, but persons
who have seen it from the interior describe it as pro
ducing a most imposing effect.
The hemicylindrical recesses, which were almost uni- Probablo
versally adopted in Religious edifices from the time of origin of
Constantine, may have led to the formation of the high hlgh an<1
and narrow windows, which also are found in many of wjnj'ows
those edifices ; for the convexity of the wall would not
permit broad windows to be made with either horizon
tal or arched tops, on account of the voussoirs project
ing obliquely outward between their abutments ; and,
consequently, not being properly supported. Narrow
windows are less subject to this evil, therefore such
would naturally be preferred ; and to obtain a sufficient
quantity of light it would be necessary to increase their
length in proportion to the diminution of their breadth.
The windows of the Church of the Holy Sepulchre, at
Jerusalem, are of this kind, with semicircular heads.
This change in the form of windows seems to have been,
a step towards a greater change which, not long after
this period, effected the whole style of Ecclesiastical
edifices.
The construction of the Cathedral of Sancta Sophia
seems to have been very generally adopted both in the
West and East. At Corfu a small Church still remains
which was built in the Constantinopolitan style, on the
plan of a Greek cross, with a dome over its centre ; and
from an inscription over the doorway, it appears to have
been erected in the Vllth century. The great Eccle
siastical structures of Italy, which were erected soon
afterward, and even the Mosques of the Mohammedans,
present nearly a similar appearance.
We terminate here our account of the Architecture of
the Roman school. From the time of Justinian an en
tirely new manner of building arose, which gradually
superseded the former, and for several Ages prevailed
universally in every Country which had been subject to
the Roman domiuion.

CHAPTER X.
Arabian or Saracen Architecture.
We have now arrived at a time when a considerable
change took place in the Architecture both of the East
and West: instead of the Grecian and Roman porticos
......
, .
,
,,
■
i.
with their long, horizontal entablatures and pediments
of low elevation, we find arcades supported on very
massive or very slender columns, and lofty roofs crowned
by cupolas ; and instead of that majestic simplicity of
building which, in general, was indebted only to the
correctness of its proportions for the admiration it ex
cited, we find an effort to produce surprise and extort
applause, by boldness of form and a profuse display of
elaborate and fantastical ornament.
But the new styles which arose in the East and West,
though possessing some points of resemblance, differ
materially from each other ; and as the latter suffered
several modifications in different places and in process
of time, which it will be advantageous to pursue in an
uninterrupted course, we think it convenient to describe,

Departure
^om ,he
^r(ek and
Roman Architecture.
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Architec- first, the Architecture of the people of the East during
ture.
the decline of the Constantinopolitan Empire ; in order
v-^ that nothing may interfere with the account we puqiose
to give of the rise and progress of those styles of build
ing which then, and afterwards, prevailed in Europe.
The Kaaba, Those Sciences of which the Arabs, or Saracens,
at Mecca. from the earliest times were in possession, they pro
bably learned from their Egyptian and Babylonian
neighbours. Strabo informs us that they had magnificent
Temples and private dwellings built in the Egyptian
style, and a Temple, at Mecca, is mentioned by Diodorus as existing in his time ; we are ignorant of its
form, but it was rebuilt, or, at least repaired, by Mo
hammed, and became the chief Temple of his Religion.
This is now called the Ka'beh, or Square building, and
a description of it will be found in our Miscellaneous
Division, under Hedjas. It is likely enough that this
building, originally, did not differ much from an ancient
Egyptian Temple ; and it is also reasonable to suppose
that the cupolas and turrets which rise above the roof
were imitations of similar works erected in Syria by
Justinian or his successors ; or they might have been at
once adopted from the Cathedral of Sancta Sophia
itself ; of which the Arabian Prophet might have been
informed by those who are said to have assisted him in
compiling the Koran.
Mosque of
On the ruins of the ancient Temple at Jerusalem, the
Omar, at Caliph Omar, about a. d. 640, raised a superb Mosque,
crus em. wnjcnj Dy tne Mohammedans, is considered as next in
sanctity to that at Mecca, and of which, till lately, no
particulars were known to the Christian world. We
are indeed still ignorant what was the nature of the edi
fice originally erected by Omar, because many additions
have been made to it, at subsequent periods ; but the
following account of it has been drawn partly from the
Itineraire a Jerusalem, by Chateaubriand, partly from
other sources.
The whole is contained in a quadrangular area, about
500 paces long and 460 paces wide, surrounded by walls
in which are twelve entrances through as many porticos
at unequal distances from each other, and consisting of
arcades supported on pillars in one or two tiers; and
it is probable that the high towers about the build
ing, mentioned by William, Archbishop of Tyre, were
situated at the angles of this enclosure. On the exte
rior of the wall, towards the East and South, are the
walls of the city ; on the West are some Turkish houses ;
and on the North are the buildings called the Prcetorium
of Pilate, and the Palace of Herod.
The edifices within the enclosure consist of two Tem
ples, or Mosques, called respectively El Achsa and El
Sachara ; the former is divided into seven aisles by rows
of cylindrical columns, each 16 feet high and 2J diameter;
these support arches each formed by two segments of
circles meeting in a point at the vertex, but the whole
differing little from a semicircle. Above the arches are
walls 13 feet high, and pierced with two rows of win
dows ; at one extremity of the central division are (bur
piers disposed at the angles of a square on the plan, and
surrounded by marble columns ; and from the piers
spring four arches, above the crowns of which is a cylin
drical tambour 32 feet diameter, containing two rows
of windows, and supporting a dome in the form of a seg
ment of a sphere, the interior ofwhich is ornamented with
gilding and painting of that kind which has been since
called arabesque. Near this edifice, and within the
enclosure, is a terrace 460 feet long, 400 feet broad, and

raised 6 or 7 feet above the court, from which there is p^ii
an ascent on each side by marble steps : in the centre of
this platform is situated the Mosque El Sachara, a
building of an octagonal form ; and, according to the
information given by the Turks to Deshayes, containing
in its centre the stone or portion of rock on which Mo
hammed mounted when he ascended to Heaven. About
this stone, are four piers surrounded by columns sup
porting an octagonal lantern, and crowned by a dome
similar to that of El Achsa; this was formerly covered
with gilt copper, which the Caliph El Louid had taken
from a Church at Balbec, and it is terminated above by
a spire and crescent. The walls of this building are
faced on the exterior with little squares of coloured
bricks and marble, and ornamented with arabesques
and texts of the Koran ; and in the lantern are round
windows of coloured glass. There is said to be an
entrance on each face of the Mosque, and each doorway
is ornamented with mouldings and columns. The co
lumns of the interior, which are placed on pedestals,
and crowned by capitals, have probably been taken from
Christian edifices.
We may add to the above account of the Arabian Mmm
edifices, that there exists an abandoned Mosque, seem- tmCa
ingly of ancient date, near the walls of Cairo. According
to the description given by Pococke, it must have re
sembled that at Jerusalem ; at the angles are square
pavilions which terminate in minarets, and along each
face is a row of arches with pointed vertices ; the walls
are crowned with battlements of a triangular form,
having each side cut to resemble steps. In the centre of
the building is a square tower with a polygonal lantern
crowned by a cupola, the form of which is that which would
arise from the revolution of a pointed arch about its
vertical axis. From certain inscriptions in the Cuphic
character, the origin of the building is referred to some
period more remote than the Xth century, but thus is
extremely uncertain.
Considering the great extent of the dominions ac- Seucft
quired by the Arabians shortly after the establishment
of the Religion of Mohammed, the magnificence of the Jj]
Courts of Cairo and Bagdad, and the patronage be
stowed by the Caliphs on men of Science, it is surprising
that so few public buildings should remain, the construc
tion of which can be referred to the times in which those
Princes flourished. We can hardly ascribe this scarcity
to any devastations produced by the wars which subse
quently took place in that part of the World ; for except
the Crusaders, whose conquests did not extend much
beyond the sea-coasts of Syria, and who alone from
Religious motives might have destroyed the buildings of
their enemies, all other invaders of the Empire of the Sa
racens were men of the same Faith with themselves, ai>d
would naturally consider the public edifices erected by
the Caliphs as property common to all the Moslems.
But whatever be the cause, it is certain that, except the
Mosques at Mecca and Jerusalem, nearly all the re
mains of the Architecture of the Eastern Saracens have
disappeared.
Of the few that are still in existence we may mention Toal
the Tomb, said to be of Abdallah, one of the twelve dis- AbdJ
ciples of Mohammed. According to the description
of Cornelius Le Brun, its plan is a square of 32 feet,
and the entrance is in front at an aperture covered by
an arch formed of two segments of circles meeting in
a point at the top, the radii of which are about equal to
the span of the aperture. If this Tomb were really
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erected immediately after the death of Abdallah, it would
afford an important evidence in favour of the Saracenic
origin of the species of arch with which it is orna
mented ; but this is extremely improbable.
The same species of arch occurs also in the Castle of
Cairo, and in the ruins of an edifice, in the same city,
called the Hall of Joseph ; both of which are supposed
to have been works of Saladin. The latter is a qua
drangular area surrounded by tall columns of porphyry,
or granite, without bases, but having circular plinths ;
the capitals resemble those of the Corinthian Order, but
are more simple ; and from them spring arches with
pointed tops, like that above mentioned. The uncer
tainty, however, respecting the period during which
these edifices were erected, does not permit us to consi
der them as affording any data by which to determine
the antiquity of the pointed arch ; a member which, as
we shall presently see, forms so distinguished a feature
in the Architecture of Europe during what are called the
Middle Ages.
The Empire of the Saracens extended from the banks
of the Indus to the Western extremity of Europe, and
it is a remarkable circumstance that the most splendid
specimens oftheir Architecture should be found so remote
from the seat of their Government as Spain ; in fact,
the principal building from which we derive our know
ledge of the Arabian Architecture is the Mosque at Cor
dova, for a description of which we are indebted to Mr.
Swinburne. It was begun in the year 786 by Abdoulraham, King of the Moorish dominions in Spain ; and
the style of it was, no doubt, copied from such Arabian
buildings as existed at that time in the East. It is a
large rectangular edifice, 510 feet long from East to
West and 420 feet broad, and is divided into two parts
by a wall parallel to its greatest length. The Northern
part is an open court in which the worshippers per
formed their ablutions previously to their entrance into
the body of the Temple ; its length from East to
West is equal to that of the whole building, and its
breadth is 240 feet ; a covered colonnade, 25 feet wide,
consisting of sixty-two pillars, occupies three of its
sides in the interior, and on the fourth is the wall
before mentioned, in which are several doors communi
cating with the other part, which may be considered
as the main body of the Mosque.
This latter part is divided into seventeen aisles by nearly
athousand columns of various-coloured marble, disposed
in rows extending from East to West, and about 20
feet asunder. Of these rows there are two, consisting
of columns attached one to each face of a square pier.
These cross each other at right angles, and divide the
Mosque into four rectangular portions, three of which
were allotted to the populace, and the fourth, which was
the South-Eastern quarter, contained apartments for the
Priests and Nobility, and the thrones of the Caliph and
Mufti. All the columns are about 18 inches diameter,
but they are not of the same height, and seem to have
been taken from Roman buildings, which, probably, at
a more ancient time, existed in the neighbourhood ;
those which were found too long for the purpose had
their bases cut off, in order to reduce them to the re
quired size ; others, which were too short, were length
ened by giving them tall capitals, cut to resemble those
of Corinthian columns, but badly executed. The aisles
are covered by low vaults, and an arch, in the form of
a segment of a circle, springs from the top of every two
columns in the direction of the length of the building,
vox., v.
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The interior receives light chiefly from the doorways, Part II.
and from apertures in the roof.
v^^-^
The exterior walls of the Mosque are plain, and the
roof is hid from view by battlements cut in the shape
of steps. The Eastern wall is supported by buttresses,
and, on this front, are several semicircular- headed win
dows, with archivolts springing from short pilasters or
columns, approaching the Tuscan form ; some of these
windows are double, and consist of two semicirculararched tops, which rest upon three short pillars. The
doorway is crowned by an arch composed of two seg
ments of circles meeting in a point at top, and con
tinued below the horizontal line passing through their
centres ; so that the aperture at the foot of the arch
is less in breadth than at some distance above it ; a
form which, though not always assumed by Moorish
arches, has never been employed in those of any other
people
At Gerona, in Catalonia, are the remains of an Ara- Bath at
bian Bath, of considerable, though uncertain antiquity, Geroni.
but deserving mention in this place, as it is the only
known example of a species of building which must
have been as generally constructed by the Arabians as
by the Greeks and Romans. It consists of a square
apartment, having in the centre a space enclosed by a
low octagonal wall, on the periphery of which were placed
eight columns, with capitals resembling those employed
in the ancient Egyptian Architecture. From these ca
pitals spring eight arches in the form of segments greater
than semicircles ; a kind of arch which, from its resem
blance to a horse-shoe, is generally called by that name.
These support an octagonal wall, from which spring
cylindrical vaults to the four sides of the apartment, and
to four faces formed diagonally at its interior angles.
Above the wall is an open lantern formed by eight short
columns, which support an octagonal cupola with a
pointed vertex. In one of the sides of the room are
recesses, the entrances to which are crowned by pointed
arches.
Wc may conclude this account of the Saracenic The Alhambuildings by a reference to the description of the Al- ra »l Grehamra, or Palace of the Moorish Princes of Grenada, na agiven in our Miscellaneous Division, ad v. This edifice,
though it was not erected till near the end of the XHIth
century, appears to have been built according to the
same style as the earlier works of the Arabians, but with
a greater degree of ornament.
Elevations of a column and one of the arches in the
Court of the Lions there described, are given in pi. xv.
The Arabian or Saracenic Architecture seems to Character
have undergone some change during the time in of the Sarawhich that people enjoyed a political existence. The "cn,lucreUchl"
style of the original examples has some resemblance
to that which prevailed in the Byzantine Empire. The
cupolas formed in the earliest buildings are probably
copies, on a small scale, of those which crown the
Church of Sancta Sophia; and, of the columns
which were employed in the same buildings, those not
actually taken from edifices of more ancient date, were
formed, though rudely, in imitation of such as had been
executed by Roman artists. The later style of the
Arabians seems to be distinguished by cupolas formed
of portions of cylinders springing from a square cr oc
tangular base, and meeting in a point at top, like what
are called cloistered vaults ; by arches in the form of
segments greater than semicircles ; by slender, square
minarets, terminating in a ball, or pine-apple ; and by
-Zv
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Architec- the painted tiles and mosaic work with which the walls
ture. 0f the buildings were covered.
v~""v"'*'' The building's we have described are those which
have first given us occasion to introduce the cuspid
arches, or those formed by segments of circles meeting
in a point at the vertex ; and could we be certain that
they were constructed at the time of the erection of the
oldest buildings in which they are found, there would be
no hesitation in admitting that they are the originals of
that kind of aroh which from the Xlth to the XVIth
century prevailed almost universally in Europe. Con
siderable doubt, however, is thrown by travellers, on
the antiquity of those arches, and it is generally believed
that the date of their construction is posterior to that
of the buildings themselves ; and, consequently, they
afford no proof that the Arabians have a just claim to
the invention of the pointed arch. With respect to
those of the horse-shoe form, there is little difficulty in
admitting that they may have been the inventors of it,
as no example of a precisely similar form is to be found
in any part of Europe, except Spain. This construe
tion must have originated in the mere love of novelty ;
for the least attention to its form will show that it does
not possess the essential property of an arch, stability,
since the pressure in the direction of the curve is entirely
unresisted at the foot ; and therefore, the wall over the
aperture is prevented from falling only by the means
employed to bind together the stones, both in the arch
and the wall above it.
In Saracenic arches we find the adjacent sides of the
voussoirs cut in notches, like the teeth of a saw, the
projections of one fitting the rentrant parts of the other ;
a construction which indicates an apprehension on the
part of the builders that plain sides would not have had
sufficient divergency to permit the blocks to keep their
places. But this serrated form subsequently became a
species of intricate scarfing, the projections and the cor
responding notches being cut in the form of complex
curvilinear mouldings; these might have been intro
duced merely for the sake of ornament ; but it is also
possible that it was intended to unite all the voussoirs
together, so as to constitute an archivolt capable of
standing vertically without any lateral pressure ; this,
in the horse-shoe form, must have been an object of im

portance, as there is nothing to counteract the inward
pressure at the lower extremities of the arch.
v
The Moorish arches about a doorway are frequently
ornamented in the most splendid manner ; the faces of
the voussoirs are marked with arabesques, and sur
rounded by a moulding, which is not, in general, con
centric with the intrados ; the whole is enclosed in a
rectangular panel, the mouldings and surface of which
are elegantly enriched with scrolls and foliage; and
commonly, the foot of the arch rests on a small column
on each side of the aperture. In ph xv. is given aa
elevation of part of the highly ornamented entrance to
the Sanctuary of the Koran in the Mosque at Cordova ;
this may, perhaps, be considered as the richest example
of the manner in which the Arabian artists embellished
their edifices.
The Religion of Mohammed forbidding the representa
tion of animals, the sculpture of the Arabians consist;
of foliage, or texts of the Koran inscribed on the walls.
To the first they gave every variety of form that the
most fertile imagination could devise ; and hence, all or
naments of a fantastic character have, from this people,
obtained the name of Arabesque or Moresque.
M. Durand observes that the Mosques of the Arabs
contain, in a quadrangular enclosure, an immense quan
tity of columns ranged in files like plantations of trees,
among which the people might cujoy that coolness,
which, in the climates of the East and South, was not
to be obtained in the open air ; and M. Chateaubriand
perceives, in the heavy, majestic, and durable style of
Egyptian Architecture, the germ of the light Saracenic;
he considers the minarets as imitations of obelisks; tfce
arabesques as hieroglyphics painted instead of sculp
tured ; and he gives the Temples of Egypt as examples
of the forests of columns composing the interior, and
bearing the flat roofs of the Arabian Mosques. But it
may be observed that, with this sort of license, no dif
ficulty need be experienced in justifying any hypothesis
whatever.
The minarets, or lofty slender turrets, which always
accompany the Religious edifices of the Mohammfdans,
are supposed by D*Herbelot to have been first erected
by the Caliph Walid about the beginning of the Vlllth
century.
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PART III.
GOTHIC AND INDIAN ARCHITECTURE.
and vaults springing from pillars, constitute the differ- Part III.
CHAPTER I.
. ktf.teeences in the character of that species of Architecture v^*v^M*
. tut. Ecclesiastical Architecture of Italy before the XlVth which we are presently to consider.
The intercourse which subsisted between Italy and The cornCentury.
Greece after the fall of the Western Empire, gave municatioa
rise
in the former Country to specimens of Architecture Q^™n ,
We revert now to the Architecture of Europe ; and,
taking' it up at the time which immediately followed the and Sculpture of the purest kinds, long after the itaTyfavourerection of the Cathedral of Sancla Sophia, at Constanti irruption of the Northern Nations had annihilated able to Arnople, we proceed to trace in Italy, and subsequently in the Arts and artists in other parts of Europe. The chilecture.
the North of Europe, the imitation of the style exhibited merchants of Venice, Genoa, and Pisa, together with
in that edifice ; and, finally, to devclope the character of the natural productions and manufactures of Greece,
a style of unknown origin, the principal features of which imported from that Country the materials of its ancient
differ considerably from those of any edifice before con buildings, with which they adorned their own cities;
and from the dearth of artists which then prevailed in
structed.
IfetnuloT- '^le introduction of the arch seems to have been th« the rest of Europe, natives of Greece are supposed to
*a o/ihe first step towards that complete change which took place have been employed to construct the Ecclesiastical edi
r c s «as in Roman Architecture at the time of the decline of the fices of Italy with the ruins of the Temples of their
ciia=gtio £mpire. In the ancient buildings the columns employed Heathen ancestors. It is thus that in the IXth, Xth,
*f'z*' to divide the internal area, or to support the roof, had and Xlth centuries, the Cathedrals of Venice and Pisa
L ' s' their distances from each other necessarily regulated by and the old Church at Ravenna were built, by artists
the length of such stones as could be procured to form fiom Constantinople, or by Italians formed in their
the entablature, since the extremities of each stone were sihool, in imitation, and according to the disposition of
to rest on the two nearest columns, or upon other stones the Cathedral erected by Justinian, in the latter city; but
which project but little beyond the interior sides of those with members which bear the marks of the good taste
columns. But an arch, the extremities of which were sup of the ancient Greeks. Even where such materials were
ported on two piers, could be made to cover an interval not actually employed, the imitations of them would be
more considerable than the extent of a regular interco- less unworthy of the ancient masters than the rude works
lumniation ; and, therefore, would be a great improve of persons left to the indulgence of imagination, without
ment in a public building where the frequency and taste or skill to guide them in the design or execution of
closeness of the columns would render it impossible for their own fantastic conceptions.
The Ecclesiastical Architecture of Italy would natu- Extension
the eye of a spectator to command a good view of the
interior. As soon as this construction had been adopted, rally be carried into the Northern part of Europe by the of the old
it would not, probably, be long before an effort would be Clergy of the different nations of Christendom, who, Italian Armade to diminish the massiveness of the piers, which, from the time that the Papal influence became general, ^'|^ture
as the arches counteract each other's lateral pressures, visited Rome on a spiritual or a temporal account. North of
have evidently to support only those in the vertical direc These persons would observe the style of building in Europe,
tions. It is, therefore, conceivable that the next step that city, and take delineations of the edifices ; by
would be to make the arch rise from the top of a co these they would erect similar works in their respective
lumn. The arcades thus formed constitute one of the Countries, with such variations as their several tastes
principal features of the style which succeeded the an might dictate ; and hence, though there would be a
cient Roman, and in the above manner their origin may general conformity with the Italian models in the out
line of their edifices, yet the details may be expected to
be accounted for.
sad
Another feature is that which is called groined vault- vary considerably. This is, no doubt, the reason of the
larap- ing, a species of covering which could not escape the differences in style observable in the Churches of Ger
M *T notice of any person who had been employed to execute many, France, Spain, and Britain, which some have con
a common cylindrical vault ; since the intersection of sidered to be as strongly marked as those in the Doric,
two such vaults would produce that particular kind of Ionic, and Corinthian Orders. In those Countries the
which we speak ; and the idea being once obtained, the artists, having before them few examples of the antique
Roman Architecture on which to form their taste, were
method of construction would be sufficiently obvious.
At first the diagonal ribs of the groined vaulting may naturally inclined to improve upon the contemporary
have been made to rise from the interior angles of the style of Italy, which had been transplanted thence in the,
walls of a building, or from the square piers left by the way we have described. This improvement they con
intersections of the passages which cross each other at tinued till they raised out of it another style, very
right angles within the area ; but the employment of different, but perhaps equally beautiful with that from
columns to support simple arches, subsequently led to which it had, at first, degenerated
The Ecclesiastical edifices which, in Italy, have been
the practice of making the ribs of the groins rest also on
the columns. The modifications of this system of arches executed according to the style so prevalent in the
2 u 2
327

328

ARCHITECTURE.

North of Europe from fheXIIIth century, are probably mentioned, the term Gothic seems to have been given Put U
modified imitations of the Cathedrals of Germany and by those professional men who have since laboured to >—v»
France. The Architecture of these buildings may have revive the Architecture of ancient Rome, as a markofRewsl
Causes of
reproach, indicating that it was as destitute of architec- rtl,,tl1?
the small been introduced into Italy by the power of example,
influence and in spite of the monuments of Roman Art on which tonic merit as the Goths were of Science ; and though j^' *
of the North the taste of the Italians had before been formed. But those persons probably were mistaken, and their censure cbfeu*
ern Archi these monuments being far more numerous in Italy too severe, yet, as the term has now become general, it
tecture in than in the North of Europe, it is easy to perceive that will answer the purpose of distinction as well as any
Italy.
such a predilection for the antique would exist in the other ; and may, therefore, be employed, provided we
former Country, that the Northern style would hold but agree to consider the style to relate to the Goths no
a subordinate rank. And when, at the revival of the otherwise than as the first specimens of it existed in
Arts, the Roman Architecture was more diligently Europe about the time when that people performed an
studied in Italy, it became a standard for the buildings important part on the same theatre.
The division which the Italians made of the general Kferst
subsequently erected in that Country, and the Architec
ture of the Dark Ages, which appeared to be a corrup Gothic style seems sufficiently proper, and shows, atclusti°'
tion of the former, was held in contempt. Finally, in the same time, the Countries in which the distinguishing ^txJ'
the XVIth century, the artists of Italy succeeded in characters originated. That particular style which pre
bringing the Architecture of the rest of Europe within vailed in the North of Italy, they called Lombard
Gothic, Gotico Italico ; that which prevailed on the
the pale of the Roman school.
Impropriety The style of building which prevailed in Europe from North of the Alps, they called German Gothic, Gotico
Goth' temS the fa" °f tlle Roman EmPire ul1 the XVIth century is Tedesco ; and that in Spain and some other Countries,
° "c'
classed under the general name of Gothic, as if it had they called Arabic or Moorish Gothic, Gotico Moraco.
been invented or introduced by the Goths in the different In England, where different styles prevailed at different
Countries which they conquered. Nothing, however, it times, and the features of each are strongly marked, it
must be owned, is more erroneous than such an opinion ; is considered as of three kinds ; viz. the Saxon and Nor
for the Barbarians who overwhelmed the Empire do not man Gothic, the full or simple Gothic, and theflorii
appear to have had either the inclination or the means Gothic. This last style had hardly arrived at perfection
to execute any one of those works which are called by when taste suddenly made a revolution in favour of the
their name. Indeed History informs us that when the ancient Roman style, and the Gothic Architecture was
Goths adopted the Religion and the manners of the completely abandoned. A different classification has
polite Nation which they had subdued, they adopted been made of the ancient English Architecture by some
also its style of Architecture, and built Churches accord writers on the subject. The Saxon isconsid-eredasastyle
ing to the examples which they saw in Rome; which they, distinct from the Norman ; and that which succeeded,
most probably, would not have done had they possessed and which is designated by the general term Gothic, is
any thing like a style of building peculiar to themselves, divided into the lancet-arch Gothic, the complete Gothic,
and SaraIt has been proposed to apply the term Saracenic the ornamental Gothic, and theflorid Gothic ; but the
cenic Archi- Architecture to that style which prevailed in Europe Norman style seems to be only a modification of the
ccture.
from the Xth to tfie XVIth century ; from an opinion Saxon ; and the epithets applied to the others suffi
that its principal features were derived from those em ciently indicate that these differ only in the degrees of
ployed in the Architecture of Syria and Egypt about the ornament applied to the same or similar features ; and,
commencement of that period. This opinion, and with therefore, that the distinctions are hardly necessary.
it the name, is now abandoned. It is true that the
It is probable that between the Vlth and Xth cen
Arabs or Saracens brought a particular style of building turies, the Ecclesiastical edifices of Italy were imitations
into the South of Europe, which, no doubt, was either either of the ancient Basilica;, or of the Cathedral at
identical with, or a modification of that which had, per Constantinople, and the few remaining Churches of that
haps, long prevailed in the East; but the Arabian time have evidently been formed upon the model of
Architecture differs considerably from that which pre the last-mentioned building ; hence these edifices are
vailed in the North of Europe at the same time, and considered as belonging to the Constnntinopolitan, or,
the latter appears to have been a gradual developement as some call it, the Grcco-Ilalico style. After the
of some preexisting mode, which would not be the Xth century, the characters of the Eastern and Western
case if it had been adopted at once from that of the busilican Churches seem to have been united, and the
Orientals.
style thence resulting is that which is usually desig
The Architecture of the Middle Ages, and the Chris nated the Lombard Gothic.
The greatest of the Italian Churches built in the Con- CitMntian Architecture, are terms which have been also ap
plied to the class of buildings now under consideration ; stantinopolitun style, is the Cathedral of St. Mark, at
but, though not destitute of propriety, they are yet liable Venice, which is said to have been erected in the IXth
to some objections. The first because .its application century by a Greek artist whose name is unknown. Its
will, in the course of time, cease to be just ; as the period plan is that of a Greek cross, and each arm is roofed
of its existence will not be a Middle Age for a remote with a hemicylindrical vault ; these meet in the centre
posterity. And with respect to the other term, it may be of the building, and terminate in four semicircular
thought to comprehend too much, for the sacred buildings arches on the sides of a square about 42 feet long in
of the Christians have not been confined to this, nor to each direction. From the angles of the piers between
any other particular style ; they were first constructed these arches rise pendentives, similar to those of Sancta
in the manner which prevailed in Italy when the Arts Sophia, and terminating at top in a circle which forms
were at a low ebb, and subsequently in imitation of the the base of a cylindrical wall ; in this is contained a
purest style of the edifices of Rome and Greece.
row of windows to give light to the interior, and on it
To the Architecture of Europe in the period before is raised the central or principal dome, which is of a

ARCHITECTURE.
ec- hemispherical form. The Church is divided, longitu
dinally and transversely, by rows of columns supporting
^ semicircular arches ; and the aisles of the body of the
building and of the transept intersect each other in
four places about the centre of the cross; over these
intersections are constructed domes similar to that
of the centre, but smaller, so that there are five domes
on the roof of the Cathedral ; the exteriors of the domes
are covered with lead and surmounted by crosses.
The facade of St. Mark consists of three stories : in
the centre of the lower one is the entrance, which is co
vered by a great semicircular arch, and on each side
are two other arches of the same form ; all these have
plain arohivolts, which spring from the upper of two
Orders of columns placed one above another. At each
extremity of the facade is a square tower, in each face
of which is an arch, supported also on the upper of two
Orders of columns. Over the lower arcade is an open
platform, with a balustrade which is continued round the
exterior of the Church ; in front of this platform, and
occupying the centre of the facade, are the four famous
horses of Corinthian metal, which once belonged to the
Arch of Nero.
The second story contains four blank semicircular
arches, placed two on each side of a central aperture,
"which is higher than the four arches and forms a win
dow ; all of them are covered by pediments in the form
«f>f curves of contrary flexure, and ornamented with
■bliage ; and over the spandril between every two arches
Ss a turret terminating in a small pyramid or pinnacle.
ZThe building has undergone many alterations since its
original construction, and the ornaments just mentioned
are certainly of much later date than the rest of the edi
fice. The general style, however, seems to have been
constantly preserved.
The Campanile or Bell-tower of St. Mark, which was
built by Buono, an Italian architect, in 1154, is a brick
building, the plan of which is a square, 40 feet in extent
in each direction, and which rises to the height of 330
feet. It is celebrated for its strength and firmness, not
having declined from a vertical position as so many
other similar buildings in Italy have done.
In Certosa, one of the Islands of the Lagvne at
Venice, is a Church, erected, as appears by an inscrip
tion, in 1108, which on account of its great antiquity,
and for a certain singularity in its interior, deserves
to be mentioned in this place. The plan is a simple
parallelogram, having no transepts, but at one end
is a hemicycle or semicircular recess, in the centre
of the curvature of which is the altar; concentric with the
curve of the wall, and rising gradually towards it, are
rows of seats like those of a Theatre. A flight of steps
proceeds from the back of the altar, in a direction pa
rallel to the sides of the building, to the level of the
uppermost seat, where was situated the throne of the
Bishop. The body of the Church is divided longitu
dinally into three parts by two ranges ofcolumns which
support arches taller than semicircles, the curvature of
the archivolt commencing at a small distance above
their capitals. The height of the throne is such that,
when the Bishop was seated, his head must have been
on a level with the tops of the same columns.
The Church of St. Vitale at Ravenna, which was built
^ probably about the same time as that of St. Mark, is
nearly in the same style. The exterior walls are formed
upon a regular octagon, the diameter of which is 128 feet ;
within these are eight piers disposed at the angles of an

329

octagon concentric with the former, and 54 feet in extent Part IIL
from one side to that opposite. The height of these piers v^v-^/
is 55 feet; above them, and crowning the whole edi
fice, is a hemispherical vault covered by a conical roof
of timber. This dome is remarkable for the spandrils
being filled with empty vases of potters'-clay, and round
the exterior of its base are semicircular-headed win
dows, each of which is divided into two apertures of"
similar forms. Between every two piers is a hemicylindrical recess formed on each side of the octagon, and
covered by a half-dome, the vertex of which is 48 feet from
the pavement ; each of these recesses contains two win
dows divided into three parts by two Corinthian columns
supporting semicircular-headed arches. Between the
piers and the exterior walls of the building are two cor
ridors surrounding the whole, one above another, and
each covered by a hemicylindrical vaulting. The upper
corridor has a sloping roof of timber above the vault.
The Church of St Anthony, at Padua, is in a mixed of St.AnGothic style, and is crowned by domes like that of St. thotiy, at
Mark ; but this building is particularly distinguished for Pitiuatwo slender towers or minarets, which give it much the
air of a Saracenic edifice.
The Cathedral at Pisa, with the Baptistery and Belfry The Cathebelonging to it, form a group of buildings not only the dralatPjsa.
finest in Italy, but possessing in an eminent degree those
features which particularly distinguish the LombardGothic style of Architecture, and, therefore, claim a par
ticular description. The Cathedral was built, in 1016,
by Buschetto, a Greek or Italian artist, for it is uncertain
which ; its plan resembles a Latin cross, of which the
principal part is 304 feet long, and 107 feet wide ; and
the transverse branch is 234 feet long, and 55 feet wide.
The former is divided longitudinally into five parts, of
which the grand nave is 40 feet broad, and 128 feet
high ; this is separated from the nearest lateral aisles
by twenty-four Corinthian columns of Oriental granite,
of which there are twelve on each side. Semicircular
arches spring from the capitals, and carry smaller
columns forming the front of an upper gallery appro
priated to the women. The columns which separate
the lateral aisles are smaller than those of the nave, but
are raised on pedestals to an equal height. 'I he nave
is roofed with timber, but the aisles are vaulted and
painted. The transept is composed of a nave 107 feet
high, and two aisles, each 60 feet high, and formed by
columns of the same size as those of the aisles before
mentioned. In the intersection of the naves are four
pillars supporting four great arches, above which is a
polygonal wall adorned with eighty-eight columns sup
porting arches, and on this rests a corona of marble ;
above the corona is a cupola 70 feet high, the interior of
which is lighted by one hundred windows The exterior
of the wall on which the cupola is built is ornamented
with two tiers of arches, of which those in the upper
tier are small and crowned with decorated pediments
with pinnacles between them ; but these are probably
of later date than the original structure.
The Western facade consists of five stories ; the lower
one is composed of seven arches supported by six Co
rinthian columns and two pilasters ; the second contains
nineteen arches, supported by eighteen columns and
two pilasters; the third has nine arches in the centre,
all of equal height ; but on the right and left of these,
where the facade is limited by the sloping roof of the
galleries over the aisles of the nave, are columns which
diminish in height according to the inclination of the.

330

ARCHITECTURE.

Architect roof. The walls of the central division of the nave are
turocarried vertically above the level of these roofs, and
V—"v-*"' terminate in a roof with sloping sides, forming a longi
tudinal ridge in the middle, and the corresponding part
of the facade is ornamented with two tiers of arches,
supported by columns as in the tiers below ; the arches
in the upper tier are supported by columns, which also
diminish from the centre towards the extremities, on
account of the inclination of the sides of the roof. The
sloping sides of the pediment or gable are ornamented
with foliage, supposed by Dr. Milner to have been
added when the Cathedral was repaired after the fire of
1 569, which burned down the roof from the cupola to the
Western end. The arches and columns in the lowest tier
of the facade are attached to the wall, but all those
above are detached from it, and have a narrow open
gallery in their rear.
Along the exterior of the walls of the nave and tran
sept are three tiers of attached arches and pilasters, cor
responding in situation with the lower, the second and
fourth tiers of the facade. In the middle of the Eastern
end of the Cathedral is a semicircular projection towards
the exterior, ornamented with three tiers of arcades corre
sponding also with those of the Western front ; this pro
jection terminates at the height of the roof of the aisles,
above which this face of the building is flat; it is orna
mented with two tiers of arches, and terminates in a
gable. Similar projections are formed at the extremi
ties of the transepts. The whole edifice stands on a
basement which is ascended by five steps. In pi. xvi.
is a perspective view of this Cathedral. See also a
superb Work on the Architecture of the Middle Ages,
by Cresy and Taylor.
The Baptis- The Baptistery, which was begun, in 1152, by Diotti
tery,at Pisa. Salvi, is a cylindrical building of marble, 129 feet in dia
meter, and raised on three steps. On the exterior, are
two Orders of Corinthian columns engaged in the wall,
and supporting semicircular arches ; the columns of the
upper Order are more numerous than those of the
lower, each arch below bearing two columns above it.
Between every two arches of the upper row is a pinna
cle ; above each arch is a sharp pediment enriched with
foliage, and over these is a horizontal cornice surround
ing the building. Above the second story is a cylin
drical part ornamented with semicircular arches, crowned
by pediments ; and between the arches are pilasters
which carry a horizontal cornice like the former ; over
this is a pear-shaped cupola, 179 feet high, and covered
with lead. The convex surface of the dome is divided
by twelve ribs of copper which unite at the vertex, and
these are ornamented with knots of foliage, or, as they
are called, crockets, executed in marble ; between every
two ribs are windows ornamented with little columns
and terminated by small open pediments. The whole
forms a mixture of the round and pointed styles of orna
ment ; the features of the latter, viz. the pinnacles and
pediments, are generally supposed to have been intro
duced subsequently to the original construction of the
edifice ; but this seems doubtful, except so far as con
cerns the decorations which accompany them.
The dome is double, being composed of two shells,
and the interior one is a frustum of a pyramid of twelve
sides ; its upper extremity forms a horizontal polygon,
which is finished with a small parabolic cupola, having
twelve small marble ribs on the exterior. The outer
vault is of brick, of a hemispherical form, terminating
above at the base of the small cupola, which, like a

lantern, stands over the aperture. The height of the ft-m
cupola from the pavement is 102 feet. The entrance to wj!
the Baptistery is by a grand doorway, and there is an
interior descent by three steps round the building ; the
space between the steps and the wall was for the accom
modation of the persons assembled to witness the cere
mony of baptism.
Round the interior circumference of the Baptistery is
an aisle or gallery, formed by eight granite columns and
four piers, from which spring semicircular arches sup
porting an upper gallery ; above this tier of arches, are
twelve piers, on which rest the semicircular arches sup
porting the pyramidal dome. On the ground story are
four entrances, and between each two, on the exterior,
are five columns ; that story is, therefore, surrounded by
twenty. The capitals of these columns support semi
circular arches decorated with foliage ; above is a se
cond story with semicircular arches, in the same style,
resting on piers and leaving a gallery behind them which
forms a walk round the building.
Mr. Cresy states, in Britton's Architectural Antiqui
ties, vol. v., that above the floor of the inner gallery is an
inscription showing that this part was rebuilt in 1278;
the same gentleman adds, that the mouldings of the in
terior correspond with those of the Campo Santo built
at that time by John of Pisa, and that one of the shields
on the windows of the dome bears an inscription, dated
1396, to the memory of the operarius or architect; and
he attributes to this person all the work in the pointed
style, together with the domes.
The detached 'lower or Belfry, which was built, in Tlx Ctq
1174, by two Architects, an Italian and a German, is oiA*
a cylindrical form, 50 feet diameter, and ISO feet high,
and consists of eight stories of columns supporting
semicircular arches, forming as many open galleries.
It has a flat roof, and the upper story contains a peal of
bells. A remarkable circumstance in this Tower, as well
as in several other Italian Belfries, is that they have
sunk on one side considerably ; in the present inrtance
so much that the top overhangs the base about 13^ feet.
There is no doubt this has been caused by a detective
foundation, and that it sank when only partly erected ;
for, on one side, at a certain height, the columns are
made higher than on the other side, showing that the
builders, after the failure, endeavoured to bring the
upper part of the Tower nearer to a vertical direction.
See pi. xvi.
The Campo Santo, or public burying-place, at P'^j^^,
was built, in 1278, by an Architect of that city, It is
a great quadrangle, 403 feet Vmg, 117 feet wide, and
surrounded by a corridor 32 feet broa.l on the interior
of the enclosure, in which the bodies of the dead are
deposited ; the corridor is roofed, but the interior area
is open to the sky; in the side of the corridor next to
the area are semicircular-headed windows, which at
first were simple apertures extending down to the pave
ment, but each has been subsequently divided in")
smaller apertures by vertical columns, which from the
level of the foot of the arch form intersecting ramifica
tions. These enrichments have been added to the struc
ture by some later Architect ; probably by Burgundio
Taddi, who, in 1303, added new members to the exterior
of the building ; or by Antonio Jacopo, a Pisan Archi
tect, who, according to an inscription oo the North
side, executed four open arches and twenty-eight win
dows, in 1464.
The Cathedrals of Orvietto and Sienna, the Churches
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trchitec- of St. Francesco, at Pisa, and of St. Michael, at Lucca,
tart. are all similar in form and general style to the Cathe~v—' dral at Pisa. The Cathedral of Sienna, however, is
*e<ir*1 at distinguished by a mixture of the circular and pointed
em"
arches ; and, therefore, resembles in some respects the
Gotico Tedesco. Its construction is marked by some
singularities ; the centre of the dome is not over the
centre of the intersection of the nave and transept, but
is nearer the Western end. The dome itself, which has
a pointed vertex, is raised upon a base of twelve sides,
and this is supported on six pointed arches formed over
a hexagonal plan.
The Bell-Tower, at Lucca, is a perfectly square prism,
* Cunnlle u ' consisting of five stories in height, of which the three
lower are ornamented respectively with one, two, and
three semicircular-headed windows ; over the windows
in each story are small semicircular-headed ornaments
like arches, and the upper story is crowned with notched
battlements.
nracter
The Churches erected in the Eastern division of the
Itbe
Roman Empire appear to have been in the form of a
Greek cross, on the plan ; having the four arms divided
lurches. into aisles by piers, ornamented with pilasters or co
lumns, and covered by hemicylindrical or groined vaults,
and the centre crowned by a large cupola or. dome,
supported by pendentives at the angles of the four
central piers. Semicircular recesses were formed at the
extremities of the arms of the cross, and covered with
balf-domes ; sometimes small domes were placed about
the principal or central one ; over the intersections of
the side aisles of the building, and above the aisles of
the nave or of the transepts, or of both, were galleries
for the accommodation of the female part of the congre
gation.
The Churches of Italy, which appear to have been the
work of Greek artists, as those of St. Mark and St.
Vitale, resemble in many points the Churches before
mentioned ; most of them are covered in the interior, at
intervals, with mosaic-work, of which the figures are in
colours on a gold ground. The ornamental foliage is
long and pointed, and appears to be a corruption or
modification of that on the early Greek rather than that
on the Roman edifices, and the monogram of Constantine is frequently found on the walls. The arches are
invariably semicircular,
meters The plan of theLombard Churches was a Latin cross ;
the Urm- (ne ionger arrrii jn wnich was the principal entrance,
nrcba'C was usua"v on tne Western side, and at the extremity
opposite the entrance was the apsis or semicircular re
cess. The interior of the Church is divided into one
central and two or more lateral naves, by parallel ranges
of columns in the direction of the length of the building.
These columns support semicircular arches ; and over
them are the side walls of the central division, which
are carried up to a considerable height above those of the
body of the Church. The ceilings of the side aisles are
covered by roofs sloping down towards the exterior, and
that of the centre by a high-ridged roof forming a pedi
ment or gable at each extremity. In general, these
Churches have no galleries above the side aisles, and in
this also they are distinguished from the Churches of
the denomination last-mentioned ; another distinction
appears in the figure of the dome, which generally, in
stead of being hemispherical, is formed in faces rising
from the sides of a polygon, and terminates with a
pointed top. The principal decorations of the facades
and side walls, on the exterior and interior, are ranges
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of small semicircular arches, which rise from columns Part HI.
or pilasters, and are either attached to the wall or stand
before it so as to form galleries open towards the ex
terior. It must be observed that originally there were
no buttresses or pinnacles about the walls, though these
were subsequently added to Uie other features of the
style.
It may naturally be inquired why such a profusion
of arches should be employed on the exterior of a build
ing merely for ornament ; and, perhaps, the solution of
this question may be found in the taste for open gal
leries, so prevalent in the ancient World, which shows
itself in the peristyles and porticos of the ancient
Greeks and Romans, and in the upper galleries of the
Heathen Basilicae. In the progress of improvement, a
row of semicircular heads over the apertures between
columns might, not unreasonably, be considered as more
ornamental than a simple rectilinear entablature, which,
at first, crowned those apertures ; and, at least, by less
ening the height of the columns themselves it would per
mit a smaller diameter, and thus give the arcade a light
appearance. That which was employed in the interior
of Churches would soon be adopted as an external fea
ture either for convenience or ornament ; and, as there
is always a disposition in Man to carry every thing to
excess, the arcades were soon multiplied till the whole
appeared to be merely the frame of an edifice, to which
buildings thus ornamented have been compared. The
ornamental foliage on these buildings appears more
rounded than that on the Greco-Italico Churches, and
seems to have been more directly copied from the orna
ments on the ancient Roman edifices.
The most ancient Churches of Italy have a lofty tower,
detached from the building, but in its immediate vicinity,
perhaps to distinguish the sacred edifices from other
public buildings of the city ; and in these were placed
the bells which served to notify the times of prayer.
In addition to the Church itself it was necessary, in
the early Ages of Christianity, to have a building in
which the baptism of the people who were converted
from Heathenism might be performed. This rite beiug
performed by immersion, and the number of persons
being considerable, because in general it took place only
at the two most solemn festivals of the year, a spacious
building for the purpose was required, and one was
usually erected in theviclnity of the Church. The Baptisterium of Constantine is the earliest example of this
species of building.
Among the ancient Romans a law existed that no one
should be buried within the walls of the city ; but after
the establishment of Christianity, a practice arose of
enclosing a piece of ground near the Church to serve as
a place of public interment, and the enclosing walls
were sometimes ornamented with features resembling
those of the Church itself. The Campo Santo, at Pisa,
which we have described, is one of those cemeteries.
The style exhibited in these Italian buildings seems to
have been nearly the same as that which prevailed in
the North of Europe at the same time, and the parent
of that which followed it, and which flourished till the
XVIth century. The latter was chiefly distinguished
from it by a modified form of the arch, and un excessive
enrichment of all its members.
In various parts of the North of Italy are some re- Lombard
markable Tombs, which appearing to have been exe- Tom *■
cuted about the period of which we are now speaking,
may not improperly be made to terminate this Chapter.
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One of the most remarkable is that of Theodoric, at
Ravenna ; this has an octagonal basement, to the top
of which are ascents by flights of steps supported on
arches, and in one face are windows and a doorway, all
with semicircular heads. Upon the basement appear to
have stood small columns supporting' semicircular
arches, and forming a gallery about the body of the
building like one of those in the Campanile at Pisa.
The whole is crowned by a dome, 38 feet diameter, cut
from one stone in the form of a segment of a sphere.
The voussoirs, in the large arches of the basement, are
notched in the Saracenic manner, and a Saracenic orna
ment surrounds the base of the dome. This work re
sembles the Mausoleum of Hadrian, from which, per
haps, it has been copied.
In the same, as well as other cities of that part of
Italy, are small Tombs or Sarcophagi having semicir
cular ends, ornamented in various ways ; some have the
appearance of scallop shells, and others seem to be de
based imitations of the ancient Greek neurons. Such
Tombs are to be seen in the Church of St. Apollinare,
at Ravenna, which from its resemblance to those of the
Greco-Italico style, must be of high antiquity. In the
same place are others having their upper surfaces in the
form of two curves, rising from the sides and meeting
in a longitudinal ridge over the middle ; at the extre
mities of the Sarcophagus the face is sunk and forms a
panel with margins about it, the upper one of which
has the appearance of a cuspid arch, and may have
been one of the first objects from which the idea of that
feature has been taken.

CHAPTER If.
Description of the principal Gothic Cathedrals on the
Continent of Europe.
Few re.
mains of
Roman Arin the North
of Europe,

Though the Architectural works of the Romans, executed in the North of Europe while they had posses8jon 0f tnjs _art 0p t|le WofM, must have been numerous,
vet 's remarkable that nothing remains of them except
the pavements and other ruins which have been dis
covered under ground in various places ; and which are
insufficient to enable us to form an idea, beyond the
vague one of magnificence, respecting the plan or con
struction of their edifices. So great has been the de
struction perpetrated by the Heathen invaders of these
Countries upon the monuments of Art left by the Ro
mans, that it is believed every building was destroyed
and the Art of construction so completely forgotten, that
when the present Monarchies of Europe were esta
blished, the Princes were obliged to send to Italy, or to
Constantinople, for artists to execute the edifices which
they intended to build.
We purpose now to give a short account of the prin
cipal Churches erected in the North of Europe from
the fall of the Roman power till the complete establish
ment of the Gothic style of Architecture ; beginning
with those of Germany, because there are still remain
ing in that Country portions of buildings which may lay
claim to an antiquity superior to that of the existing
buildings in any other, on this side of the Alps. Our de
scriptions are necessarily confined to the Ecclesiastical
edifices, because these are the only buildings which have
survived the lapse of Time and the destructive caprices

of Man ; and before we enter into any particulars respect- Put III
ing them, it will be necessary to exhibit the disposition '
of their parts, and the principal object3 which serve the
purposes of support and ornament ; in order that the
reader may be enabled to follow the description to more
advantage. In pi. xviii. is given a plan of Litchfield
Cathedral, which may serve to show the figure and divi
sions of the kind of building now to be considered.
The Latin cross was the form of plan adopted in the General
Gothic Churches of Europe, except those of small di- P1" of ^
mensions, in which the plan was frequently bounded by ojjj^e™
a simple rectangle ; and some of the principal Cathe- choreba
drals, which had two parallel transepts, both crossing
the body of the Church at right angles, and nearly di
viding its length into three equal parts. The nave, and
sometimes also the transept, was divided into three
parts longitudinally by two parallel rows of columns ;
but occasionally the former was divided in a similar
manner into five parts. The columns were at first
simple, but afterward, they consisted of several small
shafts united in one cluster, from the capitals of which
sprang a longitudinal row of arches on each side of the
central division of the nave or transept ; these were at
first semicircular, and subsequently, each consisted of
two segments of circles, rising vertically from the columns,
and meeting in a point at the top, over the middle of
the interval between the columns. The lateral aisles
were lighted by windows in the walls ; and their ceil
ings which, in some cases, were on a level with the
crowns of the arches before mentioned, were covered
exteriorly by an inclined roof, on each side ; vertically
over the arcades of the nave were raised walls to a cer
tain height, supporting in general a groined vaulting
over the central division, and this was covered by a roof
which formed two inclined planes meeting in a ridge
above. At the intersection of the arms of the cross a
central tower was raised upon four arches to a still
greater height; this, which occupied the place of the
cupola in the Southern Churches, was terminated by
one tall pyramid or spire, or by a flat roof with a small
pyramid or pinnacle at each angle of the tower. At first
the great tower, which in the Italian Churches was at a
distance from the building, was attached to the Western
extremity, and was also carried considerably above the
roof; afterwards, in the Cathedrals, two such towers
were frequently raised, one on each side of the nave at
the Western extremity, and, in this case, the principal
entrance was between them.
In the Cathedrals there was commonly formed above
the ceiling of the lateral aisles of the nave and transept,
one, or even two tiers of galleries, with open arcades in
front vertically over those below, and lighted by win
dows in the walls. The principal arches of these gal
leries were commonly divided into two or three aper
tures, and hence, probably, the galleries obtained the
name of triforia; we have said that in the primitive
Church they were intended for the female part of the
congregation ; subsequently they served for the stations
of persons who came to witness the grand processions
which occasionally took place in the Cathedral ; and in
Conventual Churches they were appropriated to the
nuns who assisted at the celebration of divine service ;
and, thence, they had the name of nunneries. Above
these galleries were the roofs of the lateral divisions of
the Church ; the walls over the arcades, which were
raised still higher, were perforated by windows, and this
was called the clere or clair story. The ceilings of the
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^iittc- interior divisions of the Church were usually constituted
7am. by a groined vaulting, often of a complex nature, and
"V^ ornamented with mouldings, on the ribs formed at the
ridges of the groins.
The name of nave is generally applied to the Western
part of the Church ; near the centre is the choir, which
is separated from the nave by a screen, and on the
Eastern side of the choir is the sanctuary, or place of
the altar. The choir, and sometimes all the Eastern
part of the Church, was appropriated to the clergy ; and
hence it had the name of presbytery.
Within the side aisles of the nave were sometimes
enclosures serving as oratories ; and frequently, in the
rentrant angles, between the body of the Church and
transept, were recesses from the latter, serving as Cha
pels and dedicated to particular Saints. But beyond the
choir, towards the East, and communicating with the
nave and transepts by the lateral aisles, was frequently
abuilding constituting a Chapel dedicated to the Virgin,
and hence called Our Lady's Chapel : the Eastern ex
tremity of this Chapel generally terminated the whole
building °u 'hat side. This, however, was not always
the situation of the Lady Chapel ; for, at Canterbury, it
is placed in a transept, and at Ely, it forms a distinct
building. Immediately within, or in front of the West
ern entrance, was frequently a porch, which in the pri
mitive Church served as a station for the penitents; sub
sequently, in Conventual Churches, this was called the
Galilee, and in it the monks were allowed to see their
relatives.
The oldest Churches of the North had their walls
ornamented, rather than strengthened, by a sort of but
tresses with plain fronts, and projecting but little from
the faces of the walls, so that they resembled pilasters
without bases or capitals. Out in later times, at (he
angles of the Church, and frequently between the win
dows along the walls, were placed massive buttresses
which, in both situations, generally rose above the tops
of the walls themselves, and were terminated either in
small pediment heads or in pinnacles. When the side
walls over the interior arcades rose very high above the
side walls of the aisles, buttresses in the form of arcs of
some curve were extended from the top of the vertical
buttresses, over the roofs of the aisles, to the lop of the
former walls ; these are what were called Jlying but
tresses, and they served to resist the lateral pressure of
the vaults in the lofty roof.
The Western extremity of the roof terminated in a
pediment or gable, the sloping sides of which, as well
as the horizontal summits of the side walls of the build
ing, were sometimes ornamented with battlements. In
the Western facade of the building, and in the Northern
and Southern facades of the transept, was often a great
circular window ; but commonly the Western front, be
tween the towers, was occupied by one great window.with
■vertical sides, and a top in the form of a pointed arch.
All the windows, the breadth of which was considerable,
were divided into two or more apertures, or lights, as they
were called, by vertical posts, or mulliont, the tops of
■which branched off to the rightand left, generally forming
several intersections ; and, when the height of the winflow was irreat, it was divided into two or more parts by
horizontal bars, mullions, or transoms. Over the extradosses of the windows were frequently formed rectilinear
^'curvilinear pediments, the form of the latter coinciding
sometimes entirely with that of the curved head of the
window, in which case it took the name of a label, a
vol. v.
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hood, or a weather-moulding ; but sometimes the coin- Part III.
cidence only took place in the lower part of the head of
v- '
the window, the upper part of the pediment turning off
so as to form a curve of contrary flexure on each side;
and these met in a point above the apex of the window.
Frequently there are formed in the walls ornamental
apertures, consisting of three or more segments greater
than semicircles, disposed about the circumference of a
circumscribing circle, and meeting each other in cusps
projecting towards the centre ; these, from their resem
blance to leaves, have, according to the number of the
segments which compose them, the names of trefoils,
quatrefoils, &c.
The intersecting ribs of the groined ceilings in the
interior, and the branching mullions of the windows,
form what was called tracery-work. Along the sloping
sides of the gables of the building, of the archivolts or
pediments of windows, and the ridges of spires and
pinnacles, were frequently placed sculptured leaves, at
intervals ; these were called crockets, from their curling
forms, and the summits of pediments and pinnacles were
frequently terminated by a knot of foliage which was
called a Jinial. The tombs and shrines in Churches, and
the niches for statues on the exterior and interior faces
of the walls, were generally covered with canopies
adorned with sculpture of the most elaborate and deli
cate execution, which received the name of tabernaclework.
Attached to the Cathedral was the Baptistery, a
building expressly erected for the purpose, as was the
case in Italy. Its plan was frequently polygonal, and
its roof was crowned by a tall pyramid or spire rising
from the tops of the walls.
On one side of the nave, generally on the South, were
situated the cloisters, a quadrangle which, like the in
terior peristyles in ancient edifices, had its centre open
to the sky; surrounding this was a gallery, with an
arcade or range of windows towards the centre, and
covered above by a groined vaulting either plain or or
namented. It served as a place for exercise, and com
municated with the nave of the church by two entrances,
for the convenience of the processions. On the exterior
sides of the gallery, except on that which joined the
Cathedral, were the apartments of the Ecclesiastical
Officers ; or, if the Church was conventual, the apart
ments of the monks, the Refectory, and the Common
parlour. On one side of the nave was the Consistory
Court, and the Chapter-house, where business was trans
acted ; and, near this, was the Library and Treasury,
where the Church plate was kept. Besides these build
ings there was an Infirmary, an Almonry, and apart
ments for the entertainment of visitors. The whole, in
cluding the gardens, stables, and offices, was surrounded
by a high wall, with battlements and towers.
If we leave out the doubtful evidence afforded by some The oldest
very small portions of one or two French Churches, for 5/>rth'rn
which a higher antiquity has been claimed, we shall find ~ urrc "
.
.
.
J
„ , „ . . ,. . ,
are of the
that the construction of none of the Ecclesiastical struc- timeofChirtures beyond the limits of Italy can be referred to a Iom»gne.
period earlier than the time of Charlemagne. From
this time is to be dated the reestablishment of something
like order in the Governments of the North of Europe ;
and, by the influence of the Clergy, a great portion of
the wealth of the States was then directed to the building
of magnificent edifices for Religious purposes. Several
of these, erected during the reign of that Monarch, are
said to have had great resemblance to the Churches
2 x
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executed in the Eastern Empire ; and, like them, to have
been proofs of the low state of the Arts in those days.
According to Dr. Moller, part of the Cathedral of Aix
la Chapelle, and the portico of the Convent of Lorsch,
near Worms, are the only buildings of the time of Char
lemagne which are extant in Germany. In Fiance, all
the Churches of that period having been subsequently
rebuilt, it is become impossible to determine what part,
if any, of them remains in its original state.
The portico The Church attached to the Convent at Lorsch was
at Lorsch. founded by Pepin, and burned down at the end of the
Xlth century. It was presently, however, rebuilt, and if
this second Church, the ruins of which still remain, re
sembled the ancient one, it must have consisted of three
longitudinal divisions formed by two rows of pillars sup
porting semicircular arches ; the middle division is
higher than the other two, and the windows, which are
small, have semicircular head3. In front of the Church
was a quadrangular peristyle or arcade, at the entrance
of which is the portico above mentioned. The plan of
this portico is rectangular ; its length is 35J feet and
breadth 26 feet ; in each of the longer sides are three
open semicircular arches formed by voussoirs springing
from imposts on the piers. The faces of the piers are
ornamented with half-columns of an Order resembling
the Composite, and having Attic bases ; the height of
the column, including the base and capital, is equal
to 12.79 feet, and its diameter to 1.176 feet. Over
these, is a horizontal band, ornamented with sculptured
foliage, and supporting an upper story ; in front of which
are ten fluted Ionic pilasters, the capitals of every two
of which are connected by the two inclining sides of a
rectilinear pediment, and above this is a cornice with
modillons. This upper story, and the staircases which
lead to it, have, however, been erected at a later time.
Cloisters at The Cloisters also of the Abbey Church, at AschaffenAschaffen- bnrg-, seem to have been erected about the same period.
burg.
The corridor surrounding the quadranglar area is open
towards the interior, and consists of square piers, between
every two of which are semicircular arches springing
from the half-columns attached to the piers, and resting
upon columns in the intervals. These columns are 5
feet high and 6 inches in diameter, with a sort of Attic
base, and a capital ornamented with foliage, the height of
whioh is about 18 inches, from the astragal to the top
of the abacus. See pi. xv.
St Castor,
The Church of St. Castor, at Coblentz, part of which
at Coblentz. appears to have been built in the Xlth century, is per
haps one of the latest of the German Churches which
were executed with semicircular arcades in the interior ;
the arches on each side of the nave have this form, and
spring from square piers, to each face of which a halfcolumn is attached. A pier thus ornamented may be
considered as one of the steps leading to the clustered
columns, which sometime afterward became common in
Europe.
Cathedral at During the Xlth century, a change seems to have
Worms.
taken place in the style of the German Churches,
both with respect to the plan and to the forms of the
features, of which change the Cathedral at Worms, exe
cuted in 1016, is an example. The plan of this building
has the figure of a Latin cross, and the body is divided
into three parts longitudinally, by arcades springing from
square piers, the faces of which are ornamented with co
lumns. Semicircular arches are the prevailing features
on the exterior, but in the interior, the arches are alter
nately semicircular and cuspid or pointed; the latter

being formed of two segments of circles, the radii ofwhich fad
are nearly equal to the span or breadth of the aperture,
and their centres in a horizontal line passing throti"h
the tops of the piers. This difference in the forms of
the arches in the same building, seems to indicate a
struggle between the ancient style and one recently in
vented ; and if any dependence can be placed on' the
date of the erection of this Cathedral, or if the pointed
arches have not been introduced at some subsequent
period ; (and the regularity of their distribution renders
it probable that they form part of the original design of
the building ;) it must be concluded that this is one of
the most ancient examples in which that species of arch
occurs. Both the central and side aisles of the nave
are covered by a groined vaulting. The Church has two
chancels, one at the Eastern extremity beyond the tran
sept, terminating in the interior in a semicircle, but in
the exterior in a rectilinear face ; the other, at the West
ern extremity, probably of later date than the rest of the
Church, terminates in three sides of an octagon, The
present entrance to the Church is by a doorway in one
of the side walls of the nave.
The Churches of Germany erected during the Xlth Cteck
and Xllth centuries present the same mixture of semicircular and pointed arches; but subsequently to that
period, the former style seems to have been superseded
by the general use of arches of the pointed kind, and,
occasionally, there occur apertures the heads of which
are formed by the meeting of three segments of circles
in the manner of trefoils.
One of the first of the German Churches executed in
the new style is that of Gelnhausert, in Swabia, which
is supposed to have been built in the beginning of the
Xlllth century. Its form is that of a Latin cross, and be
yond the transept, the Eastern end, which is flanked by
two octagonal towers with plain buttresses at the angles,
terminates in three sides of an octagon. In the faces on
the exterior of the Eastern extremity are long narrow
windows, like those in the Constanti nopolitan Churches,
but with cuspid heads of the lancet kind ; and above
them are ornamental recesses of a semicircular form.
Over these is a row of small columns, attached to the
wall, and supporting arches with trefoil heads; and in
the wall, between the columns, are quatrefoil windows
inscribed in circles : above the arcade, on each face of the
octagon, is a small window divided into two apertures,
each ofwhich is terminated above by a trefoil head. Ewh
face is crowned by a rectilinear gable, under the sloping
sides ofwhich are nebula, or semicircular ornaments like
small arcades, of the kind exhibited in the Lombard
Churches, but without the columns ; and the whole octa
gon is crowned by a lofty, plain, pyramidal roof. The two
flanking towers are divided into five parts horizontally
by rectangular panels on each face, the upper part of
the panel being ornamented with semicircular notches
like those above mentioned ; each face is crowned by a
small pediment, and the tower is terminated by a sma.l
pyramidal spire without ornament.
The central tower of the Church is also octagonal,
and contains two tiers of windows ; some of those in
the lower tier have double, others triple apertures, sepa
rated by vertical bars, or mullions, and each is formed
with a trefoil head; those in the upper tier have double
apertures with cuspid heads. The middle aperture, i*
each of the three light windows of the lower tier, is
higher than that on each side ; and the heads of allthe
three are inscribed in one general semicircular top. This
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Utec- tower is also crowned with a plain pyramidal spire. The
fere. bases and capitals of the pillars in this Church are well
•v—* executed. See pi. xv.
ruheThe Church of St. Catherine, at Oppenheim, is also
i.»l0P- in the form of a Latin cross, consisting of a rectangular
*e"- nave and transept. The chancel at the Eastern end ter
minates, on the plan, in five sides of an octagon, and in
the rentrant angles between the transept and chuncel
are recesses formed each by three sides of an octagon.
Like several other Churches in Germany, there is a
second chancel, at the Western extremity, which termi
nates also in three sides of an octagon, and the entrances
are on the North and South faces of the transept. Ac
cording to a manuscript Chronicle, says Dr. Moller, the
nave and Eastern chancel were begun in 1262, and
finished in 1317. The Western chancel was consecrated
in 1439.
The whole length of the Church, including the two
chancels, is 268 feet, of which 92 feet are taken up by
the Western chancel, the breadth of which is 46 feet. The
length of the nave is 102 feet, its breadth 86 feet, and it
is divided into three parts by two rows of pillars, con
sisting each of several columns clustered together. The
length of the transept is 102 feet from North to South,
and its breadth 31 feet ; and the two side aisles of this
Church are occupied by small Chapels, or Oratories.
At the extremities of the nave on the Western side are
two towers on square bases, each divided into four
stories, and crowned by an octagonal spire ; and in the
three upper stories are round-headed windows, with
single or double apertures separated by a pilaster. The
lower windows in the sides of the nave occupy all the
spaces between the buttresses ; they have no mullions,
and are crowned with pointed arch tops. The buttresses
have no pinnacles, and their exterior faces are orna
mented with panels. The upper windows are crowned
by rectilinear pediments, ornamented with crockets, and
there are slender pinnacles between them. The door
way in the South transept is terminated by a pointed
arch, and there is one lancet-headed window above. The
face of the transept is terminated above by a gable,
within which are seven small pediments, and at the
angles of the transept are buttresses which terminate in
pinnacles. The sides of the half-octagon at the East
end have lancet-headed arches between the buttresses,
and the latter are without pinnacles. A large circular or
rose-window is placed in the Western facade ; this is
one of the most beautiful of its kind, and is formed of
twenty small leaves, which are grouped under five large
ones. The tower over the centre of the cross is octan
gular ; each face contains a pointed window, and is ter
minated by a pediment, and between the latter are pin
nacles. The centre is covered by a small cupola.
The clustered columns of the nave are similar to those
in the Church of St. Castor, at Ccblentz ; they con
sist of four large and four small half-columns united
together, and seem to have been derived from the
practice of rounding the angles of a square pier, each
face of which had been adorned with an attached halfeolumn.
w"*r»Ut fhc Cathedral of Strasburg, which, for its high degree
of enrichment, holds the first rank among the Gothic
Churches of the Continent, was begun in 1277, by Erwin de Steinbacli, and brought to its present state in
1439. Its plan is a Latin cross, the Eastern end termi
nating iu a semicircle in the interior, but outwardly in a
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rectilinear face ; and in the rentrant angles between the Part III.
nave and transept are two small Chapels. The length of the body of the Church is 324 feet, of the transept is
150 feet, and the height of the vault is 98 feet ; the nave
is divided longitudinally into three parts by two rows of
clustered columns.
The Western facade is divided into three parts, verti
cally, by buttresses, the faces of which are ornamented
with canopies and statues ; each of the three portals is
crowned by a rectilinear pediment, highly ornamented,
and the diverging sides of the doorways are filled with
statues. The other windows of the facade are of the
pointed kind, and they are divided into three or four
apertures by slender pillars, which branch at top to form
intersecting arches, and the whole facade is crowned by
a horizontal cornice. The Cathedral, which has never
been completed, has but one spire, crowning the tower
at the North-West angle ; this is of a pyramidal form,
with pointed windows and trellis-work. Its height is
414 feet, which is greater than that of any other Church
in Europe.
These examples will be sufficient to give an idea of
the styles of the German Gothic Churches : we proceed
next to describe some of the Churches of France which
were executed within the same period.
The earliest Churches erected in France are supposed The first
to have been those built at Paris, by Clovis and his son p^,,0,!163
Childebert, about the end of the Vth and the beginning
of the Vlth century: their forms were probably the
same as those of the Churches of Italy, and, no doubt,
of other parts of Europe at the same period: but all that
the advocates for the antiquities of the French edificescan
assert to be left of them—and of the assertion who can
vouch for the truth ?—is the Tower of St. Germain des
Pres, at Paris, and that of St. Peter, at Chartres. The
vault of the Crypt under the Eastern end, and the prin
cipal entrance of the present Church of St. Denys, near
Paris, are supposed to have been part of the works of
Pepin and Charlemagne, by the latter of whom the
Church was completed in the year 775.
The Church of St. Germain, which was begun by Chil
debert, about a. D. 557, is said to have been extremely
magnificent. It was cruciform on the plan, and the roof
was sustained by marble columns ; the pavement was
of rich mosaic, the roof externally and internally was
covered with gilding, and the wails were painted on a
gold ground.
The Church of St. Denys, originally built by Dagobert, resembled, it is said, that of St. Germain, both in
its general form, and in the profusion of mosaic work
with which it was decorated. This was taken down, and
one was constructed by Pepin and Charlemagne, on a
greater scale, which was subsequently destroyed by the
Normans. The form and ornaments of these buildings
sufficiently show that they were copied from the Basilican Churches of Rome, or from the later erected edifices
of Constantinople.
The invasions of France by the Normans considerably Destruction
impeded the progress of Architecture in that Country ; of ,lle
Churches
and though several edifices seem to have been raised in bv
the Nor
those troublesome times, which continued from the
Vlllth to the Xlth century, yet a greater number was
destroyed by the Barbarians. But in the beginning of
the Xlth century, two of the greatest works of France,
viz. the Cathedral of Chartres and the Abbey of Clugny,
Both of these edifices have the form of a
2x2
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cross on the plan ; the length of the first is 420 feet,
and its breadth 108 feet; on each side of the choir the
aisles are double, and round the interior of the transept
they are single. The Abbey Church of Clugny, which
is, perhaps, the most interesting of the ancient Eccle
siastical monuments in France, was erected about the
year 1056; and about the same time the Churches of
St. Germain des Pres and St. Genevieve, which had
been destroyed by the Normans, were restored by Robert
the Pious. The style of all these buildings is the same
as that which generally prevailed in Europe at the same
time, viz. the Romanesque, or as it was subsequently
called, the Norman ; and which is sometimes charac
terised as an imitation of the Lombard-Gothic.
But soon after this time, that is in the beginning of
Restoration
of the
the Xllth century, the cuspid arch appeared in the
theTntK
uuildinSs of France, mixed, as in Germany, with the
1the.XIIth
"' '' round Lombard or Norman arches; and, probably,
century
some of the earliest examples of it are contained in the
Church of St. Denys and the Monastery of the Knights
Templars, the building or restoration of each of which
was begun about the year 1137. Towards the end of
that century, the Eastern part of the Cathedral of Notre
Dame, at Paris, the Choir of the Cathedral at Lyons,
and the Collegiate Church of St. Nicholas, at Amiens,
were also begun, though they were not finished till long
afterward ; and from this time the round arch and
heavy pillars of the Norman style entirely gave place
to the pointed arch and clustered column.
St. Germain The Church of St. Germain des Pres, after having
des Pres. been thrice burned by the Normans, was rebuilt by the
Abbot Morard, in 1014, and part of the work executed
under the direction of that Prelate is still standing; the
new Refectory was begun in 1236, and the Chapel of the
Virgin in 1244. The exterior of the building is not re
markable for any thing but its antiquity ; the Western
end is terminated by a tower which, it is pretended, is part
of the edifice constructed by Childebert, and there are
two other towers in the angles formed between the body
of the Church and the transepts. The interior is low
and mean, and lighted by small semicircular-headed win
dows. Those columns which have stood since the time
of Morard are of an Order resembling the Corinthian,
but the capitals of some of the others are composed of
birds and griffins. The arches which spring from the
columns in the body of the Church are semicircular, but
those at the Eastern extremity are of the pointed form ;
either these were erected at s subsequent period, or, as
Mr. Whittington supposes, they were originally made
so in order that they might have the same height as the
others with a smaller span.
St. Denys.
The Church at St. Denys was restored, after its de
struction by the Normans, by the Abbot Suger, who was
elected in 1122 : and both the Western front and part
of the Eastern arcade are ascribed to this Prelate ; it
must, however, be very doubtful what part was really exe
cuted by him, because it is impossible to ascertain what
remained after the destruction caused by the fire in
1231. The oldest columns are in the Lombard style,
but the pointed arch occurs in all that part of the struc
ture which is supposed to have been executed in the
•time of Suger. The nave, choir, and transept were
built about the middle of the Xlllth century. The
spire is lofty and perforated by round-headed windows ;
the windows of the body of the Church are nearly 40
feet high, and are divided by four vertical mullions ter
minating in arches, which support three sixfoils or roses

delicately sculptured. The walls are supported laterally Pmb
by perforated or arched buttresses, and the portal is
crowned by a semicircular arch.
*"
The Cathedral of Notre Dame, at Paris, is said to North
have been begun by Childebert, in a., d. 522; but, like^Pta.
most of the Churches in the North of France, it was
destroyed by the Normans. The present edifice was
founded in 1010, and was, probably, completed about
the middle of the XlVth century. The body of
the Church is 466 feet long, and 180 feet wide,
and of a rectangular form, except that the Eastern end
terminates in a semicircle ; and the building is remark
able for having no transept, from which we may, per
haps, conclude that the original plan has never been
altered. The interior arrangement is extremely simple,
its whole length being divided into five aisles by four
rows of Lombard columns, and there are rectangular
recesses along all the interior of the side walls, ami of
the Eastern extremity.
In the Western fcujade are three portals crowned by
pointed arches of small elevation above the foot of the
curve, and above these is a horizontal row of recesses
with trefoil heads containing statues. Over these, in
the centre of the facade, is a great circular window, and
on each side a double window inscribed iu a pointed
arch, with a quatrefoil ornament over the mullion. A
horizontal row of pointed arches on slender pillars
adorns the top of the body of the Church ; on the ex
terior, and over each extremity of the facade, is a lower
with a flat roof. The style of the whole is heavy, and
in some parts it is excessively ornamented, while other
parts are much too plain.
In the beginning of the XIIIth century the two mostCsiM-t
splendid Ecclesiastical edifices of France were erected, »>J"
vis. the Cathedrals at Rheims and at Amiens. The first Amen
s
has the form of a Latin cross, on the plan, the whole
length of which from East toWest is 492 feet, and breadth
between the Northern and Southern faces ofthe transept
is 190 feet. The interior of the body of the Church is di
vided into a centre and side aisles by two rows of
columns. The width of the transept, from East to West,
is 98 feet, which is equal to that of the body of the
Church, and this is divided into three parts by two rows
of columns in a Northern and Southern direction. Be
yond the transept, towards the East, are two rectangular
Chapels, one on each side, and five recesses, disposed m
the circumference of a semicircle, terminate the building
at that extremity.
The Western facade has three entrances crowned by
very lofty pointed arches, and over each is a pediment
ornamented with crockets ; the buttresses of the front
are carried up between the pediments, and terminate in
slender pinnacles, ornamented in a similar way. Be
tween the pinnacles, and over the portal of the centre, >s
a grand circular window, with radiating mullions, in
scribed in a pointed arch. At each extremity of the
facade is a square tower, 270 feet high from the pave
ment, with a low pinnacle at each angle.
Mr. Whittington considers this edifice as the finest
piece of Gothic Architecture in the World for its airi
ness and delicacy ; he observes that all the heavy mag
nificence is below, and the lighter ornaments are to
wards the summit. The portal is superb, and in
good proportion with the rest of the building ; and the
pinnacles, which are finished with figures, flowers, and
crosses, are the most beautiful of their kind.
The same gentleman, speaking of the Cathedral at
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Amiens, characterises it by its highly-pointed arches cir
cumscribing equilateral triangles, and its highly-pitched
vaulting only ornamented by the diagonal ribs which
spring from the columns of the nave. On each side of
the choir are double aisles, and in the Eastern extremity
is a semicircular colonnade. In the Western front is a
magnificent portal covered with sculpture representing
Saints, Prophets, and Martyrs ; the walls are supported
by arched buttresses with ornamental perforations, and
between these are two ranges of windows ; each window
divided by three vertical mull ions, surmounted by the
same number of roses, and crowned by a pediment
ornamented with trefoils. In the Western front, and in
each face of the transept, is a beautiful circular window.
The old Churches of Normandy retain, at present,
Wctain many features of that style which was introduced from
<«™»a Ji Germany into France and England, viz. the semicircular
arches, the short and thick pillars with rudely sculptured
capitals, and the waving mouldings of the archivolts.
In Cotman's Architectural Antiquities of Normandy,
are many good specimens of the style in which those
buildings were executed, and from that interesting Work
we have taken the following particulars.
The interior of the Church of Lery, near Pont
LMrche, has a very ancient appearance, and affords
evidence that this building is one of the first which was
erected in the Country after the conversion of the Nor
mans, even if it is not one of the few of an earlier date
which escaped the ravages of that people. The body
is divided into a centre and two side aisles ; me former
is covered by a hemicylindrical vault, and the side walls
are supported by semicircular arches springing from
columns, which appear about a diameter and a half above
the ground ; the capitals of these columns have little
ornament, and a horizontal string extends along the
nave above the crowns of the arches.
Ctfooby, ij^e Church of Colomby, near Valogne, which is of
later construction, appears to be one of the first examples
in which the lancet arch occurs ; along the sides are
nine such arches with plain buttresses between them.
Over the centre is a tower with four pinnacles at the
angles and an octagonal spire between them. At
one extremity is the doorway with three narrow iancetheaded windows, and at the opposite end is one large
window with a cuspid head.
Sr.
The circular window is found in the Church of St.
'£
'
Stephen,
at ...
Fecamp,-. but
divided
three
re -amp,n vertical
\. , mulhons
. placed
,
, in
. into
■ four
'.partsof. by
; it is
the
interior
aJ semi
circle which springs from an ornamented pier on each
side. 'In the same Church are arcades, consisting of
one large and one small arch, with semicircular heads
joined together; the archivolts and jambs are orna
mented with a sort of embattled fretwork, and the part
■where the two archivolts unite is supported by a short
column.
The Abbey Church of J umieges is a good example of
the mixture of the Norman with the later style. The
outer doorway of the porch is crowned by a pointed arch
with Norman mouldings, but the inner doorway has a
semicircular head. In the Western front are two towers
on square bases, in which are semicircular-headed door
ways with voussoirs springing from pillars, and above,
are two tiers of tall semicircular arches, of which the
upper is supported on columns like those on the exterior
of the Cathedral at Pisa, and the lower on plain piers.
These towers end in pyramidal spires.
Lastly, in the South porch of the Church of Louviers
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near Rouen, are two pointed arches which meet together Part HI.
and form a pendent cusp in the middle. The windows >-»v—*
in the sides have also pointed tops; the roof is hemi
cylindrical ; and the whole Church is richly ornamented
with tabernacle- work.
Christianity is supposed to have been propagated in Churches
the North-East parts of Germany, in Poland, and in we™ "fly
Russia by Missionaries from Constantinople ; and it is, Jj"r
probably, to the influence of some of those Ecclesiastics Russia,
that we are to ascribe the erection of the Gothic Cathe
drals at Tver and Novogorod ; this last is said to have
been built in the year 988. Churches of considerable
magnitude, and of that style which superseded the Ro
man Architecture, must, therefore, before the end of the
Xth century, have been erected from one extremity of
Europe to the other.
That species of Architecture which subsequently to The Norththe erection of the Cathedrals of Pisa, Orvietto, and "n sfyl« of
others of the same date, prevailed in almost every jJltact^L
Country beyond the Alps, made its way into Italy, and introduced
many Churches were constructed according to that style into Italy,
with certain modifications. Of these the most impor
tant is the Cathedral of Milan, which was built in 1336. Cathedral
This building is of white marble, and its plan is in the of M,linform of the Latin cross, the transept, however, extend
ing but little beyond the side walls of the Church. The
whole length from West to East is 490 feet, and the
breadth 295 feet ; and at each extremity of the Western
facade is a square tower, 43 feet long in each direction.
The nave, which is 279 (eet long, and 197 feet wide, is
divided into a central and four side aisles by four rows
of columns, and is lighted by five cupolas ; the transept
also is divided into a central and two side aisles in the
direction of its length, and the Eastern extremity of the
Church is terminated by three sides of an octagon.
The Western facade is crowned by a great gable or
pediment, extending over the nave and side aisles ; the
apex is 170 feet from the pavement, and the sloping
sides are ornamented with tabernacle-work. The towers
at the extremities of the fagade are 295 feet high, and
are each divided horizontally into six parts, which gra
dually diminish in breadth upward, and the last forms
a small pyramidal spire. The faces of the towers are
covered with tabernacle-work and statues supported on
corbels ; and in the third story from the bottom is a
window, divided into three parts by mullions, and headed
by a cuspid arch. Between the towers the fatjade is
divided into five parts vertically by buttresses, orna
mented with statues on corbels, and terminating in lofty
pinnacles. The central tower is similar to those on the
Western fatjade, and about 400 feet high, and every tower
and pinnacle is terminated by a statue. The roof is
covered with blocks of marble so closely connected to
gether that they appear to constitute an entire piece.
The windows and doors of the Western front do not
accord with the style of the rest of the building, and
have been executed at a late period ; the former have
semicircular heads inscribed in rectilinear architraves
both horizontal and vertical, and are crowned by recti
linear or segmental pediments of which some want the
horizontal cornice.
The pointed arch had been introduced into Italy be
fore the period of the erection of this edifice, and ex
amples of it may be seen in the Cathedrals of Orvietto
and Sienna, though it did not become a general feature
till that time. Many beautiful and curious specimens
of the pointed Architecture occur in Italy, particularly
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Architec- at Verona, Vlcenza, and Viterbo ; and we may add that
the Cathedral of Florence, though erected partly under
the influence of the revived Homan style, is connected,
by the form of its cupola, with the Gothic edifices of
the Country.
Cathedral of The Cathedral of St. Lorenzo, at Genoa, presents a
St. Lorenzo sjn£u|ar mixture of styles ; on each side of the nuve are
at Genoa. Corinthian columns with pointed arches springing from
them ; over these is a horizontal entablature, and above
the latter a semicircular arcade springing from piers and
columns alternately. Both the exterior and interior of
the building are fancifully adorned with alternate courses
of black and white stone in stripes.
Cathedral
The Cathedral at Palermo is ornamented with interat Palermo, secting pointed arches, and its entablature is crowned
by battlements which together form a serpentine line.
From the body of the Church rise four towers, in the
faces of which are rows of small semicircular arches sup
ported on columns like the ornaments of the Pisan
Architecture, and the towers finish with Gothic pedi
ments and pinnacles. In the second story of the porch
of the same Cathedral there are three pointed arches
supported by single columns : above the arches is a
horizontal entablature and a general pediment. The
walls are inlaid in the manner of the Saracenic work,
and Mr. Forsyth observes that the style of the whole
building resembles that of the Moorish-Gothic.
Spanish
We are but little acquainted with the Architecture of
Churches. Ihe Churches raised during the Middle Ages in Spain ;
but that little indicates a style which is compounded of
the Saracenic and of that which prevailed in Europe
after the introduction of the pointed arch. From the
description given by Mr. Swinbourne, it appears that
Cathedral the Cathedral at Seville, which was built near the end
at Seville, of the XII I ih century, is 420 feet long, 273 feet broad,
and 126 feet high. The choir is placed in the centre of
the Church ; all the rest of the building is cut up by
narrow aisles, and the ornamental parts are clumsy imi
tations of models left by the Moors. At one angle stands
the Giralda or belfry, a tower of brick 50 feet square,
and 350 feet high, of which all the part from the ground
to the height of 200 feet was built by the Moors about
the year 1000, and is adorned with sculpture more
simple than that which was generally executed by this
people ; the rest has been added since . within it is a
winding staircase of easy ascent, and wide enough for
two horsemen to mount abreast more than half way to
the top.
The Cathedral of Burgos, which was built in 1221,
at Burgos,
is described as being equal to the best specimens in
Europe of the kind called Gothic, and as having some
resemblance to York Minster. At the Western or prin
cipal front are two steeples ending in spires ; on the
centre of the edifice is a large, square tower adorned
with eight pinnacles, and on the Eastern end is an octa
gonal building crowned by a pyramid. The arches and
foliage are executed in the most elaborate and finished
manner.
at Batalha,
A splendid example of the Gothic style exists in the
in Portugal. Church at Batalha, in Portugal, which was erected, in
1388, under the direction of a native of Ireland. Accord
ing to the description of the edifice, given by Mr.
Murphy, its plan resembles a Latin cross, and the tran
sept is near the Eastern end ; the interior is divided by
columns into a nave and two side aisles, and the Eastern
end terminates in three sides of an octagon. The nave
and aisles are equally high, the vaults of both are

groined, and the ribs spring from clustering pillars.
There are two tiers of windows in the side walls with
cuspid heads ; those of the lower tier have their radii
of curvature equal to two-thirds of the span, and those
of the upper tier have them equal to three-fourths. The
windows are splayed towards the interior, and the sides
are adorned with many small columns, from which, stems
proceed and meet at the top of the aperture ; each win
dow is divided into three parts by upright mullions ;
each part ends in a trefoil head ; and between the tops
of these and the intrados of the arch are six quatrefoils.
The windows of the chancel are long and narrow, and
terminate in lancet heads. The walls of the body ofthe
Church are crowned by battlements of open-work with
pinnacles. The tower is of an octagonal form, and
above it is a small spire ornamented with open-work.
This building may be considered, says Dr. Milner, as s
pleasing variety of the Gothic Architecture, but it is not
to be put in competition with many of the contemporary
buildings in other parts of Europe, on the general prin
ciples of sublimity and beauty.
Having brought the Ecclesiastical Architecture of the
Continent down to the time when the pointed style was
generally prevalent, we proceed to describe that of Eng
land during the same period.

CHAPTER III.
Principal Gothic Edifices in Britain.
As early as the beginning of the Hid century of the Aociot
Christian Era, a Church is said to have been built at Churcia
Canterbury by Lucius the first Christian King in atburr,CinttfBritain ; and we have the authority of Bede fur saying
that when St. Augustine established himself in that
city, about the year 600, the Church was dedicated to
Christ. In the XXXIIId Chapter of his EcclmaMical
History, we are informed that, near the city, King Elhelbert built a Monastery and Church, which he dedicated
to St. Peter and St. Paul, and in which the Kings and
Bishops of Kent were to be interred.
The latter Church was, probably, built of timber, and
it is by some supposed to have been divided longitudi
nally into three parts lying East and West ; for accord
ing to Bede's History, (book ii. ch. iii.) St. Augustine
and some of the succeeding Bishops are said to have
been buried in the Northern portico, which has been sup
posed to mean the Northern aisle, and two Bishop9 are
stated to have been buried in the body of the Church,
because the portico or aisle would contain no more
bodies. But Mr.Wilkins, in the Archteotogia, (vol xiii.
p. 290,) is of opinion that the porticus mentioned by
Bede, instead of being in aisle, was a portion of the
body of the Church cut off at the Western extremity,
as has been done in the Church at Melbourne, in Dor
setshire ; and he thinks it likely that the British Churches
of that Age, were not divided by pillars or arcades.
There is nothing, however, to disprove the fact of such
a division, and we find that both pillars and arches are
mentioned in descriptions of the Anglo-Saxon Churches,
by writers of the Vlllth and following centuries.
About the same period Churches were erected in the it
Northern parts of the Anglo-Saxon dominions ; for, in
627, Edwin, King of Northumberland, was baptized at
York, by Paulinus, in a temporary building1 of timber;
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(rchittc- and immediately afterwards a Basilica of stone was the Saxon Church at Hexham may have been superior Part H.
«"»• erected in the same place. In the following year Pau- to any of the foreign buildings, for Eddius observes,
"V™-/ linns visited Lincoln, where he converted Blecca, the that no Church equal to it in magnificence was to be
Prefect, and his household, and built a large Church of met with on this side of the Alps. The same Wilfrid
stone, the walls of which were standing in the time of founded a Monastery at Hexham, about 674.
We are brought next to the rebuilding of York Ca- York CaBede. (book ii. ch. xiv.—xvi.)
|Wen>
According to the same venerable writer, Benedict, a thedral in 767. This edifice must have been magni- [^J™1 renoble Saxon, built, in 676, a Church at Weremouth in ficent for that time, though we have few particulars from
honour of St. Peter ; it is added that he sent to Gaul for which we can obtain an idea of its style; all we know
artificers who might build it according to the Roman of it is from the Poem of Alcuin, one of the Architects,
manner, by which is probably meant the style of the in which it is described as having all the requisites of a
Lower Empire. So much expedition was used, that complete edifice, such as pillars, arches, vaulted roofs,
within a year from the time of laying the foundations porticos, galleries, and altars ; but these circumstances
the roof was put on. And, as the work drew near a are sufficient indications that Architecture must have
conclusion, he sent again to Gaul for artificers to make been cultivated and brought to a considerable degree of
glass for the windows, the Art being then unknown to perfection in England at that time, which was before
the Britons.
the invasions of the Danes occurred. Amidst the
Abbeo.
The ancient Church of Abbendon is said, in the troubles produced by those invasions, it was not to be
■*>
Monast. Aug., to have been built at the same time ; it expected that the Arts should receive encouragement,
is described as a building 420 feet long, with circular still less that of building; in fact, the fairest edifices
recesses both at the Eastern and Western ends.
which then adorned the Country fell a prey to the ra
Scotlud. In the beginning of the VIHth century, that which vages of those Barbarians, and the art of construction
was then cnlled the Roman style of building extended was lost. But when Alfred came to the Throne a revi
into Scotland; for, in 710, Naiton, King of the Picts, val took place ; this Prince is said to have erected
sent ambassadors to Ceolfrid, Abbot of-Gyrvi, near the several Ecclesiastical as well as Military edifices, and
mouth of the Tyne, requesting him to send Architects even to have introduced into the former an improved
who might build him a Church of stone in that manner; style. Mr. Bentham supposes that towers and steeples
which request, according to Bede, (book v. ch. xxi.) were added to the English Churches in his time, viz.
was immediately granted. At an earlier period than about the year 900 ; however, as no steeples at present
this, a stone Church appears to have been erected near exist, of an earlier date than the beginning of theXIIIth
Wigion, in Scotland, by Bishop Ninias ; this is said by century, this circumstance is doubtful.
The Abbey, at Ramsay, in Huntingdonshire, was re- Ramsay
Bede (book iii. ch. iv.) to have been executed in 432,
Mid he observes that the Britons were before that time built in 974 ; and, in the Hist. Ramesiensis, it is described Al,beJrunaccustomed to building with stone. Perhaps, there as having two towers raised above the roof; one was at
fore, stone Churches existed in North Britain before the the Western end and the other was supported by four
Mlllh century, but they may have been executed only pillars in the middle of the building, which there divided
on a small scale.
into four parts, connected together by arches, and these
'talniat The Cathedral of Hexham, in Northumberland, was extended to other adjoining arches to prevent the former
^ founded by Wilfrid, Bishop of York, about the end of from giving way. This shows, as Mr. Bentham ob
the Vllth century ; and its construction is particularly serves, that the plan of the building must have consisted
described in the Tractatvs de Statu et Epi&copis Ha- of two rectangles, crossing one another, with side
gvstatdensis Ecclesiee, by Richard, the Prioi of the Ca aisles ; but the same gentleman's opinion, that this
thedral, who lived in 1180, and in whose time it existed mode of building had not then been long in use, does
entire. He says it was furnished with a round tower, not appear so well founded, for the description of the
perhaps a square tower covered by a cupola ; from this, Cathedral at Hexham seems to show that this building
four aisles, or the four arms of a cross, proceeded, and had also, on the plan, the figure of a cross, aud that it
rt had deep crypts and oratories with passages under was furnished with u tower.
It is supposed by some that the Cathedral of Oxford ?*l°r^
ground. The walls were of great length and height,
and were divided into three tiers supported by well- was built in the reign of Ethelred, about the year 1000, CathedraIpolished columns both square and circular, which, as but so uncertain are the dates of the early edifices of
-well as the walls and the arch of the Sanctuary, were of our own Country, that others place its erection about a
stone, decorated with images in relief and painted of century later ; Mr. Dallaway thinks it was built in
"^arious colours. The body of the Church was su rrounded 1112. The only part of the ancient structure which re
«y porticos or aisles, and Chapels of exquisite workman mains, viz. the nave of St. Frideswide, is built exactly
ship, which were divided above and below by partilion- in the manner of that corrupt Roman style which cha
*alls and -winding stairs. Within the staircases and racterises the oldest remains of edifices in Germany and
•hove them were made flighls of steps; with galleries France, and it has been considered as the best specimen
and passages leading from them, both for ascending and of what is called the Saxon Architecture in England.
descending; and so disposed that persons might be there To one or the other of these periods may, perhaps, be
Mil pass round the Church without being seen by any referred the construction of parts of the Cathedrals at
°ne in the nave below.
St. Alban's and Durham.
It is probable, as Dr. Milner observes, that the CaThe long and severe struggle against the Danes, Restoration
Jhtdral of Hexham had some resemblance to that of joined, perhaps, to a certain dissoluteness of manner °f Enghsh
. • , at that
, time
•
-i j among the
.l Anglo-baxons,
. . o
Churches
Sancta Sophia, at Constantinople, which was built about which
prevailed
abou(
(he
the same time ; and it is also probable that the prin is supposed to have been the cause that the Religious ,jme of the
cipal Churches of the Continent in that Age were dc- edifices of the Country had very much gone to ruin be- Conquest,
s,gned and executed nearly in a similar manner ; but fore Edward the Confessor came to the Throne ; this
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Archiiec- Prince had been educated in Normandy, and, probably,
ture. (he contrast between the Ecclesiastical structures of that
s*~mv~"~> Country and those of England struck him forcibly, and
induced him to excite his people to repair their Churches
and erect new ones with embellishments similar to those
of the Norman edifices. After the Conquest, in 1066,
the style of the Norman buildings became very general
in England. The most early examples of this style do
not remain at the present time in a perfect state, but
enough can be seen of their ruins to show its characters.
Edward the Confessor built the original Abbey Church,
at Westminster ; and about the same time was executed
the Cathedral of Gloucester, of which a part still re
mains ; and these seem to have served as models for
the Ecclesiastical structures subsequently erected. The
transept of Winchester Cathedral was erected in 1080,
and the tower of Exeter Cathedral in 1112. To these
may be added the lower part of St. Peter's in the East,
at Oxford, and the Church of St. Sepulchre, at Cam
bridge ; this last was erected in 1130, by the Knights
Templars, in imitation of the Church of the Holy Se
pulchre, at Jerusalem. It is a circular building, having
internally a peristyle of eight heavy pillars, and it served
as the archetype oftheTemple Church, in London. Many
of the Churches belonging to the greater Abbeys were
erected at this Era with equal magnificence ; but very
few of them remain, and those are in ruins.
CaihcJral at The Cathedral at Durham must be considered as an
Durham.
excellent specimen of the Norman Architecture. It
was begun in the, time of William Rufus, about 1093,
by William de Carilepho, and was, perhaps, finished by
the successor of that Prelate. Originally, says Mr.
Carter, the side aisles both of the nave and choir were
covered with groined work formed by hemicylindrical
vaults, and the ribs of the groins were embellished with
carving ; but both the nave and choir were only covered
by the timber-roof. Various additions, however, have
since been made, the first of which was the Galilee, or
porch before the Western facade, by the Bishop Hugh
Pudsey, between 1153 and 1195 ; this is a low building,
with four semicircular-headed windows on each side
springing from clustered columns. The plan of the
whole Cathedral is rectangular, with two transepts, and
it has not the semicircular apsis which was usually
formed at the Eastern end of the ancient Churches. The
length from the Eastern to theWestern facade is 420 feet,
and its breadth from the Northern to the Southern face
of the Western transept, which is the longest, is 180 feet.
The nave is 200 feet long and 100 feet wide ; this is
divided into three parts by two rows of columns, alter
nately round and clustering, at 15 feet from the wall on
each side. The Western transept is 70 feet wide from
East to West, and is divided into two parts, in a
Northern and Southern direction, by a row of clustered
columns at 15 feet from the Eastern wall.
Four great clustered pillars, each 50 feet high, at the
intersection of the nave and Western transept, are con
nected above by semicircular arches, the crowns of which
are on a level with the vault of the nave, and support the
great central tower, which is 210 feet high, and the date
of the construction of which is not ascertained. The
choir is 1 1 0 feet long, and is divided into three parts like
the nave ; beyond the choir is the Eastern transept,
which is 144 feet long from North to South, and 40 feet
wide from East to West, and this forms the Eastern
extremity of the Cathedral.
The centre of the Western facade is crowned by a

plain gable ; over the entrance is a large window of the
cuspid form, divided by six mullions, and having the
upper part filled with tracery. This window was formed
in 1350 ; above it is a row of semicircular-headed niches
between columns, and in the gable are five lancet-headed
arches, whose heights are regulated by the inclining sides
of the gable. On each side of this central division of
the facade is a square tower, the height of which from the
pavement is 140 feet; its face is ornamented with eight
tiers of arches resting on small pillars, all with semi
circular heads, except those in two of the tiers, and it
lias a flat roof with battlements. A short curtain, con
taining four tiers of semicircular-headed arches, in the
Pisan style, connects each of these towers with a smaller
one, which forms the extremity of the faqade ; the lower
part of this tower is a square, and without ornament ;
the part above is octagonal, and contains four tiers of
semicircular-headed arches ; and the tower is crowned
by a small pyramid.
Of the three round columns on each side of the na«
the diameters are 7£ feet, and the heights, including those
of the plinth and capital, are 27 feet ; consequently,
equal to 3.6 diameters ; and the heights of the plinth
and capital are each equal to about half a diameter.
The plinth is rectangular and quite plain ; the abacus
is octangular, the curved circumference of the capital
below it is divided into eight faces, as if cut by so many
planes a little obliquely to the vertical, and a small fillet
separates this part from the shaft. One of the three
columns is fluted vertically, another is ornamented with
zig-zag channels, the general directions of which are hori
zontal, and the third is channelled obliquely round the
column to the right and left, forming a sort of network.
The other columns consist of several small ones clus
tered together, and, perhaps, are of later date.
From the capitals of the round, and from some of the
stems of the clustered columns, spring the semicircular
arches which extend along each side of the central divi
sion of the nave ; the other stems of the clustered co
lumns are carried up to the height of 50 feet from
the pavement From the capitals of these, and from
angels' heads attached to the walls, immediately over
the round columns, and serving as corbels, spring the
ribs which ornament the groined vaulting of the nave.
The archivolts of the lower arcade of the nave are orna
mented with zig-zag mouldings, and on the extrados is
a sort of battlement. A horizontal string extends along
the nave over the lower arcade ; and above this is a tier
of semicircular arches equal in span to those below,
forming the front of the triforia ; the archivolts of these
are highly ornamented with zig-zag mouldings, and rest
upon small pillars which are placed vertically over those
in the lower tier ; within each of these arches are two
smaller ones, also semicircular, springing from the same
imposts, having plain archivolts resting upon small pil
lars. Above the triforia is a tier of narrow pointed
arches within the lateral vaults of the groined ceiling.
The roof of the nave is formed by the intersection of
ridged vaults, and, except the ribs of the groins, the sur
face of the vaulting is plain. This part of the building
is said to have been finished in 1290.
The arcades of the choir are similar to those of the
nave, but the two round columns on each side are chan
nelled with spiral grooves all directed one way, and the
ribs of the groined vaulting are more ornamented. The
doorways leading from the cloisters to the Cathedral are
covered with the utmost profusion of ornament. The
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:ec- altar-screen and episcopal throne are highly decorated
with flying buttresses, niches, and pinnacles, producing
a singularly rich and magnificent effect ; hut it must be
remembered that these were executed long after the rest
ofthe fabric. A longitudinal section of part of the nave,
and an elevation ofone of the doorways in this Cathedral,
are given in pi. xvii.
ralat The Cathedral Church, at Canterbury, after frequent
5117. demolitions by fire, was wholly or partly rebuilt by Lanfranc, iu 1085, and enlarged to its present size about the
beginning of the Xllth century. The whole length of
the building, from West to East, is 514 feet ; the nave
is 178 feet long and 71 feet broad, and is divided into a
centre and two aisles by two rows of clustered columns
at the distance of 13 feet from the side walls. At the
extremity of the nave is the first or Western transept,
the length of which, from North to South, is 124 feet,
and breadth 34 feet. Beyond this is the choir, extending
from West to East 151 feet, and in breadth 38 feet ; on
each side of this is an aisle 16 feet broad, and separated
from the choir by a row of plain circular and polygonal
columns intermixed. The choir is intersected by the
Eastern transept, which is 154 feet long from North to
South, and 29 feet wide. Beyond the choir is the
Trinity Chapel, 104 feet long from West to East, 63
feet wide, and of a semicircular form towards the East ;
in the interior of this Chapel is an aisle separated from
the central part by a curvilinear range of plain columns
in couples, at a certain distance from the walls. And,
finally, a circular tower, 32 feet diameter, called Becket's
Crown, opening into the Trinity Chapel, constitutes the
Eastern extremity of the whole building.
At each extremity of the Western facade is a square
tower, of which that on the Northern side is 1 00 feet high,
and the other 130 feet ; the former was, probably, part
of Lanfranc's original structure, but the latter was built
about the year 1450. And over the centre of the West
ern transept is another tower, 235 feet high, which was
erected about the year 1500. The two former towers
are strengthened on each side of the angles by immense
solid buttresses reaching to the top and diminishing up
wards, in projection, by steps at intervals ; and the tower
at the South-Western extremity is crowned by open bat
tlements with an octagonal pinnacle at each angle. The
angles of the central tower are strengthened by slender
buttresses of equal thickness from top to bottom, and are
crowned by pinnacles. On each face of this tower are
fuur large windows in two tiers, of which those in the
lower tier have curved pediments of contrary flexure,
ornamented with crockets and finials. The exterior of
the side walls of the Church are also strengthened by
solid, plain buttresses terminating in ornamented pinna
cles, and between the buttresses are large cuspid win
dows subdivided by vertical and horizontal mullions.
The vaults of the nave and aisles are groined and or
namented with tracery ; but those of the choir and its
aisles are more simple. The capitals of the pillars in
the choir and Trinity Chapel have some resemblance to
those of the Corinthian Order, and consist of two rows
of leaves ; from these capitals spring pointed arches,
over which are triforia, or galleries, with pairs of arches
in front resting on columns ; some of these latter arches
are semicircular, but the generality of them are pointed,
and every two are inscribed within the mouldings of a
third which embraces both. The archivolts of the aisles
of the choir are ornamented with zig-zag mouldings.
According to the Monk Gervase, the old Church,
vol. v.
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before the fire which, in 1174, destroyed the choir, was P«rt III.
covered with a flat painted ceiling, and there was only v"-»v»'
one triforium round the choir ; the same Chronicler adds
that the pillars of the new choir were of the same form
and thickness as those of the old choir, but 12 feet
longer ; (probably their height was then doubled, for they
are now about 24 feet long ;) that the old capitals were
plain, whereas the new ones were delicately carved ; and
that the vaults of the side aisles were formerly hemicylindrical, but subsequently formed with a ridge at the
vertex. The present state of the Eastern end of the
Cathedral corresponds nearly with the account given
by Gervase, in 1180. He says, "There are large wellproportioned columns crowned with elegant capitals.
Upon the abacus rest the bases of slender marble co
lumns which mix their heads with those of other marble
columns supporting the arches of the principal triforium,
and from their united capitals branch out triple clusters
which, at a proper height, form themselves into ribs to
sustain the groining." The arches constituting these
ribs are formed with an acute angle at the vertex, and
those in the upper tier are alternately cuspid and semi
circular, but the lower extremities of the latter are recti
linear and vertical up to a certain height above the
capitals of the columns from whence they rise.
The present choir was built by two Architects of the
name of William ; one of these was a Norman, or Italian,
the other an Englishman, and the latter is described by
Gervase, as parvus quidem corpore, sed in diversis
operibus subtMs valdl etprobus. He is the first English
Architect of whom we have any positive account.
The interior of the nave presents an unbroken sim
plicity, and exhibits the style of the XlVth century
without embellishments. Above the lower arcade is a
course of oblong panels, instead of the triforium, which
is invariably found in all other great Churches ofthe same
Age ; and above these is a tier of windows, the form of
which corresponds with that of the transverse vaults of
the groined ceiling.
The crypt, or substructure, is situated under the
choir and all the Eastern part of the building ; and,
from the ornaments found in the capitals of its pillars,
its construction has been referred to the IXth century.
In the Trinity Chapel, the angles formed at the vertices
of the Gothic arches, by their curved sides, are of dif
ferent degrees of magnitude ; a variety which has evi
dently been caused by the differences existing in the
intercolumniations, the vertices of the arches being all in
one horizontal plane.
On the exterior of the building, at the Eastern end,
are various kinds of arches, serving as ornaments ; some
are plain semicircles ; others are semicircles, or cusps,
intersecting each other ; some, again, are of the lancet
shape, and others form broad windows, the apertures of
which are divided by mullions.
On the Northern side of the nave are the cloisters, a
square enclosure 134 feet long in each direction, with
groined vaults and arcades of pointed arches surround
ing the central area. Between the cloisters and the
choir of the Cathedral is the Chapter-house, a rectangular
building, 92 feet long and 37 feet broad ; and near
this are the Treasury, Audit-room, Library, and Bap
tistery.
We are induced to mention in this place a Church ]fncv
supposed to have been built before the death of Henry II., Chimb,
at IfHey, in Oxfordshire, because it resembles, in some
respects, the Churches built about the same period in
2 Y
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Normandy, and because it may be considered as a
good specimen of the Parish Churches of England, near
the time of the Conquest. (Britton's Architectural
Antiquities, vol. v.) It is of a rectangular form, 112
feet long and 30 feet wide on the exterior, and ha3 no
transept. In the Western front is a semicircular-headed
doorway surrounded by zig-zag ornaments and two
courses of serpents' heads ; and on the exterior of these,
a semicircular course ofvoussoirs sculptured with figures
of birds, beasts, angels, and men : over the door there
has formerly been a circular window, and, above it, is
the gable end of the roof, in which were formerly three
semicircular-headed windows, having the archivolts and
jambs richly ornamented with three courses of zig-zags.
The extrados of the arched tops is ornamented with a
course of serpents' heads, similar to those about the
doorway, and this member rests at each extremity on a
twisted column, in the capital of which are sculptured
centaurs, griffins, and the like.
Over the centre is a square tower, having on each face
two semicircular-headed windows, the archivolts of which
rest on columns.
The faces of the Northern, Southern, and Western
walls have at the top and on each side a broad, plain mar
gin projecting a little before them. The inferior edges of
the horizonal margins are ornamented with a row of
dentels, so that those margins have the appearance of
inverted battlements ; and about the windows in the
tower are similar margins ornamented in the same man
ner. This practice of recessing the faces of the walls
within margins is met with in the Churches of Normandy,
and from them it was, no doubt, copied. In Churches
of later date, small semicircular notches, or nebula, are
cut in place of the rectangular intervals of the dentels.
Salisbury
The present Cathedral at Salisbury presents the most
Cathedral. complete specimen of that kind of Gothic Architecture
which immediately followed the introduction of the
pointed arch ; and, contrary to that which took place in
the other Cathedrals of England, (which were erected in
parts, at long intervals of time, and some of which are
unfinished even at the present day,) this, which was
begun in 1220, was completed, if we except the spire, a
work of much later date, in about 40 years ; so that it
is almost without any mixture of the succeeding styles.
The plan is in the form of a double cross ; the length of
the nave is 276 feet, of the choir 140 feet, and of Our
Lady's Chapel, at the Eastern extremity, 65 feet ; the
general breadth is 76 feet, and the height, from the pave
ment to the top of the vault of the nave, is 84 feet. The
length of the principal transept is 210 feet and its breadth
60 feet. The cloisters adjoining it are 160 feet square,
and there is an octagonal Chapter-house. The outside
walls of the aisles are supported by solid buttresses, and
flying buttresses extend from the tops of these to the
springing of the vault of the nave. The central tower
is 220 feet high, of a square form on the plan, and
crowned by a spire, the apex of which is 1 80 feet abovethe
top of the tower, so that the whole height of the building
and spire is 400 feet. The spire itself is 2 feet thick
at bottom, and diminishes gradually to 7 inches at
the top.
The columns of the nave are 28 feet high, and each
consists of one stout cylinder in the centre, with four
smaller ones attached to it ; two of these are at the ex
tremities of that diameter of the central column which is
parallel to the direction of the building, and the other
two are at the extremities of a diameter at right angles

to this ; by which means, as is observed by Mr. Knight,
the greatest possible space is allowed for communication
and for the passage of light from the side windows. The
five columns, thus forming one cluster, have a common
base and capital, and from the capitals spring the pointed
arches, the radii of the sides of which are equal to threequarters of the spans or intervals between the columns
supporting them ; and the sides themselves seem com
posed of a number of curved reed-mouldings clustered
together. Above the arcade of the nave is a small hori
zontal cornice proceeding through the length of the build
ing, and making a finish for the lower story. Over each
side aisle is asuite oflowgalleries or triforia open towards
the nave, but having no windows towards the exterior.
A vertical stem rises from the capital of each of the
opposite pillars of the nave, crosses the horizontal cor
nice, and proceeds without interruption to the groined
work in the top of the roof. The windows in the walls
of the building are lancet-headed ; those of the lower
tier are placed two together between the buttresses, but
those in the elere-story, or upper part of the walls of the
nave, are divided into three apertures by columns or
nilli—■
In the Lady Chapel the central stems of the clustered
pillars resemble Roman columns, except that they have
no diminution ; they have Attic bases coarsely cut, and
the capitals are similar to those of the ancient antae
pilasters ; the other stems in each cluster are detached
from that of the centre, and have distinct bases and
capitals. The Western end of the Cathedral is covered
with niches and rows of statues ; and this is, probably,
the earliest example of that practice in England.
In the screens which separate the Northern and South
ern ends ofthe smaller transept from the nave, is a pointed
arch springing from the clustered pillars on each side,
and rising as high as the tops of the other side arches ;
and, above this, is an inverted arch descending from the
foot of the ribs of the vault at the top of the triforium, on
each side, and having its lowest point coincident with
the crown of the arch before mentioned ; this feature
occurs in the Cathedral at Wells, and in several other
Cathedrals of this Country.
The Southern face of the transept contains, in the
gable, a circular, or, as it is called, a Catharine-wheel
window ; and below it is a row of narrow windows of
the lancet form. The central tower has two windows in
each face ornamented with curved pediments and crock
ets, and it is crowned by battlements, but is without pin
nacles. In the gable of the Northern transept is a row
of pointed arches placed on small attached columns as
ornaments against the face of the wall ; and the heights
of the arches decrease from the middle one outwards, in
order to suit the inclining sides of the roof.
In this Cathedral are some ornaments which resemble
those of the Norman Architecture ; many of the interior
arches are sculptured with a zig-zag, and the same
moulding appears round the arches and windows of the
West front.
The Baptistery is an octangular building on the North
ern side of the Church, with broad and cusp-headed win
dows, having three circular ornaments within the arch;
there are buttresses at the angles terminating in pin
nacles ; and the whole building is covered with a high
pyramidal
roof. at York is remarkable for the siropli- VorkCl*
The Cathedral
city of its plan, which is in the form ofa Latin cross, the
arms of which are all rectangular, and the transept is in
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icVitec tne m'^le of the length of the building. The whole
toe. " length is 46b feet from East to West, and its breadth
. from the Northern to the Southern face of the transept
is 222 feet ; the breadth of the nave is 103 feet, and of
the transept 94 feet ; and the body of the Church and
the transept are divided into a centre and aisles by clus
tered columns, 20 feet and 18 feet from the walls, re
spectively. In the intersection of the arms of the cross
■re four large clustered columns supporting the central
tower, which is 182 feet high; and between the two
Eastern columns is the screen separating the transept
from the choir; the latter is 150 feet long, and beyond
it all the Eastern part of the building is occupied by
the Chapel of the Virgin. A perspective view of this
building from the North-West is given in pi. xvi.
This edifice, like the generality of our Cathedrals,
has been executed at different times. The most ancient
part is the crypt under the choir, and this is supposed
to have been built with the Norman Church in 1171 ;
it consists of a groined work supported on four walls
and on six insulated columns, each 5 feet 6 inches high
and 1 foot 5 inches diameter, and some of the arches
composing it are ornamented with the Norman zig-zag.
The capitals, which are octangular, are sculptured, and
the bases resemble the Attic kind, except in one instance,
where a reversed capital is substituted for a base ; from
which there is reason to conclude that some part of the
crypt has been formed of materials belonging to a more
ancient edifice. The Southern wing of the transept was
raised between 1216 and 1255, and the Northern wing
was begun in 1260 ; the construction of the Western
part's of the fabric probably extended from the begin
ning of the XlVth to the middle of the XVth century.
The arches of the nave are pointed, and the curved
sides are cut in reed-mouldings ; above their vertices
is a horizontal string extending along the building, and
over it comes the upper tier of windows. There are
no galleries over the aisles of the nave. The arcades
of the transept are sculptured with a double zig-zag,
or dog's-tooth ornament on the mouldings, and the
clustered columns have small capitals sculptured to
represent foliage. Above these arcades are two tiers
of trifbria, or open galleries. The groined roof of the
building is adorned with intersecting ribs of tracerywork, executed in modern times, but, probably, in imi
tation of the ancient forms.
At the extremities of the Western facade are two
square towers with buttresses on each side of the angles,
ornamented with trefoil and cinquefoil-headed arches,
over which are pediments. The doorways and windows
have cusp heads with reed-mouldings ; the part of the
windows within the arch is either pierced by three open
quatrefoils, or is occupied by the branching mullions,
and the extrados is crowned with rectilinear or curved
pediments, which are ornamented with crockets and
finials. The walls of the towers terminate in a range
of battlements, and over each angle is a crocketed pin
nacle. The side walls of the aisles are supported by
plain buttresses terminating in pinnacles, and the walls
over the arcades of the nave are strengthened by but
tresses more slender than the former. A horizontal
line of battlements is placed along the top of the facade
and of the side walls of the building; and the inclining
sides of the gable are ornamented in the same manner.
The great Western window is divided into eight parts by
vertical mullions ; the arched sides of the head form an
acute angle with each other, and the part within the
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inlrados is enriched with open-work in the forms of Part III.
leaves. See pi. xix. fig. 2.
^—~v-"The original Cathedral, at Lincoln, was built in 1092, Lincoln
by Remigius, the first Bishop appointed to an English See Cathedral,
by William the Conqueror, but of this building nothing
remains except part of the Western front and towers.
The front seems to have been divided into five recesses
covered by semicircular arches ; over these there seems
to have been a tier of small columns bearing intersect
ing arches, and the facade was terminated above by
three gables. The original towers at the Western front
were ornamented with three tiers of semicircular arches
on each face; these still exist, but, at a later period,
the towers were increased to their present height. The
building having been injured by an earthquake in 1185,
it was subsequently rebuilt, and the work was carried
on at various times till the close of the XlVth century.
The plan of this Cathedral is a double cross, like that
of Canterbury, but the Eastern as well as the Western
front is rectilinear. The whole length is 470 feet from
East to West, and the length of the Western or greatest,
transept from North to South is 220 feet. The length
of the nave is 240 feet, its breadth 80 feet ; and this
part of the Church is divided longitudinally into a centre
and aisles by two rows of clustered pillars at 15 feet
from the walls. The breadth of the Western transept
is 63 feet ; this is divided into two parts by a row of
columns at 23 feet from the Eastern wall, and the space
between the columns and that wall is occupied by six
chantries founded by different persons. The central
tower stands over four large clustered columns in the
middle of the Western part of this transept ; the screen
of the choir is between the two Eastern columns, and
the whole length of the choir from this to the altarscreen is 140 feet ; on each side of the choir is an aisle
18 feet wide ; and beyond the altar-screen is the Pres
bytery occupying all the rest of the Church. The East
ern transept crosses the body of the Church between the
choir and the altar; and it is 22 feet wide, exclusive of
four semicircular recesses or Chapels, which occupy all
its Eastern side.
The Western front extends North and South beyond
the side walls of the building, and is terminated by
two octagonal towers which are crowned by small
spires. In the centre of the facade are three recesses,
of which the middle one is headed by a pointed arch,
the vertex of which is above 80 feet from the ground;
the two others belonged to the original structure, and
are covered by semicircular arches. In each of the
three is a portal covered by a flat, elliptical arch with
Norman ornaments, and, above them, is a large pointed
window of more recent construction. The whole facade,
including the flanking towers, is ornamented with tiers
of lancet-headed arches on slender pillars, and a hori
zontal entablature crowns the whole ; the execution of
these ornaments is referred to the early part of the
XHIth century.
The lower parts of the Western towers are in the
Norman style, and are ornamented in the following
manner. In that part of each which is above the walls
of the Church, are three tiers of recesses with semicir
cular heads resting on small columns ; below these, on
the Northern front, is a gable, in which are also three
tiers of small semicircular-headed recesses with small
columns in the Pisan style, and in two of the tiers the
arches intersect each other. Similar courses of orna
mental arches are placed in the gable of the Western
2v2
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Archiiec- extremity of the Cathedral, and the tipper part of the
ture.
gable is covered with trellis-work. The upper parts of
^—v~~-' the Western towers are of the XVth century ; in each
of the laces are two windows ornamented with crockets,
and there is a pinnacle at eaeh angle. The central
tower is similar to these, but more enriched ; its height
is 262 feet.
Above the vaulting of the nave, and within that part of
the roof which is between the Western towers, is a stone
arch, the chord or span of which is 28 feet, and its versed
sine, or rise, but 16 inches: the voussoirs are about 20
inches long, and without any appearance of being tenonted together ; this arch is remarkable for being the
most slender in the world, in proportion to its span.
The side walls of the aisles are strengthened by but
tresses with ornamented pediment heads, and arched
buttresses extend over the roof of the aisles from the
upper parts of these to the upper parts of the side walls
of the nave. The Eastern side of the Western transept is
supported by plain buttresses, with flying buttresses over
the aisle ; and, in this transept, the windows are of the
lancet form. In the Northern and Southern faces of the
same transept are large circular windows filled with
looped tracery. The whole building is covered by a
lofty roof forming a ridge over each arm of the double
cross.
The pillars of the nave have capitals sculptured with
foliage, from which spring the pointed arches ; and these
consist of arcs of circles, of about seventy-five degrees
each, the extrados moulding of which rests upon a head
projecting from the wall, above the capital of the pillar.
A slender pillar resting upon an ornamented corbel in
the wall, above the capital, is carried up to the spring
ing of the ribs which adorn the vault in the nave. A
horizontal string proceeds, longitudinally, through the
nave, above the crowns of the lower arches, and over
this is the arcade of the triforium, or gallery, above the
aisle ; this consists of lancet-headed arches, in tripli
cate, resting on small pillars, and crowned by one ob
tusely-pointed arch embracing every three. Above
these is another horizontal string; and, lastly, over this,
and within the lateral vaults of the groins, are the clere
story windows, consisting of triple lancet-headed aper
tures. The dog's-tooth ornament occurs along the
mouldings of these arches, and in those of the transept.
A longitudinal section of the nave of this Cathedral is
given in pi. xviii.
The four great clusters supporting the central tower
are each composed of twenty-four attached columns of
various diameters ; the arches they sustain have a great
appearance of lightness from the delicacy of their
mouldings, and from their spandrils being decorated
with trellis-work.
The Temple The Temple Church, in London, may be mentioned
Church.
in this place, because it is, probably, one of the first
edifices, in England, in which the pointed arch was
introduced. It consists of two parts; vis. a rectangu
lar nave 82 feet long, and 58 feet wide, and a circular
building 58 feet diameter, at the Western end of the
former: this is supposed to have been erected by the
Knights Templars in 1185, and the rectangular part
may have been added in 1240, when the Church is said
to have been rebuilt.
Within the circular building are disposed six clus
tered columns, at intervals upon the circumference of a
circle concentric with the walls of the building, and 29
feet diameter; the tops of these are connected by

pointed arches of contrary flexure, over which is raised Part IU,
a cylindrical tower 44 leet from the pavement, with
semicircular-headed windows. The circular aisle on the
exterior of the columns is covered by an equilateral
groined vault, and in the walls are single lancet-headed
windows. The foot of the circular wall, in the interior,
is ornamented with a continuous row of lancet-headed
arches on short columns, and the interior of the tower,
above the roof of the aisles, is ornamented with a simi
lar row of intersecting semicircular arches.
The walls of the rectangular building are strength
ened by plain buttresses, and the whole interval be
tween them is occupied by a triple lancet-headed
window, of which the central aperture is much higher
than the others, and all three are circumscribed within
a broad pointed arch. The interior is divided into a
central and two side aisles, all of equal height; vit, 37
feet, by two rows of clustered columns supporting equi
lateral pointed arches ; the vaulting is groined, and the
three divisions are covered by separate roofs.
A small Church is said, chiefly on the authority of the w^1«r-3»
Monk Sulcardus, to have been built on the site of the ^'
present Abbey of Westminster, about the year 604, by Sebert, King of the West Saxons. It was reconstructed on
a more magnificent scale by Edward the Confessor, pro
bably about 1050 ; but all that part of it which extends
from the Eastern extremity to the entrance of the nave,
was rebuilt in its present state by Henry III., who laid
the first stone of the present Abbey in 1220 ; the central
tower was rebuilt in 1245 ; and, in 1269, the Eastern end,
with most of the transept and choir, was completed and
dedicated. The nave was carried on slowly afterwards,
and it was not till 1498 that the circular windows were
formed, and the Western front erected ; the towers were
not entirely completed till the time of Sir Christopher
Wren, who finished them as they now are. The Chapel
at the Eastern end, which was built by Henry VII. to
contain the tomb of himself and his Queen, was finished
about 1512.
The general plan is that of a Latin cross, of which
the nave is 234 feet long from West to East, and 90
feet wide ; the transept is 225 feet long from North to
South, and 100 feet wide from East to West. Beyond
the transept towards the East are five Chapels, which
occupy an extent, from West to East, of 196 feet. That
of Henry VII. is at the Eastern extremity, and ter
minates in a semicircle, and there are two others on
each side between this and the transept. The cloisters
are of a rectangular form, 154 feet long from West to
East, and 142 feet from North to South ; and consist of
an arcade enclosing an open court in the angle between
the Southern wing of the transept and the side wall of
the nave. And at the South-Eastern angle of the same
transept is the Chapter-house, an octagonal building 74
feet diameter.
The nave and transept are divided as usual by rows
of clustered columns, and the choir is in the central
division of the nave, near its intersection with that of
the transept.
TheWestern front is divided into three parts vertically;
in the central division is the entrance, which is splayed
and vaulted in the pointed form within the thickness of
the wall ; and above this is a great window divided by
six vertical and four horizontal mullions. A gable, in
which is a small triangular window, crowns this part of
the front ; but both the gable and the great Western win
dow are of later date than the rest of the nave. On

ARCHITECTURE.
litee- each side of the central division is a tower 225 feet
■* high, standing on a square base, and divided into four
r
parts or stories, containing windows with pointed-archheads, and terminating at top in a crocketed pinnacle
at each angle. The faces of the towers are divided ver
tically into three, parts, of which the exterior ones pro
ject beyond that in the middle, and are ornamented
with rows of panels. These faces are the work of Sir
Christopher Wren, and the style in which they are exe
cuted, is much too simple for the rest of the building.
The buttresses on each side of the central division of
the facade are adorned with niches and canopies.
Along the Northern side of the nave is a row of gra
duated buttresses connected with the walls of the aisle
and nave by arched ribs ; between these buttresses is a
tier of tall pointed windows divided into two parts by
mill linns, and over them is a row of triangular windows
with three cinquefoil apertures in each. Above these
are the clerestorial windows of the nave, which are
similar to those of the lower tier; and the walls both of
the nave and aisles are crowned by battlements.
The Northern front of the transept is a rich specimen
of the pointed style of Gothic Architecture, and is divided
horizontally, between the flanking buttresses, into four
stages. In the lower are three entrance doorways, of
which the middle one is higher than the others, and
each is covered by a pointed arch, the sides of which are
formed upon those of an equilateral triangle ; over the
side-doorways is a row of cinquefoil-hcaded panelling;
and a horizontal row of pierced cinquefoil apertures at
the level of the top of the central doorway terminates
this division above. In the next division are four deep
recesses covered by obtuse, cuspid arches ; above them
ts a tier of small, cuspid arches springing from pillars,
and, over this, is a perforated battlement. The third
division contains a great circular window, divided into
sixteen parts by radiating mullions, and the spandrils
of the window are filled with roses and trefoil-headed
leaves. The last division is crowned by the gable or
pediment of the roof, and contains three pointed arches
resting on pillars, and enclosed within the mouldings
of one large arch of the same kind. The height of
this front from the pavement to the apex of the pedi
ment is 140 feet. The buttresses at the angles of the
upper part of the transept are richly ornamented, and
terminate in octangular pinnacles ; curved ribs extend
from these buttresses to those which are attached to the
side walls of the transept, and the latter terminate in
the same manner.
The Architecture of the exterior of the Eastern Cha
pels is similar to that of the nave ; but Henry the
Vllth's Chapel is much more enriched.
The pillars of the nave consist, each, of eight slender
shafts surrounding a circular column ; in those which
are of the more ancient workmanship, that is, of the
time of Edward I., the shafts are completely detached,
but the bases and capitals are united ; the latter are
circular, and the pedestals form an entire mass: the
more modern columns are surrounded by two fillets
dividing them into three parts horizontally, and the
small shafts have octagonal capitals and plinths. From
the capitals of the columns spring the side arches of the
nave, the radii of curvature in which are greater than
the intervals of the pillars. The mouldings of the curved
sides of the arches are deeply cut, and above the extrutlos is a concentric rib, or label, as it is called, which
springs from a corbel head on each side. Above this

arcade is a horizontal string separating it from the ar- Part III.
cade of the triforia ; this consists of a row of double v—-v—s
trefoil-headed arches springing from small columns,
and each pair inscribed in a simple pointed arch. From
the capitals of the lower range of columns rise slender
triple shafts, and from these spring the ribs of the
groined work, formed by the intersections of equilateral
ridged vaulting over the nave. The crown of this
vaulting is 100 feet high from the pavement, and that
of the side aisles is 47 feet.
The edifice built by Henry VII. is divided into a
nave and two side aisles, and at the semicircular ex
tremity are five small Chapels ; it is Furrounded at
intervals by octagonal buttresses, 64 feet high from the
pavement, ornamented with several courses of panels,
niches, and tabernacle-work, and crowned by enriched
pear-shaped pinnacles. The whole space between every
two buttresses is occupied by windows from top to
bottom ; those along the sides are broken into three
faces, and the others into six. The roof of the aisles is
25 feet from the pavement, and consists of a groined
vaulting, having the spandrils rounded in a convex
form, and ornamented with fanwork panelling ; and
from the vertices of the groining descend pendent
spandrils, or masses of stone of a conical form with the
points downward, ornamented in a similar manner.
The vaulting of the nave is 63 feet 7 inches from the
pavement, and its groins are enriched with fanwork and
a triple row of pendents. The octangular buttresses of
the nave are 96 feet high, ornamented like those of the
aisles, and arched or flying buttresses extend from them
to the latter over the roof of the aisles ; these are
pierced with beautiful quatrefoil and sixfoil apertures
inscribed in circles, and the extradosses are ornamented
with sculptured lions, dragons, and greyhounds. The
walls of the nave, which contain great pointed archheaded windows, are crowned by a band of panels
and a perforated parapet. A plan, transverse section,
and elevation of the Eastern extremity of this Chapel,
are given in pi. xx. The whole of the exterior has been
restored, with great delicacy of execution and strict
attention to the original style, within the last few
years.
The Chapter-house, at Westminster, which was built
by Henry III., is of an octagonal form, and the walls
are strengthened by projecting buttresses. The en
trance from the cloisters is under two obtusely-pointed
arches resting on a pier in the middle, and circum
scribed by one large pointed arch which springs from
three columns on either side. The inner mouldings of
the small arches are sculptured, from the ground to the
vertex, with branches and foliage, and over the extrados
is a weather moulding springing from corbel heads.
Two splendid Chapels, the one at Cambridge, and King's
the other at Windsor, may terminate this account of the College
ancient Ecclesiastical edifices of England ; since their £
completion took place in the latest period of Gothic
Architecture. King's College Chapel, at Cambridge,
was begun by Henry VI. about the year 1443, and is
one of the most magnificent examples of scientific con
struction, as well as of Architectural beauty, in the
Kingdom. The plan is a simple rectangle, and at the
exterior angles of the fabric are four octagonal towers,
with perforated ornaments, terminating in pear-shaped
pinnacles crowned with finials. There is no divi
sion in the interior, and the vaulting, which was exe
cuted in the time of Henry VIII., is of stone, orna-
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Architec- merited with fan-tracery. The entrances at the Northern
ture. and Southern extremities are covered by low arches,
obtusely pointed at the vertex, the ribs of which are sculp
tured with deep mouldings; and on each side of the aper
ture is a small pillar, from the capital of which springs
an elegant canopy, the sides of which are in the form
of curves of contrary flexure, meeting in a point at the
vertex ; these are ornamented with crockets, and end,
at top, in a rich finial. The windows are broad, with
low pointed arch heads, and, with the exception of that
at the Western end, are filled with painted glass, which
produces a soft and pleasing light in the interior of the
building;.
Chapel at
St. George's Chapel, at Windsor, is another example
Windsor. of this highly enriched style of Architecture, and was
finished about the tenth year of Henry VIII. Its plan
is in the form of a cross, the transept projecting but
little beyond the side walls, and ending, at both extre
mities, in five sides of an octagon. The nave is divided
into a centre and two aisles as usual, and the arches
are of the low pointed form : bell-shaped spandrils rise
from the pillars on each side of the central division, and
are covered with fan-tracery up to the vault, the middle
part of which is ornamented with curious panelling
and pendent spandrils. The walls of the aisles and
nave are finished, above, with perforated parapets.
Ecclesiasti
The best remaining specimens of Gothic Churches
cal build in Scotland are, the Cathedral of Glasgow, Melrose
ings in
Scotland. Abbey, Roslin Chapel, and the Chapel of Holyrood.
The first two were, probably, erected in the Xllth
Cathedral of century, and the last two in the XVth. The CatheGlasgow. dral of Glasgow consists of a rectangular body 319
feet long, 63 feet broad, and 83 feet high, with one
wing only of a transept ; about the centre of the build
ing is a square tower supported by four pillars, and,
above it, an octangular spire, the height of which from the
pavement is 225 feet. At the Western end of the building
is another square tower, the pavemeut of which is sup
ported on groined arches, and has a circular opening in
the middle to receive a flight of steps.
Melrose
Melrose Abbey, which is said to have been founded
Abbey.
by King David, in 1136, has the figure of a cross on
the plan ; it is 258 feet long, and 137 feet broad, and
was crowned by a tower ove'r the centre. The vaults
of the roof are groined, and the ribs intersect each
other, so as to produce an elegant tracery on the inte
rior surface ; and, besides solid buttresses at the angles
of the building, the side walls are strengthened by
flying buttresses of light construction. The windows are
of the highly-pointed form, and the principal of them
are divided by four vertical niullions; the extradosses
of the ribs are ornamented with crocketed pediments of
contrary flexure meeting in a point at the top, and the
walls and buttresses have been adorned with taber
nacle-work of a simple and elegant kind. This in
teresting edifice is now lying in ruins.
The Chapels of Roslin and Holyrood are also in
Chapels of
Roslin and ruin3 ; the latter, which was founded about 1440, had
Holyrood. its walls strengthened by elegant, flying buttresses, and
ornamented with tiers of small, pointed arches resting
on slender pillars. The principal windows were divided
into two apertures by pillars; those apertures were
headed with pointed arches, one arch of a similar form
enclosed both, and in the spandril between them were
quatref'oil ornaments. Roslin Chapel must have been
a beautiful specimen of Gothic Architecture on a small
scale ; its length is 69 feet, and breadth 34 feet. The

roof was supported by arcades springing from two rows Pm
of clustered columns, and the vault over the centre divi
sion was sculptured with great taste and elegance.
We have already (chap, ii.) mentioned the buildings
which usually accompany the Gothic Cathedrals ; viz.
the Baptistery, the Cloisters, &c, but we think it worth
while to give here a general description of the Chapter
house, because some of these edifices are remarkable
for elegance of design and richness of embellishment.
Hie Chapter-houses seem, originally, to have been Ckapteof a rectangular form, like those of Durham, Gloucester, houK!.
and Peterborough, all of which were built in the Xllth
century. Subsequently, their plan was polygonal, and
of this kind it is probable that the first was the Chapter
house at Lincoln, which was completed in the year
1200; afterwards, were built those of Salisbury, Wor
cester, York, and Litchfield, which, with many others,
were imitations, as is supposed by Mr. Essex, (Archaologia, vol. vi. p. 170.) of the circular Churches of the
Knights Templars erected at the close of the XLIth
century; and these were, as probably, imitations of that
erected over the Holy Sepulchre at Jerusalem.
The Chapter-house at Lincoln is a regular decagon,
60 feet diameter in the interior, and 42 feet high, with a
clustered pillar in the centre composed of ten fluted
columns of Purbeck marble, surrounding a stone pier,
and standing on one pedestal. The capitals of these
columns are elegantly sculptured, and, from above,
spring twenty ribs which meet as many coming from
the rentrant angles of the building; the intersections
on the ceiling are connected by a similar rib, which
forms a decagon about the central column, and the ribs
from the angles are supported by clustered columns
which rest on highly ornamented brackets. It is
covered by a lofty pyramidal roof; each angle is
strengthened on the exterior by a buttress terminating
in a pinnacle, and ornamented with small pediments
and crockets ; arched buttresses extend from these to
as many plain massive piers at a considerable distance
from the walls.
We conclude with an account of the monumental
crosses of our ancestors, which are to be considered as
connected with the subjects contained in the present
Chapter, and, therefore, the description may with pro
priety be introduced here.
From an early time the practice seems to have been Croa0,
general of erecting Crosses in public places to com
memorate remarkable circumstances, and particularly
to mark the graves of persons deceased. But those
which are deserving of notice as Architectural objects,
are a sort of monumental edifices erected in places
wherein the body of a deceased Prince has rested for a
time, in its passage to the place of interment ; and some
of these still remain as testimonials of the grief and
piety of the surviving relatives. In 1285, Philip III.
of France caused several to be erected between St.
Denys and Paris, on the occasion of conveying the
remains of his father, St. Louis, to interment ; but they
are all destroyed. In 1296, when Eleanor, the Queen
of Edward I., died, her body was brought to London,
and at the place wherein it rested each night during the
journey, the King caused a building to be erected to
her memory ; of these, only three now remain ; viz.
those at Geddington, Northampton, and Walthara,
which are in an imperfect condition, though still exhi
biting great beauty in the design and taste in the exe
cution.
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Each building- is octangular on the plan, and stands
tare. on a platform elevated a few feet above the ground, from
■v»/ which there is an ascent by a flight of steps on each
side ; the whole is divided into several stages by hori
zontal mouldings, each part less in breadth than the one
below it, and the upper one is a pinnacle surmounted by
a cross, from which this kind of monument look its name.
These edifices, which from their gradual diminution up
wards produce a graceful effect, are adorned with niches
and canopies richly sculptured, and containing statues
of the Queen ; and from them the ornamented taberna
cle-work employed about sepulchral chapels, shrines,
and the like, is supposed to have had its origin. Crosses
afterward became common, and were erected in many
markets and other public places about the Country,
where they served occasionally as pulpits from whence
the Clergy preached to the people assembled about them
in the open air.

CHAPTER IV.
and Palatial Architecture of England
the Middle Ages.
r state of

The domestic Architecture of Europe must have been
in a very low state from the first establishment of the
Gothic Monarchies on the ruins of the Roman Empire,
to the extinction of the Feodal system about the time of
Charles V. The residences of the Princes and Prelates
during- those turbulent times were Castles ; that is to
say, edifices fortified to resist a siege ; the houses of the
inferior gentry were mostly of timber, till about the
time of Henry VII., when brick came into use in Eng
land. In cities, also, the houses of the merchants and
traders seem to have been of wood and covered with
thatch.
tnl de- In our Miscellaneous Division we have already given
itiun of some account of Castles. They were generally con
utel- structed of stone ; a ditch surrounded the whole ; within
L.- this was a wall having towers at intervals, which,
besides the purposes of defence, served to lodge some of
the officers attached to the service of the proprietor, and
occasionally they were capacious enough to serve for
the ordinary dwelling of the proprietor himself and his
family. In some part of this wall was the gate forming
the principal entrance, which was flanked by a tower on
each side, and within it was the Chapel and the stateapartments, besides dwellings for servants or retainers,
and rooms for stores : in some part of the interior,
generally on an eminence, was a second Castle, called
the Keep, to which the proprietor retired in case of
siege.
There seem to have been but few Castles in Eng
land before the Norman Conquest, and that circumstance
is supposed to have facilitated the subjugation of the
Country ; but in the reign of King Stephen a great
number were constructed. The style of building in these
edifices seems to have been the same as that which preall over Europe during what are called the Middle
The exterior gateway was covered by a semicircular
quite plain, because in such a situation any ornat would have been entirely misplaced ; but those
within the defences, which consequently might without
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impropriety receive a certain degree of embellishment, Part IIL
were made to correspond in form and ornament with
the doorways of Ecclesiastical buildings of the same
Age. Within the gateway was a narrow vertical chan
nel cut in the wall on each side, in which the portcullis
was drawn up or let down.
The principal apartment of a Castle was the Great
Hall, wherein the proprietor entertained his friends and
vassals on particular occasions ; this room, which was
rendered a little ornamental, had one part of the floor (the
dais) raised above the rest, and in this part the principal
guests were seated. The Chapel was constructed like
other Ecclesiastical edifices, and the kitchen was gene
rally a spacious building, but the ordinary rooms seem
to have been small aud unadorned.
The Keep, of Rochester Castle, which was a general The Keep of
place of residence for the proprietor, and the walls of Rochester
which still remain, will give some idea of the interior of Castle,
such buildings. The plan of the Keep is a square 80
feet long in each direction, with a projection on one
side 40 feet long and 20 feet from the wall, serving as
a vestibule : the whole height of the Keep is 104 feet,
and it is divided into four stories or tiers of apartments.
The walls are 14 feet thick, and in them are galleries 5
feet wide, covered by vaulted roofs and surrounding the
building on the three upper stories. At each angle of
the building is formed a square tower, the faces of which
project a little from the general faces of the wall ; and in
two of them are winding-staircases leading from the
floor next above the ground quite to the top of the
Keep. The gallery was lighted towards the exterior by
loop-holes cut through the wall, and semicircularheaded apertures towards the interior communicated
with the apartments. The interior of the building was
divided into two equal parts by a screen-wall extending
across it from bottom to top, in which were two door
ways of communication, one on each side of the centre,
except on the third story from the bottom, where the
screen was cut away to form four semicircular-headed
apertures. The archivolts of these, spring from massive
cylindrical pillars, and are ornamented with the Norman
zig-zig, and the intrados of each is cut in a serrated
form ; the interval between every two pillars is occupied
by a wall reaching not quite so high as the capitals, and
the space between the top of this wall and the soffit of
the arch is open. A door of communication is made
between two of the columns, and consists of a semicir
cular arch, the vertex of which is about as high as the top
of the wall between the great columns ; this arch rests
upon two short columns, and the part between the extrados of this arch and the intrados of the great one is
also open. In the middle of the great screen, and ex
tending from the top to a well under the bottom, is a
hollow cylinder formed in the wall, by which water
was raised to the several stories of apartments, where it
was received through apertures made in the wall on
each floor.
In the interior faces of those two walls of the Keep
which are opposite the screen-wall, a chimney is formed
on each floor ; this is a cylindrical recess terminated
above by a semicircular arch resting on two dwarf pil
lars, and on each side is another pillar supporting a
sort of cornice above the crown of the aperture, A fun
nel left in the wall suffered the smoke to escape from
the upper part of the recess to the exterior of the walls
of the Keep. The towers at the angles stand 14 feet
above what was the ceiling of the upper story, or general
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Archilec- roof of the building, and between them is a parapet
ture. wall crowned with battlements. The approach to the
»—>v— vestibule was by a flight of steps extending as high as
the first floor above the ground, at the top of which was
a drawbridge in front of the entrance. The doorway
between the vestibule and the body of the Keep was
closed by a portcullis, and one of the winding-staircases
was in the adjoining tower. The floors of the rooms
are entirely destroyed, but the rows of notches in the
walls for the lodgements of the great beams are very
visible.
The Castle is said to have existed in the year 765, but
the present Keep was built by Bishop Gundolph, at the
end of the Xlth century, of Kentish rag-stone, except
the angles and the window-frames, which were of a sort
of stone brought from Caen, in Normandy.
Castles of
The Castles of Caernarvon
by
. — andorConway
—j were; built
— the
~j
aprnarvon £,jwar(] j (0 serve as Palaces
Fortresses
and
anil Con- ,
...
,. .,
. !
beauty of the scenery surrounding them must have ren
way.
dered a residence there as agreeable as was compatible
with the restraints which a building enclosed by guarded
walls must necessarily have imposed on its occupiers.
Conway Castle is in the form of an irregular pentagon,
and one side joins the Keep, which is square on the
plan : at every angle both of the Castle audits Keep, is a
strong round tower, and the approaches are protected
by outworks. The Royal apartments were on one side
facing the river, and at the foot of the wall is a terrace
supported by a part of the rock which here rises abruptly
from the shore. The style of this front is stated by Mr.
Mitford to resemble a house which Palladio might have
built, rather than what we consider as peculiar to a
Gothic edifice. From the face of this wall projects an
oriel or bowed-window of elegant workmanship, and
the interior of the apartments appropriated to the Royal
residence is executed in the style of the Ecclesiastical
edifices of that day.
Under the Edwards, the English Nobility seem to
have partly abandoned the Castles of their ancestors,
and to have adopted the Palatial form for their dwell ing-houses. The remains of the more ancient struc
tures of this kind are, however, few, and the precise age
of any of them is uncertain ; and they have suffered so
many alterations that it becomes impossible to com
municate a satisfactory description of them. We per
ceive that they contained a number of rooms distributed
without regularity, and the general appearance was
similar to that of the Castles ; though the turrets, bat
tlements, and other features were such as could only
serve as ornaments.
From the time of Edward I. to that of Henry VII.,
observes Mr. Strutt, the common houses were built of
wood ; there was a porch before the principal entrance,
and within was a great hall, with large parlours adjoin
ing : the framework consisted of beams of timber of
enormous size. In cities and towns, each story pro
jected over the next below, and the roof was covered
with tiles, shingles, slates, or lead. But the perishable
nature of the materials has necessarily long since
brought them to ruin.
Westmin
Westminister Hall is a remnant of the most ancient
ster Hall. Palatial edifice in England, having been originally, per
haps, part of the Palace of Edward the Confessor ; it
was probably rebuilt or repaired by William Rufus, who
is said by Matthew Paris to have had his first Court in
his new Hall at Westminster after his return from Nor
mandy. By the same author he is said to have ex

pressed an intention of building a new Palace ; but it
does not appear to have been executed till the reign of
King Stephen, and then only in part The Palace
erected by this Prince was burnt down in the reign of
Henry VIII. The lower parts of the present side walls
are remains of the Hall of Rufus ; but all above
is the work of Richard II., who rebuilt the Hall in
1399.
The plan of the Hall is a rectangular parallelogram,
97 feet 8 inches wide from East to West, and 23S feet
8 inches long. The Northern or principal front is broken
vertically into three parts, of which that in the centre is
47 feet wide ; in this is the doorway with a great win
dow above, and it is crowned by a high gable pediment,
the vertex of which is 92 feet from the pavement; the
sides of the pediment are ornamented with crockets, and
at the apex is a small tabernacle on a polygonal base, and
crowned by a pinnacle. The division on each side of
the centre is a square tower, 72 feet high, crowned by
battlements. The entrance porch is formed in the
thickness of the wall ; its sides, which are splayed out
ward, are ornamented with slender columns, and from
those at the angles spring the ribs of an elegant groinwork which covers the vault of the porch. The front of
the porch is covered by an obtusely-pointed arch rising
from clustered columns ; this arch is circumscribed by a
rectangular frame, and each spandril is ornamented
with a shield formed in a quatrefoil ornament. All the
lower part of the facade is ornamented by a tier of
niches intended to contain statues, and each is covered
by a projecting canopy. In the second story of each
tower are also two niches with canopies, and between
the niches a low pointed arch divided into four aper
tures by a vertical and transverse mullion.
The present interior facing of the sidu walls was exe
cuted under the direction of Mr. Kent; this is orna
mented with rows of piers, from the capital of each of
which springs an arched rib of timber, meeting a hori
zontal piece of the same material projecting from the
top of the wall, and terminating in the figure of an
angel also in a horizontal position ; from the extremity
of this arched rib springs another which meets the cor
responding rib from the opposite side of the Hall in a
point over the middle. Above the vertex of the timber
arch thus formed is a horizontal collar-beam which
meets the rafters of the roof, and over its middle point
is a king-post reaching to the vertex. Between these
ribs and the wall and roof of the building is another
rib, which extends in one continuous curve from the
capital of each pier to the apex of the arch under the
collar-beam; and in the open spandrils of the several
ribs are rows of vertical pillars with cusp heads in wood
work over their intervals. The thrust of the roof is
counteracted by flying buttresses. Mr. Pugin supposes
that the roof was originally supported by rows of
columns, for, he observes, it is nat likely thai the Archi
tects of that day would form one capable of coveriugso
great a span without such support.
The great Northern window of the Hall was built in
1380 ; it is 30 feet wide and 48 feet high, in the form
of a pointed arch springing from the vertical sides ot
the window at 27 feet 9 inches from the sill ; conse
quently the radius of each curved side is equal to 21
feet 3 inches, or to about two-thirds of the span. The
window is divided into three parts by two vertical m«llions, and each part into three others by two of smaller
; all the mullions reach to the top of the arch, one
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Itec- great transom crosses them at right angles, and a branch
•e- from each principal mullion makes, by uniting with the
curved side of the head of the window, a pointed arch
over the right and left compartments. The tops of the
apertures between the mullions are covered with trefoil
cusps.
At the Southern extremity of the Hall is a large window
similar to that over the doorway of the Northern front.
The whole of the latter has been recently restored, nearly
in conformity with the original work executed in the
time of Richard II., but the forms of the crockets
and fiuials do not seem to coincide accurately with
those exhibited in Hollar's view of this edifice. The
rancre of niches extending from each side of the entrance
along the fronts of the towers, together with the deco
rative panelling overspreading the whole to the height
of the cornice, confer an air of superior grandeur on
the facade.
ton
In the reign of Henry VIII. the residences of the
Nobility had not entirely lost the military character
which formerly prevailed in the Country, and the edifice
erected, partly by Cardinal Wolscy, at Hampton Court
is the best specimen remaining of the style of building
in his day. This, which afterwards became a Royal re
sidence, was begun in 1514, and in the time of the
above-mentioned Monarch it is said to have had five
spacious courts ; it now, however, consists of three com
plete quadrangles only, besides the buildings used as
offices. In the centre of the entrance-front is a square
tower, flanked by an octagonal turret at each angle
higher than the rest of the building ; through this
tower is a grand gateway formed by an obtusely-pointed
arch, over which, both on the front and rear faces, is a
rich oriel ; the wall is crowned by a battlement of open
work, and each of the turrets terminates in an octagonal
pinnacle, the faces of which are curves of contrary flexure.
On the right and left of the tower the buildings in this
front have been partly modernized, but at each extre
mity is one of the old gables, the sloping sides of which
are ornamented with griffins ; from these extremities the
wings project towards the front at right angles to the
body of the building, so that the whole forms three sides
of a parallelogram.
The first quadrangle, which is entered by the gate
way above-mentioned, consists of dwelling-houses, the
walls of which are crowned by embattled parapets ; the
windows are square, and the doorways covered by plain
arches. In the centre of the front, opposite the en
trance, is another tower similar to the first but smaller,
and flanked also by octagonal turrets crowned with bat
tlements. Through this tower also is an arched passage,
over which is an oriel less embellished than the former;
this passage leads to the second quadrangle, which is
smaller than the first. The left side is occupied by the
Grand Hall, which was built by Henry VIII. ; this is co
vered with a lofty roof, its sides are strengthened by
buttresses, and in its walls are pointed windows with
mullions proceeding straight to the top. On the righthand side of the Court is a colonnade consisting of
coupled Ionic columns, erected by Sir Christopher
Wren.
A third gate-tower, in a line with the two former,
contains a passage leading to a third quadrangle, which
is surrounded by an arcade on piers supporting the
fronts of the buildings ; the whole of this quadrangle
was entirely modernized in the time of William III.
The ceiling of the gateway is ornamented with rich fanvol. v.
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tracery, and in the passage is the staircase leading to Part III
the state-apartments.
^—v~
The walls are built of red and dark-coloured bricks,
so arranged as to chequer the exterior in diagonal lines,
and are crowned by perforated and plain battlements ;
the windows, doorways, and principal ornaments arc of
stone. The windows of the ancient building are dis
posed without regard to symmetry ; the frames are rect
angular, and, in general, the breadths are greater than
the heights ; they are divided vertically by one or more
mullions, and some of them are again divided horizon
tally by a transom near the middle of the height ; the
lights or apertures are terminated above by obtuselypointed arches within the rectangular frames. An ele
vation of part of one side of the first quadrangle is
given in pi. xx.
The timber-roof of the hall exhibits a fine display of
constructive skill ; each frame supporting the exterior
covering is composed of two systems of beams placed
one below the other, and each consists of four inclining
timbers, of which the two upper meet in an obtuse
angle over the middle of the breadth of the hall, and
the two lower rest on the tops of the side walls.
The inclining sides of the upper system are connected
by two horizontal tie-beams, one at the foot of the
upper pair, and the other about the middle of the lower,
and the apex of the lower system falls at the centre of
this tie-beam. At the foot of the two systems, on each
side of the building, is a horizontal timber, projecting
from the wall towards the interior as far as about onequarter of the breadth of the hall ; the extremity of this
is supported by a curvilinear spur, the foot of which is in
serted in the wall below ; and, from the same extremity,
on each side of the building proceeds a curvilinear rib of
the hyperbolic kind to the apex of the lower system,
forming together an obtusely-pointed arch. Rigidity is
given to the whole frame by vertical timbers between
the curved ribs and the exterior system of beams ; and
below each foot of the hyperbolic ribs is a pendent
ornament in wood work. A section of this roof is given
in pi. xx.
Most of the Colleges at Oxford are buildings sur
rounding quadrangular areas, and are executed nearly
in the style of the ancient works at Hampton Court.
The style of domestic Architecture which prevailed
in England during the reign of Elizabeth, and even of
James I., bore considerable resemblance to that which
has been just described, though an imitation of the
Italian Architecture is supposed to have been introduced
into the Country as early as the reign of Henry VII.
We conclude this Chapter with a description of the
two most prominent features in the ancient mansions of
this Country, viz. the Oriels and the Fire-places, of which
some interesting specimens are still in existence.
The former are windows projecting beyond the front Oriels,
of the edifice and supported only by the masonry of the
wall ; the period of their invention is unknown, but their
antiquity is considerable, for there is one such, con
structed on a face of Conway Castle, which was
built by Edward I. They were formed sometimes
of three, sometimes of five sides of an octagon ;
of the latter kind is the beautiful oriel-window in what
is called John of Gaunt's Palace, at Lincoln, which was
built in 1390. According to the description given by
Mr. Pugin, the bracket sustaining the frame of the win
dow is covered with sculpture, and divided into four
tiers. In the lowest is represented an angel, the second
2 2
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Arr.liitec- contains the heads of a king', a queen, and a bearded
mm. man ; the third is a course of foliage ; and in the fourth
v-^v~ is represented foliage with six figures, one under each
of the abutments or upright pillars of the window. At
the bottom of the window, on each side of the octa
gonal bow, are two quatrefoils in panels ; the parts
which contained the glass terminate in cuspid cinquefoils, and above each are crockets and a finial. The
upright pillars of the window terminate, above, in pinna
cles covered with sculpture.
In the Chancellor's house, at Lincoln, is a plain
Oriel, consisting of three sides of an octagon, supported
by a bracket ornamented with horizontal mouldings, and
crowned by battlements. Each of the three lights, or
windows, is divided by one vertical and one horizontal
mullion, and over it is a rectangular label. This is a
kind of weather-moulding forming three sides of a rect
angle, of which that above the window is horizontal,
and the lower extremities of the vertical branches, which
descend on each side of the window, are again broken
at right angles to form short wings turning from the
window ; in the present example these wings are in the
lozenge form. A similar Oriel may be seen in the
Palace of Hampton Court. In the Age of Elizabeth
and James I. the Oriels were divested of nearly all the
richness of sculpture which distinguished them at an
earlier period, and they sometimes consisted merely of
rectangular projections, of which the central one was
much broader than the others, and parallel to the wall of
the building.
The Oriels seem to have been originally intended to
form a retired closet for prayer or meditation, or to
afford an extensive prospect from an apartment ; but,
in the time of the Tudors, they were also accompani
ments to the Great Halls of Palaces, and served as re
cesses to contain a sort of sideboard.
Fire-places. The Fire-places in the ancient mansions of this Coun
try were very large, and generally enriched with elabo
rate sculpture ; we have mentioned some of a Norman
character in describing the Keep of Rochester Castle,
but these are far exceeded in magnificence by such as
we-e erected at the time the Gothic Architecture was in
its most florid state. Those of Tattershall Castle, in
Lincolnshire, which was built in 1440, are described by
Mr. Pugin as having the apertures formed in elliptical
arches with elegant mouldings ; above these are legen
dary compartments and heraldic insignia. The mantel
pieces have battlemented tops, and above them are
segmental arches formed in the wall to support its
weight. The Fire-places at Hampton Court also are
distinguished by a profusion of the richest sculpture.
The chimneys of this period assumed a picturesque
form, and resembled pillars or turrets ; they were square,
octangular, or circular on the plan, and placed in couples
or groups touching each other at the bases and summits
only ; the shafts were ornamented with lozenges and
mouldings in zig-zag and spiral directions, and some
times crowned by battlements. See Pugin's Specimens
of Gothic Architecture.

while the former possesses certain features peculiar to Put tj
itself, there is in it a want of the Orders under which v»v«v
buildings differing from each other in style may be
classed. In the same edifice are columns of different
kinds, and having no constant proportion between their
diameter and height ; the ornaments also are extremely
arbitrary, for in the same column the mouldings of the
Doric Order and the leaves of the Corinthian or Com
posite capitals, with grotesque figures of men or animals,
are all confounded together.
Two very distinguishable styles of the Northern Style ifit '.
Gothic Architecture may be observed at first sight; theMciecl
most ancient of which seems to have been in use till the ^ jj^'*
XIHth century, when it gave place to the other, which,
in its turn, prevailed till the XVIth century. The former
of these is considered by Dr. Moller as having originated
in the South of Europe ; and as bearing great resem
blance to the Roman style in solidity of construction, in
the flat or low pitched roofs, and iu the semicircular form
of the arches and vaults which had been substituted for
the horizontal entablatures of the more ancient buildings.
Specimens of this style he considers to be exhibited in
the Cathedrals of Aix la Chapelle, Spires, Worms, aod
Mentz ; all of which were executed in the Xth and
Xlth centuries. These Churches seem to be imitations
of the Basilica; of the Romans, with the addition of the
transverse rectangle, and over the intersection of the
arms of the cross a louvre or turret open at the sides.
The walls were moasive and the windows small: the
pillars of the nave were short, and supported arches,
which, as well as those of the windows, were semicir
cular. The nave was high, and covered with a groined
vaulting, and in tile upper part of the building were
rows of small pillars attached to the wall for ornament
Above the vaulting was a flat timber-roof covered with
lead or gilt tiles, and in the whole exterior of the build
ing a system of horizontal lines predominated. The or
naments were generally of antique origin, and the h»ses
of the columns, of the Attic kind, were correctly formed.
The Western front was crowned by a pediment of low
elevation, and perforated by a circular aperture which,
probably, was the origin of the large rose-window, after
wards so conspicuous in Gothic edifices. The pillars
of the interior were beautifully formed, and were pro
bably taken from Roman buildings, but disposed with
out regard to symmetry, different forms being employed
in the same range, and the arches above them being
either very small or very large when compared with the
size of the supports. The pavements were composed of
irregular fragments, and the walls covered with rude
paintings. Such are the characteristics of the Churches
of Germany and France before the XHth century.
In the more ancient Churches of Normandy, which
are referred, we know not on what foundation, to Hie
time of Charlemagne, the sides and ends present, each,
on the exterior, the appearance of one or more great
panels between plain piers of small projection, and a
general horizontal baud joining their upper extremities ;
these bands are crowned by horizontal cornices, which
are sometimes supported by heads like corbels. The
inferior edge of the band above-mentioned is frequently
CHAPTER V.
ornamented with a row of blocks, like dentels, or of
General Deicription of the Saxon and Norman-Gothic small semicircular notches. The circular extremities of
the Churches are frequently covered by very high conical
Aosenceof
Architecture.
roofs projecting considerably over the walls, and be
Gothic Ar- A £rand distinction in the general system of the Gothic tween the piers, if they may be so called, are two or
chiiecture. Architecture from that of the Greek or Roman, is that more rows of semicircular arches springing from small
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an improvement in the Ecclesiastical buildings of this Part nr.
Country. Previouslyto this event, the Churches had been
suffered to go to ruin, and even the spirit of Religion is improve
ment of
said to have been nearly extinct. The piety of Edward English
Ar
the Confessor indeed had induced him to labour for its chitecture
revival in the minds of his people, and afterwards the by the Norobligations of the Conqueror to the Pope rendered it con
venient to promote the interests of the Clergy. The result
of the efforts of both Monarchs was a general repair of
the old and the erection of many new Churches of consi
derable magnificence in various parts of the Kingdom.
Writers on the Ecclesiastical Architecture of this
Country make a distinction, as we have before observed,
between the Saxon-Gothic and the Norman-Gothic ; but
it will be evident, on comparing together the few examples
we have of each, that almost the only difference consists
in the works executed about the time of the Conquest
being on a greater scale than those of the preceding Age,
and more highly ornamented.
The general plan of the Norman Churches was the Style of
same as that before described ; the body of the Church the Anglowas rectangular, its longest side lay in the direction of Norman.
East and West, and the principal entrance was at the Churches.
Western end ; at or near the other extremity was a trans
verse rectangle directed from North to South, and over
the intersection of the two branches of the cross was a
tower, which generally served as a louvre or open lan
tern. This central tower does not appear to have ex
isted in the more ancient English Churches, except
perhaps in that at Hexham. In some of the Norman edi
fices a square tower was erected at the Western end, and in
others there were two such ; viz. one on each side of the
entrance, and extending on the right and left beyond the
side walls of the Church, but rising very little above the
general roof of the building to which they were attached.
The towers were without pinnacles, but were ornamented
on the exterior by arcades, in tiers attached to the walls,
and consisting of small arches, sometimes separate, at
other times intersecting each other. The towers might
have been at first intended to contain bells like those of
the Italian Churches ; but afterward, as is supposed by
Mr. Benlham, they might have been built for the sake
of the fine effect produced by their height and forms.
The wooden rafters of the roofs of Churches were at first
exposed to the view from the interior, but they were
afterwards concealed in panels, which were paint»d in
mosaic in several colours, as may be seen in the Cathe
drals of Peterborough and Ely. The interior of the body
of the Church was sometimes quite surrounded by at
tached columns and arcades, and along the nave and
choir were two ranges of cylindrical pillars, one over the
other, with semicircular arches springing from the capi
tals ; the upper arcades formed the faces of the triforia
over the aisles.
On the outside of the building appeared commonly
two, sometimes three, tiers of windows, generally high
and narrow; and the walls, as well as those of the towers,
were ornamented with tiers of attached pillars and
arches. The top of the doorway was sometimes hori
zontal, above it was a semicircular archivolt projecting
from the wall, and between it and the top of the aper
ture were scriptural figures rudely sculptured in basrelief.
The buttresses of the Norman Churches were gene
rally rectangular on the plan, of small projection, and
uninterrupted in their whole height. In some cases,
The Conquest of England by the Normans produced the buttresses were of cylindrical forms, like columns of
2 z 2

columns, and having: their archlvolts divided in several
facia. Examples of this style may be seen in many of
the Churches in this Province, and particularly in those
of St. Paul, at Rouen, and of St. Nicholas, at Caen.
t;le of the At a period preceding; the Saxon conquest of Britain,
bop
the Churches of this Country seem to have been made
lurches in 0f willow-rods interwoven ; such, at least, is the opinion
of Dr. gayer, and, according- to Fuller, the dwellinghouses of the Saxons themselves, and even some of
their Churches, he mentions particularly the Church of
Glastonbury, were thus constructed. The style of the
Cathedral of Hexham, as we have said, was probably
borrowed from that of the Constantinopolitan Churches,
tmt the generality of the Saxon Churches were of a
more simple character ; they consisted, like those beforementioned, on the Continent, of a rectangular nave with
a portico at the Western end ; the Eastern end was hemicylindrical, like the place of the tribune in the Basilica?,
and the nave was divided into three parts by two
arcades, above which were galleries. The arches were
semicircular, and rose immediately from the capitals of
the columns. The shafts of these were very massive
and generally cylindrical, though columns of a different
form seem to have been sometimes used. In each face
of the tower of Earl's Barton Church, in Northampton
shire, is an aperture divided into five parts by small
columns resembling balusters with simple plinths and
abaci, and surrounded in three places by astragals,
between every two of which the shaft is formed like a
barrel. (See Britten's Architectural Antiquities, vol. v.)
The walls of the buildings were thick and without
buttresses ; the principal doorway was crowned by a
semicircular arch resting on pillars having sculptured
capitals, and the archivolt itself was formed with various
mouldings, and sculptured with objects in relief.
The Cathedral at Old Sarum probably corresponded
in tbe plan with the description above given ; for, from
what can be traced of the foundation, it seems to have
had a nave and two side aisles, and the Eastern end was
semicircular.
he Anglo- The rudeness and imperfection of the sculpture which
lion Ar- ornamented the Saxon buildings in England, as well as
liltciure the similar buildings on the Continent, and its resemV proiblv > cor- blance to that which is found on some of the Roman
■pti'on of edifices, are considered as proofs that such sculpture was
* toman, only a feeble imitation of that which abounds on the
Roman edifices; but it must be acknowledged that much
ofit, particularly the zig-zag ornament and the fretwork,
is the invention of the Northern artists themselves. Ac
cording to Dr. Milner, the Saxons, having a taste for
embellishment, copied the ornaments of the Roman
Corinthian Order, leaving out the richer parts of the
foliage, or substituting the forms of men or animals,
■which were more easily executed : and he observes, that
the Saxon mouldings also have their archetypes in the
later buildings of the Romans, from which, no doubt,
they were borrowed. And since what has been said of
the sculpture is equally applicable to the designs of
the edifices themselves, the construction of which is of
the same period, it may be inferred that these designs
have been taken from the very works which supplied
the ornaments. In fact, the construction of the AngloSaxon Churches is expressly named by the writers
of that day, Opus Romannm, and this must sufficiently
indicate the source from which the construction was
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Architec different diameters placed one on another, and the
tire. smaller above the larger , such are the buttresses of the
v—msrm~/ tower of St. Peter's Church, at Northampton, at each
angle of which are three clustered together.
In the Saxon and Norman Cathedrals, a Crypt, or
subterranean Church, was a necessary appendage, and
such substructions remain under the Cathedrals of Can
terbury, Rochester, Winchester, and Gloucester ; all of
which are of the early Norman times. The interiors of
Crypts are divided by parallel rows of piers, or of dwarf
ish and massive columns, from the capitals of which
spring the arches which form the groined vaulting
of the Crypt, and support the pavement of the edifice
above.
The greater part of the Cathedrals of England, parti
cularly those of Durham and Carlisle, contain specimens
of this Norman, or late Saxon style, which prevailed
here about a century and a half ; viz. from the time of
the Conquest, in 1066, to about the year 1200 ; the nave
of the old Cathedral of St Paul, in London, was of the
same kind of Architecture. The basement story of the
School and Library, at Westminster, exhibit also some
interesting remains, which probably formed part of the
Church rebuilt by Edward the Confessor ; they appear to
have originally composed an apartment 1 10 feet long and
30 feet wide, covered by plain groins formed by a hemicylindrical vaulting which rests on the piers in the wall
and on a middle row of eight short and thick columns
with square capitals variously sculptured.
Resem
The more ancient Churches of England resemble the
blance of Lombard Churches in the plan and distribution of the
the Saxon
and
Norman building-, in the general character of the columns, and in
Architecture the ranges of arches formed for ornament against the
to the Lom- faces of the walls ; there is some difference, however, in
hardo-Go- the columns, and those in the Italian buildings approach
tliic
in form and proportion nearer to the ancient Roman
examples ; the semicircular archivolts in the walls of the
English Churches, as in Norwich Cathedral, and in the
Church at Castle Rising, in Norfolk, spring sometimes
from the alternate columns, and form intersections with
each other, an arrangement which has not been met with
in Italy. In the Chapter-house of Wenlock Priory there
are as many as three tiers of intersecting archivolts over
the columns in the faces of the walls ; in this Church
also the supporting columns are tripled, and within the
intersections small arches spring from the capitals of
those next to the wall. Under the sloping sides of the
pediment or gable, the face of the wall is recessed, and
within the retired part are Saxon columns, the lengths of
which have been made various, in order that they may suit
the inclination of the sides of the roof ; a circumstance
which corresponds exactly with a practice before adopted
in the Cathedral at Pisa. We may, perhaps, therefore, be
allowed to conclude that the English artists, in adopting
the Southern style, have preserved the character of the
features, but have taken the liberty of multiplying them
in order to produce a higher degree of ornament in their
edifices.
Forms of
The arches of Norman and Saxon buildings, as well
Norman
in the interior arcades as over the doors and windows,
Arches.
and those attached to the faces of the walls, were almost
always semicircular, but some variations occur in their
forms. The apertures between the columns in Earl's
Barton Church are covered by elliptical arches ; in the
Church of St. Peter, at Barton-upon-Humber, in Lin
colnshire, are two apertures separated by a square pier,
and each crowned by two rectilinear sloping sides, like

those of a pediment, which meet in a point at top ; and Pin
in the tower of Barneck Church, in the same County, are '
a door and window terminating at top in the same man
ner : these circumstances render it probable that this
kind of arch, if it may be so called, which, if it had been
met with in an Egyptian building, might have been
taken for one of the primitive specimens, was not un
common in the edifices of those days. But, besides
these, we may add, that a form, to which the name of
the horse-shoe arch has been given, exists in several
works executed in this Country in the Norman times.
This must not, however, be confounded with the Moorish
arch of the same name, the aperture of which is narrower
at the foot than at some distance above ; the English
arches are semicircles, or semiellipses at the top and the
sides, and are continued in rectilinear and vertical direc
tions down to the capitals of the piers or columns on
which they rest ; such are the arches of Romsey Church,
in Hampshire. In the doorway of Southweald Church,
in Essex, is an archivolt whose extrados is exactly semi
circular, while the intrados is of the form above described,
though slightly marked. Over the doorway of Little
Snoring Church, in Norfolk, is a triple arch, the interior
of which is a semiellipse nearly ; the second is of the
pointed form, and the exterior is elliptical at the top, with
vertical sides. (See Britton's Architectural Antiquities,
vol. v.) The pointed arch is ornamented with the Nor
man zig-zag, and the whole is supposed by Mr. Britton,
with great probability, to be a freak of some builder at
a period subsequent to the introduction of the pointed
arch in England.
In the interior arcades of the Norman Churches tlte Sof™
columns are cylindrical, or in the form of octangular C0JIMS
prisms, and their heights, including those of the bases
and capitals, are equal to from four times to seveu and
a half times their diameters, though cases occur in which
the height is as much as eleven diameters. The bases
sometimes consist merely of a square or circular plinth,
but, in many cases, two or more plinths are placed one
on another, and above them are narrow circular mould
ings, which are frequently sculptured so as to resemble
ropes. The shafts are sometimes plain, but often co
vered with ornaments in spiral and zig-zag grooves
surrounding them ; and at other times with rhomboidal or lozenge-formed panels sunk in the shaft.
The interior of Durham Cathedral, the South doorway
of IfHey Church, Oxfordshire, and the window in the
Western end of Castle Rising Church, Norfolk, present
elegant specimens of these ornaments ; for some of which
a prototype might be found in the Treasury of Atreus,
in the paintings of Herculaneum, and in the mosaics of
the Church of the Nativity, at Bethlehem. Columns of
similar forms, with plain shafts, are to be seen in the
porches of the old German Churches.
The simplest specimens of the Saxon or Norman ca
pitals are, probably, such as those in the Crypt of Lastingham Church, Yorkshire; (pi. xvii. fig. 3.) these
resemble baskets or vases placed on the tops of the
cylindrical blocks which serve as columns ; the lower
parts are of a convex form, and either plain or orna
mented with leaves ; the upper part is cut so as to form
a plain, vertical face under each of the four sides of the
abacus, below the angles of which are formed small
volutes or scrolls. Often, the abaci and vases are cut in
eight vertical faces ; and, in the oldest specimens of
Norman Architecture, the faces are frequently decorated
with rude sculpture representing centaurs, griffins, and
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iec- other extravagances, as may be seen on the capitals of
>• the columns in Iffley Church.
The intervals of the Norman columns, or the spans
of the arches which rest upon them, are equal to about
two diameters, and the breadth of the system of mould
ings forming; the arch varies from about one-half to two
thirds of the diameter of the column,
ints
The mouldings about the doors and windows of
1,6 the Norman Churches consist of reeds and channels
1 with concave or plane faciae between them, to the
latter of which various ornaments are applied ; the con
cave spaces are either left unadorned, or upon their
surfaces are placed roses and foliage with figures of
birds, beasts, or grotesque heads of men, at intervals,
as about the South doorway ofIffley Church ; frequently
the archivolts are covered with a profusion of zig-zags,
and the soffits of the arches are notched to correspond
with the forms of these ornaments. When the archivolt
is not supported by columns, the mouldings and orna
ments of the former are continued down the vertical
sides of the aperture to the pavement ; and if columns
are employed, the ornaments either terminate on the
capitals of the columns, or, after being interrupted by
them, are continued down the shaft. An arch in
Tickencote Church, Lincolnshire, and a doorway in the
South aisle of Durham Cathedral, have been chosen to
exhibit the manner of ornamenting the arched entrances
to Norman buildings. Sec pi. xvii. figs. 1, 2.
The convex or reed-mouldings, whether rectilinear or
'S5- curved, are either plain or sculptured in the form of
ropes, or rather, so as to present the appearance of a
cord 'wound about a pole ; examples of this kind occur
in the doorway of Hanborough Church, Oxfordshire, of
Wimbolton Church, Norfolk, and of many other Norman
buildings. The shafts of the columns themselves, and
the astragal mouldings of their capitals, are often orna
mented in a similar manner ; for which a Roman au
thority may be urged, as they are represented in the
paintings at Herculaneum, and exist in the Palace at
Spa'.atro.
Besides the foliage and animal figures with which the
NormaD mouldings are enriched, several geometrical
forms were frequently employed ; these are classed under
the heads of billets, hatchings, zig-zags, fretwork, and
bosses.
The billet ornament consists of two or more courses
?• of small cubical or cylindrical blocks disposed in the
circumferences of concentric circles, if they are placed
about the arched head of an aperture, or in parallel lines
if along its sides ; in the former situation the extremities
of the billets, like the joints of voussoirs, tend to the
centre of the curve. The extremities of the blocks in
any one course are not generally placed in contact, but
«n interval is left between every two blocks, equal in
extent to the length of one block, and the blocks in the
next course are opposite the intervals of those in the
first course. This disposition may be seen about a door
way in Bingham Priory, Norfolk, and about the windows
of Steyning Church, Sussex, and of Castor Tower, in
Northamptonshire. Sometimes, however, the ends of
square blocks abut against each other in every course,
and the courses are so disposed that the general profile
of the whole moulding has the form of three sides of a
hexagon ; each side is broken continually, on account
of the lateral edges of the blocks in any one course not
being: coincident.
The hatched-moulding is very similar to the form of
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the square billet-moulding, the profile of the whole re- Part nr.
presenting three sides of a hexagon, but in each face is v-«~y-"<-"
a series of triangular notches resembling such as might
be cut by an axe. This kind of ornament is found along
the face of a cornice, and on the wall itself, of Castor
Tower, in Northamptonshire.
What is called the chevron work, or zig-zag ornament, Zig-zagis very commonly employed in the archivolts of the mouldings.
Anglo-Norman doorways ; it resembles a small reedmoulding broken so as to form a succession of salient
and rentrant angles, the broken parts beiug of equal
lengths, and inclined to each other at various angles from
a right angle to one of 150 degrees. In some cases the
reed is single, as in the doorway of Little Snoring Church,
Norfolk ; in others, the system consists of four or six
parallel reeds on the front ; and both of these kinds may
be seen about the Northern entrance to Peterborough
Cathedral. In some cases the system of reeds is conti
nued from the foot of the arch to the ground along each
side of the doorway, as in Iffley Church ; and, lastly,
two courses of zig-zags are placed beside each other
with their salient angles in opposite directions, so that a
course of rhomboidal spaces is left between the reeds.
The fretwork ornaments are a species of zig-zag, and Fretwork
were employed in similar circumstances ; the most simple
is a reed- moulding broken in parts alternately parallel
and perpendicular to each other so as to resemble the out
line of a battlement, an example of which occurs in Sand
wich Church, Kent. In an arch at Ely, the parts form
sides of equilateral triangles, the bases of which are alter
nately situated towards the intrados and extrados of the
arch. This moulding, instead of a succession of angles,
forms sometimes a waving line or curves of many flex
ures ; in which case it is called a nebula, and such an
ornament exists in a facia at Bingham Priory. The same
name is given to a succession of small semicircular
notches which join together at their lower extremities,
and extend along the inferior side of a horizontal or
curvilinear band ; examples of these ornaments may be
seen over the doorways of the Churches of Hadiscoe, in
Norfolk, and of St. Julian, at Norwich.
The plain facial of archivolts and the sides of doors Bosses,
are occasionally ornamented with bosses in the form of
small pyramids on rhomboidal bases; they are placed
at certain distances from each other, and are usually
distinguished by the name of nail-head ornaments, which
they in some respects resemble. They are found in the
arches of Ely and of Lincoln Cathedrals. Star orna
ments may be considered as a variation of the last ; they
are disposed in one or more parallel or concentric rows,
each figure consisting of four rays, like those of a star,
in relief. They are found on many of the Norman
buildings, and particularly on some of the Churches in
Suffolk.

CHAPTER VI.
Opinions concerning the Origin of the Pointed Architec
ture.
About fifty persons have written on the origin of that Doubtful
species of the Gothic Architecture, the principal feature of or|g|n °f
which is the pointed arch. The names and opinions of ^'jj
these persons arc enumerated by Mr. Britton, in the
Vth Volume of the Architectural Antiquities of Great
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Britain, but among the latter there are only about twelve
which may be said to be essentially different from each
other. These examples of learned trifling exhibit va
rious objects to which the cuspid arch can be likened,
up to the keel of Noah's Ark ; and the difficulty is not
to form an opinion of the possible origin of the arch, and
of the species of building to which it appertains, but to
select that which appears the most probable. Each
person has brought arguments to disprove the opinion
of his predecessors, and his sentiment has been, in its
turn, impugned by the next Writer. The impossibility
of supporting any one opinion by an appeal to Historical
evidence renders it unnecessary to lose time in the
effort to determine a question which most persons are
now disposed to consider as involved in impenetrable
obscurity. But as it may be expected that something
should be said on this head, we may be, perhaps, permitted to mention two or three of the most important
suggestions.
One party, —reflecting that to form a roof of masonry
Referred to
the rectili over any space the extent of which is greater than the
near pedi length of such stones as could be conveniently obtained,
ment;
it would be only necessary to take two stones, each greater
in length than half the interval of the supports, and to
place one extremity of each on the top of the pier, letting
the other extremities meet above the middle,—considers
this construction, from its resemblance to the pointed
arch, as the prototype of that feature ; and the passages in
the Egyptian pyramids, which are thus roofed, are men
tioned as proofs of the antiquity ofthis species of arch. It
may be added that similar coverings to apertures occur in
ornaments in many Saxon or Norman buildings, and par
ticularly in the walls of St. Augustine's Church, at Can
terbury, where the sides of the covering rest on the tops
of small Saxon columns, the erection of which must have
preceded the invention of the pointed arch with curved
sides. But though this construction may have been the
first step to the invention of an arch of masonry in ge
neral, or of the pedimented form of a roof, it cannot be
considered as likely to have led to a change from the
semicircular arch to that formed of two segments, since
it must have been known from the earliest Ages ; and no
reason can be given why the change just mentioned should
have taken place at the period assigned to the introduc
tion of the pointed arch into buildings rather than at any
preceding period.
In Mr. Murphy's account of the Convent of Batalha,
to the
Egyptian in Portugal, the pointed arch is derived from the pyra
pyramids. midal form of the Egyptian Tombs. This author sup
poses that, because the Christians buried their dead in
Churches, the towers of the latter were made of a pyra
midal form, in imitation of the Egyptian style ; and he
concludes that since the pointed arch is essential to this
form, it must have beeu derived from it. But it has been
replied to this argument that the most ancient Churches
have not pointed steeples : and, since the burying of the
dead in Churches was but a secondary object, it is not
likely that Churches would be made to represent Tombs,
nor, consequently, that the pointed arches were derived
from the same source.
It was an opinion of Sir Christopher Wren, and of
Supposed
invention in several writers subsequent to his time, who, probably,
the East. relied too confidently upon his authority in a matter of
which he might reasonably be supposed a competent
judge, that the pointed style of Gothic Architecture
invented among the Saracens, and that from them it
extended to the North of Europe, either by persons re

turning home after the first Crusade, or by the Moors, I\
who, having received it from Asia, introduced it into
Spain when they made the conquest of that Country.
This opinion is founded upon the fact that arches of a
pointed form really exist in various parts of the East, and
some of them in buildings of great antiquity ; such as the
Tomb or Chapel of the Virgin, at Jerusalem ; the re
mains of a Church, at Acre ; the Tomb of Abdallah„- and
the Hall of Joseph, at Cairo. In the facade of tlie first,
is a Gothic pointed arch springing from columns, and
there are two others on the staircase in the interior ; the
edifice is supposed to have been erected in the time of
Constantino ; but this is by no means certain, and even
if so, it is very probable that the arches were constructed
at a later period than the body of the building. The
antiquity of the second ascends to the time of the exist
ence of the Saracenic Empire, and it was undoubtedly
built by the Christians while they had possession of this
part of Syria; consequently, the pointed arch in it is as
likely to have been copied from similar works before that
time executed in Europe, as from any thing invented
by the Arabians. The last two buildings have been
already mentioned, and shown to afford no proof of the
Asiatic origin of this feature. It may be added that the
form of the pointed arches employed iu the Saracenic
buildings is different from that adopted in the North of
Europe in being very slightly pointed, and in the aper
ture being narrower at the foot than a little above it: il,
therefore, we suppose that the pointed arch originated
in the East, it will appear surprising that those who in
troduced it into France or England should have so far
altered its form as to make it spring vertically from the
capitals of the columns which support it ; and that not
one example should occur, in this part ofEurope, similar
to those which are found in the Moorish buildings of
Spain.
It has been observed by Mr. George Sanders that, in Cass-:
some Cathedrals and Churches, where the semicircular to b* j
extremity on the Eastern side is surrounded by an inte- ™~j
rior arcade, the columns from which the arches spring
are not at the same distance from each other in that
arcade as in the nave or choir. Therefore, when it was
intended to keep the vertices of all the arches at the same
height, if those in the nave or choir were semicircular,
it would be necessary to make the others semielliptical ;
but this kind of curve not being easily traced, the artists
would naturally fall into the method of giving to those
arches the cuspid form, by making them consist of two
segments of circles meeting each other in an angle at
the vertex ; and thus the pointed arch might originate.
That such arches should be employed in this case is
very natural ; and we see, in the Cathedrals both of
France and England, of which that of St Denys, near
Paris, and the Trinity Chapel, in the Cathedral of Can
terbury, may be taken as examples, that they really were
so ; and obviously to obtain an equality of height with
those in the adjoining choir or transept. But there is
one objection to the opinion that the pointed arch ori
ginated from this circumstance ; vh. that those which
are so employed appear to have been erected subse
quently to the original invention of the feature ; and
the method was not universally adopted, for in the
Tower of London, where there are wide and narrow
arches intermixed, the latter are not pointed, though
they are as high as the others.
S»P
According to Dr. Moller, the pointed style of Archi-^fJ
tecture originated in Germany about the end of the<^
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fcitae- Xllth and beginning of the Xlllth century, probably, original hut. But if it be objected to the latter hypothesis, P»rt III.
from a desire to replace the flat or low-ridged roofs of that many intermediate steps must occur between the
V*-/ the former style, by others of considerable elevation, timber-hut and the Greek Temple, much more numerous
which are better adapted to the climate of that part must be the steps between the natural grove or cavern
of Europe from the greater facility with which they and the rich Gothic Cathedral with its pointed arches
suffer the rain and snow to fall from the building. This and spires, complete in all their parts. Again, it may
form ofroof, Dr. Moller supposes, would necessarily lead be observed, that the Goths and Vandals, who entered
to corresponding alterations in other features of the Spain in 409, did not then first adopt the Religion of
buildings, in order to produce a harmony in all the the ancient inhabitants of the Country, for they were
parts; hence the walls, the columns, and the towers, already Christians ; and, consequently, were not likely
were all made more lofty and more slender ; the arches to erect buildings in imitation of the groves consecrated
assumed a pointed form; and the flat pilaster spreading to Deities whose worship they had long before abandoned.
And even if such had been the case, the style of Archi
more outwards was converted into a flying buttress.
neti
The opinion of Dr. Milner, that the idea of the tecture which they invented must have remained con
of the pointed arch was taken from a view of the intersection cealed from the rest of Europe till the Xllth ceutury,
■ction 0f tw,c semicircular arches standing in the same plane, when it was adopted by the Germans, French, and
arcbts. s**1"8 extremely reasonable, inasmuch as it makes the English. But this is quite improbable, and there is reason
former a modification of the other, which its posteriority to believe that the earliest examples of this kind of build
of date seems to justify; and the change is just what ing occur in the North of Europe, and that these were
might be supposed to be made by a people acutely subsequently copied in Italy and Spain.
The ingenious theory lately proposed by Sir James Supposed
anxious to vary the forms and beautify the members of
their Ecclesiastical edifices. We find, in the Saxon and Hall, in his Work on the Origin of Gothic Architecture, prototype in
Norman-Gothic buildings, that the practice of making presents a close analogy with that in which the Grecian Jj'jJ jj™1611'
arches intersect each other by way of ornament against buildings are deduced from a timber cottage, and com- m"3e oP
the walls was common ; and as this disposition left a pletes the application of the principle to all the different willow,
cuspid arch between every two semicircular arches, it is styles of Architecture in use ; it therefore deserves to
extremely probable that it would occur to some person be here mentioned. This theory is founded on the pro
to perforate the wall under this arch, and thus form a bable practice of a people who, like our Saxon ances
pointed window. The idea being started, the form would tors, formed the walls of their dwellings by interweaving
be immediately copied for windows, for doorways, and the small branches of trees with the upright posts in the
even for arcades. Thus that which was at first, perhaps, manner of basket-work ; and who may be supposed to
only the result of accident, or of a capricious taste, have constructed their Religious edifices in the same man
might become the model of an elegant and refined ner, but with greater taste. Sir James thinks they would
plant a number of posts, or trunks of trees, in vertical po
system.
^
The opinion of Bishop Warburton on the origin of the sitions, and in two parallel rows.at certain distances from
audi- P°'nted Gothic Architecture, though extremely fanciful, each other, so as to form on the plan a series of squares
Bct must not be omitted in an enumeration of the hypo- or rectangular parallelograms, and together constituting
or theses proposed to account for the invention of this sin one great rectangular avenue. Surrounding each of
gular style. That learned divine supposes that the Goths these they might also plant vertically a certain number,
who overthrew the Roman Empire, having been accus he supposes eight, of long slender branches of a flexible
tomed to perform their Religious rites in natural caverns, wood, which being bound to the principal posts at bot
or in dark groves under the interweaving branches of tom and in some part of their length, would cause it to
trees, when they became Christians, erected for them resemble what is called a clustered column, with its base
selves places of worship in a style of Architecture drawn and capital. The upper parts of these branches, being
from the forms of those caverns and groves. These they bent till they met over the middle of the interval be
imitated in stone ; the doors or arches which led to their tween the posts to which they are attached, would form
places of worship they decorated with a profusion of the outline of a groined vault with an arcade on each
foliage and tendrils which, with a sort of negligent side ; and these arches might be either semicircular or
wildness, spread over the path. This was either in pointed, according to the manner in which the branches
tended to represent the entrance to a cavern, about were bent ; lastly, a pole running down the length of
which are scattered shrubs and wild flowers, or the avenue, and joining the vertices of all the arches
the opening into a wood formed by the opposite trees which cross the avenue, will represent the ridge of the
intertwining with each other. The great entrances to vault. Sir James supposes the sides and top of this
some of our Cathedrals exhibit this in a remarkable framework to be filled up by branches interwoven,
manner; in the middle rises a pillar resembling the leaving intervals for the windows ; and thus the walls
trunk of a tree, which by an expansion of its branches and roofs of the primitive Churches to have been formed.
on each side forms a passage through two arches from By other ingenious dispositions of flexible branches he
which the whole avenue of columns with the ramifica supposes the different kinds of windows which are found
tions spreading towards each other and along the roof, in Gothic Ecclesiastical edifices to be represented ; and
form a perspective, arresting the attention by its gran he considers that till these circumstances were copied in
the formation of the first Churches which were built of
deur and beauty.
It cannot be denied that this picture is highly interest stone, in the North of Europe.
Plausible as this theory must be admitted to be, it
ing ; it is pleasing to deduce a complicated system from
one simple idea, particularly when that idea is afforded can only be considered as an agreeable sally of the ima
by Nature herself ; and, in this respect, Bishop War- gination ; for though a contemplative mind may discover
burton's hypothesis has an advantage over that which a conformity of the clustering pillars and diverging ribs
deduces the Grecian and Roman Architecture from an of vaults to the framework of a wicker house, yet, as is
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Archilec- observed by Dr. Moller, it is by no means certain that
t'ire.
this conformity is the result of imitation, seeing that it
"v- may arise from other causes, and that it wants, what he
considers as the characteristics of originality, viz. that it
be found in some particular Country, and that it arise
from causes depending on the manners and institutions
of the inhabitants. An insuperable objection to the
theory is, that the pointed arch occurs in buildings which
have no other characteristic of the Gothic style ; and, on
the other hand, nearly all the other characters may be
found complete in buildings wherein not a single pointed
arch is to be found ; some of the Churches in Normandy
afford examples of what has been just said.
Supplied
Wc have already observed that the long and narrow
origin of the window which is frequently found in the Churches of the
natrr°wj4"" East of Europe might have originated in the difficulty
eel-headed of constructing a lintel or arch to support itself in the
windows.
wall of an edifice which is circular on the plan ; and it
is likely that the resemblance of such windows to the
form of an arrow, might have inspired some builder with
the idea of changing the semicircular head which they
had at first for one terminating in a point like a lancet
or arrow-head. This is a form which we find such win
dows to huve in some of the oldest Churches of Europe ;
and it is easy to conceive that when they were employed
in walls with plane surfaces, two or more of them would
be placed side by side, in order to gain more light for
the interior of the building ; and to make an appropriate
finish above them, the mouldings on each side would be
continued in curves of similar form to meet in a point
above the middle of the window. The space between
the exterior arch and the sides of the others would re
quire some ornament, and the perforations in the forms
of trefoils, quatrcfoils, &c. which are generally employed,
accord well with such situations ; and the prolongations
upward of the mouldings about the lancet-headed curves
would naturally lead to the tracery-work, which about
the same time became a distinguishing feature of this
kind of Architecture.
Forms of
The triangular form of the vertical section of a Gothic
Gothic edifi- Cathedral has given rise to an opinion that the Archimined bv a tec's °^ lnose edifices determined the positions of their
triangula- principal points, on the plan, elevation, and section, by
tion.
the description of a series of equilateral triangles with the
vertices of which those points were in coincidence. The
first person who started this idea was Csesar Ceesarianus,
an Italian Architect, who shows, in his edition of Vitruvius, that the principle holds good in the Cathedral of
Milan; and Mr. J. S. Hawkins has since endeavoured to
show that it is applicable to the Cathedrals of our own
Country. The opinion may not be altogether without
foundation, for such general methods were, undoubtedly,
employed in the works of the Greeks and Romans.
Among those people the length of a lemple was made
to depend on the number of columns in front, and the
length, breadth, and height ultimately depended upon the
diameter of the columns; moreover, something like the
system of triangles occurs in the rules given by Vitruvius
for determining, on the plan, the disposition of the parts
of the Greek and Roman Theatres; and there is reason to
believe that the Gothic Architects had some established
rules, which are now lost, for the construction of their
Ecclesiastical buildings. No rules, however, have yet
been discovered so general as those of the more ancient
Architecture, which were applicable to every edifice of
the same kind ; an advantage arising from the greater
simplicity of its buildings, both in the plan and elevation.

In the Gothic Architecture, if the system of triangles t,n (j
is really that by which the artists were guided, a dif- »-»v*
ferent triangulation seems necessary for every different
edifice.
In applying this principle to the transverse section of
Salisbury Cathedral, we find that the vertices of the
vaults of the aisles are in a horizontal plane passing
through that of an equilateral triangle, the base of which
is a line on the pavement equal to the breadth ofthe nave
and the two side columns; and the summit of the vault
of the nave is at the vertex of an equilateral triangle, the
base of which is the interval between the centres of the
aisles taken in a horizontal plane passing through the
tops of the capitals of the columns on each side of the
nave. In York Cathedral, the tops of the vaults of the side
aisles are in a horizontal plane passing through the ver
tex of an equilateral triangle, the base of which is on the
pavement, and equal to the distance between the centres
of the columns which support the longitudinal arcades;
and the top of the vault of the nave is at the vertex of an
equilateral triangle, the base of which is on the paveineut,
and equal to the whole breadth of the nave and aisles,
including the thickness of the walls. The vertices of the
vaults, both of the nave and aisles, in Lincoln Cathedral,
are determined nearly in the same manner as in the last
example; and it may be added, that the springings of the
vault of the nave are in a horizontal plane passing
through the vertex of an equilateral triangle, the base of
which is the distance ofthe centres of the side aisles from
each other ; and those of the vaults in the aisles are in a
plane passing through the vertex ofan equilateral triangle,
the base of which is equal to twice the breadth of the
aisle. But the variations found in our principal Cathe
drals leave little chance of discovering any general system
for their construction, and it is rather probable that the
artists of the Gothic edifices did not bind themselves to
any constant rules in the works they executed.
During that'period in which the building of Churches Sop?os&i
was constantly occurring, and every effort was made to
execute them in the most perfect manner, persons would
be wanted who, having applied themselves exclusively
to their erection, had acquired a certain facility in
it. Just such a class of men was found in the Free
masons of those times. These were originally, it is sup
posed, refugees from Greece, Italy, Germany, and France,
who were skilled in the Art of Building, and who formed
themselves into a fraternity for their general benefit.
They are said to have travelled from place to place, and
to have engaged themselves to carry on the works which
the Architects, that is to say, the Ecclesiastics, had de
signed. There does not seem, however, to be any foun
dation for the opinion that they were invested with cor
porate powers by the Pope, in the XHth or XlHth
century, as has been supposed ; and it is observed by
Mr. Britton, that they were not known to exist as a
distinct body till the reign of Henry VI., in whose third
year, that is, in 1424, an Act of Parliament forbade them
to assemble in general Chapters. Persons admitted iDto
the Society were instructed in the mysteries of the Art,
and were bound not to divulge its secrets to the uniniti
ated. Near the building which they had undertaken they
formed an encampment of huts, in which they resided,
and they were subject to a regular Government of their
own. One man, who acted as a Surveyor, was respon
sible for the conduct of the party employed in the work,
\
and every tenth man was a Warden: and if any Member
conducted himself impropeily, he was expelled from the

ARCHITECTURE.
n*:iM- Society. A class, like this, of men jealous of (he repu
te™, ta'.ion of their Society, must, by the mutual emulation
subsisting among its members, have brought the prac
tice of masonry to considerable perfection ; it is not
wonderful, therefore, that we find the accuracy of the
work performed in those Ages equal to any thing that
could be executed by the best workmen of the present
day. And we may, perhaps, attribute to the members
of that Society the invention of many ornaments, if
not of some of the principal features in the buildings of
those times.

CHAPTER VII.
Characteristic) of the Pointed Architecture in different
Ages.
t
vmpniof
Pointed
■t m tbe
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About the end of the Xllth and beginning of the
XII Ith century, that which is called the Pointed Style of
Gothic Architecture was introduced into the principal
Ecclesiastical buildings of Europe, and gradually superseded the more ancient modes exhibited in the Saxon and
Norman buildings. The new style is characterised, in a
general way, by its high ridged roofs, its pyramidal
towers, and the pointed form of its arches and vaults,
all which features give to the buildings of that day an
air of lightness and magnificence, forming a powerful
contrast to the low and massive works of the preceding
Age. Efforts have been made to prove that the acute fea
tures, as they are called, are of earlier date in the Con
tinental Churches than in those of England, but the
arguments only prove our ignorance of the precise time
of their first occurring in the edifices of any Country.
In fact, the great intercourse subsisting among the Pre
lates of the North of Europe, during those Ages in
which Church-building was so general, would, natu
rally, lead to the adoption, in one Country, of any style
which had been invented in another. Hence it might be
expected that there should be, almost at the same time,
an uniformity in the characters of the Churches which
it was the chief business of those Prelates to build or
adorn.
rtaot
Besides the edifices formerly mentioned, in which the
feinted nev/ style of Architecture seems to have been first intro:.;oGer» duced, Germany has produced many examples which
ft
will for Ages remain as proofs of the great talents of her
artists in raising magnificent piles for the service of Reli
gion. TheChurchof the Knights of the Teutonic Order at
Marburg, which was begun in 1235, is in this style, and
besides being executed in a most skilful manner, is
distinguished by great simplicity and elegance. The
Cathedral of Cologne, which was begun in 1248 ; that
of Strasburg, in 1274; that of St. Stephen, at Vienna;
and the High Church, at Ulm, are also structures in
which the same style seems to have been carried to
perfection ; and some of these possess even greater rich
ness of character than the buildings executed, in
England, in the time of the most florid state of Gothic
Architecture in this Country. But it seems that, in
Germany, the Art declined during the XIVth century; the
buildings of that period wanting the regularity of form
which constitutes the merit of those which are more an
cient. Profusion of heavy and ill-executed sculpture also
was resorted to, in order to produce a striking effect, for
some time previous to the introduction of the revived
Italian style, in the North of Europe,
vou v.
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The Cathedrals of France, the construction or com- Part III.
pletion of which is referred to the XHIth and begin*v™—>
ning of the XlVth centuries, closely resemble, and equal, France,
if they do not exceed, in richness of decoration, the
contemporary Churches of England ; and, though, as is
observed by Dr. Milner, the most magnificent edifices
in the North of France, the Cathedrals of Notre Dame,
at Paris and Rouen, and those at Amiens and Beauvais, for example, are by the French themselves attri
buted to English artists, yet the members of these build
ings are distinguished by certain peculiarities which
show them to have an independent origin ; and the taste
which dictated them may, with great probability, be
ascribed to natives of the Country.
The wars with the English, and internal commo
tions, prevented tho Architecture of France from making
progress, during the two following centuries, corre
sponding with that which it had made before. And, in
the XVIth century, the Gothic Architecture, as well in
France as in Germany, was abandoned to make way
for the style which had then recently been formed in
Italy from the study of the remains of ancient Rome.
In England, notwithstanding the long period during *nd
which the Country was involved in a Civil war, the taste E"8land'
for Ecclesiastical Architecture maintained its ground,
and the works executed during the XHIth, XlVth, and
XVth centuries may vie with most of those on the Con
tinent at the same periods. But the cessation of those
wars near the end of the XVth century, and the wealth
which the nation began then to acquire by commerce,
enabled the Sovereign, and the Prelates, to put in
execution some of the richest designs which invention
could furnish ; and just before the revolution in taste
which brought on the Italian style, the Gothic Archi
tecture, like the expiring flame of a lamp, shone for a
short period with redoubled lustre. It was at this time
that the exuberantly ornamented Chapels at Westmin
ster, Windsor, Cambridge, and other parts of England
were erected ; and these, by the care taken to repair
them in their original style, will, probably, for Ages
remain among the most perfect monuments of a system
of Architecture which seems particularly adapted to
buildings consecrated to the Christian Religion.
The disposition of the Cathedrals and Churches Changes 'nerected in England, subsequently to the abandonment [^''^hii"
of the Norman style of Architecture, was the same as A,rchitecbefore, with respect to the plan ; that is, the crucitbrm turetngether
style was still retained, with only such modifications as with the
two transverse rectangles instead of one, as in the P"^'"1
Cathedral of Salisbury, or two chancels, one at each end
of the building, as in some of the German Churches.
But the great change that took place in the form of the
arch seems to have brought with it a corresponding
change in every vertical feature ; the exterior of the
roofs, the vaults, the towers and windows were made
more lofty than before, and even the ornamental objects
were made to assume a pyramidal form. The pillars
and ribs of arches were reduced in breadth by deeplycut mouldings and ornamental sculpture, till the greatest
degree of lightness consistent with stability was attained.
A considerable change took place, also, in the quantity
and quality of the sculpture ; which then became more „
abundant and greatly improved.
0f"hTperwl
It is impossible to express accurately the peculiarities jn „hjcn
of style existing at different periods in the Gothic particular
buildings, on account of the great liberties the artists «ty|e prcallowed themselves of blending the style of one period yi,led3a
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with that of another; this is in nothing more evident
than in the forms of the arches. It is understood, for
example, that in the first Age of the pointed arch ; that
is, in the Xlllth century, it was of the lancet form, the
radius of each curved side being greater than the span
of the arch. In the XlVth century, the pointed arch is
supposed to have had its vertex lowered, as if the
curves were described on the sides of an equilateral
triangle, the radius of the curve being equal to the
span. After this period the vertex became still lower,
the radius being little more than half the span of the
arch : finally, a little previous to the suspension of the
Gothic style of Architecture, the arch assumed the figure
of two hyperbolic branches, of considerable curvature at
the springing courses, and nearly rectilinear to a certain
distance on each side of the vertex, where the branches
met at a very obtuse angle. But, though this seems
to have been the general progress of taste with respect
to the form of the arch, yet we often find in the more
ancient buildings, arches much iowerlhan in those that are
less so, and equally great discrepancies may be observed
in every other feature ; all that is meant, therefore, by
assigning a particular period to any one character is,
that the generality of the buildings of that period were
conformable to it, while the exceptions are numerous.
And it is easy to conceive that, in the absence of His
torical documents, the indications of antiquity drawn
from the forms of the members of a Gothic edifice, are
as uncertain as those drawn from the proportions of the
parts of a Grecian Temple.
Examples of The Norman style of building began to be modified
the first de before the middle of the XI 1th century ; but, as might
viations
be expected, the works erected between the time of the
from the
first departure from one method and the complete esta
Norman
blishment of another, partook in some measure of the
style in
England. characteristics of both. In fact, the Churches which
were built about the time of the first introduction of the
pointed arch, contain such a mixture of styles as indi
cates an entire ignorance or disregard of the principles
of good taste.
According to Dr. Milner, the Church of St. Cross,
near Winchester, was built in the beginning of the
Xllth century, and, if so, it must have been one of the
first in which there is a departure from the Norman
style of building ; but the alterations subsequently
made have introduced into it every specie6 of Gothic
Architecture. The columns which divide the nave and
aisles are massive cylinders or prisms, the heights of
which, including the bases and capitals, are equal to about
three times their diameter; and from the capitals of
these spring cuspid arches which differ little from semi
circles. About the middle tier of windows in the choir,
are semicircular or flat segmental arches springing from
piers and intersecting each other; and, within the in
tersections, the wall is cut away to form pointed arches
crowning the apertures of the windows ; while, in the
Eastern wall, some of the windows have exactly semi
circular heads. The mouldings and ornaments about
the windows are of the Norman or Saxon kind.
To the same century are referred the Churches of
Barfreston, in Kent, and of Buildwas Abbey, in Shrop
shire, both of which appear to exhibit the earliest spe
cimens of pointed arches. In the walls of the first are
cut lancet-headed recesses, and the arcades in the nave
of the other are of the pointed kind, springing from
cylindrical pillars, while the upper windows have semi
circular heads. Both Churches, also, contain some of

the members of a later style which may have been
introduced at the repairs made in subsequent periods.
The same mixture of styles prevails in the choir of
Canterbury Cathedral, Malmsbury Abbey Church, in
Wiltshire; Rumsey Church, in Hampshire ; the Temple
Church, in London; and many others, which belong
to this century. The Cathedral at York is also one of
the first grand edifices in which the pointed arch was
used, but the part above ground having subsequently
undergone many alterations, the original style is hardly
perceptible: much of it, however, remains in the crypt,
in which place the arches are slightly pointed, and spring
from short round pillars, the capitals of which are
adorned with animals and foliage. Rumsey Church pre
sents some remarkable peculiarities, which are worthy
of being mentioned, though they probably belong to the
Norman style. On the Northern side of the chancel, the
lower and second tiers of arches are semicircular-headed,
but the apertures of the second tier are divided into two
equal parts by u single column, upon the capital of
which rest the adjacent extremities of the two interior
arches, which are also semicircular, and cover the aper
ture on each side. On the capital of this middle
column rests a smaller one, which seems to support
the crown of the exterior arch. Above this arcade is
an arched passage, formed in the thickness of the wall,
and in the direction of its length, with an aperture
towards the interior of the Church ; the aperture is
divided into three parts by short columns, above the
capitals of which arc rectangular piers, nearly equal in
height to half the height of the column, and serving to
support the semicircular arches over the intervals of the
columns. The employment of a column to support the
crown of an arch, occurs, to our knowledge, only in some
of the Norman buildings, and it indicates either an
absurd taste in ornnmental Architecture, or a want of
confidence in the stability of that feature.
A fine specimen of the style prevailing in the latter
end of the Xllth and beginning of the Xlllth centuries, d
is the face of the Southern transept of Beverley Minster,
in Yorkshire, which, fortunately, remains in excellent pre
servation. In the centre is a doorway, divided into two
parts by a single pillar, supporting the adjacent extremi
ties of two lancet-headed arches which cover the aper
tures ; both these arches are included within one of a
semicircular form.the mouldings of which spring from an
assemblage of clustered columns on each side ; above
this are two tiers of lancet-headed arches, three in each
tier, and at the base of the gable.or pediment, is a circular
window with mullions radiating from a rose in the
centre, and forming what is called the Catherine-wheel
window. In each of the lateral divisions of this face is
also a lancet-headed window, over which is a circular
panel containing four star-formed perforations. The
great pointed window, the tiers of panelling, and the
ornamental foliage at the Eastern end are, probably, of
later date.
The great Western window of the Church at Wells, is
similar to those over the doorway at Beverley, for it is
composed of three lancet-shaped divisions separated,
however, not by mullions, but by piers of masonry,
nearly equal in breadth to the apertures themselves.
The present work is said to have been a rebuilding of
the original, about the year 1239, and the simplicity of
the groining in its nave and transept, shows that it
belongs to the first period of the Pointed Style of Archi
tecture.
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iiireFrom these examples we may conclude, that the generally a continuous curve, but often it was cut into a Part III.
ft- Gothic edifices of the Xllth century presented few series of segments of small circles meeting ««ch other ^-"v——'
y™^ deviations from the Norman style ; the columns may and forming rentrant cusps towards the centre of the
■f*"* be considered still as consisting, generally, of a single arch ; and these cusps sometimes, as at the entrance of
to' cylindrical shaft ; the great arcades, if not semicircular, Hie Chapter-house, at. Salisbury, ended in sculptured
jthe were formed of two segments differing but little from leaves. The mouldings about the arches of the naves
kno- quadrants, so that the arch had the appearance of are made to consist of assemblages ofslender, curvilinear
being very slighty pointed. The heads of the windows reeds with concave grooves between them, and above
and smaller apertures, on the contrary, were formed of the extrados is a moulding, not resting on the capitals of
two arcs of circles making a very acute angle at the the columns, but terminating in a sculptured head pro
vertex, the radii of the sides being equal to two and jecting from the spandril above the capital. Such are the
even three times the span of the aperture ; and the arches of Rumsey Church, in Hants, and of Salisbury
Norman mouldings and zig-zags were still retained Cathedral ; the Norman ornaments upon the archivolts
about the arches. The Catherine-wheel window seems were generally abandoned, except the zig-zag, which in
to have been introduced ; and, in one of the facades at some examples was retained ; and in the latter part of
the extremity of the building, three lancet-headed win
the century, a series of small crosses, or, as they are
dows were placed at small distances from each other. called, dog's-tooth ornaments, appears along the mould
In the great Cathedrals, where the exterior of the wall ings of the arches, as in those of Litchfield Cathedral.
is ornamented, the ranges of arches, simply pointed and This ornament was, however, employed on the Conti
resting on short pillars, appear to have been employed nent at an earlier date, for it occurs in the Abbey
in the latter part of this century; and it is probable Church of the Holy Trinity, at Caen, in Normandy, which
enough that some of the more complex forms of arches having only semicircular arches was, most probably,
were invented during the same period, but their use was built before the invention of the pointed style.
not sufficiently general, or the dates of their construction
The arcades of the triforia are composed of one ex
are not sufficiently certain to allow us to consider them terior pointed arch resting on short columns grouped to
as characteristic features of the buildings in that Age.
gether over those in the lower arcades ; within it are two
am
Salisbury Cathedral, which was almost entirely built pointed arches, the adjacent extremities of which rest
nies in the XHIth century, is considered as exhibiting the upon a short, clustered column over the apex of the arch
t an most comP'ele assemblage of the parts belonging to that below : and within each of these are two smaller pointed
periodl ; and though individual examples of some of the arches, the extremities of which rest upon a single column
members often occur in edifices of an earlier time, yet in the middle. The soffit of each of these four small
it is from this period that we are to date the general arches is cut by five segments of circles forming rentrant
emplojment of the features, collectively, in Ecclesiastical cusps in the manner above mentioned : and in the span
buildings. In the screen at the Eastern end of the choir dril between each of the two smaller, and also between
of tha* Cathedral are two clustered columns, consisting the two greater arches under the principal one is an
each of four shafts united together on a common octa aperture formed by ten intersecting segments within the
gonal plinth, and supporting a pointed arch, the sides of circumference of an exterior circle.
which are formed on those ofa rectilinear triangle nearly
In this century, and, perhaps, at a period somewhat Stone-vaultequilateral. On each side of this, in the same screen, eatlier, the timbers of the roof, which had been formerly >ngs and
is an acutely-pointed arch, one side of which rests on a exposed to view from the interior of the building, were l^xnitl0'
column consisting of one stout, cylindrical shaft with concealed by a groined vaulting of stone which was jenturv '
four slender ones attached to its surface. A more com formed several feet below them, so as to leave a void
plex species of clustered column also appears in the between the extrados of the vault and the outward co
nave and transept of this Cathedral ; it consists of many vering of the roof, a construction to which the name of
slender shafts united in one body like a bundle of rods, chare-roof was given. The ribs at the edges of the
to which it has often been compared, and though it may groined vault of the nave were ornamented with mould
have occasionally occurred before, it became from this ings, and, at first, made to spring from the pillars sup
time a constant feature in Gothic edifices. The shafts porting the arcades ; but, subsequently, some were made
were either plain or divided into two or more parts by to spring from corbels between the windows in the side
small fillets 01 astragals of stone surrounding the whole walls, or from the capitals of small columns with single
pillar, and the capitals, bases, and olinths were com or triple shafts resting upon heads which project from
monly octangular.
the wall between the exterior arches of the triforia. Be
Columns grouped about a central pillar in the man tween the ribs at the angles of the groins, others were
ner just mentioned are usually considered as essentially formed on the plane face of the wall, and all extended to
distinct from those of the Saxon or Norman kind; but a sort of spine coinciding with the crown of the longi
this is not a correct opinion, for they occur in several of tudinal vault of the nave ; the profile of the spine was
the old Churches executed according to those styles ; for similar to that of the ribs, and the intersections were
example, in the Churches ofSt.Etienne and of St. Hil- marked by knots of foliage or flowers.
debert, at Gournuy, in Normandy, and the Cathedral of
The profile of the stone-vaults having, like the arches,
Durham in our own Country. It may be remarked that an acutely-pointed form, the artists were obliged to give
similar groups are found in the Church of St. Catherine to the external roof that great height which forms oneat Oppenheim, the construction of which is referred to distinguishing feature in the buildings of this and the
about the same period as that of Salisbury Cathedral.
succeeding Ages. Hitherto the roofs had been low
In the buildings of this century the arches, which at pitched, resembling those of the Greek and Roman edi
firtt had been of the acutely pointed or lancet form, were fices, but, from this time, it became common to make
subsequently made with radii equal to about four-fifths of the inclinations of the sides to the horizon not less than
the spaa of the arch ; the intrudes of each branch was sixty degrees, so that the gables or pediments have the
3x2
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Architec- appearance of equilateral triangles. Wooden spires of
ture. a pyramidal form and covered with lead, had, before
s—"V"
this century, been common in the Norman Churches ;
but they began now to be formed of stone, on poly
gonal bases, and to be highly ornamented. The but
tresses, which had hitherto terminated at the top of the
side walls, were at this time raised above it ; and at the
upper extremity was formed either a pinnacle or a sort
of pediment. Flying buttresses, consisting of simple
arched ribs, were formed above the roofs of the side
aisles, in order to resist the lateral pressure of the cen
tral roof against the walls over the arcades of the nave.
Windowsof Jn the beginning of this century the pointed windows
the same of Churches became broader than before; the aperture
period.
was divided into two parts by a vertical mullion, and
each division or light was covered by a pointed archhead of the lancet form, as had previously been the
case with the semicircular-headed windows in the Nor
man Churches. In the spandril between the exterior
curve and the heads of the two lights was frequently
formed an aperture consisting of three, four, or more
segments of circles intersecting each other about a cen
tre, so as to produce rentrant cusps and form a trefoil,
quatrefoil, &c. aperture: such are the windows in the
side walls of Westminster Abbey, which were probably
executed in the time of Henry III.
At the Western extremity of Rumsey Church is a
great window divided into three parts, nearly equal to
each other by two vertical mullions, the interior faces of
which are ornamented with slender columns in clusters,
and each aperture is covered by an arch of the lancet
form. But in the same century some of the greater
windows were crowned by pointed arches nearly equila
teral and divided by one principal mullion, ornamented
with clustered columns, into two parts with pointed
arch-heads similar to that of the whole window ; and
each of these was subdivided, in a similar way, into two
others. The spandril between the secondary and ter
tiary arches was occupied by a quatrefoil aperture cir
cumscribed by a circle, and that within the principal
and between the secondary arches by an octofoil aper
ture, circumscribed also by a circle : such are the win
dows of the Chapter-house, at Salisbury. This, probably, preceded the method of dividing the windows by
upright mullions, branching oft* at top and forming a
tracery-work by their intersections, a method which,
however, occurs in works executed nearly at the same
period. In Litchfield Cathedral, and in the Western aisle
of the Northern transept of Westminster Abbey are win
dows formed by describing arcs on the three sides of
an equilateral triangle, with the angular points as
centres ; the interior is occupied either by tracery or by
three circles touching each other and the sides of the
window. Such windows were sometimes formed in the
clere story ; but generally the windows in that part of the
building are divided by clustered shafts, and the aper
tures terminate in lancet heads.
The smaller windows of this century seem very gene
rally to have had trefoil heads, but the middle segment
in the intrados was formed with a cusp at the vertex.
The ornamental ranges of arches on the exterior and in
terior faces of walls were also of similar forms, and
were supported, as before, by small columns.
On the exterior of the building, pediments were, at
this time, formed above the extradosses of arches and
windows, and terminated at each foot in some figure
which projected from the face of the wall ; these pedi

ments were sometimes rectilinear, but generally curvi- Putts.,
linear, at first concentric with the sides of the arch v»J
itself, but about the latter part of the century they became
curves of contrary flexure terminating in points and
ornamented. The canopies in the walls of Churches,
which were before plain, were ornamented in a style
corresponding with that of the windows, and were
occupied by statues.
During the XlVth century the style of Architecture Fomofpj
became more light and elegant than before, and may l"» >» i>«
be considered as having attained the state of its greatest J""**
purity. The clustered columns now consisted of a of
" the
greater number of shafts, and formed a mass the plan m7.
of which might be circumscribed by a rhombus, so
situated that lines joining the opposite angles are re
spectively parallel and perpendicular to the length of
the building. The four principal pillars which support
the central tower are much larger than the others, and
are carried as high as the top of the triforia ; that is from
five to seven times the greater diameter of the clustered
pillar. At each angle of the cluster are generally three
columns united in one, and between every two such
united columns are two or more slender ones, all
attached to the main body of the pillar. Each column
in the cluster has a plinth or, rather, a low pedestal of a
polygonal or circular form on the plan, and above this
is a torus and fillet ; the plinths and mouldings respec
tively, by uniting, form a general base for the whole
cluster. In the same manner, each column in the clus
ter has its own capital, formed of mouldings, flowers, or
foliage, with a circular or polygonal abacus above, and
these are united in one general capital for the whole
pillar. The columns or stems at the angles ure gene
rally uninterrupted from the base to the capital, but
those intermediate are broken into three or more equal
parts by astragals and fillets. The pillars of the side
arches in the nave are about one-third of the height of
those under the central tower, and are formed in a
similar, though not always in the same manner.
These arches are of the pointed form and nearly equl- Arde aJ
lateral ; each side is formed as if composed of a num- *""**
ber of circular mouldings springing from the capitals of
the stems which constitute the clustered column. Above
the summits of these arches a small horizontal mould
ing runs quite through the length of the building; over
this is the triforium or second arcade, consisting of a
series of pointed arches like those before described, and
above these is a second horizontal moulding, either
plain or ornamented. Between every two arches in the
nave, and every pair in the triforium is a s'ender
column, either single or triple, rising from the pavement
up to the second horizontal moulding, where it termi
nates in a small capital, from which spring the ribs in
the groined-work of the vault. The height of the lower
arcade is generally about five-eighths of the height from
the pavement to the rise of the vault, and that of the
upper arcade is about equal to the remaining three eighths. The spandrils between the curves of the
arcades and the horizontal mouldings above are gene
rally plain, but sometimes filled with trellis-work, as
in Westminster Abbey. In some cases there are two
tiers of galleries over the lower arcade, as in the tran
septs of York Cathedral ; but sometimes, as in the
nave of the same Cathedral, instead of galleries the
whole of the side walls above the lower arcade is oc
cupied by large windows. The most common case,
however, is that in which there is one triforium, and
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Irriiitec- above it, within the lateral vaults of the groined-work,
,urc- a tier of clerestorial windows.
^^'—
The tracery in the ceiling of the body of the building
became, in this century, more intricate than in the
former ; for the ridges of the lateral vaults not being so
high as that of the longitudinal vault, the ribs at the
angles of the groins frequently cross each other and
also the intermediate ribs, and thus form many compart
ments, at all the angles of which are knots of flowers
or foliage. This kind of tracery is exhibited in the vault
of the nave of Winchester Cathedral ; and the faces of
the vaults between the ribs are sometimes ornamented
with trellis-work, as in Lincoln Cathedral.
be towers. The central tower was a rectangular building termi
nating with battlements, and containing windows on
each side ; in some examples the angles of the tower
were furnished with pinnacles enriched with sculpture,
and in others the tower was crowned by a lofty pyrami
dal spire. The two towers, which were placed one on
each side of the Western front of the nave, were similar
to that over the centre of the building; that is, they
either terminated in battlements and pinnacles or were
surmounted by spires. In some cases we find the angles
of the towers plain, in others they are strengthened
by buttresses, plain or ornamented, and either rectan
gular or polygonal on the plan ; the pinnacles are
usually placed only on the summits of the buttresses,
but occasionally one is also placed over the centre of
each face of the tower, and all are of a conical or pyra
midal form. The towers are usually divided into two
or more parts by horizontal mouldings ; and between
these are either windows, or niches and canopies con
taining statues, or ranges of arches standing on small
pillars, like those in the Pisan edifices ; only the arches
are either simply cuspid, or consist of a trefoil formed
by three arcs of circles blending with each other in a
line of contrary flexure. The battlements of the towers
or of the general body of the building are sometimes
plain, at other times formed of open-work ; and the ex
terior of the walls, gables, and buttresses is orna
mented with canopies, ranges of ornamental arcades
on slender pillars, and sometimes partly with trelliswork.
wdows.
The Western facade of the building was occupied by
a window placed over the doorway, sometimes equal in
breadth to the whole of the nave and reaching to the
top of the vault. This and the other windows were
divided by mullions and transoms, the former generally
dividing into ramifications near the upper extremity of
he window, and by their intersections producing a tra
cery representing loops and foliage, as in the Cathedrals
of York and Carlisle. The rectangular compartments
of the windows were filled with painted glass represent
ing Apostles, Saints, or Kings. The arched heads of
most of the windows of this time were higher than the
equilateral kind ; and above the extrados, on the exterior
of the building, were pediments in the form of curves
of contrary flexure, which, as well as the sloping sides
of the gables, pinnacles, and buttresses, were profusely
ornamented with crockets and crowned by finials.
Occasionally, the mullions proceeded in rectilinear
directions to the head of the window, and the walls and
buttresses were ornamented with panels standing imme
diately over each other, so as to cause a system of ver
tical lines to appear to predominate on the exterior of
the edifice ; and hence Mr. Rickman has, with some
propriety, applied the denomination of Ihe Perpendicular
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Style to that which prevailed in the latter part of this, Part III.
and the beginning of the following century.
About the same time the circular window, usually
placed at one or both extremities of the transept, was
increased in size and divided into compartments by ra
diating pillars and concentric circles, as in Westminster
Abbey, or by a tracery representing loops and foliage
arising from the intersections of branching mullions, as
in the Cathedrals of Winchester and Litchfield. An
elegant circular window of a similar kind, and probably
of the same period, remains in each gable of the Church
of Buildwas Abbey, in Shropshire.
Besides the buildings we have mentioned, the Con
ventual Church of St. Augustine, at Bristol, and St.
Stephen's Chapel, at Westminster, now the House of
Commons, are to be considered as among the best spe
cimens of the Architecture of this Age.
In works erected during this century, we find the first Satirical
examples of that sculpture which disgraces many of our sculpture.
noblest buildings. Fools, mountebanks, and satirical
representations of Monks are the principal subjects on
which this depraved taste was exercised ; and sacred edi
fices, where every circumstance should inspire serious
sentiments, were the places chosen to exhibit them. Ac
cording to Mr.Douce, the figures may have been intended
to cast ridicule on certain classes of men, or to express
the mummeries practised at the Feast of Fools. The
same kind of sculpture was, at a later period, employed
on the under sides of the misereres or turning-seats in
some of our Cathedrals.
From the end of the XlVth to the beginning of the General
XVIth century another change took place in the style of characteris
of the
Architecture. The arches of the arcades, doors, and tics
windows became much lower than before ; the upper Architec
ture of the
part of each side was nearly rectilinear, and the two XVth cen
formed a very obtuse angle at the vertex. This, which tury.
was called the Tudor arch, though generally, was not
universally employed, for the equilateral form is also to
be seen in buildings of the same Age.
The vaulting in the roof, like the arch which served
for its model, became nearly flat about the vertex, the
angles of the groins being rounded, the spandrils as
sumed the form of an inverted bell either entirely or in
part, and the upper portion of the surface marked upon
the ceiling the whole or a segment of a circle. The
spandril itself was covered by numerous small ribs which
branched from the capitals of the columns, and gave to
its surface the appearance of a fan ; and between those
spandrils, others, consisting of masses of stone, each
weighing more than a ton, in the shape of inverted
bells, and ornamented with fanwork, were pendent from
the vault. At the intersections of the ribs of the fanwork, armorial shields were sculptured, and the lower
extremities of the pendents were ornamented with
foliage. The exterior covering of the roof, which be
fore had great elevation, was now again reduced very
low in order to correspond with the form of the vaulted
ceiling.
The vertical mullions of the windows proceeded from
the sill quite to the top of the arched head, and were
crossed by transoms frequently ornamented with small
battlements. Over the doors and windows was gene
rally a horizontal, rectilinear moulding, which terminated
on the vertical sides produced, so that the aperture of
the door or window seemed enclosed in a rectangular
recess. A horizontal label was placed a little above the
top of the recess, and a branch at right angles to it
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Architec- extended a little way down each side, where it terminated
lure. either in a lozenge-formed ornament, or in a short
v—
branch parallel to the upper part of the moulding.
In the buildings of this Age, the windows occupy so
great a portion of the walls that, as Dr. Milner observes,
the whole Church has the appearance of a glass-lantern
rather than a substantial building.
The vertical buttresses of this Age are of a polygonal
form on the plan ; they rise considerably above the roof
of the aisles, and their faces are highly ornamented with
panels, battlements, and elegant projecting canopies ;
the sides of the flying buttresses also are ornamented
with tasteful perforations, and their extradosses with
crockets or creeping animals. On the tops of the vertical
buttresses are pinnacles, the profile of which is bounded
by curves of contrary flexure meeting in a point at the
top ; the faces of these arc ornamented with a sort of
network, their ridges with crockets, and their apices
with elegant finials ; and, in fact, every member of the
building received in this century the highest degree of
enrichment of which it seems capable. The principal
examples of this florid style are Henry the Vllth's
Chapel, at Westminster, and King's College Chapel, at
Cambridge ; and it may be easily imagined that this
elaborate workmanship could only be bestowed upon
the smaller kind of Ecclesiastical edifices,
of the
At the dissolution of the Monasteries in the XVIth
XVIthcen- century, the last change took place in Gothic Architecturyture ; the works of Cardinal VVolsey at Oxford and at
Hampton Court are examples of the style, which then
became common in Ecclesiastical and Palatial buildings,
and even in private dwellings.
Instead of that exuberance of ornament which a short
time before covered every part of the edifice, the
utmost plainness prevailed. This was a necessary con
sequence of the almost general employment of brick and
rubble stone in building, in place of the masonry which
permitted a full display of the powers of the chisel. An
air of meanness reigns in all the works of this period,
because the rude materials of which they are constructed
are incompatible with the graces of ornament. The
doorways were still crowned by an obtusely-pointed
arch, but the windows were rectangular and divided by
plain mullions and transoms ; small and unadomed
arched heads were, however, still retained over the lights
or subdivisions of the windows. As if to compensate
for the plainness of the exterior, the interior of the Pala
tial edifices exhibited the highest luxury of sculpture in
the marble which surrounded the fire-places and in the
wood-work of the apartments.
Timber-roofs, which had before been employed only
occasionally for covering great Halls like that at West
minster, became common in the Churches and mansions
of this period, and superseded the stone-vaultings of the
former Age.
The Architecture of the Churches of France and Ger
many experienced changes nearly corresponding with
that of the Churches in England in the different periods,
till the invention of the Tudor style, which seems to be
peculiar to ourselves, for no examples ofit are to be found
in the Churches of the Continent. Previously to that
time, whatever may be the differences in the minor parts
of Ecclesiastical edifices, their general features either
indicate a parallelism in the progress of ideas, or that
the artists in one Country adopted almost immediately
the variations introduced by those of another.
It is a little remarkable that though the Tudor Archi

tecture was never adopted on the Continent, yet, in the PinllLi
city of Rhodes, the ancient Church and the buildings in
the street of the Knights, which cannot be supposed to
have been erected at a later period than the end of the
XVth century, have windows with obtusely-pointed
arches and horizontal labels over them, like those in the
nearly contemporary edifices of England: a circumstance
which can only be accounted for by considering tbem to
be works executed under the influence of the English
Knights, who, before the Reformation of Religion,
formed part of the Order then occupying that island.

CHAPTER VHL
1
Detailed Description of the component Paris of GoUuc
Ecclesiastical Edifices.
The general forms of the members which enter into
the composition of Gothic edifices have been mentioned
in the preceding Chapters, but as it was not convenient
then to describe them so much in detail as is necessary
in order to afford a sufficient knowledge of their charac
ter, we purpose now to do so ; and though the great
variations found in the different examples, and even in
the same building, seem to render hopeless the effort to
reduce the Gothic Architecture to general rules, yet a
knowledge of the dimensions and proportions adopted
iu the members of some of the principal edifices, will
be of great service in fixing our ideas of the practice of
artists in the Middle Ages.
Columns with double shafts were employed by the Clustered
Roman artists in the later period of the Empire, since coIumj.
they occur in some of the Syrian buildings, and possibly
there might have been others of a more complex cha
racter then existing though since destroyed ; but it was
not till the XII th century that the clustered column be
came general, and assumed the various forms which we
are now to describe. At first the central part of t Lie
column was circular or elliptical ; four slender shafts
were applied to the circumference at the extremities of
two diameters, which were respectively parallel and per
pendicular to the length of the building, and each shaft
projected from the central part as much as half or threequarters of its diameter. Such are the forms of some of
the columns of Salisbury Cathedral, and in that building
the longest diameter of the cluster is 4.65 feet; the
height, including the base and capital, is 25 feet : and the
breadth of the aperture of the arch between two columns
is 17 feet : consequently the proportion between the
diameter of the column and its height is as 1 to 5.4,
and the intercoluraniation is equal to 3.7 diameters.
The heights of the systems of mouldings forming the
base and capital are equal to a diameter of one of the
attached shafts.
In the nave and choir of York Cathedral, the cen
tral part of the cluster is a square each side of which
is about 4 feet long ; at each angle is a three-quarter
column 1.42 feet diameter, and between every two of
these, on each side of the square, are two smaller shafts
of unequal diameter with small intervals between them.
The breadth of the whole cluster diagonally is 8 feet ,
the height of the shafts at each of those angles from
whence the arcades spring is 29 feet, and the breadth of
the archway is 19 feet: consequently the proportion
between the diameter and height of the column is as
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tec. 1 to 3.62, and the intercolumniation is equal to 2.37
e. diameters. The bases of the columns are of the Attic
—^ kind standing: on octagonal plinths, which are 3.25 feet
high, and are divided into two parts by a horizontal
moulding ; and the capitals are ornamented with foliage.
The three shafts at the angle next to the middle of the
nave proceed uninterruptedly to the top of the side walU,
ami support the ribs of the groined vaulting.
The great columns which support the central tower
form an irregular rhombus, on the plan, with rentrant
angles on two of the sides. In these also, there is one
great shaft at each of the four angles, and the intervals
between them are occupied by many smaller ones. But
the plans of some of the clusters in the transept are
nearly circular, and about 4.75 feet diameter; at the
extremities of two diameters which cross each other at
right angles, is a triple shaft with a vertical fillet or
moulding on the face of each ; between these is a single
shaft with a similar fillet in front; and in each of the
intervals is a vertical channel formed in the body of the
pillar, and containing a small shaft completely detached
from the pillar, except at the base and capital, where it
is connected with the general plinth and capital of the
cluster.
In Lincoln Cathedral some of the small clustered
columns consist of eight shafts disposed about the cir
cumference of a circle ; the outline of the plan of each
shait has the appearance of two arcs of circles forming
a cusp in front, and the bases, plinths, and capitals are
of similar forms. Some of the columns in the nave of
this Cathedral resemble those in the nave of York, but
the angular shafts are detached from the body of the
column, and stand in semicircular channels. There are
others in the same line, having eight three-quarter
columns about the circumference, with a vertical fillet
or bead in front of each, and a semicircular channel or
fluting between every two. The shafts at the angles of
the cluster are larger than the others, and their heights
are equal to from thirty-six to forty times their dia
meters.
But, in Westminster Abbey Church, the interval be
tween every two of the four secondary shafts is occupied
by two smaller ones which are in contact with each
other ; the diameter of the whole is 5 feet ; the height,
including the base and capital, is 31 feel; and the inter
columniation is 14 feet ; the height of these shafts is
divided into three equal parts by fillets, which, on some
of the pillars, surround every shaft of the cluster, but,
on others, appear only on the four secondary shafts.
The capitals are circular or octagonal, and are without
sculpture, and the bases stand on high plinths.
At a later period, the clustered columns assumed a
still more complicated character : the intervals of every
two of the four secondary shafts being occupied rather
by vertical mouldings than columns ; the plan present
ing a succession of salient and rentrant curves, some of
them simple, others forming cusps, consisting either of
two segments of circles, or two curves of contrary flexure.
Such are the columns in the nave of the Cathedral at
Wells : their diameter is 5.25 feet ; their height 16 feet ;
and the intercolumniations 11.75 feet The bases of the
shafts resemble those called Attic, and stand upon triple
plinths of circular forms, and the capitals are sculptured
with elegant foliage. Similar columns appear in
Henry Vllth's Chapel, at Westminster, and St. Geoige's
Chapel, at Windsor.
The forms of the arches in Gothic Cathedrals cannot
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be considered as affording sure indications of the Age Part III.
of their construction. Semicircular arches were gene- v^v«^
rally executed in the Saxon and Norman times, and when
they occur, we seldom hesitate to consider them as be
longing to one or other of those periods; nevertheless,
several examples exist in which from an affectation of
the ancient style, or from some other cause, such arches
have been executed in later times. Again, the obtuselypointed, or hyperbolic arch is not known to have been
constructed till the time of Henry VII., but in the inter
mediate Age all the other varieties of the pointed arch
seem to have been indifferently used. The high lancetheaded arch is considered as that which immediately
succeeded the Norman kind ; yet, in buildings of the same
antiquity, we also find pointed arches differing but little
from semicircles.
Writers on Gothic Architecture are accustomed to di
vide the pointed arch into several different kinds. Those
the sides of which are described with radii greater than
the breadth of the aperture, have the name of lancethead arches, and the radii of these are sometimes equal
to two or three times that breadth ; and those, the radii
of which are equal to the breadth, are called equilateral.
But all those, the radii of which are less than the breadth,
are distinguished by the names of arches ofthe third point,
fourth point, &c ; in the first, the radii are equal to twothirds; in the second, to three-fourlhs, of the span or
breadth of aperture and so on: it must not, however
be understood that in arches really constructed it is pos
sible always to express the proportion of the radii to the
span by terms so simple as these, for the artists do not
seem to have limited their practice by rules, in this mem
ber more than in others.
The arches at the Eastern end of Canterbury Cathedral
are of the third point, and this form seems to have been
designedly given them from taste, for they are in situ
ations where the high, lancet figure would have been
more simple ; since, in order to gain the required height,
the artists have been obliged to make the curvature of
the sides begin at a considerable distance above the
capitals of the columns, which gives them in some
measure the appearance of the horse-shoe arch. The
importance which the Architects of that day attached to
the elegant curvature of the arches is evident from the
circumstance that those of the acutely-pointed form have,
sometimes, each side described from two centres, in order
to produce a greater degree of curvature on the hances
than would be obtained by one centre. The Tudor arch
is invariably of low elevation, the two sides forming a
very obtuse angle at the vertex, and each side of these
is usually supposed to have been described from two
centres. In Henry Vllth's Chapel, at Westminster, the
radii of the lower and tipper part of the intrados are
respectively equal to 0.217 and 0.845 of the span ; while
in St. George's Chapel, at Windsor, the radii are 0.2
and 1.25 of the span, respectively, and the proportions
differ, perhaps, in every example.
Before the doorway of an ancient nunnery, at Rhodes,
is an elliptical arch, above which is a projecting mass,
like an oriel, consisting of three sides, with cylinders at
the angles ; the line of the arch is a curve of double
curvature, as it projects forward so as to be every where
vertically under the faces of the oriel, if it may be so
called. In this last are windows, some of which have
flat, elliptical, and others pointed heads.
The general profile of a pointed arch is splayed on
each side of the intrados moulding, and, in this respect,
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Architec- it corresponds with the plan of the clustered column.
lure. No rule can be assigned for the breadth of the archivolt,
s—"v"*/ if it may be so called, but cases occur in which, if we
do not include the weather-moulding above the extrados,
it is equal to half the breadth of the clustered column from
which it springs, for the mouldings about two contiguous
arches sometimes meet over the middle of the column ;
frequently, however, the breadth is less, and in some
cases it is greater ; in York Cathedral, the extradosmouldings of two adjacent arches are made to intersect
each other and come down upon the capital of the co
lumn in front of the interior mouldings. An elevation
of one of the arches and pillars in the nave of Litchfield
Cathedral is given at pi. xix. fig. 4 ; and of the arched
gateway at King's College Chapel, Cambridge, at fig. 7,
in the same plate.
The ornaments on the sides of arches are a series of
slender astragal or bead-mouldings, the profiles of which
are sometimes semicircular, at other times cuspid, and
some have the forms of cymatia, or curves of contrary
flexure of various kinds. The semicircular mouldings
have, occasionally, a fillet or rectangular moulding on each
side, and sometimes they are separated by a rectangular
groove, or a circular channel, from each other. The
weather, or extrados-mouldings, are in the form of
cymatia, with a rectangular fillet on the exterior, and
the lower extremity of each branch rests upon a Norman
head, sometimes of a grotesque character, or upon an
animal. In Beverley Minster it rests on an angel playing
on a violin, and the angel stands on a head projecting
from the wall over the column between the two arches.
Ranges of arches standing on small columns attached
to the exterior and interior faces of walls, which form so
conspicuous a feature in the Lombard Architecture, were
adopted in the Gothic Churches of the North of Europe,
but the arches, instead of being semicircular, correspond
in form with those of the Age in which they were exe
cuted. In the oldest examples they are simply cuspid
in the lancet style, and these, are often used with semi
circular arches in the same building, as is the case in the
tower and gable at the Western end of Lincoln Cathe
dral. In the interior of the Chapter-house, at Salisbury,
is a range of such arches having the intrados cut in
cinquefoil shapes by segments of circles which meet and
form rentrant cusps, and the upper segment has a point
or salient cusp at the vertex. The Abbot's Tower, at
Evesham, and the faces of the buttresses in that Church,
are covered from top to bottom with tiers of cusp-headed,
narrow arches in trefoil and cinquefoil forms. This
tower was erected but a short time before the Refor
mation.
Sir Christopher Wren, though averse from the Gothic
Architecture in general, and even censuring its taste
severely, allows considerable merit to the pointed arch,
on account of its mechanical properties; he observes
that it can be raised with little centreing, it requires but
light arch stones, and little abutment to resist its
lateral thrust on the points of support. But with respect
to its strength. Dr. Young, in his investigations con
cerning the strength of arches generally, published in
the Transactions of the Irish Academy, has proved that
when the radius of curvature is equal to two-thirds
of the span, the strength of the pointed is to that of the
semicircular arch as 0.826 to 1 ; and when the radius
is equal to three-fourths of the span, the strengths are
in the ratio of 0.795 to 1. Dr. Young also shows that
the equilateral-pointed arch is the weakest of the kind,

and that the strength is increased as the radius is less
or greater than the breadth of the aperture.
An opinion of the relative strengths of the different
kinds of pointed arches, founded on experiment, might
have had some influence in determining the species to
be employed in particular circumstances ; for wherever
great weight was to be supported it was usual, at the
time of the first introduction of the pointed arch, to con
struct one, the branches of which were described from two
centres near each other ; which, consequently, ditfercd
but little from a semicircle ; at the same time the arches
merely ornamental were of the lancet form, very acute
at the vertex ; a construction probably chosen from some
perception of its beauty.
Arches rising from pillars have always been objected
to, but those of the pointed form rising from clustered
columns, as in the Gothic Churches, do not seem so
improper as those in the Roman and Saxon edifices;
because the circular mouldings forming the ribs of the
pointed arch appear to be but continuations of those
which constitute the pillar, and the latter has the appear
ance of a bundle of rods which diverge from the capital
and meet those of the neighbouring pillar in the vertex
of the arch ; consequently, the archivolt seems to form
part of the pillar, and rather to be an ornament than a
support to the wall above.
It may also be observed in favour of the pointed arch
that it is easily adapted to any situation ; for while the.
least irregularity in a semicircular arcade would produce
an unpleasant effect, the other, possessing less unity of
form, conceals many defects, and a series of such arches
admits of considerable variations from equality of span
without exhibiting an appearance of deformity.
In the ancient crypts, the hemicylindrical vaults, by Vi
their intersections, formed diagonal ridges, which were
left without ornament, but a plain rib, projecting from
the face of the vault, and extending from pier to pier
perpendicularly across it, relieved the uniformity of the
work. In the Church of St. Cross, in Hampshire, the
diagonal ridge is cut off so as to leave a flat face, and
this is ornamented with the double zig-zag, but the faces
of the perpendicular ribs or cross springers are left
plain.
The simple, hemicylindrical groin-vaulting of the Ro
man and Norman times seems to have been exchanged
for that formed by the high-ridged vaulting as soon as
the pointed arch had superseded the semicircular one ;
and the nature of the vaulting depends so much upon
that of the simple arch, that there can be no difficulty
in admitting that the profile of the former would always
be made to correspond with the latter. In Salisbury
Cathedral, ribs are formed at the diagonals of the groins
and there is one cross springer between every two of
these, in a vertical plane perpendicular to the direction
of the vault ; all these are ornamented with mouldings,
and the intersections at the crown are marked by knots
of foliage. In Winchester Cathedral the diagonal ribs
intersect each other where the vertices of the lateral
vaults meet that of the nave, and proceed thence to the
longitudinal ridge in the crown of the latter, at which
they meet those ribs which are in a plane perpendicular
to its length. The upper parts of the divisions between
the diagonal and perpendicular ribs are again divided
by short ribs, extending to the crown of the vault and
connected with the principal ribs by branches. Similar
arrangements of r>bs are formed on the faces of the
lateral vaults, and the intersections of the ribs and
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lec- branches produce a complicated tracery, almost every
angle of which is marked by a knot of foliage. Over
the choir of York Cathedral the tracery is still more in
tricate ; the lateral vaults have the same height as the
general longitudinal vault of the roof, and the spandril
between every two of the former is divided into fourteen
triangular compartments, on each side of the building,
by three ribs which spring from the column, like those
at Winchester, and by others which intersect them in
various directions ; and every intersection is marked by
a flower. The kinds of tracery above described are
supposed by Sir Christopher Wren to have been invented
by the Freemasons: the ribs were commonly made of
free-stone, and the intervals filled with light materials,
sometimes with chalk.
The specimens of vaulting executed in the Age of the
Tudors, and exhibited in the Chapels at Westminster
and Cambridge, have been already described ; the fanwork ornament and the pendent spandrils, in which the
Gothic Architecture displays its richest character, may
be considered as belonging to the last stage of Archi
tectural luxury ; artists, perhaps, could go no further in
the indulgence of a taste for ornament, and, from that
time, they seem to have reverted to a more simple
style.
•J*
The entrances to Gothic Churches, both of the Nor
man and succeeding styles, are very small if compared
willi those of the Greek and Roman Temples. In ge
nera], tbe former consists of an aperture terminated by
a semicircular or pointed arch resting on piers and pre
ceded by a porch of a trumpet form, being small at the
door and increasing in width towards the exterior both
at the sides and crown ; and, in some cases, the pave
ment of the Church is lower than the general level of
the surrounding ground, so that the entrance resembles
that of a Tomb, an idea of which it might have been
intended to convey by that descent. In some Cathe
drals, as in that of Winchester and Litchfield, a single
pillar of small height is placed in the centre of the door
way, and from its capital rise two branches, making with
the curve on each side of the doorway two pointed
arches, the heads of which are included within that of the
porch ; each side of the entrance is generally ornamented
■with a multitude of slender columns, from the capitals
of which stems proceed to meet those from the opposite
side, at the vertex. The shafts are sometimes plain,
but they are often enriched with an endless variety of
sculpture, representing foliage and other ornamental
objects. In small Churches the sides of the doorway
are merely occupied by mouldings, the profiles of which
are concave and convex curves.
The upper part of doorways in the Tudor Age was
often inscribed in a rectangular recess or panel ; a mode
which we have stated to have been practised in the
Moorish edifices at a period, probably, not much an
terior to that of its introduction to this Country.
In almost every case the sides of pointed arches rise
perpendicularly to the horizon, but there are some
buildings in which those over doorways or windows do
not so ; such arches, which are very deficient in elegance,
are found in Romsey Church and Winchester Cathedral,
and they seem like the segments of pointed arches,
formed by cutting away some of the lower courses of
masonry. The doorway of Magdalen College, Oxford,
is crowned by a low pointed arch of the hyperbolic kind,
and this is within a rectangular recess, above which is
a series of battlements, having small canopied niches
VOX.. V.
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containing statues in the faces of the merlons. Above Port III.
the hances of the arch are armorial bearings, and on v—"v-""-'
each side, from the exterior of the recess, springs a
slender rib of a hyperbolic form ; the two ribs meet on
the middle of the exterior face of the horizontal mould
ings over the doorway, and, except at the foot and
vertex, they stand quite detached from the rest of the
work.
Among the Greeks and Romans, the doorways were
made proportional to the size of the building, and extra
vagantly lofty, but the Gothic Architects, who seem to
have felt the impropriety of this practice, generally made
them of nearly the same height for all buildings, and
that was just sufficient for the passage ofpersons through
them ; yet, wishing to give them a suitable proportion
to the size of the building itself, they contrived an inge
nious way to combine both propriety and proportion by
splaying the opening in oblique directions from the inner
to the outer face in the thickness of the wall ; thus con
verting it into a porch the sides ofwhich they ornamented
with columns, mouldings, statues, or foliage, by which
it acquired an air of grandeur and beauty.
In the Norman Churches the windows were generally Window*,
small, and consisted of narrow, semicircular-headed aper
tures, splayed interiorly, and placed singly in the sides,
but two or three together at each end of the building,
with a small, circular aperture above them in the gable;
and, probably, in the smaller Churches, they were with
out glass. To these succeeded the lancet-headed win
dows, which were sometimes plain, like those of the
Norman kind before mentioned, but at other times they
were decorated, inside and out, with marble columns,
of which those in the inside, as in Chester Cathedral,
were detached from the wall ; the proportion between
the height and breadth of such windows is very various,
but the ratios of 3 to 1 and of 7 to 1 seem to have been
the limits.
In buildings of the Xlllth century, the windows were
broader in proportion to their height, and were divided
into two apertures, days, or lights, by a column, or mullion. The window was splayed on all sides towards the
interior, and each aperture was covered by a pointed
arch, either plain, or having the intrados cut in trefoils
or cinquefoils, and these were either simple or cuspid.
Above the apertures, but within the exterior arch, was a
quatrefoil inscribed in a circle, or the mullion diverged
at top, and formed three compartments ornamented in a
similar manner. The window at the Eastern end of
Lincoln Cathedral is of this kind, but its tracery is
more complex. See pi. xix. fig. 1.
The species of ornament, which consists of circles
either plain, or having the interior circumference cut in
segments, is exhibited also in the heads of the windows
of Churches erected in France during the same period,
and it constitutes the first step towards the formation of
the more complicated tracery which succeeded when the
broad windows were divided into three or more parts by
mullions. For then, above the trefoil or cinquefoil
heads, which, at the level of the foot of the arch, termi
nate the vertical divisions, the mullions branched off in
curves to the right and left, and formed, by their meet
ings or intersections, a number of loops, which occupy
all the upper part of the windows ; the edges of the
loops were cut to form salient and rentrant cusps, which
give to the loops the appearance of leaves of plants.
Where the number of vertical mullions was uneven, as
in Worsted Church, and Cawston Church, Norfolk, the
3 B
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Architec- central mullion divided into two branches, which meetroro. ing the mouldings on the curved sides of the window
V^V*^' formed with them two pointed arches, and divided the
upper part of the window into three principal compart
ments, each of which was occupied by the cuspid loops
formed by the smaller ramifications. The whole height
of such windows exceeded their breadth in various pro
portions, of which the ratios of 1.5 to 1 and 2.3 to 1
seem to have been nearly the extremes. The style may
be considered as belonging to the XlVth century, and
the different specimens exhibit a great variety of design.
See pi. xix. fig. 2, which exhibits the upper part of the
great Western window in York Cathedral
It is uncertain whether the mullions in windows ori
ginated from the practice of placing in the middle of
an aperture a column for the support of its crown, or
from placing two tall and narrow windows near each
other, for the purpose of obtaining more light in the
interior of the building ; in the latter case the part of the
wall between the windows, being gradually lessened,
might ultimately become merely a vertical bar. The
nearest sides of two lancet arches being supported on
such a bar, have the appearance of two branches pro
ceeding from the trunk of a tree ; and, from this circum
stance, it is not improbable that the idea of giving to
the tracery in the heads of windows the appearance of
foliage might have been taken. Be this as it may, we find
that in the Eastern window of the Church at Dorches
ter, is actually represented a tree, exhibiting the genea
logy of the family of Jesse. The central mullion forms
the trunk, and, in place of transoms, branches proceed
from this to the right and left, and are ornamented with
sculptured leaves. There is also a mullion of the same
kind on each side of, and parallel to the principal one ;
each of the three divides into two parts near the top, and
these, by intersecting each other, form lancet-headed
apertures, the interior edges of which are cuspid. On
the mullions are sculptured statues, and a statue of the
root of the family lies at the foot of the central trunk.
See Britton's Architectural Antiquities, vol. v.
But from the middle of the XlVth century the foliate
tracery was superseded, and a rectilinear division of
-windows seems to have prevailed, of which the great
pointed window at theWestern end of Winchester Cathe
dral is a striking example. This extends from the top
of the doorway to the crown of the vault over the nave,
a space equal to three-fourths of the height of the crown
of the vault from the pavement, and its breadth is equal
to that of the nave. Two principal mullions divide it
into three equal parts vertically from top to bottom ;
and, in the interior, these mullions being continued
downward, form the sides of the doorway; each part is
subdivided into three others by smaller vertical mullions
extending to the curved sides of the head, and these
also are continued down to the pavement, except where
the doorway interferes. Four horizontal transoms divide
all the space, from the bottom of the window to the
springing of the arch, into four equal parts, so that the
rectangular part of the window is divided into thirty-six
compartments, each of which is terminated by a trefoil
cuspid head. At the level of the springing of the arch,
the two principal mullions divide ; one part goes up
vertically to the head of the window, the other goes off
laterally in a curve to meet the sides of the arch, by
which are formed two secondary pointed arches ; and
all the compartments in the upper part of the window
have cuspid heads like those below. According to Mr.

Britton, this window was executed in the time of Bishop Part!
Wykeham, about the end of the XlVth century.
V«v
The windows in the tower of the Church of St. Mary,
at Taunton, (see pi. xix. fig. 3.) may be considered as
examples of the style of executing them about the middle
of the XVth century. Some of these windows have
curved tops higher than those of the equilateral kind,
but others are more flat, and seem to approach the
hyperbolic form, which prevailed about half a century
later. Like the window at Winchester, the part below
the springing of the arched head is divided into rectangular compartments, each of which is terminated by a
cinquefoil, cuspid head ; within the upper part, short
upright bars rise from the vertices of the cinquefoil
heads, and every two are connected at top by others
which meet at an angle ; from the vertices of these pro
ceed other upright bars which are connected in the same
manner, and this arrangement is continued to the top of
the window, so that all the space within the arch is
occupied by hexagonal compartments, every one of which
is subdivided into four similar hexagons.
The species of ornament which consists in an union
of polygonal figures, or of circles, is called by Mr. Rickman Geometrical tracery ; a term sufficiently proper to
distinguish it from that kind which is formed !>y curves
of a complex nature.
When the Tudor arch was introduced, the compart
ments formed by the mullions and transoms were larger
than before, hut the manner of ornamenting them was
nearly the same as in the windows last described. Fi
nally, the breadths of the windows became greater than
their heights, and the tops were made horizontal ; the
breadth was then divided by one or more vertical mul
lions, and there was sometimes no transom. The rect
angular apertures were either not ornamented, or their
upper extremities were formed with semicircular or
cuspid heads ; the latter were sometimes of contrary
flexure, and there was a loop cusp on each side, as in
some of the windows of Hampton Court Palace.
The weather, or hood-moulding seems to have been
an almost universal accompaniment to a Gothic arch,
both on the exterior and in the interior of a building,
and, except when it became rectilinear or a curve of
contrary flexure, its form corresponded with that of the
head of the aperture, so that, when the latter became
horizontal, the weather-moulding was also rectilinear.
Over a recess in the peristyle of Dioclesian's Palace
we find an example of the arch of contrary flexure, which,
though it is, probably, more modern than the rest of the
building, is likely to have been the first of its kind. The
same species of arch, and the rectilinear pediments eraployed as ornaments above apertures or recesses, are
very common in the Ecclesiastical buildings of the Con
tinent, but whether their application in these examples
was previous or subsequent to their introduction in this
Country does not appear.
A circular aperture is, perhaps, one of the most an
cient methods of obtaining light for the upper part of
the interior of any building. The Greeks and Romans,
who gave rather low roofs to their edifices, had little
occasion to make any aperture in the tympanum oftheir
pediments; and, therefore, we do not find it inanyoftheir
buildings, except in the interior of the Palace at Spalairo,
where, on one side ofthe peristyle is a circular window of
small dimensions ; this is, probably, the first of the kind
now remaining, and it may have been executed at some
period subsequent to the erection of the building. The
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lue- same kind of aperture was formed in the Christian
«• Churches erected at Rome, and thence the practice may
have extended to those of Germany ana France. In
England, we find it not only in buildings erected sub
sequently to the Conquest, but also in those of Saxon or
Norman origin.
But the taste for improvement increasing, the simple
circular aperture was soon, in this Country at least,
changed for one formed by three or more segments of
circles meeting in rentrant points, and constituting what
are called trefoils, quatrefoils, &c. ; these were employed
not only in the pediments or gables of buildings, but in
the wall between the arched heads of doors and long
windows, and even in the compartments of windows
themselves between the branches of the mullions, as in
Lincoln Cathedral.
The resemblance of the circular aperture to the wheel
of a carriage probably led to the practice of making it
large, and supporting its circumference by bars radiating
from a centre ; this, which is called the Catherine-wheel,
is thought to have been first constructed in France,
from whence it seems to have been introduced into this
Country soon after the Norman style was superseded,
and an elegant specimen of it, in its simple state, yet
remains in the Southern transept of Beverley Minster.
But the increased size of the windows in the next Age of
Architecture rendered it necessary to introduce a greater
number of bars ; and, as these might have been either
too far asunder, or too much crowded if they all extended
from the centre to the circumference, it was found con
venient to divide the window into two by another circle
concentric with the first ; the radii of the interior circle
were continued to the circumference of the exterior one,
and within the annulus only, additional bars were in
serted in the direction of radii. Such a window as
this occurs in the Southern front of York Cathedral ;
its radii resemble short columns, the tops of which are
joined by small arches, and the centre is occupied by an
elegant rose.
But the tracery which had been introduced within the
arched tops of great windows, was extended to those
which were circular, and we find the compartments of the
latter afterward, that is, in the XlVth century, made to
resemble those of the former ; and, according to the form
assumed by the.ramification of the bars, the aperture
had the name of a rose, or a marigold window. In the
Northern and Southern extremities of the transept of
Westminster Abbey are immense circular windows, 32
feet diameter, with radiating mullions, each of which, near
the exterior, divides into two parts, and the branches form
cusps, the vertices of which are on the circumference ;
between the principal mullions are secondary ones, also
in the direction of radii, and forming cusps at their ex
tremities, and within the compartments are quatrefoil
perforations. The great circle is inscribed in a square,
and within each of the four angles of the latter is a large
quatrefoil inscribed in a circle. These windows are of
later date than the part of the building in which they are
placed, and Mr. Pugin supposes them to have been
added in the time of Richard II. In the Western facades
of the Cathedrals of Notre Dame at Paris and Rouen
are great circular windows, in the centres of which are
rich flowers, and between these and the circumferences
the aperture is occupied by narrow loops in the direc
tions of the radii. At each extremity of the transept of
Lincoln Cathedral is a circular window in which are
formed fuur compartments by two arches <,f circles, the
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centres of which are in the circumference of the exterior Part III.
circle, and the circumferences touch at its centre ; in the v-—V^"'
middle of each of these is a vertical stem from which
branches proceed to the right and left, and form loops, the
interior edges of which are cut to represent circular and
cuspid foliage. The divisions of circular windows some
times consist of an annulus of quatrefoil perforations
inscribed in circles which are disposed about one in the
centre ; and this itself is composed of circular perfora
tions similarly situated.
Some of the oldest towers of Churches in this Country Towers and
are of a cylindrical form, pierced with small apertures «pires.
or loop-holes and crowned by battlements. The towers
of the Norman Churches were generally square, ending
in battlements, and perforated by several tiers of cir
cular-headed windows, or ornamented with arcades
of the same kind, disposed also in tiers on the faces
of the walls. The tower of Ely Cathedral, which is
supposed to have been built in the latter end of the
XHth century, is a decagonal prism divided by eight
tiers of windows and arcades, of which the three lower
have semicircular heads ; the others are formed with
pointed or trefoil arches, and the whole is crowned by
battlements.
After the pointed arch was introduced, spires were
occasionally employed ; but generally the root's of towers
were flat, and at the angles were plain or ornamented
pinnacles, with buttresses for their support.
As opinions have been various concerning the origin
of the pointed arch, so have they been also concern
ing the origin of the spires which crown the towers
of Churches. Dr. Milner supposes that buttresses which
were found necessary for the support of walls could not
be properly finished but by forming pinnacles at the tops;
and these being enlarged became spires : others have de
duced them from the Egyptian Obelisks, which they
consider as merely ornamental objects : again, others
derive them from the Pyramids, which, by all people, have
been used to mark the burial places of their distinguishd
characters ; and they suppose them to have been applied
to Churches when the latter were used for the like
purpose. In England, the spire is placed above the
tower, as if it had been a subsequent addition, and not
part of the original idea; and, in fact, the earlier Churches,
or those erected during the prevalence of the Norman
style, are merely crowned by battlements or plain para
pets, and the pinnacles, which are sometimes formed on
those buildings, are invariably of a later date than the
building itself. One of the earliest spires known was
that of the old Cathedral of St. Paul, in London, which
was built about the year 1222, of timber, and covered
with lead : many such were afterwards constructed, but
being often destroyed, they were, finally, built of stone.
Of this material, the first executed is that of Salisbury
Cathedral, which was erected about 1429, and since
repaired by Sir Christopher Wren. From that time
hardly any Ecclesiastical edifice was raised without one,
and they are in general highly ornamented with sculp
tureWhile the Pointed Style was in high vogue, the towers
and spires were extremely lofty, particularly that which
was placed over the intersection of the nave and tran
sept ; the top of the spire being, in some cases, as far
from the pavement as seven times the height of the roof
of the Church. The towers at the Western end were com
monly ornamented with arches and windows to corre
spond with those in the wall of the nave between them,
3 b 2
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Architec- but the central tower had commonly two tiers of windows
ture. on each face, with the ornaments about them belonging
v-^\^»-/ to the time of their erection ; generally a pediment in
the form of a curve of contrary flexure, with crockets
and finials as usual. The merlons of the battlements
were either solid or open, and a pinnacle was placed
at each angle. From the centre of the tower rose the
spire, generally in the form of an octagonal pyramid,
the edges of which were ornamented with bosses or
foliage; but the most remarkable circumstance in the
spire is its slender profile ; that of Salisbury Cathedral
is only two feet thick at the base and nine inches at the
summit. It is worthy of remark that frequently the
choir being less broad than the nave, the four columns
supporting the central tower are, in such cases, disposed
at the four angles of a trapezoid instead of a square;
and the Northern and Southern faces of the tower are
consequently not parallel to each other, nor to the side
walls of the building.
A curious specimen of a spire is that of the Church
at Newcastle on Tyne, which is thus constructed; from
each of the four angles of the square tower springs a
strong rib of masonry in the form of a quadrant of a
circle, and without a spandril ; these meet over the
centre of the tower, and upon the intersection is raised
a square open lantern, crowned by battlements, and
having a small pinnacle at each angle; and from the
centre of this rises a lofty pyramidal spire ornamented
with crockets. At each angle of the great tower is a
slender, octagonal turret, with battlements at the height
of the vertex of the arch formed by the four ribs, and
above each of these is an ornamented pinnacle ; and a
smaller turret and pinnacle is placed between every two
of these on the middle of each face of the tower. The
tower is said to have been added to the Church in the
reign of Henry VL This example of a spire supported
on the intersection of four open ribs suggested, no
doubt, to Sir Christopher Wren the design which he put
in practice at the Church of St. Dunstan in the East, in
London.
ButtrejMs.
The buttresses attached to the Norman Churches
have been already described ; we purpose, therefore, in
this place to speak of those only which were constructed
after the Pointed Architecture became general ; from
which time they were embellished with decorations cor
responding to those on the other parts of the building.
In the first period of that style of building, the but
tresses were made of equal breadth and depth, nearly
from top to bottom, and they terminated above in high
pediments or gables, within which, on the face was,
sometimes, a trefoil, cuspid, ornamental arch supported
by two small pillars : such are the buttresses at Beverley
Minster, in Yorkshire ; and in these a rectangular notch
is cut along each of the exterior angles of the buttress in
a vertical direction, within which is a slender reed co
lumn with a small base and capital. At the Eastern end
of Lincoln Cathedral are buttresses similar to these, but
more ornamented ; the edges of the gable tops are decoraieu with crockets and finials ; on the face is a panel
formed between the reed columns at the angles, and
terminated by a small, pointed arch near the top ; and at
two places in the height are formed trefoil-arch heads
with a small, rectilinear pediment above. Each side of
the buttress is ornamented in a manner exactly similar
to the face.
In later buildings, they were divided horizontally into
several parts, each projecting more than that above it,

and the heads of the inferior parts were covered by small Put 'A
inclined planes, or water-tables. In some cases the v—v*»
upper division of the buttress is attached to the face of
J»
the wall by short ribs only, and the whole is then
crowned by an ornamented pinnacle quite detached from
the building. The angular buttresses are not always
placed immediately at the quoins of the building, but' a
little way from them, so that small portions of the walls
appear in the rentrant angle formed between their nearest
sides. The vertical buttresses of Henry the Vllth's
Chapel at Westminster have been described in speak
ing of the style of Architecture in the XVth century.
What are called flying, or arched buttresses, are generally only ribs of masonry extending from the solid
buttresses attached to the walls of the aisles to the upper
part of the side walls of the central division of the nave
or transept ; they are sometimes formed of simple voussoirs without spandrils, and the extrados is usually in the
shape of a roof, being covered by two inclined planes
which meet in a ridge. But the arched buttresses of
Henry the Vllth's Chapel consist, each, of two double
ribs one below the other ; the inferior rib of each pair
is in the form of an arch of a circle, and the superior
rib of the lower pair is rectilinear, while that of the
upper pair is a curve concave upward ; the superior sur
face of this rib is ornamented with creeping animals,
seeming to descend along the rib, and between the two
pairs, are perforations in the form of quatrefoils, or
loops, inscribed in circles, by which the massive appear
ance of the buttresses is removed without much diminish
ing their strength.
The earliest pinnacles were, probably, only conical PinauU:.
terminations at the tops of round towers, and when
afterwards polygonal towers were erected, the pinnacles
above them necessarily became pyramids. Along the
ridges of these, were reed mouldings, and they were fre
quently adorned with small crockets, as is the case with
some of those on Salisbury Cathedral, and occasionally
the upper extremity terminated in a finial. The pinnacle
was generally mounted on a small prism, in each face of
which was an aperture or a recess terminated by a small
arch, either semicircular or pointed, and then a rectilinear
pediment crowning each arch; smaller pinnacles were
sometimes disposed about the base of the principal one,
and these were enriched in a similar way.
From the end of the Xllth century pinnacles were
almost always placed on the tops of buttresses, and those
of Lincoln Cathedral, (pi. xix. fig. 9.) may serve as
specimens of the manner of ornamenting them. Each
face of the buttress is crowned by a pediment or
gable, the height of which is equal to about twice
its breadth ; the figure of a beast projects forward hori
zontally from each of the lower extremities of the gable
and the sides, which are ornamented with crockets, ter
minated in a finial. Between the sides of the gables, rises
an octagonal turret with a reed column at each angle
and a lofty gable over each face ; the whole height of
the turret, from the bases of the gables below to the
summits of those above, is equal to about three times
its diameter, and the latter gables are ornamented
with finials only. Lastly, between the sides of these,
rises an octagonal pyramid to such a height that the dis
tance of its apex from the bases of the lower gables is
five times the diameter of the turret ; the ridges are orna
mented with small scrolls, and the pyramid is crowned
by an elegant finial.
In edifices, the towers of which are very much enriched,
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itae- the figure of a bird, animal, or a man frequently projects
'e- horizontally to a considerable distance from each angle
of the tower, and supports a square pillar or small clus
tered column terminating in an ornamented pinnacle ;
the whole pillar is detached from the turret or great
pinnacle in front of which it is placed, except near the
upper extremity, where it is connected with it by a bar
or piece of open-work. This kind of ornament is exem
plified in the tower of St. Mary Magadalen's Church at
Taunton.
The form of the pinnacles employed in the Tudor Age,
has been described in speaking of the general style of
Architecture practised in the XVth century. PI. xix.
fig. 6, is an elevation of a pinnacle on one of the but
tresses of Henry the Vllth's Chapel at Westminster.
i
Niches seem to have been a late addition to Gothic
Churches, and were made, on the exterior, to contain
statues, or in the interior to contain tombs or piscinas.
The simplest and earliest constructed were rectangular
on the plan, but with the progress of luxury, they be
came hexagonal and even octagonal, and were adorned
with every variety of sculpture. On the exterior of the
building they were placed indifferently in the towers,
buttresses, and walls ; and, often, they were disposed in
horizontal ranges along the Western front, above and on
each side of the doorway.
In front of the recess containing a piscina, in Salis
bury Cathedral, are three columns, with circular bases and
capitals, which support two pointed arches, the intradosses of which are cut to form trefoil heads, and the ex
terior of the recess is surrounded by a circular moulding
disposed on the four sides of a rectang'le described on the
face of the wall ; this is one of the most simple forms.
In later times, the upper part of the face of the recess was
a pointed arch, the sides of which were cut to form rentrant cusps, the latter ornamented with foliage, the curves
with mouldings, and the lower extremities resting on
single or clustered columns of small height. Frequently,
this kind of facade was crowned by a pediment with
sides either rectilinear or in the form of curves of con
trary flexure, and decorated with the usual ornaments ;
and on each side of the recess was a buttress or pillar
terminating in an ornamented pinnacle.
In the more enriched works, when the recess is of a
polygonal form, the interior sides are ornamented with
rows of panelling having trefoil or other curvilinear
heads ; at the upper part of the niche is a canopy pro
jecting before it in the form of three sides of a prism, the
lower extremity of each face is cut in a trefoil or quatrefoil arch, above which is a pediment ornamented with
crockets and a finial ; and between these arches, that is
at the angles of the prism, is a small pinnacle orna
mented as before, and rising as high as the level of the
ornaments above the arches, but terminating at the lower
extremities of the same arches, so that they seem sus
pended in the air, and resemble the tops of buttresses or
piers of which the lower parts have been removed. Some
times the whole of the upper extremity of the canopy
is ornamented with fleurons, and on the sides which are
attached to the walls are columns, single or clustered, or
slender piers ornamented in the same style as the canopy
and interior of the recess.
or
Shrines or sacella were commonly tombs placed in re
cesses of the walls in the interior of Cathedrals, and
originally they consisted of plain sarcophagi or coffins,
with little other sculpture than the recumbent figure
placed upon them ; afterwards, the recess was formed
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with an arched front ornamented with foliage, and at a Part lit.
still later period it was enriched with elegant canopies v-*~y^-»
executed with open sculpture or filigree work. Finally,
the shrine became a splendid Chapel like that of Henry
the Vllth at Westminster.
Bishop Bridport's monument in Salisbury Cathedral,
is a rectangular space in the body of the Church. In
front are two pointed arches of the equilateral kind with
concave and convex mouldings ; each of the two outer
branches rests upon two small pillars a little detached
from each other, with circular bases and capitals which
unite together, and the two adjacent branches rest upon
three similar pillars. Each aperture is divided into two,
by a single pillar of the same kind as the others ; these
apertures are crowned by smaller, pointed arches nearly
equilateral, and having the intradosses cut in trefoils
with cuspid heads, and the whole of the spandril be
tween these and the exterior arches is perforated in the
form of a quatrefoil enclosed in a circle. Over the
extrados of each principal arch is a rectilinear pediment
with crockets and finial ; and its lower extremities rest
on fanciful figures projecting from the wall. At each
extremity of the front is a column, with a circular base
and capital, as high as the tops of the principal arches,
and above the capital is a base surrounded and sur
mounted by foliage ; a small column, similarly crowned,
stands over the centre columns, on the face of the tomb,
above the meeting of the adjacent faces of the pediments.
On the face of the wall between, and on each side of the
pediments, are figures of Angels and human beings in
the act of adoration.
In Westminster Abbey, the Tomb of the Countess
Aveline, who died in 1275, is one of the earliest speci
mens of sepulchral monuments in the Gothic style. It
consists of a sarcophagus surmounted by a pyramidal
canopy ; the front is divided into six parts by graduated
buttresses enriched with crockets and finials ; in each
compartment is a small figure standing within a trefoilheaded recess, under an angular pediment which is
ornamented like the buttresses, and within the angle
over each recess is a circle enclosing a quatrefoil. The
surmounting canopy is supported on each side by a pierbuttress, sculptured with panelled arches and large
crockets of oak leaves. In the recessed part or tympa
num of the pediment is a compartment formed by cur
vilinear mouldings, within which' are traces of an
historical painting ; the under part of the pediment is
formed into a gracefully-pointed arch springing from a
small column at each angle, and having its architrave
studded with roses, and within this is a kind of trefoil
arch rising from the outer capitals of the clustered shafts
which sustain the archivolt. The front spandrils are
sculptured in mezzo relievo with a vine branch and
acanthus. (Britton's Architectural Antiquities, vol. v.)
In the Grecian Architecture it seems to have been an 9'>serva"
object of importance to preserve the horizontal lines of rjoihic"^the buildings unbroken, in order to convey with facility chitecture.
to the mind a perception of their lengths, while a truly
vertical line scarcely appears. In the Gothic Architec
ture, on the contrary, we find an effort constantly made
to exhibit a system of vertical lines ; this is evident, not
only on the exterior of the building, where they are
strongly marked by numerous lofty buttresses extend
ing from the ground to the summits of the walls and
towers, but also in the interior, where slender shafts rise
from the clustered columns in the lower arcades, pass
between the arches of the trifbria and proceed to the
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springing of the vault, thus indicating at a glance the
whole height of the edifice. The system of horizontal
lines is, however, not neglected in the Gothic buildings,
and the ranges of arcades and windows serve, perhaps,
sufficiently to indicate the extent of the edifice in that
direction ; these features being wanting to the Grecian
Temples, the system of horizontal mouldings along the
building was, in them, essentially necessary.
The fillets placed at intervals across the shafts of the
Gothic columns are not so great cither in height or pro
jection as to interfere much with the continuity of their
vertical lines, and they just serve to obviate the efTect
arising from the disproportion of the height of the shall
to its diameter, by giving to the whole the appearance of
several columns placed one on another.
In the Grecian Temple, all the powers of the artist
were expended on the exterior, and a spectator on enter
ing such a building would certainly be disappointed to
find that so much magnificence led to a cell enclosed by
four naked walls. Within the Gothic Cathedral, on the
contrary, every variety of feature and ornament seems to
have been exhausted ; the ranges of columns, arches,
and vaults produce, when seen in perspective, an appear
ance which the mind dwells on with surprise and plea
sure ; and which, jointly with the richness of the deco
ration, seems to render the building worthy of the Deity
to whose service it is consecrated.
In the Middle Ages the Ecclesiastics engrossed
nearly all the wealth, and it may be added, almost all
the talent of Europe. With such means, and a dis
position to increase their power over the minds of men
by every circumstance which could inspire reverence,
and the ambition of excelling each other in the splendour
of their establishments, it is easy to conceive that the
energies of their minds would be directed to the building
and adorning of their Cathedral or Conventual Churches
with the highest possible degree of magnificence. We
are not, however, to consider any of the great Cathe
drals of Europe as the work of one person, or even of
one Age ; the practice seems to have been for some
Prelate to give the design, and to execute only as much
as was in his power ; this part was consecrated and
employed for Divine Service, and it was left for succeed
ing Prelates to carry on the work till it should be com
pleted. This accounts for the variety of style observable
in different parts of the same edifice ; a variety inde
pendent of that produced by the repair of such parts as
became dilapidated by time or accident ; and also for the,
circumstance that many of our old Churches are, even
now, in an unfinished state ; the Reformation and the
Dissolution of Monasteries having broken that chain of
operations, which had been going on for Ages, before
the design was completed.

CHAPTER IX.
Ancient Indian Architecture.
Nature of
"^he Architecture of India is worthy of the serious
the Archi- attention of Europeans, both from its style and executectural
lion, and we devote the present Chapter to a description
works in 0f tne principal monuments of the Art in that Country,
India.
which, according to the accounts of travellers, abounds
with stupendous excavations and magnificent buildings
for Religious purposes, displaying a profuse expenditure
of wealtii and labour.

From the excavated rocks which have been discovered Part HI.
in that Country, resembling in form, though not in em-K^^
bellishment, those of Egypt and Persia, and, like them,
seeming to be destined for Tombs or Temples, there has
arisen an opinion that they have claims to an antiquity
at least equal to that of the Egyptian works. These
claims, however, are unsupported by any Historical evi
dence like that which we possess in favour of the Archi
tecture of Egypt. We are utterly ignorant of the time of
the formation of any one of the excavations, and there
are many circumstauces which justify an opinion that
none of them are much more ancient than the period of
the conquest of the Country by the Mohammedans,
which took place during and after the Xlth century.
The Temples raised from the ground are, with great
probability, referred to a still later period ; and it is from
these circumstances that we think it proper to introduce
the account of Indian Architecture iu this part of the
Work.
Of the excavations, the most magnificent are those at
Adjuntah or Nizainabad, and Elora in the Khandesa;
and those in the Islands of Elephanta and Salsette neat
Bombay.
The caves at Adjuntah, which were visited by Lieu- cJve5 J'
tenant Alexander in 1824, are described by that gentle- J
man nearly in the following manner. They are disposed
in series rising gradually above each other, at the ter
mination of a glen remarkable for picturesque beauty,
and are excavated in horizontal strata of greywacke
with imbedded portions of quartz; the lower cave is
about 40 or 50 feet above the rivulet Nullah, on the
Northern face of a ridge of hills; those of the centre
are about 150 feet from the stream; and the most re
mote is in the vicinity of a bluff rock of 200 feet eleva
tion. These stupendous remains of antiquity and Art
are mostly former! with low roofs, supported by massive
pillars having cushioned or globular capitals which have
received but little ornament from the chisel. In many
of the caves are paintings in fresco representing the
dresses, habits of life, pursuits, and general features of
the Jains, the crisp-haired Aborigines of India, who,
according to tradition, were driven from thence after the
introduction of Brahmanism.
The principal cave, forming the grand Temple, is at
about 150 feet from the bed of the Nullah. On the face
of the hill, jungle and brushwood surround the entrance,
which is very striking, having in the centre an arch of
the horse-shoe form, with a colossal J ainter 10 or 12 feet
high on either side. In the interior is a well-lighted hall,
about 25 feet high, the roof of which is of a form nearly
semicircular without ribs of any sort, and supported by
hexagonal pillars which, as well as the
unornamented. Opposite to the eutrani
feet from it, is what has been supposed to be a
Temple, but which Mr. Alexander considers i
trum merely, from which the Priests of Boodh recited
prayers in public ; it is a hemisphere of solid stone,
resting on a pedestal something larger than itself, and
surmounted by a square block, resembling the capital of
a pillar. Some of these excavations, be supposes, were
converted by the Portuguese into places of worship ; and
adjoining the large cave are several cells furnished with
stone bed-places, and seeming to have been the abodes
of devotees.
The other caves, which are all flat-roofed, are in good
preservation, and one of them consists of two tiers of
excavated rock, in one of which are fluted
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ichitec The paintings in many of the caves represent battles
tare. and hunting scenes, in which the elephants and horses
'V™'' are well executed ; and there is what seems a represen
tation of a zodiac, not, however, resembling that at
Tentyris in Egypt.
jj0[l5
The caves of Elora have been fully described in our
Miscellaneous Division. A front view of Indra-sab'ha is
given in pi. xxi.
According to information given to Sir C. W. Malet,
the works at Elora were executed about a. d. 900, by
EUoo, the Rtijah of Ellichpour, who at that time is said
to have built the town ; but it is evident that no de
pendence can be placed upon an account which is
unsupported by any inscription or other Historical do
cument. The late Dr. Heber, Bishop of Calcutta, re
marks that the excavations are not mentioned, even
incidentally, in any Sanscrit manuscript, and that
the Images they contain are the same that are now
worshipped in every part of India ; and his Lordship
concludes that they have been formed in a time of
Peace, under a Hindoo Prince; therefore, either before
the first Afghan Conquest, which took place in the
Xlllth century, or subsequently, during the recovered
independence of that part of Khandesh and the Dekan.
^
Excavations similar to those at Elora exist at Carli
on the neighbouring coast; the roof of one of the latter,
like that of Biskurma, is in the form of a Gothic vault ;
but the ribs, instead of being of stone, are formed of
teak-wood, and are attached to the rock by wooden pins.
At Elephanta is a grand Temple excavated in the
Btl!
rock, 120 feet square on the plan and 18 feet high, and
having a flat roof supported by four rows of columns.
The columns are about 9 feet high, formed like balusters,
and covered with vertical channels ; they are supported
on pedestals, the height of which is about two-thirds of
that of the columns. Above each capital is a block, on
which rests a horizontal architrave of stone extending
along the tops of the columns in each row. Along the
aides of the cavern are forty or fifty colossal statues,
from 12 to 15 feet high, attached to the rock; some
wkh pyramidal helmets, and others with crowns ; some
with four hands and others with six. At the Western end
of the cavern is a dark recess 20 feet square, which is
entered by four doors, and there are two gigantic figures
at each door ; this recess is without ornament, but there
is an altar in the centre.
iaaran. Excavations similar to those at Elora and Elephanta
have also been made at Canarah, in the Island of Salsette, near Bombay. The front of these is formed by
cutting away one side of the rock as before, and there
are four stories of galleries, containing in all three hun
dred apartments. Before the entrance to the principal
Temple, is a portico with columns ; the length of the
interior of the Temple is 84 feet, and its breadth 46 feet ;
its roof is vaulted, and the height is 40 feet from the
ground to the top of the arch. The vault is supported by
thirty-five octagonal pillars, each five feet in diameter,
and their bases and capitals are formed of elephants,
horses, and tigers. Round the walls are two rows of
cavities for lamps; at the further end is an altar 27 feet
high and 20 feet in diameter, and over it is a dome-vault
cut out of the rock. The excavations are filled with
Idols, and the walls are covered with sculpture repre
senting men, women, elephants, horses, and lions.
Having described the principal Temples formed in
India by excavating rocks, we are next to mention
some of those which have been constructed of masonry ;
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and in these we shall find proofs that the Art of Build- PartHI.
ing, as well as of Sculpture, has long been cultivated v^~v~w
with success in that part of Asia.
At Chillambaram, on the coast of the Carnatic, is Temple at
a cluster of pagodas within a rectangular space, 1332 ChilUmbafeet long and 936 feet wide, enclosed by a wall 30 ram>
feet high and 7 feet thick ; on each of the four sides
of the wall is an entrance which is covered by n richly
adorned pyramid. This general enclosure includes
four particular ones, of which that in the centre con
tains a piscina, or basin for purification, surrounded
by a colonnade and by steps to descend to the water ; the
second, which is on the Southern side, forms a cloister,
in the midst of which are three contiguous Temples,
called Chabei, which are lighted only by their doors, or
by lamps : the third, which is on the West, forms also
a cloister, and in the midst is an open portico supported
by one hundred columns, bearing a roof formed of great
stones, like those in the roofs of Egyptian buildings :
the fourth, which joins the last, is a square court con
taining a Temple, and a piscina called the Stream of
Eternal Joy. In front of this Temple is a portico of
thirty-six columns disposed in four parallel rows : the
breadth of the central interval is double that of the
others, and in the midst of it is a platform, on which is
placed a statue of the Bull Nundee. The Temple itself is
filled with sculpture, but it receives no light except from
lamps, which are carefully kept burning.
On the Eastern side of the central enclosure is a mag
nificent Temple raised on an elevated platform 224 feet
long and 64 feet wide, and in front is a portico consisting
of a thousand columns of blue granite; at the extremity
of this portico is asquare vestibule with four portals, the
middle one of which leads to the Sanctuary, called Neria
Chabei, or the Temple of Joy and Eternity, at the extre
mity of which is the altar. The Temple is covered with
sculpture, representing all the Divinities of India. At
each side of the door of the Ncrta Chabei is a highly-orna
mented pilaster, (see pi. xxi.)but the greatest curiosity
in the Temple is an immense chain of granite cut from
the rock ; it is attached to the pilasters, and is supported
at four other points in the face of the rock so as to hang
between them in festoons ; each link is about three feet
long, and the length of the whole chain is 146 feet.
Similar stone chains are frequent in other parts of
India.
The pyramids, which are placed over the entrances of
the exterior enclosure, are formed on rectangular bases,
and consist of several floors; a passage is made
through them on the level of the ground, and on one
side of this are the steps which lead to the floors above.
One of these pyramids, represented in pi. xxi., is 160
feet high,* and composed of a stone basement having
two open galleries, one above another, with pilasters
in front, standing upon and supporting sculptured
mouldings. Above these are seven floors, each of which
is ornamented with bas-reliefs made of baked earth on a
ground of white cement, and with little niches in the form
of shells elegantly formed to receive lamps. Coussin,
Du Genie de VArchitecture.
At Juggernaut, on the coast of Orissa, about 300 at lugger
miles from Calcutta, are three great Temples or Pagodas, naut>
each surrounded by a wall composed of great stones
deposited without cement. At the entrance of the prin* Iu our Miicellaneout Division, ad v. Chillambaram, we have
given Lord Valencia's admeasurement, 122 feet, which U, probably,
the more correct of the two.
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cipal Temple is a pyramid 344 feet high, covered with
sculpture. The Temple itself is built of immense blocks
of granite, and the foundations are laid in the natural
rock.
at SeringOne of the largest of these Temples at present known
bam.
is situated at Seringham, a small Island near Trichinopoly, on the coast of Coromandel ; it is contained within
seven square enclosures, 350 feet distant from each other;
the outer walls on each side of the square being one mile
long, 25 feet high, and 4 feet thick. On each front there
is a gate, and that on the Southern side is adorned
with pillars, several of which consist of single stones 33
feet long and 5 feet in diameter.
Kuina at
In a branch of the Caucasian mountains, between
Barr.iyan. Bahlac and Cabul, are the remains of the ancient city
of Bamiyan, consisting chiefly of apartments and re
cesses cut out of the rock, and adorned with niches and
carved work ; some of them, on account of their great
dimensions, are supposed to have been Temples. On
the summit of a conical hill are the remains of a Palace
of the ancient Kings of this part of the Country, and
round it are the ruins of several buildings executed in
masonry. This city was destroyed by Genghiz Khan ;
therefore, the excavations must have been made before
his time, and, probably, while the city was in the hands
of the Tartarian Princes of Persia. Asiatic Researches,
vol. vi.
Comparison On reviewing the examples which have been de
ofthe Indian scribed, we shall find that the resemblance of the ancient
and Egyp Indian Architecture to that of Egypt, with which
tian Archi it
has been frequently compared, consists only in a few
tecture.
general circumstances. In both Countries.Temples have
been excavated in mountains of stone, and the designs
do not seem to have been subject to any system of pro
portions: the Indian columns are rectangular, polygonal,
or circular, some are large at bottom and diminish up
wards, while others arc slender at bottom and thick
above, in which respects they have certainly some simi
larity to the columns of Egypt. But if we descend to
the particular forms, we shall find such differences in the
works of the two people as to render the fact of the de
rivation of one style from the other extremely doubtful.
In Egypt, the greatest solidity and simplicity prevailed;
while, in India, as much lightness was given to the sup
ports as is consistent with the mass they have to bear ;

and the exteriors of the edifices are adorned with ela
borate sculptures in relief. The statues of Egypt and
India are equally colossal, but the differences between
them in respect of figure, position, and costume, will
not permit us to consider them as emanating from a
common source ; and though the frequent introduction
of the lotus-leaf into Indian Sculpture may appear to
afford an argument in favour of that opinion, because
that plant is one of the ornaments most generally exhi
bited in Egyptian works ; yet much stress ought not,
perhaps, to be laid on this circumstance, since the lotus
abounds equally in Egypt and India, and might have
been chosen by the artists of both nations as an appro
priate subject for the chisel.
It has been observed by a late author that we fiad
examples of the use of arches in India, and even con
structions indicating that the feature originated in that
Country ; by arches, here, no doubt, are meant those
horizontal courses of masonry overhanging each other
and meeting at the top over the middle of the interval
of the piers ; but while we are ignorant of the date of
the erection of any such arch in India, it will be un
necessary to suppose that the Egyptians or Greeks,
who employed similar constructions, were indebted to
the Indians for the first idea of them, since their sim
plicity is such that they could hardly fail to present
themselves to the mind of a builder in any nalion, even
in the infancy of the Art.
In his observations on the general opinion of the great
antiquity of the Indian Architecture, the Bishop of Cal
cutta remarks that there is a complex impression made
on us by the sight of edifices so distant from our own
Country, and so unlike what we have seen there, which
makes us think them more ancient than they really are.
The firmest masonry of India is sorely tried by the al
ternate influence of a pulverizing sun, and a continued
three months' rain. The wild fig-tree, which it is a sin
for a Hindoo to root out, sows its seeds and fixes its
roots in the joints of arches; in a few years it increases
the antique appearance, and brings on certain destmc
tiou. At Benares, the principal Temple appears scvenerable that one might suppose it to have stood un
altered since the time of the Treta Yug ; yet it is certain
that it was built since the reign of Aurung Zebe, who
contemporary with Charles II. in England.

PART IV.
MODERN ARCHITECTURE.

CHAPTER L
Revival of Roman Architecture in Italy.
Ubiliiy It has been the fate of every invention of the human
aste in mind which depends on Taste, to be cherished at first as
t,lec- a novelty, to be pursued for a time ardently to the ex
clusion of all other modes, to be cultivated till it has
acquired all the embellishment of which it seems capa
ble, and then, to be abandoned for some new form. This,
in its turn, passes through the different stages of refine
ment, and, finally, gives place either to a third mode, or to
some modification of those which preceded it. Such has
been the case with the Greek Architecture, which having
been overloaded with ornament by the Romans, gave
way to the more simple style employed by the Saxons
or Normans: from this arose the Florid Gothic, which,
when it admitted no further enrichment, ceased to be
the prevailing Taste of the Age, and gave way once
more to the chaster styles of Greece and Rome.
<<■ of ike The capture of Constantinople by Mohammed II., inalof duced the artists and men of learning who had hitherto
id! Ar- faetn patronized in the Court of the successors of Conxturein ^(a,,^,,^ t0 geek employment among the Nations in the
West of Europe ; and hence the Language and Litera
ture of ancient Greece were introduced and became ob
jects of study in that part of the World. The compara
tive freedom then enjoyed in the cities of Italy, which by
commerce had acquired wealth and importance, elevating
a. great portion of mankind above the state of vassalage
avnd ignorance, in which they had hitherto been held, gave
tliem a relish for Science, Literature, and Art. A natural
d esire to possess private dwellings constructed with
elegance, might operate powerfully to introduce an in
quiry into the principles of Architecture ; and as, during
the prevalence of the Gothic systems of building, edifices
for Civil and domestic purposes had been much neg
lected, all the energies of the artists being exhausted
upon Ecclesiastical and Military structures, men might
begin to look to the lemaining buildings of ancient
Rome, and to the writings of Vitruvius, for rules to
guide them in their constructions. This would naturally
give rise to an imitation of the Roman style in their Civil
and Ecclesiastical edifices. Greece being at that time in
the possession of the Turks, the Italian Artists may have
bad few opportunities of contemplating the splendid
examples of Art then existing in good preservation in
that Country ; and, even if these had been more acces
sible, their deficiency in Taste would not have permitted
them to execute any thing comparable to the produc
tions of that School of Architecture.
That which ceases to be the favourite mode soon be
comes despised, and, accordingly, in the Works of most
vol. v.
373

of the writers who treated of Architecture after the revival Part IV.
of the Roman style, we find expressions of contempt m\^mJ
unsparingly lavished on that which for five centuries had Gothic Ar»
been cultivated with so much ardour. The Italian feii^Jo'ito.
writers stigmatize the Tedescan style as barbarous. 4pute.
In. England, Sir Henry Wotton, speaking of the
pointed arch, which is one of its distinguishing cha
racteristics, says, that " from its weakness and want
of beauty it ought to be abandoned to its inventors,
the Goths and Lombards, with the other relics of a
barbarous Age." And in Sir Christopher Wren's Parentalia, the Gothic Architecture is described as con
sisting of " an unreasonable thickness of walls, with
clumsy buttresses and towers, and sharp-pointed
arches ; doors and other apertures without proportion ;
nonsensical insertion of various marbles impertinently
placed ; turrets and pinnacles thickly set with monkeys
and chimeras :'' it is added that " abundance of busy
work and other incongruities dissipate and break the
angles of the sight, and so confound it that one cannot
consider with any steadiness where to begin or end ;
taking off from that noble air of grandeur, that bold and
graceful manner, which the Ancients had so well and
judiciously established."
A peculiar disposition and style prevailed in the Style of the
houses of the Nobility of Venice from an early period, ancient
In the lower part a grand and simple substruction rises !^us^in
from the water, and above this the facades are of various
styles of Architecture, some resembling the Saracenic,
others the works of a later Age. A hall extended from
front to rear, quite through the building ; on all the prin
cipal floors, and on each side of the hall, were the dwell
ing apartments. In the oldest buildings the centre of
the facade was occupied by one or more tiers of bal
conies ornamented with small pillars and arches in va
rious ways. The latter were either semicircular or
pointed, and frequently were formed by curves of con
trary flexure ; sometimes in the same building were
rows of intersecting semicircular and pointed arches,
and within the intersections were trefoil ornaments. On
the right and left of the centre of the facade were two
windows on each floor, with a wide pier between them,
and these windows always looked over a canal.
The facade of the Palace of the Doge, which is one Ducal
of the edifices built in the Saracenic manner, is com- Palace,
posed of three stories : the lower one is an arcade con
sisting of eighteen simply pointed arches, springing
from thick and dwarfish columns ; above this is an open
gallery, in front of which are thirty-six small pointed
arches of contrary flexure, having the intrados cut in a
trefoil shape, and there is an open quatrefoil inscribed
in a circle in the spandrils. The height of these two
tiers of arches is equal to about half the whole height
3 c
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Arehitec- of the building, and in the centre of the upper arcade is
ture. a large balcony having in front one pointed arch supv-^^"""' ported on columns with tabernacle-work above and pin
nacles at the sides. Over this arch is an Attic, orna
mented with sculpture and crowned by a statue. The
whole facade to the right and left of the balcony is formed
of masonry jointed diagonally, which gives it an appear
ance of trellis-work ; and in this part, are six large win
dows with pointed heads. The cornice of the whole
building is horizontal, and terminated by a battlement of
open-work. Several buildings of a similar character
exist at Venice; their style seems to be compounded of
the Lombard, Moorish, and Tedescan-Gothic.
The C»the- The spirit which dictated the style of the Cathedrals
dralofSt. at Pisa, Orvietta, and other places in Italy, continued
to influence the artists of that Country till they re
turned to the Classic Architecture of the Ancients ;
and, considering those works as modified copies of the
more ancient Basilican Churches, we conclude that
the Roman Architecture, though once in a state of de
gradation, has been employed in that Country without
interruption to the present time. But the Roman Ar
chitecture, travelling Northward, acquired, as we have
observed, the Gothic character, and this subsequently was
partially adopted in Italy. The building which seems
to connect the Gothic style with the revived Roman, is
the Cathedral of St. Mary, at Florence, which, in 1298,
was begun by Arnulfo di Cambio da Colle, an Architect
of that city ; and though it, in some respects, resembles
the older edifices, yet it bears marks of a genius rising
above the prejudices of its Age and Nation.
The plan is that of a Latin cross, the whole length of
which is 520 feet, and that of the transept 313 feet. The
nave of the Church is divided longitudinally into three
parts by magnificent arcades, supported on piers orna
mented with Corinthian pilasters. At the extremity of
the nave, are the communications between that part of
the building and the transept ; these are terminated
above by three arches, of which the span of the central
one is 58 feet. The interior of the body of the Church,
at its intersection with the transept, is of an octagonal
form, and its length and breadth between the opposite
faces of the octagon are 140 feet. The wings of the tran
sept and the extremity of the Church opposite to the
nave are recesses in the form of half octagons on the
plan, and the breadths betweer the opposite faces are
each 58 feet ; they are all open towards the interior of
the Church ; and each is covered by a semicupola spring
ing from the walls of the octagon and ending in a point
over the centre of a circle which would circumscribe the
octagi n if complete. The horizontal cornice from which
the cupolas spring is 97 feet high above the pavement,
and the vertex of each cupola is 43 feet above the level
of the cornice.
Above the level of the vertices of these cupolas is
built a wall of an octagonal form, 16 feet thick and 43
feet high, resting upon four massive piers and the tops of
four intermediate arches about the central part of the
Church ; and in each of the eight faces of this wall is
formed a circular window to give light to the interior.
This wall is terminated by a horizontal cornice, and
from it springs the grand dome, which is composed of
eight faces rising from the sides of the tambour, and
joined together in salient ridges, which ifproduced would
meet in a point over the centre of the body of the Church.
The span of the dome between the opposite faces of the

octagon is 140 feet, and its vertical section presents a Put I
figure formed by two segments of circles meeting each
other in a cusp at the vertex like a Gothic arch. The
faces of the dome terminate at 280 feet above the pave
ment of the Church, or 116 feet above the cornice from
which they spring; and at this elevation is constructed
an octagonal lantern. 45 feet high, and 24 feet diameter
between the opposite sides. Above the lantern is an
octangular pyramid, or pergamena, surmounted by a
ball and cross.
The dome is composed of two shells or vaults one
within the other, and having an interval of about 5 feet
between them ; the thickness of the interior vault at
bottom is 5 feet 6 inches, and at top 2 feet 1 inch ; that
of the exterior vault at bottom is 4 feet 3 inches, and at
top little more than 1 foot. The radius of curvature of
the interior surface of the inner vault is 120 feet, and
the exterior surface of the other is described from nearly
the same centre. Eight buttresses fortify the angles of
the vault ; and the voussoirs in the circumference of its
base are connected by a chain of iron to prevent them
from being thrust outwards by the lateral pressure of the
courses above.
The arches in the interior of the Cathedral are of the
pointed form, and the radius of each segment is equal
to about two-thirds of the span of the aperture. On
the capitals of the pilasters in the nave are pedestals
which support another tier of Corinthian pilasters ; and
from blocks above the capitals of these proceed the
cross-springers and ribs of the groined vaulting of the
nave. Round the whole interior and exterior of the
Church, on a level with the tops of the side arches of
the nave, are galleries supported by brackets and pro
tected by an elegant pierced parapet. The windows of
the lower tier in the Church terminate above in pointed
arches, and are divided by a slender column into two
apertures with trefoil heads ; on the exterior, each win
dow is crowned by a small, rectilinear pediment, with a
slender pinnacle at each extremity ; and in the walls of
the nave, above the aisles, is a row of circular perfora
tions on each side of the Church.
The whole exterior of the edifice is ornamented with
attached pilasters or piers, projecting but a little way
from the wall ; and their faces, as well as that of the wall
between them, are covered with inlaid marbles of dif
ferent colours, which destroy the grand effect the build
ing would otherwise produce. The tops of the pilasters,
about the exterior of the transept and Eastern end of
the Church, are connected by semicircular arches. These
render the style of the building something like that of
the Italian Churches of the Xth and Xlth centuries;
while the pointed windows and trefoil ornaments iden
tify it with the Gothic style of the North of Europe, and
the pilasters in the interior indicate a connection with
the Architecture of ancient Rome.
The Taste and judgment displayed in the construction
won, for this building, the praise of one of the greatest
masters of the Art, Michael Angelo himself; who con
sidered it as the first modern edifice of its kind, and one
which prepared the way for a return to the methods of
the Ancients. The body of the Cathedral was erected
nnder the direction of Arnulfo, and the dome was de
signed by the same artist ; but the opposition he expe
rienced from his contemporaries prevtn ed him from
executing it ; and it was reserved for Brunelleschi,
at a later period, to carry on that which his illustrious
,
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predecessor had begun. Arnulfo died in the year 1 300,
and the building remained as he left it during one hun
dred and twenty years ; Brunelleschi superintended the
work from the year 1420 till his death, in 1440 ; and
during those twenty years the dome was carried up to
the base of the lantern, by a particular contrivance which
rendered a general centreing of carpentry unnecessary.
No similar work, before constructed, was equal to this
dome in size or magnificence ; and if its span is mea
sured diagonally between two of the opposite angles, it
is greater even than that of St. Peter's at Rome. The
lantern was not completed till 1456, and the Western
facade of the building remains still in an unfinished
state ; a lamentable proof of the poverty or indifference
of the citizens of Florence.
The choir is an octangular enclosure having its centre
immediately under that of the dome. It is surrounded
by a stylobata supporting a screen of Ionic columns and
pilasters, with an entablature and balustrade above ; and
the whole height of the enclosure is 19 feet 6 inches.
There are four entrances to the choir, at right angles to
each other, and each is crowned by a semicircular archivolt without spandri.'s. This choir was built according
to the designs of Brunelleschi, with some few modifi
cations.
At the South-Western angle of the building stands the
Campanile, a prismatic tower 268 feet high to the top
of the parapet, and on a square plan, each side of which
is 47 feet 9 inches long. It consists of five stories with
groined ceilings ; a flight of steps inside leads quite to
the top, and the exterior is ornamented with pilasters in
the same style as the Cathedral itself. The three lower
stories are lighted by narrow rectangular windows ; in
the faces of the fourth story are two tiers of windows,
each tier consisting of two lancet- headed apertures,
divided, by a slender twisted pillar or mullion, into
two parts, with trefoil heads. In each face of the
upper story is a broad window with one general head in
the form of a pointed arch; the window is divided by
slender twisted pillars into three apertures, with trefoil
heads formed within the intersections of semicircular
arches, which spring from the pillar3 and from the sides
of the window. Above the fifth stage, and surrounding
the building, is a gallery supported by brackets and
protected by a parapet. The tower was begun by
Giotto, iti 1334, and carried on by Taddeo Gaddi ; it
was to have been crowned by a pyramid or spire 95 feet
high, but this was never executed.
After building the Cathedral of St. Mary, or, as it is
generally called, the Duomo, at Florence, Brunelleschi
built several Churches in the same city, in which he
abandoned the pointed arch but preserved the general
features of the Lombard edifices. The plan still had
the form of a Latin cross, and, as in the Gothic Churches,
the length and height of his buildings were considerable
in proportion to their breadths. In the nave of the
Church of San Lorenzo, he lias placed Corinthian co
lumns with isolated entablatures, and double semicir
cular archivolts springing from above them. The centre
is crowned by a dome, the lower part of which has the
form of a spherical zone ; and, instead of a lantern,
there is placed above this, a hemisphere of smaller dimen
sions. The Church of San Spirito is similar to that last
mentioned ; but at the intersection ofthe nave and tran
sept are four great piers ornamented with pilasters,
which carry a regular unbroken entablature over the
arcades of the aisles. In this building are still retained
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some Gothic mouldings, but those in the entablatures Part IV.
resemble nearly the antique. Lastly, the Capella dei Vay«<
Pazzi, by the same Artist, indicates a still nearer ap
proach to the Roman style : its plan is rectangular, and
it has six columns in front; about the interior are
pilasters supporting entablatures, and above is a hemi
spherical dome.
In the long period which elapsed between the fall of
the Roman Empire and the time of Alberti or Brunel
leschi, nothing is known of the domestic Architecture of
the Italians ; and we can only suppose that it arose
from the forms of the ancient castellated edifices of the
Country. We are, therefore, obliged to commence our
account of it with a description of the Florentine Palaces,
of which the oldest remaining were executed about the
latter of the above-mentioned periods.
These ancient mansions consist generally of a range
of buildings disposed on the four sides of a corlile or
quadrangular area which they enclose. At the angles
are square towers crowned by battlements and machi
colations ; and, as well as the buildings between them,
divided into stories, with a bold horizontal cornice to
each. In the lower story of the principal facade, are
from one to three grand entrance gateways covered by
semicircular arches ; and the windows in each story are
commonly of similar forms. A Palace for the Spada
family, which was built in or before the time of Brunel
leschi, seems to be the oldest example existing of those
mansions which, in Italy, succeeded the fortified Palaces,
and the first in which the Orders are employed ; the
badness of the proportions in those Orders shows how
little, before this time, the antique examples had been
studied.
The Palace Pitti, at Florence, was designed, and the Palazzo
lower part of it was executed, by Brunelleschi, conse- Plui.
quently it may serve as a specimen of the disposition
and style of the mansions of Italy at the end of the
XlVth and beginning of the XVth century. The plan of
the central part is a long parallelogram ; at each extre
mity of this is a wing projecting forward at right angles
to the front, and behind the centre is a small corlile.
The elevation of the front approaches the pyramidal
form ; being divided into three stories of equal height, of
which the second story is less extended than the lower
and the third less than the second ; a fourth story was
to have been added, and this also was to have been
shorter than the story below it, but it has never been
executed. Each of the three stories is rusticated, that
is the joints of the masonry are marked by grooves ;
each also is crowned by a cornice supporting a gallery,
in front of which is a balustrade of small Ionic co
lumns ; the windows are semicircular-headed, and the
joints of the voussoirs are also marked by grooves;
but in the lower story there is only a window under
each alternate window of the story above. Each of the
faces next to the court contains three Orders of Archi
tecture one above another ; of these the lower is Tuscan
and the shafts of its columns are covered with horizon
tal flutings. The second Order is Ionic, with square
blocks at intervals along the shafts ; between the co
lumns are semicircular-headed recesses containing win
dows surrounded by architraves, and having pilasters
on the jambs. On the exterior of the architrave, under
each window, is a projecting table supported by corbels,
placed not under the pilasters, which would seem to be
the most natural place, but under the vertical archi
traves. The windows are crowned by pediments. The
3 c 2
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upper Order, which is probably of later date than the
rest, consists of Corinthian columns, having also blocks
at intervals upon the shafts. Between the columns are
recesses with horizontal lintels formed by voussoirs ;
within each of these is a semicircular-headed recess and
a window crowned by a circular pediment. The whole
building is of a colossal character, and like the rest of
the Italian mansions of that day, looks rather like a
Prison than a Palace.
Works of
Leon Battista Alberli, who was for some time the
Alberli.
contemporary of Brunelleschi, flourished in Italy during
the first half of the XVth century, and executed several
works in a style which approximates to that of the pure
Roman; his best edifices are the Church of San Fran
St. Maria cesco, at Rimini, and that of Santa Maria Annunziata,
AnDuuziata. at Florence. The latter is a circular building, 76 feet
in diameter, and 63 feet high, with nine hemicylindrical
alcoves, and crowned by a dome 38 feet high, rising
from a tambour supported on a circular range of arches
in the interior. On each side of the arches is a Corin
thian pilaster with its entablature, above which are
termini, and between these are square windows with
pediments above. The Corinthian Order in this Church
possesses a character of great purity, and the artist
appears to have adopted the proportions of the antique
more accurately than his predecessor.
Cathedral
The front of the Cathedral at Rimini was also exe
at Rimini. cuted by Alberti. This is adorned with four half-columns
attached to the wall, and an entablature broken over
each ; in the centre is a grand doorway with a semicir
cular head, the archivolt of which springs from imposts
projecting before the wall, but unsupported by columns
or pilasters. Within the great doorway is a smaller one
having a pediment above, which rises to the level of the
foot of the arch over the other ; and on each side is a
semicircular-headed recess. According to a medal by
Malatesta, there was to have been a segmental pediment
extending over the whole facade, and the Church was to
have been crowned by a dome, but neither of these in
tentions have been executed.
Attached to one side of the Cathedral is a loggia or
covered arcade, which was built by the same artist : it
consists of seven semicircular arches surrounded by
archivolts, which rise from imposts on a range of piers
5 feet 10 inches wide, and 16 feet 2 inches high; and
these stand on a podium 9 feet 7 inches high. The
spans of the arches are 11 feet 7 inches; the spandrils
between them are ornamented with wreaths, and the
whole is crowned by a cornice, the mouldings of which
resemble those of the Greek or Roman buildings.
Alberti is the fiist Architect who has written on his
profession since the time of Vitruvius, at least he is the
first whose Works have been preserved to our times.
In X Books he treats of the origin of Architecture,
which he supposes to have taken place in Asia ; he ex
plains the method of forming the foundations, and of
building walls and arches in masonry ; he gives general
directions for designing Palaces, Basilicas, and other
public and private edifices, and shows the manner of
ornamenting their different members : he also treats of
four Orders of Architecture, viz. the Doric, Ionic, Corin
thian, and what he calls the Tuscan, which is that we
usually designate the Composite Order. He makes the
proportions of the parts of columns and their entabla
tures nearly the same as those assigned by Vitruvius ;
be forms the shaft cylindrical as far as three-sevenths
of its height, from which place it diminishes up to the

capital, and he gives a simple base to the columns of the
Doric Order.
The artists of the Lombard School had made their
arcades rise immediately lrom the capitals of columns;
but Alberti observes that the ancient masters placed
above the capital a projecting cornice on which the
archivolt was made to rest; and this method was, by the
example of Brunelleschi and himself, brought again into
general use. Alberti moreover, very justly, prefers
square piers to columns lor the support of arches aud
vaults. The Rucellai Palace, executed at Florence by
this artist, is one of the first in which pilasters are
placed in front of each story ; and this afterward became
a general feature in the buildings cf Italy.
About the same time, the Architect, Orgagno, built a Orgip.
loggia adjoining the old Ducal Palace at Florence, the
length ot which is about 109 feet, and its depth 37 feet.
The front consists of four octagonal piers with a pilas
ter on each face, supported by a podium ; from the tops
of the pilasters spring plain, semicircular arches, and the
ceiling is formed by a groined vaulting, the ridges of
which are ornamented f>y ribs rising from slender shafts
in the rentrant angles formed between the pilasters. The
loggia is crowned by a projecting machicolated parapet
supported on brackets ; the face of the parapet is
pierced with quatrefoil apertures, and between the
brackets a series of trefoil, cuspid arches is formed in
front. This fabric presents a striking and graceful
appearance, and its proportions are good, but its effect
is rather injured by too great a height above the crowns
of the arches.
From the time of Brunelleschi till the commencement Soccreira
of the XVIIth century, there followed each other, in <•<
Italy, several celebrated Architects ; who having studied j^11^
the remains of the works of their ancestors, with which ^u^'ta
the Country abounds, formed the style which, bysubse- &
quent improvements, is become that which now prevails
in every part of Europe.
Alberti survived Brunelleschi about thirty years, and
both of these artists were employed in various Ec
clesiastical buildings at Florence, Mantua, or Rome.
Bramaute d'Urbino and Raphaele d'Urbino were con
temporaries, and the immediate successors of Alberli;
these built or gave designs for several Palaces for the
Italian Nobility ; and the former has the glory of having
begun the building of St. Peter's Church, at Rome.
Peruzzi followed, who, besides sundry other works,
made alterations in the original design for that edifice.
San Michaeli built several Palaces and Churches within
a few years after the time of the last-mentioned Archi
tect ; and about the same time lived Michael Angelo
Buonarotti, the most celebrated Architect and Painter
of his day, and under whose direction a considerable
part of St. Peter's Church was carried on. After
these may be mentioned the names of Sansovino
and Julio Romano; of Serlio, who wrote VII Books
on Architecture, and was the first to measure and
describe correctly the ancient edifices of Italy; and of
San Gallo and Barozzi, commonly called Vignola, who
were cither contemporaries or immediate successors of
each other. Next in order of time comes Palladio, who
distinguished himself particularly, not only by his de
signs and buildings, but by the Work which he has left on
Architecture, and which is indispensable to every one
who would acquaint himself not only with the principles
of the Italian but also with hose of the Roman Art.
We may, in the last place, mention Scamozzi, who died
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itee- in 1616, and Bertotti, who took the same name, and
"• published a collection of Palladio's designs, which is
f~m/ deservedly held in estimation.
The Greco-Italico style, which had been improved by
Brunelleschi and Alberti, was, by Bramante and his im
mediate successors, made to approach still nearer to the
style of ancient Rome ; this modification acquired a cer
tain decree of perfection in the latter part of the XVth
and during the XVIth century ; and from the merit which
it displays at a time when Architecture in other parts of
Europe was at a Very low ebb, rather than from any pecu
liarities it exhibits, it has obtained among artists the dis
tinction of the Cinque-cento style, from the number of
hundreds in the dates of most of the works. Palladio
subsequently improved it by a more strict adherence to
the principles of the ancient Roman Architecture; and
by the merit of the works he has executed, in a style
which he made his own, he has rendered the Architec
ture of Italy that of all the rest of Europe.

CHAPTER II.
The Architecture of Italy during the XVth and XVIth
Centuries.
ute. • The Palazzo Giraud, at Rome, was executed by Braio
mant e about the middle of the XVth century, and may be
classed with those which are designated as being of the
cinque-crnio style. It consists of a range of buildings
disposed about a quadrangle, 249 feet long, and 190 feet
wide, and the entrance is by a vestibule in the middle of
one of the shorter sides. This, which is 47 feet long and
34 feet wide, is divided into three parts longitudinally
by two rows of columns, and it leads into a square court,
89 feet long in each direction ; the latter is surrounded
by an interior arcade, about 20 feet wide, which is
covered by a groined vaulting, and the faces of the piers
next to the court are ornamented with half-columns. At
the extremity of the court, opposite the entrance, is a
passage, 26 feet long and 15 feet wide, the sides of
which are adorned with pilasters and niches. This leads
to the rear vestibule, which is 53 feet long in the direc
tion of the short side of the building, and 21 feet wide,
and the extremities of its length are terminated by
hemicylindrical niches.
The front elevation exhibits three stories, all of which
are rusticated ; in the lower part of the ground-story
the joints of the masonry are marked by horizontal and
vertical grooves, and in the upper part by horizontal
grooves only ; in the centre is a semicircular-headed
doorway with a horizontal cornice above, and on each
side are three square windows. In the lower part of
the second story is a plain podium, and above this, the
joints of the masonry are marked by horizontal and ver
tical grooves; a row of seven semicircular-headed win
dows is contained in this story, with horizontal cornices
above them ; the archivolts rest on pilasters, and the
spandrils are ornamented with sculpture representing
vases and stems of plants. Between the windows, are
-coupled pilasters of an Order resembling the Corinthian,
with Attic bases on high plinths, under which the po
dium is broken and projects so as to give it the appear
ance of a line of pedestals connected by walls ; and
above the pilasters is a simple entablature. In the third
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story there are coupled Corinthian pilasters, with Tuscan P»rt IV.
bases over those in the second story ; these also stand v^^»>
on high plinths placed above the. projections of the
podium ; and between the pairs of pilasters, are two
tiers of windows, the lower rectangular, and the upper
having semicircular heads. These pilasters are crowned
by the entablature of the building, the frize of which is
occupied by blocks for the support of the cornice. The
roof is formed with sloping sides, and is covered by hollow
tiles. The proportions of the pilasters are good, but
they would now be considered as having hardly suffi
cient relief from the wall.
The front of the Cancellaria, at Rome, also executed Cancelltria,
by Bramante, is in the same style, with some few differ- *' R°m<!'
ences. The lower story contains merely a row of plain
semicircular-headed windows; the windows of the second
story are placed low, and above each is a small circular
recess with a flower in its centre ; those of the upper
story are of a rectangular form with cornices above, and
are cut through the podium ; over these are small win
dows with semicircular heads inscribed in plain rect
angles. The two upper stories are ornamented with
pilasters of the Corinthian Order, disposed in pairs, but
those in each pair are at a greater distance from each
other than coupled columns or pilasters usually are. At
each angle of the building a small projection of the
facade takes place, so that it has the appearance of
being flanked by towers ; and in the breadth of the
projection are contained four pilasters having the same
dimensions and intervals as those on the other part of
the facade.
Bramante constructed several other buildings, also,
among which is the Church of San Pietro in Montorio,
a circular edifice, considered as one of the first spe
cimens of the regular Architecture of that day. This
celebrated Architect died in the year 1514.
In 1454, that is during the life of Bramante, the Palaiio
Strozzi Palace, at Florence, was built by Benedetto da Stroiri,
Majano and Pollajuolo, in a style which resembles that
of Bramante, but partaking in some degree of the cha
racter of the old Lombard Architecture. The facade is
rusticated from top to bottom, by vertical and horizontal
grooves ; it is divided into three stories, separated from
each other by frizes, ornamented with dentels ; and the
whole is crowned by a plain frize, and a bold cornice, in
which are both dentels and modillons. In the centre
of the lower story is a semicircular-headed doorway,
and on each side are three rectangular windows ; the
windows of the upper story are semicircular-headed,
with voussoirs, the joints of which are marked by grooves;
each window has half-columns attached to its sides,
and a column in the middle, all of a kind resembling
those in the Norman edifices. The two apertures of each
window are crowned by semicircular heads, which are
circumscribed by the outer semicircle; and the spandril
between the three curves is occupied by a patera.
The small Farnese Palace, ae Rome, is a splendid Peruai.
example of the talents of Peruzzi, who was contempo- PaUuo
rary with Bramante, and survived him twelve years, ^'"arn••e•
The plan is rectangular; and, attached to the wall of the
ground-floor is a range of Doric pilasters, which surround
the building except where they are interrupted in front
by a superb loggia or portico, composed of five arches,
the spans of which are equal to the interval between
every two pilasters. A similar .range of Doric pilasters,
between the windows, surrounds the building on the
story above the ground-floor, and these are remarkable
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for being more massive than those in the lower range.
Between the two stories are a mezzanine or an interme
diate story with small windows in front, and the frize
which surrounds the upper story is ornamented with
festoons supported by Genii and candelabra. The por
tico above-mentioned gives variety to the edifice without
destroying the unity of the composition ; and the profiles
of the mouldings are remarkably elegant.
The Massimi Palace, at Rome, is the last and best
work of this Architect. It is on an irregular plan, and
in a confined situation, which prevents the upper part
of the building from being conveniently seen by a spec
tator in the street ; and on this account the artist has
judiciously given it less ornament than the part below.
The facade is rusticated, and divided into four stories ;
in the lowest is a superb loggia, the plan of which is in the
form of a segment of a circle, convex towards the street ;
its ceiling is highly ornamented, and there is a hemicylindrical recess at each end; in front are two pairs of
coupled columns, besides a coupled column and pilaster
at each extremity. The columns are of the Doric
Order, elegantly proportioned, and crowned by an enta
blature without triglyphs or mutules ; they have Attic
bases, and the profiles of the ovolos in the capitals,
instead of being quadrants, are flat segments of circles.
From the loggia is an entrance through a vaulted cor
ridor into the cortite. In the lower part of the second
story is a plain podium, over which are seven rectan
gular windows with horizontal cornices above ; the
windows in the two upper stories are square and with
out ornament, and the building is crowned by a hori■onttil cornice supported by modillons.
The details of this edifice are correctly antique, and
every part indicates a refinement of taste far beyond
that displayed in any other work of the Age. The in
teriors of the apartments are highly finished ; some of
the ornaments resemble those on the Greek Temples,
and others are like those represented in the paintings at
Herculaneum and in the Baths of Titus. In one apart
ment is a fire place, ornamented with fluted pilasters on
each side, accompanied by consoles of equal height with
the pilasters ; above these is an entablature with swelled
frize, and over it a sort of sarcophagus ornament.
The last of the Florentine edifices of the kind we are
now describing is the Riccardi Palace, which was exe
cuted by Cosmo the Great, and nearly resembles the
Strozzi Palace, built probably a hundred years before
H. Its facade is divided into three stories, of which the
lowest consists of blocks in irregular courses, some pro
jecting before others, and in it is a circular-headed door
way. The second story is rusticated, but faced with
wrought stone, and in it are seventeen windows almost
close together, with semicircular heads ; each window
is divided into two lights by a column, and these have
also semicircular heads. A high, plain face presents
itself above the windows of this story, and at the top is
a dentel band. Above this is the third story, of plain
stone-work, with seventeen windows similar to those in
the story below ; and the whole is crowned by a bold and
beautiful cornice resembling those of the ancient Roman
Architecture.
In the buildings at Venice is exhibited an adherence
to the Lombard style of Architecture after it had been
every where else abandoned. The Palazzo Camerlinghi
seepis to have been one of the latest works of that
School. It is divided into three stories, with a double
semicircular-headed window in the centre of each, and

on either side of it a single window of the same kind; Part IV.
the arched heads of the windows rest on panelled pilas- 1
1
ters, and the extremities of the building are ornamented
with pilasters of a similar kind. To the same class may
be referred the facade of the School of St. Mark, which
was built by Martin Lombardi, but at what time is un
certain. This is divided into two stories, ornamented
with Corinthian pilasters carrying an entablature which
is broken over each ; between these, on the second tier,
are semicircular-headed windows, crowned by segmental
or triangular pediments: in the lower story is a semi
circular-headed arch supported by two columns; and on
each side of the arch between the pilasters of this story
are panels filled with sculpture in bas-relief, representing
Architectural subjects in perspective. The whole front
is crewned bysemicircular pediments ofdifferent heights,
and surmounted by scrolls and statues.
The Church of San Salvador also partakes in some
measure of the Lombard character. This is in the form
of a Latin cross, and has three cupolas in its length; in
the interior the lower Order is ornamented with panelled
Corinthian pilasters supporting an entablature ; above
which is a mezzanine story with semicircular arches in
front ; and from between them, spring pendentives which
are crowned by the domes.
But the edifices of Venice at length partook of that
change in the general Architecture of Italy which arose
from the study of the antique examples, and the works
of Sansovino contributed materially to the establishment
of the new style in that city. The Procuratie vecchie,
which constitutes one side of the Grand Piazza of St.
Mark, is an edifice probably of the XVth century, and
forms a good specimen of the style of that Age. Its fa
cade is divided into three tiers of arcades of semicircular
forms, and those of the lowest range are supported on
piers ; the two upper tiers rest on columns, and each
arch is only half as broad as one of those in the lower
tier, so that two of them stand over one of the latter;
between the tiers are plain podia, and the building is
crowned by an entablature with a high frize in which
are circular apertures. In the small Piazza adjoining
the former, is the Libreria vecchia, a work of Sansovino ;
the facade of this building consists of two tiers of
arcades, the lower ornamented with columns of the
Doric, and the upper with columns of the Ionic Order;
each range of columns supports a heavy, unbroken enta
blature with a balustrade ; the Ionic columns stand on
pedestals ; and in order to diminish the massiveness of
the upper entablature it is perforated by small apertures,
between which are festoons of flowers supported by
Cupids. In the grand Piazza, and at right angles to the
Libreria vecchia, is the Procuratie nunve, in the facade
of which are three Orders, of which the two lower are
continuations of those in the other building, and were
executed by the same artist ; but the upper one, which
is of the Corinthian Order, was afterward added by
Seamozzi. Sansovino was born nearly at the same time
as Peruzzi, but he survived the latter 34 years, having
attained the advanced age of 81 years; he died in 1570.
San Michaeli, though born five years after Sansovino, San
died eleven years before him. He distinguished him
self by various works with which he adorned Verona,
and of his mansions the best is, probably, the Palazzo
Pompei ; in the facade of this building there are two
stories, of which the lower is rusticated, and contains a
doorway and windows with semicircular heads, over
which is a balustrade ; the upper story contains also
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n-Vitee- windows of a similar form, but the piers between them
fcreare ornamented with eight attached, three-quarter columns of the Doric Order, which support a bold and
continuous entablature.
The frontispiece of the Piazza dei Signori, at Verona,
another of his works, consists of a semicircular arch
springing from imposts ; on each side are two fluted
Ionic half-columns with Corinthian bases. The enta
blature is broken over the two extreme columns, and
the part over the arch and the adjacent columns is
crowned by a pediment. The same artist built the
Castello St. Andrea, on an island at Venice, to form a
sort of water-gate to the fortifications. It consists of
three arches, having half-columns attached to the piers,
and at each extremity is a column and pilaster coupled,
of which the latter forms the quoin of the building. The
columns as well as the piers are rusticated, and the
former support a well-proportioned Doric entablature
with triglyphs in its frize. A curtain, which is con
nected with the arcade, is crowned by a parapet, and
has casemates on a level with the water, which comes
up to the gate.
boo di
The Palazzo di T, so named from its shape, at Mantua,
by Julio may be considered a fair specimen of the works of Julio
Romano, who lived during the first half of the XVIth
century. Its facade is divided into two stories, of which
the lower is merely a rusticated basement with semicir
cular-headed arches. In the centre of the upper or
principal story, is a portico containing four groups, each
consisting of four columns, two in front and two in
depth ; these support imposts from which spring three
semicircular arches, and above these, is a general pedi
ment to the portico. In each wing of the building are
three rectangular recesses, of which the one nearest the
portico on each side contains four columns , the next
on each side three ; and the last on each side two ;
the interval of the centre columns in the recesses nearest
the portico is covered by a semicircular arch, and above
these is a general horizontal entablature to the whole
building.
The grouped columns give to this edifice a singularity
to appearance, which is increased by an instance of
depraved taste in making some parts of the Doric en
tablature lower than the others ; in consequence of
which it appears as if part of the edifice had sunk, and
thus the perception of stability, so essential to archi
tectonic beauty and fitness, is wanting,
fcedral
The interior of the Cathedral of Mantua was also
iutni. executed by this Architect. It is divided into seven
aisles, separated from each other by columns ; the
central and the two outer divisions are covered by flat
roofs, and the others by hemicylindrical vaults. The
central division is separated from that next to it on each
side by a range offluted Corinthiau columns, supporting
an entablature; above this, is a tier of pilasters, carrying
also an entablature, which, as well as the former, is
unbroken, and the whole is crowned by an elegant
dome.
•el
As specimens of the Taste of Michael Angelo Buona*» . rotti in Architecture may be mentioned, tfrpt, the Church
Brotu* of Santa Maria degli Angeli, which he formed in the
principal hall of the Baths of Dioclesian, at Rome, and
which is remarkable for its grandeur and simplicity. The
entrance is in the centre of one ofthe long sides, through
the ancient circular vestibule ; and both those sides,
which were originally open, are filled up and adorned
with Composite columns, extending from the pavement
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to the springing of the groined vaulting ; some of these Part IV,
are antiques, and the others have been formed in imita- v-»^«_
tion of them. The Capella dei Depositi, at Florence,
is a work of the same artist; this is a square building
with a hemispherical dome supported on pendeutives.
The present Campidoglio, at Rome, the site of the Cainpidoancient Capitol, is occupied by buildings for which M. g'i°Angelo gave the general plan, and some of which are
supposed to have been executed under his direction.
The buildings are disposed on three sides of a trapezoid
about a platform, to which there is an ascent by an in
clined plane, about 177 feet long, 2G feet wide ut the foot,
and 37 feet wide at the top ; on each side of the ascent
is a balustrade, and at the top are two pedestals gupporting statues of Castor and Pollux ; on the right and
left of these is a balustrade, with pedestals at intervals
along it, containing statues and trophies. The platform is
250 feet long, 134 feet wide at the end next to the inclined
plane, and 182 feet wide at the opposite end, and is
elevated about 40 feet above the level of the neighbour
ing streets. In the centre, is an equestrian statue of
Marcus Aurelius in antique bronze. On each side of the
platform is a grand Museum, and in front is the Palace
of the Senator of Rome. The last-named building,
which there is great reason to believe to be the work of
M. Angelo, is of a rectangular form, and its facade is
decorated with a majestic Order of attached Corinthian
pilasters rising from a lofty basement, and supporting
an entablature which is crowned by a balustrade. This
facade is remarkable for its purity and simplicity, and
appears to advantage when contrasted with those of the
neighbouring buildings, which are also ornamented with
Corinthian pilasters and half-columns, but mounted on
pedestals. The height of the Order above the base
ment is divided into twostories ; the ascent to the lower
is by steps on the right and left hand, which meet in the
centre where the doorway is situated ; and below this is
a fountain. Between the central building and the lefthand Museum, is an ascent by a flight of steps, about 100
feet long and 48 feet 6 inches broad, to an arcade forming
the side entrance to the Church of Ara Ceeli. On the
right hand a similar flight leads to private dwellings on
the site of the Tarpeian rock. On the right and left hand
of the Senator's Palace is a descent by a flight of steps
leading to the great Forum, and the former flight is sup
posed to coincide with the ancient Clivus Capilolinus.
The great Farnese Palace, at Rome, which was built pa\liUO
by San Gallo and Vignola, both of whom lived during Farnese, by
the XVIth century, is a rectangular building 236 feet San Gallo
long, 170 feet wide, and 177 feet high from the ground andViguola,
to the top of the cornice ; and its general plan resembles
that of the Palazzo Giraud before mentioned. The prin
cipal facade is one of the most majestic in the world, pre
senting to the eye one unbroken mass, which is crowned
by a noble frize and cornice ; it consists of three stories^
which are separated by horizontal bands filled with
sculptured foliage. The windows of the lowest story are
rectangular, with simple architraves, and surmounted
by horizontal cornices supported by corbels ; those in
the second story are also rectangular, but those in the
upper story have semicircular heads, and the windows
in both these tiers are crowned by pediments, the entabla
tures of which are supported by columns. The doorway
has a semicircular head with voussoirs ; the angles of
the building and the wall between the doorway and
nearest windows are rusticated.
The faces of the building within the corlite contain
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Architec- three Orders ofcolumns, tlie lowest Doric and the second
ture.
Ionic ; both of these support entablatures, and between
v"—lV"""-' the columns are semicircular arches springing from im
posts on the piers ; the upper Order is Corinthian, and
in the intervals of its columns are rectangular windows.
Between the second and upper stories are mezzanine,
with small square windows towards the court.
The CatlieWe conclude our account of the Italian edifices of
dralofSt. this Age with a description of the Cathedral of St.
Peter.
Peter, at Rome, which may fairly be considered as the
must magnificent building in the World, and the noblest
monument of the science of the Italian Architects. This
edifice was built on the site of the Church which had
been dedicated by Constantine to the same Apostle ; it
was begun during the Pontificate of Julius I. ; was
carried on by contributions from all Europe; was the
subject of anxious solicitude to twelve succeeding
Popes ; occupied the talents of as many Architects
during more than one hundred years ; and it now remains
the boast of the Christian World.
The interior has the form of a Latin cross, the whole
length of which, from East to West, is 735 feet, and its
breadth 510 feet. The interior breadth of each arm of
the cross is 75 feet, except of that which forms the nave,
which is 90 feet. At the intersection of the arms
are the four great piers on which the dome is supported.
Four aisles, each 50 feet broad, at right angles to each
other, and intersecting the four arms of the cross also
at right angles, separate those piers from the exterior
walls of the Church.
The piers support four semicircular arches, the crowns
of which are at the height of 200 feet from the pavement,
and on them is built a cylindrical wall, 70 feet high, and
150 feet in diameter internally ; this is perforated by win
dows with rectilinear or circular pediment heads both on
the interior and exterior; between which are coupled
Corinthian columns carrying an entablature broken over
each pair of columns. The top of the wall rises 20 feet
above the entablature of the columns, and from it
springs the great dome ; this is double, consisting of
two shells, of which that on the exterior is of a spheroidal
form, 170 feet in diameter externally, and 100 feet high
from its foot to the level of the base of the lantern. The
interior dome is also spheroidal, but flatter than the
other, its internal diameter being 140 feet, and its
height 77 feet ; and these domes are connected by sixteen
ribs of masonry formed in vertical planes. The lantern
is 40 feet high, and above it is a small spire terminating
in a ball and cross. Three tiers of windows are formed
about the circumference of the outer dome, and the
extrados of the other is worked in steps for the conve
nience of ascent. '1 he height of the building from the
pavement to the top of the lantern is 440 feet.
Along the whole of the Western extremity of the
Church is a porch 50 feet wide, separated from the nave
by a wall in which are five doorways, opposite to as many
others in the facade. The nave is divided into three
parts or aisles by massive piers ornamented with pilas
ters, and supporting arches in the direction of the length
of the building. A Chapel is formed on each side of
the nave, where the latter joins the transept ; they are
rectangular on the plan, and covered by spheroidal
domes similar to the principal one. These domes stand
upon octagonal walls ornamented with pilasters; their
height from the pavement to the base of the lantern is
250 feet, and their interior diameter 50 feet.
The Western extremity of the Church presents a

facade adorned with half-columns and pilasters; its Partly,
whole length is 425 feet, and its height 125 feet from V*
the pavement to the top of the entablature of the co
lumns ; within this height are included two stories, and
above the entablature is another story 50 feet high, which
is crowned by a balustrade. Over the four central co
lumns is a pediment and the entablature on each side is
broken vertically into three parts. Between those co
lumns is the principal entrance which has a horizontal
head ; on each side of it is a small one with a semicir
cular head, and further to the right and left are two other
grand entrances similar to that in the centre. At the
extremities of the porch are two square wings projecting
beyond the side walls of the building and crowned by its
general entablature, and in each side of these wings U a
magnificent doorway with a semicircular head.
Before this facade of the Church, is a trapezoidal area
400 feet long, and having its greatest breadth equal to
that of the whole front ; this is bounded on each side by
a corridor, from the Western extremity of which pro
ceeds a.semicircular colonnade, and these two colonnades
form part of the periphery of an oval area, 650 feet long
from North to South, and 500 feet wide from East to
West.
Under the centre of the dome is a magnificent baldachino, or canopy, of a square form, executed in bronze,
and 120 feet high, covering the Grand altar. ' The upper
part is supported by four columns of the Composite
Order resting on marble pedestals ; the columns are
formed so as to appear twisted, and are channelled in
spiral grooves as far from the bases as oae-third of
their height; the remainder of the shaft is ornamented
with laurel leaves and figures of boys, and above the
canopy are four great figures of angels standing over
the columns.
According to the original design of Bramanle, the plan
of the whole Cathedral was to be in the form of a Latin
cross, and as such he commenced the building, in 1506;
after his death, Jocondo, Julian San Gallo, and Raphael
were employed in increasing the magnitude of the piers
which were to support the dome : subsequently it was
proposed by Peruzzi, Antonio San Gallo, and Michael
Angelo, to change the form of the plan for that ofa Greek
cross, and under the direction of the two former, the body
of the Church was completed, and the dome commenced ;
the latter was chiefly employed in embellishing the dome
with paintings. Sundry additions were made by Ligorio
and Vignola, and, in 1590, the dome was completed by
Fontana. Twenty years afterwards the nave and Western
facade were built by Carlo Moderna; and the building,
which may now be said to have been finished, again
assumed the form of a Latin cross. The colonnades
were built by Bernini, in 1721, that is, about a hundred
years afterward.
The passion for dividing large masses into an in- De&fti
finite number of small parts, and an inattention to the I^1^
principles of sound Taste which require, in a work in- ^ , j
tended to inspire sublime emotions, that with its mag- buMs
nitude it should possess a certain simplicity of form, are
both remarkably exhibited in this splendid edifice. The
exterior and interior surfaces of the walls have so many
vertical divisions, and are so covered by columns and
pilasters, as to form innumerable angles which distract
the attention of the spectator, and impede ihe conception
of the general plan of the building.
The haste with which some parts of the walls were
erected prevented the Architects from taking sufficient
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•chiiec- pains to secure their stability ; from want of attention to
the foundation, and from the unequal settling of the masonry, several considerable fractures soon made their
appearance; the repair of which has long exercised the
ingenuity of the Italian artists ; and to prevent the dome
from giving way by its lateral thrust towards the exte
rior. Van Vitelli, in 1743, caused it to be surrounded by
four hoops or chains of iron imbedded in the masonry.
The impression made on the mind of a spectator on
entering St. Peter's Church is, that its apparent magni
tude is less than its dimensions seem to indicate ; the
cause of which deception, according to Montucla, is the
small number of principal parts into which the Church
is divided, and the great magnitude of the ornaments,
particularly the figures, which serve as appendages to
those parts. And the same Writer observes, in his Phi
losophical Recreations, that if the number of aisles in the
nave had been greater than three, and the arches sup
ported on groups of columns, instead of piers, the edifice
would have appeared much larger. The effect which
should be produced by a dome of such magnitude is
here also considerably diminished ; in the interior, be
cause it is not seen till the spectator has passed the nave,
which causes it to appear a subordinate part of the
building ; and on the exterior, by the great projection
of the body of the Church, which prevents the spectator
from getting a good view of it.
nctero- The Architecture of Italy during the XlVth and early
of ike part of the XVth century is chiefly exhibited in the Palatial buildings which adorn its cities. At first, plain
m XVih ant* mass've» "ke fortresses, they subsequently acquired
XVlih a gTeat degree of lightness and elegance. The mansion
[trio, of an Italian Nobleman consisted of a suite of buildings
surrounding an open cortile, a disposition rendered ne
cessary by the impossibility of extending the whole
building in a line where, as in cities, frontage is scarce.
The edifice was divided into three or more stories, and
occasionally into two ; the facade of the lower story was
generally a rusticated wall pierced by arches or by win
dows with horizontal or semicircular heads ; the piers
were sometimes strengthened or adorned with threequarter columns attached to their fronts, and having their
shafts apparently interrupted, at intervals, by cubical
blocks of masonry representing, in an unwrought state,
parts of the mass of stone from whence the column is
supposed to have been formed. Sometimes the upper
stories are also rusticated and decorated with columns si
milar to those below; but occasionally the Ionic and Corin
thian Orders are employed over a rustic basement without
columns; in which case those above present by their deli
cacy an unnatural contrast with the style of the lower part
of the facade. Horizontal entablatures, often loaded with
heavy ornaments, divide the stories, and crown the whole
edifice ; the height of the architrave of the upper Order
seems to have been made proportional to that of the
Order itself; but the frize and cornice proportional to
the whole building considered as an Order j and this was,
perhaps, intended to enable the artist to give that great
projection and consequent boldness to the cornices which
are so much admired in the Italian edifices. In the same
Age we find a frequent employment of the mezzanine
stories, or suites of apartments of low elevation between
two principal stories ; a disposition which afterward
became very common in Italy, and extended thence to
other parts of Europe, where it is still practised ; and
though the good effect of the tier of small windows in a
facade has been questioned, it must be admitted that in
vol. v.
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some cases it adds greatly to the beauty of the elevation ; Part IV.
such apartments have, moreover, the merit of great con- ^^v*venience in the interior of a building.
The rustication of the masonry conveys an idea of
great strength, with a degree of rudeness not inappropri
ate to the substructure of a building ; but in the works
of this Age it is carried too far, inasmuch as we frequently
find the joints of the most slender piers and of the co
lumns, even those of the delicate Ionic Order, marked in
the same way, which not only weakens the shafts, but
takes away the beauty arising from the view of their
smooth surfaces.
In the public edifices, the style of Italian Archi
tecture during the XVIth century seems to have been
borrowed from that of the works executed during the
later period of the Roman Empire, particularly, it
bears some resemblance to the ornamental parts of
the edifices at Spalatro and Balbec. The Porta di
Venezia, at Padua, may serve as an example. This is
a semicircular gate with coupled columns on each side
resembling those of the Corinthian Order, with Attic
bases; each pair stands on a common pedestal, and
these are supported on consoles. At a distance from
these and on each side of the arch is another pair of
coupled columns, and the interval between each pair is
occupied by a semicircular niche with a pilaster on each
side. From the wall behind the columns projects a pi
laster, the breadth of which is equal to that of the two
columns; in the face of this pilaster, is a broad panel ;
and at the top, the angles of the pilaster are ornamented
with foliage like that in the capitals of the columns.
In the facades of the Churches erected in this
Age are generally two porticos or tiers of columns
one above another ; and the upper tier is crowned
by a pediment : the lower portico is extended on each
side beyond that above, on account of the side aisles,
the roofs of which are not so high as that of the
central division of the nave, and each flank of the
upper portico is sometimes supported by a great scroll
or volute, in a plane parallel to the face of the building ;
this must have been intended to serve as a buttress, but
it forms an absurd member when applied to a work exe
cuted in masonry. A capricious taste is often exhibited
in Churches of this period mingled with that which cha
racterises the best works of a later day. In the Capella
Pelegrini, at Verona, which is a cylindrical building co
vered by a hemispherical dome, are columns disfigured
by spiral flutitigs, yet the interior of the cupola and the
Order which carries it are two of the most beautiful things
of their kind in existence. The upper portico of the
Church of Santa Maria in via lata, at Rome, consists of
four Composite columns supporting a pediment, the ho
rizontal entablature of which is interrupted over the two
middle columns, and a semicircular arch is formed cutting
the tympanum of the pediment ; yet the columns of both
the lower and upper portico are well proportioned, and a
high podium between the Orders gives to the facade a
fine effect. The Church del' Carignano, at Genoa, ex
hibits an example of a well-arranged plan, while the
proportions of the Order employed on the exterior are
bad. The plan has the figure of a vast Greek cross
with the principal dome over the intersection ; in each
rentrant space, between the arms, is another cross, con
necting those arms, so as to permit a vista quite through ;
and the centre of each of these crosses forms a Chapel
which is covered by a small dome. The ancient houses of
the Genoese Nobility had their fronts ornamented with
3D
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Architee parallel stripes of black and white marble, alternately disture.
posed ; but most of these have disappeared, and the more
v——v-""" modern Palaces are faced with stucco, which is frequently
painted in fresco : some of the Churches of Genoa, how
ever, retain the different-coloured stripes, and prove how
much this strange kind of embellishment must have been
once esteemed in that part of Italy.
Italian AlAll the riches of Art have been displayed in the Altars
tars.
of tne Italian Churches ; according to Milizia, each is a
mountain of columns supporting only pediments of fan
tastical forms, which serve but to harbour dust and
spiders' webs ; every sort of precious marble is employed
aud covered with gilding, but the Architecture and the
ornaments are equally devoid of taste. This reproach
is applicable even to those Altars which are disposed in
recesses in the interior of the Church ; when placed under
the dome or in the choir they are further attended with
the disadvantage ofinterrupting the view and diminishing
the apparent length of the edifice, and this is particularly
the case with the High Altar in St. Peter's Church.which
we have already described. But though these observa
tions apply to the generality of the Italian Altars, it must
be admitted that there are some which possess a certain
degree of elegance and classical taste, and among them
may be named those which Palludio has disposed along
the sides of the Church of the Redeemer, at Venice,
Tombi.
The monumental edifices of Italy which have been
executed since the levival of Roman Architecture are
deserving of notice in this place. At Bologna is a
curious one consisting of nine columns raised on a square
plan and carrying a floor, on each side of which are
pillars supporting three Gothic arches, and the whole is
crowned by a pyramidal spire : at each of the four angles
of the wall is a Roman oreille, and within the space
enclosed by the arches was the sarcophagus. In the
Monumenli delta Totcana are given delineations and
descriptions of Tombs, chiefly found in Rome, Venice,
and Tuscany, which appear to be works executed in
the XVIth century : they consist of a sarcophagus on
which is a recumbent statue of the deceased, and about
this are columns or pilasters supporting an ornamented
entablature, above which is a semicircular or semielliptical panel surrounded by a scroll and containing a
sculptured representation of the infant Jesus in the
arms of his mother. The tomb of the Scaligeri, erected
in the XVIIth century, at Verona, is probably an imi
tation of some of those which were executed in the pre
ceding Age : it consists of a hexagonal floor supported
by piers without arches and carrying the sarcophagus ;
above this is a rich, open canopy of a hexagonal form,
with pointed arches supported on twisted columns, and
the whole is crowned by a frustum of a pyramid sup
porting an equestrian statue, and ornamented with
tabernacles at the angles. Round the base, is a low
hexagonal wall with tabernacles at the angles, supported
by square piers.
Fountains.
The Fountains of Rome exhibit some grand designs
representing the facades of mansions or Triumphal
Arches, and the water, gushing through apertures in the
buildings, is received in a reservoir at the foot. The
facade of the Fountain of Trevi consists of a centre and
two wings ornamented with Corinthian columns bearing
an entablature and an Attic above ; the whole stands
upon a plain basement, in front of which is a mass of
rock-work, nnd over this the water pours from under a
statue of Neptune in a recess formed in the centre of
the facade ; the reservoir below is of white marble, and

there is a descent to the water by a flight of steps of the Put IT
same material. Upon the rock-work are figures indif- w-y^
ferently sculptured, and the rude forms of the materials
at the foot of the building does not accord with the de
licacy of the Corinthian Order above. The Fountains
dell' aqua Felice and dell' aqua Paolo, built or restored
by Dominico and Giovanne Fontana, have each, in front,
three semicircular-headed arches between Ionic columns
which support an entablature and two Attics crowned
by a segmental pediment ; the first of these is situated
on the Viminal hill, ant] is supplied by the Aqua Claudia,
the other crowns the Janiculum. Both elevations are
meagre and ill adapted to their destinations. The Castel
dell' aqua Julia, near Rome, is a more appropriate edi
fice; the front is ornamented with pilasters, bearing an
entablature, and between them are three hemicylindricai recesses ; the two extreme are occupied by tro
phies, and the third contains a statue on a pedestal ;
above the entablature is an Attic with an inscription,
and the whole stands on a lofty plain basement, in which
are numerous small apertures fur the passage of the
water to the reservoir in front.
Vignola, in his Treatise on Architecture,has modified Tiwfii
the Roman Orders, and given them a considerable degree of lightness. His Tuscan column is 7.5 diameters iJ^'^jj.
high, including the base and capital, both of which re- se(j bjft
semble those in the Vitruvian example ; the diminution gtaU.
of the shaft is one-sixth of the lower diameter, or the dif
ference of the semidiameters is ^ of the length of the
shaft. The height of the architrave is 0.417 diameter,
of the firize is 0.583 diameter, and of the cornice is 0.667
diameter, consequently, the height of the whole enta
blature is equal to i of the height of the column. The
projection of the corona from the axis of the column is
equal to one diameter.
He makes the height of his Doric column equal to eight
diameters, including the base and capital, each of which
he mukes equal to half a diameter. The base, in some
examples, consists of a plinth and torus, and in others is
of the Attic kind ; the capital consists of an abacus and
an ovolo, the profile of which is in the form of a quadrant
of a circle; this member is either plain or sculptured,
and below it are fillets and a hypotrachelion, which is
separated from the shaft by an astragal. The diminu
tion of the shaft is equal to one-sixth of the lower dia
meter, and, consequently, the difference of the semidia
meters is -fa of the length of the shaft. The height of
the architrave is made equal to half a diameter, and the
frize and cornice each equal to three-quarters of a dia
meter ; consequently, the whole entablature is onequarter of the height of the column. The centres of his
triglyphs correspond with the axes of the columns ; the
metopes are square and ornamented with ox-heads or
trophies. His cornices have great projection, but in this
member, the examples he has given differ from each
other ; under the corona of some are high mutules with
horizontal soffits, and guttae below ; others are without
mutules, but have a row of dentels under the corona.
In the ancient Greek or Roman examples we find the
Doric columns are without bases ; but from the time of
the revival of the Roman style Architects seem to have
considered a base as necessary for this Order as for the
others; aud they have compared a column without one
to a man without feet.
Vignola's Ionic column is made nine diameters high,
of which the base and capital are each equal to half a
diameter, considering the height of the capital to extend
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tec. from the bottom of the volutes to the top of the abacus.
p. The base is similar to that given by Vitruvius ; the
volutes in the capital are small and their faces are in a
plane parallel to that of the entablature; which was also
the case with those given by Alberti and Serlio. The
diminution of the shaft is one-sixth of the lower diame
ter, hence the difference of the semidiameters is
of the
length of the shaft. The height of the architrave is equal
to 0.625 diameter, and is divided horizontally into three
faciae, of which the lower one is vertically over the upper
part of the face of the shaft, and the others project before
it. The height of the frize is 0.75 diameter, and this
member is highly ornamented with sculpture. That of
the cornice is 0.875 diameter, and in the face is a row of
dentels. The whole height of the entablature is equal
to one-quarter of that of the column. The effect of this
Order is grand, but several parts are liable to objection ;
the base appears incapable of supporting the weight of
the column, the volutes are too small, and the corona is
deficient in height.
We have said that in order to avoid the bad effect arising
from the dissimilarity of the Ionic capital on its face and
flank the Ancients had formed diagonal volutes on the co
lumns at the angles of their buildings ; but soon after the
revival of Roman Architecture, the want of symmetry
which was evident in those capitals was remedied by
forming two volutes on each of the four faces in planes
concave towards the exterior, and cutting each face of
the abacus in the form of a rentrant arc of a circle so as
to leave a projection above the two diagonal volutes
which meet at each angle ; this construction was applied
not only to the capitals of the extreme columns, but to
all those in a portico or peristyle. Such capitals having
a festoon, sculptured to represent foliage, suspended
between the catheti of the two volutes on each face, are
employed in the Church of St. Peter, and in the Vatican
Palace; and are supposed to have been an improvement
by Michael Angelo on the volutes of the Temple of
Concord. Another form of the Ionic capital was also
said to have been invented by the last-mentioned artist ;
its volnte had the appearance of a conical or bell-formed
shell, the side of which was turned inward in spiral
curves ; but this seems never to have been esteemed.
The proportions of the Corinthian column given by
Vignola, are nearly the same as those of the columns of
Jupiter Stator ; the sculpture of his capital is very ele
gant, except that the tops of the leaves in the second row
project rather too much ; the same thing may be said
of the corona in the entablature, for the lacunaria in t lie
soffit, between the modillons, have the form of parallelo
grams instead of squares, which is that usually given to
them.
Vignola has given two designs for the Composite
Order, which chiefly differ in the entablature ; one of
them resembles that in the Roman edifices ; and is orna
mented with mouldings of a sufficient boldness to be
distinctly seen at a considerable height above the eye.
In the other design, the height of the entablature is little
more than one-sixth of the height of the column ; the
architrave is divided into two facie without a moulding
to separate them, and is crowned by a large ovolo '; the
frize is ornamented with sculpture, and on each face, at
the angle of the building, is a corbel seeming to support
the cornice above ; over each corbel is a projection like
a modillon in the form of a scroll, and supporting a
moulding under the corona.
The ornamental doorways of Vignola form a good
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medium between the ancient and modern style. The P»rt IVaperture is rectangular, and has its height equal to about
twice its breadth ; the surrounding architrave is divided
into three facia?, which are broken, above, by the hori
zontal part projecting to the right and left beyond the
vertical sides. Above the architrave is a plain frize, and
a cornice supported by elegant consoles, the breadth of
which at top is greater than at bottom, and they descend
to the level of the top of the aperture. In the cornice
are both dentels and modillons.
The details above given will convey some idea of the
advanced state of Architecture in Italy in the latter part
of the XVth and beginning of the XVIth century ; and
we shall perceive from them that many of the features of
Palladio's style had been anticipated by the artists whose
names we have already i

CHAPTER III.
Italian Architecture modified by Palladio.
Palladio was born in 1518, and therefore must have Palladio imbeen for several years contemporary with Peruzzi, San pr°vcs the
Michaele, and Vignola; and as he lived to the age of
of
sixty-two, he must have practised during a considerable houses,
part of the XVIth century. For the number of works he
executed, either wholly or in part, and the still greater
number of designs he gave, he is to be considered as
having done more than almost any other Architect for
the advancement of his profession and the embellishment
of his Country. It happened, however, with Palladio, as
it has happened with some fortunate professor in every
other Art and every Science, that much had been previ
ously done by the labours of his predecessors to prepare
the way for him, and when he entered the profession
there was only wanting a comprehensive mind to combine
the materials already existing, into one system. This is
what Palladio did; but mankind, in bestowing the meed
of praise which was really merited by the author of so
many excellent productions, has nearly overlooked what
was due to those who had furnished the means by which
that excellence was attained. The basis of the practice
of Palladio is to be found in the works of the artists of
his Country, who lived during the XlVth and XVth cen
turies ; but, instead of imitating the gloomy Palaces of
the ancient Nobles of Italy, he introduced a light Archi
tecture, more congenial with the state of society in his
time, and capable of being applied, with small modifica
tions, to every other climate The admiration excited by
this new style almost immediately caused the heavy
mode of building at that time practised, as well without
as within the limits of Italy, to be abandoned for that
which, in spite of its faults, and they are many, pos
sessed numerous graces. In fact, within a short time
from Palladio's death, the Architecture of Italy was
adopted in every Country of Europe.
We proceed, in the first place, to give a few specimens
of the works of this master; we shall afterward endea
vour to exhibit their general characteristics and make a
few observations on his style.
The Church of the Redeemer, built by Palladio, The Church
at Venice, is considered by Dertotti Scamozzi as a of the Re
model of regular and elegant Architecture, though deemer at
rather beautiful than magnificent. The interior has Venic0some resemblance to a Latin cross, but on each side of
the nave are three Chapels together, occupying its whole
3 d 2
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length, which make the breadth of this part of the Church
equal to the length of the transept. The length of the
interior of the nave is double its breadth ; the extremi
ties of the transept and the head of the cross are semi
circular, and the centre of the cross is covered by a dome ;
this is supported by four arches, surmounted by a cylin
drical wall, the upper part of which serves as a base for
the dome : the choir is situated within the head of the
cross and is surrounded by isolated columns. Along
each side of the nave, are half-columns coupled and at
tached to the piers between the Chapels ; these Chapels
are open towards the interior of the Church ; and the
apertures are crowned by semicircular arches, springing
from entablatures on the capitals of Corinthian pilasters,
which are of smaller dimensions than the columns of
the nave ; between the columns in each pair is a niche
and statue. The heights of the apertures are a little
more than twice their breadth ; and above the entablature
of the grand columns in the wall of the nave on each
side is a row of three semicircular windows, each divided
into three parts by two vertical bars.
The facade is elevated upon a stereobata, to the top of
which is an ascent by steps extending all the breadth of
the central division of the nave. On this, stands a portico
consisting of two three-quarter columns and two pilas
ters, all of the Composite Order, with a pediment above
them. The two wings of the faijade are ornamented with
Corinthian pilasters ; this Order is continued along the
sides, and its height is little more than two thirds of that
of the Order in the portico. The doorway has a semi
circular head, and is decorated with two half-columns, of
the same Order and dimensions as the pilasters of the
aisles ; and the columns support an entablature with a
pediment under that of the portico. The roofs of the
aisles are formed in an inclined plane on each side of
the Church, and present on the facade the appearance
of a great pediment cut in two by the Order of the por
tico. The height of the Church is 248 feet, its width
94 feet, and the height from the pavement to the top of
the vault of the nave is 69j feet. The base of the dome
is elevated upon a cylindrical wall 23 feet high above
the ceiling of the nave, and the crown of the dome, ex
clusive of the lantern, is 27 feet higher.
Bertotti Scamozzi observes that the solidity of this
building is ensured by the thickness of its walls, and the
resistance against the thrust of the dome is derived from
counterforts which rest upon the walls separating the
Chapels from each other. The half-pediments and plain,
conical pinnacles detract, however, considerably from its
merit as a piece of Architecture, though the interior
disposition and embellishment may claim our admi
ration.
Church it
The Church at Masera, another of Palladio's Ecclesi
Masera.
astical buildings, is circular on the plan, and on one side
of it is a recess covered by an elliptical vault; an enta
blature, supported by fluted Corinthian columns, sur
rounds the edifice, and between the columns are niches
crowned by pediments. In the poriico are six Corinthian
columns, between the capitals of which are festoons of
stone-work hanging in the air ; a caprice similar to that
which has been executed in some of the Temples of
India: the entablature of the columns is crowned by a
pediment. The Church of San Francesco della Vigna,
at Venice, is considered also as one of Palladio's most
esteemed works.
One of the best specimens of Palladio's town-houses
is that which he designed for Count Giuseppe di Porti,

at Vicenza, the plan of which is a rectangular parallelogram, 250 feet long and 111 feet wide, the extremities
of which fall in two public streets. It consists of two Count
equal buildings separated from each other by a. cortile or ^orli'!
peristyle ; an imitation, as Palladio himself asserts, of the
Greek houses : only one of these buildings, however, has
been executed, and that differs in some respects from the
design he has given. In the facade are three stories, of
which the lowest is rusticated and contains a semicir
cular-headed doorway and six windows ; on the exterior
of the middle or principal story are eight half-columns
of the Ionic Order projecting from the wall, with an en
tablature broken over each ; and between the columns
are windows terminating in triangular and segmental
pediments alternately ; the attic or npper story contains
eight square windows, and between them are short pilas
ters, before which statues are placed. Within the entrance
is a square vestibule ornamented with four Doric columns
without bases; these support an entablature, above which
is a groined vaulting covering the vestibule, A vaulted
passage leads from this to the cortile, which is sur
rounded by twenty columns of the Composite Order at
the distance of 1 1 feet 6 inches from the walls ; these
columns are 41 feet high and nealy 4 feet in diameter ;
behind them are parastatee or pilasters of smaller
height serving to support an open gallery surrounding
the cortile, by which the communication between the
middle stories of the two buildings is made. See
pi. xxii.
The most elegant of the villas built by Palladio is that Rftamiiii
called the Rotunda, situated on the gentle slope of a**
hill near Vicenza. Its general plan is a square, and,
according to B. Scamozzi, this figure was given to it that
the inhabitants might command the beautiful prospects
afforded by the surrounding Country ; each side of the
square is 69 feet 4 inches long, and on the middle of
each face is a portico of six Ionic columns supportinga
pediment. In the centre of the square is a circular
saloon 34 feet diameter ; at the four angles of the square
are the four principal apartments, which are of a rectan
gular form with vaulted ceilings, and between them are
small rooms with doors of communication opening into
the vestibules between the porticos and the saloon; the
staircases are placed at four points on the exterior of the
circumference of the latter. The building stands on a
basement 10 feet 3 inches high, and containing the
kitchens, the dining and servants' rooms ; and the walls
of the saloon are carried up vertically to the height of
32 feet, above which they terminate in a hemispherical
dome. At the height of 22 feet 9 inches from the pave
ment is a gallery surrounding the interior of the apart
ment and protected by a balustrade. The bed-chambers
surround the upper part of the saloon.
The edifice is encircled at the level of the entablature
of the portico by a frize, the exterior surface of which has
a small convexity ; this kind of frize is always, and some
times with justice, condemned, but in a building which,
like the present, has little exterior enrichment, its effect
is not displeasing; the same thing cannot be suid of the
tablets over the central intercolumniationsof the porticos,
which were, probably, intended for inscriptions, and of
two elliptical windows formed in the tympanum of each,
pediment. It is probable, however, that these last huve
been executed since the time of Palladio.
Asanother specimen of Palladio's villas we have chosen The VJ
that which he designed for Count Boniface Pojana, in a> Pt»ju».
village of the same name, at twenty miles from Vicetiza.
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The principal story of this building is elevated 5 feet
from the level of the ground ; it consists of a portico, a
' vestibule, six chambers, two closets or cabinets, and two
staircases leading to the bed-rooms above. In the groundfloor under the principal story are the kitchens and eelJars, both of which have vaulted roofs. The facade is
broken vertically into five parts disposed symmetrically,
two on each side of that in the centre, (which is crowned
by a pediment ;) and receding from it the portico consists
offour rectangular piers supporting two concentric semi
circular arches, all in the same plane as the central divi
sion of the facade. The want of the horizontal cornice
to the pediment is a great defect, but B. Seamozzi sup
poses it was left out, because the arch of the portico would
have approached it too nearly. In the design, a corridor,
the roof of which is supported in front by Doric columns,
proceeds from the wings of the building to the right and
left, and returns on each side at right angles towards
the front, so as to enclose an area belore the house. See
pi. xxii. The two extreme wings of this building have
never been executed.
Of the public buildings designed by Palladio for Civil
purposes, the Basilica and the Olympic Theatre, both at
Vicenza, are the most important, and a description of
them may be properly introduced in this place. The
Basilica, or Palace of Justice, is supposed by Vincent
Seamozzi to have been originally constructed during the
reign of Theodoric, Kingof the Goths ; be this as it may,
it had become so ruinous by the effect of time and se
veral conflagrations, that Palladio was employed to restore
it According to his own account, in the XXth Chapter
of the Hid Book of his Architecture, the porticos or
arcades were designed by him, and he considers the
building as one of the finest works that had been exe
cuted since the time of the Romans.
The plan of the building is a rectangular parallelo
gram, 170 feet long and 67 feet wide within the walls ;
the whole consists of two stories surmounted by a high
roof of timber, which is covered with plates of copper,
and the profile of which is similar in form to a Gothic arch.
The lower story, in the interior, is divided longitudinally
into three aisles, of equal breadth, by twelve square piers
which support its groined vaulting.
Hound the exterior of the body of the building are
two tiers of arcades, forming corridors 18 feet wide and
open towards the exterior ; the ceiling of the lower is
25 feet 9 inches from the pavement ; that of the upper
is 27 feet 6 inches above the former ; and the walls of the
building are still 17 feet 3 inches higher j therefore, the
whole height of the walls is about 70 feet 6 inches from
the pavement, and this is independent of the vaulted
roof, which is 34 feet higher. On one side of the Basi
lica the ground is many feet lower than on the other,
and here the building is supported by a basement, which
adds much by its solidity to the effect of the arcades
above.
The exterior of the lower arcade is ornamented with
half-columns of the Doric Order attached to the piers,
and supporting an entablature which is broken over
each column ; the intervals of these columns are occu
pied by four others of smaller dimensions, also of the
Doric Order, and placed in pairs perpendicularly to the
face of the building ; those faces of the piers which are
opposite the smaller columns are ornamented with pi
lasters which, with the columns, support an entablature ;
this is discontinued at the interval between every pair of
columns, and its place is occupied by a semicircular arch,

385

to which the entablature serves as an impost; and the Part IV.
extrados of each arch rises to the inferior surface of the v-—
entablature of the principal columns. The upper arcade
is exactly similar to the lower, but the columns are of
the Ionic Order, and are supported on pedestals ; the
small columns of both arcades are without bases and
have circular plinths. The windows in the upper part
of the body of the building are crowned by pointed arches,
and these belonged to the original edifice. Above the
second arcade, and also on the top of the walls of the
Basilica, are elegant balustrades and statues.
In the very year of his death Palladio gave the design The
and laid the foundations of the Olympic Theatre at Vi- Olympic
cenza, which was afterwards finished by his son. The The»lre'
rows of seats are of a semielliptical form ; their whole
extent parallel to the proscenium is 109 teet 4 inches;
the horizontal depth from the proscenium to the back of
the seats is 42 feet 4 inches ; and the proscenium is 80
feet long and 21 feet 4 inches deep. Along the circum
ference of the upper seat is an elegant row of Corinthian
columns 12 feet 6 inches high, above the entablature of
which is a balustrade with statues. The facade of the
scena, which was designed by Vincent Seamozzi, is com
posed of two tiers of columns of the Corinthian Order
mounted on pedestals ; the lower columns are detached
from the wall and have pilasters behind them, and the
upper Order is composed of half-columns attached.
Between the columns, are elegant niches with rectilinear
and circular pediments, supported by (luted Corinthian
pilasters, and above the upper Order is an Attic orna
mented with broad pilasters, between which are sculptures
representing the labours of Hercules. In the scena, are
three large open doorways leading through five pas
sages, three of which diverge from the central doorway
to the interior of the scena. The sides of these passages
are ornamented with perspective representations in relief
of Temples, Palaces, Basilicas, &c, executed in wood,
and producing a surprising effect. The whole of the
internal distribution seems to have been made accord
ing to the practice of the Romans, as nearly as the limits
of the ground would permit.
Palladio has given several designs for bridges, Design for
among which is a very elegant one, supposed by * bridge.
Temanza to have been intended for the Rialto, at
Venice: if this is the case, the design of Palladio was not
adopted, and, instead of it, was chosen one given by
Antonio da Ponta. On the bridge are indicated one
grand central street and two lateral ones, and on each
side of all three, a row of shops ; the whole construction
is supported by three semicircular arches resting on rus
ticated piers. The ascent to the roadway is by three
flights of steps at each extremity of the bridge, one pa
rallel to its length and two at right angles to it ; conse
quently, the bridge could only have been intended for
foot-passengers, and, probably, to serve as a sort of
Exchange for the meetings of the merchants. At each
extremity, and over the central arch of the bridge, is a
portico, consisting of Corinthian columns with square
pilasters at the angles, and having above it a pedimentroof.
Like his contemporaries and immediate predecessors, character:*.
Palladio was chiefly employed in designing and erecting tics of Palhouses for the Italian Nobility, and his designs for that Ia<i'o'«sl)le.
kind of building are those which have been of the most
importance in forming the taste of succeeding Architects.
His ground-stories are generally composed of arcades
serving as basements for the upper stories which are
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Architec- ornamented with columns, and in these basements were
the offices or apartments used as shops ; the principal
story, or, as it is called, the piano nobile, is above these,
and the Attics were reserved for store-rooms. He gave
small extent to his facades, in order that the length might
be nearly equal to the height ; and, frequently, in the
midst of the facade he made an anterior vestibule with
three arches or rectangular apertures in front.
In the distribution of the interior of his buildings, he
conformed to the taste and customs of his Age. It is
said that at that time the Nobles required vestibules and
peristyles, and apartments of great capacity to serve as
Libraries and Galleries of Painting and Sculpture ; and
in these respects, Palladio's dispositions are considered as
excelling those of his contemporaries. His arcades con
sist either of simple semicircular arches resting on piers,
or the interval between two principal piers is divided into
three parts by small piers or columns, and the arch covers
only the central aperture ; a construction which seems
to have been copied from some of the colonnades of
Dioclesian's Palace. Palladio's windows, though gene
rally terminating above in a horizontal lintel or simple
semicircular-headed arch, are sometimes divided into
three parts, and have the central division arched in the
manner we have just described ; and often the windows
are only semicircular apertures divided into three parts
by two vertical bars or mullions, as in the Churches of
the Redeemer and of San Georgio Maggiore, at Venice.
A marked distinction between the mansions designed
by Palladio and those of the preceding Age appears in
the almost constant application of a pediment to the
central part of the principal facade ; this is supported
on the attached columns of the piano nobile and imparts
an air of majesty to the whole edifice. The height of
the pediment is made to vary from one-fourth to onesixth of the length of the horizontal cornice, and to de
pend inversely upon the number of columns below it;
a judicious modification, which renders the height of the
pediment nearly proportional to that of the building
itself. A great departure from the principles of the Art
is, however, found in a few of the pediments which crown
the facades of Palladio's buildings; we allude to the
want of the horizontal cornice that should connect the
lower extremities of the inclining rafters ; an example
of this bad taste occurs in the Villa Pojana which we
have above described.
In the Churches which Palladio has erected he seems
to have made an effort to preserve the general form of
the Basilican or Lombard Churches, and to adapt the
Roman Orders to it instead of returning to the form of
a Heathen Temple, to which the buildings for Christian
worship certainly have no relation. In the Lombard
Churches the nave has considerable elevation, and the
side aisles are subordinate to it ; this form he retains, but
he changes the facade with its tiers of arches for a portico
consisting of columns mounted on pedestals and sup
porting an entablature with a pediment above, the apex of
which reaches to the roof of the nave. On the two sides
of the portico are the extremities of the aisles with those
of their inclining roofs ; the latter may be supposed to
be parts of a pediment-roof once common to the whole
building, and cut by the side walls of the central division
of the nave: such is the construction of the Churches
of the Redeemer, of San Georgio, and of San Francesco
alle Vigne, all at Venice. The facade indicates by this
form the disposition of the body of the Church ; and
though a better Taste may condemn the appearance of

a double pediment, there is, at least, a reason for em- Vm\\
ploying it.
v-"v4
In dividing the interior of houses, Palladio proposes
several different proportions betweei
and height of apartments. Where
it, which he acknowledges to be rarely, he
the rooms to be circular ; in other cases, he recom
mends them to have their breadth equal to their length,
or in a ratio to it which varies from that of 1 to \\ to
that of 1 to 2, and that their heights should be an arith
metical mean between the length and breadth ; in some
ofhis best buildings he has made the ratio ofthe breadths
of the principal apartments to their lengths as 1 to Lj,
and the heights equal to the arithmetical mean ; the
small rooms are square and the length or breadth to the
height in the ratio of 1 to 1^-. The proportions of door
ways are by the Italian artist made nearly the same as
those prescribed by Vitruvius for the Doric Order, but
the antepagments do not diminish. He makes the height
of the windows in the ground story equal to 2-^ of their
breadth, and the height of those in the second story equal
to 2 J of their breadth; consequently, these appear talle
than the windows below them ; a practice which Palladio
seems to have generally adhered to, though in his Archi
tecture he recommends them to be shorter by one-sixth.
The modification which Palladio has made in the jjod&v
Tuscan Order does not differ much from that made by Uooofii
Vignola; both have made the heights of the column and Onfenty
of its base and capital to bear the same proportions to
the diameter, but Palladio has made the diminutioa of
the shafts greater, the difference of the diameters being
one-fourth of the lower diameter. Palladio's capital has
the advantage of greater simplicity than that of Vignola,
the abacus being without any moulding, and the projec
tion of the ovolo being only equal to about half its
height ; on the other hand, Palladio's entablature is
higher and more complex, its height is equal to onequarter of that of the column, and the mouldings o/the
cornice seem too numerous for an Order which should
possess the utmost simplicity.
In many of the edifices of Palladio's time we find the
shafts of the Tuscan columns occupied at intervals by
cylindrical or cubical blocks, as we have already said;
this rustication, though hardly to be recommended in
any case, is not inappropriate to a building characterised
by a certain degree of rudeness, and examples of it are
to be found in some of the old Roman works : in one cf
the aqueducts, the columns, though of the Corinthian
Order, have their shafts broken by those heavy masses.
In the Doric Order, also, Palladio has deviated but
little from Vignola ; the heights and forms of the column
and of its base and capital are the same, but the dimi
nution is less, for the difference of the upper and lower
diameters is ^ of the latter ; the architrave is divided
into two facia?, the centres of the triglyphs correspond
with the axes of the columns, the metopes are square
and ornamented with sculpture ; the soffit of the corona
is in an inclined plane, and this member has neither the
dentelsnormutules which Vignola has given to the Order;
in this respect, therefore, Palladio's Order has gained
something on the score of simplicity : the height of the
whole entablature is & of the height of the column.
Palladio's practice varied considerably respecting the
proportions of the Ionic Order, but one which lie has
employed more frequently than the rest, and which he has
given in his Architecture, resembles that of Vignola only
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in the proportion of the height of the column to its dia
meter, in the height of the base and capital, and in the
form of the latter. Palladio has employed the Attic base
with an astragal above the upper torus, and he has given
rather less diminution to the shaft, for the difference of
the upper and lower diameters is hut one-eighth of the
latter; the architrave is divided into three facis separated
from each other by mouldings ; the frize is deformed by
making its surface convex, which, though justified by
many examples of antiquity, is hardly worthy of imita
tion ; and under the corona is a row of plain modillons;
the height of the whole entablature is but one-fifth of
that of the column, which seems too little and gives an
air of meanness to the Order.
Palladia's design for an Ionic capital, like those of
the Ancients, and of Alberti, Serlio, and Vignola, repre
sents the planes of the fuces of the volutes to be parallel
to the face of the entablature, the sides of the capital
having the usual baluster form ; the volutes, however,
of the Italian Architects are invariably smaller than
of the Ancients, and on that account are far
possessing the elegance which characterises the
latter.
Subsequently to the time of Palladio, Scamozzi de
signed an Ionic capital which seems a variation of one
of those given by M. Angelo ; the planes of his volutes
are parallel to the diagonal of the abacus, and the faces
of the 'latter are concave towards the exterior ; the stems
of the volutes spring from the middle of the capital,
and between the lower extremities of the stems is a
flower on each face which fills up the void under the
middle of the face of the abacus. In this capital the
ovolo seems to represent a circular vase placed on the
top of the column, and the volutes to represent the
curling heads of plants rising from its interior.
The height of Palladio's Corinthian column is but
equal to 9.5 diameters, whereas Vignola had made it
equal to 10 diameters, which is more agreeable to the
practice of the Ancients ; the base resembles the Atlic,
hut it has, in addition to the other members, an astragal
above and below the scotia and above the upper torus ;
which is not, perhaps, improper in the Corinthian Order,
though it produces a departure from that alternation of
rectilinear and curvilinear features which constitutes
distinctness and relief. The diminution of the shaft is
rather less than Vignola makes it, and the heights of the
several members of the entablature bear a lower ratio
to the diameter ; the architrave is divided into three
facire, and the fiize is connected with the upper mould
ing of the architrave by a conge or inverted cavetto.
The height of the whole entablature is equal to of
the height of the column, and the cornice contains both
dentels and modillons.
Palladio makes the Composite column equal to 10
diameters in height, like that of Vignola, but the dimi
nution less: the architrave is divided into two facia?,
and the frize resembles that in the Ionic entablature,
except that the upper part of the swollen or convex sur
face projects beyond the lower as much as -J,, of a dia
meter ; this practice, which at first seems extraordinary,
has probably been adopted, as is observed by Norman in
his parallel of the Orders, to reduce the intervals of the
modillons in the cornice to the form of exact squares
when the centre of a modillon corresponds to the axis
of each column. The height of the entablature is onefifth of that of the column, the cornice is without dentels,
and under the corona are modillons which are divided
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horizontally into two parts by a moulding ; the lower Part IV.
part is smaller than the upper.
~

CHAPTER IV.
Architecture of the Continent of Europe since PaUadio's
Time.
Two Architects who have added lustre to their pro- Decline or
fession both by their buildings and writings, viz. Serlio Architeo
and Scamozzi, were contemporaries with Palladio, and turelnItalyboth practised in the North of Italy during the XVIth
century ; Scamozzi is particularly celebrated for the
Trissino Palace, at Vicenza, the facade of which exhibits
two stories, the lower ornamented with Ionic columns,
and the upper with Corinthian pilasters. To these names
we may add those of Scalfarotto and Tirali, the former
of whom built the Church of San Siineone Minor, at
Venice, with a facade in imitation of the front of a
Roman Temple, consisting of six Corinthian columns
supporting an entablature, and crowned by a pediment
enriched with sculpture ; and the latter subsequently
added a portico of a similar kind to the Church of San
Nicolo in the same city. These are almost the first of
the Italian Churches having that kind of portico; the
facades of the others being generally ornamented with
three-quarter columns attached to the walls.
But from the end of the XVIth to the beginning of
the XVIIIth century, the Architecture of Italy is found
to have deviated considerably from the comparative
purity of the Palladian School ; columns of the Roman
Orders were grouped together like those in a Gothic
edifice, and they were employed to support the imposts
of arches by the side of others which bear an entabla
ture passing above the crowns of the same arches ; pilas
ters were made to project before each other, and the
entablatures were broken to correspond with the pro
jections ; and lastly, pediments were placed one within
another, or were interrupted at the vertex ; and an excess
of misapplied ornament encumbered every part of the
building. It must be admitted that examples of these
improprieties are found in the works of the older Archi
tects ; but in these they appear but as accidental defects,
whereas in the Age we are speaking of they became
general.
During this period lived Borromini, against whom is Borromini.
chiefly directed the reproach of corrupting the style of
the Italian Architects. This artist practised during the
first half of the XVIIth century, and made himself sin
gular by the extravagant caprices which he introduced.
The best of his works is theChurch of Santa Agnesi in the
Piazza Navona, at Rome, the facade of which is a curve
of contrary flexure on the plan, and is ornamented with
Corinthian columns. Another of his works is the
Church della Sapienza, also at Rome, the plan of which,
in the interior, is a triangle with a semicircular recess on
each side, and having its angles filled up. The lower
part of the Church is invisible from without, being sur
rounded by buildings, but, above, is a cupola, the ex
terior surface of which is formed in steps surrounding
it, except where they are interrupted by counterforts ;
but the most remarkable object in this building is a
spiral turret, approaching to the form of a cone, which
crowns
Aboutthe
thedome.
same time lived Bernini, who, besides the ^J"z? .
colonnade in front of St. Peter's Cathedral, built the B"be"nl'
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facade of the Barberin! Palace, at Rome. The centre
of this building, which had been designed by Carlo
Maderno, and partly executed by Borromini, is of a
rectangular form, and there are two wings which pro
ject towards the front; on the ground-floor of the centre
are two parallel rows of arches on piers, forming a ves
tibule which is covered by a groined vaulting; and in
the elevation of the front are three stories, of which the
lowest is ornamented with Doric columns and the two
upper with columns of the Ccrinthian Order ; and be
tween the columns are semicircular arches springing
from imposts. In the front of each of the two wings,
are three tiers of rectangular windows, placed in recesses
formed by four narrow projections of the wall like pilas
ters; and above the roof of the central division is a rect
angular building called a Bdoidere, with windows on
each side and adorned with pilasters on the exterior.
This kind of turret seems to have been affected by the
Nobles of Italy at that period, and there is one of a
magnificent character above the roof of the Pontifical
Palace erected by Fontana ; but they are considered by
Forsyth as injuring the effect of a building, and as re
sembling a hut on a house-top.
TheCaserta, We may here introduce a description of the Palace
at Naples. of the King of Naples, at Caserta, designed by Van
Vitelli, in 1752. This splendid edifice, which from its
immense extent produces a sublime effect, consists of
four ranges of buildings disposed on the sides of a rect
angle 710 feet long, and 610 feet broad, with a square
pavilion at each angle rising above the general roof; and
the interior is divided into four equal-sized open courts
by two lines of buildings which cross each other at right
angles in the centre. The entrances are by an octagonal
vestibule in the middle of each of two opposite faces ; and
a grand but obscure corridor extending quite through
the building connects these vestibules together. In the
middle of this corridor, and in the centre of the whole
Palace, is a grand, octagonal saloon, on one side of
which is an immense marble staircase, leading to an
octagonal landing-place over the saloon. On that side
of the landing which is opposite the head of the stairs,
is a superb chapel, of a rectangular form, but with a
semicircular recess at one end : its ceiling is hemicylindrical, divided into compartments richly gilt, and rises
on each side from an entablature supported by coupled
Corinthian columns of marble, which stand on pedestals
united by balustrades. In the middle of one of the
sides of the enclosure is an elegant Theatre.
The exterior facades of the building are 120 feet high
from the ground ; each consists of three stories, of which
the lowest is rusticated, and contains two rows of rect
angular windows with three plain entrances eovered by
semicircular arches. Above this basement is a row of
Ionic pilasters standing on pedestals, the faces of which
project from a general podium, and above the entablature
is a balustrade with statues; between the pilasters are two
tiers of rectangular windows, of which the lower only
are terminated by pediment-heads ; and the centre of the
facade is marked by a grand pediment supported by
four pilasters and crowned by trophies. The upper
part of the pavilion, at each angle of the Palace, is
adorned with Corinthian pilasters, and over the centre
of each face of the pavilion ie a pediment. The whole
building stands on a general basement, to which is an
ascent by steps extending quite along the front.
Since the commencement of the XlXth century the
taste for the classical Architecture of the Romans has

more generally prevailed in Italy, and specimens are Put IT,
;sent in proexhibited in some of the Churches at present
pro v—V»i
gress ; of these the principal are the greait Church at
Naples, now building by an artist of the Country,
Juntry, and a
Church in Lombardy, building according to the design
and at the expense of the late celebrated sculptor
Canova : the former is crowned by a dome of pumicestone ; and, in the interior, is one great Order rising up
to near the foot of the dome, with continuous bas-reliefs
above the entablature ; on the exterior is a Corinthian
portico with a pediment and a Doric colonnade in front
like that at St. Peter's Church : the other is executing
on the model of the Pantheon, and is to have a GreekDoric portico in front.
Before we describe the Architecture of the Northern An4it«.
part of the Continent of Europe in the XVIIth andto,<if.
XVIIIth centuries, it will be necessary for a moment, jj^-ji
to cast a look back on that which prevailed in France t,^,
immediately after the abandonment of the Gothic style.
The dwellings of the Nobility of France about the time
of Francis I. were generally in the castellated style,
and though not intended as fortresses, they probably
resembled such as were actually places of defence in the
turbulent times which preceded that period. The plan
was a square or parallelogram, and the whole consisted
of buildings surrounding an open court ; the windows
were high and narrow, and at each angle was a square
or round tower, crowned by an embattled parapet, with
machicolations, and terminating in a high pyramidal or
conical roof. Most of the buildings stood on a terrace,
supported by a sloping wall or revetment, and at each
angle of which was a guerile or watch-tower projecting
beyond the wall. Specimens of such edifices, probably
in their original state, still exist at Montargis and Verneuil. See Durand's Parallel ofAncient and Modern
Architecture.
In the beginning of the following century, and pro
bably earlier, a taste for extravagant ornament prevailed
on the dwelling-houses both of France and Germany.
The old houses yet existing in Normandy, Germany,
and Holland have octagonal towers, high roofs, and
disproportioned columns with spiral flutings ; and the
faces of the walls and the dormert, or windows in the
roofs, are covered with the utmost profusion of sculp
ture. Some examples of these buildings may be seen
in Cotman's Antiquities of Normandy; but in the
course of that century the Architects, having adopted
the style of the Italian School, introduced a taste for
greater simplicity and elegance.
One of the first examples of this improved style TteLsit
is the Chateau Luxembourg, built by De Brosse,
under Mary de Medicis, in 1620 ; this consists of a
centre and two wings connected by arcades; each of
the wings is formed by two square pavilions placed
at right angles to the front, and in the rear is a square
court surrounded by a double arcade. The central
building is crowned by a cupola and lantern, and the
pavilions by roofs in the form of frusta of pyramids ;
each consists of three stories ornamented with columns,
and coupled half-columns are attached to the faces of the
piers supporting the arches which connect the build
ings. The chief defect in the design of this buildiug
is that the pavilions instead of being subordinate to tbe
centre are both broader and more lofty, and the high,
plain roofs seem too heavy for the ornamented walls
which support them.
The Louvre and the Thuilleries are two buildings
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,itec- separated only by their gardens ; the former consists of
re.
a vast quadrangle enclosing a cortile ; and the magnificence of its principal front, which was built by Per0UTre rault, in 1667, renders it one of the finest buildings in
Europe ; the length of this front is 371 feet, its height
from the level of the ground to the top of the cornice is
85 feet 3 inches, and it is broken vertically so as to form
a projection in the centre and one at each extremity.
The basement constitutes one grand but plain podium,
32 feet 3 inches high, and is pierced by windows, the
upper extremities of which are flat segments of circles ;
in the central division are three doorways, of which that
in the middle is more lofty than the others, and covered
by a semicircular arch crowned with trophies. Above
the podium, the central division and the two curtains con
necting it with the pavilions are adorned with coupled,
Corinthian columns having fluted shads ; every pair
stands on a pedestal common to both, and between the
pedestals are balustrades : the columns stand at a dis
tance from the walls, and behind them is an open gal
lery extending along the front. In the middle of the
face of each pavilion is a recess crowned by a semicir
cular arch springing from imposts ; the angles of the
pavilions are ornamented with coupled, Corinthian
pilasters, and on each side of the recess is a column
and pilaster. In the wall of the building, under the
colonnade, are niches containing statues, and each niche
is crowned by a pediment ; above these is a horizontal
string, and over it a row of elliptical medallions. The
central division is crowned by a magnificent pediment,
the tympanum of which is filled with sculpture, and
above the horizontal cornice of the rest of the building
is an elegant balustrade.
mille- The Thuilleries form one line of building, 1070 feet
long, situated at that extremity of the whole which is
opposite to the colonnade front of the Louvre. The
centre consists of a tower, 74 feet square, crowned by
a high dome raised on a square base, and formed of four
curved surfaces meeting in as many diagonal ridges,
which are ornamented or disfigured by rusticated
work ; on each side of the centre, aline of building,
having an arcade in front, connects that part with each
wing.
The facade, which was designed and begun by Philibert del' Orme in the middle of the XVIth century, and
continued by Le Vau in the XVIIth, presents the
appearance of a mass of discordant parts ; that in the
centre consists of four stories, ornamented with Ionic
and Corinthian columns supporting entablatures, and
crowned by a pediment and dome. The arcades in the
curtains stand on a podium broken by projections ; the
faces of their piers are ornamented with Ionic columns,
the shafts ofwhich are interrupted by cubical blocks, and
above the arcades are two tiers of windows. The facade
of each of the wings is broken vertically into three
parts, of which that nearest to the centre consists of
three stories, with Ionic and Corinthian columns in the
lower and second stories respectively, and Attic pilas
ters in the upper. The parts at the extremities of the
facade consist each, also, of three stories ; the front is
adorned with four Corinthian pilasters extending from
the podium to the top of the second story ; and over
these, are dwarfish pilasters of the same Order, in front
of the third story ; these extreme buildings are covered
with lofty roofs, in the form of frusta of pyramids. The
curtain between the two extremities of each wing con
sists of two stories only, in front of which are coupled,
vol. v.
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Corinthian pilasters, supporting an entablature above the part iv.
second story.
■ .
_
In the facade of this Palace there is a mixture of
columns and pilasters of various Orders and sizes
ranged in the same line ; two and three stories are
formed within the same height, with entablatures ter
minating at the point at which the heights of the stories
are changed, and the roofs of the several buildings are
separated from each other ; hence arises the utmost con
fusion in the system, yet from the great extent of the
line an imposing effect is produced.
A still more imposing effect arises from the immense paiacc of
line of buildings forming the Palace at Versailles, Versailles,
which, besides the advanlage of greater regularity of
design, is without the high naked roofs which deform
the older buildings of France and appear like mean
additions to the original structure. This edifice was
built by Hardouin Mansard in the time of Louis XIV.,
and consists of a series of buildings divided into two
parts by a court; the whole length is 1330 feet, and
from the centre projects a mass of buildings about 250
feet towards the garden. On arriving from Paris there
is a front court, in advance of the general line of build
ing, with offices on each side, and this leads to an inner
court between the two wings; at the bottom of this is
the grand portico in the centre of the whole building.
The two wings and the centre contain five quadrangular
corlili surrounded by the apartments of the Palace, and
the two extremities ofone wing are occupied by a Chapel
and a Theatre.
The royal Palace of the Eseurial, in Spain, was begun y|lc £3CU.
in 1557 for Philip II., by Giovan Battista di Toledo, rja|,
and finished by other hands after the death of that
Architect. It is of a quadrangular form, 680 feet long
from North to South, and 558 feet from East to West,
besides a Chapel which projects 177 feet beyond the
face of the Eastern front; the general height of the
edifice is 64 feet, but there are eight towers, each 200
feet high, of which four are at the angles and the rest
are symmetrically disposed in the interior. The general
plan of the building may be considered as divided into
three parts, in directions from West to East ; at the
Western extremity of the central division is a grand ves
tibule 252 feet long, and 125 feet wide, the sides of
which are ornamented with pilasters supporting arches.
Three grand portals lead from this vestibule to the Royal
court, which is 262 feet long, and 197 feet wide, includ
ing the habitations about it ; the facades of the build
ings in this court have five rows of windows, ornamented
with pilasters or fasces ; and at the Eastern extremity is
the grand Chapel, which is covered by a cupola 70 feet in
diameter, and has in front a portico formed by five arches,
the piers of which are ornamented with half-columns
of the Doric Order. The Northern and Southern divi
sions of the interior are occupied by peristyles or arcades
surrounded by apartments.
The principal exterior facade is towards the West ;
like all the others it contains five tiers of windows, orna
mented with simple architraves ; and it is finished by a
horizontal cornice which is continued without interrup
tion round the whole building. It has three portals ot
entrance, one in the centre and the others equally dis
tant from it and from the angles of the building. The
centre of the facade is adorned with two Orders of half
columns attached to the walls ; the breadth of the lower.
Order is 149 feet; and it contains eight Doric halfcolumns standing on plinths ; in the middle intereo
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Architec- lumniation is the doorway, and in the others are niches.
lure. Above the entablature of this Order arc four Ionic
v^*v^*</ columns, placed vertically over the four middle columns
of the Order below ; and the entablature is crowned by
a pediment with a globe at each of its points; this
second Order is flanked by four obelisks placed vertically
over the four extreme columns below ; the obelisks are
terminated by globes ; and in the middle intercolumniation is a niche containing a statue of San Lorenzo ;
the decorations about the other doorways consist of
architraves and pediments.
The size of this building gives it an air of great mag
nificence, but its long and almost naked facades render
it a gloomy pile.*
The high, sloping roofs, which wo have described as
rising above the walls of the Palatial buildings in
France, seem to have been general throughout the
North and West of Europe, during the last century, in the
palaces, villas, and even the town houses ; but this mode
of building was carried to excess in Germany, where
the roofs were often as high above the tops of the vertical
walls as these were above the ground, and contained
sometimes as many as five rows of dormer windows.
We add to this Chapter an account of the two princi
pal, modern Churches of France, which are distinguished
from those of Italy chiefly by the manner in which the
centres of the buildings are covered ; instead of the
massive double domes which seem to crush the walls of
St. Mary's, at Florence, and of St. Peter's, at Rome, the
French Churches are crowned by slender cupolas ex
hibiting, in their construction, examples of refined,
mechanical skill.
Church of
At tlie latter end of the XVIIth century, Hardouin
theluyalids, Mansard, the Architect of the Thuilleries, built the
at Pans,
Church of the Invalids, at Paris, a work of the same
character as that of St. Peter's, at Rome, but of smaller
dimensions. This edifice is formed on a plan the
exterior of which is a square of 342 feet, and the
central part in the interior is a complete circle, 85
feet 3 inches diameter ; between this circle and the four
faces of the building are vestibules, which give to the
interior the form of a Greek cross, and the vestibules on
the East and West are terminated by porticos. Within
each of the four angles of the square, is an octagonal
Chapel ; and in the Eastern extremity of the Church is
a rich baldaquino, the entablature of which is sup
ported by Corinthian columns with twisted shafts.
The body of the Church is covered by a triple dome,
of which the lowest has the form of a spherical zone,
and rises at 146 feet from the pavement ; its height is
36 feet, and it terminates in a circular aperture which
permits the second dome to be seen by a spectator
below ; this second dome, which is nearly a hemisphere,
rises from the hances of the former, and its crown is
209 feet from the pavement. Both these domes are of
masonry ; the lower part of the second is pierced by
twelve semicircular-headed apertures. The third or
upper dome is of timber, and its vertical section resem
bles a Gothic arch of the third point ; its vertex is 238
feet from the pavement, and it is crowned by an elegant
lantern, terminating in a ball and cross, at 312 feet from
the pavement: the surface of the exterior dome is
divided by twelve ribs, and between these it is orna
mented with panels containing painted trophies ; the
interior surface of the second dome is covered with
* For particulars of the Escubial less strictly Architectural, see
our Mitceltaneoui Division, ad v.

painting, on which the light falls from the windows ia Finn
the lantern, and permits them to be seen to great advan- ^—v»
tage, through the aperture of the lower dome.
The Church of St. Genevieve, at Paris, was begun, in of S:.
1757, by M. Soufflot, and is remarkable for the boldness Generis*
of the construction of its upper part, which consists of
three domes of masonry raised one on another without
any apparent abutment. At the intersection of the body
of the Church with the transept, are four piers, orna
mented with Corinthian columns ; from these piers
spring semicircular arches, and between them are pendcntives, which terminate in a horizontal circle 70 feet in
diameter, with an interior entablature, the cornice of which
is 108 feet from the pavement; above the pendentives is
a cylindrical wall, in which is another interior entabla
ture, the cornice of which is 155 feet from the pavement.
The exterior of this wall is surrounded by a range of
Corinthian columns, 37 feet high, and disposed in the
circumference of a circle, 110 feet in diameter; from
the top of the wall springs the lower dome, which is 70
feet in diameter, and 35 feet high, and has the form of a
truncated paraboloid ending at top in a circular aper
ture, tlie diameter of which is 30 feet.
On the hances of this dome, and ISO feet from tbe
pavement, springs another parabolical dome, 58 feet in
diameter, and 40 feet high, and on the top of this is a
lantern, 55 feet high, with a hemispherical top, termi
nating in a ball and cross. Over the cylindrical wall
before mentioned, and on the exterior of the base of the
second dome, is another cylindrical wall, crowned on the
exterior by an entablature, the cornice of which is at
the height of 200 feet from the pavement ; from this
springs the upper dome, which is 80 feet in diameter, and
40 feet high, and terminates on the exterior of the lan
tern, at about the middle of its height. A vertical sec
tion of this dome presents the appearance of two Gothic
arches, the radii of which are each equal to 54 feet.
After the description of the elegant Churches of Italy Gtwnl
and France, it will be almost needless to notice those of
other Countries on the Continent of Europe, which have
ia« ;
been erected subsequently to the abandonment of the $.t ct,
Gothic style ; some of these, like the Cathedral at teeit.
Dresden, are crowned by magnificent domes, but in
general they are furnished with a square or polygonal
tower risiug to a great height above the body of the
building ; the top of this is surrounded by a balcony
and crowned by a cupola and lantern, and frequently by
a small spire or pinnacle above the latter. In Holland
and the Northern part of Germany, an extremely vitiated
taste prevailed till lately in Church building; many of
the spires, instead of having the simplicity of the pyramid
or cone, resemble several spheroids or bell-shaped figures
placed one above another, and ending in a very acute
pinnacle at the top.
The modern Churches of Spain are not very different
from those of the North of Europe ; some of them are
crowned by domes, but the generality of them have only
small slender turrets extravagantly painted and gilt;
their marbles and paintings are rich, but are overloaded
with garlands and pyramids, broken pediments, and
heavy cornices.
CHAPTER V.
Introduction of the Roman Architecture into England.
The introduction of the revived Roman Architecture
into England seems to have taken place during the
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too reign of Henry VIII., for this Prince had in his service
«• John of Padua and Jerome of Treviso, two Italian
Architects, who were employed in the erection of manfor the English Nobility ; and, though nothing
remains of their works, there is little doubt that
they were the instructors of Holbein, who arrived in this
Country at or near the same time ; and who has left an
example of the ancient Orders, but blended with features
belonging to the latest species of Gothic Architecture,
in the portico which he built for the Earl of Pembroke,
at Wilton.
(of
This mixture of styles continued to prevail in the
ding in buildings erected during the reigns of Elizabeth and
j™*^' James I., and specimens of it are found in the Colleges
Junes I a* Oxford and Cambridge, several of which were then
built or restored ; these generally consist of ranges of
buildings enclosing quadrangular areas ; and the win
dows, which are rectangular, are divided by mullions
and crowned by horizontal tables. Over the gateways
are oriels, and along the tops of the walls are several
gables, the sides of which are cut in figures fantastically
;i Co!- composed of right lines and curves. ButinCaiusCollege,
', Gun- gfc Cambridge, which was erected in 1566, are several
semicircular-headed gateways, ornamented with some
of the Roman Orders in tiers ; and the face of one of
them has all the five placed, in succession, above each
other. For purity of style these are nearly equal to
any examples of the Orders executed by Bramante in
ooliat Italy. The tower also of the Schools, at Oxford,
«i
consists of a semicircular-headed gateway with broad
windows above it, and the whole crowned by a com
plex gable ; on the face of the tower are five tiers
of coupled columns of all the different Roman Orders,
from the Tuscan to the Composite, mounted on pe
destals. These are supposed to have been executed
by Inigo Jones ; but they are probably older, and are,
evidently, the work ofsome person who had a knowledge
of the Orders, but not of the ancient mode of applying
them in a building. Above the second tier of windows
is a statue of James I.
ihethin According to Mr. Walpole, the mansions of the Elizarioai. bethan Age belong to a style which he supposes to have
been invented for the houses of the Nobility, when, on
the settlement of the Kingdom after the termination of
the quarrel between the Roses, they ventured to abandon
their fortified dungeons and consult domestic conve
nience. At the entrance was a vast hall frequently
occupying all the height of the building; from this pro
ceeded a gallery extending through the whole length of
the house, and forming a communication among the
different apartments. The apartments themselves were
great in length and breadth, but the ceilings were low ;
and those sides of the room which were formed by the
exterior walls of the house were almost entirely occupied
by rectangular windows : oriels or bowed windows were
also very general ; these formed recesses in the rooms,
and were supported by timbers projecting from the
face of the lower part of the wall. The ceilings were
divided into square compartments by great timbers
under its general surface ; the parapets were cut into
gables like those of the Colleges above mentioned, and
both the interior and exterioi of the building were gene
rally loaded with sculptured ornaments resembling those
on the houses ofthe Continent, at the same period.
i
An Architect named Thorpe designed or improved
most of the Palatial edifices erected in the reigns of
Elizabeth and James I. Walpole says of him, that his
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ornaments are barbarous ; but he allotted ample spaces Put IV.
for halls, staircases, and chambers of state, and there is v—"V^»*
judgment in his disposition of apartments and offices.
Audley End, near Saffron Walden, and part of Northum
berland House in London, were built by Bernard Bernard
Jansen, a Fleming, in the time of James I. The latter ■'"^enis remarkable for its almost exact coincidence with the
style of the Italian Palaces ; consisting of a range of
buildings surrounding a quadrangular enclosure, with
windows towards the interior.
In Britton's Architectural Antiquities is given a view Brownsof Brownsholme Hall, in Yorkshire, which may serve as holme
an exampleofthedomestic Architecture of the above-men
tioned period. The faqade consists of a centre and two
projecting wings. In the middle ofthe former, is the.doorway which is crowned by a semicircular arch without
imposts, and on each side is a pair of fluted columns of
an Order resembling the Doric, but with Attic bases, and
standing on a common pedestal; the entablature above
them extends only over the doorway and columns, and
is broken so as to project over the latter ; in the frize
are triglyphs, but placed without regard to symmetry,
for in that part which stands over the capitals of the
columns there are two triglyphs, and two metopes, so
that at one angle of the projection is a triglyph, and at
the other a metope. Over this entablature is a plain
rectilinear window, and, on each side of it, a pair of
Ionic, fluted pilasters, both standing on one pedestal,
the face of which is ornamented with a panel ; the en
tablature above consists of several mouldings, without
distinction of architrave or frize. The third story is
ornamented in a way similar to the second, but it is not
quite so high ; over it is a pediment, and, on each side,
is a small obelisk, placed on a pedestal.
The English mansions of the time of Elizabeth do not improveappear to have been ever considered as convenient mentof
dwellings ; Lord Bacon's observations on them are well Knejjsh
known, and perhaps there are few persons of the present tureby Inigo
day who would choose such edifices for their residence Jones,
in preference to those of more modern construction ;
the tasteless form of the exterior, the great square
windows, and clumsy sculpture, are equally unworthy
of imitation ; and, we may add, the diminutive columns
executed in imitation of the Roman Orders, and placed
so that they betray an utter ignorance of the principles
which regulate the employment of such members,
instead of inspiring ideas of magnificence only excite
contempt But this mixture of styles did not long
continue, and the Italian artists, who had been brought
into England as early as the reign of Henry VII., having
communicated some knowledge of the Architecture of
their Country, those of England began to feel a desire
to be more intimately acquainted with it, and with
the ancient style from which it was derived. By such
means Inigo Jones seems to have been led to the study
of the writings of Vitruvius and of the Italian Architects}
and, thus, to have acquired a great, taste for the style
prevalent in Italy at that period, which, fortunately, he
was enabled to put in practice to a great extent.
In the early part of his professional career, he gave St. Johns
designs for the second quadrangle of" St. John's College Col'e*?»
at Oxford ; the lower story of which he made to consist 0x'ord'
of a range of semicircular arches supporting an enta
blature ornamented with triglyphs; above this, are win
dows divided into two lights, and the walls are crowned
by battlements. In the centre of one side of the square
is a semicircular arch, springing from columns, and on
3s2
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each side of it is a projecting pier with double, fluted
pilasters supporting an entablature in which are two
triglyphs. In the second story of the same centre, and
above the former pilasters, are two similar ones with
Ionic capitals ; the whole of the centre is crowned by a
segmental pediment without the horizontal cornice.
About the same time Jones built Heriot's Hospital at
Edinburgh, and Sherbourne House in Gloucestershire ;
these first works, however, have not the correctness ob
served in those executed after his return from Rome ;
and Walpole observes that his designs of that time are
defaced by the littleness of parts and weight of orna
ment with which the revival of the ancient Architecture
in this Country was, for the most part, encumbered. But,
having had an opportunity of consulting on the spot the
remains of Roman Art, his taste became purified, and,
subsequently, he designed or executed those works which
established his fume, and gave a decided turn in England
in favour of classical Architecture.
Intended
King James employed this Architect to give a design
Palace at for a new Palace at Whitehall, in order to replace the
Whitehall. ancient one, which was then in a ruinous condition; and
a complete pi in and elevation of the intended Palace
may be seen in the collection of his designs by Kent :
it was to have been of a rectangular form, the whole
length, between the river Thames and St. James's Park,
equal to 926 feet, and the breadth from North to South
740 feet. This immense edifice, exceeding in magni
tude the Palace of Dioclesian, was to be divided into
three equal rectangles by two ranges of buildings, ex
tending through the whole depth of the Palace, from
North to South ; the central division was to form one
great court surrounded by a terrace 30 feet wide ; but
the two lateral divisions were each to be divided into
three courts by two ranges of buildings from East to
West. In the centre of each of the exterior sides of the
building there was to be a grand facade, of which that
next to Charing Cross, and the opposite one, were at
the extremities of the great central court; the front next
to the Park was to lead into a circular, or as it was
called, a Persian court, surrounded by an arcade, and
forming the middle of the three courts on that side of
the Palace ; the front next to the river was to lead into
a square court, also surrounded by an arcade, and form
ing the middle court on this side.
Banqueting- The only part of this vast edifice which was executed
house.
is that intended to have been a Banqueting-house, but
now converted into a Chapel ; it forms a very small
part of the whole design, and occupies what would
have been the Western side of the quadrangle at the
North-East angle of the Palace. Its plan is a rectangle
110 feet long, and 55 feet wide, and its longest fronts
contain each two Orders of half-columns, above the
lowest story, which forms a substantial basement to the
whole structure; the lower of the two Orders is Ionic,
and resembles that of Palladio in the proportions of the
columns, in the convex frize, and in the modillons of
the cornice ; between the columns are rectangular
windows, with circular and rectilinear pediments alter
nately : the upper Order is Composite ; between the
columns are rectangular windows, and above the latter
are festoons of sculptured drapery : the whole front is
rusticated and crowned by a balustrade. The facades
of this building produce an imposing effect, and they
are so much the more admirable as they are almost the
first examples ofthe Roman Architecture in this Country ;
they partake, however, of the defects of the Italian

school, from which emanated the style they exhibit; P«U
the entablature is broken over each column, and there v^\—
is a cornice to the lower, as well as to the upper Order.
But if the whole Palace had been executed, there would
have been no ground for the observation of a foreign
artist, which till lately was too well founded, viz. that
the King of England was worse lodged than any other
Prince in Europe.
The old Palace at Whitehall, which this was to have
replaced, had been originally built by Hubert de Burg,
Earl of Kent ; it was in 1248 sold to the then Archbishop
of York, and it became the town-residence of the Pre
lates of that See. In 1530, Cardinal Wolsey, who then
held it, sold it to Henry VIII., by which it became the
property of the Crown ; it was finally destroyed by fire
in 1698.
That piece of Architecture which is situated on the Yorkiialn
Thames at the end of Buckingham Street in the Strand,
was originally a water-gate in the middle of a lonsr
embattled wall, skirting the gardens of the Duke of
Buckingham on the river side ; and was erected by
Inigo Jones in 1626. The facade of this building, next
to the street, consists of a semicircular arch in the
centre, for a passage, and an aperture of a similar form
on each side for a window ; the crowns of these are of
equal height from the pavement, but as the middle arch
is wider than the others, its imposts are lower than
theirs, which is a great defect ; the face of each pier is
ornamented with a pilaster of the Tuscan Order, and,
over these, is a general horizontal entablature with stone
balls placed as ornaments nn its top. In the directioa
of the length of the passage through the centre, are two
semicircular arches on each side, springing from imposts,
and resting on a small pillar in the middle. The facade
next to the river consists also of three semicircular
arches ; in front of the four piers on which they rest are
four half-columns of the Tuscan Order attached lo the
wall; the two in the centre stand on the top of the
flight of steps which leads from the passage down to
the water, and the two others on plain pedestals. The
imposts of the three arches are all in one horizontal
line; the faces of the piers are rusticated to resemble
rough masonry, and there are square blocks also rusti
cated, at intervals, on the shafts. The columns support
an entablature which is broken above their capitals;
and over the archway is a pediment formed by a seg
ment of a circle, and having its tympanum ornamented
with a shield, fur which the horizontal cornice is inter
rupted.
The Church of St Paul, in Covent Garden, was ori Chuck
ginally built by Jones, in a style resembling that of the St rW.
Com!
present edifice, which is a restoration executed under the Garta.
direction of Mr. Hardwick ; the old building having
been destroyed by an accidental fire in 1795. The Ar
chitect seems to have intended to exhibit here the pro
portions of the Tuscan Temples as they are described
by Vitruvius ; and the whole building may be considered
as very well appropriated to its situation, among the huts
of a market-place, which it may be said to resemble in
form ; it must also be considered as, perhaps, the only
existing specimen of an ancient Order, and on that ac
count it is interesting. The plan is a rectangle 133 feet
long, including the depth of the portico or pronaos, and
60 feet wide, and, contrary to the general practice in
Churches, the altar is at the Western extremity; the
height from the ground to the cornice is 35 feet. In
front oft he pronaos are two columns of the Tuscan Order
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nVitee- between the antae pilasters ; all these have considerable
iftre.
diminution, and the sides of the shafts are curved in the
"V"™"' vertical direction ; the entablature consists of an archi
trave and cornice, and the latter is supported by cantilivers, or timbers, projecting as much as one-quarter of
the height of the column. The facade is crowned by a
pediment, the height of which from the horizontal cornice
is 21 feet, or nearly one-quarter of the whole horizontal
extent of the entablature.
Masonry was thus employed in the time of Inigo Jones
for the public edifices of London, but the mansions of
the Nobility were then merely of brick, and the houses
of the citizens of timber; in the reign of Charles I., how
ever, stone houses were built in London, and the Eail
of Arundel was almost the first who introduced the prac
tice of building in that material.
Wrilof Soon after the time of Inigo Jones the fire, which dePaul, stroyed nearly the whole of London, was the occasion of
bringing forward the talents of Sir Christopher Wren,
who, in reedifying the City, had more opportunities of
displaying his skill in Architecture than any individual
before or since. Besides the restoration ofa considerable
number of smaller Churches, that distinguished scholar
as well as artist, whose mathematical discoveries have
merited the notice of Sir Isaac Newton himself, had
the glory of erecting the Cathedral of St. Paul, in
London, which, next to that of St. Peter, at Rome, is the
most magnificent edifice in the modern World. The plan
of the building is similar to that of the generality of the
Christian Basilica? ; viz. a Latin cross ; and, in the dis
position of its interior, as well as its exterior form, it
bears considerable resemblance to the Church of St.
Peter, from which, indeed, (he idea of the construction is
acknowledged to have been borrowed.
Two rectangular parallelograms on the plan cross
each other at right angles ; the length of the principal
one from East to West is 480 feet, measuring from the
top of the steps before the Western front to the exterior
ot the wall at the Eastern extremity ; at this end of the
building is a hemicylindrical recess, which extends 20
feet further than the wall and contains the altar, so that
the whole length is 500 feet, exclusive of the great flight
of steps in front ; nnd the general breadth on the exte
rior is 125 feet. The length of the transverse rectangle
from North to South is 250 feet, not including the por
tico at each extremity, which projects 20 feet further ; its
breadth is 125 feet ; and the centre of the intersection of
the parallelograms is 280 feet from the Western front. On
each side of the building, at the Western end, is a square
tower, one face of which coincides with the plane of the
Western front, but on the Northern and Southern, the
faces project about 27 feet beyond the general walls of the
building, making the whole breadth of the Western facade
equal to 160 feet. In the rentrant angles situated between
these towers and the main building are formed two
Chapels, each 50 feet long and 20 feet broad, open to
wards the interior of the nave, on which side is a great
semicircular arch resting on four columns, two under
each foot.
The exterior of the whole building consists of two
Orders, one above the other, and the lower stands on a
basement 10 feet above the ground on the Western side,
where a magnificent flight of marble steps, extending
the whole breadth of the front, leads to the pavement of
the Church. From this pavement to the top of the en
tablature of the lower Order, the height is 50 feet, and
from this to the top of the entablature of the upper Order,
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40 feet ; so that the height of the horizontal entablature P«' IV.
of the body of the Church from the ground is 100 feet. Xs—"V"■*
The Western facade is ornamented with a" magnificent
portico consisting of twelve columns, in couples, of the
Corinthian Order ; above their entablature are eight
columns, also coupled, and of the Composite Order,
besides four pilasters ; these support an entablature,
above which, and extending over the twelve pillars, is a
pediment, the tympanum of which is adorned with sculp
ture. The Northern and Southern extremities of the
transept have porticos, consisting each of six fluted, Co
rinthian columns, disposed in a segment of a circle on
the plan, and crowned by a half-dome, which rests
against the wall of the building.
Within the centre of the Western facade is a porch 50
feet long and 20 feet wide, and opposite the interval of
the two middle pairs of columns is the grand doorway,
leading to a vestibule 50 feet square, which is marked
by four piers placed at the angles ; the tops of the piers
are connected by semicircular arches, and under these
are coupled columns detached in front of the piers. The
body of the Church is divided into three aisles by rect
angular piers, ornamented with pilasters and supporting
semicircular arches ; and on each side of the porch and
vestibule is a passage which leads directly to the cor
responding aisle. The Eastern extremity of the Church
is also divided into three aisles by similar arcades, and
this part is occupied by the choir and chancel.
The entrances on the Northern and Southern extre
mities of the transept lead each into a vestibule 25 feet
deep, and equal in length to the whole breadth of the
transept ; each vestibule, as well as the nave and choir,
communicates with the centre of the Church by three
arched passages formed between two immense pier3
and the walls at the intersection of the arms of the
cross ; the interior surfaces of the eight piers coincide
with the faces of an octagon, and the rentrant angles
between the arches are filled up to the level of the
crowns of the latter so as to form peudentives which
end at top in the circumference of a horizontal circle.
Above this is built a wall, in the form of a frustum of a
cone, which terminates in a horizontal cornice, at the
height of 168 feet from the pavement ; from this springs
the interior dome, which is of brickwork, 100 feet in
diameter where it rests on the cornice, 60 feet high,
and in the form of a paraboloid ; its thickness is 1 foot
6 inches, and at the top is a circular aperture 24 feet dia
meter. On the hances of this dome, at 200 feet from
the pavement of the Church, rests the base of a cone of
brickwork 94 feet diameter at bottom and 85 feet high;
the cone is pierced with apertures, and ends, at top, in a
vault formed like an hyperboloid, with a circular aper
ture 12 feet in diameter near the vertex ; the top of the
cone is 285 feet from the pavement, on it is a lantern
55 feet high, terminated by a hemisphere, and above
this is a ball and cross. On the sides of the cone are
timbers raised to support the exterior dome, which is
made of oak; its base is 220 feet from the pavement,
and its crown coincides with that of the cone ; its figure
is nearly that of a hemisphere, the radius of curvature
of its profile being 57 feet, and the centres in a horizontal
diameter passing through the foot of the dome. To
prevent the cone and the interior dome from exerting
a lateral thrust on their supports, a circular groove
was cut horizontally in the masonry round their com
mon base, and at three other places at different heights
on the exterior of the cone ; in these were placed strong
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Ardiitec. iron chains, and the grooves were filled up with melted
ture. lead.
The pavement of the Church is of marble, and in the
ceilings are formed hemispherical cupolas ; all the arches
are of stone, but the spandrils are filled with brickwork,
and the interior surface ofthe lower dome, over the centre,
is ornamented with paintings.
On the exterior of the building the intervals of the
columns and pilasters are occupied by niches or windows
with semicircular or horizontal heads, and crowned by
pediments ; the entablature of the inferior Order is quite
plain, except that there are modillons under the corona;
and in the frize of the superior Order are high modil
lons which seem to support the cornice. Each arm
of the building is covered by a pediment-roof, and
at the extremities on each face are acroteria supporting
statues.
Above the roof of the building, is a cylindrical wall,
146 feet in diameter and 25 feet high from the ridge ; this
surrounds the lower part of the conical wall which rests
on the eight piers at the intersection of the arms of the
cross ; its exterior is quite plain, and it is perforated by
two courses of rectangular apertures. Above the wall,
is a circular range of thirty-two Corinthian columns, 40
feet high, including their bases and capitals, and sup
porting an entablature; between the columns, are niches
with semicircular heads, and the entablature is crowned
by a balustrade. Vertically over the base of the cone, is
raised another cylindrical wall, the upper part of which
appears above the balustrade ; this part is ornamented
with pilasters attached to its exterior circumference, and
between the pilasters are two tiers of rectangular win
dows ; the exterior dome springs from this wall. The
lantern at the top of the dome is of an octangular form ;
its exterior is adorned with Corinthian columns, and
round its base is an iron balcony.
The towers at the extremities of the Western front are
220 feet high and ornamented with Corinthian pilasters;
each terminates above the roof of the Church in an open
lantern, the lower part of which is surrounded by Corin
thian columns, and the upper part by small buttresses
which rest upon the entablature of the lower part. A
plan, elevation, and section of this Cathedral is given in
pi. xxiii.
We must refer to the Parentalia for a description of
the manner in which the walls of the old Cathedral were
demolished and those of the present one were raised ;
the details are interesting and highly instructive to every
one engaged in the practice of building.
This edifice may, for elegance of design, bear compa
rison with the Cathedral of St. Peter, at Rome, though
it is far from being so large ; and it even has some ad
vantages over that celebrated structure. The horizontal
entablature is less broken, though this bad taste has
beeu carried much too far. The top of the dome is three
times as high above the surrounding ground as the en
tablature of the general roof, while that of St. Peter's
Church is little more than twice the height of the roof ;
consequently, the former dome is better seen by a spec
tator on the exterior, and appears more like what it
ought to be ; viz. the principal feature of the building.
It must be acknowledged, however, that the interior
faces of the walls present a naked appearance, and will
require much embellishment from ornamental sculpture
before they will harmonize with the richness of the ex
terior. A grent defect also arises, in the interior, from
that want of connection which is caused by the arcades

interrupting the entablatures ; and the archivolts of every Put IT.
two of the eight arches which support the dome, meeting ' "i"^
together at their lower extremities, have the appearance
of standing on points, and thereby excite a perception of
weakness, which is not the less a fault for being only
apparent.
In buildings of similar forms, it is evident that some
.-riterion may be formed of the comparative merit of
their construction, by ascertaining the ratio between the
*rea of the whole plan and the sum of the areas of the
norizontal sections of all the piers, walls, and pillars,
which Ferve to support the incumbent mass; for that
uuilding which exhibits the greatest ratio between those
xreas must be the one in which the effect has been pro
duced by the fewest means. Now, the Churches of St.
Peter, at Rome, St. Mary, at Florence, and St. Paul, at
London, are nearly similar buildings; and we borrow
Irnm Mr. Joseph Gwilt's description of the
following Table of their proportional areas.
Whole area* in Area of points
English feet,
of support.
St. Peter
227069
59308
1:0.261
St. Mary
84802
17030
1:0.201
St. Paul
84025
14311
1:0.170
The merit shown in the construction of the above edi
fices, which is inversely proportional to the numbers in
the last column, will, therefore, be respectively in ths
proportion of 17, 20, and 26, nearly. But if vertical
sections be made from North to South through the tran
septs of those Churches, the case will be found to be
different ; for the proportions between the external and
internal areas of such sections are, according to Mr.
Gwilt, as follows •
St. Peter
8325 : 10000
St. Mary
8855 : 10000
St. Paul
6865 : 10000
Hence it appears that St. Paul's Church is far inferior
to the others in its interior capacity, which, however, is
unavoidable, on account of the sides of its couical (Lome
having considerable obliquity to the horizon, whereas
the domes of the other Churches rise nearly vertically;
consequently, they have less horizontal thrust towards
the exterior, and require less mass of pier to resist it.
Besides the great work we have just mentioned. Sir Su*
Christopher Wren designed or executed most of the PjJ
public buildings of his time ; but he is particularly dis
tinguished on account of the applications he made of the
Roman Architecture in his Churches. We have already
had a specimen of his taste in this respect, on a great
scale; and we purpose to add a short description of St.
Stephen's Church, in Walbrook, which was executed by
the same artist, and is remarkable for the elegance of its
interior ornament.
Its plan is a rectangle, 82 feet 6 inches long and 59
feet 6 inches broad, with a semicircular recess at the
Eastern end. It is divided longitudinally into five aisles by
four rows of Corinthian columns on pedestals ; but near
the centre the places of four columns are unoccupied,
and on the entablatures of the columns which are left, at
the angles of a regular octagon, are raised eight semicir
cular arches, in the spandrils of which are pendentives
forming the circular base of a dome, which rises above
them in the shape of a segment of a sphere. The sur
faces of the pendentives and of the interior of the dome
are beautifully ornamented, and on the open top of the
dome is an elegant lantern. The ceiling over the middle
aisle from East to West is vaulted with groined-work ;
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thine- the other parts of the ceiling are horizontal, and formed in
twt. panels by the entablatures which rest on the columns.
-v™~^ This Church owes all its reputation to the merit of its
interior, for the exterior is mean, and the situation of
the building among the neighbouring houses is ex
tremely confined.
Hary,
The Church of St. Mary Woolnorth, iu Lombardxdjioiui, gtj-eet, Was executed by Hawkesmoor, a pupil of Sir
Christopher Wren, and, for the elegance of its inte
rior, is unrivalled by most of those built by that great
Architect himself: a description of it is given by
Mr. Gwilt, in Britton's Account of the Buildings in
London, from which we have made the following extract.
The plan of the interior is nearly a square, with its
North-Western and South-Western angles truncated for
the introduction of stairs : twelve fluted Corinthian co
lumns are disposed on the sides of an inscribed square
and coupled at the angles, and above them is an enriched
entablature. The square space which they enclose is
continued above them, and forms a clair-story pierced
on each side by a semicircular window : the height of
this story with its entablature is equal to half that of the
lower Order, and the total height of this central part of
the Church equal to its extreme width. In the Eastern
end of the Church is a square recess for an altar, co
vered by a semielliptical ceiling ; and on the Northern,
Southern, and Western sides are galleries judiciously
managed, so that they do not interfere with the simpli
city and elegance of the general design.
The exterior is picturesque, and, though far from
being in good taste, is well adapted to its situation and
aspect ; the principal front is towards the North, con
sequently deprived of the effect which would be pro
duced by light and shade ; and to compensate for this
defect the artist has given to it great boldness of outline
and prominence of feature, consisting of large semicir
cular rusticated niches standing on lofty pedestals and
decorated with an Ionic Order. A block cornice reigns
throughout the building, and the central part of the
Northern front is surmounted by a balustrade. The
same Architect executed the Church of St. George,
Bloomsbury, the Corinthian portico of which is esteemed
among the finest in London,
.pie.
The lofty steeples which frequently crowned the towers
;ut«dby of the Gothic Cathedrals continued to be raised over
2.Wren. Churches when the Roman style had superseded that
which before prevailed, and appear to have been consi
dered as an essential characteristic and ornament of an
Ecclesiastical edifice. Sir Christopher Wren, who almost
invariably employed the Italian or Roman style in the
Churches he buiit, raised his towers from the ground in
front, and placed on them steeples of a pyramidal form
and vaBt height, which he decorated in a manner corre
sponding to the Architecture of the body of the Church
as much as their tapering forms would permit,
ride's.' Of the towers which he built, the most remarkable is that
of St. Bride's Church, in Pleet-street, the whole height
of which is 226 feet, while the height of the body of the
Church from the ground to the cornice is only 37 feet.
The lower part resembles a very tall, quadrangular pe
destal standing on a great plinth ; in this is the doorway,
and iu the dado is a great double panel containing a
rectangular and a circular window. Above the cornice
of this dado stands a second pedestal, in the dado of
which is a semicircular-headed window, and on each
side are two Corinthian pilasters supporting an entabla
ture and a pediment in the form of a segment of a circle,
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and the ceiling of the interior of this story is a vault in part IV.
the form of a paraboloid. Above this second pedestal, s—y
if it may be so called, are four stories, octagonal on the
plan, and diminishing in diameter successively up
wards ; in each face of these is an open semicircular
arch springing from imposts.with a pilaster at each angle,
standing on a podium and supporting an entablature ;
the pilasters in the lowest story are of the Doric Order,
and those in the three 'ipper ones are of the Ionic Order.
Above the highest story is an octagonal pedestal sup
porting a pyramidal obelisk, which terminates in a ball:
a winding staircase in the interior leads from the top
of the rectangular part of the tower to the foot of the
obelisk.
The arched openings give a great degree of lightness
to the upper part of the fabric ; and, in order to afford
sufficient security, the stone piers in every story are con
nected by iron bars extending horizontally through the
spire; also iron cramps and chains are imbedded in lead
within the stonework in several places.
This spire exceeds in height that of any other Church
executed according to the Roman Orders of Architec
ture, and very few of the Gothic spires are so lofty.
Before the Church was struck by lightning, in 1764, its
height from the ground was 234 feet, and, in repairing it,
it was reduced to its present dimensions. See pi. xxiii.
The steeple of Bow Church, which was also built by Bow
Sir Christopher Wren, rises from the ground in front of Church,
the Church to the height of 197 feet The lower part
is a square tower 83 feet high, and the length of each
side on the plan is 32 feet 6 inches ; at the foot is the
doorway, which is contained within a semicircular-headed
recess. Above this are three stories, each 38 feet high ;
the first is raised on a square plan, but is ornamented with
coupled pilasters of the Ionic Order, at the angles, and in
each face is a semicircular-headed aperture, the archivolt
of which springs from imposts ; the second story con
sists of a hollow cylinder surrounded by twelve Corin
thian columns, standing on a circular pedestal, and sup
porting an entablature and balustrade, above which are
twelve arched buttresses supporting the base of an octa
gonal lantern ; this is also surrounded by twelve small
Corinthian columns, on the entablature of which is a
square obelisk 38 feet high. A spiral staircase is carried
up the centre of the steeple, from the entablature of the •
Ionic columns to the base of the lantern.
The steeple of the Church of St. Dunstan in the East, St. Dunby the same Architect, is remarkable for its singular sun's in the
elegance, and because it is an excellent imitation of the East>
Gothic style. It is raised from the ground upon a square
base, 20 feet each way, to the height of 96 feet, and has,
at each angle, a diagonally-placed buttress, terminating
in an octagonal pinnacle, 29 feet 6 inches high ; this
tower contains three stories, in the lowest is the door
way, in the second, a window, and, in the third, an
open aperture ; each is terminated by an equilateral
pointed arch. Above the roof of the tower, and from
the four angles, are raised, to the height of 29 feet
6 inches, four arched ribs of stone, which meet over the
centre, and form the base of an octagonal spire, the
height of which is 54 feet 6 inches : the whole weight of
the spire is borne by these arched ribs, and the space
included by them is entirely open.
The use of bells to notify the hours of prayer affords
a just reason for employing a turret above the Church,
when it is not convenient to have a detached building,
like the Campanile in Italy, for that purpose. But
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Architec- the great height which is usually given to steeples
ture.
seems quite unnecessary, except, perhaps, in the country,
CHAPTER V.
'-^'V^1' where such objects may serve to mark the situation of
the consecrated building', which might otherwise be
unperceived by the traveller. We know but of one Architecture of England during the XVIIIth Century.
example in England in which the bell-tower is detached,
and this is the Church of St. George, Bloomsbury, in
In the beginning of the XVTIIth century a taste for Freodu
London ; in the same building there seems to have the style of building practised in France and Germany,0"™
been an effort to make the spire harmonize with the which had been probably introduced by William HI., J'Jj^
Roman style displayed in the Church, but the success prevailed, for a time, very generally in England, and is
has not been such as to encourage any subsequent exhibited in many of the mansions of that period, par
ticularly in the British Museum, London, and in Blen
attempt to obtain that end.
In the principal commercial cities of Europe, public heim House, Oxfordshire. The facades of such edifices
places have been built in which the merchants assemble present many of the features of the worst style of
for the purpose of transacting business, as in the time Italian Architecture ; the columns are of unequal heights,
of the Roman Empire they met in a part of the Forum and, consequently, the entablatures on different levels,
Royal Ex- or Basilica ; and the Royal Exchange in London is which give to the different parts of the edifice the ap
change.
destined for this purpose. It was originally built by pearance of so many distinct buildings instead of the
Sir Thomas Gresham, in 1567, but being destroyed in members of one body ; the sloping roofs rise to a con
the great fire of 1666, the present edifice was erected siderable height above the walls, and the pavilions are
in 1669 by Mr. Jerman, one of the city surveyors. It crowned by open turrets, profusely ornamented with
consists of an arrangement of buildings enclosing a columns or pilasters, and strengthened by scroll but
rectangular peristyle or piazza, 144 feet long, and 1 17 tresses totally destitute of utility. Lastly, in the interior
feet wide ; this is surrounded interiorly by semicircular disposition of the mansions of this period the communi
arches, springing from the abaci of the columns, which cations with the different apartments are very defective;
are of a Tuscan Order, and quadrupled at the four instead of a separate access to each, it is often necessary
angles : the corridor between the arcade and the build to get at one by going through several others.
Blenheim House, executed by Sir John Vanbrugb bWct
ings is covered by a groined vaulting, formed by the
intersections of hemicylindrical arches, and having the in 1715, maybe considered as a specimen of the style Home,
ridges ornamented by ribs which spring from grotesque of building of which we have been speaking. Its plan
heads on the walls, and in the interior spandrils of the consists of three principal parts, each of a rectangular
arcade. Above this arcade is another, springing from form, with their longest sides in the direction of the
imposts, on piers, the fronts ofwhich are ornamented with breadth of the building ; these are connected together,
attached Ionic columns standing on pedestals, and near the principal front, by a corridor with a vaulted
between the columns are windows or niches containing ceiling, and by a suite of apartments next to the garden
statues ; the whole is crowned by a balustrade, and over front. Its whole extent in length is 350 feet, and in
the centre on each side of the court is a pediment in the breadth 200 feet.
The central division contains two grand vestibules,
form of a segment of a circle. In the centre of the area
of which that in the principal front is 58 feet long, and
is a statue of Charles II., on a pedestal 8 feet high.
On the Northern and Southern sides of the exterior 42 feet wide, and the other, in the garden front, 40 feet
of the building, is a row of semicircular arches springing long, and 34 feet wide ; each ofthese has a portico consist
from piers, and forming the front of a covered gallery ing of four Corinthian columns, and a detached pilaster
extending along each of those faces. The story above in the line of columns, at each extremity. One of the
contains a row of large rectangular windows, between extreme divisions is a grand gallery, the length of which
which are pilasters of a Composite Order supporting is 200 feet, and its mean breadth 27 feet ; it consists of
an entablature, and above this is a balustrade crowning a centre in the form of a parallelogram, with a semicir
the building. In the centre of the Southern front is cular projection in front, a square wing at each extre
the principal entrance, under a portico 70 feet long ; mity higher than the rest of the division, and two cur
here four lofty Corinthian columns are attached to the tains connecting them. The third division is of the
piers, and support an entablature ; and between the same form, but in its centre is a vestibule, which falls
two middle columns is a semicircular-headed gateway, at the extremity of the corridor, and on each side is a
the crown' of which is 31 feet from the ground ; on each bed-room with its anteroom, wardrobes, &c. On each
side of this, and between the outer columns, are small side of the vestibule belonging to the garden front, is
doorways with curvilinear pediments, and above are an antechamber, a withdrawing room, and a grand bed
niches containing the statues of the Kings Charles I. chamber ; and on each side of the central division,
between this suite of rooms and the long gallery, is an
and II.
The old tower above the entablature of this front has open court of a rectangular form, 43 feet 6 inches long,
been taken down, and the present one, which was and 32 feet 6 inches wide ; between this and the vesti
executed by Mr. Smith, the Architect to the Mercers' bule in the principal front are a dining-room and stairs
Company, is of a different character. The whole length leading to the upper story ; on one of the long sides of
of this facade is 210 feet, and the height from the the court is the corridor, and on the other two sides are
general pavement to the cornice 41 feet.
dressing-rooms and closets. In each of the rentrant
The entablature of the Southern portico, not forming angles, between the corridor and the wings of the build
part of that on the wings of the same facade, is the ing, next to the principal front, are closets, dressingprincipal defect in this building, which nevertheless rooms, &c, disposed upon the circumference of the
possesses a certain degree of magnificence, and remains exterior wall, the plan of which is in the form of a qua
a good specimen of the Architecture of the XVIIth drant of a circle, concave outwards.
century.
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trcMtecThe columns which support the roof of the portico
tort, are 40 feet high from the pavement, and above them is
"V""'' an entablature with a pediment ; within this height are
two stories, of which the lower contains three doorways,
and in the upper are semicircular-headed windows : the
piers between the doors and windows very little exceed
in breadth that of the columns which stand before them,
so that the front wall of the vestibule scarcely appears,
and the windows themselves are ill proportioned, being
much too broad for their height. Over the vestibule a
tower is carried up above the roof of the adjoining part
of the building, and crowned by a second pediment. On
each side of the portico, and between it and the qua
drant, the face of the building is ornamented with three
Corinthian pilasters, standing on a podium, the top of
which is on a level with the pavement of the portico ; the
pilasters are of the same height as the columns of the
portico, and they support an entablature, above which is
a continued pedestal with statues; this part of the
building contains two stories, the intermediate floor
being on the same level as that within the portico.
On the face of each quadrant are half-columns of the
Tuscan Order, 21 feet high from the podium ; these
support an entablature on a level with the floor of the
upper story under the portico ; and above this is an Attic,
crowned by a balustrade, the coping of which coincides
with the level of the tops of the capitals of the columns
and pilasters. At the extremity of the quadrant is a
square pavilion, consisting also of two stories, in which
are semicircular-headed windows, and the face of the
wall, up to the roof of the second story, is rusticated
with horizontal grooves only : above this is a turret
with short pilasters in front, and open semicircularheaded arches.
Of each wing of the building the face, which is
parallel to the front of the portico, is divided vertically
into three parts, that in the centre projecting a little
beyond the others, and being crowned by a pediment ;
and all the angles are ornamented with rusticated pilas
ters. In the face of the pavilion are two stories, the
lower one lofty, and containing semicircular-headed
windows, the upper one low, with square windows. The
plinth of the wings is lower than the general podium of
the body of the building, and the entablature over the
second story is on a level with that of the half-columns
in the quadrants ; above this is a balustrade, and over
the centre is an octagonal tower, having segmental
pediments on four opposite faces ; the turret is carried
up above these pediments, and ends in a cone and
ball.
- Notwithstanding the faults of this building, particu
larly the want of unity in the design, its magnitude
causes it to present a majestic appearance, worthy of
the residence of the great Duke of Marlborough, for
whom it was built. Sir John Vanbrugh also built
t
Castle Howard in Yorkshire, for the Earl of Carlisle :
"A
this edifice is 660 feet long ; one of its faces is orna
mented with Doric pilasters irregularly distributed ; the
other with Corinthian pilasters at equal distances from
each other, and the whole is crowned by a large cupola,
tecAbout the same period the domestic Architecture
ulu- of England was destined to receive considerable ameliof Bur* rat'on from tne genius of the Earl of Burlington, who,
3_ " abandoning the caprices of the French School, cultivated
a purer style by the contemplation of the remains of
ancient Architecture in Italy, and a diligent study of
the writings of Palladio. In the year 17 17, or 17 IB, he
VOL. V.
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made designs for the improvement of the mansion built Part IV.
by his father in Piccadilly, which were afterwards v—■
executed, probably under the superintendence of Mr.
Colin Campbell, an Architect by profession at that
time. Since this building exhibits a specimen of the
style of Architecture subsequently employed to a con
siderable extent in the mansions of the Nobility, we
proceed to show its character by a brief description.
It consists of an arrangement of buildings occupying Burlington
the Northern, Eastern, and Western sides of a court, House.
122 feet square ; on the Southern side is a colonnade
of a form nearly semicircular, with its concavity facing
the North, and through the centre of this is the grand
gateway leading from the street. The dwellinghouse, which is on the Northern side of the Court,
consists of a rectangular centre, 78 feet long from East
to West, and 51 feet wide, aud of two wings, each 26
feet broad, projecting 13 feet in front of the centre
towards the South. On the Eastern and Western sides
of the Court are two rectangular buildings, each 82 feet
long from North to South, and 45 feet wide ; these arc
connected with the main building by passages, and con
tain the offices and servants' rooms.
The Southern facade of the principal building is
divided into two stories, of which the basement is rusti
cated with vertical aud horizontal grooves ; the doorway
is in the centre, and there are four rectangular windows
on each side. The upper story over the centre of the
building is ornamented by half-columns of the Ionic
Order, supporting an entablature broken over each
column ; and between every two columns is a rectan
gular window with triangular and segmental pediments
alternately. The faces of both wings on this story have
a pair of Ionic pilasters at each angle, with a continuous
entablature, and between the pilasters is a broad Vene
tian window, as it is called, viz. one divided by small
Ionic columns into three apertures, of which the middle
one has a semicircular head. The whole building stands
on a general plinth, and there is an ascent to the pave
ment of the lower story by steps ; the entablature is
crowned by a balustrade, the height of which from the
ground is 48 feet.
The entrance gateway from the street has a semicir
cular head ; and on each side are two Doric columns on
pedestals, with cylindrical, rusticated blocks on the
shafts ; between each pair of columns is a hemicylindrical niche with a dome head ; and above the en
tablature is an Attic extending over the two middle
columns, and crowned by a pediment adorned with
sculpture.
The Villa belonging to the Duke of Devonshire, at Villa at'
Chiswick, was designed by Lord Burlington in imitation cll'sw'ck•
of Palladio's Rotunda at Vicenza.
The Ecclesiastical Architecture of England, which
had been affiliated by Jones and Wren to that of the
Religious edifices of ancient Rome, received sundry
improvements from James Gibbs, who was contempo- Gibbs.
rary with the Earl of Burlington, and who has left a
distinguished monument of his taste and skill in the
Church of St. Martin in the Fields, which lie completed
in 1726.
Its plan is a rectangle, 79 feet 4 inches wide exte- St.MaruVa
riorly, and 135 feet 6 inches long, not including the Church,
portico, which is 24 feet deep. This portico has six
columns in front, besides one on each flank between
the front row and the anta? pilasters, and all the columns
resemble those of the Temple of Jupiter Stator. The
3 F

398

ARCHITECTURE.

Architect Church is divided into three parts by two rows of Coturc. rinthian columns standing on pedestals which raise their
^-»V»^ bases just above the pews ; the columns are not con
nected by a continued entablature, but have blocks above
their capitals in the form of portions of an entablature,
from the cornices of which spring semielliptical arches
crossing the nave, and others of a semicircular form in
the direction of the length of the Church ; semicircular
arches also extend across the side aisles.
The nave of the Church terminates Eastward in a
recess formed, on the plan, by two quadrants of circles
and a rectangular part between them ; the anterior part
of this recess is covered by a portion of a spheroidal
vault, and the part beyond by one of an elliptical form.
The arches over the side aisles rest on corbels against
the walls, and pendentives are formed which serve to
support a range of coved vaults over each aisle. The
soffit of the portico is richly ornamented with lacunaria,
and that of the interior of the Church with paintings.
The exterior of the side walls is ornamented with
attached pilasters of the Corinthian Order, standing on
a podium, on a level with the pavement of the portico,
and the entablature is crowned by a balustrade. Be
tween the pilasters, are two tiers of windows ; the
upper, which are taller than the lower, are terminated
by semicircular heads, and the others by flat segments;
the jambs and archivolts of both are rusticated. Both
the Eastern and Western extremities of the Church are
terminated by pediments, and in the middle of the East
ern end is a large window divided into three parts by
Ionic columns ; over the two side apertures is an enta
blature, but that of the centre is covered by a semicircle
which springs from the entablature as an impost.
The height of the Church, from the foot of the podium
to the top of the pediment, is 58 feet 6 inches. Over the
vestibule at the Western end of the Church, is a tower
raised on a square base and ending in an octagonal
spire, the whole height of which from the foot of the
podium is 185 feet ; the part immediately above the
pediment is plain and resembles a pedestal, in the dado
of which is a circular aperture on each side ; above this
is a division containing a semicircular-headed louvre,
with two Ionic pilasters on each side, supporting an en
tablature; still higher is an octagonal lantern with a
semicircular-headed aperture on each face ; and in
front of the piers are attached Corinthian columns, the
entablature of which is crowned by the spire, which is
of a pyramidal form and ornamented with panels.
The Churches of this period differ from those erected
by Sir Christopher Wren in having a portico at the
Western extremity, and in the steeple being raised over
the body of the building, so that it appears to stand on
the roof instead of resting on the ground ; the pro
priety of this situation of the steeple may be questioned,
but from the roof of the portico being a continuation of
that of the building, as is the case in these Churches,
there results a unity of composition, which is one of
their greatest merits, and gives them a character ap
proaching nearly to that of the Religious edifices of the
Ancients.
StGeorge's, The Church of St. George, in Hanover-square, by
Huover- the same artist, resembles that of St. Martin, and, on
square.
the exterior, it may, perhaps, be said to equal the latter
in merit ; but the same praise cannot be paid to the in
terior, where the rich Composite Order is placed imme
diately above the simple Tuscan, while the organ-gal
lery is supported by Ionic pillars ; thus three different

Orders are employed in the same building in circum- Pwiy
stances causing them to offend against the laws of sim- »—y^,
plicity and unity.
The Roman Architecture in England may be said to Somerm
have arrived at perfection in the latter part of the Home.
XVIIIth century ; and one of its noblest monuments is
Somerset House, which was begun by Sir William
Chambers, in 1776, on the site of a Palace built for
the Protector, Edward Duke of Somerset, about 1547 ;
this immense pile is almost wholly occupied by Public
Offices, but it is not, even now, entirely finished.
The ranges of buildings are disposed on the four sides
of a rectangular court, the interior length of which is
319 feet from North to South, and breadth 224 feet ; the
Northern side is separated from the others by a road
42 feet broad, and directed from East to West, with an
arched gateway at each end.
The grand entrance is from the Strand through a triple
passage, of which that in the centre is between two rows
of Doric columns, coupled in the direction of the length
of the passage. On one side of the entrance is the vesti
bule leading to the apartments of the Royal Academy,
and on the other, that which leads to the apartments of
the Royal and Antiquarian Societies : all the other build
ings, and the remainder of this range, contain various
Government Offices, in which there is nothing remark
able except the hall of the Navy Office on the Southern
side of the court ; this is 57 feet long, 37 feet wide, and
its ceiling, which is flat, is supported by eight columns.
The Northern facade, or that which is next to the
Strand, is 133 feet long, and consists of three stories; in
the centre of the lowest are the passages before men
tioned, the entrances to which are separated by two piers,
and crowned by semicircular arches : on each side are
three semicircular-headed recesses, containing windows,
the entablatures of which are supported by Doric co
lumns, and crowned by pediments; the height of this
story, with its entablature, is 25 feet 8 inches ; the piers,
voussoirs, and spandrils are all rusticated, and a simple
plinth runs along the foot of the facade. Above this
story are two tiers of windows, of which those in the
lower tier have entablatures supported by Ionic column*,
the upper windows are square, and are surrounded by
plain architraves ; between these windows, the walls are
ornamented with three-quarter columns of the Corin
thian Order, standing on plain pedestals, between every
two of which are balusters ; the height of the columns
in this Order is 23 feet of the pedestals, 3 feet 4 inches,
and of the entablature, 5 feet. Over the centre of the
facade is an Attic story, with four statues in front and
two oval windows ; and the rest is crowned by a balus
trade, the coping of which is 62 feet above the ground.
The interior facade of this part of the building is similar
to that which has been already described.
The interior faces of the buildings, on each of the
other sides of the quadrangle, are broken vertically to
form a centre and two wings, which have small projec
tions beyond the faces of the curtains connecting them;
the lowest story of the whole, and the upper stories of the
curtains, are rusticated ; and there are three tiers of win
dows, of which the lower have semicircular heads, and
the others are rectangular. The central part alone is
ornamented with three-quarter columns of the Corin
thian Order, and the whole is crowned by a balustrade.
The facade next to the river, which is 350 feet long*
possesses a character of superior magnificence.
Its
divisions correspond with those within the Court, but in
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the centre of the upper story are Corinthian columns de
tached from the walls, with pilasters behind them ; near
' each wing are columns and pilasters similarly disposed
with a pediment above their entablature ; and the centre
of this line of building is crowned by a hemispherical
cupola. Belbre this facade is a broad terrace supported
by lofty arches and protected by a balustrade ; in the
centre is one great semicircular arch, for the admission
of vessels from the river ; and near each extremity is a
Watergate of a similar form, the piers of which are orna
mented with rusticated columns.
The entrances, which are at the ends of the street
within the Northern side of the quadrangle, consist each
of three semicircular arches, of which that in the centre is
higher than the others ; on either side of this arch the rus
ticated pier is ornamented with a Doric column, having
roughed blocks on the shaft, and an Attic base ; and
the entablature over the central arch is cut by the voussoirs, so that there appears only part of the architrave
and frize with two triglyphs on each side, a deviation
from propriety into which it is surprising that an artist
of so late a period could have fallen. The cornice is
uninterrupted, and iu ornamented with modillons.
The Doric columns in the Northern entrance to the
building have Attic bases, and the entablature is formed
over each pair of columns only; the frize is decorated
with ox-sculls instead of triglyphs, and there are dentels
in the cornice. The ceilings above the passages are
hemicylindrical, and the spandrils are pierced by arches
crossing the three vaults at right angles. The spandrils
and crowns of the vaults and the soffits of the arches
between the columns are ornamented with panels and
elegant fretwork margins. The central passage through
the Northern building is much too narrow, and it has
been observed that instead of the three, which at present
exist, there should have been made one grand archway ;
this would, of course, have required a different kind of
farade above ; but one might easily have been designed
in which such an entrance would have been consistent
with equal convenience in the interior of the building.
We are indebted to Sir William Chambers for one of
the best written Works on what is called the decorative
part of Civil Architecture. In this, the proportions of
the Orders are detailed according to the Roman style
with some just modifications, and a variety of elegant
forms of the different members of an edifice are exhi
bited and described. We regret only to find in it an
unworthy prejudice against the Grecian Architecture,
with the character of which the author does not seem to
have been acquainted ; he even doubts the existence of
airy considerable remains of that Architecture in the
Country of its birth, though during his life the magni
ficent edifices of Greece were delineated and made
known to the World in the splendid publications of Le
Roy, Stuart, and other artists. A convenient and ele
gant edition of Sir William Chambers's Work, enriched
with notes, has been published by Mr. Joseph Gwilt ;
and an outline of the Grecian Architecture, which was
much wanting to render the original Work complete,
has been supplied by the same gentleman in an intro
duction.
Sir William Chambers, in modifying the Tuscan
Order, has made its general proportions nearly the same
as those assigned by Vignola; the height of the column
is by both made equal to seven diameters, but the Eng
lish Architect has made the diminution rather greater,
it being equal to one-sixth of the lower diameter • he
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has made his entablature equal in height to that of Pal- Part IV.
ladio, viz. one-quarter of the height of the column ; like v-»v^~'
Vignola he has made the architrave in one facia, whereas
Palladio has divided it into two, which is rather com
plex for this Order ; but he has lightened Vignola's
cornice, and has placed above the corona a cymatium
instead of the ovolo which occurs in the Italian ex
ample ; the latter member he considers an improper
finish, because it seems as if intended to support some
thing above it where, however, nothing exists.
His Doric Order is like that one which Vignola has
given with mutules in the cornice, except that he has
judiciously given but one facia to the architrave. The
other Orders hardly differ from those of Vignola either
in proportion or ornament, except that they all have
Attic bases : in the Ionic example, the architrave and
frize are of equal height, and the former is divided into
two facia separated by ornamented mouldings ; in the
entablature of the Composite Order he has given both
dentels and modillons, the latter of which are similar to
those in the specimen of the Order given by Palladio,
the former rather larger.
From Peacham's Complete Gentleman, we learn that Grecian Ar«
Sir Kenelm Digby, in the reign of Charles I., brought j*J^3some of the marble bases, columns, and altars from the !™t
ruins of the Temple of Apollo at Delos ; and, at a later England,
period, the travels of Messrs. Wheeler and Spon, in
Greece, made the artists of England acquainted with
the nature of the buildings yet remaining in that Countiy ; but neither those relics of Grecian sculpture, nor
the general descriptions of the edifices, seem to have had
any influence on Taste at the time ; afterwards, how
ever, when the admeasurements of the ancient buildings
of Athens were published by Messrs. Stuart and Revett,
a revolution took place. The subsequent publica
tion of the remains of Grecian Architecture in Sicily,
Italy, and Asia-Minor seems to have confirmed that
preference, and, down to the present day, the greater
part of the English buildings are formed on Grecian
models with slight modifications. The Work on the
Antiquities of Greece, published by M. Le Roy, was,
perhaps, the cause of a similar Taste being excited in
France ; but it was not till after the Revolution that the
Grecian Architecture became general there : since that
time it seems to have been adopted in almost every <
part of Europe.

CHAPTER VII.
Characteristics and Examples of Modern Buildings.
This Chapter will be devoted to a consideration of the
natuie of such edifices as the present state of Society
requires, and to the description of a few of the most
important; chiefly those which have been erected in
England since the commencement of the XlXth cen
tury. For elegant engravings and more ample details,
the reader is referred to Britton's Illustrations of the
Public Buildings in London.
An edifice consecrated to Religion should be capable Genera!
of exciting the must solemn emotions ; it should remind character of
him who enters it of the presence of the Deity, and a Church,
should aid the sentiments with which he is come to pre
sent his offering of prayer or praise. It should not only
differ in its general form from a building intended for
3f2

400

ARCHITECTURE.

other purposes, but every member which, from neces
sity, must also enter into the composition of u private
dwelling, should, in a Church, be on a large scale, and,
from its embellishments, acquire an elevated character.
Like every other Public building, it should be situated
where access to it is easily obtained ; in a city it should
be as far removed as possible from the general line of
the street, in order that the noise of passing carriages
may not disturb the congregation, and it should be
elevated a little above the level of the ground, on a sub
stantial basement, with spacious steps at convenient
places.
Modern
The practice of crowning Churches with domes,
Churches
are, mostly, which extended from Italy to all other parts of Europe,
imitations seems to be abandoned in England, and with it the cru
of ancient ciform plan ; we now generally construct our Churches,
Temples. like the Grecian Temples, on a simple rectangle, with a
regular portico in front, and a pediment-roof ; but some
kind of steeple is still retained and placed over one ex
tremity of the building. The side walls are perforated
by windows in two tiers ; and those in the lower tier are
always made short, because the galleries, for the sake of
convenience, must be kept as low as possible. The
body of (he Church is generally divided into three parts,
of which that in the centre is separated from the aisles
by columns in two tiers ; the lower Order supports the
anterior of the gallery, and the upper supports the roof.
The altar is enclosed by a balustrade or rail at one ex
tremity, in a recess, the pavement of which is elevated a
few inches above that of the Church.
Church of
One of the first Churches in the Grecian style is that
Ayott St. which was executed by Mr. Revett, at Ayott St. Law
Lawrence, rence, in Hertfordshire. Its plan is rectangular, and there
is a hemicyele at the Eastern end ; in front is a letrastyle, Doric portico crowned by a low pediment; and on
each side is an Ionic colonnade, connecting the centre
with an elegant cenotaph. This edifice was built near
the end of the XVIIIth century ; and since that time a
considerable number of Churches have been erected in
London, and in various parts of the Country, in imita
tion of different Grecian Temples, but generally with
few of the enrichments which are found on the ancient
models.
of St PanThe greatest example of this style in England is the
eras,
Church of St. Pancras, erected by Mr. Inwood, in
1822, and which is nearly a copy of the triple Temple
in the Acropolis, at Athens. Like that building, the
plan of the present Church is a rectangle ; at the East
ern extremity is a square projection on the Northern and
Southern sides, and both these projections have flat
roofs supported by Caryatides, exactly similar to those
which ornament the Athenian Temple. The Eastern
face of the Church is terminated by a semicircular re
cess, and over the Western extremity is a lofty steeple.
The lower part of this consists of an octangular tower
ornamented by eight columns, the capitals of which
resemble those in the porches of the Temple of the
Winds ; above this is a similar but smaller tower, which
is also surrounded by eight columns, and the whole is
terminated by an octangular turret resembling the upper
part of the same Temple. The Western front is enriched
with a fine hexastyle portico, corresponding in its pro
portions and embellishments to that of the Erectheum ;
the Western doorways, and the upper windows on the
three sides of the Church, are also constructed in con
formity w ith the corresponding members of the Grecian
Temple.

The Roman Architecture is also still employed to a PutlT.
considerable extent in England, in buildings intended V—V^
both for Ecclesiastical and Civil purposes ; the richness
of the Corinthian capital and entablature rendering that
Order convenient where the highest degree of magni
ficence is to be obtained. The Church of St. Mary le
Bone, built by Mr. Hardwicke, in 1319, is one of the
latest examples of this style, and in its plan it deviates
considerably from the simplicity of those recently erected
in London.
The direction of the greatest length of this Church of St. M«j
is from North to South instead of from East to West,leBt"">
which is the general position ; its breadth is 70 feet,
and its length 122 feet, besides the depth of the por
tico, which is 18 feet 6 inches. This portico, which is on
the Northern side of the building, is hexastyle, and 60
feet wide between the centres of the extreme columns;
the columns, which are of the Corinthian Order, are
copied from those of the Pantheon at Rome ; and be
tween the front row of columns and the pilaster attached
to the face of the wall is a column at each extremity of
the portico ; the entablature is simple and crowned hy
a pediment. The front of the Church is 110 feet in
extent from East to West, and this excess above the
general breadth is caused by a wing projecting each
way beyond the side walls of the Church ; the wings
are ornamented with Corinthian pilasters at the angles,
and at the extremity of each there are two columns of
the same Order standing on tall plinths in a direction
perpendicular to the front. Within this front is a cir
cular vestibule, on each side of which are the steps lead
ing to the galleries. The opposite extremity of the
Church is formed on three sides of an octagon, and has
a large Venetian window in the middle face ; on each
of the others is a rectangular building, one serving as a
side entrance to the Church and the other constituting
the Vestry. The height of the Church from the ground
to the cornice is 45 feet 6 inches ; the top is surrounded
by a balustrade, and over the Northern front there is a
steeple, the height of which above the cornice is 74 feet.
There are three entrances in front, with horizontalheaded doors ; above these arc semicircular-headed win
dows, and two tiers of the same kind of windows are
formed in each side of the Church.
It has been justly observed that the portico of this
Church, by facing the North, is deprived of the brilliant
and diversifying combination of light and shade which
it would have possessed in any other aspect ; it conse
quently appears sepulchral, gloomy, damp, and che?erless. This disposition has been given to it in order, no
doubt, that it may face the high road; but this advan
tage would have been gained, and the defects avoided,
by placing the Church on the other side of the way,
where also there would have been more space for it than,
its present localities afford. It has been observed also,
that, in the interior, the twofold tier of galleries, the
polygonal recess at the Southern end, and the decora
tions of the organ-case, being combined with those uf the
altar, produce an effect which assimilates more closely
to the character of a Theatre than is generally thought
consistent with that of a Christian Church.
In some of the most modern Churches of England
an effort is made to copy the style of our Gothic Cathe
drals ; but notwithstanding the merit with which many
of these have been executed, it is impossible that they
should afford the mind an equal satisfaction with that
produced by ancient buildings of the same kind, because
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t«- they want the veneiable character which ape alone can
c- give, and at once show themselves to be but imi-m~/ tctions. Buildings executed on Grecian or Roman
models are contemplated with more complacency, be
cause no ancient examples of those styles, with which
they may be compared, exist in the Country ; the effect
they produce on the mind is, therefore, nearly equal to
that which would be excited by the view of works pos
sessing a perfect originality of form.
The parish Church of St. Luke, Chelsea, executed by
Mr. Savage, in 1824, may be considered as a good spe
cimen of what is called the modern Gothic style. Its
form is rectangular, and the interior is divided into a
centre and two side aisles by iieven acutely-pointed
arches on each side, which spring from clustered co
lumns; the vaulting over the central division is of
masonry, and ornamented by cross ribs, diverging from
the summits of the shafts, which arc carried up the wall
of the clair-story from the columns supporting the
arcade below.
In front of the Western end of the Church is a square
tower raised on four piers connected by pointed arches,
of which the two lateral ones form a communication
between the tower and an arcade on each side directed
from North to South. On each side of the Church are
flying buttresses extending over the roof of the aisle, to
resist the lateral pressure of the roof, and between these
are the windows. The walls both of the nave and
aisles are crowned by perforated parapets, and there are
two octagonal turrets at the Eastern extremity of the
building ; these are divided into several parts horizon
tally by mouldings, a circumstance which is considered
as injuring the simplicity of the design.
The archway in the face of the Western tower is orna
mented with a pediment moulding, and above it is a tall,
pointed window divided by mullions and transoms; still
higher is a windowof similarform, the crowning mould"
ing of which is adorned with crockets: lastly, the upper
story is enriched withaperforated, embattled parapet and
with panelling on the walls, and, above the four angles,
are pinnacles ornamented with crockets and finials.
]
In domestic Architecture the style of construction
m should be suittd to the quality of the occupier of the
l""g- building. The cottage of the peasant may be of the
utmost simplicity, yet it should be made capable of pro
tecting the inmates from the injuries of the weather,
and its external form should be such as to render it an
object not unworthy of the scenery by which it is sur
rounded. The dwelling of a man of moderate fortune
should afford all possible conveniences with some de
gree of ornament. But the mansions of the Nobility,
besides possessing superior strength and durability,
should contain, in their interior, every circumstance that
can contribute to the comfort of the proprietor, and both
the interior and exterior should be adorned with splendid
and tasteful decorations,
ae
The Grecian Orders were, soon after their introduc
tion into this Country, employed by Mr. Holland in do
mestic Architecture, and one of the first examples is
Melbourne House, Whitehall. In front of this building
is a fine Grecian-Ionic portico projecting from the wall
and consisting of four columns, which support a pedi
ment-roof; but, from some inattention to the spirit of
the ancient style, excusable only in a work erected when
that style had been but little studied, we find on each
side of the portico two columns of the same Order de
tached from the wall, and the general entablature broken
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to project over each, as in some of the Roman build- Part IV,
ings. Columns so placed could only have been intended v-""v^for ornament ; but, in the Grecian Architecture, the
destination of those members has always a reference to
utility, and here, unless we suppose them to serve as
butiresses, they appear to have no pretension to that
quality. The portico leads to a circular vestibule sur
rounded by columns, which leave a gallery between
them and the interior circumference of the wall, and
crowned by a segmental dome : on the side opposite
the entrance is a grand flight of steps leading to the
body of the building.
Carleton Palace, which formerly stood in Pall Mall, Carleton
was also a work of the same artist. Its general plan was
rectangular, and in the centre of the faqade was a grand
and highly enriched portico of the Corinthian Order. In
front of the building was acourt separated from the street
by a screen of coupled Ionic columns similar to those
which adorned the Temple on the Ilyssus, near Alliens,
but with Attic bases ; these columns were raised on a
high podium, and supported an entablature only. At
each extremity of the screen was an arched gateway.
The new Royal Palace erected on the site of Buck- Tlie R°7a'
ingham House, does not seem by any means worthy of g*1 m,
the Architecture of England in the XlXth century, yet,
as some notice of the town residence of the Sovereign
may be expected, we think it right to give a short
description of it in this place.
The general plan of the main building is a long rect
angle, broken by projections both towards the front and
rear ; and from the two extremities proeeed wings to
wards the Park, at right angles to the body of the build
ing, so that the Palace occupies three sides of a qua
drangle. In both the facades ofthe edifice are two Orders
of Architecture one above the other ; the lower, on the
side next to the Park, is Doric, and consists of fluted
columns detached from the face of the building, so as
to leave a corridor between them and the walls ;
above the corridor is a gallery protected by a balus
trade. The central projection forms a portico con
sisting of four pairs of coupled columns of the Doric
Order, and above their entablature are four pairs of
Corinthian columns, supporting an entablature in the
same horizontal plane with the general entablature of
the building ; this upper tier of columns is crowned by
a pediment.
The upper part of both facades contains two tiers of
rectangular windows, and, between the centre and extre
mities, each facade is interrupted by two of the pro
jections before mentioned ; the lower parts of these, on
the side next to the Park, break the continuity of the
colonnade, and each presents to the front a plain face,
in which is an entrance ; the upper part of the front of
each of these projections is ornamented with two pairs
of coupled Corinthian columns supporting part of the
general entablature, and above this is an Attic in the
form of a square turret, ornamented in front with
panels ; similar Attics crown the pavilions at the ex
tremities of the building, and between the Attics is a
balustrade over both fronts. The fronts of the two pro
jections just mentioned contain, each, in the upperOrder,
one rectangular window cut down to the level of the
gallery above the lower story, and over it is a small cir
cular window, according singularly ill with the general
style of the building.
The Architecture of the wings is similar to that of the
facade next to the Park ; in the lower part of each is a
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Architec- Doric colonnade extending the whole length of the
tore. winfj, and in the centre is a projection supporting CorinV^V"^' thian columns.
The garden front has a rusticated basement which is
crowned by an architrave cornice ; the central part of
the whole facade projects in a semicircular form from
the building, and, above the basement, the projection
is ornamented with six Corinthian columns bearing
a semicircular entablature, over which is part of a cylin
drical wall ornamented with statues ; the other four
projections are rectangular, and each of their faces is
ornamented with two pairs of coupled columns of the
Corinthian Order.
A tt'rrace extends along the whole of this front and is
terminated at each extremity by an Ionic portico; the
Kind's private dwelling-house adjoins the Palace on the
Northern flank, and has, in front, a portico, under which
the Roval carriage may enter. The approach to this part
of the Palace is by a road along the interior side of the.
garden-wall, at the extremity of which, that is on the
South side of Piccadilly, is a grand Triumphal Arch.
The majestic simplicity which should reign in such
an edifice as this is destroyed by the narrow projections
and the numerous apertures ; but particularly by the
contracted space allotted to the portico in the centre of
the Eastern facade. In this front, also, the employment
of the light Corinthian immediately over the GrecianDoric Order is attended with too abrupt a change in
the proportions to be consistent with the rules of har
mony ; the omission of the triglyphs in the entablature
of the latter cannot but be highly objectionable, since
the Order is thereby deprived of its essential character
istic; and the wings, by projecting so far towards the
front, give the latter the appearance of a secondary in
stead of the principal object. The garden front seems
to be in a belter style than the other.
Civil strucBuildings intended for the public meetings of the
,ur" for
Legislative Body in a State, should be characterised by
vice'0 8ef" *',e n'onest degree of majesty and splendour, that they
may correspond with the elevated rank of the persons
composihg it, and the importance of the subjects which
are discussed within their walls. Their avenues should
be spacious, and their interior should comprehend all the
apartments necessary for the transaction of business
relating to legislation.
The exteriors of the edifices which, in England, serve
this great purpose cannot be considered as specimens
of what may be expected to meet the eye of a spectator,
on approaching the place wherein the Representatives
of a great Nation hold their assemblies. One of them is
hardly superior, in decoration, to that which encloses
the Hall of a trading company, and the other, by the
irregularity of its plan and the multitude of its win
dows, conveys rather the idea of a Hospital than of a
Senate House. We, therefore, notice merely the build
ing containing the Offices of the Council and Board
of Trade, at Whitehall, executed by Mr. Soane, in
1826 ; and this may be given as an example of the
latest style adopted in the public edifices of the Country.
TV Council T"e plan of this grand pile is a rectangle, 315 feet
Office.
long and 75 feet broad; the front is composed of a
central part 150 feet long, and of a projecting pavilion
92 feet 6 inches long at each extremity; the whole
length of the former part is ornamented with attached
fluted columns of the Corinthian Order, and each of the
pavilions has six columns of the same Order advanced
at some distance before the wall. Six columns also

adoru the front in Downing-street ; the two remaining p„tr
sides are connected with other buildings containing
Government Offices.
All the columns stand on a stylobata which is broken
under the pavilions, and the projections are connected
by a balustrade in front of the stylobata of the curtain;
the entablature is broken in a corresponding manner
and is crowned by a balustrade. The stylobata? of the
front and side of the building form a rentrant au^le at
their place of meeting, and the quoins of the pavilions
ore distinguished by pilasters having Corinthian capitals
and plain shafts, which form a judicious relief to the
fluted columns. The whole building is divided into two
stories with horizontal -headed doors and windows, and
above the entablature is an Attic. An oversight has
been committed in disposing the plan of this edifice; for
if a pavilion should be built at the Northern extremity,
to correspond with that at Downing-street, it would
fall into and disfigure the street of Whitehall.
To the same class may be referred those ediBces
which are intended to facilitate the transactions arising
out of an extensive commerce, and the communications
among the members of a State; and of the buildings
executed in London on a great scale, for these purposes,
we select for description the Bank of England, and the
Office of the General Post. The Royal Exchange might
have been introduced in this place, but, being the work
of a former century, we have preferred describing it
elsewhere.
The Building which contains the public treasure ofTheBi!
the State, and the Offices appointed for its management, oi
should, by the splendour of its decorations, be an orna
ment to the city in which it stands, and by the solidity
of its construction, an indication of the security which
it affords to the valuable deposits made within its walls.
The Bank of England, the destination of which is above
expressed, is the work of Mr. Soane, who succeeded Sit
Robert Taylor in the superintendence of its Architecture.
It consists of amass ofbuildings enclosed by a stone- wall,
the plan of which is quadrilateral ; at the extremities of
the faces the wall is rounded, and recesses are formed in
it, containing each two fluted Corinthian columns between
pilasters, except at the North-Western angle, where, in
the recess, are placed four fluted columns arranged on
the arc of a circular segment with two plain columns be
hind them ; and where, at each extremity of the segment,
is a rectangular projection with two fluted columns of
the same Order. The whole wall and its columns are
supported by a plain basement and crowned by a general
entablature.
The principal front is on the Southern side, in the cen
tre of which are eight fluted, Corinthian columns resem
bling those about the Temple of the Sibyl atTivoli; the
face of the wall on each side ofthese is divided into* three
parts, of which that in the middle is ornamented with
six attached columns, and that on each side with /bar
pilasters; between these pilasters are three rectangular
recesses with horizontal tops, and that in the middle is
higher than the other two. The frize of the bnilding
is ornamented with an elegant fretwork, and the corona
is supported by modillons, one over each column. Above
the cornice, is a row of fleurons on cubical blocks, and
at intervals among them are ornamented pedestals
crowned with pediments, and having each face of their
dado marked by three vertical grooves. In the centre
of this front, the building rises a story higher than the
entablature of the Order; the face of this Attic story
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lec- is ornamented with pilasters, between which are
i. and above the cornice is a parapet supporting a row of
m~> vases.
On the Northern side there is, in the centre of the endosing wall, a recess containing two Corinthian columns
between pilasters, and on each side of it a semicircularheaded doorway : one of these leads into a court of an
irregular figure, on the right and left of which is a flight
of long steps perpendicular to the face of the exterior
wall ; these lead to a pavement on a level with the floor
of the Offices, and on the upper step is a screen con
si?ting of four Corinthian columns, which support only
their own entablature and a row of vases : opposite the
entrance gateway is a Triumphal Arch leading to the
interior.
In the centre of the Eastern side is a range of fluted
Corinthian columns, behind which is a shallow recess,
and, on one side, is a doorway leading also to the
offices. In the centre of the Western wall is a recess
with columns similar to that on the Northern side, and
over this is a sort of Attic with five semicircular-headed
apertures in front ; above, and concentric with the intrados of each, is an ornamental groove terminating at the
springing in a rectangular fret, and at each extremity of
the Atlic is a small pilaster ornamented with rectilinear
grooves. On each side of the recess, and equally distant
from it, is a doorway, vertically over which, and above
the general entablature is, instead of a pediment, a cur
vilinear ornament ending in a scroll at each of the lower
extremities. Within the entrance on this front is a ves
tibule having Grecian-Doric columns in the interior.
Between the Offices ere quadrangular areas, and the
fronts which look into one of them remain as they were
executed by Sir Robert Taylor, with attached Corinthian
columns ; in another quadrangle the area is sunk below
the general level of the pavement ; the lower parts of
the containing walls are ornamented with vermiculated
mstics, and support an open arcade above the pavement.
The entrance on the Eastern side leads between several
rectangular halls, on the right and left hand, to a
rotunda or circular saloon, above which is a tambour
containing the windows, and ornamented with Caryatides
supporting a dome. The ceiling of the rectangular halls
consists of hemicylindrical or segmental vaulting with
panelling in the soffits, and, in some, the cylindrical
Tault is interrupted by a dome in the centre.
The Western and Northern sides of the building seem
particularly intended for the reception of such valuable
deposits as are made in large quantities; and the occur
rence of casualties, at the time of making them, is
entirely prevented by the carriages which convey them
being made to enter within the enclosure and there dis
charge their contents ; the interior of the former part,
being not frequented by visitors, and only occasionally
entered by the officers of the establishment, does not
require much embellishment, and, accordingly, it is here
that we find the simple Doric Order employed ; the
other parts, being open to the Public, are more highly
decorated. A sober taste may, perhaps, condemn as
fantastic some of the ornaments about the exterior of
the building.
(
The new Post Office in Loudon, by Mr. Smirke, is
a splendid example of the Grecian Architecture applied
to a modem Public edifice. The plan of this building
is rectangulaT, and its front is about 400 feet long; in
the centre is a projecting hexastyle portico, 70 feet long,
with one column between each of the antae pilasters
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and the front columns of the portico ; the columns are fart IV.
of the Ionic Order, and resemble those at the Temple ^-^s/^J
on the Ilyssus ; they have Attic bases and fluted shafts,
and stand on plain pedestals. At each extremity of the
facade is a pavilion with four detached columns of the
same Order in front; and on the side, two unliuted
pilasters.
A continued podium reigns about the building, and
there is an ascent to the pavement of the portico by a
grand flight of steps. A general entablature crowns
the whole edifice, but the upper facia only of the archi
trave extends over the curtains between the portico and
pavilions ; the frize is high and quite plain, and there
are dentels in the cornice.
In the facade are two tiers of windows with horizontal
tops ; those of the upper tier in the curtains, and of
both tiers, in the pavilions, are crowned by projecting
cornices supported by consoles. On the sides of the
building, there are three tiers of windows, of which those
below are semicircular headed ; those in the second tier
are rectangular, and the faces of the piers between them
have the appearance of broad pilasters with mouldings
at the top ; and the upper tier of windows is cut in the
frize of the entablature of the building. The basement
of this edifice is of granite, and the superstructure, of
brick faced with Portland stone.
A Theatre should be situated in some spot to which Situation
the inhabitants of the city may easily have access, and chancAccording to Milizia, it should occupy a spacious l"
area formed by the meeting of several principal streets,
and should be surrounded by porticos or arcades of various
kinds for the reception of carriages and for the security
of pedestrians ; the entrances and staircases should be
so disposed that the interior of the building may be
speedily filled and evacuated ; and, above all, the part
occupied by the auditory should be such as to permit
all persons to see and hear the performers with nearly
equal facility. The exterior of the edifice should, of
course, be an indication of the agreeable entertainment
which is to be expected within.
It is not often that all the circumstances requisite for
a perfect Theatre can be obtained, but the principal
cities of Europe may now boast of possessing some
which unite most of the qualities necessary for internal
convenience and external decoration : we must, however,
confine ourselves to a description of one example, and
we select the Theatre which was erected by Mr. Smirke,
near Covent Garden, in the year 1809.
The plan of the whole system of buildings forming Theatre of
this Theatre is a parallelogram, 209 feet long, and 166 Covent
feet wide, exclusive of the portico ; the centre is occu- Garden,
pied by the auditory and stage, which extend nearly
through the length of the edifice from North to South ;
the staircases and apartments for the performers are on
the Eastern and Western sides. The space appointed for
the auditory is circumscribed by a parallelogram, 65
feet long and 64 feet wide, within which are three tiers
of boxes arranged in the form of a horse-shoe, the
extremity furthest from the stage being semicircular, and
the sides in the direction of right lines converging to a
point beyond the bottom of the stage ; over the upper
tier of boxes are galleries, also occupying the three
sides of the auditory, besides an upper gallery at the
extremity ; and on the exterior of the boxes, in each
tier, is a corridor by which access is gained to the par
ticular seats. In the area included by the boxes is the
pit, an inclined plane, lowest towards the stage, and OB
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Architoc- which Ihe seats of the spectators are arranged in direc lomew, near Smithfield. In this, the buildings contain- PittlT,
tum,
tions parallel to the breadth of the building ; in front of ing the wards for the patients occupy three sides of the y-~*r&
I_y^*"/ the pit is the orchestra, a space for the musicians, 6 feet quadrangle; each of them consists of four stories in Sl•""^aj
broad, and 42 feet long, which is equal to the whole height, and on each story are four well-aired wards ; m"^',
interval between the two extreme boxes in the lower the fourth side contains the apartments of the principal
tier. The stage itself is contained within a rectangular officers and the committee-room. Behind one of the
area, 70 feet deep from the orchestra to the rear, and buildings is situated the Pharmacy and a Theatre for
82 feet wide ; in front is the proscenium, 42 feet wide Anatomical Lectures.
A custom prevails in the English Hospitals of placing
and 13 feet deep, bounded by the orchestra in front and
the drop-curtain in the rear, and at each extremity are two the heads of the beds against the walls, which often
pilasters painted to imitate Sienna marble : the floor of brings them very near the windows, and, consequently,
the ^tage in on an inclined plane rising towards the rear exposes the patients to the danger of taking cold. We
about 3 feet, on which at intervals are parallel grooves know only one building in England in which a better
for the reception of the scenes, and on each side are re disposition has been followed, and this is the School
cesses to contain the paintings. The interior of the for the Blind, where the late Mr. Tappen, copying the
auditory is superbly enriched with gilding ; the boxes method adopted in the great Hospital at Lyons, has
are supported by slender iron columns, fluted and gilt, placed the beds in pairs, with the heads of every two
and their interiors, as well as the sides of the pit, are meeting in th« middle of the room, so as to leave
decorated with representations of dark crimson drapery, passages between the feet of the beds and the walls.
The Bethlem Hospital, for the reception of lunatics, EVtiJen
producing a fine contrast to the brilliancy of the front.
The middle of the ceiling is circular, and in the centre situated on the Surrey side of the Thames, consists of H«p:aL
is a glory surrounded by golden lyres ; from this centre a line of building 569 feet long, and 60 feet high, and
depends a superb chandelier of glass illumined by two possesses every accommodation which can contribute
circles of gas-lights ; the remainder of the ceiling is a to the comfort of persons in that unhappy state. It
light-blue sky relieved by delicate white clouds.
was built by Mr. Lewis, in 1812.
In the centre of the facade is a grand portico, 130
The principal facade is on the Eastern side of the
building; in its centre is a grand portico of four fluted feet long, of Grecian-Ionic columns supporting an enta
Grecian-Doric columns, elevated on a flight of steps and blature and pediment, above which is a double Attic
supporting a pediment ; in the basement story is an tower crowned by a plain dome ; the columns stand on
arcade on each side of the portico, and the upper part of pedestals, and there is an ascent to the pavement of the
the building is decorated with representations of dra portico by a flight of steps extending its whole length.
matic subjects, ancient and modern, in bas-relief. The On each side of the portico is a curtain, 141 feet long,
grand entrance leads to a square vestibule, 37 feet long, terminating in a pavilion, 78 feet long in front;
and divided into three parts from North to South by the face of the latter projects before the curtain, and is
two rows of piers. On the Southern side is the aperture itself divided vertically into three parts, that in the centre
leading to the principal staircase, which is 15 feet wide, projecting before the others : above each pavilion is also
between two rows of large porphyry columns of the an Attic turret of an octangular form. The curtains
Ionic Order; on one side of the staircase is the door and pavilions contain three tiers of plain, rectangular
way leading to the auditory, and in front is an en windows, and are crowned by a horizontal cornice of
trance saloon, ornamented with pilasters executed in stone on a level with that over the portico.
The edifice is enlarged behind by two projections
porphyry. On the Western side of the Theatre, and cor
responding to the grand staircase, is another leading to from the main body, one on each side of the centre, and
the King's saloon and private box, and a vestibule, a detached building has been erected behind each of the
the ceiling of which is supported by four columns, which pavilions for the reception of criminal patients, or those
also leads to the auditory. In the centre of the Southern afflicted with infectious diseases.
In the centre of the main building is a grand vestibule,
side of the building are two grand saloons one above
behind which is the principal staircase, and on each
the other, and each 56 feet long, and 18 feet wide.
The entrance to the stage, and to the apartments appro* side of the latter are apartments for the physician and
priated to the performers, is in the Northern front ; the steward ; adjoining these, is a room in which the patients
latter consist of the dressing-rooms, the green-room, and see their friends, and a large store-room. One vast
managers'-room ; there is besides a committee-room, a corridor, adjacent to the front-wall, extends quite
store-room, and, in the middle of the front, a large through the length of the curtain and pavilion on each
side of the centre ; this serves as a place of exercise for
scene-room.
Characters- The buildings appropriated to charitable purposes the patients, and along that side of the corridor which is
tics of Hos- constitute one of the chief glories of the present Age ; next to the back-front are the cells. In front of each of
pitals.
jn England particularly, besides asylums for the aged the two pavilions is a large day-room, in which those
and disabled, almost all the different modes of human patients who are able usually assemble.
Behind the centre is an exercising ground for conva
suffering are provided against by establishments formed
for their prevention or remedy ; among which the Hos lescent patients; and between this and the two detached
pitals, for the cure of sickness and accidents, hold a dis buildings, are the general exercising grounds, one for the
tinguished rank. In these buildings every thing like male and the other for the female patients.
Except the portico, which is of stone, the whole
magnificence of construction and richness of ornament
would be quite misplaced, and their chief merit should edifice is of brickwork ; and a critical eye may regret that
consist in simplicity and convenience. The London the simplicity of so extended a line of building should
Hospitals generally consist of buildings disposed on the have been destroyed by so many vertical divisions.
The Hospital at Milan is considered as a structure unit- H
four sides of a rectangle, and enclosing a considerable
area, and the most considerable is that of St. Bartho ing all the conveniences of such edifices in the highest "
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itec- degree, and its plan may, therefore, with propriety be
re. introduced in this place. It consists of one great rectangle divided into three parts, nearly square and equal
to each other. The central division is one vast area
surrounded by buildings, before which, in the interior,
are corridors on the lower and second stories, formed by
arches supported on granite columns of different Orders.
Each of the lateral divisions is again subdivided into
four squares by two ranges of building crossing each
other at right angles ; within these buildings are the
cells for the patients, disposed in two rows, leaving a
broad corridor between them ; and, at the intersection
of the two corridors in each wing, is an altar ; at these
Divine Service is performed, which the patients can both
see and hear without leaving their cells. Each of the
courts in both wings of the Hospital is surrounded, in
the interior, by two tiers of arcades forming corridors
in front of the walls.
A grand vestibule, surrounded by columns disposed
in the circumference of a circle, forms the front of the
central division of the Hospital ; at the opposite extre
mity of the same division is a large open portico
wherein surgical operations are performed.
»ich The Naval Hospital, at Greenwich, which was erected
^ on the site of the ancient Royal Palace, is a National
Asylum for the reception of seamen who have grown
old, or have been disabled, in the service of their
Country. It consists of four quadrangular buildings dis
posed within the limits of one vast rectangle, the sides of
which are nearly equal in length to 865 feet ; and the
buildings are separated by a broad area and a street,
which cross each other at right angles. The principal
front extends along the Southern bank of the Thames,
and before it is a terrace, with steps in the centre to
descend to the water.
The North- Western quadrangle was erected in the time
of Charles II., from the designs of Webb, the son in-law
of Inigo Jones, and contains the apartments of the
Governors, and the Council-room, besides sundry wards
for the pensioners ; the remaining buildings were begun
by Sir Christopher Wren, about the year 1696, but they
were finished by other Architects. The North-Eastern
quadrangle is similar in style to the other, and having
been finished in the reign of Queen Anne, it is called by
the name of that Sovereign. The length of the Northern
front of each of these quadrangles is 297 feet and the
avenue between them is 270 feet broad ; each of these
fronts consists of three divisions, and in that of the centre
is the entrance to the interior quadrangle ; one of them
is covered by a semicircular arch within the lower story,
and the other by the general entablature of the building;
each flank division is ornamented with four Corinthian
columns supporting a pediment; on the right and left,
are coupled pilasters of the same Order ; and above the
whole front is a high Attic, crowned with a balustrade.
The Southern facades of the same buildings are exactly
similar to those on the North; both are of Port
land stone, and rusticated. Each interior side of these
buildings has its centre marked by four Corinthian co
lumns supporting a pediment, and in the lowest story are
three arched entrances to the quadrangle.
The South-Western and South-Eastern buildings bear
respectively the names of William III. and of his consort
Queen Mary, the original promoters of this noble insti
tution. These are separated from each other by a square
area, on a higher level than that next to the river, with
a flight of steps on the Northern side extending the whole
VOI- V
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breadth of the area. At each of the two angles nearest PartlV.
to the general centre of the Hospital is a grand vestibnle, adorned with coupled columns of the Doric Order,
but having Attic bases and no trigiyphs in the frize,
and crowned with an elegant dome. Along the interior
face of both the buildings is a double colonnade, 374 feet
long and 20 feet high, consisting of coupled columns
of the Order named above, and ornamenting a raised
terrace. The lower stories of their Northern fronts are
entirely occupied by the two dining halls, which are
covered by groined ceilings supported on Tuscan co
lumns ; above these, in the Eastern building, is the
Chapel, built in 1752, in the Grecian style, from the
designs of Mr. Stuart, and in the Western building is
the Grand Painted Hall : both Chapel and Hall are 106
feet long, 56 feet wide, and 50 feet high ; the windows
are very lofty, and are placed in semicircular-headed
recesses.
Three of the buildings are of stone-work, but of that on
the South-West, the two exterior faces, and those within
its quadrangular area, are of brickwork. The last edi
fice was finished by Sir John Vanbrugh, about the year
1725, and contains some features which display the bad
taste prevailing at that time : in the centre of one side
of its interior quadrangle is a recess covered with an
elliptical arch, and ornamented with two Ionic pilasters
on each side ; within the recess is an arched passage with
small Corinthian columns standing on high rusticated
pedestals, and supporting a pediment the cornices and
tympanum of which are broken vertically into three
faces ; and, on the Western side of the same building, each
of the flanks is crowned with a great segmental pediment.
The aspect of a Prison should be of a severe, and cbarae'eriseven gloomy character, in order that it may present a pic- tics of IVture of the consequences which attend an infraction of the so"3,
laws. But there are different degrees of crime, and the
circumstances of Commercial Nations have rendered it
necessary, in some cases, to treat as criminals those who
are only unfortunate; hence it follows that prisons should
be of various kinds, or, at least, that means should be
afforded, in the same building, of keeping the different
classes of prisoners distinct from each other.
If we consider a Prison as the abode of felons only,
we may conclude that its Architecture should be of the
most massive Order, its walls lofty and rusticated, and
the faces of the stones rendered rough ; the projections
great, in order to cast broad shadows ; the entrances
arched with heavy voussoirs, and, where space can be
afforded, it should be surrounded by a broad and deep
ditch. The interior, however, should be convenient and
salubrious, and, besides the cells, there should be large
apartments where the inmates may occasionally meet
and see their friends : when the Prison is intended as
a place of correction for persons guilty of petty crimes,
there must be places where such persons may prose
cute their appointed labours, and debtors should have
apartments in which they may exercise their callings
for their own profit, or the benefit of their creditors
The Prison of Newgate, in London, which was Newgate,
constructed by Mr. Dance, and completed, in its
present state, in 1782, forms three masses of build
ing, togetner extending 297 feet in length from
North to South ; and the principal facade is in a
rectilinear direction on the Western side. The plan
of the middle division is a square of 115 feet; the
Northern division is also a square of 91 feet ; but
the Southern is 91 feet long and 81 feet broad. In
3 o
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Arehitec- each of these squares the buildings are disposed about
ture.
an open, rectangular court, which serves as a place of
v""■v"""'' exercise for the prisoners ; that in the centre for those
who have not had their trial, the others are for the con
victed male and female prisoners, respectively ; but
there are walls of separation in each, to form distinct
places for those of different degrees of criminality. In
the middle of the Western side is the Keeper's house,
and behind it is a Chapel. For each sex there are two
large general sleeping-rooms, a general day-room, an
infirmary, and cells for separate confinement ; a room
in which the prisoners may see their friends ; and at the
North-Eastern angle of the ground, but quite distinct
from the rest of the building, is a general room and
separate cells for those who are condemned to die.
The Western or principal facade is rusticated from
top to bottom with stones made rough on the exterior,
which gives an appearance of rude strength ; but the
harmony of the Architecture is entirely destroyed by the
Keeper's house, which has five tiers of windows in
front, while only a few small apertures are apparent in
the rest of the building. The Western parts of the
Northern and Southern wings have each two projecting
piers, with one niche containing a statue in a semicircu
lar-headed recess, and an unbroken curtain between the
piers. Between the Keeper's house and each wing is
a small rectangular doorway at the foot of a large semi
circular-headed recess ; over the doorways are fetters
sculptured in the wall, and the arched head of the recess
is pierced for light. The whole front is 50 feet high.
The building presents an imposing and formidable
appearance, and affords a good example of the effect
that may be produced by mere magnitude almost with
out any decoration.
Penitentiary A few years since a building was erected, by Mr.
in Westmin- Hardwick, on Millbank, in Westminster, as a Penitentirtsr'
ary, or place for the reception of criminals who are to
expiate their offences by undergoing a course of labour
during a certain number of years, after which they are
to be restored to Society. This building has been con
structed according to a plan proposed by Mr. Bentham,
for the purpose of affording a system of constant surveil
lance by the constituted officers. It consists of six pen
tagonal edifices, like bastions, disposed symmetrically on
the sides of a hexagonal court, in the centre of which,
on the ground-floor, is the apartment of the overseer ;
the whole is surrounded by a polygonal wall. The
cells in which the prisoners perform their labours are
placed at the gorges of the bastions, if they may be
so called, and are open towards the great court, so that
the overseer can command a view of all, from the windows
in his apartment ; above this apartment is the Chapel,
to which there is a bridge of communication from the
second story of each bastion, so that the prisoners can
attend Divine Service without entering the court.
A plain, massive gateway forms an entrance to the
building on the side next to the river, and another facing
this, between the flanks of two bastions, leads to the
hexagonal court. Along the river is a spacious terrace
protected by a low wall, and a double flight of steps
affords an ascent from the water The whole system of
buildings seems well contrived for the accomplishment
of its destination ; but it may be thought that the rentrant angles between the bastions cause a great loss of
space, and the site does not seem to have been well
chosen, being so near the river and on a swampy soil.
Contiguous to a Prison should be the Court of Justiee

where the culprits are to be tried; and the most con- hni
venient form for a building appropriated to this purpose v—*■
seems to be that which resembles the Theatres of the Cwmi
Ancients, that is to say, a semicircle, the tribunal of the lusl,ct
Judge being placed on the chord of the arc, in the part
corresponding to the proscenium. The general style
of the edifice should be such as to inspire a sort of reve
rence nearly equal to that which is felt at the approach
of one consecrated to Religion. The Court-house exe
cuted at Chester, by Mr. Harrison, is of the form above
recommended ; the seats of the persons connected with
the proceedings rise from the floor in front of the tri
bunal towards the circumference of the circular part of
the building ; about them is a semicircular range of
Ionic columns, and behind these is the gallery for the
spectators. The Prison, which adjoins the Court at the
chord of the circular part, is of a quadrangular form,
and has in front a Greek Doric portico, the proportions
of which are copied from the Propyleum at Athens.
The Court-house, at Warwick, is of a different form.
This consists of a great rectangular Saloon, the prin
cipal fagade of which, on the exterior of one of the Jong
sides, is ornamented in the Palladian style of Architec
ture : on the opposite side of the Saloon are the Civil
and Criminal Courts, one at each end, and on a higher
level ; these are open towards the Saloon, from which
each is separated by a colonnade, and there are flights
of long steps to ascend from the pavement of the Saloon
to that of the Courts ; between the Courts is the Juryroom, to which also there is an ascent by steps.
Bridges form some of the most important objects m Briija
Civil Architecture, by affording passages for the heaviest
carriages across broad and rapid rivers, which by other
means could not be passed but with difficulty and dan
ger ; and from the mass of masonry which, with the
incumbent weight, is required to be suspended in the
air, such a work as a Bridge demands the union of great
scientific talent and practical skill in the Architect.
The part of a river in which a bridge may be most S>'5i's
conveniently formed is where it is nearly rectilinear, ' fcni*
because the current of water being parallel to the banks,
the bed is more uniform than in spots at which the river
bends, and the piers, therefore, are more easily construct
ed. Also, the greatest force of the current being in this
case in the middle, the vessels keep generally in that part;
consequently, if the arches are not all equally broad, that
which, on account of the passage of the greater number
of vessels, is made the widest, will be in the centre, and
the bridge may be symmetrically formed on each side.
But when one side of a river is deeper than the other,
and the greatest force of the current is near one of the
banks, (which is the case when the river bends ;) if, for
any reason, a bridge should be constructed at that part,
it will beproperto make the arch on the deeper side wider
even than that of the centre, notwithstanding the want
of symmetry thereby induced in the form of the bridge ;
convenience being attended to rather than beauty where
necessity requires a sacrifice of one or the other. Bridges
should be approached by long streets, on each side of
the river ; and, to facilitate the access, the parapet should
diverge considerably at each extremity of the bridge.
The most convenient form for the road over a bridge Fers
is, undoubtedly, a horizontal plane, like that of the™**Waterloo bridge, in London ; but where the lowness of
the ground on one or both sides of the river renders this
impossible, or too expensive, the road must be of a con
vex form in the direction of its length, as is generally
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Aftec- the case, in order that it may sooner meet the surface of
*»• the ground : this form is even considered more elegant
Kr*' than the horizontal plane, because, from an optical de
ception, the latter seems lower at the middle than at
the extremities, when seen from the river in a direction
perpendicular to its length.
The breadth of a bridge ought to be sufficient to allow
at least two carriages to pass abreast, with a pavement
on each side for foot passengers ; and the road should
be protected by a parapet and balustrade high enough
to secure those who pass it from accidents,
r Lo»Under Bridge, in our Miscellaneous Division, we have
bridge, described the principal edifices of that kind in Europe, it
will therefore be necessary to mention here only the two
of most recent construction in and near London. One
of these is a magnificent edifice, now building, ofgranite,
to replace the old London bridge ; its length is to be 782
feet, its width 56 feet, and it is to consist of five ellip
tical arches, of which that in the centre has a span not
less than 150 feet in extent, and a rise of 29 feet 6
inches ; the others decrease gradually in breadth and
height on each side, and the piers which support the
central arch are 24 feet wide. It was begun, in 1825,
by Mr. Rennie, a son of the engineer under whose su
perintendence the Waterloo bridge was executed ; and
it promises to be not inferior, in constructive merit, to
that celebrated structure itself,
nn.
The other is a Suspension Bridge, 823 feet long,
at Hammersmith, which exceeds, in the extent of road
I*
between the piers, the great bridge over the Menai.
The chains, which are eight in number, and of wrought
iron, pass, at 30 feet above the road, through apertures,
in the upper parts of stone piers distant 400 feet
from each other, and their extremities are attached to
the abutment on each bank of the river ; between
these piers the chains assume, by their gravity, the form
of catenarian curves, the lowest points of which touch
thp platform of the bridge over the middle of the river ;
and from the chains descend vertical rods which carry
the timbers supporting the road. The piers rise from
the bed of the river; below the bridge they are
boldly rusticated, and, above it, each forms a tri
umphal urch extending across the road : at the angles
are Tuscan pilasters standing on a general podium and
supporting the entablature ; the two sides of the arch
spring from imposts which are continued through the
pier, and the soffit is ornamented with panelling.
tArThe character of a Nation for good taste in the Arts
Mure, depending, in some measure, upon the Architecture dis
played in its cities, it is evident that the private build
ings of which they are composed should be designed
according to certain regulations, by which they may be
adapted to their situations and be made to contribute to
the magnificence of the whole.
Convenience seems to require that the streets should
he rectilinear and intersect each other at right angles;
but if this method was strictly adhered to, the horizontal
lines of the buildings would, to a spectator looking
along the street, appear to vanish in one point only,
and thus the picture would want variety. Luckily,
inequalities of ground almost always oppose them
selves to this arrangement, and compel the builder to
adopt some other which affords greater pleasure ;
the various angles at which the streets intersect
each other, the interruption produced by great squares,
and the judicious introduction of curvilinear forms
of building, give to the scene in which they occur
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a beauty which would be in vain sought for in the Part
appearance produced by two parallel lines of building. v—~v
Formerly, town-houses were constructed as indepen
dent buildings, and not the least attention was paid to
equality or symmetry either in their heights or breadths,
so that a street presented the confused appearance
arising from two ranges of narrow and irregular fronts.
But, at present, there seems to be an effort, wherever
inequalities of ground do not prevent it, to give an
air of grandeur and simplicity to the streets by uniting
the fronts of several houses in one general design. This
method was first practised in London, by Messrs. Adam,
in the Adelphi and in Portland Place ; but the good
effect which these buildings might have produced is,
unfortunately, injured by the manner in which they are
ornamented. In front are pilasters ornamented with
panels and sculptured foliage, seemingly in imitation of
those which decorate the edifices of Palmyra, but har
monizing badly with the other features of the buildings
to which they belong. And it is observed by Mr. Britton, speaking of the works of these artists, that, " in
attempting to avoid the heaviness which characterises
those of many of their predecessors, they have fallen
into the opposite error ; their facades are frittered
into too many parts, and though the ornaments are occa
sionally tasteful, they are generally so applied as not
only to miss their effect, but impart a trivial appearance
to the building."
The principle introduced by Messrs. Adam has
been adopted and practised on a vast scale in the
buildings of Regent-Street and Regent's Park ; but
the designs are in a more elevated style, and embrace
greater varieties of form. These ranges of buildings
constitute what may be taken for a street of palaces, the
individual characters of which are such as permit them,
by their union, to form one grand system, while they
have sufficient diversity to prevent the eye from being
wearied, and to produce, together, a picturesque effect.
The Palladian Architecture was long employed in Modern
England for the general disposition and ornament of Villas
the villas, or country-residences, of persons of moderate
rank or fortune. In these the principal story, like the
piano nobile of the Italian mansions, was elevated on a
basement, and the communications with the court in
front and garden behind were by flights of steps. But
it is observed by Mr. Papworth, that, in consequence of
the change which has occurred in the habits and man
ners of the people of England within the last fifty years,
this practice is abandoned ; the principal apartments are
now near the level of the ground, and are made to com
municate with each other, so as, on occasion, to form
one large apartment. The chambers are placed above
these, and the offices are concealed from the view by
small trees tastefully planted about them.

CHAPTER VIII.
General Principles of Architecture.
In investigating the principles which are to guide U9 Ancie
in the execuiion of such Architectural works as shall cn',ec
fulfil the conditions which the present state of European JJJkj
Society requires, we may avail ourselves ofevery aid that tjonwe can derive from the practice of the Ancients. But
our circumstances in respect to Politics, Religion, and
Manners are different from those of the Greeks and
3a2
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Romans, so also are our notions of domestic conve
nience ; therefore it must not be expected that the
maxims of building adopted by those People can apply
without modification to our own constructions. There
are, however, some points which must be common to
all, and from these we may proceed to exhibit the
grounds of the present practice of building.
As edifices may possess properties which are merely
Division of
Architec
essential to them, such as strength and convenience ; or
ture.
may unite to these, others which are intended to produce
a pleasing effect upon the mind of a spectator, Archi
tecture divides itself into two parts, viz. the constructive
and the ornamental. The former is, in some measure,
Mechanical, the latter, more particularly, may be con
sidered as a Liberal Art Both parts must be equally
studied ; for, besides paying due attention, in the design
of an edifice, to the essential conditions of stability
and convenience, it is necessary to render its external
appearance suitable to the purpose for which it is
intended.
Qualities of
Vitruvius, (Book i. chap, iii.) speaking of public
a building buildings, says they should unite in their construction
according to strength, utility, and beauty. Their strength, he says,
Vitruvius.
consists in having their foundations sunk to the solid
earth, and in an unsparing choice of materials. Their
utility consists in the apartments being properly distri
buted without obstruction to their use, exposed to the
aspects which are convenient, and adapted to their re
spective purposes. Their beauty consists in the form of
the work being agreeable and elegant, and the propor
tions of the members being correspondent to the rules
of symmetry.
Modern
With regard to the first of these points the practice of
buildings builders has undergone considerable change since the
less material days of Vitruvius; the ancient edifices of all kinds were
than the
much more massive than the modern ones, and the
ancient.
Architects of earlier days seem to have been determined
to err on the safe side. But now that frequent experi
ments, expressly made, have shown us, with tolerable
accuracy, the strength of materials ; and the rules of me
chanics have taught us how to employ them in the way in
which they are best able to bear the strains to which they
may be exposed, we can dispense with a great quantity
of material which would have been formerly employed,
and which only served to encumber the edifice without
adding any thing to its stability. The second part re
mains as in the days of Vitruvius, and admits of no
change in its general expression ; though the proper
choice of aspects and the manner of adapting apart
ments to the purposes for which they are designed, vary
with all the circumstances of climate and the habits of
the People.
The third point is more vague ; no two persons can
Supposed
causes of agree on what is elegant or agreeable ; and, since the
1 lie percep revival of the study of Science and Art in Europe, the
tion of
cause of our perception of Beauty has been a subject of
Beauty,
dispute both among Metaphysicians and Artists. Some
persons consider our ideas of Beauty to depend upon
certain qualities inherent in the object which, by a Law
of our Nature, excite the perception as soon as they ate
apprehended ; but that there cannot be such a thing as
absolute Beauty will be readily admitted by those who
consider that an object which appears beautiful to one
person, appears the contrary to another : why this should
be it is difficulty to determine, but probably it is on
account of some prejudices, arising from early impres
sions, of which the mind is unconscious.

Others suppose the idea to depend upon the pleasure Put ry,l
the mind experiences on contemplating an adaptation of
means to an end in any subject ; but, that this percep
tion of Fitness should be always the cause of that of
Beauty, is doubtful, because we often derive pleasure
from the view of objects which do not necessarily involve
in their being, an adaptation of means to an end ; and
when we do, we are often conscious of the perception
of Beauty before we have taken time to notice that
adaptation.
Our perceptions of Beauty in Architecture, according
to Milizia, are founded on Nature and Utility. If it be
inquired why a column appears beautiful in particular
circumstances, he answers that a column is an imitation
of a trunk of a tree employed to support an incumbent
weight : but the trunk of a tree in such a case would
have a certain figure and proportions, therefore, if the
same figure and proportions be given to a column, we
shall consider it beautiful, because the imitation of a
natural object is always pleasing. He goes so far as to
say, that if Nature had made trees equally slender with
the stalks of corn, and, at the same time, strong enough
to bear the greatest weights, the proportions of our co
lumns would have been drawn from those objects, and
we should still have considered them beautiful : but he
seems here to overlook the circumstance, that great dif
ferences of magnitude and form in contiguous bodies
are inconsistent with any of our notions of Beauty.
Lastly, it may be observed that intellectual associa
tions form part of the pleasurable sensations we ex
perience in contemplating certain objects ; and this is
particularly the case with works of Art. The Architec
ture and Sculpture of the Greeks and Romans possess
an indescribable interest for us, because we always, in
imagination, combine them with the circumstances of
their Mythology and History, which usually occupy
our thoughts at an age when the pleasing ideas lliey are
calculated to excite make an indelible impression on
our minds. And the Castles of the Barons of ancient
Chivalry, says Sir Joshua Reynolds, are sure to give
delight on account of the veneration we feel for what
ever brings to remembrance the manners and customs
of our ancestors.
In fact, the mind is affected by objects from various
circumstances, and, perhaps, the idea of Beauty may not
arise from a single source. If absolute Beauty be not
admitted, yet perception of fitness, intellectual associa
tions, and various other causes, may, either wholly or in
part, be concerned in the production of pleasurable sen
sation ; and It will, probably, be for ever impossible to
determine which of them is predominant in any parti
cular case.
The inquiry into the origin of our perception of Beauty
in general, however interesting it may be to the Meta
physician, need not be dwelt on any longer, and we may
now direct our attention to the general conditions which
are requisite in order to render a building conformable
to the ideas of Beauty which we actually entertain.
Three qualities are mentioned by Vitruvius as es- Coa£a*l
sential to Architectural composition, viz. Symmetry, es;e3t.aP
Eurithmy, and Proportion ; terms which have given
great trouble to his commentators, and which, in fact. tosi<:2!*
seem to be all comprehended under the general term \-ltrttVll
Proportion. He defines Eurithmy to be the beautiful
appearance of the members of an edifice, and shows
that this is obtained by an adaptation of the heights of
the members to their lengths and breadths, and by a
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iitec- correspondence of these to the symmetry of the whole.
Symmetry also he defines to be an agreement of the
members of a work, and the correspondence of the parts
to the form of the whole ; which is supposed to signify
that some Proportion should subsist between the dimen
sions of any member and the dimensions of the whole
building ; but, as this definition falls partly into that
which has been given of Eurithmy, it is customary to
confine the signification of Symmetry to the correspond
ing distribution of like members on each side of a centre,
as the members of the human body are similarly situated,
on each side of a plane passing longitudinally through
it. The word Eurithmy not being in use, perhaps it
would be better to refer the magnitude and form of the
members of an edifice to the term Proportion, and the
distribution of them to the term Symmetry ; agreeably
to the general employment of those terms in ordinary
Language.
The elements of architectonic Beauty which we find
delivered by Vitruvius, are too general or too uncertain
to allow us to consider them as the sources from whence
we are to draw practical rules of construction ; and we
shall find it convenient, for this purpose, to make that
Beauty depend upon, at least, four different principles,
viz. Propriety, Proportion, Symmetry, and Unity.
prietjia The first principle is evidently conformed to, when
the walls of a building have the proper degree of
strength to enable them to support the roof, or but little
more ; when the size and distribution of the interior
parts render them fit for the purposes to which they are
to be applied ; and when the degree of ornament given
to the exterior and interior members accords with the
importance of the edifice.
Propriety is evidently an essential quality in Architec
ture, and cannot be dispensed with where the stability
of the edifice or the destination of any member is con
cerned ; but it is observed by Sir William Chambers, that
in objects merely ornamental, it would be unreasonable
to sacrifice other qualities more efficacious, to Fitness
alone. That Beauty and Fitness arc not always compa
tible he shows by the example of the Corinthian capital,
which represents a slight basket surrounded by leaves,
an object certainly not fit to support an entablature, yet
it has been admired for Ages, and will probably continue
to he admired for Ages to come.
Drti<ra.
Proportion is also an essential part of Beauty
in Architecture ; and it applies to the mass of the
edifice as well as to the internal and external sub
divisions. But what that Proportion is on which the
perception of architectonic Beauty depends it is impos
sible to say. Some think it consists in the length,
breadth, and height of a building or of any member
being equal to three terms of a Geometrical or Harmonical progression ; but the absurdity of this opinion is
manifest from the consideration that the dimensions of
an edifice may differ from those which are assigned by
these proportions, without the eye, which is to be the
judge of the Beauty of the building, being able to dis
tinguish the difference. It is observed also, by Milizia,
that the Beauty which is derived from Proportion in an
edifice depends more directly upon the point of sight
from which the edifice is seen than upon its absolute
dimensions ; since, according to the distance of any
member, or to its height above the eye, its apparent
magnitude, and even its form, is variable.
Experience then seems to be the only source from
whence we are to obtain a knowledge of the relations
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which are capable of exciting perceptions of architec- Part IV.
tonic Beauiy. " When," says Milizia, " we find that v—-^-^
any number of parts, disposed in a particular manner,
excites, in the generality of judicious spectators, plea
surable sensations, it is prudent, on the occurrence of
similar circumstances, to fallow exactly the same dimen
sions though there may be no discoverable relation
between them.'' Principi di Architettiira Civile, lib. ii.
Again, Symmetry is also an essential part of Beauty ; Symmetry,
for that object can rarely excite agreeable sensations
which is formed of dissimilar parts on each side of its
centre. In the facade of a building, for example, there
should be a doorway in the middle, and an equal num
ber of windows, of like forms and dispositions, on either
side : again, a bridge should have an equal number of
arches on each side of that in the centre, and these
should be either of equal magnitude or diminish by equal
degrees on both sides. And it is easy to conceive, where
absolute necessity does not compel the builder to depart
from the principles of his Art, how much disgust would
be excited by having a door placed nearer to one ex
tremity of a facade than to another, or by having the
principal arch of a bridge on one side of a river; or,
finally, in an arcade, by having large and small arches
intermingled together.
It is necessary, however, to observe that this Symme
try is only required where the whole object is seen from
one point of sight ; it would even be improper in an
artist to bind himself to a uniformity of design ill all the
fronts of an edifice when those fronts arc to be seen
successively ; such a repetition would be wearisome, and
the spectator would lose that source of pleasurable sen
sation which arises from the variety exhibited in different
fronts on the exterior, or in different apartments in the
interior of any building.
It is not sufficient that the parts of a building should Um'y.
be symmetrically disposed, there should also be some
one part which forms the principal object, and to which
all the others should be subordinate: this constitutes
what is called Unity in an edifice, for it reduces all the
parts under one system, and makes that an entire body
which, otherwise, might be taken for a collection of in
dependent members. The same principle requires that
there should be but one Order of Architecture employed
on the same story of any building ; that, where Orders
are placed above Orders, the most massive should be the
lowest, and the others increase in lightness as they
ascend ; also that a cornice, since it expresses the ter
mination of a building above, should not be formed
between two stories. And it is essential to the unity of
the design that no member, either of Architecture or
Sculpture, should be introduced which is not consistent
with the character of the edifice. Lastly, the different
members should present themselves successively lo the
eye of the spectator in the order of their importance in
the edifice; and the disposition should be such that the
mind may form a general conception of the whole before
it attends to the minute parts. These last, also, should
be capable of exciting distinct ideas, and of conveying
a notion of the uses for which they are designed.
Milizia has advanced four different opinions concern- Supposed
ing the standard of Perfection in Architecture. The ««»d»rd« of
first is, that it depends on popular judgment ; but this is PM*ec™*>
immediately dismissed, because it would be found sub
ject to continual change, and a building would cease to
be beautiful when its style ceased to be fashionable.
The second is, that it depends on the conventions of
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Architec- Architects ; and this seems to be as ill-founded as the
ture. former ; for not only the proportions assigned by the
^^^v^"' Moderns to the members of an Order differ from those
which are found to exist in the monuments of antiquity,
but each Architect, for the most part, has given a
system, differing from those given by others both in
the minute details and in many of the members upon
which the peculiarities of the Orders of Architecture
essentially depend. Vitruvius himself prescribes pro
portions to be employed in the construction of one kind
of building which are different from those he recom
mends in another, though both are formed according to
the same Order ; and he approves in some places
several things which in others he rejects. The third
opinion is, that perfection should be sought in the
remaining monuments of antiquity ; but the diversity in
their constructions is so great, that no general rule can
be drawn from their dimensions, and the defects they
exhibit are such that, if we were to consider them as
invariable standards, there is hardly any violation of
propriety which might not be justified by an appeal to
some one or other of them.
Since, then, neither the authority of the masters in the
Art, nor the existing examples, can be considered as in
fallible guides in the search after real Beauty in Architec
ture, Milizia is led to suppose that it is only by referring
to the origin of the Art that certain constant principles
can be elicited, which may be of service in the endea
vour to produce such forms as will obtain general
approbation ; and, perhaps, it may be concluded that
there are different styles of building, all equally capable
of giving rise to the perception of Beauty, as far as it is
founded upon the conformity of the works to the objects
from whence they are derived.
General ap- The following very general rules arise naturally from
plication of the principles before mentioned, under the heads of
the princi- Propriety and Unity. The style of a building should be
P
Lom- conforman|e to the ideas intended to be excited by its
position.
appearance ; when we would produce perceptions of
power, durability, and grandeur, the masses should be
great, the subdivisions few, and those marked by transi
tions sudden and strongly contrasted ; but, to inspire
ideas of elegance, delicacy, and gaiety, the edifice should
consist of many parts, differing by slow and regular
gradations, and liberally ornamented. The same rule
may be applied to the ornaments themselves, which, in
proportion as they are more delicate, are to he formed
by lines connected together less abruptly.
Perfect harmony should subsist between the whole
edifice and the parts of which it is composed ; for the
same objects, viewed independently, may please, which,
when combined, become ridiculous or disgusting; and
even the same combination of parts which excites
admiration when made in a work to the character of
which they are conformable, may, in other circumstances,
produce a contrary effect.
The course to be pursued by an Architect, in design
ing a public edifice, is to adapt his forms and propor
tions to the purpose fur which the building is to be appro
priated ; to arrange the plans so that all requisite accom
modations may be afforded ; and to display the resources
of his imagination in embellishing his work with such
ornaments as shall be consistent with its destination.
He should study examples of all the different styles
which have hitherto prevailed, in order to produce an
original work which shall unite the principal beauties of
each ; and he should infuse into his design the general

character of the buildings proposed as models, without Pw nt
copying, servilely, any of their individual features.
v^v»

CHAPTER IX.
Modern Domestic Architecture.
A square or parallelogram is that which seems best Bertha
adapted to the plan of an edifice intended as a dwelling, fonbtpk
because it admits of great variety of internal division, of »M
and because the perspective of the figure is pleasing. 'D6-'BSit
Sir Henry Wotton, speaking on this subject, says the
circle is a figure possessing many eminent properties iu
respect of durability, capacity, and beauty ; the latter,
inasmuch as it imitates the celestial orbs, and the form
of the Universe, yet it is very unfit for private buildings,
because it is the most expensive and causes the greatest
loss of space from the curved form of the walls. Again
he observes, that polygonal figures are more fit for Mili
tary than for Civil structures, and, no doubt, they par
take of some of the inconveniences of circular forms ;
they may, however, be employed where the site is irre
gular, or where a system of buildings is to be disposed
about a centre, for the purposes of inspection.
He decides finally for the rectangular form, the right
angle affording greater strength than the oblique one ;
and he inclines to prefer the parallelogram, but recom
mends that its length should not exceed its breadth by
above one-third, otherwise, he says, the beauty of the
aspect will he diminished. Perhaps, however, the loo
frequent repetition of the rectilinear form in our edifices
should be avoided, and particularly in country-houses;
for, in these, the union of right lines with curves in the
plan would create many pleasing varieties, and the
inconvenience above-mentioned would be little felt.
The internal division of buildings, particularly dwell- Crm.
ing-houses, may seem incapable of being reduced to rufesW
rules on account of the infinite variety of situations,
climates, and customs ; and, perhaps, the only means
of acquiring a knowledge of this subject will be to con
template the plans of the most esteemed buildings which
have already been executed. Nevertheless, as some
general directions may be expected, the following are
proposed ; and they may perhaps teach the artist to avoid
some improprieties in his designs, if they do not convey
any positive information. Both the internal and ex
ternal distribution of the parts should correspond with
the character of the edifice ; the divisions of a great
edifice should themselves be great ; of a small one,
they should also be small ; for it would evidently be
highly improper to fill up a large building with small
cells, or to have a large room in a little cottage. Again,
it would be highly improper to fill an extensive facade
with a great number of little windows, and equally so,
to have great doorways and windows in a small house.
When a building consists of two or more stories, the Eitfre*
floors of those above the lowest should be indicated by dic*^
the facia? or entablatures over the corresponding Orders ^' tJ'"
in the facade ; and, in like manner, the vertical divisions
of the facade should correspond with the places of the
interior walls of the edifice. These correspondences
cannot, however, in all cases, take place, because in the
interior of a building there must be many divisions for
domestic convenience which cannot be indicated in the
front without impairing its majesty or beauty.
When an Order of Architecture is to be employed in
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a DU''dif£r. 't is evident that that must be chosen which
corresponds with the nature and use, and which may
appear to be an integral and essential part of the edifice.
The columns ami their entablature, being the principal
ornaments in Architecture, should predominate over all
other ornaments in the same building, and they should
have sufficient magnitude to make them appear to have
a real use ; therefore, in small buildings, the regular
Orders should not be employed, because they appear
unserviceable, and their members become indistinct from
their smalluess.
Mings
Buildings of gTeat importance and merit are freml
quenlly formed without columns or pilasters, which are
generally considered as constituting the essence of an
Order of Architecture ; such buildings, however, admit
of differences of style similar to those indicated by the
Orders ; for they may be either massive or light, or they
may possess a character between both ; and in those
respects they may be compared, respectively, to the
Tuscan or Doric, to the Corinthian, and to the Ionic
Orders. The parts of which these simple buildings may
be composed are basements, entablatures, and pedi
ments, and they may be adorned with niches, balus
trades, and various kinds of sculpture about the door
ways and windows, according to the character of the
edifice.
trance*
The entrance to a mansion should be in the middle
**■ of the facade, in order that the communications may
be made with equal facility to all the extremities of the
building. To form two in the same front would pro
duce embarrassment to a visitor, because he may be in
doubt which of them leads to the principal apartments ;
but, in buildings of great extent, it is usual to have
three entrances, one of which is in the centre and the
others equally distant from it and from the extremities ;
in which case the first should be more lofty and adorned
in a manner superior to the others,
tibsit.
The vestibule should occupy the centre of the line of
building, and serve as a general passage to the stairs
and apartments on the ground-floor ; its form may he
rectangular, polygonal, or circular; and if the first, it
may be divided into three parts by two rows of columns,
which, with their decorations, should be of stone,
because the place is much exposed to the air by the
frequent opening of the door,
rtmenu. ^n dwelling-houses of considerable magnitude two
sorts of apartments are necessary ; one, appropriated to
the family in general, consists of rooms of moderate
capacity, and at a distance from the places occupied by
the servants ; each should be accompanied by an anteToom, bed-chamber, and dressing-room ; and in the
same part of the building shoidd be the common dining
and withdrawing rooms. The state apartments, which
form the other class, are destined for the reception of
company; these should be very spacious, and enriched
with the highest degree of ornament : all these apart
ments should communicate with each other, that, on
public days, the whole magnificence of the house may
be presented at once to the view,
anions
The proportion between the three dimensions of
oms. rooms are, at the present day, nearly the same as those
assigned by Palladio ; all rectangular figures, from a
square to one whose length is to its breadth in the ratio
of 1^ to 1, may be employed for the plan; a greater
disproportion ought not to be admitted except the room
is intended for a Gallery. Sir William Chambers makes
the height various, and dependent on the plan ; if this
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is a square, the proportion between the height and Part IV.
breadth may be between the ratios of 1 to 1^, and of 1 to 1^- ; if oblong, the height may be nearly equal to
the breadth, except in Galleries, in which the ratio of
the height to the breadth may be between 1^ to 1, and
1* to 1.
In great mansions, where the rooms are of different
sizes, he observes that the heights should also differ ;
the halls, saloons, &c, should be more elevated than
the other apartments, and may, in some cases, occupy
two stories ; the withdrawing rooms may have horizon
tal ceilings resting upon the walls; but rooms of smaller
size, if they have the same height as those, should have
their ceilings coved, or connected with the walls by por
tions of cylinders, concave towards the interior, in order
to diminish the apparent height ; where this is not con
venient, it is usual, above the smaller rooms, to place
mezzanine, which are convenient for many purposes.
The state bed-rooms differ from the other state rooms
only in being less enriched with ornament ; they should
look towards the South, and the bed should be opposite
the windows ; each should be accompanied by an ante
room, dressing-room, and other conveniences, and, when
they are made of a rectangular form, they should differ
but little from squares.
Galleries are a sort of apartments, in mansions of the Galleries,
first class, for the exhibition of works in Painting and
Sculpture, which are placed about the interior faces of
the walls; they receive their light from a lantern extend
ing the whole length of the apartment, and raised high
enough above the ceiling to prevent the direct rays of
the sun from entering the eye of the spectator, after
reflection from the Picture, which would otherwise
be indistinctly seen. It may be observed here, that
the most perfect view of a Picture is obtained when
the rays of light fall upon it in different directions, so
that many of them may enter the eye in a slightly diver
gent Btatc from every point of it ; and it is to multiply
the directions of the incident rays that the glass of the
lantern is usually ground with a rough surface. These
apartments are generally made much greater in length
than in w idth ; ihal of the Louvre, at Paris, is 1459 feet
long and only 80 feet wide.
The construction of a good flight of steps is considered Staira.
as one. of the most difficult works of the Architect. It
should be immediately seen from the vestibule, and
may be placed either directly opposite, or on one. side
of the wall facing the doorway, according to circum
stances. In large buildings it is frequently double,
the two branches meeting on each floor at a sort of
vestibule, in which are the doors to the apartments ; and
besides the principal staircase there is generally another
for the domestics of the family.
The best form for a flight of steps is that in which
the several inclined planes are rectangular with a square
platform at every turn ; the curvilinear forms are very
inconvenient, because, in addition to the fatigue of
ascending, the person is continually turning, and one
end of each step being narrower ihan the other, a great
part of its length becomes useless, because the person,
for safety, keeps always in the broader part.
In the generality of mansions each step should be
long enough to permit two persons to ascend or descend
abreast, and, therefore, that length cannot be less than
6 feet ; in mansions of a superior order it may be as
much as 12 feet. The breadth of the step should be
about equal to the length of the foot, and experience
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Architec- shows that, in ascending, it is not convenient to elevate
lure.
the foot more than 6 inches, nor less than 4 inches ;
v—^v*—^ from these data such dimensions may be chosen as will
be consistent with other circumstances.
Convenience and security require that the staircase
should be well lighted; for this purpose the light
should come either from the head of the steps or from
the roof of the building, and, on this account, that stair
case is the best which may be seen from bottom to top.
Doorways.
Doorways, serving for the passage of men, horses,
and carriages, should be from eight to ten feet broad,
and they must have arched heads, because their breadths
hardly permit them to be covered in any other manner.
The doorways which are to serve for vestibules may,
sometimes, have arched tops, but, generally, they are
made rectangular ; those which form the entrances to
apartments in a house should invariably be so, and of
sufficient size to permit any man to pass : that is, their
breadths may be from 3 feet to 3J- feet ; and the heights
of all should be equal to about double their breadths.
The Ancients made their doorways narrower at top than
at bottom, and we find the same form often adopted in
modern buildings ; but the only advantage of it seems
to be that the doors have the property of shutting
themselves. The height of the aperture of a doorway
on the exterior of a building should not exceed threefourths, nor be less than two-thirds of lite space between
the pavement or floor and the architrave of the Order,
in order that there may be sufficient room for the orna
ments, and that the wall above the doorway may not
appear too naked. The upper extremities of the door
ways and windows in the same story should be in one
horizontal line.
The decorations of a doorway consist principally in
the jambs or side-pillars, and the lintel or architrave;
the breadths of these members should depend upon the
Order of Architecture employed in the lowest story of the
building, as if the jambs were pilasters the heights of
which arc equal to that of the aperture of the doorway,
and their mouldings should correspond with the character
of the edifice : over the architrave of the doorway, as if it
was that of a complete Order, it is usual on the exterior
of a building to place a frize and cornice ; the latter
supported by consoles which should be placed on the
exterior of the jambs, in order that they may not inter
fere with the latter ; and above the cornice is sometimes
placed a pediment.
In great mansions the doors of state apartments are
generally made from 4 feet to 6 feet wide.with foldingdoors, which are thrown entirely open on days of enter
tainment. When several apartments communicate to
gether, the doors should be as much as possible in a line,
in order to permit a free circulation of air when all are
opened, and to give a splendid view of the apartments,
by exposing the whole suite of rooms. To increase
the effect, there should be a window at each end of the
suite, facing the doors of communication.
Windows.
Windows occurring more often in an edifice than
any other object, it is of importance to establish their
dispositions and proportions with as much precision as
possible. It would seem, at first, that the superficial
content of all the apertures ought to be proportional to
the magnitude of the apartment ; but it will be found, on
consideration, that no such proportion can be universal,
for it must vary according to the climate, and the
exposure to particular points of the horizon.
Mr. Morris, in his Lectures on Architecture, p. 109,

proposes, for ordinary-sized rooms, the length, breadth, fa]
and height of which are in the ratio of the numbers 5, \»y
4, and 3, respectively, that the square root of the con
tinued product of the three dimensions should be taken
for the superficial content of all the windows in the
apartment. Now, if we suppose all the windows to he
formed in one of the longest sides, it will follow from the
above rule that the superficies of the windows will be
equal to about one-half of that of the whole wall in which
the windows are contained ; in general, it is equal to
little more than one-third.
The breadths of windows should be every-where the
same in the same building, but considerable variations
are permitted in the heights, which are generally made
proportional to the heights of the apartments ; and this
inequality of size is not considered as detracting from
the harmony of the external elevation, perhaps, because
custom and a consciousness of convenience has recon
ciled us to it. In large mansions, where the second or
principal story is more lofty than the others, the heights
of the windows may be 2\ times their breadths ; in the
ground-floor, the height may be double the breadth ;
and if there is a story above the principal one, the win
dows in it may be squares, or nearly so. It must also
be observed, that the breadths of windows should never
be greater than that of the piers between them, lest the
wall should be too much weakened ; nor should it be less
than half the breadth of the piers, in order that the apart
ment may not be too much darkened ; and the distances
of the extreme windows from the angles of the building
should be rather greater than the interval between two
windows, to ensure the necessary strength of the wall
in those places.
In the principal front of an edifice it is recommended
to have an uneven number of windows, because, as the
doorway is or should be in the middle of the front,
a pier would otherwise stand over the doorway, which
is not admissible. According to Sir William Chambers,
the sill of the window should be about 3 feet from the
floor, in order to permit a grown person to lean over
it, and the top should rise to about 2 feet from the
ceiling, in order to leave just room enough for the
architrave of the window and the cornice of the room.
Those called French windows descend to the level of
the floor of the apartment, and are very convenient
when they open upon a balcony or a garden.
If a window is contained within a semicircular-headed
recess, the breadth of the former may be from f to ^
of that of the latter, and its upper horizontal mould
ing should be on a level with the impost of the arch
or fbot of the curvature ; the bad effect produced by
raising it above this level is but too apparent in many
of the buildings in London ; and if internal convenience
will not permit the top of the window to be kept at
the proper height, it would certainly be better to form no
recess. The window may be crowned by a pediment
within the recess ; but, in this case, the pediment should
be rectilinear, as one of a circular form, not being con
centric with the head of the recess, would ill accord
with it.
The same kind of mouldings may be given to the
windows as to the doors ; except when the former are
near the roof, in which case there should be no or
nament about them, because it might interfere with the
entablature of the building. All the windows of any
one story should be similarly embellished, but this is by
no means necessary with those of different stories ; on

ARCHITECTURE.
cbitec- the contrary, a variety in this respect will be pleasing,
lure. The sides of windows are generally splayed or formed
■v- obliquely to the front, so that the apertures are larger
within than without, in order to give more light and
space to the interior of the apartment. When the win
dows or doors have horizontal heads, and the work is
rusticated, the joints are usually made to converge
downward to the vertex of an equilateral triangle, the
base of which is the top of the aperture.
Palladian or Venetian windows are convenient for
giving light to a Vestibule, Staircase, or long Gallery;
and, for this purpose, they are still sometimes em
ployed.
bet.
Niches are formed for the reception of statues, either
on the exterior or interior faces of the walls of an edi
fice ; their plan is generally semicircular, and the soffit
a quadrant of a sphere. The proportion of the height
of a niche to its breadth may be the same as that pre
scribed for a window, and both features may have the
same decorations.
When the facade of a building is adorned with circu
lar-headed niches, instead of windows, the former are
generally enclosed within a rectangle, having the same
proportions and embellishments as the latter ; the bot
tom of each niche should coincide with the base of the
rectangle ; but a certain interval should be left between,
the sides and top of the niche and those of the rectan
gular enclosure.
The interior of the niche should be always plain, as
any ornament would partly destroy the effect intended
to be produced by the statue ; and the latter should be
contained within the plane of the general face of the
wall.
■placet
In Northern climates, the fire-place of an apartment
is an important object, and its disposition and form
require some precautions, in order that it may afford the
greatest possible degree of comfort.
The best situation seems to be in the middle of that
wall which is opposite the windows, because that side is
warmer than the others ; and, as it has been recom
mended to place the door in one of the walls at right
angles to this, the persons seated about the fire will not
be so much annoyed by the cold air introduced on open
ing the door, as they would be if the fire-place were in
any other situation ; nor, by this disposition, is the
smoke so likely to descend into the room on suddenly
shutting the door. The fire- place should never be
between the windows, because the recess and funnel
would weaken the wall on that side of the house, and
the opposite wall of the room would be wanting in or
nament.
The aperture of the fire-place should bear some pro
portion to the size of the room ; in ordinary rooms it is
a perfect square, in small ones its height is greater than
its breadth, and in large ones, generally, the contrary.
In the smallest apartments, the width of the aperture is
never less than 3 feet or 3£ feet, but, in others, it may
be from 5 feet to 5J feet ; and when the room is of such
magnitude that one fire-place is not sufficient to give
warmth to every part, it is customary to construct in it
two, directly opposite to each other.
On the Continent, and in some old English houses,
the fire-place projects into the room, but this produces
a mean effect ; when, however, from the thinness of the
wall it is unavoidable, the parts on each side should be
occupied by closets ; and when several tire-places are
situated one above another in different stories, the flues
vol. v.
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should be parallel to each other, but without any com- Part IV.
munication, because the smoke from one flue would v*—~v™
enter the other by the aperture, and descend into the
room. The tops of chimneys triust be raised above the
roof of the house, and should be concealed, if possible,
by the balustrade.
The decorations of fire-places are similar to those of
doorways or windows ; the jambs consist either of facia?
plain or sculptured, or they are ornamented with co
lumns, pilasters, or Caryatides ; above is an architrave,
which is frequently surmounted by a frize and cornice,
and the upper surface of the latter forms a shelf.
In buildings of great magnificence, the interior is fre- Manner of
quently decorated with the Orders of Architecture, as f™*,?8^'"
well as the exterior; and propriety teaches us that the t^ior of a
interior Order ought to be the same as the exterior one building,
on the same story, though the Ancients did not always
attend to this principle. The interior faces of the walls
are usually adorned with half-columns or pilasters, be
tween which, in the lowest story, are niches ; frequently,
a portion of the apartment is separated from the rest by
a screen of columns, and the upper part of the wall is
terminated by an entablature on which rest the beams
of the ceiling. An objection has been made to the em
ployment of a cornice in an interior entablature, because
its projection, which was intended to protect the lower
part of the wall from the rain falling on the roof, is not
required where no rain can fall ; nevertheless, custom
seems to have authorized this deviation from propriety,
and the practice has, in some cases, a plausible reason
in its favour, since it may be supposed to present a
broader bearing for the timbers of the ceiling than
would be afforded by the tops of the walls alone : the
same reason, however, cannot be given for the intro
duction of triglyphs and guttae, as ornaments in such a
situation.
When the pavement in one part of the interior of a
building is lower than in another, the columns, in the
lower part, may stand on pedestals, in order to bring their
bases on the same level as those on the higher pave
ment ; in other circumstances, pedestals are unnecessary
in the interior, and they are even inconvenient, since
they take up more space than can, generally, be af
forded. Sir William Chambers considers the plinths of
columns in apartments to be also unnecessary, because
the pavement will protect the columns from the damp
ness of the ground, to do which was the original inten
tion of the plinth. Columns cannot with propriety be
placed on inclined planes, as along the sides of a flight
of steps, because the abaci and plinths, being horizontal
members, can only be adapted to such situations by
placing a block above the one and under the other
with oblique surfaces to suit the contiguous planes,
and this gives the columns an appearance of great in
stability.
In ordinary apartments, the faces of the walls are
usually ornamented to represent those of an entire
building, with what propriety it may be difficult to say.
The lower part has the appearance of a continued po
dium standing on a plinth, and terminated by a cornice,
or, as it is called, a surbase moulding, at about 3 feet
from the floor ; and the face of the dado is generally
ornamented with square panels : the wall above the
dado is also ornamented with panels, the breadth of
which is equal to that of the panels below, but their
height is much greater, since they extend nearly to the
ceiling ; a cornice is formed at the junction of the walls
3 H
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Architec- with the ceiling, so that even in such apartments the idea
ture.
of an Order of Architecture is preserved, the slyles or
~v"^^ vertical portions between the panels being supposed to
represent columns or pilasters.
The manner of ornamenting the ceilings of rooms at
Ceilings.
the present time does not differ much from that prac
tised by the Romans. In lofty apartments, the ceiling
is composed of beams framed into each other, so as to
form square or polygonal compartments ; the sides of
the beams are generally adorned with mouldings, and
the soffits with guilloches or fretwork ; and the sur
faces of the compartments with paintings or bas-reliefs,
representing figures, foliage, festoons, and the like.
When the rooms are low, the ornaments may be in
painting or stucco, and the mouldings must have small
relief, but they should be well executed, on account of
their being near the eye of the spectator.
In mansions of a superior character, the ceilings are
sometimes coved ; the horizontal part, which, generally,
then, forms a large panel, being joined to the walls by
portions of elliptical or circnlar cylinders; the curved
part rises from a little above the cornice, and terminates
on the margin of the panel.
The soffits of arches are frequently enriched with
guilloches or frets, when narrow ; but, when broad,
with panels, the surfaces of which are adorned with
various devices.

CHAPTER X.
Proportions and Distribvtion ofthe ornamental Features
of Edifices.
Proportions The Orders of Architecture have suffered little modiof the co- fication since the revival of the Roman style, and, from
lumns.
a comparison of many of the best examples executed
within the present century, we may consider the heights
of columns, when expressed in terms of their diameters,
to be fixed as follows. In the Tuscan Order, seven and
a half diameters ; in the Doric Order, eight ; in the
Ionic Order, nine ; and, in the Corinthian and Compo
site Orders, ten diameters. In the first three Orders,
the heights of the capitals may be each equal to half a
diameter, and, in the last two, to an entire diameter ;
and, except in the Doric Order, which has no base, we
may consider the heights of the bases to be equal to
half a diameter.
Diminution
The difference of the upper and lower diameters of a
of the shaft, column is now usually made equal to one-sixth of the
latter ; but, if we express the difference of the semidiameters in terms of the length of the shaft, we shall
have for the diminutions in the different Orders y^, •g'jy,
^j, T3 j, ifa, respectively ; from which it is evident
that, in the more delicate Orders, the inclination of the
side of the shaft to the axis is less than in the more
massive, and the diminutions are inversely proportional
to the heights : but, by the laws of Optics, the apparent
diminutions of the columns bear some ratio to the ele
vation of their summits above the eye ; consequently,
the greater apparent diminution of the higher columns
is, partly, at least, corrected by a smaller real diminu
tion. The celebrated Mathematician, La Grange, had
the curiosity to ascertain, on analytical principles,
whether the practice of enlarging the soffits of the co
lumns at about one-third of their height, according to
the supposed precepts of Vitruvius, had a tendency to

increase their capabilities of resisting" compression in PatiY,
the direction of their length ; but his investigations ter- v—V"'
minated in the proof that a cylinder is the figure which,
•with an equal quantity of material, presents the greatest
resistance ; consequently, the enlargement of the co
lumns, if it could be supposed to give elegance to their
appearance, adds nothing to their strength.
The entablature being borne by the columns, its mass Propottn
should evidently bear some proportion to theirs, and of
this is accomplished by making the height of the former blltu^e■
depend upon the diameter of the column ; for then, if
the heights of the columns in all the Orders were made
equal, the heights of the entablatures would differ in
the same proportion as the diameters, and the more
slender columns would have the lower entablatures ;
consequently, the burthen they have to sustain would
be nearly proportional to their strength. This rule
of propriety is, evidently, not observed when the
height of the entablature is made to depend on the
height of the column in all the Orders, as prescribed by
Palladio ; for, by such means, the burthen bears a
higher ratio to the magnitude of its support in the more
slender, than in the more massive Orders: as far, how
ever, as appearance is concerned, this evil is, in part,
removed; for the richer Orders, having their entablatures
broken into a greater number of parts, the apparent
heaviness of these members is thereby lessened, and
they approximate to the delicacy which should charac
terise them in those Orders.
Architects of the present day assign to the enta
blatures in the different Orders heights which vary from
1£ diameters to
diameters; and the heights of the
architrave, frize, and cornice are, generally, in the pro
portion of 3, 3 and 4, respectively ; except in the Doric
Order, in which the terms 2, 3 and 3, more commonly
express the relative heights of those members.
It has been gravely questioned whether it is possible lopiiii
to invent a new Order of Architecture ; and if we consider the attempts that have been made at various times ""^i*.
to produce one, and the number of A^es during which ({lU,^
the principal Orders already existing have enjoyed uuiversal approbation, we may feel disposed to answer in
the negative ; perhaps, therefore, an artist would be
hardly justified in spending time in an effort so unlikely
to be attended with success. No one can deny that it
may be possible to give new proportions and new orna
ments to the members, but no one is willing to admit
that any or all of these will constitute a new Order ; such
must not only differ from others in the above respects,
hut it must also possess beauty, and produce in themiud of
the spectator a perception of novelty. Even those which,
are called the Tuscan and the Composite Orders do not
universally meet with a favourable reception, and many
artists hesitate to consider them entitled to an existence
independent of the others. Perhaps the only thing that
can be done is to seek in Nature for new ornaments
which may be applied to the parts of an Order already
in use ; the bases, capitals, and entablatures may by
such means receive improvement ; the shaft seems to
admit of none, because its greatest merit consists in the
smoothness of its surface, or in the very simple modifi
cation produced by channelling.
The beauty of a composition depends upon the ar- G«erangement of its parts and mouldings, in which this
general rule should be followed, viz. that the straight ^P? -J
and curved lines which their sections form should suc
ceed each other alternately, the eye being then able to
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lehitec- enjoy the effect of ornament without confusion. In
t«re. each memher there should be one governing feature, to
""v^^ which the others should be subservient; this should
generally be some principal moulding which, being
caught by the eye, affords a good indication of the use
of (lie whole member, and thus assists the spectator in
apprehending the form of the work ; and the subordi
nate members should be such as appear to be intended
either to support, strengthen, or protect the principal
one: thus, in the cornice, the corona is the principal
member; the inodillons and dentels are ornaments
connected with it ; the ovolo supports them ; and the
cymatium crowns them. The curvilinear mouldings
may, in general, be ornamented with sculpture, but the
square members, being commonly employed to give
distinctness by separating the others, should be left
plain, in order that they may more effectually perform
their office.
oposition
The greater ornaments should be disposed with a
at crnj. certain regularity, and, in conformity with their intention ;
"k*
thus the middle of a mutnle and triglyph, of a modillon
andadentel, should be placed in a vertical plane passing
through the axis of each column; exception being made
in favour of the Grecian practice, which, in the Doric
Order, required the triglvphs at the extremities of the
frize to be placed close to the angles, and thus destroyed
the regularity of the ornaments, and even of the intercolumniations. This circumstance, however, is only per
mitted on account of the predilection which the mind
feels in favour of the works of that interesting people ;
for any such liberty in a style of modern invention would
be highly reprobated,
uenrent,
Anciently, the basement of a building was a sort of
f platform elevated a few feet above the level of the ground,
nament- anc' servinS as a general plinth or pedestal to the whole
fiu front, budding. Round the Temples or porticos of the Greeks
and Romans the sides of the basement were, generally, as
we have seen, cut in the form of steps, to give access to
amy part of the colonnade above ; and, when those sides
were formed by vertical walls, they were without orna
ment. But the name of basement is now given to the
lowest story of an edifice in which there are more than one ;
and this story being of considerable importance, it be
comes necessary to give it a certain degree of embellish
ment. When any of the apartments for the family are in
the basement, this story should be as high as two-thirds
of the whole Order immediately above ; but when it
contains only offices, it may have but half that height.
It should never be higher than the Order above, because
the latter is always the principal part of the edifice.
The face of the basement, and, it may be added, of
the whole building, is frequently distinguished by rustic
work ; which, originally, consisted in leaving the exterior
face of the masonry rough, probably to save expense
and time ; but sometimes now it is, by way of ornament,
purposely executed in imitation of a material so left.
Stonework marked in this manner conveys an idea of
strength, and it seems most properly to be applied about
the gates of Fortresses, the entrances of Prisons, and,
in fact, on every building the aspect of which should be
rude and strong: it may also be employed on walls
rising from a river, or from the sea-coast, as it then gives
them the appearance of having been cut from the natural
rock,
A work is also said to be rusticated when the faces of
the stones are smooth, but the vertical and horizontal
joints are marked by channels ; nnd the term is likewise
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employed when only the stones at the angles of the Part IV.
buildings are so marked ; in these cases, the length ol "^-^veach stone between two vertical joints should be three
times the height or distance between the horizontal
joints. The profiles of the channels are sometimes
rectangular, and then the breadth and depth may be
each equal to one-eighth or one-tenth of the height of
the course ; but in the more massive works they are
triangular, the rentrant angle being a right angle, and
the breadth of the channel from one-fourth to one-third
of the height of the course. Occasionally, the vertical
channels are omitted, and this kind of work is called
French rustication ; but it seems less proper than the
other, because it takes away the character of masonry,
and causes the building to appear as if made of planks.
An arcade is frequently formed in the basement story
of an edifice, in which case, instead of an entablature, the
story is crowned by a projecting facia, either plain or
ornamented with simple mouldings ; the height of the
facia should be about equal to that of the horizontal
courses of masonry, the imposts of the arches may be of
the same height and form, and the plinth may be rather
higher.
The upper part of an edifice is generally terminated Attic story,
by what is called an Attic Order, consisting of a wall,
the height of which is about one-third of that of the Order
above which it is placed. The Attic wall is either con
tinuous, with a simple base and entablature resembling
those of a pedestal, or it is interrupted at intervals by
small pilasters which are sometimes ornamented with
bas-reliefs ; the dado between the pilasters is also fre
quently embellished with sculpture or inscriptions. The
breadth of the Attic pilaster should be the same as the
upper diameter of the column or pilaster below, and its
projection should be one-fourth of its breadth. In the
interior of a building, when vaults spring from the walls,
there is usually employed what is called a false Attic ;
that is, a sort of continuous pedestal, which is intended
to elevate the springing of the arch above the entabla
ture of the walls.
The use of the Orders of Architecture is, undoubtedly, Employ,
to embellish the exterior of an edifice ; and Nature indi- g^^fin
eates that, when thebuilding consists of but one story, only th front of
one Order should be employed ; for either the columns a building,
of one Order must be higher than those of another, and
then the entablature of the shorter columns will be inter
rupted by the shafts of the others ; or, if the heights of the
columns of the different Orders are equal, one will appear
more slender than the other, and, consequently, unfit to
bear the weight which is adapted to the strength of the
other ; this misapplication of the Orders is, however,
very common, and occurs in some of the most magnifi
cent buildings of Europe. But when the building con
sists of several stories, it is reasonable that a different
Order should be employed in each story ; and there is
no impropriety in employing one or more of the Orders
of Architecture in the superstructure of a building when
the basement has an arcade in front, since a range of
arches has been found to have sufficient strength to
support any edifice which it may be convenient to place
over it,
A colonnade with its entablature indicating the con
struction of a whole edifice in itself, it is evident that,
where two or more are placed in altitude, there is con
veyed a perception of as many edifices piled one on ano
ther. Now there is no impropriety in this, when the
mao-nitude of the edifice seems to require it, but it is
3 h 2
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evident that the design should be formed with regard to
the unity of the whole system.
It has been observed, (in part ii. chap, vii.,) that the
Application strongest Order should be placed lowest in the edifice,
of the Or and that the others should diminish in strength pro
ders in tiers.
gressively upward ; it will follow, therefore, that the
Tuscan or Doric may be employed on the ground story,
the Ionic above this, and the Corinthian or Composite
may crown the whole. If a heavy Order, like the Doric,
were placed above a light one, such as the Ionic, it is
evident that there would be produced, if not a real, at
least an apparent weakness of construction, and both
are equally improper. The repetition of the same Order
in two stories of the same building should be avoided,
because it would produce an uniformity which is not
pleasing ; and, since an abrupt transition from one ex
treme to another is equally disagreeable, it is evident
that an intermediate Order should not be omitted.
There is also an impropriety in giving a cornice to
the entablatures of the lower Orders in a building com
posed of several ; first, because their projection will con
ceal the lower parts of the columns or apertures above,
from the view of a spectator below, and thus alter their
apparent proportions ; and, secondly, because a cornice
indicating the crowning or upper member of an edifice,
should be reserved for the superior Order alone. Archi
traves and frizes will suffice to form the entablatures of
the other Orders, and mark the situations of the inter
mediate floors.
Lastly, when the columns are detached from the wall,
it is an obvious principle that the axes of all should be
placed in one vertical line, the stability of the building
absolutely requiring that whatever supports a member
should be itself supported. When the columns are at
tached to the face of the wall, an adherence to this rule
is of less importance, because the upper members of the
edifice are less supported by the columns than by the
walls below ; in this case, it will be sufficient to make,
the axes of the columns appear to correspond when
viewed in front ; and if the upper part of the building
is made to retire from the lower, so as to assume a form
approaching to that of a pyramid, the columns must
retire also, as is the case with those in the upper Order
of the Theatre of Marcellus ; but the amount of this
recession should not be considerable, and perhaps it
should be only so much that the front of the plinth of
the upper column may be vertically over the face of the
top of the shaft below it.
Proportions According to Scamozzi, the lower diameter of an
of columns upper column should be equal to the upper diameter of
in tiers.
the column below it, as if the whole system of columns
standing in a vertical line was one long column cut ho
rizontally at the different floors of the building. This
rule, which is derived from that given in the Vth Book
of Vitruvius, seems well founded in Nature ; and, if the
heights of the several columns be determined by the
lower diameters of the shafts according to the rule for
each Order respectively, and, at the same time, the di.
minution of each shaft, instead of being in a constant
ratio to the lower diameter, were made variable, in
creasing with the delicacy of the Order, by making it
equal to -J, 4, or ^ of the lower diameter in the Doric,
Ionic, and Corinthian Orders respectively, as proposed
by Milizia, Principi di ArchitMura, p. 149, it will be
found that those inconveniences mentioned (part ii.
chap, vii.) are in some measure obviated. The breadths
of the intercolumniations in the different Orders remain
nearly proportional to the heights of the Orders, and

the triglyphs and modillons admit of a regular distribu- Putft
tion ; but, on account of the increase of the intercolum- v-"
niations in the upper Orders, it will be hardly con
venient to have more than two Orders in the same
front.
The columns of the upper Orders may be placed on
continuous pedestals, or on plinths, high enough to
permit the ba^es of the columns to be seen from below
over the projecting members of the entablature. These
plinths are preferable to isolated pedestals, because the
latter will appear too heavy ; but when two tiers of
arches are employed, the height and breadth of the
apertures above being greater than those below, in order
that the upper piers may not appear clumsy, it may be
necessary to give pedestals to the columns which adorn
the piers, so that those columns may have sufficient
height; and, in this case, the cornices of the pedestals
should not be continued on the faces of the piers, because
the sides of the latter ought to appear uninterrupted
from top to bottom.
The different species of intercolumniations employed Iotfro'a
in the works of the Ancients have been already stated ; mSxait remains, therefore, only to explain the practice now
generally followed in disposing the columns. When
columns or pilasters are near, or are attached to the
faces of walls, it becomes necessary that the intervals
should be regulated by the breadth of the windows,
doors, or niches, the exteriors of the jambs of which
should be nearly in vertical planes passing through the
sides of the plinths of the columns ; at least those jambs
should not be concealed by the columns, since the wall
would then appear to want solidity. In peristyles and
porticos the intercolumniations are either diastyle or
eustyle ; except when the Doric Order is employed, and
then, Sir William Chambers prefers the ditriglyph intercolumniation, or that which admits two triglyphs
over the interval. In a portico, the middle interval
should be broader than the others, in order the better
to distinguish the centre of the facade ; but when the
columns are coupled this rule may be dispensed with,
because the variety would then become too great, and
create confusion in the appearance.
There are many cases in modern Architecture in
which coupled columns or pilastera may be employed 3K
to advantage : first, when a line of building is pierced ^ie3j,
by windows or niches at distances from each other too
great to permit the wall to be sufficiently covered by
a single column ; again, when a front is occupied by
single columns, the piers at the extremities being gene
rally wider than those between the windows may require
coupled columns, or pilasters, or a coupled column and
pilaster, to make their degree of ornament correspond
with that of the other piers ; and, lastly, when an Order
of columns is placed above an arcade, and the width of
the piers between the arches is considerable, those co
lumns may be coupled, to procure a breadth of ornament
corresponding with that of the pier below. In general,
the pairs of columns are situated in a vertical plane
coincident with the architrave, but in the interiors of ves
tibules or courts, we frequently find them disposed in
planes at right angles to the entablature they support,
in order to unite strength with lightness.
The plinths of the columns in each pair may be
brought quite in contact with each other, but it is ne
cessary to avoid making the mouldings of the bases or
the ornaments of the capitals, intersect each other, as
this would create a confused appearance, and spoil the
effect ; still less should it be permitted to make one
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rchitee- shaft unite with the other, as is done in the Gothic, and
tore,
some of the Roman works. The chief difficulty which
•\'"~-/ arises from coupling the columns in the direction of the
length of the building is the irregularity it produces in
the disposition of the triglyphs and modillons, which
can hardly be made to correspond with the centres of
the intercolumnialions and with the axes of the columns.
An approximation, however, must be made to this by
altering the intervals of those ornaments in such a way
that their deviation from ihe general rules may be as
little perceptible as possible; and the method of doing
it is fully detailed by Sir William Chambers in his
Treatise on Architecture.
uun.
Pilasters are still frequently employed in buildings
■where columns would be too expensive or inconvenient:
they serve the same purposes as columns, and, in mo
dern works, they have, generally, the same proportions
and mouldings.
Scamozzi recommends that the shaft should project
from the face of the wall so much as one-quarter of its
breadth, in order to give it a bold appearance; and that,
when it is of the Corinthian Order, the leaves on the
Hanks may be cut exactly in the middle. But if
the imposts of arches, or the cornices of windows or
doors, occur between the pilasters, the projections of
the latter should be greater than those of the former, in
order that the face of the pilaster may not appear to be
broken by them.
The reasons which are given for diminishing columns
may serve also to justify the diminution of pilasters ;
riz. the pleasure produced by that form, and by the good
proportion of its capital, which, without the diminution,
would appear too heavy ; but when the faces of the
pilasters are to be fluted it will not be convenient to
diminish them, because the oblique directions of the
channels on a plane face would produce a disagreeable
effect. The capitals of Ionic pilasters are to be formed
with oblique volutes, and agreeably to the rules given
for the Ionic columns, in order to permit the ovolo to
pass between the interior curl of the volute and the top
of the shaft.
Pilasters are no longer placed at the extremities of
the front of a portico, because the difference of their
apparent thickness, when viewed in front and diago
nally, renders it impossible to make their proportions
harmonize with those of the columns: but, at the extre
mities of walls, or at the quoins of buildings, they are
sometimes more convenient than columns, because the
angle of the entablature projecting beyond the face of
the column seems to hang in the air unsupported, when
seen obliquely. And when a portico is formed by co
lumns in advance of a wall, it is usual to place pilasters
behind them against the face of the latter, in order to
serve as a support for the entablature on the flunks ;
this, however, should he dispensed with when the depth
of the portieo is small, because of the confusion arising
from the mouldings of the columns and pilasters being
blended together,
tab.
The employment of pedestals by the Ancients has
been already mentioned, and we purpose, now, only to
show in what cases they are admissible in modern Ar
chitecture. When a portico is elevated upon abasement,
and a balustrade, serving as a fence, is required for the
safety of the persons within, the columns may be raised
on pedestals, because the base and cornice of the balus
trade can be made to unite with those of the pedestal,
which they could not do with the shafts of the columns;
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and, in this case, the breadth of the dado may be about Part IV.
equal to that of the plinth of the column above it. Palladio makes the height of the pedestal equal to onefourth of that of the column, and this seems to be the
proportion generally followed in the present practice.
Pedestals are again admissible when the pavement within
or about a building is not on the same level, in order to
raise the bases of all the columns to an equal height ;
and in our Churches, Theatres, and Courts of Justice,
pedestals are also necessary to allow the bases of the
columns to be seen above the pews, or the heads of the
persons assembled.
The objections to pedestals are, that they take from
the columns that air of majesty which should accompany
them; they diminish the iutercolumniation ; the angles
of their cornices are liable to be destroyed ; and, when
they are attached to the faces of buildings, their mould
ings do not accord with those on the lower parts of the
walls.
The wish to avoid the expense of columns for the Employsupport of an incumbent mass of building, and to pro- ™j"j°f
cure larger apertures than could be obtained by them,
led, no doubt, to the employment of arches. In ancient
buildings, the intrados or inferior curve line of the arch
was always semicircular, and the sides of the voussoirs
were made to tend to its centre : at present, since, in
many cases, very wide spaces are to be covered, and it is
inconvenient to give great height to the crown of the arch,
the semicircular form often becomes inadmissible, and
one approaching to an ellipse or cycloid is adopted ; on
the other hand, where the required height is greater than
half the span or chord of the arch, a parabolical form
has been employed. The construction of arches, and
the conditions requisite to procure an equilibration of the
materials composing them, are given under Bridge, in
our Miscellaneous Division; we, therefore, confine our
selves here to their application, as ornamental features,
in the facades of buildings.
To obtain a pleasing effect, when arches are so em- Proportions
ployed, Architects recommend that the height of the of arches
aperture from the pavement to the crown should be about and Picr5double its breadth, and that the breadths of the piers
should vary with the Order employed in the building ;
according as the Order is Doric, Ionic, or Corinthian,
those breadths may be respectively two-thirds, one-half,
and one-third of the breadth of the aperture, and when
no Order is employed, the breadths of both may be equal.
The thickness of the piers may be about one-third of their
breadth.
In edifices of great magnitude, the arch-stones appear
in their simple state ; and if the facade of the building is
rusticated, their joints are also marked by grooves ; but
in highly-ornamented works the archivolt or exterior face
of the arch is enriched by mouldings, and the key-stone,
or^voussoir at the vertex, is generally sculptured. The
line of voussoirs sometimes rises from the top of the pier
without any thing to mark its commencement, and, in
other cases, an impost, either plain or adorned with
mouldings, serves to distinguish the top of the pier from
the foot of the arch ; the breadth of the archivolt and
impost may each be equal to about one-eighth of the
breadth of the aperture.
Columns or pilasters may be employed to ornament Application
the faces of walls in which arches are formed, and, in of column»
i.
i
r
or pilasters
this case, they should have the appearance of supporting t0 Jro>jefc
a horizontal entablature above the crown of the arch.
The columns should project before the walls as much as

r
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otie-lialf, or even three-quarters of a diameter, and the
breadth of the pier on each side should, at least, be equal
to half a diameter, that the supports of the arch may
appear to have sufficient solidity. There should also be
some distance between the top of the archivolt and the
architrave of the Order, for the wall has an appearance of
weakness if the latter rests immediately on the crown of
the arch.
The adaptation of the Doric Order of columns to an
arcade is a work of some difficulty, on account of the
widths of the arches not corresponding to the exact space
which any number of triglyphs should occupy ; the means
proposed have been, first, to diminish the breadths of
the triglyphs and metopes ; secondly, to increase the
heights of the columns by raising them on plinths ; or
lastly, to omit the triglyphs entirely.
Pediments.
Pediments are the triangular spaces formed at the
extremities of a building between the horizontal cornice
and the inclining sides of the roof, it is evident, there
fore, that they can only be used with propriety at the
summit of a building; but, because the windows and
doors are surrounded by mouldings which project be
yond the face of the wall, it is customary, also, when
they are not near the roof, to form small pediments over
those apertures, in order to throw off the rain ; and, for
the sake of variety, when several windows are placed in
a row, the pediments are alternately in the form of a
triangle or of a segment of a circle. The taste fur variety
might, perhaps, be correctly indulged this far; but the
insatiable desire of novelty has led men to adopt forms
which are utterly irreconcilable with any notion of pro
priety ; the first example of which is, perhaps, the inter
rupted pediment in the ruins of Balbec. In later times,
the sides of these broken pediments have been made in
the forms of right lines, arcs of circles, or curves of con
trary flexure ; and Sir William Chambers observes, that
they have been formed of two half-pediments with the
summits outward. Every attempt to refine upon that
form which corresponds to the original intention of the
pediment, destroys its effect by causing it to appear use
less ; for this reason, it is highly improper to omit the
horizontal entablature, or even to break it vertically, as
is sometimes done.
Proportions Buildings of a curvilinear form on the plan do not
of pedi- . admit of a pediment, because the roof can have no such
merits.
termination ; neither can a pediment be introduced in
the interior of a building because there is, there.no rain
to be thrown off; and it is, evidently, equally absurd to
form, on the exterior, one pediment above another, since
it would convey the idea of a roof placed over a roof.
Architects differ greatly on the subject of the pro
portions of pediments, some considering that the in
clining sides of all pediments, great or small, should
form the same angle of inclination with the horizontal
cornice ; but Sir William Chambers observes, that one
with a short base should be proportionally higher than one
the base of which is long, otherwise the tympanum will
afford no plain repose for the eye ; and, on this principle,
he proposes that the height of the apex of the fillet under
the cymatium should vary from one-fifth to one-fourth
of the base, according to the extent of the latter :
it is evident, however, that this proportion can only
apply to buildings in which the Roman character is
preserved.
When the pediment covers the whole front, there is a
difficulty in connecting the inclined cymatium of the pewith the horizontal one on the flank of the build

ing; because, if both have the same profile, the formeris M
higher in the vertical direction than the latter. To remedy ^v<
this fault, some persons break the inclined cymatium
at the foot, and give the lower part a horizontal direction
in order that it may coincide with the flank cvmatinmbut this appears a deformity, and Sir William Chambers
recommends making them coincide by diminishmn- the
projection of the latter.
If we adhere to the prototype of a buildingwe should 0:w.a
say, that as there can be no joists nor planks in the roof " f'
above the frize, when the building is covered byape-*"1,
diment, there ought to be no modillons nor dentels in
the horizontal cornice of that member; such ornaments,
however, are constantly employed in that situation.
Parallel courses of longitudinal timbers above the rafters
are also represented by modillons on the sloping sides
of the pediment, and are made to stand vertically over
the modillons of the horizontal cornice. The faceoflbe
tympanum is in a plane coinciding with that of the frize,
and, in the manner of the Ancients, it is still adorned
with sculpture. At each foot, and at the vertex of the
pediment, are usually placed acroteria, or pedestals for
statues or other ornaments, the height of which should
be regulated by the possibility of seeing those ornaments
from the proper point of sight on the ground.
Balusters were, originally, a sort of dwarf-columns Bitai
employed to enclose a space within the interior of some
building, or to surround an elevated platform which was
intended for a promenade; but, subsequently, thej were
also used as ornaments on the tops of buildings. Their
general form is that which has some resemblance to a
pear, with a simple astragal above and below the swell;
each has a square plinth resting upon a continued po
dium, and, at top, is an abacus supporting the genera
coping of the balustrade. Sometimes, however, each
baluster resembles two of the above kind joined base
to base, and these, being lighter than the others, are
employed in the more enriched works. In most cases
they should be about 3 feet or 3£ feet high, so that a
man may lean on them ; but, when they are placed on
the tops of buildings for ornament, or on bridgesforthe
prevention of accidents, they should be higher.
When balusters are applied to a row of arches, they
should be placed within the apertures of the latter, m
o;der that they may not interfere with the faces ol the
piers ; the cornice must be on a level with the tops of
the pedestals supporting the columns which are attached
to the piers, and both that and the base should have
the same profile as the corresponding members of the
pedestals. On inclined planes, the abaci and plinths of
the balusters should have the form of frusta of wedges,
that they may be adapted to the plane ; but the mould
ings should always be horizontal.
The Grecian and Roman Orders of Architecture seem Eop»
ill adapted to buildings of a curvilinear or polygonal
form; for the lateral faces of the abaci and pliuths, citrtl
which should be at right angles to the others, become -^p
oblique to the wall ; or, if those faces are made perpen- t»uJ
dicular to the latter, the plans of the members become
trapezoids, and, therefore, do not harmonize with the
circular mouldings of the bases and capitals. And when
columns are disposed in the circumferences of two con
centric circles, they not only produce a confused appear
ance when seen from any point but the centre, but a
great embarrassment arises from tht intercolumniations
in one circle being too great or too small, when those
in the other are made conformably to the rule ; it has
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chiiw been attempted to palliate (his last evil by giving a small
tart. increase to the distances of the columns in the exterior
v-"-' circle, and contracting those of the other columns as
much as that excess.
When a column is placed at an oblique angle either
on the exterior or interior of a building, a certain irre
gularity is produced in the base and capital ; and, to
avoid this, it has been proposed to place there a pilaster
broken longitudinally in the middle, and forming a face
on each side, the breadth of which has the regular pro
portion to the height ; others recommend that there
should be no column or pilaster exactly at the angle,
and that the last one on each face should be brought as
near as possible to it, by which means the want of
solidity there will be scarcely sensible.
^
After the return to the Architecture of Greece and
Rome, the prejudice in favour of lofty Churches, which
had prevailed in the Gothic times, continued in force ;
and as this could not be obtained where the roof is sup
ported by columns, the heights of which are limited by
the proportions they should bear to their diameters, it was
necessary to raise an edifice above the general roof; and
thus the dome, mounted on a high cylindrical wall and
strengthened or ornamented by columus, may be con
sidered as replacing the Gothic tower over the intersec
tion of the nave and transept. This construction docs
not involve any great deviation from good principles ;
but when a low dome is formed over a building which
has already a pediment-roof, as is generally the case, it
is liable to some objection, because the pediment repre
sents the finish of the building, and the dome becomes
superfluous.
In order that a considerable portion of the exterior of
a dome may be seen from the ground, and thus produce
a good effect, it should be of a spheroidal form with the
long-est axis in a vertical position ; but in the interior
this is not necessary, and the deep concavity of the
spheroid would even take ofF from the beauty of the
feature by giving it too much the appearance of an in
verted well, therefore a hemispherical form is, here,
more proper : and it was to obtain both external eleva
tion and internal elegance, that the triple domes of the
French Churches, and that of St. Paul's, in London,
were constructed. With respect to the double, and nearly
concentric domes at Florence and Rome, they have
been made to unite lightness with strength ; to prevent
the humidity of the external air from affecting the
paintings on the concave surfaces of the inner ones,
and to permit a covered communication from the base
to the lantern.

CHAPTER XI.
Materials employed in Buildings.
in>t
t ind
p

It has been commonly observed that the edifices of
the Ancients far exceeded those of the Moderns in durability, and the observation has some appearance of
trutli if the comparison is made between the Grecian or
Roman Temples and the dwelling-houses of the inha
bitants of modern Europe; but its justice may "be
doubted in almost every other case. It must be admit
ted that the Ancients spared neither labour nor skill to
construct edifices which should triumph over every acci
dent, and the walls and columns of some of them have
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stood more than two thousand years, in spite of the Part IV.
injuries of climate and the efforts of Man to destroy v-~»v— '
them ; but it cannot be denied that many of our
Churches, Bridges, and other public works possess the
quality of stability in an eminent degree, and promise
to attain an age equal to that of the edifices of antiquity.
The dwelling-houses of the Ancients seem to have had
no better pretensions to durability than our own ; for,
except those which have been preserved under the vol
canic matters which overwhelmed them, they have all
long since disappeared. And it may be alleged in ex
cuse for the slender construction of modern houses, that
their frequent renewal affords opportunities for improve
ment in taste and execution, which would have been
wanting if the works had been originally made more
durable.
The Gothic Cathedrals of our ancestors seem, at first
sight, far inferior in stability to the Heathen Temples
of the Ancients ; but this apparent weakness results
only from their forms ; the area of the horizontal sec
tion of a clustered pillar often exceeds that of the most
massive of the Grecian columus, though it has a much
lighter appearance ; there is consequently a probability
that it will have a more than equal durability. The
roofs and ornaments of our Cathedrals may speedily
fail, if not repaired, but the roofs of the ancient Temples
have also disappeared; and even the fine climate of the
South of Europe has not entirely spared the sculpture
which adorned those buildings.
The first essential, however, in the security of an An Archiedifice is the choice of such materials for its construe- Iff^""^,
tion as are best capable of resisting the stress and strain j,j"uh the
to which they are liable ; and a knowledge of the nature qualities
and properties of bodies, and their capabilities of resist- and stressor
ing extension or supporting compression in every direc- materials,
tion, is indispensable to every one who aspires to the
name of an Architect. This may be added to the other
qualities enumerated by Vitruvius.
Since all materials do not possess the same resisting
power, and those of the same quality are not equally
good for all sorts of work ; it is evident that one cir
cumstance to be attended to is the placing materials
in such situations that the weaker may be subject to a
less degree of force than the stronger. In an edifice too,
some parts, as the foundations and lowest parts of walls,
have to sustain pressures in vertical directions; others,
like the piers of arches and domes, have to resist pres
sures laterally ; some bodies, like the tie-beams in
roofs, are subject to the strain of extension ; and, lastly,
others, such as vaults, roofs, and ornaments, are them
selves supported. It is of importance, therefore, to
ascertain the species of force to which the part of an
edifice will be subject, in order that opposing forces
may be applied to it in the proper directions ; and the
degree of stress or strain must then be determined that
the resistance may be adequate to it.
In a general Essay, like the present, it will be evi
dently improper to enter into a full explanation of the
nature of minerals, woods, and metals ; such knowledge
is not absolutely necessary to an Architect, and we,
therefore, confine ourselves almost wholly to an enu
meration of those materials which are principally em
ployed in building. The equilibrium of the parts of an
edifice is, also, too extensive to be introduced in this
place.
Marble is a calcareous material forming simple inouu- Marble,
tain rock ; it is of various colours, as white, yellow,
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grey, green, and red ; its structure is always granular,
and its uses for statuary and ornamental Architecture
are well known. The purest kind is that obtained from
the Island of Paros, in the Archipelago, but much use
is made of that from Carrara, in the Apennines. Marble,
also, of various qualities, abounds in Scotland and in
many parts of the Continent of Europe.
Granite.
For those rude works which are to endure for Ages,
as bridges, prisons, and the like, granite is the material
which should be employed, but its great hardness, and
the consequent expense of working it, render it inap
plicable to buildings which are embellished with an
abundance of sculpture. An inferior sort of granite is
brought from Cornwall, but that which is chiefly em
ployed in this Country is obtained from Scotland,
and the Aberdeen granite seems to be particularly
valued lor its hardness, beauty of colour, and capability
of taking a fine polish. Some granites have the quality
of resisting the action of air for thousands of years, but
there are others which are speedily decomposed by it,
and reduced to gravel and sand ; and this ditference of
quality is sometimes observed in contiguous portions of
the rock.
Portland
That which is called free-stone is chiefly calcareous,
tloue.
but it is often compounded of calcareous, silicious, and
argillaceous materials, and it has obtained its name
from the facility with which it may be wrought. The
best is that which comes from the Island of Portland,
which has the quality of resisting corrosion from expo
sure to the air. It has been in great request in England
since Sir Christopher Wren employed it in the numerous
edifices which he raised after the fire of London, and it
is used in almost every department of the building Art.
Purbeck
The Island of Purbeck furnishes a species of stone,
stone.
composed of marine remains cemented by calcareous
spar. It is harder than Portland-stone, and conse
quently less easily wrought; being inferior to granite,
it is less frequently employed, and chiefly for paving the
foot-paths of streets.
Balli stone. A similar kind of free-stone is that obtained from
Bath ; it is much used for ornamental work, being soft
when obtained from the quarry, but becoming harder
when it has been for some time exposed to the air.
Fire-stone is a soft kind of free-stone, obtained
largely from Ryegate, in Surrey ; it has the property
of resisting the action of fire, and, therefore, is very fit
for the interior of fire-places, but it is not employed for
any other purpose.
In choosing stone for building, that is to be preferred
which is best capable of resisting compression, which
does not splinter by the action of frost or fire, and is
not liable to decomposition by the air. Granite and
marbles should be employed as soon as possible after
extraction from the quarry, because then they may be
nut with less difficulty ; but the softer stones should be
tried by exposure to the air for a considerable time be
fore they are used, in order that their quality may be as
certained, and that they may be perfectly consolidated.
Stone in the quarry is disposed in strata parallel or
oblique to the horizon ; and it has been observed, that,
when employed in buildings, it should be placed in the
same situation with respect to the horizon that it occu
pied in the quarry, being then best capable of resisting
compression.
Bricks have been employed in building from the
icks.
earliest times, either burned or unburned ; and the ge
nerality of their use is, no doubt, to be ascribed to the

facility with which they are formed. Experience only Pari IV.
can show what kind of clay makes the best bricks ; it
should be very adhesive ; stones and mud should be care
fully taken from it ; it should be well worked, with little
water, and mixed with ashes or sand. The best bricks
give an acute sound when struck ; they should not
change colour when immersed in water, and they should
suffer no alteration after being exposed during winter to
the frost The heavier ones should be employed for
foundations, and the harder and lighter for works above
ground.
Tiles are manufactured in a way similar to bricks, but Tilti.
of a better material, and their forms are various. Those
called plane tiles are rectangular, 101$ inches long,
inches broad, and % inch thick ; and, when placed on the
roof of a building, they are held in their places by pegs
which pass through two holes in the tiles and between
the laths. Ridge tiles are nearly hemicylindrical, 13
inches long, and 1 1 inches diameter, and they are placed
along the horizontal and oblique ridges of roofs. A
coarse kind called pan-tiles, the surface of which is a
curve of contrary flexure, is employed for the covering
of sheds and other roofs of small elevation. Plain tiles
of two different sizes are employed for paving, and the
larger of the two is 1 foot square, and l-j inch thick.
Slate is a species of stone of a blue or purple colour, Shte.
which is split in laminae of small thickness and of various
sizes, from 1 foot square to 3£ feet long and '<t\ feet
wide. When employed for the cover of a roof, they are
placed over a bed of flat boards, and are kept in their
places by copper nails passing through holes drilled for
the purpose. Next to copper and lead, they form the
most durable cover for roofs ; but, in this situation, they
should be of a kind which will not readily imbibe water,
because the water rots the boards under them. Slates
are also employed for paving.
Lime is formed from limestone or chalk, by exposing
those materials to a red-heat in kilns, when the carbonic Ur, ssJ
acid is drawn off and the lime remains pure. Upon
being wetted it readily falls to powder ; this is passed
through a sieve or screen of wire, and the finer part
being mixed with sand and water, constitutes the mortar
employed in building, which becomes hard by exposure
to the air. When the mortar is made sufficiently fluid
to penetrate the materials which it is to unite together, it
is called grout. The sand, which is a crystallization of
verifiable earth in small particles, should be obtained
from natural beds in the earth, or from the bed of a
river ; it must be free from clay or mud, and the particles
should be bounded by angular surfaces. When works
are to be under water, a different sort is required, aud
that called Parker's cement seems to answer the purpose
best, as it hardens quickly both in air and water; it is
obtained by burning a sort of limestone found in the
Isle of Sheppey.
Oak is used in building for beams and joists, for door Oat.
and window-frames, and, when cut in planks, for stairs
and lining the sides of rooms ; and on account of its
strength and durability, it is preferable to every other
kind of timber ; but its most important application is in
ship building. The name of wainscot is given to a sort
of oak imported from Holland ; this is softer than com
mon oak, but it is less liable to warp and split. Another
kind of oak, called clapboard, is imported from Norway ;
but both of these kinds are less used in England now
than formerly. In the choice of oak trees, those the
trunks of which are most even should be preferred, as
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V: <ec- swellings in the trunk are symptoms of decay ; when
cut down, the bark is taken off, and the tree laid for
V—""" some time in water, to season, before it is squared and
cut up.
Three kinds of fir wood are chiefly used in building ;
one, called the yellow fir, which comes from Scotland,
Norway, and the shores of the Baltic ; the second, called
spruce fir, is a native of Denmark and Norway, but it
also grows in the Highlands of Scotland ; and the third
is the American pine. The best firs which are brought
to England are those of Kiga, Memel, and Dantzic;
and the deals, or wood of the fir-tree cut inlo planks,
are imported from Norway, Dantzic, and St. Petersburg.
This kind of timber is used to a great extent for parti
tions, for lining the sides of rooms, for doors, windows,
and the like.
firi
Other timbers occasionally used in England are ma
w's,
hogany, a wood from the West Indies, which takes a
fine polish, and is chiefly employed for furniture, but,
sometimes, for doors, rails, and the like. Walnut, which
is used for cabinet-work and gun-stocks. Chestnut, a
wood much resembling oak, and employed for turnery
ware and for vessels to hold water. Ash, which is
toua;h and strong, but decays when exposed to the air.
Elm and beech, which may be employed for piles if they
remain constantly under water. Sundry other English
woods might be enumerated as applicable to many
useful purposes, and their growth, on this account, is
deserving of encouragement.
toCast-iron is now much in use for building, particu
larly for roofs of houses, bridges, railings, and the like ;
but, in works of magnitude, the changes it undergoes
from variations in the temperature of the air are so con
siderable as to be very detrimental to the stability of lh«j
edifice, and render great precautions necessary to pre
vent accidents : it is also much subject to decomposi
tion by the air, and must be preserved by varnish or
paint.
Wrought-iron is employed for bars, hinges, bolts,
screws, and many other purposes, in which its tenacity
renders it most useful ; but it is evident that its good
qualities must depend upon its being well forged.
Tper.
Copper is employed in the formation of cramps for
stonework, because it resists the action of air better
than iron. When alloyed with a quantity of ?'nc equal
to one-third of its weight, it forms brass, which is used
for the handles of doors, locks, drawers, &c. : if the
quantity of zinc is only from one-fifth to one-tenth of
the copper, the mixture forms bronze or bell-metal,
which is used for statues, bells, cannon, &c. Copper in
the form of sheets is a very durable covering for the
roofs of buildings, to which purpose it is frequently
applied.
*■
Lead, when reduced to the form of sheets, is, also,
much used as a covering for buildings, and as a lining
for cisterns, and is bent or cast in the form of pipes for
the conveyance of water. It is not much corroded by
the action of the air, and it is not at all altered by pure
water, but if the water contains any saline particles, a
crust is formed on the surface of the lead exposed to it.
The sheet-lead is either cast at once of the required
thickness, or, after casting, reduced by pressure between
rollers ; and the latter kind, which is called milled lead,
is now generally preferred. For a more detailed account
of the materials employed in building, see Gwilt's
■**
Uudimenls of Architecture.
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Practice of Building.
The foundations of a building should be laid upon a Precautions
bed of great solidity, and if the natural ground is not '" MkllDf
sufficiently firm, artificial means must be employed toon*roclt'
make it so. If the building is to be raised on a rock,
it will be necessary to ascertain whether there are any
cavities below the surface which may render it incapa
ble of supporting the weight of the walls ; if so. piers
must be built in the cavities, and arches turned between
them to increase its strength ; and, before the founda
tions are laid, the surface of the rock must be rendered
rough, if not so naturally, in order that the mortar may
insinuate itself, and unite the rock with the masonry
placed upon it.
Gravel affords a support nearly equal to rock, and it on gravel,
may be built upon with safety. If cellars, vaults, or
other subterranean apartments are to be formed, the
whole interior below ground must be excavated ; but,
if not, trenches only are dug where the walls, both inte
rior and exterior, are to be built ; the bottoms of these
trenches are to be in one horizontal plane, unless the sur
face of the ground be considerably inclined to the hori
zon, in which case they must be formed in portions, with
horizontal beds like steps, one lower than another.
Vitruvius and Palladio recommend that the breadth
of the foundation at bottom should be equal to double
its breadth at the level of the ground ; in modern prac
tice the difference between the two is not so great, but
it is evident that this must depend on the height of the
edifice and the quality of the ground. The depth of the
foundation is also variable, but, generally, one-sixth of
the height of the edifice.
In good ground, sleepers are laid two feet asunder
across the trench; the intervals are filled with dry stone,
and, over these, is a floor of planks in the direction of
the trench. Upon this the first courses of stone are
laid, without mortar, because the lime will corrode the
wood ; but the next courses, whether of stone or brick,
should be disposed with regularity and well bonded
together. Whatever precautions are used with the foun
dations of the outer walls, the same should be used with
those of the interior walls, that they may all settle
equably ; and, for the same reason, the foundations
should all be executed at the same time.
In building upon clay, the best method is to level it on clay,
and lay down a horizontal grating of timber rather
broader than the intended foundation ; the intervals may
then be filled with bricks, mortar, and the like, over
which boards may be placed and nailed to the grating.
The walls are, afterward, to be raised above the boarding
as before.
When a substratum consists of sand, common earth, on sand, or
or marsh, it will be necessary to drive piles vertically on a marsh,
into it till they reach the solid ground ; their tops are
then cut off in a horizontal plane, and on them is laid a
grating of timber as before, above which the edifice is
raised. Where the substratum is marshy, or otherwise
defective, and a great weight is to be supported on
columns, the following method has been adopted. A
hole was dug at the place where the column was to
stand, and, into it, a quantity of gravel was thrown to
the depth of three feet ; on this was laid a block of solid
stone, which served to support a pedestal of brickwork,
the upper surface of which was on the level of the ground,
and the column was placed above the whole.
3 i
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The foundation walls at the angles of buildings should
be thicker than in other parts, and additional precau
tions should there be taken to render the bearing secure,
because a failure would be attended with more serious
consequences at the angles than elsewhere. An interest
ing account of the means taken by Sir Christopher Wren
to secure one of the angles of St. Paul's Cathedral is
given in the Pareidolia.
Foundations may be laid in water by throwing into it
stones and cement, in successive beds, with a slope on
each side, the base of which is equal to its height, till the
mass rises above the surface of the water; and, in this
manner, the Breakwater, at Plymouth, was formed. Fre
quently, in building the piers of bridges, caissons or
coders of wood are moored over the place where the
pier is to stand ; the building is begun within the
caisson, and the weight of the material causes the latter
to sink on the spot prepared for U by levelling the bed
of the river. When the work has been raised above the
level of the water, the sides of the caisson are removed
and the piers remain. But the most secure way is to
enclose a certain part of the river within a cotter-dam
formed by double-sheet-piling : the space between the
rows of piling is filled up with bricks or some other ma
terial, and the whole rendered water-tight ; then, the
water being thrown from the interior by engines, the
work may be effected as on dry land.
After the foundations have been established, the walls
should be raised above fhem, in vertical positions, by
which alone they can have the required stability ; their
thickness, however, should diminish upward, both from
motives of economy and to lessen the pressnre on the
parts below. No part of the wall should have a false
bearing ; a pier, for example, should never be placed
over an aperture, and, moreover, vertically under the
windows or other apertures; inverted arches should be
formed below the ground, in order that the pressure of
the walls on the ground immediately under them may
be dimirished by throwing some of it on the intermediate
parts.
The lower courses of masonry in a stone wall should
consist of large, rectangular blocks, each of which
should, if possible, extend quite through the thickness
of the wall ; or, if stones of sufficient length cannot
be obtained, they should be placed so that their
long and short sides should be presented alternately
to the front; and the vertical line of junction of every
two stones in one course should fall over the middle of
a stone in the next lower course. This is called break
ing joint, and it gives a better union to the whole system
of masonry in the building
That which is known by the name of English bond,
and was formerly much used in this Country, consists
in disposing the bricks so that those in the alternate
courses have their longest sides parallel, and, in the
intermediate ones, perpendicular to the front of the wall;
all the bricks have their broadest faces placed horizon
tally, and by these dispositions it was intended to hind the
materials well together in the directions of the length,
breadth, and height of the building. But the method now
employed, which is called Flemish, bond, consists in
placing them in horizontal courses, with the largest sur
face downwards as before ; but in each course, on both
faces of the wall, the bricks have their lengths alternately
coincident with and perpendicular to the face, and are so
arranged that in one face, the headers, or those the ends of
which are presented to the front, are opposed in the other

face to the stretchers, or those the long sides of which are plttiv.
in front ; the intervals are filled with whole or portions lws
of bricks according to circumstances. A similar arrange
ment takes place in the different courses, and care is
taken to break joint in all cases. It is evident that the
method which affords the greatest number of bricks, the
lengths of which are in the direction of the length of the
wall, will form the best bond longitudinally ; and lhat
which affords the greatest number, the lengtlis of which
coinoide with the thickness of the wall, will form the best
bond in that direction : and it may easily be shown lhat
the Flemish bond has the advantage in the former case,
and the English bond in the latter.
The thickness of brick walls is made to depend chiefly Stresrtba
upon their height ; but, where they have only to so*-*1^
tain their own weight vertically, less will suffice lhaa
when they have to support arches or roofs which may
exert a lateral thrust. The ang-les at which two walls
unite should be well strengthened, and, in rubble work,
those parts should be formed of squared stone in order
to give beauty and firmness to the buiidiug
When the walls are high, the thickness upward is
usually diminished at intervals by offsets like steps; in
houses, this is usually done on the interior face only, but
it would be better to have it done both on the interior
and exterior faces, and, to avoid any inelegance of
appearance, in the latter situation it may be concealed
by ornaments.
Beams of timber are placad longitudinally, at inter- Baitavals, either in the centre of the wall or close to its ^
interior surface ; the former situation seems the most
proper for increasing the tenacity of the brickwork,
but the latter is more convenient when the apartments
are to be lined with wood. In the other case, wooden
plugs must be inserted in the wails, in proper places,
that to these the wainscotting may be nailed.
The construction of simple arches having been suffi
ciently described under Bridge, in our MisctUtmeom
Division, it will be only necessary here to add a short
account of some other kinds of vaults which are occa
sionally employed in edifices, and chiefly in parts below
the level of the ground.
Groined vaults may be imagined to be produced by Gro«i
the hemicylindrical vaults covering two galleries which
crosB each other at right angles ; and, if both are of
equal magnitude, the curved sides of the vaults will
form, by their intersections, four elliptical ridges, which
converge to a point over the centre of the square made
where the galleries meet each other.
It is evident that in the ordinary way of building this
kind of vault, it is supported entirely by the intersec
tions of the courses of masonry in the lateral vaults, and
that these intersections form ribs which rest on the
four angles of the walls or piers ; the dimensions of the
ribs are limited by the thickness of those vaults, which
cannot be considerable, and their strength is diminished
by the oblique manner in which the stones or bricks
are cut at the salient angles of the ribs. Hence this
species of vault seems to be the weakest of all cover
ings, and ought, of course, to be employed only where
there is a necessity of having both direct and lateral
communications through the interior of a building.
To procure additional strength in this kind of vault- Ibjtot
ing, Mr. Tappen proposes to cut off the salient angles grc-.ad
of the piers in vertical planes parallel to the diagonals ** 331
of the vault, and to raise from the tops of the piers two
diagonal ribs equal in breadth to the oblique face thus
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formed on the pier, and of any convenient thickness ;
the lateral arches which, in this construction, are smaller
than those of the common groined vault, are united with,
and borne by the ribs, and the latter, instead of being
the weakest part of the vault, may be now as strong as
the rest. The extremities of the aTches between the ribs
are made to meet the sides of the latter, at four inches
from their faces, by which means the oblique culling; of
the bricks at the angles is avoided.
As the area of a transverse section of these diagonal
ribs may be easily made two, or even three times as
great as that of the intersection of the lateral arches of
the common groined vault; it is evident that the strength
of the vault proposed by Mr. Tappen may be made to
exceed that of the other in the same proportion. We
may add that the new method presents greater facility
of construction than the old, and it is probable that the
vault is not inferior, in power of supporting weights,
to that the form of which is hemicylindrical.
Where an extensive area is covered wilh a ceiling of
stone or brickwork, a system of groined arches becomes
absolutely necessary; these must be supported on piers,
and in order to afford more room and take off the corners,
■which are liable to be destroyed by accidents, the piers
should be of an octangular form : vast ranges of arcades
thus formed and supported are to be seen in the sub
terranean parts of the warehouses at the London Docks.
A different kind of groined vault has been formed by
four portions of cylinders rising from a square base,
joined together in four ridges salient towards the exte
rior, and meeting at the apex of the vault : this, which
is called a cloister-vault, was employed in Gothic and
Saracenic Architecture ; and the dome of the Cathedral
at Florence is formed on the same principle, but the
cylindrical portions are raised on the sides of an octa
gonal base.
When a superstructure is to be raised over the rentrant angle between two walls which meet each other, a
vault in the form of a portion of a cone is constructed
for its support ; the vertex is placed in the line of inter
section, and the semicircular base of the half-cone is in
a vertical plane passing through the outward extremities
of the walls. These are called trumpet-vaults, and they
■were formerly constructed for the support of buildings
over the rentrant angles formed between the faces of a
bridge aud its projecting piers. Vaults of this kind,
but of an elliptical form, are much more appropriately
employed in supporting the landing-places on the
winding stairs, at some of the warehouses before men
tioned.
Domes are most conveniently constructed on circular
bases, for then their vertical pressure is equally sup
ported at every point, and the voussoirs in each hori
zontal course are all of the same form and equal mag
nitude. A dome, having all its parts in perfect equili
brium, might be constructed by giving such a form to
its vertical section, that the vertical weight of a stone
in anyone horizontal course, combined with the oblique
pressure of all above, may produce a force acting in the
direction of the next course below ; but a dome of this
form would be one of the weakest, as well as the least
elegant, whereas, if the curve line formed by the vertical
section were made to fall between the axis and the
curve of equilibration, the pressure of the upper horizon
tal cour-.es would tend to force the lower courses towards
the axis; this taking place equally round all the circum
ference of any horizontal course, the effect would be to
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keep all the stones in that course more firmly together Part IV.
than if such pressure had not existed. All domes hi
therto constructed liave this character, but the cone
between the two domes at the Cathedral of St. Paul pos
sesses it in a greater degree than any, the forms of which
are convex towards the exterior ; thev exert, however,
considerable thrust horizontally round the base, and,
hence, it has been found necessary to strengthen them
by iron hoops, as we have stated, in speaking of the
domes of St. Peter's and St. Paul's.
When a dome is to be raised over a space en
closed by four walls at right angles to each other, the
rentrant angles of the walls are rilled up by pendentives,
as formerly described, the surfaces of which coincide with
that of a spherical zone inscribed between the walls ;
the tops of these pendentives form a horizontal circle,
upon which either the dome itself, or the cylindrical wall
which is to support it, is erected.
Domes of timber are generally constructed on the
same principle as trussed roofs, and the curved ribs are
disposed in vertical planes passing through the axis. The
boldest piece of carpentry known was the old dome of
the Halle du Bled, at Paris, the form of which was hemi
spherical and its diameter 200 feet ; each rib was formed
of planks 9 feet long, 13 inches thick, and 3 inches
broad, placed three together in the direction of their
breadth, and connected horizontally at different distances
by purlines and iron straps, which formed hoops to the
whole. This roof was destroyed by fire, and it has been
since replaced by a dome of iron, of which each rib is
composed of frames disposed in a vertical plane, and
every two connected together by simple bars; the whole,
is covered with sheet copper.

CHAPTER XIII
Modern Architecture in the East.
Little account of the Architecture of the East will be
required, it is not probable that Asiatic buildings will
afford many subjects for imitation in the Western World ;
partly from ihe difference of climate, but chiefly from the
differences in the manners and customs of the people;
and, perhaps, copies of them will never be executed in
Europe, except to gratify the fancies of amateurs. The
taste which can be pleased with an imitation, in plaster,
of the massive edifices of Egypt, may lead some one to
erect a cottage resembling a Turkish Mosque, or a
Chinese Pagoda.
From the time that (he Empire of the Saracens was
at its height, to this day, a style of Architecture, similar
to that which we find in the Mosque at Cordova, and
in the Alhamra, has prevailed in the edifices of the
Mohammedans. These are generally covered by cupolas,
and at the angles arc slender minarets or turrets, from
the tops of which, when the building is appropriated to
Religious purposes, the Imaums call theFaithful to their
devotions. The Mosque erected at Constantinople, by Mojqueof
Sultan Achmet, in 1610, may, perhaps, be considered jU!t:in
as the best specimen of the Mohammedan Religious c
edifices of comparatively recent date : in its plan, it bears
considerable resemblance to the Basilican Churches of
Constantine, and its roof is evidently copied from that
of Sancta Sophia.
3 i 2
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ArchilecThe whole building is formed on a rectangular plan,
lure. tne longest side of which is 270 feet, its shortest 155
v"^v"~-/ feet, and the height of the containing walls 37 feet. It
is divided into two equal squares, of which the first,
within the entrance, is a court open to the sky, in the
centre, but surrounded by a covered corridor, with
arcades towards the interior, and in the roof of the cor
ridor on each side of the quadrangle are eight small,
hemispherical domes. The second quadrangle constitutes
the body of the building ; about its centre are four
piers, disposed at the angles of a square of 60 feet, and
supporting semicircular arches with pendentives ; upon
the tops of these is a cylindrical wall perforated by semi
circular-headed apertures, for the admission of light ;
and above the wall is the great dome, the exterior sur
face of which has the figure of a bell, and whose height,
from the pavement of the building to its vertex, is 82
feet. Between the four piers, are formed segmental re
cesses, which are covered by half-domes, the crowns of
which are on a level with the base of the tambour under the
central dome. In each of the angles formed by the four
recesses is raised a slender, octagonal turret to the height
of 70 feet ; and at each of the four angle3 of the paral
lelogram enclosing the whole Mosque, and in the middle
of each of the long faces, is raised a minaret 120 feet
high ; it stands upon a square pedestal, and is divided
by two small platforms into three cylindrical portions, of
different diameters, and above the uppermost of these
is a spire which crowns the whole. The pavement of
the Mosque is elevated 8 feet above the ground, and
there is an ascent by steps to the entrance doorway,
which is crowned by an arch of contrary flexure.
An imposing effect is produced in the interior of
buildings of this kind by the tiers of vaults, which
rise above each other within one great concave sur
face, and are covered with the utmost profusion of
arabesque ornament ; and, on the exterior, the light
minarets present a pleasing contrast to the large mass
formed by the pile of domes over the centre of the
edifice.
Civil eiliTheTnrkish dwelling-houses, in towns, are lofty buildficcsofthe jngS 0f several stories, crowned by sloping roofs with
Turks.
bt,]d projecting eaves, and have very much the appear
ance of the houses in Italy. Some are built entirely of
timber, with verandas in front, and others have the lower
parts of brick,' and the upper of wood; the roofs are
covered with tiles.
Turkish
Elegant specimens of Turkish Architecture are seen
Fountains, in some of the Fountains at Constantinople ; one of
the finest is of a square figure on the plan, and is
flanked by four towers, each of which presents three
sides of a hexagon towards the exterior, and is orna
mented with columns at the angles. At the top of the
building is a broad entablature, with a great projecting
roof, the angles of which are cut to correspond with the
forms of the towers and columns. Above the centre of
the roof, and over each tower, is a polygonal tambour
covered with a cupola, and terminated by a small gilt
spire. The doorway is crowned by a pointed arch, above
which is an inscription in gilt letters ; and the entabla
ture is highly enriched with dentels and diamond
figures in relief.
In the facade of the Khan at Damascus is a pointed
arch with three polygonal columns on each side; the
shafts of these are crossed by zig-zag grooves, and the
capitals, which are very tall, are ornamented with long,
pointed leaves, like those on some of the Egyptian co

lumns. On each side, are niches with trefoil heads, and PxilV,i»
above these, are small circular windows »nriched with v ^v*t
ornaments. Over the door is a flat, segmental arch, ^Mli *"
and ahove this is a perforation of a similar form, but maL
inverted. Between the horizontal string above the door
and the soffit of the arch is a mosaic-work, represent
ing the interior of a dome. The oblique faces of the
voussoirs, instead of being planes tending to the centre
of the arch, as is universally the practice in Europe, are
cut in mouldings forming deep notches and high pro
jections, which are fitted to corresponding projections
and notches in the contiguous voussoirs. This practice,
which is very common in the East, and seems to have
been borrowed from the ancient Arabian Architecture,
has, no doubt, arisen from a desire effectually to pre
vent the voussoirs from getting out of their places. In
Europe, better notions are entertained of the stability
of the arch, and, in our buildings, the mutual pressures
of the great blocks of stone we employ would pre
sently cause the destruction of all such mouldings.
The modern Palaces of Persia are rectangular build- Pama
ings with flat, projecting roofs, and, in general, they have toiliis.
few pretensions to elegance of design. In the centre is
a lofty hall, open in front, and its roof, which constitutes
part of the general roof of the edifice, is supported by
wooden pillars of square or octangular forms, painted
and gilt, and with capitals resembling inverted frusta
of pyramids. The dwelling apartments are on each side
of the hall ; on the wings are rooms for servants, and
for the reception of baggage, and the entrances, window?,
and other apertures are, generally, covered with pointed
arches in the Gothic style. This feature seems now to
prevail, in the East, to as great an extent as it once pre
vailed in Europe; and with similar modifications, being
composed of two simple arcs of circles, or two curves of
contrary flexure, and, frequently, having the sides cut
to form several cusps towards the centre.
The houses of the common people are, generally,
square, built of stones or sun-dried bricks, with flat
roofs of timber, where that material is sufficiently
abundant ; but where it is not, the roofs are formed by
small brick domes, which cause a village to appear, at
a little distance, like a cluster of bee-hives.
According to M. Tournefort, the Caravanserais, or
places for the public reception of travellers, consist of a
number of apartments, each about 8 feet square, with
vaulted roofs, surrounding a great quadrangular enclo
sure, and elevated about 4 or 5 feet above its level.
The chambers are without windows, and receive their
light only from the door. In front of each, in the inte
rior of the court, is a small vestibule, about 4 or b feet
deep, of the same breadth as the chamber, and having
a chimney on one side ; and, again, in front of these
vestibules, is a general corridar, before which the horses
are kept. The centre of the court is occupied by a cis
tern of water, sunk in the ground.
,
The reign of the Emperor Akbar, in the XVIth cen- Bujii ?1
tury, is an Epoch from which may be dated the erec- lBiu'
tion of several splendid Palaces and Religious edifices,
which yet remain as monuments of the wealth and public
spirit of that Monarch. The Palace in the City of Agra
is situated in the middle of a large area, surrounded by
colonnades, and having six entrances adorned with as
many Triumphal Arches. In front of the principal
building are two Grand Galleries, ornamented with co
lumns of white marble, with bases of blue granite, and
capitals of yellow mica, and, about it, are seven smaller
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tli'iee- Palaces. Near this stands the Mosque of Akbar, the
lure.
walls of which are of red granite, and were covered from
'vmm-J top to bottom with gold plates. In the same City were
several superb Mausoleums, and the Mosque of Aurenzebe, the roof of which was supported by more than one
hundred columns.
The famous Observatory, at Benares, was, also, a
work of the Emperor Akbar. According to the descrip
tion of Sir William Baker, it is an assemblage of stone
buildings surrounding several quadrangular enclosures:
on the top of one is a terrace, part of which is
covered by a dome of masonry turning on a pivot ;
within the dome are placed several stone instruments
for Astronomical purposes, among which are two qua
drants 9 feet 2 inches radius, wilh graduated arcs ;
and ou an open platform is a gnomon or obelisk 20
feet high.
Iiord Valentia describes the houses of this city as
built of large stones, and some of them six stories high,
the separation of the stories being distinguished on the
exterior by a band of ornamental carved work ; the
roofs are flat, and serve as terraces for exercise, and
the opposite houses on each side of the streets are some
times united by Galleries.
In the further Peninsula of India, where the lower
grounds are yearly overflowed, it becomes necessary to
build the houses on high pillars, to keep the floors above
the surface of the water ; and this seems to have led
to an almost universal adoption of that mode of build
ing. The houses are raised from the ground on posts
of bamboo, and the roofs are slightly covered with
thatch. The Shoe" Dagoon, or great Temple at Ran
goon, in Ava, is described by Lieutenant Alexander as
an immense edifice of a pyramidal form, entirely solid,
and about 330 feet high ; the lower part, to about half
the height, is octagonal, and its exterior surface is cut
in the form of steps about the whole circumference;
the upper part is in the form of a bell, and ends in a
spire, on the top of which is a sort of umbrella of open
ironwork, surmounted by a vane and a globe of glass.
Hound the base of the edifice are many small pagodas of
^
similar forms.
xia^ia "^'le PUD''C buildings of China almost invariably conju,^0' sist of a number of apartments or cells surrounding a
rectangular area ; the general roof of these buildings
projects beyond the wall towards the court, and the ex
tremity is supported by a colonnade formed of wooden
pillars, standing on marble bases. Such is the great
Pagoda at Honang, in the suburb of Conan ; its interior
area is 590 feet long and 250 feet wide, and this is sur
rounded by cells for two hundred Bonzes, which have
no light, except what is obtained from the doors. The
entrance to the quadrangle is by a vestibule in the middle
of one of the short sides, and at each angle is a building
30 feet square, for the residence of one of the principal
Bonzes. In the middle of each of the long sides is a
rectangular area surrounded by cells ; one of the areas
contains the kitchens and refectories ; and the other, the
hospitals for animals and a burying-ground.
Iu the interior of the great quadrangle, are three Pa
vilions, or Pagodas, each 33 feet square on the plan,
and consisting of two stories, the lowest of which is sur
rounded by a peristyle of twenty-four columns ; each
Pagoda stands on a basement 6 feet high, to the top of
which there is an ascent by a flight of steps on each
side, and all the basements are connected together
by a broad wall, of the same height as the basement,
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for the purpose of communicating between the Pagodas Part IV.
without descending into the court. The roof of the
•v—
peristyle about each Temple is of a concave form
on the exterior, and, at each angle, the projection is
curved upward, and terminated by some animal figure :
the sides of the upper story are formed by wooden posts,
between which are open frameworks ; round the foot
of this story, on the exterior, is a balcony wilh a rail in
front, and the roof is similar to that of the peristyle, each
angle being turned up and ornamented. All the build
ings are covered with varnished green tiles.
But many of the Pagodas in China are remarkable Pagoda at
for consisting of several stories in height ; that at Nan- Nankin,
kin, which has been described by M. Le Compte, is of an
octagonal form ; the length of each (ace on the plan
is 15 feet, the whole height about 200 feet, and it
consists of ten stories, each smaller than the one below
it. The whole tower stands upon a basement sur
rounded by a covered gallery, and the ascent to the
platform of the basement is by steps on each side ;
in each face of the lower story, are three semicircularheaded apertures, and each story is crowned by the
usual projecting concave roof, the edges of which turn
upward, as if to retain the rain-water. The lower part
of the wall is 12 feet thick, and the upper part feet ;
its exterior is faced with porcelain, and its interior en
riched with Paintings. The walls of the upper stories
are pierced with niches which are filled with Idols sculp
tured in bas-relief and gilt; a cupola is placed above
the uppermost story, and from its top rises a great mast
to the height of 30 feet above the top of the tower. The
floors are of planks supported on great beams which
extend across the building, and the accent from one
story to another is by small staircases with high and
inconvenient steps. This Pagoda is supposed to
have been built about four hundred' years since. See
pi. xxi.
All the Palaces and private dwelling-houses of the The Palace
Chinese seem to be constructed nearly according to one »' Pekin.
plan ; even the residence of the Emperor himself differs
from the others only in being more extensive. From
Mr. Barrow's Account of Lord Macartney'* Embassy,
it appears to be a vast enclosure of a rectangular form
surrounded by double walls, between which are ranges
of offices covered by roofs which slope down towards
the interior. The included area is occupied by buildings
not more than two stories high, and forming several
quadrangular courts of various sizes, in the centres of
which are buildings on platforms «f granite 5 or 6 feet
high ; each of these is surrounded by columns of wood
supporting a projecting roof, turned up at the angles,
as usual : one of these buildings, which serves as a Hall
of audience, stands on a platform, like the rest, and its
projecting roof is supported by a double row of wooden
columns ; the intervals between the columns in each
row is filled with brickwork to the height of four feet,
and the space above the wall is occupied by a lattice
work covered with transparent paper. The courts are
intersected by canals, over which are several marble
bridges ; the gateways forming entrances to the qua
drangles are adorned with marble columns on pedes
tals, and decorated with dragons ; and in the courts are
pedestals supporting sculptured lions 7 or 8 feet high ;
at the angles of the buildings surrounding each area are
formed square towers two stories high, and crowned by
Galleries.
From Sir William Chambers's account of the dwell-
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Arehitee- i Mg-houses of the merchants at Canton, they seem to be
in the form of a long rectangle on the plan ; they are
two
stories high, and the ground-floor is divided into two
Dwelling- nearly
equal parts by a wide passage extending through
bouses at
its whole length. In the front next to the street are the
Canton.
shops, and beyond these is a quadrangular, open vesti
bule leading to the private apartments. On each side
of the passage, is a saloon for the reception of visitors,
a sleeping-room, and, sometimes, a little closet or study:
besides these, there are, on the ground-floor, the diningrooms, the kitchen, the servants' rooms, and the bath.
The saloon is commonly 18 or 20 feet long, and about
20 feet wide ; the side next to the vestibule is open, or
only occupied by a screen of canework, to secure it from
the rain or sun ; and in the back of the saloon, are doors
■which extend from the floor to about half the height of
the ceiling ; the upper part is a trelliswork covered with
painted gauze, which lets in light to the bed-room. The
partition-walls, which extend no higher than the ceiling
of the ground-floor, are lined with mats to the height of
three feet ; the rest is covered with painted paper, and
the pavement is composed of squares of stone or marble
of different colours. The doors are generally rectan
gular, made of wood, and varnished or painted with
figures ; but a remarkable circumstance is, that the
communication between the apartments is, sometimes,
in the form of an entire circle, which has been com
pared to the aperture of a bird-cage. The windows
are rectangular, and occupied by framework repre
senting squares, or parallelograms, polygons, and cir
cles, variously inscribed in, or intersecting each other;
and similar forms are given to the rails which protect
the galleries about the upper and lower stories ; the
compartments of the windows are generally filled with
a transparent oyster-shell, which admits the light to the
rooms.
The upper floor consists of several large apartments,
which occupy all the breadth of the house, and, by tem
porary partitions, are converted into rooms for visitors,
distinct from those occupied by the family ; over the
shops are sleeping-rooms for those who serve in them:
the roof is supported on wooden columns; its extremi
ties project beyond the walls, and at each angle is
commonly the favourite emblem, a dragon. A plan
and elevation of one of these houses is given in
pi. xxi.
Triumphal Triumphal Arches, or buildings erected to celebrate
Arches. particular events, are very common in China, and, in the
Account of Lord Macartney's Embassy, several such are
said to have been placed across the principal streets of
Pckin : these were all of wood, and each consisted of
three gateways, the middle one larger than the others.
Those atNingpo are ornamented with polygonal columns
of stone supporting an entablature which is composed of
three or four facias, generally without mouldings, except
the last but one, which is a sort of frize, filled with
inscriptions : the buildings are crowned by roofs of the
usual form, that is, with broad projections, and the angles
pointing upward ; and the apertures are either rectan
gular or terminated by semicircular heads. The use of
arched vaults is not unfrequent in China. According to
Duhalde, their voussoirs are of stone, about 6 feet long
and 6 inches thick, and their sides, instead of being
planes, like ours, are cut in curvilinear forms. Probably,
they resemble the aroh-stones described in speaking of
the buildings in Turkey.
The Chinese columns are, in almost every case, of

wood ; but, when they form the peristyle of any consi- PstlV,
siderable building, they stand on stone or marble bases
of various profiles; they are entirely without capitals, Chines •
unless we consider as such the brackets projecting from lmt&
the upper part of the shaft on opposite sides, and as
sisting to support the architrave. The height of the
whole column is equal to from eight to twelve times its
lower diameter, and the shaft is in the form of a frustum
of a cone ; the base consists of a square plinth, above
which is, sometimes, a moulding, in the form of an in
verted cyinatium, between two fillets ; in other cases,
the mouldings consist of the inverted cymatium and a
toms, with a scotia and fillets between them ; and, oc
casionally, there is placed, immediately above the base, a
polygonal or cubical block, projecting beyond the surface
of the shaft. The architrave is a cylindrical beam, like
a pole, which passes through a hole bored near the top
of each shaft, and is further supported by resting on
two brackets, generally ornamented, which are inserted
in the shaft below the architrave, and bent upward, so
that the architrave may rest on the extremities. See
pi. xxi. Above the architrave is sometimes placed what
may be called a frize, consisting of an open framework
panelling, formed by circles or squares of wood inter
secting each other, and the intervals between the panels
are ornamented with bells and heads of animals. Over
the frize is the high and projecting cornice, of a concave
figure, sloping downward in front, and turned up at the
angles ; the points are ornamented with heads of fish,
or with dragons.
Some of the Chinese roofs are of an undulating form, Rm&.
the transverse section presenting the form of a double
curve of contrary flexure, highest in the middle ; these
are supported by several pairs of cylindrical beams or
poles notched into each other, and alternately parallel
and perpendicular to the length of the building ; the lon
gitudinal poles being placed nearer together in propor
tion as they approach the top of the roof. The
upper poles support the materials which form the
covering.
One of the most remarkable monuments of Chinese Gtat*>i
Architecture is the great wall, which begins in the sea
to the East of Pekin, and extends along the frontiers of
three Provinces, often in places which would be inacces
sible to an enemy. Near the Eastern extremity it con
sists of rough stones faced with brickwork ; its height
is from 20 to 25 feet, and there are towers at inter
vals along it, which are built of brick on a basement of
stone.
On contemplating the buildings of China, we cannot Chieese A
help being struck with their general resemblance to the j™'^.^
tents, which we may suppose to have been the dwellings ^ ^V'
of a nomadic people ; and it may reasonably be believed
that when the ancient inhabitants ofthe Country assumed
a stationary mode of living, they made their fixed habi
tations resemble the movable abodes to which they had
been before accustomed. The columns which support
the roofs are still made of wood ; and, instead of the
massive entablatures of Egypt and Greece, we find
cylindrical rods so slender as to be only capable of sup
porting a roof of the lightest kind. The external cover
ing of the roof has the undulating form of the cloth which
is drawn over the poles of a tent, and its extremities tarn
up like the hooks to which cords are attached for unco
vering them. The tallest Pagoda3 may be considered
as several such tents piled one on another
The Arts of imitation have been stationary in China,
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rchitec- probably, ever since the establishment of the Empire.
tur*A system of regulations, which it is a crime to infringe,
^ ■ pervades every Art, as well as every branch of Civil and
ndition of Political economy, represses every attempt at original
! Arts in invention, and prevents any improvement on the ancienl
practice. Hence it is easy to conceive that all the works
of this people will be characterised by a servile adher
ence to some primitive model, and it can excite no surthat nothing in them indicates that tendency toperfection which we observe in the works of
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The case is rather different with the Architecture Part
of India, which is characterised by some of the bold
ness, originality, and even extravagance of the Saracenic
manner; and though arbitrary Governments in India
and China have thrown their deadening influence over
the minds of the artists of both those Countries, yet since
the former is divided into many independent States,
the differences of character and talent among the Princes
have afforded scope for variety of design which is not
to be found in the works ol the Chinese, who are all sub
ject to one Sovereign, and governed by unvarying laWP,

EXPLANATION
OF THE
CHIEF TECHNICAL TERMS USED IN ARCHITECTURE.

Abacus. A block forming the upper part of the capital
of a column. It is generally rectangular, and its
four vertical faces are either plain or moulded ; but,
in some cases, they are arcs of circles, the conca
vities of which are towards the exterior.
Acroter. A plain pedestal placed at the vertex, and at
each of the lower extremities of a pediment, for
the support of a vase or statue.
Alcove. A recess in an apartment for a bed or couch.
Amphiprostylos. A denomination applied to Temples or
other buildings having columns at both extre
mities.
Annulet. A moulding, the profile of which is rectangu
lar, surrounding a column in the base or capital.
Antee. A denomination applied to pilasters when at
tached to the extremities of walls. A building
the side walls of which are thus terminated, and
having no columns in front of such pilasters, is said
to be in antis.
Apophygis. A projection about the lower extremity
of the shaft of a column, connecting the shaft with
the base ; its profile is concave outwards.
Apteral. A denomination applied to buildings having
no wings, and to Temples having no columns along
the flanks.
Arch. A series of bricks, stones, &c, generally cut in
the form of frusta of wedges, which are disposed in
a curvilinear manner, and in a vertical plane. It
is denominated a circular, elliptical, cuspid, &c.
arch, according to the nature of the curve ; and the
spandrils are generally included as part of the arch.
The cuspid or pointed arches are said to be of
the third point, fourth point, &c„ according as the
radius of each curved side is equal to two-thirds,
three-fourths, &c, of the span or interval between
the supports.
Architrave. A beam of timber, or a course of masonry,
laid in a horizontal position along the tops of the
columns in a range.
Archivolt. The curvilinear course of materials imme
diately over the aperture of an arch, and support
ing the spandrils.
Areoslylos. A denomination applied to colonnades, when
the intervals of the columns are not less than four
diameters.
Astragal. A small moulding generally surrounding a
column in the base or capital ; its profile is semi
circular, with the convex part outwards.
Attic. A story above the general cornice of a building ;
also a wall, ornamented with pilasters above the
cornice.

Base. That member which is placed under the shaft of Arete
a col'tmn ; it is generally ornamented with mould- twings. When it consists of two tori separated by a
scotia and fillets, it is called an Attic base.
Basement. The lowest story in a building.
Battlements. Indentations, generally of a rectangular
form, made in the upper part of a parapet wall.
Bressummer. A beam of timber resting on posts and
supporting a wall.
Buttress. A pier of brick or stone work attached to the
face of a wall in order to strengthen it. When it
has the form of a curve, and is attached to the wall
only at its upper extremity, it is called an arched
orjtying buttress.

Cabling. An ornament cut in the form of a half-cylin
der within the lower part of the fluting of a column.
Canliliver. A timber projecting from the wall of a building to support the lower part of the roof.
Capital. The upper member of a column or pilaster;
it is placed immediately above the shaft.
Caryatides. Sculptured female figures, sometimes em
ployed as columns to support an entablature.
Cathetus. A vertical line drawn through the centre of a
volute in an Ionic capital.
Cavetto. A concave moulding generally in the form of
a quadrant of a circle, the upper part projecting
over the lower.
Caulicolus. A sculptured ornament in the Corinthian
and Composite capital, representing the stem of a
plant.
Ceiling. The upper surface of the interior of an apart
ment. It is either plane, or vaulted ; but if the
central part is horizontal, and the margins are con
nected with the side walls by cylindrical portions,
the ceiling is said to be coved.
Cella. The principal division of a Temple within the
walls ; it is also called the Naos.
Coffer. An ornamental panel sunk in the ceiling of a
building or apartment, or in the soffit of a project
ing member.
Colonnade. A series of columns in line. When an area
is surrounded by columns, that enclosure is called
a peristyle.
Conge. An inverted echinus or ovolo ; also an inverted
cavetto.
Console. An ornamental projection in front of the key
stone of an arch, or on each side of a doorway.
Corbel. A projection from a wall, intended for the sup
port of any object.
Cornice. The upper member of an entablature or pe
destal ; also a corresponding member at the foot
Baluster. A small column supporting a rail of timber
of the roof about the exterior of a building in which
or a course of masonry ; it is generally ornamented
no Order is employed, or along the tops of the walls
with mouldings and its profile is a curve of con
in an apartment.
trary flexure. A series of such columns is called a Corona. The projecting member which forms the upper
Balustrade.
part of a cornice; it is called also (he drip and
Band. Any horizontal member in a building, having a
larmier.
rectangular profile and small projection.
Corridor. A gallery within or about a building.
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Architee- Corlile. A court enclosed by the divisions of a building.
lore. Crocket. A sculptured ornament resembling curled fo^"v~™p"/
liage placed on the sides of a pediment or pinnacle.
Cross-springers. The diagonal ribs formed at the ridges
of a groined vault.
Crypt. The subterranean part of a building.
Cupola. Any dome is so called, but the term is gene
rally applied to one of small dimensions.
Cymatium. A moulding, the profile of which is a curve
of contrary flexure : it is of two kinds, denominated
cima recta and cima reversa, according as the
upper part is convex or concave outwards.
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Fretwork. The denomination applied to a fillet or
system of fillets sculptured in lines, waving or
broken in directions generally at right angles to
each other. When the fillets resemble battlements,
the ornament is called an embattled fret ; and
when interwoven with each other, it is called a
guilloche.
Frize. That horizontal member in an entablature which
is situated between the architrave and cornice.
Fust. The same as Shaft, which see.

Gabel, or Gavel. The triangular part of the wall, in
cluded between the extremities of the sloping sides
of the roof, on the face of a building. When the
Dado. The body of a pedestal ; its form is that of a
triangle is enclosed by regular cornices it is called
cube or parallelopiped.
a tympanum.
Dentel. A small block in the form of a parallelopiped. Girder. The principal beam in a floor, intended to sup
A row of these forms an ornament in the cornice
port the joists.
in some of the Orders.
Guilloche. See Fretwork.
Diaslylos. A denomination applied to a range of co GuWe.
Pendent ornaments of a conical, cylindrical, or
lumns, the intervals of which are equal to from
trochoidal form, placed under the mutules and teniae
three to four diameters.
in the Doric Order.
Dipteral. A denomination applied to such edifices as
have two rows of columns on each flank.
Hyptethral. A denomination applied to buildings
Dome. A vaulted covering placed over the whole or
formed partly without a roof.
part of a building ; its form is either spherical or Hypolrachelion. That part of the capital of a column
paraboloidal.
between the principal ornaments and the mouldings
or grooves which mark the top of the shaft.
Eaves. The lower extremities of a sloping roof.
Echinus. A convex moulding employed in the capital Jambs. The pieces of timber or masonry forming the
sides of a door or window, generally placed in ver
of a column or pilaster, and in the entablature. Its
tical positions.
profile is an arc of some conic section, and the
Impost. The block, or system of mouldings on the top
upper part projects beyond the lower.
of a pier, which serves for the support of an arch.
Entahlature. The system of timbers or masonry sup
ported by the columns of an Order, and generally Intercolumniation. The interval between the nearest
sides of two columns in a range.
carrying the roof.
Entasis. The protuberance or swell produced by the Jntrados. The curve formed by the lower extremities
of the voussoirs of an arch ; also the inferior sur
curved form given to the profile of the shaft of a
face of a vault or dome.
column.
Epixtylium. The same as Architrave, which see.
Joists. The timbers supporting the boarding of a floor,
or to which the laths forming a ceiling are attached.
Epitithedas. The upper moulding of an entablature ;
generally applied to that over the flanks of a build
ing, the extremities of which are crowned by pedi Key-stone. The voussoir placed at the vertex or crown
ments.
of an arch or dome.
Eustylos. A denomination applied to a range of co King-post. The vertical timber between the centre of a
lumns, the intervals of which are equal to two dia
tie-beam and the summit of the roof.
meters and a half.
Extrados. The curve formed by the upper extremities Label. A moulding placed above, and concentric with
of the voussoirs of an arch, also the superior curved
the extrados of an arch or window in Gothic Archi
surface of a vault or dome.
tecture : when the upper part of the window was
rectilinear, the label was horizontal.
Lacunar, or Laquear. A coffer or panel sunk in a ceil
Facade. The principal front of an edifice.
ing of an apartment, or in the soffit of any member;
Fascia. The exterior, and generally, vertical face of
the term has been applied to the whole ceiling or
any member which is rectilinear in direction and
soffit.
profile.
Fillet. A narrow and plain moulding, either surrounding Lantern. A small cylindrical or prismatical turret at
the top of an edifice.
a column, or extending along the face of a building;
its profile is rectangular. The plain part of the shaft Lintel. A timber or stone supporting the wall over any
aperture, the upper part of which is horizontal.
of a column between two flutes is also so called.
Finial. The sculptured ornament resembling a knot of Listel. The same as a Fillet or Annulet.
foliage placed at the apex of a pediment or pin Loggia. An open gallery.
nacle.
Fleuron. A sculptured ornament resembling expanded Medallion. A circular or elliptical panel in a wall or
ceiling.
foliage or flowers.
Flutes. The longitudinal channels cut on the shaft of a Metope. The interval between two triglyphs in the Doric
frize.
column.
vol. v.
3K
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Architcc- Mezzanine. A story formed in some buildings between
tare.
two principal ones.
■>/"■-* Modillon. A projecting member in the entablature of
the higher Orders, placed at intervals under the
corona as if to support it
Module. The unit of length by which the proportions of
the members in an Order are expressed : it is gene
rally equal to a semidiameter of the lower part of
the shaft of the column, and is subdivided into
thirty parts called minutes.
Monopterat. A denomination applied to buildings sur
rounded by a single, circular colonnade on the
exterior.
Motaic. A species of ornament applied to pavements
and the interior sides of walls, formed of inlaid
stones or other materials of various colours.
Mouldings. The ornamental projections applied about
columns or pedestals, or on the entablatures and
walls of buildings.
Mullions. The posts, pillars, or bars placed in the
apertures of windows ; they are denominated ver
tical, horizontal, or radiating, according to their
position.
Mutule. A thin, projecting member placed at intervals
under the corona in the Doric entablature.
Naos. The same as Cella, which see.
Niche. A recess in a wall.
Ogee. The same as Cymatium.
Opisthodomus. A division of a Temple in which the
treasures were kept.
Orchestra. The part of a modern Theatre which is ap
propriated to the musicians. In the Greek Theatre
the dances were performed in it ; and in the Ro
man Theatre it was oecupied by the seats of the
Senators.
Order. A system of members in Grecian and Roman
Architecture, consisting chiefly of the column with
its base and capital, and the entablature ; and con
stituting the particular character of the edifice.
Five Orders have been invented, which are distin
guished by the names Tuscan, Doric, Ionic, Co
rinthian, and Composite.
Oriel. A projecting window, rectangular or polygonal
on the plan, and supported by timbers or masonry
inserted in the wall.
Ove. A sculptured ornament resembling an egg.
Ovolo. A convex moulding, the profile of which is a
quadrant of a circle, having the projecting part
uppermost.

Pediment. The triangular part of the wall above the Ante*
general, horizontal cornice at the extremities of a
building, when the roof is formed with sloping ^^y*
sides.
Pendentive. A portion of a spherical vault formed at
each intercection of two cylindrical vaults crossing
each other at right angles, when a circular aperture
inscribed in a square vertically over that formed
by the intersection of the vaults at bottom, is
made on the level of their crowns. The face of
the pendentive is thus bounded by three circular
arcs.
Pergamena. A small turret crowning a dome.
Peripteral. A denomination applied to such rectangular
buildings as are surrounded by a colonnade on the
exterior.
Peristyle. A court in the interior of a building, gene
rally quite surrounded by columns.
Piazza. A large area surrounded by buildings.
Pier. A mass of masonry supporting one extremity of
an arch or vault ; the part of a wall between two
windows or doors is so called.
Pilaster. A pillar bounded by plane surfaces ; it is
sometimes isolated, but generally attached to a
wall.
Pillar. The general name for a column or pilaster.
Pinnacle. A small cone or pyramid placed above a tur
ret, buttress, or the roof of a building.
Planceer. The same as Soffit, which see.
Plinth. A block, generally bounded by four plain verti
cal faces, and placed under the mouldings in the
base of a column or pilaster, or under a whole
building.
Podium, or Pluteus. A continuous pedestal supporting
columns : also, a parapet wall about a terrace was
so called.
Porch. A small covered projection in front of a door
way.
Portico. A term generally applied to the projecting part
before the entrance of a considerable edifice, when
it is covered by a roof supported on columns. An
ciently, the Porticus signified any colonnade.
Posticum. A portico in rear of any building.
Pronaos. The division of a Temple in front of the naos
or cella.
Propyleeum. A portico in front of the principal entrance
to a city.
Proscenium. That part of the stage which is in front of
the scenery in a Theatre.
Prostylos. A denomination applied to buildings having
columns at one extremity only.
Pseudodipleral. A denomination applied to buildings
having two rows of columns at each extremity, and
only one along each flank.
Pulvinatcd. A term applied to the frize in an Order
when its profile is a segment of a circle, convex
outward, so that it appears swollen.
Purlines. Timbers extending longitudinally across the
principal rafters to support the smaller ones.
Pycnostylos. A denomination applied to a colonnade,
in which the intervals of the columns are equal to
a diameter and a half.

Panel. A shallow recess with a plane surface, and ge
nerally rectangular, formed in a ceiling, wall, or
piece of woodwork.
Parapet. A low wall surrounding a terrace, or the roof
of an edifice, or extending along each side of a
bridge.
Parastata. The same as Pilaster : the term is some
times applied to a post placed by the side of a co
lumn to support the floor of a gallery less elevated
than the column.
Pavilion. A wing of an edifice, connected with the
principal part by a wall or colonnade.
Queen-post. A vertical post supporting a rafter, but not
Pedestal. A low pillar with vertical sides placed under
placed over the middle of a tie-beam.
a column or obelisk ; it is usually rectangular, and Quoins. The salient and rentrant angles formed by the
ornamented with a base and capital.
walls of a building.
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Torus. A convex moulding about a column ; its profile Aichitecis either semicircular or semielliptical.
tureTracery. The ornamental work formed by the inter- v"^v^**
sections of the mullions in windows, and of the
mouldings at the ridges, or on the spundrils of
groined roofs.
Transept. That part of a Church which is carried out
on each side perpendicularly to the length.
Transom. The horizontal bar placed across a window.
Trefoil. An aperture or ornament, bounded by three
segments intersecting each other.
Trellis-work. A species of ornament on the face of a
wall, formed by courses of fillets crossing each
other at any angle.
Triforia. An upper tier of arcades in an Ecclesiastical
edifice, when the arches are subdivided into three
parts by two columns or posts.
Triglyph. A rectangular ornament, placed at intervals
along the frize in the Doric entablature ; in its face
are cut two vertical channels.
Scotia, A concave moulding in the form of a segment Tympanum. The triangular space included within the
greater than a quadrant of a circle or ellipse.
horizontal entablature on the face of a building and
Shaft. The trunk of a column ; that is, the part between
the cornices of the pediment. See Gabel.
the base or pavement and the capital.
Socle, or Zocle. The same as Plinth.
Vault. A roof in the form of some portion or portions
Soffit. The inferior surface of any projecting member.
of a cylinder or sphere. It is said to be waggonSpandril. The part between the crown and foot of an
headed when it consists of a hemicylinder resting
arch or vault, and above the course of voussoirs.
on the walls, and domed when it consists of a seg
A pendent spandril, in Gothic Architecture, is the
ment of a sphere or paraboloid.
key-stone of a vault cut in a conical, pyramidal,
A cloister vault is that formed by four portions
or bell-shape ; its point, which is placed downward,
of cylinders rising from a square base and meeting
in a point at the vertex : and a groined vault is
descends below the ceiling at the place of insertion.
Stereobata. The basement, or lower part of a building.
one made by two hemicylinders intersecting each
String, or Cordon. A projection of masonry, extending
other at right angles.
horizontally along the face, or entirely about a Vestibule. The entrance-hall of an edifice.
Volute. The ornament formed by a moulding bent in a
building.
Stylobala. The same as Podium, which see.
spiral form, which is situated at each angle of the
Systylos. A denomination applied to a colonnade, when
capital, in the superior Orders.
the intervals of the columns are equal to two dia Voussoirs. The stones cut in the form of frusta of
wedges, and constituting the curved part of an
meters and a half.
arch or dome.
Tabernacle-work. The denomination applied to the rich
sculpture about a Tomb, or Shrine.
Water-table. A sloping surface formed on the face of
Tamia. The same as Fillet.
a wall, buttress, &c, where the projection di
Tambour. A cylindrical wall, placed above the general
minishes.
Weather-moulding. The same as Label, which see.
roof of a building, to support a spire or dome.
Tie-beam. A timber, extending horizontally between the
Zophorus. The same as Frite, which see.
tops of two parallel walls.

Irchiteo- Rafler. A timber disposed in a vertical plane, and extare,
tending from the ridge to the lower extremity of
*V^'
the roof of a building.
Regula. The same as Fillet, which see.
Roof. The covering of a building. A trussed roof is
that which is formed of several triangular frames
placed vertically at intervals above the walls, to
support the rafters and covering. A roof is said
to be hipped, when it consists of four planes in
clined to the horizon ; and it is called a mansard,
or curb-roof, when a transverse vertical section has
the form of four sides of a polygon.
Rubble-work. A denomination applied to walls formed
of unwrought stones.
Rustic-work, or Rusticated-work. A denomination ap
plied to that in which the exterior of the masonry
is left rough, or purposely made so. And to that
in which the joints of the masonry are strongly
marked by grooves.
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SCULPTURE.

slpiure. Sculpture, in its strictest and most confined sense, is
*y*>' the Art of carving or cutting any material into a pro^*0B* posed form, or shape, and may be practised in various
vfays ; first, in representing entire or insulated figures,
as in statues or groups, denominated by artists " the
■sons, round :" secondly, in making figures either in high
or low relief, (aUo or basso rilievo.) that is, when the
object represented is more or less raised, without being
entirely detached from aback-ground; (of which some of
the Sculptures from the Parthenon, now forming a part of
the Elgin collection r.f marbles in the British Museum,
afford excellent examples ; those of the metopes being
in high relief, and those of the frize in low;) and,
thirdly, by cutting or sinking into a ground, making the
object represented below the plane of the original
ground ; a mode of working seldom employed in
modern times, but of which many specimens may be
seen in Egyptian Sculpture.
In its more general acceptation, Sculpture is the Art
of representing objects by form, and is thus indiscrimi
nately applied to carving, to modelling, (or the plastic
art,) to casting in metal, and to gem-engraving in
hard or soft stones, as in camei or intaqli.
ms.
Sculpture has very peculiar claims upon our regard ;
and no person interested in the History, the manners, or
the customs of the Ancients, will estimate lightly an Art
to which the antiquary and man of letters are so much
indebted. Monumental remains, whether they contain
Inscriptions, or represent Historical or Mythological
subjects, have been found valuable landmarks, where no
other sources of information have existed ; and have
often afforded satisfactory illustration of passages in the
writings of the Ancients, which, but for such aids, would
either have remained in total obscurity, or at any rate
have been but partially understood. Ancient Sculpture
is, therefore, as highly recommended by its usefulness,
as by the charms which all persons of refined taste and
feeling must find in it as an elegant Art, and its History
cannot be considered a matter of indifference.
mtr.
Various opinions have been held respecting the anti
quity of the Arts of Design, and particularly whether
Painting or Sculpture was first practised ; it appears
probable, however, from the comparatively easy task of
repeating the real shape of any object in a solid mate
rial, with that of drawing on a plane its partial view
and perspective appearance, (a process that requires
some preparatory knowledge,) that Sculpture preceded
Painting. The story of the daughter of Dibutades
having traced the outline of her lover's profile from the
shadow cast on the wall by a lamp, and of the outline
being afterwards filled in with clay by her father, and
stent with his pottery to be baked, is well known.* Such
an account of the origin of the Art of Modelling, is
very poetical, but not sufficiently probable ; the potter's
clay must have been one of the most obvious materials
for imitative Art, and there can be little doubt that
attempts were made to model it into the human shape
in the earliest Ages.
* Plinii Hut. Nat. lib. xxxv. c. 43. Ed. Hard.

The Ancients appear, in their Sculpture, to have Sculpture,
availed themselves of every material which was capable m^m^>
of being applied to the purposes of modelling, carving, Materials
or casting. Pliny has supplied us with much curious £m jjJJ^.
information on the subject; and Pausanias, and other cjents.
writers who have interested themselves in Art, have fre
quently given, with their descriptions of statues and
bassi rilievi, a particular account of the materials in
which such works were executed. It would extend this
Essay to too great a length were we to enter into
such details, or even attempt to supply a correct cata
logue of the materials used ; the varieties of wood and
marbles, for instance, were almost infinite; we shall,
therefore, confine ourselves in this place to a mere
general notice of them ; referring the more curious
reader to the authors who have entered more at large
into the subject.* In a subsequent page we shall be
necessarily led to speak of some of the most important
works of the Greek Sculptors, and our attention will
then be required to some mixtures or combinations of
materials, which will be better considered while treating
of the works, than in the present stage of our subject.
For modelling, clay, wax, and stucco, or plaster, ap
pear to have been universally used ; the clay, after having
been worked into the proposed form, was frequently
baked, acquiring by that process a hardness not inferior
to stone ; in this state, too, it often served for moulds,
into which soft clay was squeezed, and thus the object
became easily multiplied. A considerable number of
ancient specimens of statues, bassi rilievi, lamps, tiles,
and architectural ornaments, in this material, (called
terra cotla,) have been preserved, and may be found in
most collections ofantiquities; in the Museum at Naples,
particularly, are some statues from this material as large
as life, which were discovered in the ruins of Herculaneum. Marbles, stones, and woods of all kinds, as well as
ivory, were employed by the carvers ; and all the known
metals, wax, plaster, and even pitch, were used for the
different processes of casting. There was a statue of
amber of Augustus ; and at the celebration of Funeralia, as in those of Sylla, at public exhibitions, or on
other extraordinary occasions, we read of statues having
been made of aromatics, and of materials of the most
combustible nature ; and amongst the odd conceits of
the ancient artists, may be mentioned a statue of the allpowerful Goddess of Love and Beauty made of load
stone, which attracted a Mars of iron ! The combina
tion of different materials, for the purpose of producing
variety of colours, either for drapery or ornaments, was
termed Polychromic Sculpture and those works which
were composed of a variety of stone or marble, were
in like manner called Polylithic.\ This mixture of
materials, which modern taste disapproves, was conti
nually resorted to by the most celebrated artists during
the best period of Art in Greece, particularly in colossal
* Plinii Hut. Nat. Pausanias. Junius, Dc Pict. Vet. Winckelman, Caryophilus de Marmoribtts, &c.
t From reXhs, many, and
colour.
J From «>.if, many, and Xidi, a stone.
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works ; we shall, however, defer for the present any
observations on this branch of our subject.
The History of the earliest practice of Sculpture is
so obscure that we are left entirely to our conjectures
respecting it ; we endeavour in vain to elicit any authen
tic information respecting its first introduction, from the
few notices of it that are scattered over the Works of
the Ancients ; and, when we consider the very late
date of the oldest of those writers, compared with the
undoubted antiquity of the Arts of Design, the fabulous
accounts of some, the contradictory evidence or total
silence of others, on the subject of their early History,
will scarcely be wondered at. Of the existence of works
of a very remote date, Tradition supplied them with
notices ; but these, in the course of Ages, had become
so changed as they were handed down to succeeding
generations, and so subject to exaggeration or misre
presentation, according to the feelings or fancy of the
reporters, that but little reliance could be placed upon
them at that time, and still less can we build upon them
as data.
The desire which men have always felt to perpetuate
the memory of extraordinary persons, or of actions per
formed by them, and thus to honour their benefactors
or heroes while living, and to hand down the fame of
their exploits to future Ages, has been universal, and
equally influential in rendering the Arts of Design, even
in their rudest state, objects of interest and importance.
Their first introduction was, in all probability, for the
mere purpose of commemoration, and, in whatever the
monument consisted, it was no doubt marked by great
simplicity ; any accession of importance from form or
style was the effect of time, and depended on vaiious
circumstances connected with the degree of civilization
which the people practising or attempting imitative
Art had attained. We read in the oldest Historians,*
of monuments erected to mark the spot whereon any
extraordinary event had taken place; and although,
at the early period alluded to, these monuments were
only composed of rude blocks, sometimes of mere heaps
of stories, still to such a commencement, so simple in
the means, yet so important in its object, are we, in all
probability, indebted for the existence of those Arts
which, by gradual advances, became so universally prac
tised, and in many parts of the World so highly culti
vated. Religious feelings, too, had their share in for
warding the progress of the Arts ; for uneducated Man,
unable to comprehend a Divine Essence, was led to offer
his addresses to some palpable substance, as a represen
tative of that Power from whom he felt he derived all
Good, or by whose influence he was protected from Evil.
But it is conceived this was subsequent to the first and
more natural introduction of commemorative monu
ments. It seems probable, too, that the first statues
were of Men rather than of Gods, and that Human
Idols preceded those of Divinities. The supposition is
strengthened by the fact, that the earliest objects of
worship amongst the Heathen Nations were the Hea
venly Bodies ; and, although there were symbols dedi
cated to them, or allusive to them, it does not appear in
any instance that these were made in the Human form;
on the contrary, it is more likely they were mere
pillars of a conical or pyramidal shape; and it has been
supposed that when such works are alluded to and
called " graven images" by Moses, it is in reference to
Genesii, ch. xxxv. v. 11 ; Joihua, ch. xxiv. v. 2P, &c.

the allegories or hieroglyphics inscribed on them. Tra> Sculpt,
ditional accounts of wonderful exploits in arms, the real S«
or fabled History either of a mighty conqueror, a law
giver, or a founder of a Nation, led probably in the
first instance to the attempt at making an image, which
a rude and uncultivated people, always fond of the
marvellous, would soon learn to contemplate with feel
ings of admiration and awe as the representative or
type of their great Chief. Extraordinary respect for his
memory and actions would lead to the payment of ex
traordinary honours ; and as the promotion of Heroes
into Divinities offered but little difficulty, when time had
obscured the real existence of the objects, the crafty
policy of a college or caste of an hereditary Priesthood,
(such as existed in Asia particularly,) would soon be led
to take advantage of the effect produced upon the ima
gination of the people by stories attached to rude and
frightful attempts at form. Thus an extravagant and
monstrous worship was introduced, which soon prevailed
over a vast portion of the World in ancient times, and
is even now met with in uncultivated regions. The
oldest monsters of Egypt, no less than the images of the
Buddhists and Chinese, were, probably, in the natural
progress of superstition, (fostered by the Priesthood,) the
fruits of a similar origin, and, perhaps, the same may be
said, in the first instance, of the Gods of Babylon and
Nineveh. Primus in orbc. Dtos fecit limor, is perfectly
true of the Idol Gods of the East ; to increase their
effect in exciting terror by additional monstrosities, both
of form and attributes, was the object of the Priest*,
and the only progress in Art amongst them was the
introduction of additional incongruities. The general
forms once consecrated as symbolical of the attributes,
or as resemblances of their monstrous Gods, were after
wards preserved from improvement or innovation by
the nature of their hierarchal institutions ; and thus, as
will be more particularly shown when we come to speak
of Egyptian Sculpture, was a barrier raised against any
improvement in style in the imitative Arts, which, as
long as it was respected, was fatal to their progress.
To return to our History. It has been contended Imcta
that the Egyptians were the inventors of Sculpture: tl»E»s.
the distinction has also been claimed, and with much'
more propriety, for the Phoenicians, of not only having
invented it, but of having extended it and taught it to
other Nations. The circumstances which Asia appears
to have enjoyed, undisturbed as that portion of the
Globe was for a long period, either by intestine divi
sions or foreign wars, is also favourable to the opinion
that the Arts, both useful and ornamental, had their
commencement there, and that as it was the first settle
ment of Man after the Deluge, so it was the cradle of
the Arts and Sciences. It is, indeed, more than pro
bable that the Asiatics hnd made considerable progress
in them long before they had any existence in other
Countries. It is much to be regretted that our acquaint
ance with the earlier History and migrations of the
Hindus is so scanty ; but we trust the lime is not far
distant when the laudable exertions of a learned Society,
instituted for the express purpose of collecting informa
tion respecting the History of the Nations of the East,
will be so far crowned with success as to enable the
curious in such pursuits to penetrate the thick cloud iu
which the origin and intention of their Mythology is
enveloped ; and from which, however they may have
been changed subsequently, it is not improbable that
much in the Egyptian, and even the Grecian systems of
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worship, was originally derived. Such a knowledge,
if the supposition be admitted, would open a wide and
extremely interesting field for. the antiquary, and, leading
to the explanation of the object of their Sculpture, would
tend to elucidate much in the practice of the Arts
amongst the earlier Nations.
It has been asserted by some of the oldest Christian
posed
Scrip- writers that Abraham,* as well as his father Thera or
Terah, were themselves makers of images. The Scrip
tures afford us no authority for this supposition ; we
only find allusion made to their being infected with the
extravagant and improper notions that are said to have
prevailed in those days, both with regard to imageworship, and adoration paid to the stars. Thus in
the Book of Joshua,^ we read, " Thus says the Lord
God of Israel, your fathers dwelt on the other side of the
flood in the old time, even Terah, the father of Abraham,
and the father ofNachor ;" and " they served other Gods f
and in a subsequent verse of the same chapter they
are counselled " to put away the strange Gods" that were
among them. It is true that in this place no particular
mention is made of the objects which they worshipped ;
but, soon after this time, we have it very expressly
stated, that Rachel, when she left her father's house
with Leah and Jacob, carried away the " images," and
that Laban pursued them for the purpose of recovering
them. This, we believe, is the earliest notice we have in
the Holy writings of the existence of such things ; and
even here no details are supplied by which we can
ascertain what they were like, nor of what materials they
were formed. That they were but small, is evident from
the circumstance of Rachel being able to carry them
away unobserved, and afterwards from the facility with
which she concealed them when Laban searched for
them. One other instance may be mentioned, where
Jacob is described as taking all the " strange Gods and
hiding them under an oak which was by Shechem."J
No remains of the Sculpture of the Hebrews exist,
! the but we are assured that, at the time of Moses, they were
considerably advanced in their knowledge of, and
practice in, some of the most difficult Arts. Of this, the
setting up of the Golden calf, and the Brazen serpent,
afford ample testimony. It has been well observed by
the author of Sabcean. Researches,^ that the manner in
which the Art of Engraving is spoken of in the Books of
Moses, shows that it was by no means an Art of recent
invention at those times. The onyxes for the sacred
ephod, the plate of gold for the mitre of the High Priest,
and the precious stones for his breastplate, were all
ordered to be engraven like the engravings of a signet ;
and this expression is frequently used in the Book of
Exodus : at chapter xxxix. it says, " they wrought onyx
stones enclosed in ouches of gold, graven as signets are
graven." The same observation has been madewith regard
to the Cherubim, which seem to have been well-known
figures, in that day, to the Jews ; for Moses does not give
any particular description of them, nor detail of foim, as
he does of other things, and yet the Jewish artists appear
to have made them correctly. At this time too, at least
fifteen hundred years before the Christian Era, we find the
names of two Hebrew Sculptors recorded, Bezaleel the
son of Uri, and Aholiab the son ofAhisamach, both
• Grnrius and Gronov. Thetaur. Anlin. and Diet, de Bayle, ad
V. Abraham, and note.
+ Joshua, ch. zziv. v. 2. 14, 15. 23.
{ Genesis, ch. uiv, v. 4,
§ Landseer.
dpture
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employed by Moses to make the ornaments of the Sculpture.
Tabernacle, and which will be found particularly de- v^^-»/
scribed in the XXXVTth, XXXVIIth, and XXXVIIIth
Chapters of Exodus. These, it may be observed, are the
earliest Sculptors of whom we have, by name, any au
thentic record. It is presumed that the Sculpture of
the Hebrews bore a good deal of resemblance in point
of style to that practised by the Egyptians, and which
we shall examine more particularly when we come to
treat of that people.
Diodorus Siculus, describing the riches and beauties Assyrians
of Babylon and Nineveh, says, there were a variety of »nd Babylomagnificent works in the celebrated Gardens of Semi- n'ans«
ramis ; bassi r'dievi of animals, which were richly painted,
and statues in bronze of Beltis, Ninus, and Semiramis, were amongst the decorations of the Palace. Now,
although much exaggeration has in all probability
crept into the account of the Historian, and although
even a question may arise whether the earliest Sovereigns
of the Babylonian Monarchy, are to be here understood
(for the names are said to have been common to many
of the rulers of that Nation.) still it is evident that the
assumption was strong that the practice of the Art was
of great antiquity, and that Artists had lived who were
capable of producing works of extraordinary grandeur ;
though we have no means of forming any conjecture on
the style of the performance, nor of the manner of exe
cuting them.* Baruchf supplies us with some curious
particulars respecting the practice of the Babylonians in About
image-making at a later period of their History ; he b c.
notices the materials of which their statues were com. 630.
posed, and the manner in which they were dressed,
namely, with real drapery, a custom not unusual in
early times. The following extracts tire interesting, and
throw a valuable light on the state of Art in that part of
the World at the period at which the Prophet lived. " Now
shall ye see in Baby'.on Gods ofsilver, and of gold, and
of wood, borne upon shoulders, which cause the nations
to fear ;" " they themselves are gilded and laid over
with gold ;" " yet cannot these Gods save themselves
from rust and moths, though they be covered with purple
raiment ;" " neither when they were molten did they
feel it."
It is much to be regretted that no monuments remain, Phoenicians,
at least no monuments of a sufficiently early date, to
throw any light upon the style of the Arts of Design
amongst the Phoenicians ; for the Carthaginian medals
or coins which are preserved merely show us the state
of Art in a colony established, it is true, by the Phoeni
cians, but from which we must not venture to judge of
the merit, nor of the extent of skill of their ances
tors. That they were an ingenious, highly cultivated,
and industrious people, there can be no doubt from the
evidence we have, and the mention made of them in the
earliest classical writers ; their Country seems to have been
the great magazine of theWorld, wherein every thing that
could administer to luxury and comfort was to be found;
they are celebrated as rich merchants, and bold naviga
tors, and their commercial intercourse was extended to
all the neighbouring and even to some very remote Na
tions. Their acknowledged skill, and their establishment
of Colonies in all parts, have led many to think thut they
* Herodotus, who lived about 450 n. o, writes, that there were
statues of gold at Babylon ; they were of a late dale compared with the
works to which Diodorus means to refer, but sufficiently early to r~ "'
their enistence important in an historical point of view.
t Baruch, ch. vi. v. 4. 8. 12. &c.
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Sculpture, first taught the Arts of Design in the Countries which they
^—"-v-«^ fixed upon as residences ; and although we are not dis
posed to think this entirely the case, there can be little
or no doubt that their fame in all curious workmanship
was very great. Homer especially distinguishes the Sidonians for their excellence in the Arts of Design, and
calls them 2i£oVce ro\vSaiSa\ot :* in the passage re
ferred to, he is noticing a goblet elaborately worked in
silver, and alludes to the artists who executed it. A
Tyrian artist, too, was employed upon one of the most
celebrated works of antiquity, namely, the Temple of
Solomon ; we are informed that " King Solomon sent
and fetched Hiram out of Tyre, and he came to King
Solomon, and wrought all his works ; he made the
molten sea, with the twelve oxen supporting it. Cheru
bim," &c. &c. : this was about one thousand years before
the Christian Era.
Persians.
It appears that Sculpture was known and practised
by the Persians at a very early period of their History,
though it is likely that the Art never attained any very
great degree of excellence or beauty amongst them ;
it was in all probability confined to architectural pur
poses, and the following causes would operate in no
slight degree in arresting its progress towards perfec
tion. In the first place the Persians highly disapproved
of statues for Religious purposes, that is as objects to be
worshipped, because they did not believe, as the Greeks
did, that the Gods had the Human form ; and we are
informed by Diogenes Laertius, and Clemens Alexandrinus, that as they allowed Fire and Water to be the
only emblems or representations ofthe Divine Power, so
did they condemn all statues and images whatever;
and Xerxes is said even to have destroyed all the
Temples of Greece at the instigation of the Magi,
because the builders of those edifices impiously pre
sumed to enclose within walls, the Gods to whom all
things are open and free, and whose proper Temple is
the whole World. Various authorities might be added to
these, in proof of the constant war which the Persians
carried on against images, and every emblem of Idolatry
differing from their own. Another reason for the slow
progress of the Art in that Country was the horror they
appear to have entertained of all naked figures ; and as
it would have militated decidedly against popular pre
judice or feeling, no Sculptor would dare to represent
any figure without its appropriate drapery. Under these
circumstances, so unfavourable to the progress and
improvement of Sculpture, we cannot be surprised at
finding all the figures which have reached us, closely
draped, and stiff and awkward, from the ignorance of
the artists, who had no opportunity of studying the
human form, nor of acquiring that knowledge of its struc
ture which would have enabled them to show the play
and variety of the figure under the dress in which they
enveloped it. The batri rilievi which have been found
amongst the ruins of Persepolis show the general
state of Art in Persia at an early period, and will be
found to correspond with the character which we have
drawn of it. These works bear so strong a resem
blance, in many respects, to those of the Egyptians, that
they have been thought to be the performances of
artists from that Country, carried into Persia, probably,
by Cambyses, when he returned thither after having
subjugated Egypt ; and, certainly, at a later period, the
Persians seem to have employed artists to execute their
coins who were entirely unacquainted with the improve• Iliad, lib. xxiii. v. 743.

ments which had taken place in Art in the neighbouring ScdI^bi
States ; as may be inferred from the pieces of money,
called Darics, of which many, both in gold and silver,
are extant, and which exhibit as much poverty in the
design and style as ignorance and clumsiness in the exe
cution. Representations of the Human figure, with ac
cessories of a more elevated character of Sculpture, are
frequently met with, as the Persian Divinity, Mithras,with
his various symbols ; but there can be no doubt that
these statues and alti rilievi are the works of foreign
ers, Greek or Roman artists, and of a comparatively late
period. One proof of this is, that the Persians are said
to have sacrificed a horse to this object of their adora
tion, understood to be typical of the Sun ; but in the
monuments to which we allude, the victim is a bull,
and the place in which the action is being performed
is a cave, and we are informed, (in confirmation of our
supposition,) that in those parts of Italy in which this
worship was introduced, the ceremonies were always
carried on under ground, or, in fact, as these Sculptures
represent, in caves.
The foregoing general survey of the practice ofGean'
Sculpture amongst the earliest Nations was necessary iau^
to our purpose in giving the History of the Art from
the first accounts we have of it ; but it has been our
endeavour to render it as succinct as was compatible
with the subject, being fully sensible that where there
are no monuments existing, but little knowledge can be
obtained of the styles of Art practised ; and that but
little light can be thrown on its History, or any pecu
liarities attending its first introduction, where books of
a late date are our only authorities or sources of in
formation. In considering the Arts, and more parti
cularly Sculpture, as it was practised in other Countries,
of which it is next proposed to treat, namely, Egypt,
parts of Asia Minor, Greece, Italy, and their depend
encies, a much more satisfactory field is opened to
us ; for in each, or nearly so, we shall be able to
begin, if not with its birth, at least with its infancy,
in point of style, and to trace it progressively to its
perfection, decline, and fall. That of Egypt will, per
haps, be the most difficult, as the early History of that
most interesting Nation is most lost in obscurity.
But as the progress of the Arts, the particular object
of the present inquiry, did not keep pace with the im
provements of the people ill other respects, we shall
not have to regret the scantiness of our information on
that head so much as might at first be apprehended.
Before we enter upon this part of our History, it may
not be improper to observe, that in beginning with the
Egyptians, our object is not to derive Sculpture from
that, nor any other particular Country, for it does not
appear at all necessary that the Art should have been
transplanted from one Nation to another, in order to have
become so universally practised as it is proved to have
been from concurring testimonies and still existing mo
numents. Migrations of Nations, and the establishment
of Colonies from more civilized Countries, would naturally
have great influence in introducing improvement in most
things; and Religion, customs, and with these the Arts
of Design, would, probably, undergo considerable change.
But we have undeniable evidence, in our own times,
that Sculpture, as well as Painting, have been cultivated
in Countries newly-discovered by us, and uninstructed,
as far as we can find, by any other People, in these Arts.
In Mexico, and the South Sea Islands, as well as in other
places, Idols and Pictures have been found, which bear

SCULPTURE.
<■ undoubted marks of originality, rudely copied fromNa■*' ture, and to be traced by their symbols, or the subjects
they illustrate, to their origin in the tradition of real
or pretended exploits of the ancestors of the people
who possess them. The Arts of Design, as has before
been observed, have owed their birth to necessity
and to the desire of commemoration : their cultivation
and improvement to pleasure.
The leading styles of Art amongst the Ancients are
divided into Egyptian, Etruscan, Greek, and Roman.
We may almost say, each of these has its Epochs, and
each Epoch its distinguishing character, and in the Greek
School each character its author ; for we are furnished
with the names, peculiarities of style, and, what is still
more fortunate, with the works of many of the great
masters of Sculpture in that favoured Country, which
enable us to judge with tolerable accuracy at what times,
as well as under what masters, various interesting
changes in the Art took place.
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were subjected to the Greek Kings, and M. Millin Egyptian
calls the style of this period the Graco-Egyptian ; the "-v——
fifth is the Style of Imitation, and commenced, as in
Winckelman's division, with the reign of Hadrian. This
classification is more satisfactory than that of the Abbate
Fea; but it is a question whether the changes, which the
different antiquarians have fancied are to be observed
in Egyptian Art, are really sufficiently developed in the
monuments which are come down to us, to allow of our
making such distinctions. The most objectionable part
of these divisions seems to us to be the fixing changes
so early as those adopted by Fea and Millin;* for al
though Cambyses endeavoured to abolish the customs
and even the Religion of the Egyptians, we are not
informed that he made any changes in the Arts, or in
the treatment of artists; and it is but fair to believe that
had he entertained such a wish, the Persians had no Art
which they could substitute superior to that which they
found in the Country they had subdued. It is important
too, while considering this subject, to bear in mind that
the changes that Cambyses wished to effect, and perhaps
did partially effect, were of no great duration, as we are
informedt that his successor, Darius, permitted the Egyp
tians to return to their own usages; and it is remarkable,
and offers some confirmation of this position, that Plato,
who lived about 120 years after Cambyses, speaks of the
attachment which the Egyptians cherished for all their
most ancient customs, observing, that no changehad taken
place for Ages. J Under these circumstances, we should
be disposed to consider the second opinion of Winckel
man as the most satisfactory ; namely, that the first style
of Art, such as it was practised in the earliest limes,
lasted with but slight variations until the general intro
duction of Greeks during the reign of Alexander the b. c.
Great, when a change took place in most of the institu- 330.
tions of the Country, and the Arts of Design, naturally an(l •upenough, underwent some alteration from the introduc
tion of the purer taste of the conquerors. But it will
be remarked, that the characteristics of Egyptian Art
are peculiarly its own ; and although some general re
semblance to it may be found in some stiff* and hard
first efforts in other Countries, and although, in the
course of Ages, the practice may have been influenced, in
minor details, by correspondence with foreigners, suffi
ciently perhaps to enable careful observers to distinguish
the variations of the periods alluded to, yet the leading
character of all Art in that Country remains the same ;
and whether it be of the most remote period, or of the
Ptolemies, or of the time of Hadrian, it bears a style or
manner which alike stamps it as Egyptian.
It excites our astonishment that a Nation so distin- Causes of
guished, so superior indeed to other Nations in Science, slow proshould have made so little progress in the Arts of De- 8re" m
sign ; for we cannot but be struck by the fact that their
'
improvement in them, and especially their imitation of
the Human figure, did not keep pace with their advance
ment in other respects. In the Arts of Design, though
their works were surprising and magnificent from their
scale, they seemed destined never to arrive at perfection ;
and it becomes an inquiry of interest to endeavour to

The History of the Arts of Design in Egypt has af
forded a wide field for speculation, but few satisfactory
conclusions have been arrived at respecting their origin
«bs
and earliest practice. Winckelman* ventures to mark
oniiog to three distinct periods or Epochs of Art amongst the
kM" Egyptians, making the first include the time that elapsed
from their origin in that Country to the reign of Cam
byses, in the LXIId Olympiad, or 526 years before the
Christian Era. This he distinguishes as the " An
cient Epoch ;" " the Middle," according to his classifica
tion, embraces the whole period during which Egypt
was under the dominion of the Persians and Greeks ;
and the third or last, which he terms the Style of Imi
tation, was about the time of Hadrian. In another place,
however, the German antiquary seems disposed to fix
the commencement of the second Epoch considerably
later ; namely, at the establishment of the Greeks in that
Country, under Alexander the Great and his successors.t
orJing Xhe Abbate Fea, the learned editor of the latest edition
b'i*le of Winukelman's Work, endeavours to establish no less
than five periods: the first of which lasted from the origin
of the Arts in the Country to the time of Sesostris ; the
second under Sesostris, during twenty-four years of his
reign ; the third from Sesostris to Psammetichus ; the
fourth, the period of imitation of Egyptian Art in Rome ;
and the fifth, that of Theodosius the Great: this classi
fication, and particularly that of the first periods, is
too chimerical to be depended upon. A third arrange
ment of periods of Egyptian Art may be noticed here, by
ilia. M. Millin, the well-known author of various learned and
interesting Works on Art and antiquity ; the first is
brought down by him to the time of Psammetichus,
during whose reign the Greeks were received and treated
■with favour; the second commenced with the reign of
that Prince, and had its duration till the Conquest of
Cambyses ; when a further change took place by the
mixture of the Persian style with the original Art of
• We have, thought it right to notice the opinions of the above in
the Country, marking the third Epoch ; which lasted
from Cambyses to the reign of Alexander the Great; genious writers, but the reader who desires to enter more particularly
into the subject of Egyptian Art and antiquity is referred to the work*
the fourth was of the time during which the Egyptians of
Zoega, Hamilton, Bankes, and especially the late researches of
Young and ChampoUion.
• Winckelman, Si. dtlle Arli del Ditegno, lib. ii. c. 1.
f Diod. Siculus.
•f- lbiii. Opere ineUiie, Tral. Prcl. cu. ii.
I Plat. D» Z,ro.ch.ii.
VOL. V.
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Sculpture, discover an adequate cause for this failure. One of the
N—v"^ principal reasons which has been adduced is the absence
of beautiful forms amongst the Egyptians, either in face
or figure. ^Elian observes that, in his time, it was rare
to find a well-made or beautiful woman ; and another
writer* says of them, Homines auiem JEgyptis plerique
mbfusculi sunt et atrati, magisqve mcestiores, gracilenti
et aridi, &c. It is well known that they had no public
Games, like the Greeks and Romans, for the exercise
of their bodies, by which their artists could have the
opportunity of studying the actions and variety of the
figure; causes sufficiently powerful to prevent their
imitative wcrks possessing much excellence of form.
The artists too, it must be remembered, were altoge
ther precluded from studying Anatomy, so essential
to the perfection of the Fine Arts and of Sculpture
especially, by the extreme respect, approaching to vene
ration, that was paid to the dead. So jealous were they
of any indignity being shown to the bodies of the de
ceased, that they considered the common and necessary
offices whichwere performed as having something revolt
ing in them ; and, consequently, the persons appointed
by law to embalm the dead and prepare them for inter
ment were looked upon with horror and detestation,
and were obliged to seek safety by flight from the
indignation and excited feelings of the surviving rela
tives. The next cause that may be assigned for the
little progress that was made in the Arts, was the strong
and unconquerable attachment they had for all their
most ancient customs ; which has led some writers
to suppose that the artists were forbidden to depart
from established rules applied to the representation
of the human figure. From the comparative skill which
they have evinced in executing animals, it seems more
than probable that it was in these inferior objects alone
that they were permitted to exercise their own judgment
or skill ; while statues or pictures of men and women,
appropriated to purposes of Religion, and confined to
the representation of Divinities, Kings, and Priests.t
were not to be elevated at the will of the artist beyond
the character left by the Ancients, and, therefore, esta
blished as by Law. We must also notice another influen
tial cause, the division of the people into castes or
professions, which obliged a son to follow the trade or
calling of his father, whatever it might be ;£ by the same
rule it was prohibited for any person, however decided
his disposition for them might be, to practise the Arts of
Design, unless he had an hereditary right so to apply his
talents. One more cause for the slow progress of the
Arts in Eg)pt—more influential perhaps than any
other in a profession which requires for its consum
mation and perfection much nursing and protection—
was the little esteem in which artists were held in the
Country ; they were classed in the lowest rank, and
neither had opporlunty nor permission to rise above it.
Thus their practice was merely mechanical, unaided
and unenlightened by the mind or sentiment which a
student, who feels he may arrive at distinction by excel
ling in the higher branches of his Art, would endeavour
to throw into his works. The statues and bassi rilievi
remaining, even at the present day, are almost without
number; and wherever ruins have been discovered, whe
ther of Temples, Tombs, or Obelisks, there also have
* Ammianus Marcellinus.
\ Diod. Sic.

t Herodot lib. ii,

Sculptures or Paintings been found. The continual i^d
practice, therefore, which such a vast quantity of work ^«v4
afforded must, under any other circumstances, have
occasioned improvement ; and were it not for the pa
ralyzing influence of the causes above enumerated, we
should be utterly at a loss to comprehend how it was
possible, in a Country where Art was so extensively
cultivated, that it should have remained so stationary in
point of style.
The general characteristics of Egyptian Sculpture ckra»
are extreme simplicity or uniformity in the composition
of the lines, want of variety of action, and the absence
of sentiment or expression in the heads. Their statues
are standing quite upright, or sitting with all the limbs
at right angles to the body, or kneeling on both
knees ; the arms are generally attached to the body, the
hands close to the thighs, though in female figures one
hand is frequently placed across the breast ; in the kneel
ing figures, the hands are brought a little forward on the
front of the thighs, and support a box containing idols;
the backs are uniformly supported by a sort of block or
pilaster, which is generally covered with hieroglyphics;
the feet are for the most part parallel and joined toge
ther, though this is not always the case, for in standing
figures one foot is sometimes slightly advanced before
the other. The statues of men are entirely naked, ex
cepting that a sort of apron is folded across the loins ;
those of females were dressed in one long and simple
garment, fitted close to the body ; there are no folds ia
it, and it is only to be distinguished from the figure by
a slightly raised border at the neck and feet ; the form
of the breasts is sometimes indicated by their natural
projection being circumscribed by an indented line. It
has been remarked, and with great justice, that the
Egyptians appear to have paid great regard to decency,
and have preserved more modesty in their figures than
any other people who have practised the Arts ; occa
sionally, works of a different character are met with,
but they may always be fairly attributed to a late period.
The heads, when they ere human, are sometimes un
covered, but more frequently they are surmounted either
by an emblematical head-dress, in which is distinguished
the lotus, a globe, a serpent, or some sacred symbol, or
that more generally found in representations of the
human figure in Egypt consisting, as is well known, of
a sort of close cap or head-piece, entirely concealing the
hair and falling in broad flaps upon the shoulders. The
foregoing observations are principally applicable to their
statues ; but the Egyptians also worked a great deal in
basso-rilievo, as almost all the Tombs and Temples which
have been discovered are richly decorated with Sculp
ture of this sort. They do not of course differ very
materially from the statues as far as regards general
character, but they are somewhat varied in treatment
It will be found that there is frequently greater attention
paid to details of costume, as in expressing more folds,
and a bolder attempt at action is observable in them, as
if the artists were not so strictly confined in their works
in this style as in statues. This is particularly sti iking
in some bassi rilievi on one of the great Temples at
Thebes. The principal of them represents a buttle, or
the exploits of some hero who is destroying his enemies ;
he is made of colossal proportions rompared with the
other figures in the scene, and there is an attempt at
composition, and even beauty of form, in the heads of
some of the combatants, which offers ground for
curious speculation as to the period at which the work
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Ipture. was executed, and the subject to which it relates.
v^»' We shall here point out a peculiarity in the execution
of some of the Egyptian bassi rilievi still preserved
to us. A ground was sunk below the face of the stone
to be employed, preserving, however, a margin of the
original face all round ; the figure or subject to be repre
sented was then worked within this, so that there was
no relief or salient part beyond the original plane, which
formed as it were a protecting frame round it. It may
be observed too, that it was by no means uncommon
amongst this people to paint their bassi rilievi, and in
deed their Sculpture in general ; as has been ascertained
by the discovery of works either accidentally buried or
enclosed in Tombs ; on which, from the atmosphere
having had no influence in decomposing them, the
colours have been found as vivid as when first applied.
Although the additional splendour of effect obtained by
it for decorative works, was probably the principal cause
for introducing Painting upon their Sculpture, other
and considerable advantages were also gained by its
adoption : first, the Sculpture was longer preserved,
from its surface being so defended; and next, their
works, by the union of the two Arts, became much more
complete, as the artists were enabled to add many details
by paiuting them which were altogether omitted in the
Sculpture : it will be seen, however, that painting statues
and works in Sculpture was not confined to the Egyp
tians but was general in other Countries.
The above remarks apply to the general characteristics
of Art in Egypt ; before we dismiss this part of our sub
ject, we shall point out someof the peculiarities which are
offered us in the details of their works, and of which
the interesting specimens preserved in England, par
ticularly those which have been added within a few
years to the collection of Sculpture in the British Mu
seum, afford us numerous and highly valuable examples.
In the first place, the form of the face is rather short or
round, the eye, large and pointed at the extremities, has
a slight inclination upwards at the outer corner ; it is
not sunk into the head, as is observable inGreek Sculpture,
but projects as far forward as the brow, which is merely
indicated by a slightly raised line or sharp edge ; the
nose is much rounded at the point, somewhat flattened,
and rather wide at the nostrils ; the projection of the
cheek-bones is considerably marked, but with great
roundness, and this it is which gives the fulness to the
upper part of the face ; the character of the mouth is
peculiar, the lips are heavy or thick, and slightly turned
up at the corners, casting a simpering or silly expression
over the countenance ; the mouth too is always repre
sented closed, differing in this respect from the early
•works of Greece and other Countries, where we find the
mouth generally, if not always, slightly opened ; the
chin is rather small, and wilhout that projection which
gives so much beauty to the face, especially in the pro
file view of it; in the placing of the ear there is also a
remarkable peculiarity in Egyptian statues, it being
situated so high up that in many instances the lobe or
lower part of it ranges nearly in a line with the eyes.
The hands and feet of their figures are long and flat,
the nails are rudely marked, but there are no indications
of knuckles nor joints, which gives, even to the most
highly finished and best preserved works, the effect of
having had the extremities worn or smoothed down ;
the toes are rather long, and the smaller one, instead
of being turned or bent, as in Greek statues, is ex
tended, and has the same pressure on the ground as
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the others. It has been observed in some statues, which Etruscan,
are represented standing, that the feet are not of equal *
length ; one is generally a little advanced before the
other, and the hindermost, on which the figure rests,
is made the longest ; the navel, in figures of both sexes,
is strongly indicated.
We wish in the foregoing observations to be under
stood as speaking of works distinctly Egyptian, apply
ing that signification to the style of monuments believed
to belong to their first or ancient period, as Winckelman has denominated it ; original and unmixed with
any of the styles of the more enlightened people— (en
lightened with regard to their taste and knowledge in
the Fine Arts)—who subsequently gained power in the
Country.
The Egyptians used a variety of materials for the Materials,
purposes of Sculpture ; we find works in wood, baked
clay, some few in ivory, in metal, in a variety of marbles,
in basalt, granite, alabaster, a sort of sandstone, serpen
tine, &C. ; for their colossal works they employed the
sandstone, basalt, porphyry, and granite; and Herodo
tus says, that at Sais and Thebes there were also
colossal statues in wood.* There are none of large
dimensions in bronze ; the works in the other materials
are for the most part very small, having the appearance
of Lares or household Gods, either under the human
form or that of animals.
The clean execution and exceedingly fine surface so
remarkable in Egyptian Sculpture has excited the atten
tion of the curious ; and it leads to the belief that their
knowledge in hardening metals must have been very
far beyond ours, to have enabled them to produce
such carefully finished works in materials which almost
defy our best-tempered instruments. It is a remarkable
fact, that when the colossal head, called that ofthe Young
Memnon, was placed in the British Museum, and it was
found necessary to make some holes in it for the inser
tion of irons to join two of the pieces together, the
hardness of the granite was so great that six or eight
blows rendered the tools employed perfectly useless.

Etruscan Sculpture.
The next School of Sculpture which offers itself to Etruscan,
our notice is the Etruscan. Its early History, its
origin as a School of Art, and the Nation from which
it was derived, have afforded subject for much discus
sion amongst antiquaries ; but nothing very satisfactory
has been adduced by which we can form any decided
opinion upon it previously to the emigrations by
which the Greeks obtained an establishment in Etruria. It is not intended here to question the possi
bility, or rather the probability.t that there was some Origin,
original Art in Etruria before the arrival of the Greek
colonists ; some of the monuments, indeed, which have
come down to us have been produced as instances of
original works of an extremely early date They bear
no allusion to the Greek fables or mythology, con
sisting of figures of men, of Genii with and without
wings, ceremonies, &c. ; but in the greater part of
those that have reached us there is such strong evi
dence of Greek origin, (in their subjects rather than
in any distinguishing style of Art,) that we are justi
fied in considering them as drawn from Greece. We
■ Herod, lib. ii.
t Niebuhr, History of Rome, vol I
3i2
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Sculpture, would, however, here observe, that the works of
V
ancient Greece and of the Etruscans have been fre
quently confounded from the similarity of their style
alone ; but it must be remembered that this style is
nothing more than the general characteristic of all Art
in its infancy, the same in Greece, in Etmria, as in all
other Countries ; or, as it has been observed from the
learned Lunzi, in speaking of the conjecture that the
Art of the Etruscans was brought from Egypt origin
ally. La supposizione che gli Etnischi traessero dagli
Egizj le loro Arti e il loro ditegno e pnva di fondamfiito, poiche come avvertt il Lanzi, la rigidezza e U
rettilineo dei segni non hanno bisogno di venirci dal Nilo,
e nei princijy dtlle Arti presso tulte le Nazione si vede lo
slesso caratlere essendo quello stile non tanto Arte,
quanto muncanza di Arte.* These observations, how
ever, are only intended to apply to the earliest works,
in which the mere similar rudeness of execution has
been erroneously considered a corresponding style of
School. Stralwt has a passage in which the resem
blance of the works of the Egyptians to those of the
Etruscans (or Tyrrhenians) and the early Greeks, is in
like manner noticed ; but we certainly are not led to
infer from it that there was any communication of first
principles between the three Nations. A distinction, as
Lanzi observes.^ must be made between the Etruscan
style and works executed by Etruscan artists, which
will be found on examination to be very necessary to
enable us to comprehend and judge of the productions
of this School. The " Etruscan style" was a peculiar
manner of treating Art, which was retained by those
attached to this School from its foundation down to a
very late period; it was particularly distinguished by
the Latins, and called by them Tuscanicvs ; it was
applied exclusively to Art, and always signified a
style , and its practice was not necessarily confined to
natives of Etruria. All works executed in the hard and
dry manner peculiar to this School, were, therefore,
called opera Ttucanica. A passage from Quinctilian
will illustrate still more strongly the application of this
style, where he is speaking of the works of some of the
most celebrated Greek Sculptors : Duriora et Tuscanicis
prnxima Callon elEgesias; jam minus rigida Calamis ;
molliora adhuc svpradiclis Myron fecit.fj
Connection
Some difference of opinion has arisen respecting the
with the dates of the various migrations of the Greeks, but the
earliest, generally believed to have taken place about
fourteen centuries before the Christian Era, was that of
the Pelasgi, or as they are also called, Tyrrhenians. ||
Subsequently, about 600 years after the first, another
very considerable colonization of Greeks took place ;%
and to this much of the improvement of the inhabitants
of Etruria in the Arts of Design is attributed. It is
moreover extremely probable that the Arts were prac* Cicngnara, Slur, dtlta Scull, vol. i.
t Strata, lib. xvii.
t Lanzi, Nulixie tulla Scuttura.
I Lib. xii.
f| It if not necessary here to enter into an inquiry of the parti
cular distinction between the Pelasgi and the Tyrrhenian*, though it
is probable that the terms have been used indiscriminately by lho«e
who have spoken of these colonics. A variety of Works may be con
sulted on the subject ; amongst them those of Raoul Rochette, tur let
Colonies Greet ; Clavier, tur let Premiert Tempt de la Greet; Lanzi,
Winckelman, Niebuhr, &c. &c. It appears probable too, that other
Greeks came over and settled amongst the Etruscans during the long
interval between the two principal emigrations.
•Jf Herodotus. Thgcid. Hut. Slrab. lib. v.

tised to a great extent in that Country, where for a long Eiway
period they were enjoying repose, while in Greece, from
a variety of causes, (amongst which may be particularly
noticed their internal and external divisions and wars,)
they were neglected and most probably suffered to fall
to decay. The various representations of subjects from
the Greek History and Fables, found in Etruria, and
supposed to have been executed at a period when there
was no Art in Greece, have been adduced in support of
this opinion ; amongst them may be particularly noticed
the celebrated Gem formerly in the collection of the
Baron Stosch, representing five of the seven Chiefs who
conducted the expedition against Thebes ; a remarkable
event in the early History of Greece, and of which there
is no equally early representation found amongst the
works of the Greeks themselves. If this Gem be indeed
of the high antiquity ascribed to it, it offers a remark
able confirmation, we think, of the Etruscans having
practised the Arts when they were neglected in Greece;
but we are aware that its antiquity has been questioned,
and its execution attributed by one writer* to so low a
date as subsequent to the Vth century of Rome. Judg
ing however, generally, from the monuments ofEtruscan
Art which have come down to our time, they may be fairly
considered as derived from the Greek School ; not, as
we have before stated, from any distinguishing style,
but from the subjects chosen for illustration ; other
works may have existed, perhaps do now exist, which
may have been executed by the original inhabitants of
the Country, but the monuments that we have naturally
lead to such a conclusion.
With respect to the characteristics of the style ofCJ»ne»
Etruscan Art, it will be observed that a certain variety i"*1
exists: in some of their works the forms are undefined,
the hair and drapery stringy, and arranged with the
utmost regularity and stiffness ;—in others there is
a studied affectation of execution, with an exagge
rated and forced action of parts even to the fingers,
the ends of which are turned up in the most unna
tural manner; but with this difference in execution
one peculiarity will be found to pervade all the works
of the School, namely, a general absence of grace
and character. Unlike the Greeks, they do not appear
to have founded their practice on Nature, and the
consequence is a want of beauty and appropriate
expression or sentiment in their works. It will also
be observed that the Etruscan artists continued, long
after they had had opportunities of improving them
selves in that respect, to execute in the same hard,
dry, severe manner, by which, in other Countries, only
the earliest works are characterised : Winckelm&nt has
adduced reasons for this fault, but they do not appear
sufficient to account for the almost Egyptian pertiuacity
displayed by the Etruscan artists, in following the model
of style which their precursors left them. That they
had vast practice in the Arts, and particularly in Sculp
ture, may be inferred from the quantity of works of
* Ditterl. di P. Antonioli. Stosch, Pierr. Grav. Winckel
man, &c.
t Winckelman, lib. iii. It is worthy of remark that the Etruscans,
like the Egyptians, had a powerful hierarchy, for their chiefs, " Lucumones," were Priests as well as Governors, and they may have exercised
an influence in preserving the forms once consecrated by Religion from
profane innovation. That this prejudice, if it did exist, was not so
strong as that which was submitted to in Egypt, hi evident from some
varieties in the Etruscan work, but it may have operated to soi
in checking the progress of style.
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; ure. various kinds that have been found in their Country, as
' well as from the accounts of some of the ancient
writers ;* if the statue of Romulus was of his time, as
was pretended, it must have been by Etruscan artists.
We read too of their efforts in the plastic Art, in a statue
ofJupiter of clay, which was painted red, also of a Her
cules in the same material ; and it is said that when,
after having sustained many long and troublesome wars
against the Romans, they were finally subdued by that
people, and became a Roman Province, (which event
happened about two hundred and eighty years before the
Christian Era,) so many as two thousand statues were
taken from Volsinium alone !t

Grecian Sculpture.
The Art of Sculpture, though every where of equal
importance, perhaps, in an antiquarian point of view,
does not afford us the same interest, nor excite the same
feelings, when we are examining its practice in other
Countries, as it does in Greece and its colonies. The
associations connected with that Country, added to
the peculiar excellence which the Arts of Design, and
particularly Sculpture, attained there, are sufficient to
account for this difference ; and we cannot but feel that
the real History of Art, as a refined and intellectual
pursuit, can only be known by tracing its progress
amongst that favoured and gifted people; by whom,
in a few centuries, it was carried to such wonderful
perfection. In other Countries in which Sculpture
was practised, it seemed destined never to go beyond
certain limits, and if it did sometimes rise superior
to the rudeness of first attempts at form, still it never
attained strength sufficient to step beyond a wretched
mediocrity. Mere representations of objects were pro
duced, unelevated by the introduction of sentiment or
feeling. It was in Greece alone that the advance
of the Fine Arts, and particularly of Sculpture, was
progressive towards perfection ; it was here that it rose
superior, and became something beyond a mere me
chanical pursuit; it was here that Mind was made to
illumine Matter, and that the conceptions of rich and
glowing fancies were embodied in the productions of
their artists.
*»rf
The extraordinary superiority of the Greeks in this
**
respect
over all other
nations,that
a superiority
so decided
">tJ' and so universally
admitted,
the terms Greek
and
perfection are, as applied to works of Art, almost syno
nymous, is a phenomenon which has engaged general
attention, and has been attempted to be accounted for in
various ways, morally and physically. But no sufficient
reason has yet been assigned, we think, for an excel
lence which, even amongst them, was partial, and
confined to some States or particular parts of the
,
Country. By some writers, the great excellence of
the Greeks in the pursuits under our consideration
has been attributed to the fineness of climate which
they enjoyed ; but it requires no argument to show
that such a cause is inadequate to produce such ex
traordinary effects ; other Countries have had equal
advantages in this respect where the Arts have com• Hill. Nat. hut.

f Ibid. lib. xxsiv. c. 7.
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paratively had no existence. An ingenious author* has' Grecian,
even gone so far as to assert, on the authority of ancient - T m '
writers, that the climate of Greece, generally, was very
unequal, that they were often visited by fogs, that the
cold of winter was in many parts extremely rigorous,
and the heat of summer excessive, and that in Attica,
especially about Athens, they were afflicted by a pecu
liar and annoying wind ; and although, in some spots,
vegetation flourished in the greatest luxuriance, that in
others the earth was perfectly naked. It is not, however,
intended here to prove that the climate of Greece was
bad, but merely to observe that it had its inconveniences,
and to reply to those who are disposed to attribute an
all powerful influence to climate alone. By some again
it has been supposed that the beauty of form of the peo
ple amongst whom the Arts were practised, affords a suf
ficiently powerful reason for the success which attended
them ; but we do not conceive that that circumstance
would have all the influence which its supporters would
derive from it ; besides, we are not told that the people
who most excelled in the Fine Arts, (namely the Athe
nians,) were the handsomest of the Grecians. Cicero.t
speaking of the youths he saw at Athens, says he ob
served few who were really handsome; and although we
will not infer from this that they were none of them so,
especially when we have the names of so many handed
down to us as celebrated for this quality, yet we may
fairly conclude that the Fine Arts owed their superiority
in Athens to some other cause than the universality
of beautiful forms. We would remark too at this place,
and it is a curious circumstance, that those women
especially whose celebrity for beauty has reached us,
were none of them natives of Attica, the State in which
Sculpture most flourished. Phryne, for instance, was of
Thebes, Glycera of Thespise, Aspasia of Miletus, and the
masterpiece of Xeuxis was an union or combination of
all the beauties afforded by the study of seven virgins
of Crotona. The admiration of beauty amongst the
Lacedaemonians is well attested,* but the Fine Arts
were proscribed at Sparta. Neither does a peculiar
form of Government afford a sufficient reason for their
success ; for we find they flourished where there were
essential differences in this respect. They were not
fostered in the most powerful States, as maybe inferred
from the circumstance of Sicyon, the feeble Sicyon, hold
ing, together with Athens, the first rank in the cities of
Art, whilst the rich and magnificent Corinth was only of
secondary consideration in this respect. In fact, if
wealth, pomp, and luxury had been necessary to their
developement and success, it is natural to believe that
Asia, and not Greece, would have been the seat in which
the Arts would have established themselves.
Thus it does not appear that the aptitude (if we Perception
may be allowed the term) of the Greeks for the Fine of Beauty.
Arts depended upon those circumstances to which their
success has been so generally attributed, and upon which,
however useful and important they may have been as
assistants, too much stress has been laid; it must
therefore be sought for elsewhere, and we are led to
think it arose out of the particular constitution of the
people; principally it may have been owing to the love
of simplicity which for a long period was so general
* M. Kmeric David, Earn, Sfc.
f Quotu* enim qttisque formoiut Hi f slthenu cum rtsrm e
grege epAeburum vis tiitgu/t repcriebantur. De Nut. Dear. lib. ii.
c. 79.
J ./Elian. Far. Hitl. lib. xiv. c. 27. Allien, lib. xii. c.2.
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Sculpture, amongst them, and which seems to have pervaded their
^-"■V""^ language, and even to have extended to their actions
and their feelings, united to a quickness of perception
and admiration of that which is admitted to constitute
Beauty, possessed by them beyond any other people,
and which influenced them in all they did. The artists
in their choice, as well as their treatment of subjects,
seem to have been careful never to lose sight of this
principle, nor to express any passion or feeling so vio
lently as to be at variance with the laws of Beauty,
united with simplicity ; and as extreme expression
would have interfered with its existence, it will be found
that the Ancients studiously avoided it in their works.
Laughing or crying figures can have the effect of being
so excited but for a moment, afterwards the expression
is but grimace, as may be seen in maiiy productions of
the later schools of Sculpture. In all the varieties which
have come within the scope of their practice, even in
subjects of the greatest excitement, from the convulsive
struggles of a Lnocoon to the equally intense but quiet
suffering of the Dying Gladiator,* this solicitude will be
observed. It is true a restraint wus sometimes put
upon them by their Religion, which obliged them to
represent their Deities according to rule, founded on
ancient and established usage or popular belief; or to
accompany them with attributes destructive to, or ut
least materially affecting, that beauty and simplicity
which constitutes the charm of Art; but in prescriptive
works, for to such the last observations are intended to
apply, we are not to look for the real feeling of the
artist, and it is only when unfettered by restraint that
even the Greek could act up to the impulse of his mind,
and follow that Beauty which filled his imagination,
and which was the first and favourite object of his pur
suit. A further proof of the attention which the Ancients
paid to Beauty in works of Art, applying equally to the
choice of subjects and to the manner of treating them,
is the contempt and derision to which those were
exposed who confined themselves to representing com
mon or inferior objects. We are told that an artist
named Pyreicus,t who painted barbers' shops, and
such trifling subjects, with all the care of one of the
Flemish School, got the nickname of Rhyparographus ; and it is said that the Thebans had a law which
applied particularly to artists, who were subjected to a
fine if the works they executed fell 6hort in beauty of
the objects they professed to imitate. In Greece,
personal beauty was considered to confer a title to dis
tinction, and the estimation gained by its possession is
everywhere attested by ancient writers. We are in
formed, that the Priests of the young Jupiter at Egea,
those of the Ismenian Apollo, and those of Mercury at
Tanagra, were youths to whom a prize of beauty had
been awarded. J
dcrlv"^'5 Though we have observed, that the natural constifrom Public tu*'on or" *ne Greeks was particularly favourable to the
Games.
success of the Fine Arts, we must not omit to notice, at
the same time, that they were ossisted by a variety of
* It may be objected here that these works are of a later date
than the finest Greek productions; this is still a question, mid it is
immaterial, as the principle of which we are speaking exists ill ?o
remarkable a degree in them, that they fully merit the distinction of
being so noticed, whether the learned agree in allowing them to be
really Greek or not.
+ Plin. Nat. Hi»t. lib. xxx.c. 37.
j Pausaaias, lib. vii. and ix.

other circumstances highly propitious to their advance- Grct«
ment, and which did not exist to the same extent in any v-«v
other Country. Principally, then, the public Games and
combats, in which the competitors were for the most part
naked, offered great advantages to the artists of Greece,
and were of vast assistance in enabling them to carry
Sculpture to perfection. The value put upon distinction in
these exercises, for which the most exalted characters of
the Country were ambitious of contending, and the honour
that was conferred even upon a City or State, by merely
having given birth to a victor in the Games, rendered the
education of their youth a subject of the first importance
and interest. The G/mnasia or Schools in which they
were trained were the resort of men of rank and talent.
Personnges of the highest consideration in the State,
as well as Philosophers, Poets, and Artists, were in the
constant habit of attending them, and were thus accus
tomed to the contemplation and study of the human
form in nil its varieties, whether in repose or in action;
they became well acquainted with the beauty and with
the capabilities of the human figure, and, consequently,
fair and competent judges of imitative Art. But the
Sculptor especially benefited by these establishments,
from the intimate knowledge he acquired of the forma
tion, as well as the active powers of the figure. The
causes of the superiority of the conqueror in the race
or wrestling-match were diligently sought after, and
the properties discovered most generally to exist in
those who excelled in the various exercises, were pre
sumed to be best adapted for the purposes required, and
were therefore adopted by him into all representations
of the human figure in which the character demanded
these qualifications. The wide shoulders, for instance,
and spacious chest of the brawny wrestler offered to
the Sculptor the properties essential for the statues of
Hercules, and others of that class in which physical
strength was to be portrayed ; the clean legs and light
proportions of the victor in the race, gave the character
of the messenger of the Gods; and the union and judi
cious combinations of strength and agility afforded the
characteristics ofthe general athlete, or, modified into all
their varieties, produced that Beauty, called ideal, which
peculiarly distinguishes their sublimer productions, and
their statues of Demigods and Heroes. By these
means, that pervading harmony, the natural and un
failing result of propriety, was attained, which gives so
peculiar a charm to almost all the works of the Grecian
School, without which no production, however beautiful
it may be in detail, can ever please. It must be remem
bered too, before we leave the subject of the Public
Games, that, in witnessing them, nothing (during the
best times of Greece) was ever presented to the spec
tators that was capable of doing violence to the finer
feelings; no barbarity disgraced these amusements;
for the introduction of the disgusting exhibitions of
Gladiators and the fights with wild beasts were re
served for a laler period. It was highly conducive also
to the advancement of Sculpture that statues were
erected to those who excelled in agility and strength of
body ; and the greatest distinction that could be con
ferred, (an honour only permitted to those who had con
quered a certain number of times,) was the right of
dedicating an Iconic (or Portrait) Statue, which was
erected in the most sacred place for such a purpose, the
Altis, or Sacred Grove, near the Temple of the Olympian
Jupiter; to be seen and admired by the crowds who
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Sculpture.
The first Sculptor who gained sufficient celebrity to
"v""""'' have his name handed down to posterity is Daedalus ;
Early
his era, however, is so remote, and the statements reSculptors, gpectinjr his adventures and discoveries in Sculpture, as
well as the more mechanical Arts, so mixed up with the
marvellous, that it may be justly questioned how far
Daedalus, any of them are worthy of credit ; and as Daedalus
was in all probability a distinguishing name given in the
Ages of antiquity to all artists who had produced any
work out of the common way, it is easy to conceive
how the inventions and improvements of many became,
in subsequent times, attributed to one. As some account
has already been given of Daedalus in the Biooraphy
of thk Early Sculptors of Greece in a former part
of this Work, it is unnecessary to dwell in this place
upon his history or productions. There were, however,
several Sculptors of the same name, and the Athenian
has in some instances been confounded with a Daedalus
of Sicyon, who lived nearly 700 years later. As the
style of Art of this more modern Daedalus would not,
it is conceived, be very dissimilar to that attributed to
works of a much earlier time, the productions of this
Sculptor might easily have elicited the remarks which
Pausanias and others have made upon them, under the
impression that they were works of a still more remote
antiquity.
Smilis.
The next Sculptor who occurs in the annals of Gre
cian Art, after Daedalus, is Smilis,* or Scehnis, a native
of iEgina, and son of Euclides ; he was said to be con
temporary with Daedalus, and was considered the
author of a statue of Juno, at Samos, and which,
according to some traditions, had been brought from
Argos by the Argonauts who dedicated the Temple ; a
circumstance which has occasioned the antiquity of
Smilis to be doubted, the Argonauts not having visited
Samos till very lung after the time at which Smilis is
said to have lived. This, however, is not sufficient to
affect the antiquity of the work, for the Argonauts might
have brought an ancient statue with them ; the circum
stance of its being composed of gold and ivory has
much more weight in leading us to attribute a later date
both to the statue and to the artist who executed it.
Endceus.
Endceus.t a native of Athens, was a scholar of Daeda
lus, and is said to have followed his master to Crete,
when he fled to that Country after the murder of his
nephew Talus. He appears to have been very extensively
employed, and amongst other works Pausanias parti
cularly mentions a statue of Minerva in wood, of colossal
dimensions ; he is also said to have executed others in
marble and ivory, but there is every reason to believe
that many of the works attributed to this Sculptor are
of a much later date. The author of the observations
prefixed to the valuable Work on Ancient Sculpture
published by the Society of Dilettanti, in 1809, remarks,
that a head of Minerva on a silver tetradrachm of Athens,
which is engraved in that publication, is probably copied
from the above figure of Minerva by Endceus, it being
by far the most Archaic of the heads of that Goddess
observable on Athenian Coins. This learned Writer
thinks that the Sculpture in alto rilievo over the gates
of Mycenae, representing two lions rampant against a
sort of pillai or column, is the most ancient specimen of
the Art extant ; it is still in the situation in which it was
originally placed, being built in with, and forming part
* P»us. lib. vii. c. 4.
t Ibid. lib. i. c. 26. and lib. vii. c. 5.

of the walls, and on that account, as well as from the Gr«ia
interest it possesses as a specimen of very early Sculp- Arcku.
ture, has great claims upon our regard.
v—^
The chain of Sculptors in Greece is here interrupted,
(and the existence of the last mentioned is even doubted
by some,) owing to our imperfect information, or, as
is more probable, to the invasion of the Dorians on
the return of the Heraclidae, comparatively a more
barbarous race, to Peloponnesus. It appears that
the Arts were now practised with success deserving
notice by a distant people ; for we find that the next
Sculptors who are recorded are the Telchinians of
Rhodes,* who seem for many years to have enjoyed a
high reputation in Sculpture ; but no monuments of
any description remain of this people, or of that time,
by which any estimate can be formed of the merit of
their productions ; it is impossible, therefore, to offer any
account of their style or of the character of their works.
The next best accredited remains of Grecian Art are EuhCea
Coins ; and although it is extremely probable that the
general Sculpture of different Countries varied from and
had improved upon the stamps used for money, (wliich
as an established and well-known device were most
likely preserved for the sake of convenience or policy,)
yet, in the absence of other monuments, we must be
content to seek information from them. In those extant
of the earliest period in which the human head is ex
hibited, the eye has a very remarkable character, being
represented large, and in the front view, while the rest Plate T.
of the face is in profile ; in other respects, and wherever
the whole figure is introduced, the style was energetic,
the execution turgid, and corresponding very nearly with
the description which has been already given of Archaic
Art. It would be extremely difficult, perhaps impossible,
to explain in a satisfactory manner to the reader the slight
variations in style and treatment which took place in
Coins as knowledge in Art advanced ; the Coins them
selves should be studied, the best engraving's of them
generally failing to give the details so essential to the
right understanding of works of this minute descrip
tion.
Phido of Argos is said to have struck the first money BH»
in Greece in the Island of jEgina, about 869 b. c, and "• c>
there are some Coins of that Island extant, which, from 869the rudeness of the Sculpture, and the imperfect execu
tion, are considered to be of nearly as early a date; but
it must be confessed that they throw but little light upon
the state of Art of the period to which they are attri
buted, their device being merely a tortoise. The em
ployment of metal in Sculpture probably took place
soon after the striking of money under Phido, and
we, therefore, find that Gitiadas.t the next Sculptor Gitisda.
whose name is recorded, made various statues in B-c.
brass. Gitiadas was a native of Sparta, and exercised, "Was was frequently the case, the two professions of
* Winckelman, Sloria del/e Arte di Ducgno, ix. 1. Prelim. Dutrrt.
Dilld.
f The dates of Gitiadas and Learchus are by no means ascertained.
The former is placed thus early on the strength of a passage in Pau
sanias, which makes his date, it is conceived, quite independent of th«
/Lginctan Sculptor, with whom he has usually been considered rootemporary. Learchus should follow Dipceuut and Scyllis, (if their
date be, as we suppose, above 700 b. c.) but we have noticed him here
as & distinguished aitist in the early History of Sculpture iu metal,
and unconnected with any other Sculptors ; if he were the Scholar
of Dipoenus end Scyllis, they must have flourished much earlier than
Pliny says ; the reason will be obvious if the reader will consult Pan-

SCULPTURE.
Sculpture. Sculpture and Architecture ; the period at which he
lived is not precisely ascertained, but there is reason
to believe that he was flourishing about the time of
the first Messenian War, or about 740 years before
the Christian Era ; there were works remaining at Lacedxmon in the time of Pausanias, which were attributed
to this artist.* Pausanias also mentions having seen
at Lacedaemon, a brass statue of Jupiter by Learchus,
a Sculptor of Rhegium, which, he says, was the most
ancient statue known in that material ; this has led to
the inference that the Arts were in a more advanced
state in Italy at that time than in Greece ; and judg
ing from some Coins which remain, it has been thought
that the state of Art in all the Colonies was more
flourishing at this early period, namely, the Vlllth cen
tury before Christ, than in the Mother Country. It must
be acknowledged that there are many inconsistencies in
the accounts we have of Learchus, and chronologers
and antiquaries have differed considerably in deciding
upon his date ; but there can be no doubt that he lived
at a very remote period, certainly not very much later
than he is here placed.
Passing over names of minor importance, we arrive
at Telecles, Rhcecus, and Theodoras, who appear to
have introduced great improvements into the practice
of Sculpture ; their dates are of considerable importance
iu the History of the Art, as they have been thought
early enough to have been the inventors of various
branches of it. Pausanias says, they first cast brass
statues ; and tradition, according to Pliny, t attributed
to them the invention of the plastic Art, though (he
Corinthians claimed the distinction for Dibutades: at
what time Dibutades lived is uncertain ; he was a Sicyonian by birth, and exercised the trade of a potter at
Corinth, but, as we have before observed, so simple a
discovery as modelling figures in clay was, in all proba
bility, made in the earliest stage of Society, and is not
to be attributed to any one in particular. Rhcecus and
Theodoras are mentioned by Herodotus, Pliny, and
Pausanias ; Rhcecus is said by Herodotus} to have built
the Temple of Juno, at Samos ; he was also the author
of a statue of Night in the Temple of the Ephesian
Diana ;§ Pausanias says, that he was unable to find any
of the productions of Theodoras ; but Herodotus, and,
subsequently, Pliny, allude to works by a Sculptor of that
name. As there were at least two so called, who were
living about the same time, some confusion may very
easily have arisen amongst the. Ancients in speaking of
them ; one, we are told, was a son of Rhcecus, another
of Telecles. According to Herodotus, Theodoras en
graved the celebrated ring of Polycrates, Tyrant of
Samos, so remarkable in History for the good fortune
which always attended him ; he also made one of the
magnificent vases which Croesus, King of Lydia, pre
sented to the Temple at Delphi. Pliny records a
remarkable instance of minute execution by Theodoras;
he says, he cast a brass statue of himself, holding in
one hand a file, in allusion, probably, to his profession ;
and in the other a quadriga, so small that a fly could
cover it with its wings. Great difficulties occur in fixing
the dates of these artists ; Pliny says, they lived long
before the expulsion of the Bacchiadse from Corinth ; an
event which took place in the XXXth Olympiad, about
• P«us. lib. iii. c. 17, 18.
t Plin. Nal.Hu/. lib. im. c. 12.
1 Herodot lib. iii. c.60,
§ Paus. lib. x. c. 38.
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659 years before the Christian Era ; but the Author of Grecian
the preliminary dissertation to the Dilettanti Work on Archaic.
Ancient Sculpture, observes, that if the presents ofTcred
■*
by Croesus at Delphi were made for the purpose, as
was most probably the case, Theodoras must have been
living above a hundred years later than Pliny has
placed him. But it is possible that Croesus may have
had the vase already in his possession, and, without
having had it made purposely for him, may have consi
dered it, from its magnificence, worthy to be dedicated
with his other presents to the Temple. There were two
vases, one of gold, the other of silver; the artist who
executed the latter is alone mentioned, and that, very
probably, owing to its being a more ancient and cele
brated work ; had they both been executed at the same
time, that in the most precious material would, in all
likelihood, have been noticed more particularly: it is
conjectured, therefore, that these artists lived between
seven and eight hundred years before the Christian
Era.
The introduction of casting in brass, if indeed it were Employintroduced into Greece so early, forms an interesting mem of
and important epoch in the History of Art ; and it
may not be improper to offer some observations in this
place on the manner in which it was practised in the
first Ages ; it must be premised that Pliny's accounts
of this subject are not very consistent, and we must
therefore be careful how far we admit the traditions
mentioned by him. The earliest works in brass ap
pear to have been executed in hammer-work, (called
by the Ancients S^u^iJXotov,) that is, beaten out with
hammers into the shape proposed, and the Statue of
Jupiter, by Learchus, before alluded to, was made in
this manner. Pausanias is very particular in his de
scription of this work, and says, it was formed of pieces
which were afterwards fastened together by means of
pins or keys. Another mode of executing figures ap
pears to have been by beating pieces of metal together
in the solid till the surfaces became well fitted to each
other ; the features and parts were then hammered or
hewn out of the mass. Two statues, probably of high
antiquity, are noticed, of solid gold, one of Bacchus,*
at Thebes, the work of Onassimedes, and another of
Diana Anaitis ; these were most likely beaten into form,
and worked up according to this process. Pliny's expressionf respecting the solidity of the Statue of Diana
is remarkable. It has been conjectured that the method
above described was practised by the Egyptians ; a
quantity of metal was also saved by beating it out and
plating it upon wood, instead of hammering the whole
out of a solid mass, and an interesting specimen is
shown, in an engraving in the Dilettanti Work on Sculp
ture, of a small head of Osiris, iu which the nucleus,
or centre of wood, is still remaining. Homer, when he
speaks of works in metal, always refers to this manner
of working, that is, by beating it out, and the ham
mer is invariably the instrument with which he furnishes
Vulcan ; he also alludes particularly to the custom of
plating sheets of metal on a solid body, when Laertes,
at the desire of Neslor, comes to gild the horns of a
bull about to be sacrificed.} At what time the Art of
casting statues in brass into moulds, taken from models,
was introduced is uncertain, but it was, probably, of a
• Paus. lib. x. c. 12.
•f jiurea ttatua prima omnium nulla inanitate in Templo Anaitidi*
potita &c. Plin. Nut. Hut. lib. xxxiii. c. 4.
I Ottya. lib. iii. v. i'ii.
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Sculpture. comparatively late date in European Greece. The artists
who were most distinguished for their success in the
Art, even if their claim to having first discovered it
be questioned, were, undoubtedly, Rhcecus and Theodorus, who were both Samians ; and the first European
Greek, if we except Gitiadas, (whose date is bardly as
certained, and of whose practice but little is known,)
who is recorded as having excelled in this branch of
Sculpture, lived many years after them ; this was Glaucias, the /Eginetan, who was employed by Gelon, King
of Syracuse.
The History of Dipoenus and Scyllis will be found
Dipoenus.
Scyllis.
in the Biographical notice before alluded to, where they
B. C. are placed at 776 b. c. These artists were distinguished
776. for their skill (extraordinary at that time) in working
marble ;* and appear to have been employed in many
important works ut Argos and Sicyon. They hud many
scholars, and we read of the names of Tectsus, Angelion, Doryclidas, Medon, and others, of whom it is
not necessary to enter into any account here. The
Bupalus. names of Bupalus and Anthermus, who lived soon after
Anthermus. Dipoenus and Scyllis, deserve, however, to be more
particularly noticed, as they distinguished themselves
by a variety of works of a high character, which were
preserved at Chios and other places. A group of the
Graces by Bupalus, at Smyrna, is highly spoken of,
and it is worthy of remark, that at this period the
Graces were always represented draped. Pausanias
says, Bupalus was an able Architect as well as Sculptor.
Bathyclcs,
Bathycles the Magnesian, who is celebrated as the
B. C. author of the Throne of Apollo, at Amyclse, is supposed
600, to have lived about 600 years before the Christian Era ;
to
some writers have brought bis date down rather lower,
B. C. and have placed him at about 530 B. c.
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The Plastic Art was carried into Italy, according to
or
530. Pliny,t about this time, or rather earlier indeed, by
Demaratus.who, accompanied by Euchirus and Eugrammus, two Corinthian artists, fled from Corinth after the
usurpation of Cypselus, and the consequent expulsion
of the Bacchiada> ; but it must have been known in
Italy, it is conceived, at a much earlier period.
The time at which we have now arrived is one of
the most remarkable in the History of Greece, whether
it be considered with reference to the progress of Phi
losophy, its political changes, or to the general ad
vancement of Science, Art, and Literature. Pythagoras
and the Sages of Greece appeared; Solon legislated;
Pisistratus obtained the Government of Athens ; and
Cypselus usurped that of Corinth : Tragedy was im
proved by Thespis, and, from being a mere rude Chorus
without arrangement, became regularly organized and
subjected to rules ; the sublime Poems of Homer were
now firBt collected and arranged, and publicly read to
the Athenians ; the Panathenaic Games were instituted,
and the magnificent Temple of the Olympian Jupiter
was founded at Athens. About this time also, the cus
tom of permitting statues to be erected and dedicated
by the conquerors in the Public Games was introduced,
* Marmore tcntpendo primi omnium inalaruerunt Dipoenus el
Sn/llii gemti in Creld insula. Plin. lib. xxxvi. c. 4. This is Pliny's
account, who gives their date, Olympiad? circtler L. Pausanias,
however, says, they were considered by some to have >jeen the masters
of Learchus, of Rhegium, which would make them considerably earlier.
Their having been called the scholars of Daedalus leads also to the
probabil tyof the earliei date of Pausanias being correct. Paus. lib. iii.
c. 17. Flaxman places them at 776 b. c, though he admits, generally,
the chronology of Pliny. (Led. p. 75 and 7a )
j Plin. lib. ui(. c. 12.

from which, as has before been observed, the greatest Grecis
advantages resulted to the Art of Sculpture.
Archie,
The Arts, which had been making rapid progress in v»v«*
the Colonies in Asia, received about this time a para
lyzing check in consequence of the unsuccessful revolt
which had been attempted by them against Darius
Hystaspes. The Cities and Temples of the offending
colonists were entirely demolished, the inhabitants were
distributed over the Country, became slaves, and were
otherwise subjected to the most degrading punish
ments ; but as Art fell in Asia, so it appears to have
gained fresh vigour in Europe; the Schools of JEpm,
Sicyon, and Corinth sent forth avast number of eminent
artists, who diffused the principles of tin improving and
grand style throughout the neighbouring Stales, and
we find the Italian and Sicilian Colonies shortly be
came so distinguished that they were on a level with
the Mother Country.
To a period not very remote from that under con. Sdptat
sideration mav be attributed the very interesting re-'**
mains of Sculpture discovered amongst the ruins of a***
Temple, in the Island of jEgina, which are now in
the King of Bavaria's collection, at Munich ; they de
corated the pediments of the Temple, and. as they were
found immediately under the situation which they must
have occupied originally, their arrangement and com
position were easily ascertained.*
The subject to which the statues refer has engaged
the attention of many of our men of letters and verta,
but no satisfactory opinion has yet been given of
them. All the figures of the Western pedimeut were
found, and, as is evident from their actions, are engaged
in some important contest ; the figure of Minerva occu
pies the centre of the pediment, forming the apex or
highest point of the composition ; she is not only raised
on a sort of plinth, but is of larger proportionst than the
figures about her, and appears to be presiding over the
events taking place in the field of battle. She is repre
sented fully armed ; her helmet on, the a?gis covering
her breast, and her shield on her left arm. The right
arm is bent and crosses the body ; in her hand she pr«
bably held a spear. Immediately in front of the God
dess, appears a dying warrior, who is extended at her
feet; another advances towards him, apparently for the
purpose of rendering him assistance, while a third
figure, with his spear raised, seems to rush forward from
behind the wounded man to prevent his approach ; the
rest of the figures are engaged in various ways with
bows and arrows or spears, and the ends of the pedi
ment are occupied by wounded and fallen warriors ; the
whole, exclusive of the Minerva, amounts to ten statues.
Of the figures in the Eastern pediment, but five} were
found, and they also represent persons engaged in
* An account of this discovery, which was inade in the year 1312,
by Messrs. Cockerell, Foster, and the Baron Haller, with so*
esting observations on the marbles, is given in the Quarterly .
No.XII.18J0.
•J- Tne colossal dimensions of the Divinities, compared with mortals,
are quite consistent with the descriptions of the Poets; in rbe catsbat between Minerva and Mar>. (Hum. //. lib. x\i. v. 409, el tern ,) the
Goddess throws an enormous mass of rock at her opponent, which
strikes him to the earth, and Homer says, he covered seven acres.
" Thund'ring he falls, a mass of monstrous size,
And 6even broad acres covers as he lies."
J That is, but five statues sufficiently preserved to lead to the as
surance of their original destination and design ; the fragment* of
twenty-five statues were found on the
statues which adorned the acroteria.
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cnlpture. combat. It is remarkable that they are all of larger wiry lines down the back, corresponding, in fact, to the Grecian
■» ' proportions than those of the other side, and that the general mode of treatment which, from Coins and de- Archaic,
conception and execution of the statues at this end are scription, we know to be the characteristic of works of
v
of a grander and higher character than those of the the earliest date. The exact period of the execution of
Western pediment.
these Sculptures has not been ascertained, but judging
These Sculptures offer many peculiarities of manner from the style, which approaches very nearly to that
and execution, and are highly deserving the attention of found in the works of the artists who immediately pre.
the curious. The general style is what is termed ceded the School of Phidias; considering also the high
Mi! III. Archaic, but the statue of the Goddess is much more so character of the jEginetan School, and the eminent
than the rest of the figures ; she is entirely draped down artists who composed it, it may be inferred that they
to the ancles ; the feet, which are raised as if on sandals, were not very remote from the period which our His
are shown, and are both turned in the same direction, as tory has now reached, namely, between five hundred
if the figure were standing sideways; the folds of the and six hundred years before the Christian Era. The
drapery, which has the appearance of starched or learned Miiller, indeed, inclines to an opinion that
Stiffened linen, are thin, and arranged with great regu they were of a considerably later date than that to which
larity, running in parallel lines, the zig-zag edges cor they are here referred ; he draws his conclusion from the
responding on each side ; the segis is smooth, but scales style of the Architecture of the Temple to which they
were originally painted or gilt upon it, and some faint belonged, and also from the costume of the archer, which
remains of the colours are still visible. The extremity he considers Persian, and says they were subsequent
or outer edge has a sort of border of snakes, which at to the battle of Salamis.*
regular distances are terminated by small pieces of
Amongst the remains of Sculpture of a very early Sculpture
metal, some of which are still remaining twisted in a date which have reached our times, may be reckoned IromSelicorkscrew shape ; the helmet also of this, as well as of the fragments found, in the year 1823, at Selinunte, in n,1>"
the other figures, appears to have been decorated with Sicily.f Two English Architects, prosecuting their
metal, as the holes for its insertion are evident in many studies in that Country, were induced to make some
of them. It may be observed here, that, with respect to excavations amongst the extensive ruins of the Temples
costume, these marbles offer some of the most interest there, and the result was the discovery of several pieces
ing details of any monuments which have come down of Sculpture, forming part of the metopes of the Tem
to us : some of the figures are completely armed in cui ples. The originals are now in the Royal Museum at
rasses, greaves, and helmets, and the manner of buck Palermo, but casts from them are preserved in the Bri
ling and fixing on the different parts is very carefully tish Museum. There are some peculiarities about these
represented. The fastenings appear in most instances specimens which seem to offer characteristics of two
to have been made of metal ; unfortunately the pieces different styles of Art ; those which belonged to one
are lost, but still sufficient remains to show the way in Temple (called the Eastern) having much of the cha
at* til. which it was done. The costume of one figure is pecu- racter of jEginetan Sculpture, while those of the West
liar, the dress is apparently composed of leather; it ern have the appearance of coming from a more bar
covers him entirely from the throat to the ancles, fitting barous School. It is difficult, without having the works
closely, and without folds, to the body ; his head dress before us, to describe those slight variations in the
resembles a high Phrygian cap, and he is kneeling on treatment, as well as execution, which have led to this
opinion ; but a careful examination of them, and a
one knee in the act of discharging an arrow.
In the execution of these Sculptures considerable comparison of what remains of the Minerva, and the
skill is indicated, and an advanced state of knowledge head of the dying or wounded figure, wiih some others Plate f.
in Art is exhibited both in the style which pervades the of the collection, will explain the grounds on which it is F'g- 5i<^
work generally, and in the understanding and expression presu med they were execu ed by
artists. The and
Plate nr.
of form ; there is a grand division and breadth of parts, head iof the dying figure resembles very nearly the cha- pjjVJf
though the details are not always graceful, and in the ructer of the jEgina warriors, though there is certainly
articulations of the bones, and the nicety of execution of a superiority observable in the expression of the face ;
the joints, there is much to admire. The heads are the anatomy again is inferior; in the other figures the
uniformly in the same style, and of a much earlier cha anatomy is very similar to that on the earliest Coins, but
racter than the body and limbs; and this confirms an still varying in some respects from the Greek Sculp
opinion which has been before hazarded, that in works tures; and there is a plump and short character of face
of a certain class, illustrating the actions of Divinities or approaching in some degree to the Egyptian. At first
Heroes, (as appears to be the case in these marbles,) or sight, they strikeas being decidedly a branch of .Eginetan
connected in any way with Religion, the treatment of Art—short proportions, the fleshy portions of the thighs
the heads was prescriptive, and, however artists might overcharged—the hair dressed in knobs corresponding
have ventured to improve upon the less important parts very nearly with the works of that School ; but there
of the figure, that the character, and even the details of still are variations, which, if they were executed at
the head, handed down through a long course of time
* Hint enim poll helium Salaminium facial ene turn adit cvjtu in
and sanctified by usage, were not permitted to be
jL
altered ; the features are sharp, the eye long and narrow fastigiu poutat crattt j4rchitectura ratio, turn vrtlu lagittarii Pcraici
*•
■with considerable projection of the upper and lower KM Pariiie dUigenter reprteitntata, mihi quidem persuatere. C. Odof.
Miiller, de Paid.
lids, the mouths in all slightly opened, wide, and, what
f An interesting account of the excavations, embellished with acever the employment of the figure, smiling ; the chins curaie engravings of the more perfect Sculptures, has been published
by
Mr. Angel!, one of the gentlemen to whose exertions the discovery
long and pointed, and the edges of the lips, eyelids, of these
works is owing. The drawings were made on the
and os frontis very strongly and sharply marked ; the spot, by interesting
his companion, Mr. Harris, an Architect of great promise,
hair is in small curls or knobs, like shells, arranged who unhappily fell a victim to the malaria of the Country, ao<
with great regularity, and falling in long, waving, and the succesaful termination of their labours at Selinunte.
3 m 2

448

SCULPTURE.

ancient writers do not furnish us with any account of Grtdu
works executed by him independently of Onatas, whom Ufa,
he is said to have assisted in making a statue of Mer- V—V^
cury carrying a ram, which was dedicated it Olympia.
The Sculpture of the .Eginetan School of this time had
much in its character that was grand and imposing, and
a careful observer will discover in the large masses of
the muscles, and the bold divisions of the parts, the pre
paratory step to that perfection which the Art soon after
attained.
An event of the highest importance to Greece, and Cow.
which tended in no slight degree to aid the progress of q«m«J
Sculpture, happened about this time ; this was the cele-l,*!>t,,'"
brated expedition of Xerxes, which, by its failure, dis- n"""'0"
covered to the Athenians the wealth of Asia, while it
exposed the weakness of the invaders. It was a cus
tom in Greece to dedicate a tenth of all spoils gained
in battle to the service of the Immortal Gods: and
a tenth of th:it obtained from the Persians was appro
priated to this high service. Temples were erected and
embellished far surpassing in beauty and magnificence
those which had been demolished ; and happily lor the
advancement of Art, the opportunities this application
of wealth afforded for its improvement, were met by a
greater quantity of talent in the respective professions
of Architecture and Sculpture than had ever before
appeared. This ample employment, and the high object
to which their works were destined, to honour the Gods
and commemorate the glory of th eir Country, excited a
spirit of honourable emulation in t he artists which called
forth all their powers, and led to that perfection in Art
which even at this remote period, we contemplate wilh
the highest admiration.
II. The Sculptors contemporary with, or who imme- E Ri£o
diately followed, the period last under consideration, F*1
were Hegias, Ageladas, Phidias, Pythagoras, Myron,
Polycletus, Alcamenes, and others ; and we are, there
fore, fast approaching the time when Sculpture reached
its maturity. Information of considerable value and
interest at this stage of our it iquiry is afforded by
the ancient writers, some of whom have traced, as far
as their own observation of monuments enabled them
to do so, the chain of improvement in style in Art,
from the School which has been d enominated jEginetan
to that of Phidias, and it may not be amiss to tale »
general survey of their classification of the most striking
peculiarities of the Sculptors of the respective times.
Callon, of jEgina, lived in all probability between i60
and 500 years before Christ: his works, with the* of
Egesias, are characterised as being hard, approaching
very nearly to that distinguished us the Tuscan or
Etruscan manner ;* Calamis, who succeeded him,
was less rigid, and the style of Myron, who followed
next, still more softened. Cicero alludes to the same
variations in style, bringing us down in like manner
to one of the contemporaries of Phidias ; the statues
of Cauachus, he observes, are rigid and hard, not
resembling the truth of Nature ; those of Calamis also
are hard, but less so than those of Canachus; even
Myron did not succeed in imitating Nature correcl)',
yet he surpassed Canachus, and his works may be
considered very beautiful ; Polycletus, however, was
* They were discovered, in the year 1812, near Paulizza, supposed still more fortunate, and his productions are pronounced
to have been the ancient Town of Phigalia, in Arcadia, by Messrs.
Cockerell, Foster, the Baron Haller, and M. Linckh.
t Paus. Arcad, c. 14.
• Dttriora el Tutcanicil proxima Callon atq. Egetiat, jant swW
% Paus. lib. ii. There was more than one Sculptor of this name.
6 Ibid. lib. vi.
rigida Calami*, &C. Quinct. Oral. Jmlit.

the same time, induce us to believe they were not by
Sculptors educated in similar principles. At a much
later period than that to which these Sculptures are
referred, artists from yEgina were employed by the
Tyrants of Sicily ; and it is, therefore, highly probable
that in more remote times, when Sculpture must have
been still less known and practised in the Island, that
foreign practitioners would be called in to assist in de
corating the principal Temples of a newly-founded city:
some of the artists so called upon were in all probability
from Greece ; others may have been brought over from
the opposite coast ; and their being Carthaginians would,
perhaps, account for a certain Egyptian character per
vading the faces of some of the figures.
The Sculptures in alto rilievo in the British Museum,
known as the Phigalian Marbles,* are from the Temple
of Apollo Epicurius ; the subjects they represent are the
battle of the Centaurs and Lapithee, and the contest
between the Greeks and Amazons. There is great
ability displayed in the execution of these marbles, al
though some heaviness and disproportion are observable
in the figures; the conception of the whole, and compo
sition of the various groups are, however, remarkably
fine, and compensate in a great measure for the defects
alluded to. The circumstance which renders these mar
bles particularly interesting, is the knowledge of the
time at which they were executed; for Pausaniasf says
that the Temple of Apollo Epicurius was built by
Ictinus, the Architect who superintended the construc
tion of the Parthenon at Athens ; and though the
Phigalian Marbles want the purity of design and exe
cution which distinguish the Athenian works, the high
qualities they do possess claim the second place for
them in our estimation.
Sicyon and jEgina were the most celebrated places in
ancient times for the production of works in brass. Of
the former School we have already had occasion to
mention some very distinguished members. Callon|
was probably one of the earliest Sculptors of that of
iEgina who attained reputation, but there is great dif
ficulty in coming to any conclusion as to the exact time
at which he lived ; and as we merely find a wooden
statue of Minerva, mentioned by Pausanias as his
work, and an observation in another author on the dry
ness of his style, his history does not appear very im
portant. The jEginetan artists of the greatest celebrity
at a later date, were Glaucias and Onatas, the son of
Micon ; the former§ was employed by Gelon, King of
Syracuse, to make a chariot and four horses, which he
dedicated in the Altis, or Sacred Grove, at Olympia,
upon having gained the prize in the chariot-race.
Onatas and Calamis afterwards worked for Dinomenes,
the son of Hiero, who succeeded Gelon. The former of
these Sculptors appears to have enjoyed a very high
reputation, and Pausanias supplies us with a copious
catalogue of his works. Amongst those more particu
larly noticed, was a statue of Apollo, in brass, of
colossal dimensions, at Pergamus ; a Ceres, which he
made for the inhabitants of Phigalia ; and a number of
works which were at Olympia. Associated with Onatas
is Calliteles his scholar, and probably his son ; but the
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Jptore. to be perfect.* The History of the Art is thus, it will awarding him. The great excellence of Myron seems Grecurr
~v — / be observed, carried out of the ./Eginetan into a more to have been shown in his productions in brass, in which Phidian.
polished School, to which therefore our attention will he was the rival of the famous Polycletus; and we are v—v-"-''
now be more particularly directed ; the principal artists told that Myron used the bronze or brass of Delos,
who effected the change in the style of Sculpture having while Polycletus employed that of /Egina for his works.*
There appear to have been at least three Sculptors
been mentioned above, it remains now to notice them
individually, as some observations on their respective called Polycletus, but there is so much confusion on Polycletus.
manner will lead to the better understanding of the ex this point in the authors who have mentioned them,
cellence of Phidias. We must first take notice of a that it is almost impossible to distinguish between
Sculptor of Rhegium, whose works have been frequently them ; it is evident, however, that two were called
relerred to, and who appears to have had very just claims Argivi; Pliny, indeed, calls the most celebrated Sicyoto the distinguished rank he held amongst the artists of nius, but as he is the only writer who gives him that
antiquity. Some of the productions in brass of the title, it has been thought probable that both Sicyconian
earliest practitioners of that colony, executed at a time and Argive may have been correctly applied to the
when that material was hardly known for the purposes same artist, Siq/onius as a native of Sicyou, and Argivus
"•go™*- ofSculpture, have already been noticed, and Pythagoras, also from his having been admitted to the rights of
the subject of our immediate attention, seems to have citizenship at Argos, where he studied and executed
supported the credit of the School of which Learchus many of his most important works. He appears to
(who was perhaps the founder at Rhegium) and others have been an artist of very high celebrity, and, accord
were such distinguished members. From the difficulty ing to History, was remarkable for the great care and
which exists in making the execution of the productions attention with which he finished his productions; in
of Pythagoras correspond with the times at which we deed, he was the author of a statue so perfect in its
find the name mentioned, it has been supposed, and with proportions that it was called by common consent the
great apparent reason, that there was more than one Canon, and referred to as the " Rule of Art."t Po
Sculptor of Rhegium so called. The chief of the name lycletus seems, from the criticisms which have reached
was a scholar of Clearchus, (also of Rhegium,) or more our time, to have been deficient in that variety which
correctly speaking, perhaps, of the School of Clearchus. is so essential to the accomplishment of an artist.
An improved taste in executiou seems now to have been Some further particulars respecting this Sculptor will be
introduced, and more attention than usual was paid to found in the Biography o« tiie Early Sculptors op
expression ; a statue by Pythagoras of a wounded man Greece.
Hegias, or Hegesias, for it is presumed the same per- Hegias.
is recorded, in which the expression of anguish was so
admirably denned that the spectators were affected son is meant, and that the name is only varied by the
by it, and seemed to share with the figure the pain he corruption of ancient texts, was classed, as has been
was supposed to be suffering. Pythagoras, too, is par noticed above, amongst those artists whose style was
ticularly noticed as being the first who represented the hard and dry.
veinsf and nerves in his statues ; he was also more care
Of Ageladas, we have no information which will tend Ageladas.'
ful in the execution of the hair than his predecessors. to illustrate this part of our subject, and a mere list of
fc
Myron, of Eleutherae, or of Athens, and the scholar of his numerous works, with the conjectures of antiqua
Ageladas, is the next Sculptor of celebrity who claims ries respecting the time at which they were executed,
our notice. Pliny* gives him the preference in some must be considered as belonging to the History of the
respects even to Polycletus, and says that he introduced artist individually, rather than that of Sculpture gene
a greater variety in his Art than those who preceded rally ; the circumstance of the greatest interest con
him ; but he observes at the same time, that lie was not nected with Ageladas is, that he was the master of
successful in expressing the feelings or passions of the Phidias, Polycletus, and Myron, three of the brightest
mind, nor did he make any improvement in the manner names in the Annals of Art.
It must be admitted that the Sculptors in the JEgiof treating the hair, which was stiff and formal, as in
the times of the rudest Art ; his style was, in all proba netan class of Art immediately prior to this time, laid
bility, hard and minute, but he must still be considered the foundation of that fine style which Phidias brought
one of those Sculptors by whose assistance the Art to perfection; yet the suddenness of its consummation
was brought to excellence. We possess a very interest has given the Sculpture of his School a character that
ing specimen of this master's manner in a statue in the may almost lay claim to originality, particularly when it
British Museum of a Discobolus, or Quoit-thrower, is recollected that even some of his contemporaries are
generally believed to be a copy of the famous statue noticed for still clinging with partiality to the dryness
by Myron, so minutely described by Lucian and Quincti- of style and peculiarities of execution of the jE^inelian ;§ and though there is considerable dryness of man tans. Phidias, the son of Charmidas, was a native of Phidias.
ner in this work, it nevertheless possesses qualities Athens. J and was born about the LXXIIJd (_)l)mpiad,
which claim (or the Sculptor a higher character than or 484 years before Christ. Of his early life and stud es B
Pliny's account of him would alone have justified us in but little is known, though it is said he at first studied 434*
• Quit non intelligit Canachi signa rigidiora esse quam ui imitentur the Art of Painting ; the circumstance of two of his
veritntem f Calamities dura ilta quidem, fed tamen molUtira quam family having been Painters may have led him to amuse
Canachi ; ntrndum Myronis satis ad veritatem adducta, jam tamen
qurr non dubitcs pulchra dicere. Pu/chriora etiam PolycleU et jam
* Plin. Nat. Hist.
plant perfevta, Sic. Cic. de Clar. Oral.
\ Fecit et quern Cannna vacant, tineamfnta artis ex eo petcntea
t Plin. Nat. Mil. Hie primus nervos ac venas expressit, capil- velut a lege quadam. Plin. Nat. Hist. lib. xxxiv. c. 8.
hamque diligentixU.
I Pausanias gives the inscription on the statue of the Olympian
J Ibid. lib. xxxiv. c. 8.
Jupiter, declaring it to be the work of Phidias, the Athenian, the
§ Quid tam diitortum, et etaboratum quam est ille Discobolus son of Charmiilus. Qua!as Xc^iJh inif 'Ainmaf y. Wowi : and see
Jlfyromi, &c. Quioct. Oral. Instil, and Lucian in Philopteude.
Strabo, &<-.

450

SCULPTURE.

Sculpture, himself in that branch of the Arts, but the authority for him with some intimation whether it was pleasing to g
■ r- — / his having followed it, as a profession, is so slight that him ; immediately a flabh of lightning struck the pave- Bi3
no great dependence can be placed on it, and it is pro ment before him : this was at once hailed as a proof of
bable that, if he did at any time employ himself in it, he the satisfaction of the Deity ; and in commemoration of
soon relinquished it, and dedicated himself entirely to that the event a brazen vase or urn was placed on the spot,
Art in which he was destined to become so distinguished. which Fausatiias says was existing in his time.* The
His masters, we are told, were Hippias and Ageladas : statue of Minerva was standing, and fully armed' its
of the former but little is known ;* the latter enjoyed a height we are told was twenty-six cubits.t and the gold
high reputation, and executed many works of import employed on it is said to have weighed forty talents.^
ance. Circumstances were particularly favourable for Phidias executed several statues of Minerva, his Coun
the display of the talents of Phidias ; he had the ad try's protecting Goddess, and the patroness of Art and
vantage of living in Athens during the enlightened ad Science ; we find eight or nine recorded as having been
ministration of Pericles ; and, being highly esteemed by made for different places, either in gold and ivory, or
that distinguished statesman, was consulted in all works brass, and one, which was for the Plataeans, (and
that were undertaken for the embellishment of the city.t placed iu the Temple of Minerva Areia,) was of wood,
Plutarch, speaking of the magnificent edifices erected gilt, excepting the face, hands, and feet, which were of
during his government, says, " These structures, stately the white marble of Pentelicus. Phidias has been called
as they were in magnitude, and inimitable for their the Sculptor of the Gods,§ from the grand and sublime
graceful forms and elegance, (every artist being ambi character which he invariably threw into his works, and
tious that the excellence of the workmanship should from the particular excellence he displayed in his two
equal the beauty of the design,) were yet more wonder great productions, the Jupiter and Minerva; but hit
ful for the expedition with which they were accom genius was not limited, and though his chief power
plished.''— " Lt was Phidias who had the direction of seems to have been in works of the highest and most
these works, although great Architects and skilful arti dignified class of Art, yet it was not only in statues ol
ficers were employed in erecting them."j The works a severe character that he employed his talent, for we
for which Phidas has been most celebrated were his find amongst his works various statues of Venus, Mer
Statue of the Olympian Jupiter, at Elis, and that cury, and Apollo, as well as of an Amazon, which latter
of Minerva, iu the Parthenon at Athens. It will not was executed in competition witli other highly esteemed
be necessary here to enter into a minute description artists of his time. Our readers, who desire to become
of these works, as, in the Biography of the Early more fully acquainted with this great Sculptor's life, are
Sculptors op Greece, a sufficiently accurate account referred to Miiller's learned disqui sition, DePkidttViu,
of them has been supplied ; and the reader who desires where also will be found some valuable information on
further information on the subject is referred to Patisa- the probable dates of the execution of his masterpieces,
nias, Pliny, Strabo. and other authors of antiquity who the colossal Jupiter, and the statues of Minerva.
Unfortunately, no remains of his greater works have
have been particular in their descriptions of the produc
tions of Phidias, They were of colossal dimensions, reached our limes ; but wc are enabled in some measure
and composed of ivory and gold. The statue of Jupi to estimate the power of this artist from those produc
ter was represented seated on his throne, and it seems tions which have been spared to us forming the deco
to have been the ohject of the Sculptor to exhibit him, as ration of the Parthenon. The Sculptures of the pedi- Mrih
fur as was consistent, as a local Deity. He was to be ments, the metopes, and portions of the frize which form h»«
placed in a magnificent Temple erected in the Sacred so valuable a part of our collecti on of Greek Sculpture P*4™*
Grove, close to the spot where the most important of the in England, are convincing proofs that the encomiums
Games of Greece were celebrated, and surrounded by of the Ancients were not accorded without reason.
the statues and votive offerings of the victors ; Phidias, There can be no doubt that these were works of Phidias
therefore, made him the presiding Deity of the place, and his scholars ; and in vain shall we look for specimens
the judge of the Games, and dispenser of victory ; he which, generally speaking, bear more unequivocally a*
was not armed with the thunderbolt, nor was he sur distinguishing marks of the master mind and hand, or
rounded by any of the more majestic attributes which which exhibit finer examples of that grand style of which
would have distinguished him as the King or Father of Phidias has been justly esteemed the founder.|| The
Gods and men ; but his brows were encircled with a qualities for which these works claim our admiration
wreath of olive, the reward of the successful com will be found to consist principally in their tt«a« *
petitors, and in his hand he supported a statue of Nature : but it was not Nature copied servilely, and with
Victory, We purposely abstain from any minute de out selection, but viewed under particular feelings, and
scription of this work for the reasons before stated ; with a strict and careful examination of what was fit and
but we are induced to mention a tradition connected beautiful ; and thus was that combination produced
with it, which becomes interesting from its exhibiting
* Paus.lib. v. c. 1 1. We have no positive information respeciinr lk*
the importance which the enlightened Greeks attached to
ot this statue, but Slmbo inlorms us that, if it had stood op ''
productions of this high character. Phidias, alter the height
would
been higher than the roof of the Temple, and he
completion of his work, is said to have, besought the a very have
ju«t observation that the statue was therefore disproportion*1
God, in whose honour the statue was erected, to favour to the building.
+ Plin. AW. Hitt. lib. xxxvi. c 5.
* He is mentioned by one writer only, Dio Chrysost. Or. Iv.
J Tbucydides.
t It is remarkable that there is no Statue of Pericles by Phidias,
i|| Quinctilian,
lib. xii. c.are10.not, it is true, executed wilb J™51*a
All these Sculptures
nor do we find any mention in the Works of the Ancients of his
of detail, but these inequalities are to be attributed tot"
having ever executed any portrait of his patron, if we except tbat correctness
introduced in the shield of ihe Minerva of the Parthenon, and which greater or less degree of talent in the inferior workmen whoa ■ wli
to employ in getting such extensive I—n.«u>u« 1
Was of course only in bauo rUievo,
X Plut. in Vtt. Periclet.
cuted.
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Jpture. which has in after-limes been called Ideal Beauty. That
«_ no works contained this before the time of Phidias may
be judged by many monuments remaining' to this
day ; that the productions of his School possessed this
quality in an eminent decree the Elgin* collection of
Marbles sufficiently testify. The statue of the Ilyssus
or River God, the Theseus, the Neptune, and the draped
groups, mutilated as they are, have a grandeur, sim
plicity, and truth to Nature in them that strike the com
monest observer ; it requires no teaching to understand
that the attitudes are perfectly easy, that the balance of
the parts is just, and that the general character is natural.
These are qualities in imitative Art which every person
who observes Nature at all is able to appreciate, and to
do which no initiation into the arcana, or details, is re
quisite. Nor is it in the naked figures only that this
excellence is exhibited ; his draperies are treated with
the greatest skill and attention ; they are plentiful and
rich in their effect, and yet so arranged as to show the
action and form of the limbs beneath, exhibiting (as
has been well observed of this great Sculptor) with the
greatest art the greatest simplicity. Our observations
on Phidias have been purposely condensed as much
as possible; the History of himself and of many
of his works, the time of their execution, and the cir
cumstances under which they were produced, offer sub
jects for a very extended Treatise ; but, for obvious
reasons, we must not enter upon details which would
lead us beyond the limits to which the History of the
Art, and not of the artists, should confine us.
Although Phidias exercised his skill as a Sculptor
In all the materials which were in general use for the
purposes of his Art, gold, ivory, brass, marble, and even
wood ; yet his productions in the former, a mixture of
pele. -gold and ivory, (Chryselepliantine Sculpture, as it is
Mine generally termed,) appear to have been the most highly
Ipture. esteemed, both from the extensive scale on which he
used such rich materials, and from the great importance
of the works to which he applied them. We have de
ferred entering into any description of this branch of the
practice of the Art till the Age of Phidias, as it must be
considered to have attained its perfection at or about
the time in which he lived. Its adoption for works in
Sculpture may be traced back to a period considerably
earlier, as, for instance, in works existing in the Herecum,
or Temple of Juno, at Olympia, and in other places
described by Pausanias, to which this general reference
■will be sufficient ; but none of the Sculptors who pre
ceded Phidias appear to have employed it on so large
a scale as he did.
rtig
Chryselephantine Sculpture is a branch of what the
Ancients called Toreutic Art ; which term, it is presumed,
was intended to express the uniting of metals with other
materials; the phrase has caused much discussion,
and almost all the modern commentators and writers
on Art have considered the subject with attention ; bnt
each has explained the term according to his own con
ception, and unfortunately a very great difference of
opinion still exists as to its precise meaning. We cannot
attempt to give the reasons which have influenced their
conclusions, but we venture to explain the term gene
rally, applying it to Sculpture, whether in basso rtlievo
or the round, in which a variety of materials, always
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including metal of some description, were used. Pliny Grecian
pays a high compliment to Polycietus in speaking of the Phidiao
Toreutic Art, as it was practised by him and Phidias, ^"■-v"*
and says, that Polycietus brought it to perfection ;* but
this may be understood as applying merely to some
mechanical improvements, either in polishing or fasten
ing the pieces together ; as the great work of Polycietus,
his Juno, was executed subsequently to the Olympian
Jupiter of Phidias; and he, therefore, had the oppor
tunity of seeing where any variations in these respects
could be made with advantage. The statue of Phidias,
we are informed, required repair very soon after his
death, but we do not hear that the great work of Poly
cietus was subject to the accidents which affected the
Jupiter, and which he avoided, probably, from the expe
rience he gained by Phidias having made the first essay
on a large scale ; viewed in this light the passage in
Pliny becomes at once intelligible.
It is somewhat difficult to understand how the Greeks
of this time, who appear to have felt the value of sim
plicity in Art so thoroughly, should have executed and
admired works composed of materials, which, it is natural
to suppose, would injure, if not destroy the effect of the
more intellectual part of them, if we may be allowed
that term, applying it to expression and fine form ; but
we know that the great statue of Jupiter was not only
composed of gold and ivory, but that it was also richly
painted, and ornamented throughout in the most
elaborate manner. We certainly have no means of judg
ing what was the precise effect of such varied materials
employed on a large scale; at first it seems to militate
against the pure taste which we fancy pervaded all the
productions of the Greek artists, and yet, when we find
Phidias himself adopting it, it will look like presumption
to question its propriety. The accounts, too, of those
writers who had the opportunity of seeing these works
in their most perfect state, convey an idea that nothing
could be more magnificent and imposing ; that they
were not merely gorgeous to the sight, but there was
that in them which seemed to add to the dignity of
Religion. t A few observations on the means which the Mode of
Ancients are supposed to have adopted for executing executing
colossal works in these combined materials, may not be t;'"'y'e'e*
,
- .
.
11. phantme
irrelevant ; our notice of it must be very general, but y,orV.
to those who desire to enter more minutely into the
subject, the valuable Work of M. Quatremere de Quincy
sur le Jvpitcr Olympien, is recommended ; in which
the history of Chryselephantine Sculpture is particularly
considered, and traced from its earliest introduction to
the period at which it uppears to have been brought to
perfection ; and a list of the artists who were most dis
tinguished in it at any lime, and of all the most cele
brated works, is supplied, as well as a variety of highly
interesting details of the manner of employing it.
The first step appears to have been to make a model
of the full size of the work proposed to be executed;
this being completed, a rough copy or general resem
blance of the model was made in wood, to answer the
purpose of a nucleus, or centre, to which the ivory was
to be attached. This model does not appear to have
been solid, for within it were the irons and necessary
supports for the safe fixing of the whole to the pedestal,
and also for the security of the parts, as head, arms,

• So called from their having been brought from Athens to this
* Hie eomummSste hane tcientiam judieatvr, el Toreuticen tie
-Country by the Earl of Elgin, of whom they were afterward] pure liased erudiae ut Phidtas aperuiae. Pin. lib. xxxiv. c. 8.
f As Quinclil. lib. xii. c. 10. observes of the Olympian Jupiter.
by Parliament.
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&c. ; it is also probable tbat it was requisite to have the
' means of getting within the work, for the purpose of
taking care of it, and repairing it, in case any of the
parts or pieces of the ivory should start from their
places. The wooden model, or groundwork, being
completed, the surface was produced by closely fit
ting small pieces or plates of ivory upon the wood by
means of pins and cement ; whether the ivory was
worked and finished to a scale before it was attached to
the nucleus or under model, or afterwards, (being
merely generally prepared in point of form,) is left to
conjecture ; but the latter appears the most probable,
as well as the easiest and surest mode of proceeding.
In the Olympian Jupiter, indeed, Phidias appears to
have worked the ivory in pieces in his study. Pausanias* says, near to Altis is an edifice which is called the
workshop of Phidias ; and he adds, ii was there that
this artist worked each of the parts of the Jupiter; still
th:s working in pieces may mean general form, for it is
unlikely that each should have been made perfect first,
and then fastened to the model or centre. The ivory
part of the work being completed, the attachment of the
drapery and ornaments in gold or other metal, either
cast or beaten out, offered no difficulty. Ivory was
found to be particularly subject to the influence of the
atmosphere, being equally affected by excessive dryness,
or by too great humidity, which would also act con
siderably on the wood used in the construction of the
work, causing expansion or contraction to the injury of
the joints ; the preservation, therefore, of these works
required considerable attention, and Pausanias alludes
to the means adopted for this purpose, when he
speaks of the principal Chryselephantine works in
Greece. The Olympian Jupiter was surrounded by a
ledge of black Parian marble.t to contain oil ; this
was to preserve the ivory damp, and at the same time
to prevent too great a degree of moisture from rising
to it, the Altis being marshy ground. The charge of
taking care of this celebrated work, we should ob
serve, was intrusted to the descendants of Phidias,
under the title of Pht&iruntai,t who were always
obliged to sacrifice to Minerva Ergune before they
commenced their functions ; and we are informed that
this office was in the same family down to the time
of Hadrian. Pausanias acquaints us also with the man
ner in which the Minerva of the Parthenon was pre
served, the situation of the Acropolis of Athens being
dry and unfavourable to the ivory. It is unnecessary
to enumerate them here ; but particulars in confirmation
of the Ancients having paid the greatest attention to the
safety of such works, are furnished by Pliny, Pausanias,
and other writers, in speaking of the Minerva of Pellene,
the Diana of Ephesus, and other statues composed of
these materials.
Agoracritus, Of Agoracritus, the favourite scholar of Phidias, a
full. and interesting account will be found in the Bio
graphy of Artists before referred to.
Alcamenes.
Alcamenes was one of the most distinguished ar
tists of this School, and was considered by some
to be second only to Phidias ; one author, indeed,
alluding to the progress of the Arts, does not hesitate
to class Alcamenes with Phidias himself, saying, that
what was wanting in Polycletus was given to Phidias
and Alcamenes ;§ and there is a tradition that Alca• Paus. lib. v. c. IS.
% Ibid.

f Ibid, ut supra.
§ Quinclilian, lib. :

menes had the honour to contend with Phidias in exe. GrnJ
cuting a work for the Athenians.* Two of the pro
ductions of Alcamenes are particularly noticed for their
excellence ; one was a statue of a Pentathlus, the
other of a Venus, called " of the garden9.''t Phidias
is said to have given Alcamenes the advantage of his
assistance iu this latter work. Besides Agoracritus and
Alcamenes, we find Colotes, or Colotas, Pajonius, and
others, who assisted Phidias in his great works, (having
accompanied him to Elis,) and who in all probability
were also his scholars ; the accounts, however, which »e
have of them are not of sufficient importance to induce
us to enter into their history.
III. After this period, a gradual change took place; iii.Pnn.
Sculpture, freed from the dry manner which characterised
the works of the /Eginetan artists, attained its perfec- S"1!**
tion in the grand or sublime style under Phidias and
his School ; but it appears there was still some severity
in treatment remaining, which the Sculptors of the suc
ceeding Age exerted themselves to remove. The Art
may have lost something of its energy by the introduc
tion of the flowing and graceful style, but the high
commendation universally bestowed on Praxiteles and
those who effected the change to which we allude, ire
sufficient to stamp their characters as artists of extra
ordinary merit. Praxiteles of Cnidus has rendered him
self famous for his productions both in brass aDd
marble ; and we find that his choice of subject1! corre
sponded generally with the soft, elegant style ofArt he is
said to have practised ; they were for the most part
female figures or youths, and he is believed to be the
first Sculptor who ventured to make a statue of Venus
entirely naked. Millingen.f on this subject, says,
all the statues of female Di vinities were anciently
draped, and that Praxiteles was the first who represented
Venus naked; such an innovation was considered ex
tremely indecorous, but excused on account of toe
beauty of the performance ; su bsequent artists wishing
to reconcile a mode of representation, so favourable to
the purposes of Art, with the rules of decorum, adopted
the form of drapery seen in the Venus of Capua and
Me!os,§ namely, a mantle coveri ng the lower part of the
body, and falling to the ground ; the statues of V«nns
which, in imitation of that of Cnidus, are found in»
state of nudity, are almost always to be referred to a low
period. Praxiteles is mostly celebrated for the perfec
tion to which he brought his works in marble, and the
Ancients all agree in the encomiums bestowed u/x"1 '"m
tor his superiority in this respect ; he is also noticed
for the truth of expression in his works, and two in
particular are recorded as masterpieces ; one was «f 1
matron weeping, the other of an entirely opposite cha
racter, namely, a courtezan, who was represented with
her features lighted up with joy ; the latter was said w
be a portrait of his favourite Phryne. In proof of the
high estimation in which the works of Praxitele9 were
held by the Ancients, it will be sufficient to mention a"
anecdote respecting the celebrated naked Venus ra
marble at Cnidus. Nicomedes, King of Bythynia,
• Tzeties, Chil. lib. viii.
f Lucian, de Imagimbut. Plin. Nat. Hist. lib. xxxvi.
lib. i.
I Millingen on slncient Inediled Afonumentt of Green* ^
No. 10. p. 7; a valuable and highly interesting Work, which, m**
tunately for the real lovers of Art and antiquarian research, has »«>*
been completed.
J The former is in the collection of the King of Naples in u>
Museo Borbonico ; the latter in the Sculpture Gallery of the Loan*
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",: lure. to liquidate an immense debt under which the Cnidians
were labouring, if they would allow him to have this
statue ; his countrymen, however, were not tempted by
the liWrulity of the offer, but chose rather to submit to
their existing pecuniary difficulties, than to part with a
work the possession of which was sufficient to render
their city illustrious.
The next name of importance, as the head of a
School, is that of Lysippus. He was a native of Sicyon,
and his reputation was not inferior to that of any of
the great men who preceded him ; he was the favourite
Sculptor of Alexander the Great, and the only artist
who was permitted to make statues of him ;* according
to some he executed a series of portraits of this Prince,
commencing from his childhood up to his niaturer
years. Lysippus appears to have worked exclusively in
brass, and, according to Pliny, he executed no less than
six hundred and ten works ; amongst them a colossal
statue, which he erected at Tarentum, is particularly
noticed. He is said to have made some important im
provements in Sculpture, being particularly commended
for the attention he paid to the execution or finish of
his works ; he made the heads of his figures smaller
than his predecessors, and introduced a proportion
that was more graceful ; he appears also to have got
rid of a certain degree of squareness still remaining
in the style of some of the Sculptors, and to have
given a roundness of form not attempted by the
preceding Schools. He professed, however, notwith
standing he was so attentive to his finishing, to study
effect, rather than to copy details and the minutiae of
forms, at least the remarkable expression he used re
specting his practice leads to that conclusion ; he is
reported to have observed of other artists, that they
made men as they really were, he as they appeared to
be ;t which can only mean that he preferred breadth and
freedom of parts, such as Nature, viewed generally, ex
hibits, to the representation of details which, too often,
when they are too closely attended to, destroy the unity
and breadth of a work. This observation, which would
imply a superiority in the style of Lysippus, may appear
too bold when the great names of his precursors are
considered ; but however difficult it may be to explain
in writing the peculiarities which characterise style in
Art, and which, it must be remembered, often depend
upon very slight distinctions, the difference does exist,
and will be easily comprehended by those who will
examine and compare works, whether Coins or Sculpture,
on a more extended scale, of different Ages and Schools.
A Sculptor of very high celebrity must not be omitted,
who is presumed to have lived about the time of Ly
sippus ; this is Scopas, to whom the celebrated group
of Ninbe and her children is attributed ; these statues
are at Florence, in the Gallery of the Grand Duke of
Tuscany.}
* Pliny, lib. vii. c. 37, says that Alexander issued an order that no
artist but Apelles should paint him, Pyrgoleles engrave gems of him,
or Lysippus make statues in brass of him. Ettu it ne quit iptum
aiiut quam ^pellet pingeret, quam Pyrgotelet tcu/peret, quam Lgtipput ex <rre duceret. It is remarkable that no mention is here made
of marble statues of Alexander,
f Pliny, Nat. Hill. lib. xxxiv. c. 8.
X There is reason for thinking that the greater part of the statues
composing this group are but copies from the original works. We
possess in England a head of Niobe, similar in action and expression,
but preferable for its style and execution, to that of the statue at
Florence, and as we know there are repetitions of some of the figures,
our doubts on the genuine antiquity of the statues in the G rand Duke's
VOL. V.
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Lysippus left several scholars, three of whom, his
sons Laippus, or Daippus, Bedas, and Euthycrates, are
mentioned amongst the most eminent artists who suc
ceeded him ; of these the last held the most distinguished
rank, according to the account of Pliny. There is a
peculiarity, however, remarked in his practice which
deserves notice here, as it is an additional confirmation
of what has before been observed with respect to ad
herence to the old style ; it is said, that Euthycrates
imitated the firmness* in his father's works, rather
than the elegance for which they were esteemed, pre
ferring, in fact, a certain austereness of character, to
the more voluptuous and pleasing maimer of execu
tion which Lysippus had adopted.
Chares the Lindiau, who made the celebrated Colossus
at Rhodes, which was ranked among the wonders of the
world, was a scholar of Lysippus ; as was Tisicrates, a
Sculptor of Sicyon, who followed so closely in the steps
of his master, that it was often questioned whether
works were by Lysippus or his scholar. Pliny may be
consulted on the number of Sculptors who were formed
in the School of Lysippus, and to whom many works of
first-rate merit, still existing, have been attributed by
subsequent writers ; whether justly or not must at
present be a matter of conjecture, but the appropriation
is a proof of the estimation in which the artists of this
School have been held.t
Our observations on the Schools of Sculpture in
Greece now draw to a conclusion, the most important
features in each, as far as they are illustrative of the
progress of the Art, having been considered ; before
taking leave, however, of the subject, we must make
honourable mention of the Rhodians, amongst whom
the Arts were particularly protected and studied. The
importance of Rhodes was on many accounts consider
able, but it especially claims a place here, as some very
fine specimens of Sculpture emanated from its School.
The Sculptors of the Laocoon, Agesandtr, Polydorus,
and Athenodorus, and of the group of Dirce, commonly
called the Toro Farnese, Apollonius and Tauriscus,
as well as of the famous Colossus, were Rhodians ; and
it is almost incredible that from this little island, not
mote than forty miles long and fifteen broad, the Roman
conqueror brought away three thousand statues ; but
we shall the more readily believe this, when we recollect
that the force and enterprise of these islanders were
sufficient to vanquish the navy commanded by Hannibal.
We shall not dwell at any length on the Sculpture of
Sicily, which must, in fact, be considered Grecian.
Some of the medals of this Country are particularly
fine, and are well worthy the attention of the admirers
of Art.
IV. The name, or rather the School of Lysippus, seems
to conclude the History of Greek Sculpture up to its
perfection ; those who followed but imitated what had
gone before them, or, if they invented, their works were
of an inferior description ; it is true many names still
occur of great respectability in the Art, but there was
neither that genius nor originality in the style or concep
tion of their productions, which claim fur them a place
Gallery are not without foundation. For the above head, vid. Se/ccl
Specimen uf Sculpture. Dilettanti, vol. i.
* Ante omnct Euthycratrm ; quanquam is conttantiam patrit
pulius eemutalut quam e/egantiam, &c. IMin. lib. xxxiv. c. 8.
t We possess a fine sprcimen of the School of Lysippus, perhaps
a work of the great master himself, in a small bronze statue of Her
cules, in the British Museum.
3 N

Grecian
Praxitelian
and
Lysippic.

Euthy
crates.

School of
Lysippus.

School of
Rhodes.

Plate IV.
Fig. 3.

IV. Decline.

454

SCULPTURE.

Sculpture, amongst those who aided the developement and perfecV—"V^-/ tion of Sculpture. In our progress through the History of
the Art we have taken occasion to mention the principal
men who were distinguished as heads of Schools, and it is
therefore unnecessaiy to add a list of all those Sculptors
whose names have been handed down to us. The de
gree of patronage extended to the Arts would, of
course, add considerably to the number of artists, as
the excellence or celebrity of a master would increase
the followers of the favourite style of the time. The
enumeration, however, of these is not essential ; for, as
has before been observed, the object is not to give a
History of the artists, but of the Art, and they have only
been mentioned when absolutely necessary for the illus
tration of particular points. It is certain that a much
more detailed account might with advantage have been
given of the Sculptors, as well as of their productions,
but this would necessarily have extended this Essay
beyond its proposed length, and would have led to the
introduction of matter not strictly belonging to our
present subject.
ConseBy the conquests of Philip of Macedon, and those of
quences of n;s son Alexander the Great, it is but natural to believe,
A!ex»nJer°f that the li£,,t of Grecian Science, Literature, and Art
the Great, were becoming generally diffused over Countries which
had long been in a state ofcomparative darkness ; but not
all the advantages which might have resulted from
these successes, and might have compensated in some
measure for the miseries attendant upon the victor's
progress, were suffered to be realized. The death of
Alexander opened a field for discord and contention
which operated fatally on the durability of the extensive
dominion he had attempted to establish, and as fatally
on the progress of the Arts in Greece. The Generals of
that Prince, thinking only of their own aggrandizement,
and removing the legitimate heirs to his vast posses
sions, divided them amongst themselves as separate
Kingdoms, and were soon involved in foreign and do
mestic broils, the consequence of ambition, usurpation,
and tyranny. The Arts continued to flourish for some
short time under the most powerful of the successors
of Alexander ; in Syria they were protected by the
Seleucidae, in Egypt under the first Ptolemies, and at
Pergamus by Attalus and his son Eumenes ; but they
were rapidly declining, and in the wars of this period,
not only the saci-ed treasures were pillaged, but the
edifices which contained them were subverted and de
stroyed, and the statues broken and melted. The
artists had the mortification of seeing the finest monu
ments of genius purposely defaced, and they felt that
their own efforts to gain distinction were crushed ; the
production of works in the higher departments of Art be
gan to be discouraged, and the Sculptors found that their
only employment was in portrait statues of those who
happened to be in possession of sovereign power ; a
miserable application of their talents in times of change
awl violence, as the artist could have but little expecta
tion that his work would last beyond the reign of its
archetype.
About the CLVlh Olympiad, Pliny says the Arts in
Greece recovered partially from a state of inertness in
which they had remained from the CXXth ; but the
artists, he observed, were very inferior to those who had
preceded them,* and it appears that this was but a last
effort, a feeble glimmering, before their final extinction
* Plio. Nat. Hut. lib. xxxiv. c. 8.

in Greece. This restoration took place probably rather u
earlier than the time mentioned by Pliny; and between D<3
the CXLVth and CLth Olympiud, we find the names ^
of several Sculptors of merit. To this time many anti
quaries have referred the celebrated authors of the
statue of the Hermaphrodite, and of the mutilated trunk
known as the Torso of the Belvidere, which hears the
Sculptor's name, Apollonius, the son of Nestor. Of
Glycon, whose name appears on the statue of the
Hercules,* and of Agasias, the author of the Fight
ing Warrior, (or Gladiator, as it is generally called,)
nothing is known, their names not being mentioned
by any author of antiquity ; these statues hate
however been attributed to about this period. In the TmAd
CLVIIth Olympiad the last blow was given to the
power and hopes of the Greeks, by Lucius Muramius, ^
who had been sent by the Roman Senate against the
Acha?ans. He engaged the Greek army near Corinth, the
principal city of the famous Aclisan League, and hiving
entirely defeated and routed it, the city was immediately
given over to destruction, and sacked ; and the Romans
carried from this seat of the Arts, as well as from other
cities equally celebrated, all the fine productions in
Sculpture and Painting which had been accumulated f«
Ages ; and Rome became filled with the most splendid
monuments of Grecian taste and genius,
Athens, which for various reasons had been the chief
and favourite asylum of the artists of Greece, had under
gone considerable changes of fortune from the lime of
Pericles, under whom she may be considered to hate
arrived at the zenith of her glory. The reverses which
affected her political importance, and from which she
never recovered, did not, howev«r, affect the cultivation
of Literature and the Fine A rts, for which she was
celebrated long after her influence in affairs of state was
at an end. But after the death of Alexander, we find
her struggling in vain to preserve even this ascendency,
and she was continually subjected to humiliations and
oppressions from his successors, and at last fell into the
hands of the all-conquering Ro mans, and had to bow
her neck to the cruel and unre lcnting Sylla. On the
breaking out of the Civil war between Pompey and
Caasar, Athens sided with the former ; but she, happily,
felt no additional yoke from the success of Caesar, who,
instead of visiting with vengeance a city whose inoibitants had declared themselves inimical to him, and
were the supporters of his rival, treated them with cle
mency, and, with a fine allusion to their illustrious an
cestors, declared, "that he would spare the living tor
the sake of the dead." The war between Brutus and
Cassius, and Augustus and Antony, soon followed, and
upon the success of Augustus, and the establishment o
the Romau Empire, the Greek artists sought and found
an asylum in Rome, where, however, the practice o
Sculpture became, in a short time, widely different front
that which had distinguished it in its own favourite land.
It will be proper, however, to take a general view of tM
state of Art in the Roman Empire from the earliest
accounts of it, to show what hnd been done in rt, an"
by what accident it became a pursuit of any importance
or value with the conquerors of the World ; for i' *
be found that considerable collections of slato«s »
marble and metal, as well as of pictures, were made m
Rome, some time before the Art aud artists emigrate11
• Commonly called the
: Naples.

; it is now i
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^sJpton. from Greece into Italy as an asylum, when they were sacked Athens and demolished some of the principal Roman,
monuments and Temples of Delphi, Epidaurus, and v-^v^—^
frightened and driven from their own Country.
Elis, but he had also sent a great proportion of the
spoil to Rome, and it would seem that the possession of
the fine productions of Greece generated by degrees a
feeling in the conquerors propitious to the advance
ment of Art in their own Country. The taste, once
lioman Sculpture.
admitted, soon became .1 passion, and Verres particu
For many years after the establishment of the larly is celebrated for the avidity he showed in col
Romans as a nation, they were too much harassed, at lecting all the most valuable monuments of Sculpture
home and abroad, to think of the more elegant pursuits and Painting in Sicily. At thi3 time (when Rome
of Society ; the History of Sculpture, therefore, amongst was becoming the asylum of those artists who could no
them, does not assume any importance till a compara longer live in Greece) flourished Pasiteles, a Sculptor
tively late period. The city itself, like its inhabitants, of no mean ability, Arcesilas, Strongylion, celebrated
was in the beginning rude and unadorned, and a nation particularly for his Amazon Eucntmis, or " with the
of rough soldiers was not likely to admit the influence beautiful legs," and his three Muses, Olympiosthenes,
or value of the politer Arts, which they could only look Evander, and others. The successes of Julius Caesar Jul'"*'
upon as the care of an effeminate people. Their first enabled him to add considerably to the collection 0f<-!*sar"
public monuments were trophies ; the trunk of a tree, fine works of Art which were in Rome ; in his more
stripped of its branches, was dressed up with the arms private condition he had always manifested a strong
of the conquered, and exhibited to public view ; and feeling for the elegant Arts, and had made valuable
although we read of works in Sculpture of an early collections of statues, gems, &c. ; when his power
date, there can be little doubt that they were the pro became fully established, his patronage of them became
ductions of their more enlightened neighbours the more extended, and he embellished not only Rome, but
Etruscans. It is not very easy to determine at what many cities of Gaul, Spain, Greece, and Asia Minor.
Augustus encouraged artists, and took the greatest Augustas,
time the Romans themselves began to think the Arts of
Design worthy their attention. Mention is made of possible interest in their works ; he had all the finest
equestrian statues erected in Rome in honour of M. F. specimens of Art collected together in Rome, and
Camillus and Q. Mcenius, after their victories over the placed them in the public places and streets of the
Latins, above three hundred years before the Christian city ; he is also said to have erected statues in honour
Era ; and about the same period, Fabiua, a man of of those persons who had distinguished themselves
noble family, who dedicated himself to the Arts, and by any important actions, or had otherwise deserved
acquired the surname of Pictor, distinguished himself well of their Country. The fine statue called Gerby painting subjects in the Temple of the Goddess of manicus, which is now in the Museum of the Louvre,
Health ; about this time too a bronze statue of Apollo is considered to be of this period. The example set
was erected in the Capitol, out of the spoils of the Sam- by Augustus was followed by most of the rich in
niies. After the taking of Syracuse, Marcellus sent Rome, and as forming collections of Statues and Paint
works of Art from Sicily ; and it is also said, that the ings became a passion amongst the higher classes,
first Greek artist who had visited Rome was sent there no expense was spared to gratify it. Pliny enumerates
at this period The increasing power and successes of many of the works which were executed under the Em
the Romans now enabled them to collect various spe peror's superintendence, and various productions in
cimens of Art which they sent in great numbers to Sculpture and Painting, with which the public places,
Rome, but it cannot be said that the possession of the Temples, &c. were decorated. Agrippa appears to have Agrippa.
beautiful works which fell into their hands, caused at been one of the most munificent and public-spirited in
this time any great improvement in the general taste of dividuals of the Augustan Age, and he spent vast
the people ; the fact is, cities and temples were ran in erecting useful and ornamental edifices in and ab
sacked and plundered to enrich the treasury of Rome, Rome. Before other works, the Pantheon stands pre
or to swell the triumph of a general, and works of Art eminent, and still calls forth the admiration of posterity
were merely looked upon as spoil ;—the feelings, there as one of the finest examples of Architecture remaining
fore, which the finest display of Art excited amongst to us. Diogenes, a Sculptor, an Athenian by birth,
the people, were far from any likely to generate a love was employed by Agrippa to enrich this Temple ; Pliny
for refinement, and the quieter pursuits of civilization. notices some statues of Caryatides by him. There
It is to be remembered also, that the spirit of the were several artists of high reputation living during the
Government was rather opposed than favourable to the Age of Augustus ; the Architect Vitruvius, whose va
encouragement of the Arts ; for the grandeur and im luable writings have reached our times, is eminent
portance of the Nation being dependent on its military amongst them ; Dioscorides, Agathopus, Epitynchanus,
prowess, it was of consequence not to cherish any feel Pythias, Posidonius, celebrated engravers on stones and
ing or taste which could tend to soften the character of sculptors or chasers in metal, may also be placed at this
the citizens, or lead them to prefer a life of tranquillity date, whose works are highly spoken of by Pliny :
to one of continual exertion and danger. Consequently some of these have fortunately been preserved, by which
it appears, in more than one instance, that those who posterity is enabled to judge of the ability of the artists
dedicated themselves to such pursuits were ridiculed ;* who executed them. The works, however, of this pe
and it was not till about eighty-six years before riod which claim the attention of the student and con
Ohrist, that any disposition in their favour can be noisseur, are principally portraits, in which great merit
to have discovered itself in Rome. Sylla had will be discovered ; the difference between them and
the productions of the best Greek Schools will be found
• Val. Max. says of Fabius Pictor, rim el conlumeitd era:.
to consist in certain peculiarities of execution. There
3n2
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Sculpture, is, indeed, much to admire in the style of mnny of them ;
jrren.t attention seems to have been paid to the indi
vidual character of the person represented, and this
without producing: the poverty or littleness which
too frequently offends the taste in works of this de
scription.
The Toro
The group prenerally known as the Toro Farnoe, to
Farnese.
which allusion has been made in a former part of this
Essay, has been attributed by some antiquaries to this
period, or, at any rate, to the time of some of the early
Roman Emperors. It will occupy too much space here
to enter into a question which has already occasioned
much discussion ; Winckelman considered it early
Greek, that is, before the time of Lysippus. This fine
work, which has lately been removed from the gardens
of the Villa Reale, at Naples, to the Museum there, has
sntTered very much from accident, and, unfortunately,
the restorations which have been made are very inferior,
both in style and execution, to the original work. The
same date (the Augustan Age) has been given to the
The Lao- group of Laocoon and his sons; the manner in which
coon.
Pliny speaks of it having, amongst other reasons, given
occasion to some to think it was not ancient in his time.
It must be observed, that this wri'er says it was Ibrmed
out of one block of marble ; a mistake which is evident to
all who have examined this exquisite work, in which
the joints of the various pieces are very perceptible.
The Age of Lysippus also has been given as another
probable time at which this group was executed, but the
reasons adduced by the different antiquaries who have
considered this subject in favour of the later date appear
sufficiently well founded to claim the preference. One
of the most beautiful and interesting groups of anti
The Cupid quity, " the Cupid and Psyche,1' at present in the
and Psyche. Museum of the Capitol at Rome, is not noticed at all
by Pliny ; Flaxman considered that his silence might
have been owing to his classing this as a modern work
unentitled to notice, because it was not the production
of any of those great masters who were looked on as the
standards of excellence in his time ; a reason which pro
bably led him to pass over several other works which
occupy a distinguished and well-deserved place in our
estimation. A circumstance is related, which occurred
Tiberius. during the reign of Tiberius, showing that the Roman
people were not a little jealous of the fine works, which
the liberality of individuals had erected or dedicated for
the decoration of the city. Tiberius admired a cele
brated statue, by Lysippus, representing an athlete
anointing his limbs, and, desirous of possessing it, he
had it removed from the Baths of Agrippa, in which it
stood, (and to which the Public had access.) to his own
Palace : this excited the indignation of the people, who
refused to allow the Emperor to deprive them of it, and
their dissatisfaction was so great, that it had nearly oc
casioned a revolt in the city. Tiberius, alarmed at the
violent expression of public feeling, was obliged to re
linquish his object ; he ordered the favourite statue to
be replaced in its original situation, and the people were
pacified.
Caligula collected works of Art from Greece, but was
Caligula.
influenced rather by a desire to gratify his own wretched
ambition, than by any wish to possess them as beautiful
works of Art, or interesting memorials of an enlightened
people ; he ordered the heads of the Gods and of illus
trious men to be struck from their statues, and his own
portrait to be introduced in their places. It is recorded
that this Emperor wished to transport the celebrated

statue of the Olympian Jupiter to Rome, but the desi»n Ho™,
was abandoned on the representations of the Architects v—vV
who declared it would be destroyed in any attempt to
remove it.
Claudius and Nero followed; the latter, notwith-Nen.
standing what had already been taken from it, obtained
no fewer than five hundred bronze statues from the
Temple of Apollo, at Delphi, the greater part of which The ApoBa
were employed in the decoration of his celebrated Golden Bdiifat,
Palace. Amongst the ruins of a Villa, or Palace, sup. ""^
posed to have belonged to Nero, at Antium, two of the
most esteemed works of antiquity which have reached puuiv'
our times were discovered, namely, the Apollo of IheFig.i
Belvidere, and the Warrior of Agasias, commonly
called the " Fighting Gladiator." The names of Meuodorus* and Zenodorus, Sculptors, are distinguished
during this period: the first was an Athenian, and is
alluded to by Pliny for his skill in representing armed
men, athletes, and huntsmen. Zenodorus executed
many important works, but he is particularly mentioned
as having made a colossal statue of Nero. This artist
was practising Sculpture in Cisalpine Gaul, when Nero
sent for him to Rome, but it is not known of what place
he was a native.
The reigns of Galba, Otho, and Vitellius were too
short and disturbed to give those Emperors an oppor
tunity, even if they had the inclination, to protect the
Arts ; though, it is said, that Otho appropriated a con
siderable sum of money for the completion of Nero s
Golden Palace. Busts of these three Emperors art
extremely rare.
To this period, or soon after their time, are to be at
tributed the greater part of those works in Sculpture
which are composed of different coloured marble3 ; pro
ductions in which the value or richness of the material
was preferred to the merit or excellence of the design
or execution—a sure indication of the existence of«
false and bad taste, which was leading to the extinction
of really fine Art.
Nothing further occurs worth noticing in the History Tn»
of the Art till the time of Trajan, and the reign of that
Emperor, of Hadrian, and the Antonines, may be consi
dered the golden Age of Sculpture in Rome, though
it is probable that the Art was but little practised by
native artists even at this time. The arch at Ancona,
and the column still existing in the Forum of Trajan at
Rome, are monuments of the taste of the Emperor and
the skill of the artists who were living during his reip>It is said that a custom prevailed at this time of putting
Roman names on ancient Greek statues ; it is not very
easy to divine the object of this species of forgery, unless
it were done with the hope of giving posterity a higher
impression of the talent of the artists thau they felt theu
own works were likely to create.
In Hadrian, the Arts found a magnificent protectnr, fM»
and they maintained their excellence undiminished; he
restored many of the old Temples, erected others, and
amongst other important undertakings, completed the
Temple of the Olympian Jupiter, at Athens, which had
remained unfinished since the time of Pisistratus; he
decorated it with a variety of works, and a statue of
colossal dimensions of the Emperor himself was placed
in it. In Italy, he built his celebrated Villa, and em
bellished it with all the finest works he could find ot
* There were, probably, two Sculptors of this
Plin. for their works.
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Sculpture, and took Rome ; in the year 456, Odoacer pave the
v—
city up to pillage ; Genseric, King1 of the Vandals,
almost rendered it a desert; and, in 545, the Goths,
under Totila, again attacked it with brutal fury, and
fired the city, which continued burning for several days.
We are told that in this siege the Romans, having retired
into the Mausoleum of Hadrian, (the present Castle
of St. Angelo,) threw down the statues which decorated
it, on their enemies under the walls.
In the year 479, a fire at Constantinople occasioned
the destruction of an immense number of statues and
other valuable works of Art collected in the Palace of
the Lausi.
Justinian.
The Arts were again protected by Justinian, and this
Emperor had several monuments of importance exe
cuted, amongst others a statue of himself, which was
placed on a column decorated with bassi rilievi : the
magnificent Church of Saucta Sophia, at Constantinople,
was also erected during the reign of this Prince.
Constans, Emperor of the East, in the year 661,
driven from his Capital by the imprecations of his people,
visited Rome, which he despoiled, during the few days he
remained in it, of its most valuable possessions in Art ;
these were removed by his orders to Syracuse, where he
proposed to establish himself, and where he concluded
his pilgrimage of disgrace and rapine. Wars, seditions,
Political and Religious divisions, now fully occupied
the public time and attention both in the Eastern and
Western World, and gave no leisure for the protection of
the Arts ; on the contrary more frequently led to the de
struction of those few monuments which remained. The
successes of the Saracen Caliphs carried them into Sicily,
and thus the objects collected there fell into the hands of
new masters. The fury of the Iconoclasts and the con
quests of Barbarians, tended still further to forward the
work of destruction ; occasionally, individuals appeared
who were disposed to protect the remains of antiquity,
and, as was the case with Charlemagne, and afterwards
with Theodoric, to stop the ravages which were conse
quent upon the successes of their Barbarian followers :
but their influence, honourable to themselves, was quite
inadequate to effect their purpose, or to save the Arts,
which were now hastening rapidly towards their final
extinction. We still watch with interest the existence
of some of the chef-d'oeuvre* of Sculpture preserved,
amidst all the confusion and difficulties of the time, in
Constantinople, to which remote corner of Europe the
Roman name was at length reduced, the Empire of the
A. d. West being now entirely at an end ; but when Constan1204. tinople was taken by Baldwint even these few remains
were doomed to destruction, and the statues in metal
were melted down and converted into money ;* amongst
them were a magnificent Juno, by Lysippus, a colossal
Hercules, a statue of Helen, and a variety of other works,
the productions of the most flourishing time, and most
celebrated Sculptors of ancient Greece. We have pur
posely hastened over this portion of our account, for it
is difficult and unsatisfactory to trace the further History
of the Art, when each step we take but assures us of
the ruin and devastation around us, and leads us in fact
into darkness. The monuments of the Romans are very
numerous, and have been of great assistance both in
illustrating the writings of the Historians, and in making
us acquainted with the manners and customs of that
people ; but, for obvious reasons, the History of their
* Nieetus Choniates.

Sculpture has not the same claims on oar 1
attention which we are disposed to give to that of Greece,
and our observations on it have, therefore, been as compressed as possible. The History of ancient Sculpture
may be considered to cease at this part of our Essay ; in
the next stage of our inquiry we shall commence thatof
Modern Sculpture.
We have endeavoured in Plates I., II., III., IV,, and
V. to illustrate the progress of Sculpture from the ear
liest period to the time of Hadrian. Plates IV. and V.
contain specimens from Myron, the contemporary of
Phidias, about 500 b. C, down to the lid century
B. c. : the best illustrations of the School of Phidias
will be found in the British Museum. No certain date
can be assigned to the Fighting Gladiator, the Laoeoiro,
or the Group of Dirce in the above Plates, but of their
School there can be no doubt.

Revival of Sculpture.
Though it is difficult to trace, in the specimens of
rude Sculpture and bad Painting of the darker Apes,
any resemblance to the works of a former period, it
would still appear that the embers of the Arts of Design
had been kept alive by the Monks of the Greek and
Latin Churches, and were again kindled into a St e
by the Italians, as soon as they found themselves in
a state of comparative ease and security. It is true
that from the Age of Constans to the XII Ith century,
the productions of the early practitioners exhibit but
uncouth representations of the same subjects, insomuch
that it is almost impossible to decide with exactness on
the time of their execution ; indeed, it is probable that
most of these were local and accidental efTorts of uncul
tivated Barbarism, for which there was no general de
mand, but which gratified ignorant individuals or corpo
rations, chiefly Ecclesiastical ; and to this circumstance
may be traced the uncouth decorations of some very
Churches and Tombs. In the illuminated MSS.,eiecuted
in the richer Convents, a style of design was soou
adopted, which depended on neat drawing and careful
finishing, and became the business of ingenious and
literary Monks when there was no other demand for
Painting. The orejici (gold -workers) in Pisa
Florence, had, however, some encouragement in orna
mental work, on a small scale, in gold and silyer; but
there was no demand for Sculpture in large manses of
less costly materials ; and the characteristic of their
Art would naturally be minuteness, stiffness, and ti
midity of design. From the Bodies of artists in these
trades the first successful efTorts of Painting and Sculp
ture seem to have arisen ; but it is easy to see in the
predecessors and contemporaries of Giotto and Cimabue,
that their Paintings on board are little more than eB"
larged imitations of illuminations on paper and vellum.
The discovery of oil-painting gave to artists the means
of increasing the depths of their shadows, and, conse
quently the roundness and relief of their Pictures; il W
them gradually to abandon the meagre style of the en
larged illuminators, and to approach that of Lionordo
da Vinci, who may be considered the greatest master m
the early manner. In its progress it was influential on
Sculpture ; and as both Arts were often exercised by the
same individuals, it will be easily seen that in the com
position of the bronze reliefs on the gates of the Bap
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Ware- tistery, at Florence, (as well as in other works,) bolh
-J Pisano and Ghiberti have adopted the design and
arrangement peculiar to the sister Art, rather than the
imitation of the antique models. This transfer of pic
turesque effect to Sculpture, crave a different character to
the revived Art to that which it possessed in ancient
times, and it unhappily became the source of much de
fect and corruptness of style ; though it must be con
fessed that, in the hands of men of genius, it occasion
ally produced beauties of its own. which it is impossible
not to admire in spite of the deviations from pure clas
sical taste. This alliance with Painting is the grand
characteristic of the works of the Cinque Cento artists and
their successors. Among the Ancients, Sculpture seems
almost to have given the laws of design and composi
tion to Painting- ; their knowledge of perspective was
limited, their power of representing shaded distances
feeble, and their Pictures, in consequence, were treated
much like bassi rilievi coloured. At the revival of Art,
Painting soon became possessed of powers beyond the
reach, but not beyond the emulation, of Sculpture, and
it was vainly endeavoured to produce that, in marble,
which can only please, and, indeed, con only be effected
by colour ; the hoir, the draperies, the attempted
gradations of perspective, in the works of all this
School, bear witness to its failure. These observa
tions have carried us further than we intended, but it is
impossible, perhaps, to develope the actual nature of
the progress of Sculpture during this period, without
adverting to the contemporary progress of Painting, by
which it was, to a certain extent, both guided and mis
led. To resume the history of the Art. In the beginning
»1«R- of the X 1 1 Ith century, Nicolo Pisano appeared; he
was, as his name denotes, a native of Pisa, and is said
to have improved his genius and feeling for his Art by
the contemplation and study of some recently discovered
ancient sarcophagi, &c, still existing in his native City.*
Many of his works are preserved in different parts of
Italy, and are evidence of the native power of his mind
in general composition and feeling. Amongst the most
remarkable are the pulpits of the Baptistery at Pisa,
and of the Duomo of Siena, and particularly a semi
circular basso ritievo of " the taking down from the
Cross" over one of the entrances to the Duomo of
Lucca. Besides these, Nicolo executed the principal
part, and probably designed the whole, of the marble
atti and bassi rilievi which decorate the front of the
Cathedral of Orvieto: they consist of illustrations of
the Gld and New Testament, arranged in compartments ;
the figures in these are frequently ill-proportioned, the
heads iarge, and deficient in expression or character,
but the compositions are for the most part good, the
draperies well understood and executed, and in the fe
male figures and angels, particularly, there is a simplicity,
Rraee, and feeling, which have rarely been surpassed.
>lir» Nicolo lived to a great age, and was succeeded by his
■ ™ Bon Giovanni di Pisa, Arnolfo of Florence, and other
scholars. In the year 1330, Andrea Pisano, who was
settled in Florence, executed one of the bronze gates
of the Baptistery in that city, a work which deserves
attention for the beauty and simplicity of feeling it
exhibits, though it is certainly deficient in the more
mechanical excellences of Sculpture. With Andrea
Pisano, was contemporary Andrea Orcagna, an artist
of ability, who executed a variety of works, the greater
* They arc preserved in the Campo Santo at Pisa.
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part of which are still to be found in Florence. Luca Modern,
della Bobbiadied in 1442; he has left several specimens
of Sculpture. This Sculptor is well known a3 the in
I.uca delta
ventor and only possessor of the Art of covering models Hobbia.
of terra cotta with a beautiful and peculiar varnish,
which renders them as hard as stone ; he is supposed
never to have disclosed this secret to any person, but it
is said he committed it to writing, and enclosed it in
some one of his models ; whether this was the case
can only be known by the destruction of his work.
Amongst his productions are some of great beauty, both
in feeling and composition.
The next names which occur in the annals of modern Ghiberti;
Sculpture are those of Lorenzo Ghiberti and of Donato
di Betto Bardi, better known as Donatello. The cele
brated bronze gates of the Baptistery at Florence by
Ghiberti have insured for that artist a lasting fame with
posterity : this work consists of a series of bassi rilievi
in the panels of the gates, illustrative of subjects of
Scripture, and they contain passages of beauty, of feel
ing, and of expression, which far surpass any thing of
the sort produced by his predecessors in the revival of
the Arts, and have not been often excelled in the works
of more advanced times. Donatello, one of the most Donatello.
deservedly celebrated of the early artists of Italy, was a
scholar of Lorenzo di Bicci ; he was born in Florence in
the year 1383. The works of Donatello appear to have
been highly prized during the lifetime of the artist, and
though his principal employment was in his native city,
we find specimens of his talent in many towns of the
North of Italy. His most celebrated works are still to
be seen at Florence ; the two statues which are most
noticed are those of St. George and St. Mark at Or San
Michele : there is a simplicity of action and grandeur
of expression in the former of these, which reminds the
spectator strongly of the fierce and nervous manner
characterising the works of the succeeding Age. The
statue of St. Mark is distinguished by Michael Angiolo's
celebrated exclamation, Marco, perctie. non mi parli ? In
the Museum at Florence are some very curious bassi
rilievi by Donatello in marble : they represent groups of
children dancing, composed with great skill ; they are
executed in very low relief, and the back-ground is
covered with gold-leaf, put on in round pieces, each
about the size of a guinea. At Padua are some speci
mens of basso rilieto of this Sculptor, which, making
allowance always for the early time at which they were
executed, well deserve the attention of the admirers of
Art. It is probable that the somewhat exaggerated treat
ment which is observable in the works of Donatello, as
well as those of Ghiberti, arose from a desire to avoid the
dryness of their predecessors ; and this will account for
some peculiarities in the forced bendings of the wrists,
fingers, and other articulations in their figures. The
contemplation of the works of these two Sculptors,
who made such rapid strides in Art, cannot fait to
afford the highest satisfaction to all who feel an interest
in watching the advancement of the refined pursuits of
the human mind.
An anecdote is related by Vasari of Donatello and his Anecdote of
friend Brunelleschi, who was afterwards the most cele- Donatello.
brated Architect of his Age, which will not be read
without interest in this place : we extract it from the
valuable and well-known Work by Mr. Ottley on the
Italian School of Design. " Donatello had recently
made for the Church of S. Croce, at Florence, a crucifix
carved in wood with extraordinary care ; and proud of
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Sculpture, his performance, showed it to his intimate friend Filippo
^—y~J Brunelleschi, in order to have his opinion ; when Filippo,
who, from the previous description of Donatello, had
been prepared to expect a work of much greater excel
lence, did not wholly suppress a smile. This did not
escape the notice of Donatello, and he conjured his
visitor by all the ties of friendship to declare to him his
real sentiments. Brunelleschi, who possessed great
frankness of character, replied, ' that the figure he had
placed upon the cross appeared that of a day-labourer,
rather than a proper representation of Jesus Christ,
whose person was of the greatest possible beauty, and
who was in all respects the most perfect man that was
ever born.' Donatello, already disappointed of the
praise he had anticipated, could not brook the unex
pected severity of this remark. ' It is easier to criticise
than to execute,' he retorted ; ' do you take a piece of
wood, and make a better crucifix.' Brunelleschi said
no more ; but upon his return home, secretly went to
work, and after the labour of several months, he finished
a crucifix in the most perfect manner. This done, he
invited Donatello one day, as if accidentally, to dine
with him, and he having accepted the invitation, the two
friends walked together towards the house of Brunel
leschi, till they came to the old market-place, where the
latter purchased various eatables, and giving them to
Donatello, requested him to go on with them to the
house, where he would join him presently. Donatello,
therefore, having reached the apartment of his friend
upon the ground floor, had his attention immediately
arrested by the crucifix of Brunelleschi, which that
artist had taken care to place in au advantageous light;
and standing before it, he became so absorbed in the con templation of its superlative merits, as entirely to forget
the provisions committed to his charge ; for opening by
degrees the hands which supported his apron, down
came the eggs, cheese, and other things, upon the floor.
Notwithstanding which, he still continued in the attitude
of one overcome with admiration, until the arrival of
Brunelleschi, who, laughing, asked him how they were
to dine, now that he had spoiled every thing? ' I,'
answered Donatello, ' have had quite dinner enough for
this day. You, perhaps, may dine with better appetite.
To you, I confess, belongs the power of carving the
figure of Christ ; to me, that of representing daylabourers.' "
-Giovanni
Donatello lived to a great age, and left numerous
Pisanothe scholars ; one of them, Giovanni di Pisa, was the author
Second.
0f a ]argre basso rilievo in terra cotta, now in a chapel
in the Church of the Eremitani at Padua : it represents
the Madonna and infant Christ, and on each side of her
are three figures of Saints. This work has some of the
faults of the time, but it is an extraordinary production,
and deserves attention for the simplicity and breadth of its
composition, as well as for its execution ; it is remark
able, too, for the very flat style of its relief, but it has
all the breadth and effect which that mode of treatment
insures, and which, united with elegance of form, calls
forth our admiration in the celebrated frize of the Par
thenon. Passing over names of less importance, though
worthy of distinction if our limits would admit of it,
Verrochio. we proceed to Andrea Verrochio, particularly celebrated
as the master of Lionardo da Vinci and of Pietro Perugino, the master of Raffaelle. Verrochio was at first a
painter, but it is said that Lionardo, when a lad, being
desired to paint an angel in an altar-piece on which his
master was employed, the performance of the scholar

proved so superior to the rest of the work, that Verrochio, indignant at and jealous of being surpassed by a
stripling, renounced the palette, and devoted himself to
the sister Art Some of the works of this artist are to
be seen at Florence ; particularly a group of two fio-ures
Christ and St. Thomas, in Or San Michele, and some
bassi rilievi in the Museum. Rustici, who studied Rostid.
under Verrochio, and subsequently under Lionardo da
Vinci, was a native of Florence ; this artist was invited
into France by Francis I., where he died in lbbO:
amongst his works are several of classical subjects which
have considerable merit.
The situation and political circumstances of Italy at
this time are peculiarly striking and deserve attention;
for the XVth and beginning of the XVIth centuries xvani
comprehend a period of the greatest interest in tlie XYIiaoa
modern History of Science and the Fine Arts. The1"*1
extraordinary talents of the Medici had raised that
Family to the highest honours at Florence; and Lo
renzo, who well merited the distinguished title he oh.
tained of "The Magnificent," added to the lustre of
his condition, by attaching to his Court the most inge
nious and learned men of the Age. Rome, too, was
governed by Pontiffs who, uniting magnificence with
fine taste, extended their powerful protection to the
Arts. Julius II., who assumed the tiara in 1 503, gave
princely encouragement to the great artists of his Age;
he was succeeded by Leo X. and Clement VII., who,
descended from the Family of Medici, felt an interest
in the elegant Arts similar to that which had rendered
Florence so famous : the names of these munificent
patrons of genius and talent are identified with all that
is valuable in Art, Science, and Literature.
The powerful genius of Michael Angiolo BuoMroti
gave a new impetus to Art, and placed that extraordinary j«l«ta
man at once in the distinguished station which he still con- ■*
tinues to occupy, and which no artist of his ownoralater
Age has been able to attain. Bandinelli, the Ammanuli,
Rustici, the Monte Lupi, Sansovino, Benvenuto Cellini,
Giovanni di Bologna, Francavilla, who were all either
living in his time, or formed out of his School, and
have left great names, were but minor stars in foe
horizon in which he shone, and still shines, resplendent.
Michael Angiolo Buonaroti was born of a noble family
in Florence, in the year 1474, and at an early age be
came the scholar of Ghirlandajo, one of the most emi
nent painters of the time. Lorenzo de' Medici had
established an Academy in his Gardens, and the gem"5
of Michael Angiolo did not escape the notice of las'
Prince, who immediately gave him apartments in his
palace, and otherwise honoured him with mwk9of par
ticular favour. It will hardly be thought necessary
to particularize the productions of an artist so well
known as Michael Angiolo ; but as our object is to illus
trate the History of Sculpture, it will not be improper
to point out some of his most celebrated works in this
Art, for the purpose of comparing the peculiarities of
his style with other monuments of his own Age, of °f
those artists who preceded him. Till this time, the
works of the artists, since the revival of the Arts, were
meagre and little in theirdetails, though considerable^ •
ing and talent were occasionally displayed in theircoDception, invention, and composition. Extraordinary genius,
like that which distinguished Ghiberti and Donatello,
occasionally broke through the dryness of the prevailing
practice in some degree, but it was left to the gifted
Florentine to effect that total revolution in style which
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• has stamped the Art of his Age with a character pecu' liarly its own, which has been happily termed " di Michel
AgnoF la terribile via" The merits of Michael Angiolo
have been too frequently insisted upon to need any tietailed consideration here ; we shall content ourselves
therefore with pointing out to our readers the most strik
ing ofhis excellences, noticing afterwards in what he ap
pears most deficient as aSculptor. For this purpose it will
not be necessary to notice his works in the order in which
they were executed ; we shall begin therefore with the
well-known monuments in the Chapel of the Medici at
Florence, in memory of Giuliano and Lorenzo, (not " it
tnagnifico") two members of that family. The statue
of the latter is most remarkable for its character and
expression : Lorenzo is represented seated and wrapt
in thought ; he leans his face on one hand, which par
tially covers the chin and mouth ; the rest of the figure is
in perfect repose, and throughout the whole there is the
air of deep meditation. It is impossible to look at this
statue without being forcibly struck with the mind that
pervades it. For deep and intense feeling it is certainly
one of the finest works extant.* The lower part of this
monument consists of two statues intended to represent
Morning and Evening, which form a strong contrast to
the dignity and simplicity of the figure above them ;
they are grandly conceived and boldly executed, but
there is a violence of action in them which is com
pletely at variance with the repose of the pensive
statue of Lorenzo, and which seems to have been
adopted rather for the purpose of exhibiting anatomical
knowledge and manual skill, than of adding to the real
interest of the design. The monument of Giuliano is
composed on the same principle ; the two figures beneath
the principal statue are those of Day and Night, and
although they bear the stamp of the master hand, they
want all that quiet which is not -only essential to the
beauty of Sculpture, but which seems to belong particu
larly to the subject on which they are employed. The
statue of Moses in the Church of'S. Pietro in Vincoli, in
Rome, is one of the most celebrated works in Sculpture
of Michael Angiolo, and is a grand effort of skill. The
admiration which this statue excites is caused chiefly by
the principles ofcomposition which are employed in it; no
small parts nor acute angles distract the attention, but
quantity and large masses are preserved throughout ; in
the general expression there is vast energy, but it is suffi
ciently tempered to preserve that repose which is essen
tial to dignity. This work requires to be studied with
attention to be understood; its merits will then be found
to compensate for minor faults, which the manner of
Michael Angiolo threw more or less into most of the
productions of his chisel or pencil. The statue of
Christ, in the Minerva Church at Rome, has less of the
violence of this master than most of his works ; but,
although it has excellences of a high class, it is by
no means one of his finest efforts ; it displays great
learning and skill in execution, but it wants that dignity
and refinement of form and expression which should cha
racterise the representation of the Saviour of the World.
Anallegoricalia«so rilievo preserved in the Vatican, (and
of which there are casts,) is an interesting monument of
Michael Augiolo's knowledge of the human form ; it is
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more remarkable for this than for any other quality ; the Modem,
composition being too complicated to render it un- v-"»*v-"—'
exceptionable as a work of Sculpture. The statue of
David, in the Piazza del Gran Duca, at Florence, was
executed under very unfavourable circumstances, Mi
chael Angiolo having been employed to finish it when
the block of marble had already been worked upon by
an inferior artist, and considered spoiled ; but the
powerful hand of the master is visible, and few can look
upon this work without being struck with the grand air
it has as a whole, and particularly with the turn and
expression of the head and throat. The statue of Bac
chus is admirable for its expression of inebriety, and
for the execution, but it wants purity of taste, and the
beautiful form which the Ancients always considered
proper to the young and joyous God. The group in
marble of the Madonna and Child in the Chapel of the
Medici at Florence, the Pietk in St. Peter's at Home,
and the unfinished group of the Body of Christ sup
ported by Nicodemus, the Madonna, and Mary Mag
dalen, are compositions of the highest merit, abounding
in pathos, and many excellences of execution : the
dead Christ in the Pieta is particularly worthy atten
tion ; the tranquillity and perfect repose of death is
finely portrayed throughout this figure, and, with some
exceptions to the head, and articulations of the joints,
it is free from the manner, as it is called, which is gene
rally so conspicuous in Michael Angiolo's Sculpture. We
would notice, too, a work which we possess in England
by this great master, abounding in grace and feeling ;
it is n circular basso rilievo in marble, consisting of
three figures finely composed, representing the Virgin,
the Infant Saviour, and St. John, and which, though
unfinished, is a beautiful and highly valuable example
of the artist.*
In contemplating the works of Michael Angiolo, the
spectator is so completely absorbed in admiration of
the invention, vigour and energy of mind, and vast
knowledge of form and anatomy displayed in them, that
he hardly allows himself to think they can be wanting
in any other qualities of Art. But it is an undeniable
fact that Michael Angiolo's Sculpture does not afford
that high satisfaction which works of ancient, and some
even of modern times occasion ; and we are naturally
led to inquire the cause of this, in an artist whose re
putation stands so high, and the productions of whose
pencil still fearlessly defy competition. Sculpture, to be
perfect, must be practised on certain principles, and,
without them, whatever other qualities it may possess,
it has not the power to please, nor to make any lasting
impression on the mind. The chiefof these essential pro
perties is simplicity. This it is which gives a charm the
productions of Greece, and to the best works of a later
Age, and it is to the absence of this, that we must attri
bute the little clfect produced by the generality of mo
dern works; amongst them by many of those by Michael
Angiolo. All who have seen it remember with feelings
of satisfaction his " thinking" statue of Lorenzo de
Medici; it comes home to every heart ; it is Nature,
but in character and expression dignified by the highest
powerof Imagination. Few recollect more of the statues
of Morning, Evening, Day, and Night, than their atti
tudes ; the affections and feelings have little or nothing
• It has been well and justly observed of this statue, " There is in common with them, and their want of simplicity disno resemblance to the antique, but it rivals the best excellences of
the Ancients in expression with repose and dignity ; tuck effects are
* This work was purchased in Home by the late Sir George Beau
produced by the tludy of real life contemplated by geniut and ima- mont, Bart., and bequeathed by him to the Koyal Academy, where it
giitatton."
is now preserved.
VOJL. V.
So
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Sculpture. tracts rather than interests the attention. It has been
our duty in these few observations to consider the Sculp
ture of Michael Angiolo with reference to its merits com
pared with that of the Ancients; for he made gigantic
strides which placed him, beyond comparison, far above
any of his contemporaries. We have only had to con
sider him as a Sculptor, but in giving him the distin
guished rank his high and extraordinary merits claim
for him, it has been thought necessary to notice what his
Sculpture wanted to place it on a level with the finest
productions in that Art.
In the Chigi Chapel in the Church of S. Maria del
Popolo, at Rome, is a group in marble of Jonas with
the sea monster, which is believed to be a production
of the time which we are now considering. It is a work
of great beauty, and it is to be regretted that its situ
ation is such as to preclude the possibility of viewing it
Lorenzelto. to advantage : it is said to be the production of Loren
zelto, but if the tradition may be believed, RafTaelle
d'Urbino furnished the design for it, and even made the
model from which the Sculptor afterwards executed the
Beggarelli marble. About this time also lived Beggarelli of Moof Modena. deni)i famous for his models in clay ; concerning whom a
remarkable expression of Michael Angiolo is recorded ;
he exclaimed, on seeing some of this artist's works, " If
this clay could but become marble, woe to the antique
Sansovino. statues." Tatti, better known as Sansovino, appeared
at this time ; several of his productions, statues, and
bassi relievi, in marble and bronze, are preserved at
Venice and Padua, and although they want simplicity,
they display considerable talent ; his scholars were nu
merous, and some of them, particularly Danese Cattaneo, Ammanati, Lombardi, and Vittoria, distinguished
themselves by the success with which they practised
Baccio Ban- their Art. Baccio Bandinelli was a native of Florence,
dmclii.
an(j takes a high rank amongst the artists of this Age ;
Plate VII. he was the scholar of Rustici, the intimate friend of
Leonardo da Vinci, a connection from which Bandinelli
must have derived great advantage. His style was
very bold, his general designing vigorous, and his
works display considerable knowledge of form ; but his
drawing is too free, and abounds in the mannerism
which characterises the Art of this time. Several
works in Sculpture by Bandinelli exist in Florence,
which, though they do not place him on a level with
Michael Angiolo, to whom he was always opposed,
attest the skill of the artist. Amongst his most
highly esteemed productions may be reckoned a num
ber of figures in compartments, in very low rilievo,
which decorate the base of the screen round the
high altar in the Duomo of Florence ; a basso rilievo in
marble on a pedestal which stands in the Place of S.
Lorenzo, also at Florence; which though in many re
spects open to criticism, has high claims to distinction,
and may be considered a fair illustration of the Art of
the Age. He made a portrait of himself in the statue of
Nicodemus supporting Christ ; (a group in marble, the
size of Nature, for his own monument in the church of
the Annunziata at Florence ;) and in the Palazzo Vecchio are statues of Adam and Eve with the Tree and
Serpent between them: the former ofthese works is supe
rior to the last mentioned, but both are inferior to those
before noticed. Baccio Bandinelli, either from his lofty
pretensions, or the jealousy of his disposition, of which
many instances are mentioned by Vasari, appears to have
been exceedingly unpopular during his lifetime, and his
works were severely satirized by his contemporaries ;

the sting of these remarks has however passed away, ty_,
and his works remain to claim for him the distinction UJ
to which his merits as an artist entitle him. Benvenuto Cellini has a double claim upon posterity as a -T*1
Sculptor and a writer. The estimation ia which his PtatYl
smaller works were held, is attested by their numbers,
and the high prices he obtained for them; most of
these, from the value of the materials in which they
were executed, gold, silver, and precious stones, have
disappeared in the disturbances that have agitated
Italy ; but some of his larger works remain, and his
Perseus, in the Loggia of the Piazza del Gran Dtica,
at Florence, particularly claims attention for the general
conception of the subject, and the knowledge it displays.
Faults no doubt maybe found in it, but this work places
Cellini amongst the most distinguished artists ofhls Age.
His Life, written by himself, is one of the most curious
histories of the manners of the XVIth century which
we possess ; he also wrote on casting in metal. Proper- fcnwi!
tia da Rossi, of Bologna, executed amongst other works & "<*■
some statues for the facade of the Church of S. Petronio, at Bologna ; she also painted well, and was a
good engraver. Propertia, it is said, became ena
moured of a young artist who did not make a suitable
return to her love, and the disappointment threw her
into a languishing disorder which brought her to her
grave ; her last production was a basso rilievo in mar
ble, preserved at Bologna, representing the history of
Joseph and the wife of Potiphar, in which the object ofher
love was represented as Joseph), and in the other figure
she portrayed herself. She is said to have been one
of the most beautiful as well as accomplished women of
her time, and died in the flowe r of her age* fiofflehno GjHl
delta Porta, the friend of Michael Angiolo and of Sebastian del Piombo, is celebrated for his restorations, par- ^
ticulnrly of the legs of the Farnese Hercules, and for
two recumbent statues, one of Prudence, the other of
Justice, forming part of the monument of Paul HI
in St. Peter's at Rome. Th e latter figure has parts
of considerable beauty, and is a valuable specimen of
Art of that period ; reminding the spectator strongly of
the style of Michael Angiolo. Since Delia Porta's time,
this statue has been partially covered with bronze drapery.
The quality for which the Sculptors at the end of the
XVIth and beginningofthe XVIIth centuries are remark
able is, extreme facility of execution, which led them lo
lose sight altogether of repose and simplicity; the works
of that time exhibit very great merit in many respects,
but they abound with affectation and exaggeration; the
first owing to a mistaken notion of grace, the other to
a desire of showing science in the anatomy of their
figures. The works of Giovanni di Bologna, a nawec*"
of Douai, are a remarkable illustration of this *t^™gJ
the Art ; they are full of imagination and fire, a™
are executed with astonishing boldness and ability,
his diligence as well as his skill is attested in the vast
number of works which he has left in marble andbronteThe famous bronze statue of Mercury by him, » ™*
Gallery at Florence, is conceived in the true spint
Poetry, and is deservedly admired as one of the mo
elegant productions of modern Art ; the form is Hg i
and the action graceful ; the only fault in this other
wise beautiful work is, that the muscles are rather ^
round for the character of the Messenger of the
Gods. The celebrated marble group in the LoggaJ
* Vasari. Sbe died in 1530.
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iptare. Florence, called the Rape of the Sabines, affords further
V-^ illustration of what we have said respecting1 the style of
Art of this time ; as a specimen of invention it is full
of fire and expression, but the composition partakes
too much of the corkscrew form, and is extravagant ; it
is impossible, however, not to admire the courage as
well as ability of the artist who ventured to execute so
daring a work. Other statues and several bam rilievi
exhibit in like manner the power of mind and hand,
but at the same time the defects of style, of Giovanni di
Bologna. Unfortunately the imitators of his " manner"
too
were numerous. The beautiful and simple figure of S.
fcrno. Cecilia in the Church of the Convent dedicated to that
Saint in Rome, would place its author Stefano Maderno
in the very highest rank, if he had not forfeited his
claim to the distinction by the production of later works
in which all the finer qualities of Art are lost sight of.
it VII This statue was executed when he was very young,
probably before his taste had become corrupted, and its
excellence arises from its simplicity and general truth
to Nature. It is said, that when the coffin, in which the
Virgin Saint was deposited after her martyrdom, was
discovered, her body was found undecayed, and lying
in the position in which Stefano Maderno, by order
of Clement VIII., has here represented it.* This
will account for the superiority of this work over others
of the same artist ; prevented by the circumstances
from introducing any of the prevailing bad taste of the
time, he has, by making Nature his model, produced a
work which excites the sympathy and engages the suf
frages of all who see it.
One of the most extraordinary artists of the XVIIth
century, and one whose practice tended more than
any thing not only to check but to subvert all good
nioi. taste in Sculpture, was Bernini. He was born at
Naples, and at a very early age gave indications of
talent in the Fine Arts; a- head in marble is still
preserved which he is said to have executed at nine
or ten years of age. It is quite surprising, that, with
so many fine works of antiquity before them, the ad
mirers of Art should have so extensively patronised a
Sculptor who set all the principles of true taste com
pletely at defiance, and whose influence was so great
that no Art was protected which was not conformable
to that which he had established. Under him the distinc
tive bounds of the different classes of Art were trampled
down ; Sculptors were busied in imitating the works of
the pencil, and Architects in seeking to introduce into
their compositions the curved line of beauty. It would,
indeed, be difficult to conceive two styles more directly
opposed to each other than that which characterised the
Sculpture of this Age, and that of the great artists of
antiquity. In the one, simplicity was the pervading prin
ciple and expression united with fine form ; in the other
the eye is offended by strained actions, uncommon
arrangement in composition, and draperies flying and
frittered away. Undercutting, perforations, and all the
other mere mechanical difficulties of the Art were also
resorted to, to catch the attention and create surprise;
thus the means were mistaken for the end, and the
artists were content to rest their claim to distinction
on the poor foundation of their ingenuity as handi• Venuti sayi, nella ponlura mednima che »i vede la sua
tlalua tcolfiita. Tile inscription under the statue is, En lihi
tnnclutimtB virginit Cecilia" hnaginem quam ipse integrant in tepul*hro jacenlem vidi, tandem libi prortui eodem curporit situ Iwc marmore espreui.
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craftsmen. A few artists may be selected from this MoJem.
large class, possessing qualities which raise them some
little above their contemporaries, but in these the great
principle which should pervade all Sculpture is lost
sight of, and the picturesque is everywhere substituted
for simplicity ; indeed the alti and bassi rilievi of the
best of the artists of this time are but bad pictures done
in marble, on no part of which can the eye rest with
satisfaction. The works of Bernini are too well known
to require particular notice ; we shall content ourselves,
therefore, with mentioning a few of the mo«t celebrated,
to illustrate our observations on the merits and defects
of this artist. Two of his best, and they were two of
his earliest productions, are in the Cascino of the Villa
Borghese, at Rome ; viz. the Apollo and Daphne, pute VU.
and David, (said to be a portrait of himself,) pre
paring to throw the stone at Goliath. These figures
display great feeling for the respective subjects, and
equal skill in the execution, and only want good taste
to entitle them to a very high rank in Sculpture. The
statue of S. Bibiana, the fountain in the Piazza Navona,
the four Doctors of the Church supporting the chair of
St. Peter, are all characteristic works of this artist. In
St Peter's, also, are the monuments of Urban VIII.
and of Alexander VII., which surpass all his other
productions in bad taste. A group, intended to re
present the ecstasy of S. Teresa, in the Church of La
Vittoria, in Rome, has merits of execution, but it is
difficult, amidst the flutter and confusion of the drapery,
to discover either the figure of the Saint, or the subject
of the work. Bernini lived during nine Pontificates :
no artist ever had greater patronage, and few greater
talents, had they been properly applied; but the variety of
his pursuits, and his inordinate love ofpicturesque effect,
ruined the progress of Sculpture, and we are compelled
to admit, that it would have been better for that Art if
Bernini had never lived. In proof of the versatility of
his talents, mention is made of a theatrical enter
tainment which had been given in Rome by him, for
which he built the theatre, painted the scenes, cast the
statues, constructed the engines, wrote the comedy,
and composed the music, We could easily extend our
observations on this extraordinary man, but our object,
that of illustrating the History of Sculpture, is suffi
ciently answered by noticing a few of the leading Sculp
tors, and making some observations at the same time
on the peculiarities which mark their practice, and the
improvement or decline of the Art
Contemporary with Bernini was Alessandro Algardi, Algardi.
of Bologna, whose principal work, a large basso rilievo,
in marble, of Attila driven from Rome by the appa
rition of St. Peter and St. Paul, is well known. This
work is above 30 feet high, and 18 feet wide, and
forms an altar-piece in St. Peter's Church. The ob
servations which apply to the works of Bernini are
equally applicable to those of Algardi, who, if he did
not servilely copy the faults of the first-named Sculp
tor, was equally distant with him from the purity of
the antique ; in the basso rilievo alluded to, an at
tempt is made to obtain distance and picturesqne
effect by a variety of planes, and difference in the de
grees of relief of the figures. The consequence is
inevitable in Sculpture : it is a mass of confusion.
Considerable intelligence is shown in parts of the
composition, as well as in the execution of the work,
but a principle of bad taste pervades the whole, which
is not compensated by any other qualities. In short,
So 2
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Sculpture, tbe Art instead of rising was now fast falling to decay ; the verj facility of execution, which should have
been the means of carrying it to a second perfection,
equal to the best times of Greek Sculpture, only hurried
it to its ruin, and to the artists of the XVIIth century
we must, in a great degree, attribute the disgrace of its
downfal. One Sculptor, however, who lived at this
period, deserves to be distinctly mentioned, inasmuch as
he did not suffer himself to be carried away by the pre
vailing false taste, with similar facility to that with
which the generality of artists bowed to its influence ;
this was Fr. de Quesnoy, commonly called II FiamII Fiammingo, a native of Rrussels, who, although his taste
mingo.
was far from correct, has left a few works which
secure him a respectable name with posterity. His
statues of Sta. Susanna, and of St, Andrew, at Rome,
in St. Peter's Church, as well as his bassi rilievi of
children, have passages of great merit, and claim the
attention of all admirers of Art. Francesco Mocchi
Mocchi.
executed two statues in the Duomo of Orvieto, re
Plate VII. presenting the Annunciation ; they are not grouped
together but are distinct figures. The angel has been
much overrated, the boldness of the conception and exe
cution having excited greater admiration than the gene
ral merits of the work warrant. The figure is supported
on a cloud, which rests on the pedestal. The Virgin is
gently shrinking and starting back ; the intention is
good, but the figure is short and heavy, and has none
of that beauty of form proper to the subject. But little
advantage will be gained by enumerating the works of
the Rusconi and others of the same School, which only
tend to illustrate the further decline of Sculpture. The
minute and laborious works of San Martino and Corradini, in the Church of St. Severo, at Naples, represent
ing the dead body of Christ covered with drapery.
Modesty veiled, and a figure of Deceit within a net,
attest the patience of their respective authors, and re
main monuments of their bad taste. The same may be
said, with few exceptions, of the works of the Ronazzi,
Tagliapietra, Toretti, and Morlaiter, at Venice, and an
infinity of other Sculptors, who deluged the different
cities of Italy with absurd productions of their misplaced
ingenuity.
This was the state of Art in the XVIIIth century ; and
the taste which pervaded Italy was the prevailing taste in
other Countries in which Sculpture was practised, the
artists of Italy being almost exclusively employed to exe
cute whatever works were required ; or if native artists
were anywhere thought worthy of confidence, they were
for the most part scholars or followers of some distinScufptu in guished or fashionable Italian practitioner. That this was
France.
the case in France will be evident on examining most of
the Sculpture produced there from the time of Francis I. ;
the epoch from which the practice of the Art, and of its
assuming any importance in that Country, is generally
dated ; and at whidh time Italian artists, Lionardo da
Vinci, Primaticcio, Renvenuto Cellini, Rustici, and others
were invited into that Country. The French Sculptors
who arose out of this encouragement of Art, exerted
themselves, it is true, with industry and success, and
several have left distinguished names and valuable spe
cimens of their abilities. A History of the French
School of Sculpture* will not afford any additional infor• The French (though a great improvement has taken place)
were soon led away by a desire to display nice and curious execution ;
the Sculptors above named were their purest artists. For theneplui
ultra of bad taste we need only mention Pigal's extraordinary works,

roation on the general History of Art, but from their 1L_
most celebrated names we gladly select such as Pugct "-"vJ
and Girardon.
We possess some very early specimens of Sculp. In B«J
ture in England. Those who returned from the
Crusades made attempts to imitate the Arts and
magnificence of the Countries they had visited, and
introduced some richness of decoration into the Archi
tecture of their time ; but no Sculpture in figures is
deserving ofparticular notice till the reign of Henry HI., Heur E
when efforts were made in that Art not unworthy our
attention even at the present day. In the year 1242, the
Cathedral of Wells was finished under the care and su
perintendence of Rishop Joceline. This was about the
time of the birth of Cimabue, the restorer of Painting in
Italy, and the work was in progress at the same time
that Niccolo Pisano, one of the earliest Sculptors after
the revival of the Arts, was exercising his profession in
his own Country. The circumstance is remarkable,
and the late lamented Professor of Sculpture in our
Royal Academy adduces strong arguments for helieving the execution of the bassi rilievi and statues
which decorate this structure to have been by native
artists.* These Sculptures, consisting of subjectsfrom
the Scriptures, and some statues, larger than life, of our
early Kings and Queens, exhibit much grace, beauty,
and simplicity, and, making allowance always for the
time at which they were executed, are well worthy the
attention of the curious. The richly decorated crosses
erected by Edward I., in those places wherein the body Kn-iL
of Queen Eleanor rested, (and of which three are still
remaining,) were most probably by Italian artists; but
under Edward III. it seems that our own Countrymen
were capable of exercising the Art. To use the words
of Flaxman, " it is a gratification to know that the prin
cipal Sculptors and Painters employed by Edward III.
in his Collegiate Church, (St. Stephen's,) now the House
of Commons, were Englishmen;" and he gives us the
names of Michael the Sculptor, Master Walter, John
of Sonnington, John of Carlisle, and Roger of Winchester, Painters. Passing on to the reign of Henry VII., HeKT
we find that Torregiano, an Italian artist of some
celebrity, was much employed in England in the beau
tiful Chape! built in Westminster Abbey ; but it is
thought that much of the Sculpture of this period was
by native artists. It will be sufficient to refer the
curious reader to some of the statues that decorate the
above Chapel, which are well worthy attention for the
beautiful and simple arrangement of their draperies.
From the reign of Henry VIII. to that of Charles I.
Sculpture seems to have been much neglected; indeed
works of Art were wantonly and purposely destroyed;
but from the wrecks that remain it appears that fro™
the year 1200 down to Henry VII., we have works in
Sculpture, not only executed in England, but certainly
in many very important instances by Englishmen, hi ^
Charles's time we meet with the names of Christmas
and Stone, Englishmen. The principal works in Sculp
ture after this period were by foreigners, and we find
that Cibber, Scheemacker, Roubiliac, and others of their
School, had all the employment in Art. Their produc
tions are well known, and a particular account of them
particularly the Tomb of Marshal Saxe, at Strasburg, executed in
1776. The Sculpture of other European Countries, Spain, Gemt»nr,
&c, affords no information on the History of the Art, and we there
fore omit them.
* fide Flaxman's Lectures on Sculpture.
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ilpture. would be both unnecessary and out of place. This was
»/—J the state of Art in England till the middle of the last
Tg«III. century, when, under the protection and auspices of
George III., Sculpture and the sister Arts rose into
notice, and were practised by native artists with honour
to themselves and to their Country.
™ ">
The Count Cicognara, in his valuable Work on Sculpfc
ture, considers that the epoch of a revolution in taste
in Italy was the reign of Charles III. of Naples ; of
Popes Clement XIII., Benedict XIV., and of Leopold,
Grand Duke of Tuscany. Besides these Princes, Cardi
nal Albani, justly called the Hadrian of his Age, attached
the literati and best artists of the day to him, and his
Palace was the resort of genius, taste, and learning.
He formed a collection of the finest remains of antiquity,
well calculated to remodel the taste, and excite the
emulation of the artists of the time. To this princely
taste of the Cardinal the World is indebted also for
the learned labours of a distinguished antiquary, for
under the immediate protection of the Prelate,
Winckelman wrote his History of the Arts of Design.
The Clementine Museum at the Vatican received im
portant additions under Pius VI., after whom it was
called Pio-Clementino ; and the greatest activity pre
vailed at his accession throughout the Boman States
to secure whatever fine works in Sculpture were dis
covered, forming a remarkable contrast to the careless
ness which existed on these subjects a few years
before. Amongst the Sculptors of that period were
Cavaceppi, Penna, and a few others ; the influence of
the Bernini School had ceased, and as the false prin
ciples of its practice were discovered, the want of a just
style was felt, and, in point of fact, Sculpture in the
hands of the above artists will be found to have made
considerable approach to purity, and to have acquired
much of its lost character.
The honour, however, of giving a new direction to
Taste, and of establishing this Art on true principles,
is certainly due to Flaxman and Canova; and the
works of Banks may also be cited as valuable spen, cimens of improvement. In the Theseus of Canova,
one of his best and earliest works, we recognise the
long lost purity of form, and a decided devotion to the
simplicity of the antique ; in the designs of Flaxman,
in like manner, simplicity, grace, and expression re
sume their influence in the place of long-established
affectation and distortion. The simple taste of which the
earlier works of Canova gave promise, it must be al
lowed, is occasionally less conspicuous in some of the
later productions of this master: exceptions will also
be made to Flaxman, in whose works execution will
be found a very secondary object compared with de
sign ; but the works of these distinguished artists
are before the World, and their merits have been too
often discussed to render it necessary here to en
large upon them ; besides, a critical examination of
them would be quite out of place, our object, that of
tracing the History of Sculpture down to our own
times, being fulfilled. The influence of these second
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restorers of Sculpture, as they may justly be called, on Modern,
the Art of their day is acknowledged, and though v-^v—^
distinct Schools have arisen out of those which they
formed, to them must be attributed the merit of having
at least directed the attention of artists and the admirers
of Art to that which is really excellent.
The mechanical process of Sculpture is now so Mechanism
generally known, that it seems hardly necessary to of SculPnotioe it here, but as it may be considered to form a turo
part of our subject, we shall conclude by a short ex
planation of the manner of proceeding. The Sculptor
having invented or conceived his subject, proceeds from
a small sketch, drawn on paper or modelled in clay or
wax, to build up his statue or group, for which purpose
a general nucleus or skeleton is first formed of wood
or iron ; to this, small crosses are generally attached, in
order to make the clay adhere to it ; the figure is then
built up in clay, of which different sorts are used, accord
ing to the fancy ofartists; the figures, even if they are in
tended to be draped, should always be first carefully
modelled naked, and the drapery should be added after
wards. In modelling alto or basso rilievo, a plane or
ground (generally of clay) is prepared, upon which the
Sculptor draws his proposed design ; the clay is then
placed upon this, the outline of the figures being care
fully preserved by attending to the drawing already
made upon the surface. The model being completed,
and kept moist, a mould of plaster of Paris is made
upon it, which when dry (or set) is removed, and the
model is destroyed ; the mould being oiled, is then
filled up with fresh plaster, which is prevented from
adhering too firmly by the oily substance with which
it has been saturated ; the mould is then broken
off, and a cast of the model is produced entire. The
next process is copying it in marble ; for this pur
pose two stones of the same size, each having a scale
in front, are prepared ; the model is placed upon one
of these, the block of marble on the other ; a movable
instrument or beam is applied to the scale of the model,
and a needle branching from it, and capable of being
extended and withdrawn at pleasure by means of screws
and ball and socket joints, is made to touch the parti
cular part of the model intended to be copied ;* this is
carefully removed to the corresponding number on the
scale on which the rude block is fixed, and the marble
is cut away till the needle reaches as far into the block
as it had been fixed at upon the model ; this process is
repeated till the whole is copied, the joints on which
the needle works being so constructed that it can be
carried round to any part of the work. The statue
being thus rudely blocked out, or pointed, as it is tech
nically termed, is delivered over to a carver, who copies
the minute parts of the work, and by degrees, with
chisels and files, brings it to a surface, ready to receive
the finishing strokes of the Sculptor.
* The construction of these instruments for pointing is not
always the same, but the principle upon which they act is exactly
similar.
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Origin o( ' To renew that inquiry of the over-curious, as to the
Painting, country wherein the Art of Painting was first invented,
is nearly as absurd as to raise a question with regard
to the persons who may have originated the Art of
dressing skins or cooking meat, or introduced any of the
commonest occupations of life ; so natural is imitative Art
to man, and so common is it to find some efforts in this
line even among the rudest people, and those who are
the farthest removed from the chance of intercourse one
with another. We shall only observe, then, generally,
that the extreme antiquity of this Art is fully shown,
when it is admitted as a fact, that the use of representa
tion by outlines, imitating the external forms of things,
preceded the use of arbitrary and conventional signs
amongst Mankind. Hieroglyphics were used before
Letters, and the Art ofDrawing is therefore undoubtedly
prior to that of Writing ; and we might fairly substitute
this simple statement for the more common and fabulous
part of its History. Of the fact we have proof enough
in the painted and engraven monuments of Egypt,
Persia, and India, as well as in the stained leather of
the savages of the Ohio and the Mississipi, who relate
a battle by figures of men fallen and falling, just after
the same fashion. Very forcibly indeed are these ancient
and primitive, and necessary habits of the human race
brought before our eyes, in the accounts we daily receive
of those uncivilized nations, among whom we view Man
as a social animal during the time that the state of so
ciety is in its infancy.
Raphael Mengs remarks with great truth, that it
might have happened that the Art of design was invented
at the same time in Greece, Egypt, and in Tuscany, or
that some of these people, of whom Historians speak
as inventors, did themselves receive the Art from others
who practised it before their day ; but, after what has
been observed above, this is of little consequence. We
must consider, therefore, the stories related by ancient
authors, as to the invention of the Arts of Painting and
Statuary, not as relating actually to the first discoverer,
but to that person of whose successful efforts the earliest
tradition has been preserved,—to the improver, rather
than the originator. Such was Gyges, a native of Lydia,
who, as Pliny informs us, was a teacher of the Art of
Painting amongst his countrymen in Asia Minor ; and
by whom the practice was afterwards carried into Italy by
a colony from those parts, known under the name of the
Ht lrusci or Tuscans. Of the degree of skill possessed
by these II etrurians, some writers have asserted, that
specimens may yet be seen in the painted figures dis
covered in the tomb of an ancient monarch, on the site
of Clusium, and in some similar relics at Arezzo and
Viterbo.
In a like view must we regard the stories of the
love-sick girl tracing the shadow of her suitor's profile

on the wall, by the light of a lamp, or of the shepherds
marking with their crooks the outline of their shadows,
projected by the sunshine upon the sand. Such, too, / _
are the claims usually put forward on the part of the
Egyptians to the invention of the Art of design ; that
people probably were iuventors, as many other people
were so ; but only among themselves, and for them
selves. And no doubt there were attempts made by other
countries as well as these, and perhaps at as early a dale:
we certainly read of Pictures being in use amongst the
inhabitants of the land of Cana,an, at the time that the
Israelites took possession of it ; the words in our trans
lation of the Bible, in which Moses addresses the
Israelites, are these, " destroy all their Pictures, and
destroy all their molten images. ' Exod. xxxiii. 52. And
whether borrowed from Egypt or otherwise, it is clear
that the Art of design was not unknown amongst the
Jews themselves, either as Statuaries or Painters : for
we read of the image of a calf set up by them in Dan;
and we read in the prophet Ezekiel, of the " form of
creeping things," &c. " portrayed upon the wall."
Ezekiel, viii. 10.
All that is here mentioned under the name of Picture
or Painting was probably no more than a simple deli
neation of form, the interior »f which was occasionally
filled up with colour ; such as the earliest specimens of
Egyptian Art present to our- view ; the capacity of
executing such matters in such sort, being, as we hare
said,
Man as an imitative
Thenatural
furthertodevelopement
of the animal.
Art of Painting. ofIBH
that, indeed, which alone gives it a title to the name of
Art, has been to a certain extent detailed to us by the
ancient writers of Natural or Civil History. And the
successive degrees of improvement which were achieved
in these early days, afford to our contemplation a
curious analysis of the nature of those ideas relative to
Painting, which in the present more advanced state ot
our knowledge appear so simple in themselves, and to
need so little elucidation. In our Histoh'cai and
Biographical Division, we have already stated a few
particulars relative to some of the Early Painters ot
Greece, (vol. ix. p. 404.) Without repeating what has
there been said, we shall here notice the several steps
by which they appear to have advanced the Art «
Painting. One of the first instances of the progress of
this Art is shown in the attempt to give a great"
durability to the colours than had hitherto been attained.
Polygnotus, (the elder of that name,) an Athenian, u *^
said to have been the first who subjected his works to ^
the action of fire for this purpose : but it is uncertain s
whether it was the encaustic method, the mode ot
Painting in enamel, which he invented ; or, whether it
was simply that he first adopted the use of wax with his
colours, which of course could not be applied without
some degree of heat ; or it may be, that he merely invented
the style of delineating by means of burning the surface
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mag' of wood with hot irons, producing something similar
»y— to that which we now know under the name of poker
drawings. Polygnotus lived about the XlVth century
before our Saviour.
McliroThe next step in Art was made, as we are told, by
ic style. the Greeks, who invented what is called the Monochro
matic style or the use of a single colour, or that
which we now describe under the title of Painting
in chiaro-otcuro. It might be black and white that
was made use of for this purpose, or a brown or a
gTay colour, or indeed any other, so long as the dif
ference of the parts was marked only by the inten
sity or strength of the respective shades of colour, not
m why by a variety of colours. It may seem singular at
wis not first sight, that the use of many colours should have pret of the ceae{* tne simP'e use of one colour only : but when we
'
regard the nature of the means by which an effect is to
be produced, we must instantly recognise the proof of a
greater progress in Art having been made in this case
than the former ; for to paint trees as green, or sky as
blue, is one of the easiest and most obvious of the efforts
of imitation, but to distinguish them by degree of shade
alone, or, which is the same thing, by the intensity of the
when one only is employed, requires no small
; of knowledge and skill : it is, in fact, the power
of giving relief to one body beyond another, and repre
senting on one even plane surface the appearance of a
variety of objects or parts which stand out or recede
one from the other.
We have an account given us by Cheselden, of a
young man originally born blind, and afterwards re
ceiving his sight from the operation of couching, at
a time when his judgment was sufficiently advanced
to give an account of his observations ; namely, at
the age of thirteen years. He says, " we thought
he soon knew what Pictures represented, which were
shown to him, but we found afterwards we were mis
taken ; for about two months after he was couched,
he discovered at once they represented solid bodies,
when to that rime he considered them only as parti
coloured planes, or surfaces diversified with variety of
paint ; but even then he was no less surprised, expect
ing the Pictures would feel like the things they repre
sented, and was amazed when he found those parts,
'by their light and shadow appeared now round
uneven, felt only flat like the rest ; and asked which
i the lying sense, feeling or seeing?" (Smith's
s, 1, 5, p. 43.) This story makes us acquainted with
the progress of the human mind in these particulars.
The distinctions of colour were natural, they seemed,
from the first, familiar to the patient's comprehension, or
at least were acknowledged as soon as perceived : but
that an apparent variety of prominence and recess should
result from adopting a variety of shade, was by no means
an idea so soon to be acquired. His mind had not made
the necessary observations on the appearance ofobjects in
Nature to enable him to comprehend this fact ; and hence
it seemed to him quite easy to distinguish the object by
different colours, but he required an explanation with
respect to their distinction by means of light and shade.
It is difficult for us in these days to recur even in imagi
nation to the thoughts and ideas of an unenlightened
mind ; but we may learn much from this story. Thus, it
is clear that the Painters in chiaro-oscvro showed greater
skill than the Painters in various simple colours : it
was indeed, perhaps, the most important discovery yet
made by the artist ; and we may add, that it was only

the application of this same principle of the monochro
matic style to a number of colours so combined
together, that afterwards introduced the most perfect
and beautiful of all the artificial processes with which
the Art of design is acquainted. All the exquisite
delight that is to be derived from variety of light,
shade, and tint, flowed from the developement of this
single principle of the monochromatic style.
The next invention of which we find notice, re
garded skill in Drawing, with respect to the attitude
and posture of animate figures ; and as former Painters
had made all their figures stiff, alike, and upright in their .
lines, he was a great improver who first ventured to
represent them with their heads looking upwards or
downwards, or sideways, (the catagrapha of the ancient
writers ;) in short, who represented them in any way
except that which was the most inefficient representa
tion of the original, and yet the easiest to accomplish.
The honour of this improvement is attributed to Cimon Cimon of
of Cleone ; who also, with similar boldness of mind, Cleone
ventured to make a fresh innovation in established ~^-^e^
practices, by marking out the muscles and veins of the
human body, and the folds of garments.
We next hear of Phidias, a person most cele- Phidias,
brated indeed as a Sculptor, but who also exercised
the sister Art of Painting : he flourished about the IVth
century before the era of Christ. He is stated by
Pliny to have painted a Medusa's head at Athens with
wonderful skill. Of other artists of this date we may
mention the name of Mycon, also an Athenian born, Mycon.
and, like Phidias, a Sculptor as well as Painter. He is
celebrated for his preparation of a famous black pigment
out of some part of the vine., (trigynon,) and seems to
have turned much of his attention to the materiel of the
Art ; he is said also to have been the first person that
made use of Attic ochre as a colouring substance in his
Pictures.
Apollodorus of Athens also possessed skill in both Apollodorai
these lines of Art. It is recorded of him, that he was
so fastidious as to destroy his finished works, and was
in the practice of breaking them up, (whatsoever might
have been the pains and cost expended,) if they did not
correspond in the end to the conception which he had
formed in his mind. The expression of Pliny with re
gard to him, that he was the first whose Painting fixed
and absorbed the attention of the spectator, leads us
to form a high idea of the improvements which he
effected in this Art ; and this idea is strengthened by
the fact of his being noted as first showing the method
of discriminating with delicacy the various gradation of
shades in Painting. He seems also to have noticed that
the colours of objects were to be preserved even in
those parts which were darkened in shade, and hence
he obtained among his countrymen the name of the
Shade-Painter. It must be added, that this merit,
asserted of Apollodorus by Plutarch, is attributed by
Quinctilian to Parrhasius.
Parrhasius was a native of Ephesus who flourished Parrhasius.
about the same time, and a person who certainly greatly
added to the advancement of the Art. He is univer
sally praised for the attention which he paid to the
symmetry of the human figure in Drawing, for his at
tempts to give an improved expression to the counte
nance, to form the curls of hair with grace, and care
fully to finish the extremities of the hands and feet. But
of all the great names among the Painters of antiquity,
none, perhaps, are more celebrated than that of Zeuxis, Zeuxis.
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Painting, a native of Heraclea , one of those artists who came
VvyW to Athens at the call of Pericles, and subsequently
acquired great wealth by the practice of his profes
sion. He it was that painted The Venus at Crotona,
from a selection of the several beauties of all the
fairest virgins of that city ; and he it was that main
tained the noted contest with Parrhasius, to which we
have adverted elsewhere. Some of his designs, such
as figures on vases and vessels of pottery, seem to have
been collected and preserved with great care by the
connoisseurs of ancient Rome.
Aristides.
Aristides of Thebes is reported by Pliny to have
been the first Painter who represented the various
emotions of the mind, in the delineation of the human
countenance. He depicted passion and sentiment with
great success ; but his works are said to have been harsh
and unpleasant in their tone of colouring. We presume
that he limited himself to the province of History ; for the
subjects ascribed to him are chiefly such as the follow
ing, Bacchus and Ariadne, The Sacking of a Town, and
A Battle between the Greeks and Persians. We are
furnished too, by the same author, with some clue to the
pecuniary value at which the labours of an artist were
commonly estimated ; since in the last-named Picture,
which contained one hundred figures, Aristides received
ten minaWoreach; the purchaser being Mnason the Tyrant
of Elis. Attalus of Phrygia also purchased one of the
Pictures of this artist at the price of one hundred talents ;
and when Greece fell under the arms of Rome, such was
the rage of amateurship, that the price of six thousand
sesterces at a public sale for a Picture was offered by
the same King Attalus, and refused. Attalus, too, who
seems to have been a great collector, went so far as to
offer sixty talents for a Picture by Nicias of Athens ;
but here also unsuccessfully, for the Painter gave it to his
Country.
Pamphilus.
We may mention here, as relative to this part of
our subject, the name of Pamphilus of Macedon, the
master of Apelles, whose terms for instruction were so
high, that those who complied with them must have
entertained a vast reverence for Art. He received no
less than a talent for ten years of tutorage, or, as the
passage has sometimes been explained, a talent for each
year as far as ten. It was by the influence of this same
Pamphilus, that the law was first passed at Sicyon
(where his School was held) which afterwards was
adopted throughout Greece, That all boys born of free
parents should be taught the Art of design ; and to prove
their admiration for it, the study was interdicted to
slaves.
Apelles
The story of Apelles, the Painter of Alexander the
Great, is well known. He fell in love with Campaspe
while painting her Portrait, and received her as a gift
at the hand of that truly munificent monarch. It was
Apelles too who once making a visit to a brother artist,
to whom he was personally unknown, and finding that
he was absent from home, left a sketch of a head in
the hands of the domestic. Upon the return of Protogenes the sketch was shown to him, and he cried
out, as it were intuitively, it must be Apelles himself,
for no other mortal could have made this design. The
most noted works of Apelles were an allegorical Pic
ture of Calumny, Alexander bearing a Thunderbolt,
Venus rising out of the Sea, The Procession of Megabyzus, The Priest of Diana at Ephesus, Clytus arming
for Battle, Menander King of Caria, Ancaus the
Argonaut, &c., besides which, during his visit to

Rome, he painted a Castor and Pollux, a figure of S d
War with her hands bound behind her, Alexander the »<*■
Great in a triumphal chariot, a figure of Victory, &c. A*5|
Sandrart makes mention of a specimen of ancient v"v4
Painting, preserved in the Academy of St. Luke at
Rome, which was certainly of Grecian origin, and gene
rally considered as the work of Apelles. He has given
an engraving of it in the Academia Artis Victoria,
lib. i. c. iv. p. 75. The improvement in the Art, for
which Apelles is most celebrated, is the varnish with His.ici
which he used to cover his Pictures, on which we shall
presently have occasion to insert a remark by Sir J.
Reynolds.
Protogenes of Rhodes will be readily recognised by fxusaa
the reader of History, as the Painter who succeeded in
making the representation of foam at the mouth of a
horse, by dashing his sponge in a lucky fit of passion
upon his Painting. It was his Picture of Tmptrorm
which forced from the mouth of his rival Apelles that
extravagant compliment, that it was a work worthy of
being carried to Heaven by the Graces. Protogenes
also painted the beautiful Cydippe, A Satyr vamd
Jalysus, Tlepolemus son of Hercules and Astiotht,
Philiscus (the Tragedian) in meditation. King Antigonus, Atldcla the mother of Aristotle the Philosopher,xd
A Sea-piece. With his name we may close our account
of Grecian Painters, as the Art seems to have declined
greatly after his time, which, though he long survived that
conqueror, we may call the Age of Alexander the Great.
As to the Romans, and the skill which they acquired R«a
in the Art of design, we know that no great taste for
the Arts, either of Painting or Sculpture, was visible
amongst them before the time of the capture of Corinth;
and that almost every specimen which they possessed,
even as late as the time of the Empire, was either
imported from Greece, or the work of Greek artists
settled at Rome. There was, indeed, one Pacuvivi o/feiw
Brundusium, a nephew of Ennius the Poet, who prac
tised Painting; and we learn that one of the footi, who FiU
was living in the Hid century before our Christian era,
made great proficiency in the Art, and painted with his
own hand the walls of the Temple of the Goddess of
Health and this work was preserved even in the days
of Pliny. We gather, indeed, amidst the profusion of
praise lavished on him by Cicero, that he was remark
able for the variety of his attainments, and in point
of taste ranked far higher than most of his countrymen.
An account is given us of a Picture, representing the
battle in which he overcame the Carthaginians end
Hiero King of Sicily, having been placed in the Curia
Hostilia, by Marcus Valerius Messala, in v. c. 409.
Lucius Hostilius Mancinus also, who first roal^e a"
inroad into Carthage, exposed a Picture of that assault
in the Forum, and used to seat himself there to espls*
it to the People. L. Scipio moreover put up in the
Capitol a tablet to commemorate his conquest in Asn:
we have no reason however to imagine that these monu
ments possessed any great merit as works of Art We
have the testimony of Virgil to show, that, even »
his more civilized Age, these peaceful Arts were not
held in much honour by the Roman People. N«Tcr'
theless, in a later day, the Art of drawing seems to
have been taught to the youth of both sexes, and fft
find upon record the names of many females «lw
attained a considerable degree of skill ; Martia, the
daughter of Varro, is mentioned in particular for h«
excellence in this line.
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Several Painters were resident at Rome during the
' reigns of Augustus and Tiberius. Of these, Ludius
iiten of is celebrated for the taste and skill with which he
t An
decorated, with Painting in stucco, several apart
nan Age ments
in the houses of wealthy individuals ; and,
as far as we can collect from Pliny, to him the Romans
were chiefly indebted for the fanciful and grotesque taste
with which these ornamental works were conceived.
Many specimens of this description are to be seen at
Pompeii, as also in the public Baths at Rome ; and we
know that from these Raffael, in after days, drew the
ideas upon which his arabesque or cinquicento style
was founded. Augustus seems to have been a con
siderable amateur ; it was at his command that Apelles
was employed in Painting at Rome. Some Pictures
by Nicias also were placed in the Temples, and in
the more conspicuous parts of the Fonim, both by
Augustus and Tiberius. Of the former we must pre
sume, that he entered into the pursuit of the Art with
all the enthusiasm of a private collector and virtuoso ; for
we are informed, that the curious sketch which Apelles
left as a memento at the house of Protogenes, (as above
related,) was purchased for the Imperial Palace. The
Emperors Nero and Hadrian were not merely amateurs,
but possessed considerable practical skill in Painting,
and the latter in Sculpture also;
inlaid Thus we have briefly noticed the gradual develope(era ment of the Art of Painting, from the days of its earliest
fag invention to the period of the decline of that, as well as of
pared.
every other Art, under the Roman Emperors. We have
yet, however, to speak of the degree of excellence that it
had at one time attained. With regard to the testimonies
given by authors who were the contemporaries of some
of the above-named artists, they can be considered only
as speaking of their relative merit, that is, of each indivi
dual as compared with others of his day, or, at the most,
with those who had preceded him ; and of course their
expressions furnish no criterion by which we can ascer
tain the degree of merit they might claim, when put in
competition with the works of the modern School. But
we have some specimens of ancient Art open to our
inspection, it will be said, and we may form our judg
ment upon them ; still, however, there is this difficulty,
that we do not know the repute in which the artists who
executed them were held in their day. If, for example,
the Pictures in the Museum at Portici, taken from the
excavations at Pompeii and Herculaneum, are to be
regarded as specimens of the best powers of the ancient
artists, (though it seems hardly fair to expect so much
in the embellishments of a remote country town,) we can
at once pronounce a decisive opinion on the subject.
They are certainly very inferior to the productions of
modern skill, with regard both to colour and general
effect ; but it must be admitted that they have, at least
some of the best of them, a purity and elegance of
design such as none but the most eminent and most
illustrious of the modern School have ever attained.
The very elegant figure commonly known under the
name of The Dancing Girl of Herculaneum, is an ex
ample of the best taste. The Nereid riding on a Sea
(Antich. di Ercolano, ii. 46,) the two sitting
figures in the Picture representing the Sale of
(ibid. 38.) The visit of Juno and Minerva to
Venus, (ibid. 11,) Ascanius and the Nine Nymphs,
(ibid. 3, tav. 13,) TheEuropa wrought in Mosaic, in the
Harberini Palace, and the Apollo giving a chaplei to a
Poet, taken from the Baths of Titus, are specimens
VOL. V
tinting.
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which may be said to he of the very first merit in point
of design ; certainly nothing better than the three firstnamed has been produced in after times, unless by
Raffael or Corregio. It is well known, that, at the time
of their discovery, certain ancient frescoes were actually
attributed by some virtuosi at Rome (strangers to their
history) to those very masters. (See quotation in Turnbull, On Ancient Painting, p. 4.) Raphael Mengs, too,
expressly says, that he thinks the design of the Ancients
was much superior to that of the Moderns ; " because
among the ancient Paintings that I have seen, many
are as well designed as the best of Raphael, notwith
standing they were done at Rome when the Grecian
taste was a little vanished.'' R. Mengs, p. v. ch. iii. As
another instance of beauty of design, we may mention
the figure of the Girl playing on the harp in the Nozze
Aldobrandini, as they are called, the most valuable of
all the specimens of ancient Painting that have been
yet 'discovered ; it has been frequently made use of
by N. Poussin in his compositions, as those who are
acquainted with his works will allow. Not only
the figure of the Harp-player, but many others in that
piece, possess inimitable ease and grace of attitude. In
short, we may declare that in these figures we recognise
all that charm and power of the Art of design, which the
excellence displayed by the Ancients in the sister Art of
Sculpture might have led us to expect in their Paintings.
To this, however, we must limit our encomiums upon the
Ancient School.
It is evident from the still remaining bright colours, Defect of
scarlet, yellow, &c, which are seen on the walls of the
apartments at Pompeii, that the colouringmatter in gene
ral, as used by the Ancients, has lost little or nothing ofits
original freshness and vigour. Yet there is no science
discoverable in their principles of colouring, as applied
to their better Pictures ; no richness of tint, no fulness
of colour is attempted to be displayed ; they have the
harmony arising from universal meagreness and lowness
of tone, but that is all. It is fair to add, perhaps,
that real excellence in that line was scarcely attainable,
until the invention of Oil Painting furnished newer and
more promising methods of producing picturesque effect.
As to the secret of Oil Painting, we are sure they were Oils un
not in possession of it, from the story related on the sub known.
ject of the Picture of Bacchus and Ariadne by Aristides
the Theban ; for this Picture was carried to Rome and
placed in the Temple of Ceres, and M. Junius the Praetor
having ordered it to be cleaned, previous to the com
mencement of the Ludi Apollinares, all its beauty was
destroyed by the application of water.
Sir Joshua Reynolds, in his comment on Dufresnoy's Opinion of
Sir Joshua
Art of Painting, makes the following remarks on the Reynolds
state of ancient Art, which are worthy of notice as
coming from so great a master. " What disposes me colouring.
to think higher of this colouring than any remains
of ancient Painting will warrant, is the account
which Pliny gives of the mode of operation used by
Apelles ; that over his finished Pictures he spread a
transparent, liquid-like ink, of which the effect was to
give brilliancy, and at the same time to lower the too
great glare of the colour.
' Quod absolutd operd
atramcnto illinebat ila tenui, ut id ipsum repercussu
claritates colorum excitaret ; et cum ralione magnd, ne
colonim clarilas oculorum aciem offenderet.' This
passage, though it may possibly perplex the Critics, is
a true and an artist-like description of the effect of
glazing or scumbling ; such as was practised by 1 itian
3 p
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Panting, and the rest of the Venetian Painters. This custom,
1 or mode of operation, implies at least a' true taste of
that in which the excellence of colouring consists ;
which does not proceed from fine colours, but true
colours ; from breaking down to a deep-toned bright
ness those fine colours which would otherwise appear
too raw. Perhaps the manner in which Corregio prac
tised the art of glazing was still more like that of
Apelles, which was only perceptible to those who
looked close to the Picture, ad manum inluenti demum
appareret ; whereas in Titian, and still more in Bassano, and others his imitators, it was apparent on the
slightest inspection. Artists who may not approve of
glazing, must still acknowledge that this practice is not
that of ignorance."
Perhaps it is hardly fair to argue in favour of the
general state of the Art, as Sir Joshua has i
from a practice which Pliny states to have been a i
of Apelles alone, and known to no other artist ; and
there may, after all, be nothing more meant by the pas
sage, than that he used a thin, transparent liquor, which
he spread over the surface of his Paintings, in order to
give them that depth of colour and general appearance
of harmony, which such a process would naturally
impart to a piece of dry colouring. Carlo Dati, indeed,
in his Treatise Delia Pittura Antica, translates the
word atramentvm, with a reference to this very passage
of Pliny, simply as varnish ; and it is obvious, that the
use of a simple varnish would produce all that effect
which Pliny describes ; it would unite the clearness of
the colours, as well as destroy their hardness. A varnish,
indeed, which gave greater transparency than had ever
been produced by the encaustic style of working.
Judgment
But we may assume, fairly, from the state of criticism
of ancient exhibited in the writings of Philostratus, Pliny, or
Painters
Quinctilian, or indeed any of the best informed ancient
founded
writers, that no great power was possessed by any of
their Painters in the more artificial parts of the study.
Unless we consider this passage of Pliny in the way in
which Reynolds does, (which seems rather an over
strained interpretation,) there is nothing in any of their
remarks which would lead us to suppose, that the
delicacies and higher refinements of the Art were at
that time known. Nothing can be more unartist-like
than the general ideas expressed by these writers, and
nothing less profound than their observations. They
labour, like modern Commentators on the Classics, to
display their own ideas rather than to illustrate the
ideas of the author on whom they are employed, and
present us with conceptions which could have originated
only with themselves. The very course and line of
their critical remarks is faulty; and as they were, no
doubt, persons the best informed of their day, we must
presume their ignorance was the natural result of the
real imperfection of the state of the Art.
The works of Winkelmann, On Ancient Painting, and
Junius, De Picturd Veterum, are too well known to
need mention here. In Turnbull, On Ancient Painting,
much matter and several plates are given, illustrative
of the imperfection of the Ancients in this department.

Hiiturri!
HISTORY OF MODERN ART.
As in ancient times the Italians drew all their stores of Do,^
Art from Greece, so we find even as late as the Xlth from
and Xllth centuries, which are times comparatively Gre«»
modern, that all the best Painters came from that
country. There are, indeed, some specimens of the
works of native artists of that period still in exis
tence, such as the Paintings in the Crypt of the
Cathedral at Aquileia, at St. Primerano, at Fiesole,
and in St. Brigio at Orvieto ; but, still, the chief artists
of any repute (for we cannot say skill) were natives
of Greece, who were almost invariably employed not
only in Painting, but in Sculpture and Architecture,—
in short, in all that passes under the name of the A\rt* of
design. Whether in these times there were not some
examples of native talent in Italy, has been made a mat
ter indeed of question ; some perhaps there were; but the
point in debate is of very little moment : greater admira
tion is due to the production of excellent works, than of
those the merit of which lies only in their antiquity ; and
here the case is clear, the modern Italians owe none
of that skill and power which distinguished the Age of
the revival of the Art to any foreign quarter, but they
drew it wholly from the resources of native genius,
and from exertions both excited and rewarded by
themselves. The Greek artists, it is true, were driven
in abundance to Italy, as the Mahometan power began
to encroach upon the countries wherein they had lived,
and they brought with them the mechanism of their Art:
but this is all that can be said ; the first Painters whose
names deserve a place in History were Italians born.
First we must mention the names of Cimabue and Cis&x
Giotto, both Tuscans, who probably studied under the uoGis
Greek artists, but enlarged the principles ofArt, and
ried on their labours with a new and bolder aim
their masters ; and having succeeded in forming a
style, travelled throughout many parts of Italy,
disseminated their knowledge in every direction,
the foundation of that fame which the several
Schools in time acquired. Cimabue died in
Giotto in 1336.
Towards the close of the XIHth century thee then C«b&
powerful Republic of Pisa designed a splendid cemoetery, Pi*
in which were to be entombed the most illustriousi of her
citizens. It was named the Campo Santo. The superstitions of the day led them to import earth from the
Holy Land for the reception of the dead, and a spacious
cloister was raised around this sacred ground, in deco
rating the walls of which the most distinguished artists
of Italy were employed. First Giotto and Buffalmacco
commenced this work, then the two Orgagni, Lauratt,
Simon Memmi, Antonio Veneziano, and Spinello ; and
in the following century we find the works of
Gozzoli added to the number. This last
great originality of mind ; and the grace and
sion of his figures, which were designed after a
ner hitherto unknown, show him to have been the
greatest regenerator of the modern Art of
These Paintings, which were all
yet remaining in the Campo Santo, though they
better known to the world by the engravings of ~
an artist of Pisa, which possess considerable interest,
from the proof they give of the comparatively advimceci
of Art in Italy, at a time when its '
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Painting. Chapel, as works of the pencil ; and the Pieti in St.
'v^*v-^/ Peter's, and the Monument of Pope Julius in St. Pietro
in Vincoli, in sculpture, sufficiently attest the powers of
this wonderful man.
" The figures of M. Angelo are less Classical and
studied in their form than those of Raifael, and though
filled with equal, or perhaps sometimes superior force of
expression, are yet more natural. Nevertheless, to call
them purely natural, would be to give a poor idea of his
excellence ; it is seldom in Nature that we see person
ages who move as his figures seem to do : there is a
speciesof internal intelligence exhibited by their external
attitude, that few persons in common life appear to
possess, and there is a degree of impressiveness in their
air, that arrests and fearfully rivets the attention."
(James's Italian School*, p. 111.)
As to specimens of his style in Painting, there are
' few works in existence beyond those above mentioned
which can be authenticated as genuine ; but in the
Hispupils. works of his best pupils and imitators, such asPellegrino
Tibaldi, Sebastian del Piombo, and Daniel di Volterra,
we may trace the elements of wha'l the Italians justly
name il grande gusto. Michael Angelo is said to
have furnished the design of the Taking down the
Body of our Saviourfrom the Cross, which was painted
by Daniel di Volterra for the Church of the Trinity di
Monte at Rome ; the engraving of which by Dorigny
may be quoted as a specimen with which the Tramon
tanes are generally familiar ; while we have, in the in
valuable Picture by Sebastian del Piombo, in our
National Gallery, a still more tangible illustration of
the force of conception, and dignity of manner, in
herited by the pupils of this great master.
We are not, however, to suppose that he was the only
Painter of eminence at that day at Florence ; we have
mentioned the name of Da Vinci, and we may also
add those of two other Painters, scarcely inferior to
Bartolo
him, Fra. Bartolomeo di S. Marco, and Andrea Vanmeo di S. nuchi, called, from his father's profession of tailor,
Marco.
Andrea del Andrea del Sarlo ; both of whom had Schools of Paint
ing, and numerous followers, at Florence. Of the
Sarto.
former, there are but few specimens in England which
can give a fair idea of the noble simplicity of his
composition. They are formed of few figures, seldom
more than three, and mostly of a size larger than
Nature.
Andrea del Sarto added another grace to the Floren
tine manner ; his works partake, indeed, in every way,
of what is called greatness in point of style, but it is
combined with a certain suavity and gracefulness, which
infinitely heightens the pleasure we receive in their con
templation. As far as he was an imitator of the manner
of M. Angelo, he will be observed to have caught the
feeling which that master showed in some of his earlier
works in marble ; that of the Pietcl, for instance, in St.
Peter's at Rome, or that more subdued conception of
the beauty of form, which may be discovered in the
Picture of the Creation of Eve, in the ceiling of the
Sistine Chapel, and in some other of the compartments.
His mind was naturally averse to that terrible sublimity
of ideal Nature, with which, in later years, the mind of
Michael Angelo seems to have been absorbed. The
finest Painting of Andrea del Sarto is the Madonna del
Sacco, as it is called, in the cloister of the Annunziato
at Florence, an engraving of which is published by
. Volpato. We have a few Paintings of this master in
. England ; but those who have seen only his early

Pictures can form no conception of the greater talents tims*
which were developed by him in his works in fresco.
^W.
Towards the middle of the XVIth century there
arose among the Florentine artists a style which was; XVIIfc e
rather imitative of the more unessential peculiarities of
Michael Angelo, than of his dignity and force; there
is a certain heaviness, and empty ambitiousness of
design, in the works of his scholars and imitators in
general, but still we trace the remains of that noble
spifit with which this great man inspired the Florentine
artists. Of these we may make mention of Giorgio
Vasari, the Historian of the Florentine School, who was
much employed by the Pope at Rome, as well as by the
House of Medici at Florence ; Lazzaro Vasari, his
brother; Marcello Venusti, who also settled at Rome;
Rossi, or (as he was called from the name of his patron)
Rossi dei Salviati ; Marco da Pino, who lived chiefly at
Sienna ; Jacopo Carucci, {alias Ponlormo,) of whom
Michael Augelo is said to have prognosticated greater
talents than he ever lived to display ; Rhidolfo Ghirlandaio, descendant of the master of Michael Angelo;
and Pierino del Vaga, a native Tuscan, who became
the pupil of Raffael. We see the remains of Michael
Angelo's style kept up, though in a still lower state of
degradation, in the works of the pupils of these men,
such as were Angiolo Bronzino, Jacopo del Conte,
Alessandro AUori, Zuccaro, &c.
With regard to colouring, we cannot trace many
symptoms of improvement until the days of Cigofi and
Pagani, about the end of the JCVIth century. Cigoli
was a Poet as well as a Painter and Musician, and
certainly succeeded in introducing a greater softness
of manner, and higher brilliancy of colouring, than
the Florentines had hitherto been accustomed to see.
We may say, indeed, that this taste accorded better with
the feelings of the Age in regard to these matters, at
a time when the bouquet-like Paintings of Barocciowere
generally rising into fashion throughout Italy. Il ns
then that colouring, not expression, became the chief
object of the Artist.
Great skill with regard to the management of colour CebB*
appears in the works of another master of that day,
namely, Carlo Dolce, who attained high reputation,
and had, like other great artists, bis scholars and
imitators. There was now no longer a demand lor
large Paintings as formerly in fresco, by means of which
the Heroic style of Painting, if it may be so called, had
been created and fostered from its birth ; they were easel
Pictures that were chiefly sought after by the wealth).
Yet Francischini, Jacopo Empoli, Giovanni di S- Gio
vanni, who belong to this period, are respectable names
even among the Painters of large works, or opcrtdi
machina,
they areofcalled.
...
After theas middle
the XVIIth century a rich indXW
harmonious style of colouring, and the more pleasing
graces of Art, were brought more and more into fasuon.
Pietro da Cortona, who came to Florence from that city, Hs»
which gives him his name, was engaged in the decorauon
of the Pitti Palace ; and this public employment alone was
enough to give currency to the style which he introduced at
Florence. Of succeeding Florentines, none attained more
celebrity than Gio. Bat. Cipriani, a name well known in Gpo*
England, both by his Pictures and the engravings made
after them ; elegance and beauty are their chief charac
teristics, and we see nothing of the original greatness ol
manner that once so proudly distinguished this School. A**
The present Academy of Florence offers no remarkable
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Punting, distinctions of style and manner ; but its professors are
' fully equal to those of Rome or Bologna, or Venice, and
conceive their designs in that dramatic fashion which
may be said now to be common in all parts of Europe.
A very interesting Historical collection of Pictures, illus
trating the different masters of Florence, and all the
glories of their line, is preserved in their establishment
in that city.
Roman School.
The Roman School comprises an extensive variety of
styles, as all the Painters of eminence, from all parts of
Italy, were attracted in succession by Papal patronage
to the Eternal City. But the Roman manner, properly
Uftd. so called, is that of Raffael and his followers. With him,
therefore, we commence its history.
Rafaello Sanzio da Urbino was born in the year
1483 ; he first studied Painting under his father, Sanzio,
a tolerable artist, a specimen of whose style is still pre
served, for the inspection of the curious, in the Brera at
Milan. He next was placed under the tuition of an
artist of great merit, Pietro Perugino, but he soon ex
celled his master : Pietro, indeed, only sought to give a
true and faithful copy of Nature as she presented her
self; while the ardent genius of his pupil aimed at a
style drawn from the observation and selection of her
excellencies only. Leaving Perugino, Raffael paid
a visit to Florence, where the first objects that
attracted his attention were the works of Massaccio,
in the Church del Carmine ; from these he began
to acquire a little of that taste for the antique, which
afterwards so much distinguished his character : and
here it is, says Mengs, we find him " laying aside
the style of broken and short folds of his late master."
In a second visit to Florence, he seems to have been
greatly taken with admiration of the style of Michael
Angelo ; and the new insight into the nature of his
Art, which he derived from the view of that great mas
ter's works, taught him how necessary it was to abandon
that mechanical manner which had distinguished all the
artists of the last Age. He is supposed also to have
gained great advantage as to his views in Painting, from
the acquaintance which he then formed with the cele
brated Fra. Bartolomeo di S. Marco.
" Being returned to Urbino he soon made known his
progress, and discovered hisnewtaste inaPainting ofthe
Ijeposition of our Lord, painted in a Chapel. He was
invited on that account by his uncle, Bramante, to go to
Rome, where he was commissioned to paint in the new
apartment, called Di Borgia, or Delia Segnatura. He
there began (according to different writers) by the four
circles of the ceiling, in which he still preserved, as is
very observable, much of the style of Father Bartholo
mew. This, however, pleased so much, that the Pontiff
ordered the Paintings of the other Painters who had
painted upon the walls to be cancelled, not being able
to reign in competition with Raffael. He began,
therefore, to paint one of the walls, representing the
meeting of the Doctors of the Church, or, as it is gene
rally called, the Painting of Theology, with the Trinity
above, and with the Patriarchs intermixed with other
Saints and Angels. The time in which he lived, and the
little experience of his age, which could not be more
than twenty-five years, made him renew the ideas of
Perugino, from whence he drew the rays of light in
gold relief, and there strung Angels and Cherubims,
with other similar extravagancies. All the parts of that
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Painting are done with the highest attention, and one Hoi
sees that he began with the right side, and terminated Scl
by the opposite. The parts which are towards the first
side, one observes to be dry, painted therefore with dili
gence, and well impasted with colours ; scarce any thing
is retouched, and it is there one discovers the taste of .
Father Bartholomew. One sees that all the parts are
taken from Nature ; that is, copied from designs done
from Nature ; but the more the work advances, the
more one beholds the successive progress of his good
style, and one discovers also that, surmounting every
timidity, he worked with more liberty." Raphael
Mengs, Remarks on the Style of Raphael.
These remarks are valuable, as coming from one who
was himself a very distinguished Painter, and one the
greater part of whose early years had been consumed in
constant and unremitting study of these works, so that
no writer could be more' competent to give an opinion
upon them. The father of R. Mengs, indeed, is said to
have obliged him to copy some of the Pictures by Raffael
in the Vatican, no less than twenty several times. We
must here observe, and the observation will be easily
allowed by all who are familiar with Volpato's engrav
ings of these subjects, that the Borgo Incendialo dis
plays some little approximation to the style of compo
sition and design before mentioned, as peculiar to the
Florentine School, and the imitators of Michael Angelo :
but in the rest of the noble works which adorn the
Slanze di Raffacllo, we trace the gradual formation and
introduction of that new and peculiar style, which was
from this day to become the pattern of the Roman
School. Perhaps the School of Athens, in fresco, and
the canvass Picture of the Transjiguration, may be
quoted amongst the most illustrious and most perfect
specimens : but in every figure that comes from the
hand of Raffael, we mark that happy combination
of grace and expression with dignity of form and
manner, which has raised him to a reputation un
equalled by any succeeding master. The Cartoons are
familiar to all people in England, and afford us an
admirable idea of the true Roman manner of design.
Raffael was assisted in his fresco Painting in the
Vatican by a numerous band of scholars and followers ;
they executed, indeed, from his designs, the greater
part of the works which boast his name. Raffael and
his style now became the fashion of the day, though
in some sort a rivalry existed between him and the still
greater Michael Angelo ; and sometimes a good deal
of acrimony was displayed by their respective partisans.
But all this tended to the general advancement of the
Art ; for upon the capture of Rome by the troops of the
Emperor Charles V., the scholars of Michael Angelo,
and those also of Raffael, who were far more numerous,
flying thence were dispersed over all parts of Italy, and
carried with them and disseminated the various principles
of Art which they had imbibed from these two master
spirits of the Age. Thus Pippi, or Ginlio Romano, as His
he is called, returned on this occasion to his native
place, Mantua, where he set up a School of design,
after the fashion of his master Raffael ; Benvenuto
Tisi, or II Garofalo, did the same at Ferrara ; Gaudenzio Ferrari, again, at Milan ; PellegrinodaModena,
again, at that city ; Bagnacavallo at Bologna ; Penni,
(II Fattore, the steward of Raffael,) with Polidoro
Caravaggio and Pcrin del Vaga, also taught the Raffaelesque style at Naples ; and the last-named, who finally
took up his residence at Genoa, communicating a new
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spirit to the artists of that wealthy place. There were
others, again, of his pupils and followers, who continued
their residence at Rome, chiefly employed in finishing
many imperfect works of Raffael, who was carried off
by death at the early age of thirty-seven ; nor, indeed,
did they ever feel the want of engagements, while those
were yet living who had known their master's merit.
Of this class were Raffaelio del Colle, Timotheo delta
Viie, Vincemio da S. Gimignano, Vincenzio Pagani,
and Giovanni da Udine ; the last-named being chiefly
celebrated for his skill in designing the arabesque style
of decoration, or cinquicento, as it has been called ; a
taste for which had been introduced by Raffael, being
chiefly formed upon the antique remains discovered
Sn the Baths of Titus.
As the taste of succeeding Popes varied one from
the other, and as, in addition to this, there was an ever
restless spirit of intrigue amongst those by whom the
Popes were surrounded, it is not to be supposed that
the followers of Raffael always maintained their ascen
dancy, or were constantly the subjects of exclusive
patronage. First Giulio Romano, and then Perino del
Vaga, had been promoted to the great object of pro
fessional ambition at that day, namely, the superinten
dence of the works carrying on at the Vatican. After
these came Da7iiel di Voltcrra, the scholar of Michael
Angelo, who introduced again the Florentine style;
while, after a few years, the Raffaelcsque manner was
Zuccaro, revived by the employment of Frederico Zuccaro.
Though.we must confess, this last was but a very feeble
and inefficient artist, yet he was a man of considerable
influence in his time ; and it is to his exertions that the
Romans are mainly indebted for the establishment of
the celebrated Academy of St. Luke, for the benefit ef
native artists.
The next work of importance which was undertaken
by the Popes, namely, the ornamenting the interior of
St. Peter's with designs executed in Mosaic, was in
trusted chiefly to Florentine artists, who thus became
once again in fashion. There were also Schools of
Painting, of considerable reputation at the beginning
of the XVIIth century, established at Rome by MuXVIIth
century.
ziano, Raffaellino da Regio, and the Cavalier d'Arpina ;
and these too, for a while, exerted an influence on the
public taste, and claimed a share of popular admira
tion.
But the chief and most splendid novelty which ap
peared after the day of Raffael, was the brilliant method
Baroccio. of colouring adopted by liaroccio, who embellished
the Roman manner by the introduction of a vivid, one
might almost say a spotted, style, united with some
thing of that graceful mode of design which had first
been seen in the works of Corregio. But this inge
nious and deserving artist was driven away from
Rome by the envy and jealousy of his contemporaries ;
he died in the year 1612, as is generally supposed, by
poison.
Caravaggio. M. A. Caravaggio also obtained great success at
Rome by the invention of a new style : his peculiarity
was the use of a dark background to his figures, which
gave them a strong and forcible relief. Great was
the admiration it excited ; and hence he had many
His follow- followers. A Flemish artist, by name Honthont, or
e™'
Gherardo delle Nolle, and also MM. Valentino, and 8.
Vouet, both natives of France, painted after the fashion
of Caravaggio with great success at Rome.
But that which most occupied the public attention

at the beginning of the XVIIth century, was the novel
manner of design adopted by the family of the Coram, Sdwt
at Bologna. They formed themselves after the purest ^-W
principles of Nature, in opposition, as it were, to the
Classic styles of Raffael and Michael Angelo ; and as they
gave great force and expression to their Pictures, they
succeeded in rivalling the most admired productions of
the previous century. This new manner was first
shown to the Roman Public in the Paintings eiecuted
for the Cardinal Farnese, in his Palace, which is
to this day one of the greatest boasts of the city.
Being once known and approved in the Papal Metropolis, the taste for their style soon became very general
throughout Italy ; and the magnificent productions of
the scholars of the Caracci, who soon followed their
master to Rome, such as the Aurora of Guido, andtheGA
St. Jerome of Domenichino, sufficiently attest the nature Doneni.
of their success, and the merit of their inventive cbiD0powers.
Lanfranc of Parma, the Painter of the Cnpola of
S. Andrea della Valle, and Guercino, the Painter of the
Aurora at the Ludovisi Palace, illustrated this period,
and contributed many specimens of their skill to
adorn the Palaces of the wealthy Nobles of Rome.
Indeed, at no time were there more men of genius and
talent attracted to that city, than during this and the
succeeding Age. By the time we have arrived at the
middle of the XVIIth century, we find the names of
Salcator Rosa, from Naples ; Claude Lorrain, and Hsheimer, from Germany; A nton: Tempestd, from Flo
rence ; the two Pojusiris, from France ; Velaiqvez, from
Spain ; and Vandyke, from the Low Countries; all of
whom left behind them numerous works, which are
numbered to this day amongst the rarest treasures of
Rome.
Pietro BerrMini da Cortona, a Tuscan by birth, was Km4
the next person who may be said to have had an in- Ck»
fluence on the taste of the day. He came into favour
at the Papal Court, chiefly in consequence of his inte
rest with the sculptor Bernini; an able artist inhij
way, but who may be said to have introduced much
the same sort of pleasing diffusiveness of style into the
Art of Sculpture, as his protege displayed upon the can
vass. P. Cortona was in favour under the reigns of
Urban VIII. and Innocent X., and has left a rich spe
cimen of his taste in design, in the celebrated painted
ceiling of the Barberini Palace at Rome. He died in
1670 ; and we may mention as one of his bestfollowers
J
the name of Ciro Ferri.
Contemporary with him, and superior in merit, though
less the favourite of fame and fashion, was Aidna ^
Sacchi, a man of undoubted genius, and who would,
if duly patronised, have shed more honour and lustre
on the declining days of the Roman School than any
other Painter of this period. We must look, however,
I
to still more degenerate days, when his pupil, Cano ^
Maratta, as was the case a short time afterwards, be
came the leader of the public taste, and the idol ot
the profession. The style of this master is an
gularly heavy and dull ; and yet towards the end of the
XVIIth century, at which we are now to consider our
selves as having arrived, he was regarded as the hes
artist in Italy ; many of his Pictures have been engraved,
and they need no comment, they speak for themselves.
Rqffaelle Mengs succeeded ; a native, it is said, « JJj
Saxony, but who was naturalized by long residence at
Rome, and still more so, by a long course of Rom111
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specimens, traditionally assigned to him, were till Venetian
within these few years to be seen at Venice : one or School,
two of them were engraven by Zanotti. As the easel N—"v^™/
Pictures of Giorgione were very few, it is rarely that we
meet with his works in the cabinet of the amateur. He
died at the age of thirty-two, just when Titian was Titian,
advancing to the zenith of his reputation. The length
of this last-named Painter's life, for he lived ninety-nine
years, greatly contributed to his advancement of the
Art at this early period. Titian died a. d. 1576.
" Titian displayed much of the beau ideal even in his
colouring, and though his design possesses much of
dignity and expression, yet it was in this he chiefly
excelled, and to the perfection of which, rather than of
any other branch of practice, that his attention was
chiefly directed. He knew perfectly well, from having
Venetian School.
made it the object of his study, the characters and
Under the title of the Venetian School are generally degrees of each colour, as also the proper place in which
comprehended all those artists who flourished in the to apply them. The science of placing a red cloth in
territories of the Venetian Republic on terra firtna, as preference to a blue one, is not so easy as is imagined ;
well as those of Venice itself. If, therefore, we were to and this is what Titian understood in the highest per
enter into every branch of Historical research to which fection. He likewise very well knew the harmony of
we might be led in this wide field, we should wander colours, which is in part ideal, and which one sees not
amidst early details of various incipients in Art, among in Nature, if it be not first comprehended in the Ima
numerous petty States, which would be viewed with little gination." Raphael Mengs, p. iv. ch. v.
The Portraits painted by Titian (or VecelK) are now
or no interest. We may observe, therefore, that as the
Venetian School dates all its splendour and fame, and regarded as the most masterly examples of skill in that
most of its distinguishing characteristics, from the days department of the Art. His Historical compositions are
ef the great Titian, the contemporary of Raflael and some of them of a rank scarcely inferior ; and such was
Michael Angelo, the founders of the Schools of Rome his universality of talent, that even when he turned his
and Florence, its real History commences with him. Lest pencil to Landscape Painting he succeeded in that also.
we seem to pass over this period too lightly, we will As a strong proof ofthe esteem in which he was held at
just remark, that a taste for Art had even before his day Venice, even during his lifetime, we may relate that he
displayed itself in these parts ; that at Vicenza and was by a public decree of the State exempted from taxa
Verona we find the names of Liberate, Tl Marescako, tion ; and this honourable fact affords us evidence enough
Merone, Montagna; at Bassano, some of the earlier of the generous ardour with which the Arts were at this
artists of the family of Da Ponte ; while at Padua a day encouraged. That a Prince should become a patron,
famous School was formed by Sqiiarcione, where no less is no more than natural from the feelingsofthe individual;
a person than Andrea Mantegna received his education, but that a Republic should publicly reward talent of this
who was largely and honourably employed, both by Pope description, is attributable only to motives of the most
Innocent VIII. at Rome, and by the reigning family enlightened and exalted liberality. Titian had several
at Mantua. In Venice itself, too, even at this early period, brothers who also followed the profession, and whose
we find Giovanni and Gentile Bellini, and Viltore Car- names, and consequently their works, are sometimes
paccio, exhibiting great diligence in the prosecution of improperly confounded with his. The scholars ofTitian His Pupils,
the Art, and exciting the public attention by their efforts. and imitators are, however, of more consequence to our
The Government indeed thought it of such consequence inquiry. Of these Jac. Robusti, better known under
to encourage the School, that it purchased for it the the nickname of Tintoretto, (the dyer,) stands first in Tintoretto,
secret of the newly discovered Art of Painting in oil, or, point of eminence. The object at which he aimed was
to speak more correctly, the improved method of Paint- one that required no ordinary boldness of mind to
iDg in oil, which had been brought from Flanders by attempt ; it was nothing less than to unite the noble
Antonello di Mestina ; and a specimen of his painting skill of design of Michael Angelo with the rich and
made for this purpose, is now preserved in one of the graceful colouring of his master Titian, and he has to a
public buildings at Venice. Of the style of design certain extent at least succeeded in his aim. It is indeed
adopted in this day, we have before spoken, and have chiefly by the general air of greatness of style in his com
only to add, that it is remarkable that even at this early positions, that his Pictures may be easily distinguished
period the attention of the Painters was directed more from those of other masters of the Venetian School.
especially to the improvement of their system of colour But let it be observed, that the easel Pictures by this
ing, than to the other points of excellence, and in that master, which usually find a place in every collection
respect they were already advanced far beyond any of the throughout Europe, will serve to give a very feeble idea
other Italian professors. It would be unjust, however, of the powers of his mind ; it is at Venice alone that the
to pass in silence the merits of so great an artist as connoisseur is enabled to form a due estimate of the
Giorgione, the pupil of Bellini, who in the course of a merits of Tintoretto. He, too, had his scholars and
short life attained to such a degree of perfection in followers, amongst whom may be reckoned not only
colouring, as excites the highest admiration even at the many Venetians but also Rolhenamer of Munich,
present day. He is said to have been the first artist Martin di Vos of Antwerp, and several other north
who introduced the fashion of decorating the exterior countrymen.
Next in point of reputation stands P. Cagllari,
walls of houses with painted figures ; and some
study. He possessed unwearied diligence, and at least
so far deserved success, though he had no kind of pre
tension to that fire of genius and originality, which had
formerly been supposed necessarily to belong to one
who was the leading artist of Home. In his Pictures,
however, he exhibited great delicacy and elegance of
colour ; nor was his design void of grace ; but beauty
rather than greatness of manner was his aim, and in
this he was successful. The traveller in Italy will rehis Paintings in the Villa Albani. Pompeio
was an artist of the same stamp, though much
his inferior ; and the modern School of the present day
is generally formed after the same fashion. Camuccini
is perhaps the most eminent amongst its disciples.
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or Paul Veronese as he is more usually called, for to make the scenes of his native city more familiar to the Sdml i i
his residence wm at Verona. His style is more brilliant eyes of the rest of the world, than the last great Painter 1%«J
and diversified in point of colouring than even that of ofVenice, Antonio Canal, (or Canaletti.) His richness of ^
Titian ; but he possesses none of the greatness of tone and colour in his best Pictures stands unrivalled
design belonging both to him or to Tintoretto. The in its way: nor does he deserve less praise for the
same air of ease and profusion which distinguish his decision and firmness of his touch. There are two
system of colouring, are seen to pervade the character of of his followers, Marieschi and Guardi, whose Pictures
his design ; all that comes from his pencil is rich, har are sometimes sold under his name ; but those of
monious, and free. He may be easily discernible the former may easily be known, by their timidity of
amidst all the other leading masters of this School, by touch, and heaviness of colour ; those of the latter, by
the intrusion into his composition of a black-faced Moor, his frequent use of hard lines, to give precision to his
or a Venetian nobleman or lady, or a dog ; all of which, buildings and figures, resembling the marks in pen and
though introduced in direct contradiction to common ink sketches.
ideas of propriety and truth, yet in his hands are so
admirably managed, as never to appear unpleasing or
School ofBologna.
unnatural. The Farinati, Brusasorci and their School,
The works of Francesco Francia, a contemporary of Pmca.
the family of Del Moro, were amongst his best scholars.
We may add the name too of Batista Zelotti, who Ratfael, will always be the subject of great admiration
perhaps approached the nearest to his manner of any, with the amateur who pays a visit to the city of Bologna,
and not less so because he will seldom have heard the
and whose Pictures are often confounded with his.
Jacomo da Pojile, or J. Bassano as he is more com name before ; nor will he less admire, perhaps, those of
monly called, together with his brothers and his sons, Bamenghi, (or Bagnacavallo,) a pupil of Raffael, and
formed a large School at the city of Bassano. They all the frescoes of Pellegrini Tibaldi. This last was the TiWi
painted much in the same manner, that is, with dark pupil of Michael Angelo, and one who, had he perse
backgrounds and sharp, cutting lights; but it must vered in the Art of Painting, might have risen, ifwe may
be allowed, that from this practice, combined with guess by what he has left belli nd him, to the highest
the Venetian mode of colouring, resulted the most possible eminence. He certainly possessed a great part
harmonious, rich, and mellow effects that can be pro of the sublime conception of his master, while at the
duced on canvass. Bassano, in fact, seized upon a same time he had the taste and. sense to avoid his eispecies of effect which is sometimes to be remarked as travagancies : he is usually called // Mkhad Aw,tU
produced in this fashion in one or two Pictures ofTitian ; riformato. He was also an Architect, and designed the
and building a manner upon these, perhaps, almost acci Cathedral of Milan after a semi-gothic fashion.
Primaticcio and Nicolo del -Abate, who afterwards
dental examples of his master, appropriated and made
it his own. Other illustrious names besides these are to left their country to prosecute their fortunes under the
be found among the scholars and imitators of the great French Court, also belong to the early days oftheSchool
Titian, such as Paris Bordone, II Pordenone, {A. Licinio,) of Bologna. But this city owes its chief fame, as is well
Bonifazio, Andr. Schiavone, Aless. Boncicino,(or Moretto known, to the family of the Caracci, who began in theTltCuw.
di Brescia,") who also had his School at that city. In the XVIIth century to attract universal attention, and
following century an inferior race sprang up ; still, finally gave the law to the rest of the Italian Painters.
followers of Titian, still, admirable colourists, but be The style they introduced was farmed from the study
traying both in the principles on which their system of of Nature ; and in this respect is opposed to the more
colour is conducted, as well as in their general design learned and Classical manner of Raffael and M. Augelo,
and conception, that littleness of mind which always which hitherto had been in the highest repute. It was
belongs to the imitative class. Of these, Palma the not, however, pure Nature which they cultivated, but
younger may be mentioned as having attained the rather Nature assisted by all the picturesque science
highest reputation. We might add the names also of which had been brought to light by the sagacity of
some other Painters not unknown to fame, and who the preceding Ages : for the example of each of the
owed their success, in great measure, to their happy more eminent of their predecessors was recommended
method of combining with the peculiarities of this in the instructions which the Caracci gave to their
School some of the novelties of style, which we have pupils. Ludovico Caracci (whose Picture of his family
elsewhere said became fashionable in the course of the is now to be seen in the Library at Christ Church,
XVIIth century throughout Italy. Such were Canta- Oxford) was the first to commence this new era of the
rini and Tinelli at Venice ; Dario Varotari of Verona ; Art ; but he was ably supported by his cousins Agostino
and Alessandro Varotari, or II Paduannino, a name and Annibale. It was from their benches came the
which he attained from his School being removed to most distinguished Painters of this Age, and to the
Padua, where it became one of the most celebrated of truth of the principles which they inculcated we owe
the day; in saying, indeed, that Pielro Liberi was one some of the most brilliant specimens of Art. Domoochino, the Painter of the famous Communion of St. *
of its ornaments, its excellence is sufficiently proved.
In the XVIIIth century we find few names of any Jerome; Guido, the Painter of the Aurora in the Bos- Go*
great account among the Venetian Painters ; yet those pigliosi Palace at Rome ; Albani, the graceful Painter ofAir
who attempted, after their fashion, to redeem the lost women and children ; Lanfranc, a Painter of frescoes U**
fame of the School, chiefly showed their talent in the and opere di machina, as they are appropriately termed
same line as their predecessors, namely, in the art of in Italy ; all these were the scholars of the Caracci,
colouring. G. B. Piazzelta and his scholar Tiepolo, as and from the wonderful talent they exhibited, were soon
well as Sebastiano Bicci painted, it must be admitted, called to share the patronage of the Papal Court at
though not in the great style, yet with much spirit and Rome. Once established there, they too had severally
beauty. And no individual, certainly, ever contributed their Schools and their scholars, and contributed in their

PAINTING.
littinp. turn to form a fresh supply ofvigorous artists, and carried
•V"™'' down to a third generation the principles of the School
of the Caracci.
;rcino.
Guercino was a native of Cento near Bologna, but it
is not known that he ever studied under the Caracci,
though his manner approaches so near to theirs, that
(as he was their contemporary) it has often been so
suspected. His particularity of style chiefly lies in an
happy method of scattering and interchanging his
light, and still preserving his harmony. In his design
there is a grace that approaches sometimes nearly to
that of Guido ; but he is generally very faulty in the
drawing of the hands and feet, and this is a mark
whereby his Pictures may be known. Both these
masters for a certain period of their lives adopted the
fashionable, and then novel manner of Caravaggio, by
introducing a black background in order to force out
their figures.
Some of the School of the Caracci remained behind
at Bologna, and attained a very high reputation, which
will be seen to be amply merited by their works re
maining at this day in that city. Among these may
be named Tiarini, L. Spada, Cavedone, and II Gobbo de'
Caracci, an eleve of that family, a Painter of fruits, &c.
Carlo Cignani may fairly be said to have maintained,
even so late as the XVIIIth century, something of the
original character of the design of the Caracci, or rather
he followed their style, such as it became in the hands
of Guido, and met with well deserved honours as a
Painter. Gioseffo del Sole also, and Passignani, had
Schools under them of much reputation. In the next
generation, Francheschini and Crespi, the scholars of
Cignani, were the most in repute. And even at this
day, while we notice a very curious and valuable series
of Bolognese Paintings in the Academy at Bologna, we
must not forget, that there are also many living pro
fessors of the Art of considerable talent, still zealously
pursuing the great line of Historical Painting.
•
Other Italian Schools.

ol of
m.
.gio.

In the valuable history of the Italian Schools by the
Abbe* Lanzi, the account of no less than fourteen is
historically detailed : they are not, however, or at least
ought not to be, reckoned Schools in the same sense in
which the preceding four are so named. He gives us, in
fact, no more than a narrative of the efforts made in the
prosecution of this Art by the other chief cities of Italy,
but in which no general style and manner was ever pro
mulgated, nor did they ever give the law in Art to the
rest of their countrymen. Of these the History of
Parma should stand first, in regard to the merit and
reputation of its Painters. The style of Corregio, (or
AUegri,') the great boast of this city, was, if ever such an
assertion may be made of any one, purely his own. His
example, however, exerted but little influence on others,
and his style was soon supplanted by the introduction
of foreign novelties.
Corregio's style is the favourite theme of Raphael
Mengs, nor can we do better here, perhaps, than quote
the following passage from his writings. " In Corregio
one finds a spirit mild and soft, which gave him an
aversion to all that which is too powerful and expres
sive, and made him choose only such parts as were
pleasing and tender. He began to study almost only
the imitation of Nature; and since he possessed more a
graceful and pleasing genius than a perfect one, he
vol. v.
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found out the way at the beginning, by means of unifor
mity, and depriving his drawing of every angular and
acute part. He drew his outlines in a serpentine man
ner. In general his design was not too just, but great
and pleasing." p. 11. ch. vi. Mengs adds a remark too
which is not void of a certain degree of sagacity, namely,
that he should not advise any artists to study Corregio,
unless they felt they had a sensibility like his ; a re
mark that may be extended to many other cases of
imitation. " When a Painter," says he, " in the mean
time that he invents can transform himself, as one may
say, into that which he would wish to imitate, he will
imitate well ; if he cannot, it will always be better to
follow that which he feels of himself,'1 i. p. 67.
The chief Paintings by Corregio are the frescoes
which adorn the Cupola of the Cathedral at Parma,
and that of the Church of San Giovanni, at the same
place ; there are, besides, some other splendid Paint
ings in fresco by this master to be seen at Parma ;
as to his easel Pictures, though they are to be found
scattered through all the great collections in Europe,
no one being held complete without such a specimen,
yet we may particularize the Royal Gallery at Dresden,
as being the richest in this respect, and possessing his
best productions. The two cabinet pieces placed in our
British National Gallery are beautiful in themselves,
but too small to give any just idea either of the great
ness of conception which distinguished Corregio, or yet
of the graceful beauty and peculiar fleshiness of his
forms. Of this master perhaps may be said with justice,
that he combined in himself more of the qualities re
quisite to form the perfect Painter than any other man
upon record.
Parmegiano, (or Parmegianino, as he is generally Pannegiino.
called in Italy,) though inferior to Corregio, was in some
respects an inheritor of his talent, but he rather carica
tured the spirit of gracefulness and elegance which he
studiously sought to imitate.
The name of Lanfranc deserves a place here ; for, Lanfranc.
though afterwards a follower of the Caracci of Bologna,
his style was first formed at his native place Parma, and
chiefly from the imitation of the works of Corregio.
His greatest work was the Painting in the Cupola of
St. Andrea della Vallc at Rome.
The great boast of Sienna is Gianlonio Razzi, School of
commonly known by the name of Sodoma : his easel Sienna.
Pictures are few in number, and therefore his name is So<lonl*not so familiar to the world as it deserves to be ; whereever they are to be seen, they will always be acknow
ledged as the works of a first-rate master. He was one
of those artists who were called to Rome, and employed
by the Pope in adorning the chambers of the Vatican
Palace, and whose Paintings were effaced by order of
Julius II., when the commission to paint the Slanze, as
they are called, was transferred, on account of his ex
traordinary merit, to Raffael. There is a fresco Picture
by Sodoma, in the cloisters of the St. Caterina at
Sienna, which marks him as being, if inferior, neverthe
less inferior to Raffael alone. St. Catherine fainting in
the arms of her attendants is one of the most successful
pieces in point of expression, simplicity, truth, and
delicacy of feeling, that ever was produced.
The designs of his scholar Iieccafumi, executed in
pielra commessa (or marble inlaid) on the pavement
of the Cathedral at Sienna, are also conceived in a grand
and classical style.
Daldasar Peruzzi, Architect and Painter, as well as
3d
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Painting. Marco da Pino, were also of Sienna ; and in more
modern times we have the names of Casolani, Salimbeni, and Vanni. A series of the Paintings of the native
artists is preserved in the Academy at Sienna.
Milan first became celebrated for her school of Art
School of
Milan.
in the days of Leonardo da Vi?ici, who, as was before
Leonardo observed, was brought hither from Florence by the
da Vinci. order and under the patronage of the Government, and
was employed here as Architect, Civil Engineer, and
Painter. The famous Picture of the Last Supper, in the
Refectory of S. M. delle Grazie, is one of the most cele
brated compositions in the world ; and although but
faint traces are left of the original work, it is happily
preserved to us in the faithful engravings of Morghen
and others, and also in the copies made by the Milanese
scholars of this great man : of him, however, we have
already spoken under the head of the Florentine School.
Bernardino Luino, if not his scholar, is at least the
most successful and the best of his imitators, possessing
indeed so much of original talent himself, as scarce to
deserve the name of imitator, if applied to the servile
fashion which it commonly describes. Many frescoes
from this master are placed in the Picture Gallery of the
Brera at Milan ; but there are some still finer specimens
of his talent to be seen in the Hotel of the Croce di
Malta, and in the Church belonging to the village of
Sarono.
Ferrari.
Gaudenzio Ferrari, the pupil of Raffael at Rome, was
also a Milanese, and formed for himself a School of his
own, upon his return to his native city. Of later names
which do credit to Milan, we may mention the family of the
Procaccini, who were three in number, Camillo, Giulio
Cesare, and Ercole : and in the beginning of the present
century Appiani was living at Milan, a native artist
who has given the best specimen of fresco Painting in
the last century, in the Church of S. M. in Celso.
School of
Among the Neapolitans we find but little origin
Naples.
ality : the respective styles of Michael Angelo and of
Raffael were taught by their scholars, who had settled
in this city, and to imitate them well was all that in
Spagnuo- their days was required. Spagnuoletto had talent, and
letto.
he seems, from the best accounts we have met with, to
have been born in the Neapolitan territory. There is,
indeed, a singularity and boldness in his style which
stamp him as no ordinary genius. But we cannot
consider him as in any shape the inventor of a style :
that which he possessed was chiefly built upon the prin
ciples of M. A. Caravaggio ; but his lights had less of
breadth and of glaringness of effect in them, than those
of that master. Contemporary with him was the Cava
lier Calabrese, a no mean Historical Painter in his day.
Salvator
Salvator Rosa was the pupil of Aniello Falcone, who
migrated to France, and settled there ; he too left his
Country as soon as he had attained any degree of emi
nence in the Art, in order to seek his fortune at Rome :
and he must be pronounced by all to be truly original.
He wa3 a Poet, a Musician, and Satirist, the life and
spirit of the Carnival in the year in which he arrived at
Rome, and one of the best Landscape Painters of the
day, even while Claude and Poussin were yet living.
A certain contradiction of humour, however, for it is
difficult to give it any other name, was the cause of
his being perpetually involved in troubles : and if it
promoted a disposition in him to seek out and pro
duce of himself what was new and original, because
it was in opposition to the taste of others, it cer
tainly, so far, was advantageous to the Art. But we

must say this only of his efforts in Landscape Painting, OS*,
for this same pride of mind led him quite astray
when he attempted the Historical line ; and his life SclK,i
was unhappy, because he was perpetually struggling
against the public voice, which condemned, and justly
too, all his Pictures of that description.
Luca Giordano flourished at Naples towards the Ua
middle of the XVIIth century ; he was one of the best ttsriw
imitators ofthe style of other Painters in general that has
ever been known. Pictures, as if from the hand of
Albert Durer, Titian, Raffael, P. Veronese, P. Cortona,
all were produced with equal facility by his free and
happy pencil. As for his own style, there is an
azure colour which seems to form the standard of his
composition, and with which the most brilliant and
fascinating combinations are sometimes most skilfully
formed ; in his figures he chiefly reminds us of the
the stolen beauties of the above mentioned Painters.
His Pictures are very common in the collections of
amateurs, and those of his scholars, who are numerous,
are often sold under his name. Paolo di Matteis is
reckoned the best of them.
The first Painter whom Mantua can boast is AndnaSM rf
Mantegna, who is generally classed under the head of Jhtta
the Venetian School, being a Paduan by birth; heisSuwu
one of those great men who may be classed among the
fathers of modern Art : he died in 1 506 ; some very fine
specimens of his manner are preserved in the Palace
at Hampton Court.
Soon after his day appeared in this city one of the
ablest of the pupils of Raffael, who was a native of
Mantua, namely, (Pippi) Giulio Romano,—" that rare Gi£«
Italian master, who, had he himself Eternity, and could "o"1
put breath into his work, would beguile Nature of her
custom; so perfectly is he her ape." (IVinler's Tak,
act v.) Shakspeare was mistaken in one point, as Giulio
Romano never practised Sculpture, ofwhich he is speak
ing in this passage. Nor is the remark otherwise just,
for it was not the exact imitation of Nature in which ha
excelled ; his merit is this, that hi3 conceptions are
filled with Poetical imagery, and all the beauties of ideal
scenery. The Battle of the Giants, a fresco Painting in
the Palazzo del Te at Mantua, is one of the best examples
of his ability ; all the lesser Paintings of varied sorts in
the several compartments of the walls and ceilings, and
even the arabesque ornaments, are also designed by
him. He was, moreover, the architect who planned and
executed the structure itself, which, in spite of a few
whimsical irregularities of design, has infinite merit :
there are many effects of picturesque grandeur in build
ing, which impose upon the Imagination far bevoud
any of those Classical delicacies which the rule aud
compass can effect almost of themselves. His own
house, or Palace it might be called, is here still pointed
out to the attention of the traveller; for he spent the
latter part of his life in his native place, lppolito and
Lorenzo Costa were among the best scholars that he
left behind him. Domenico Feti, from Rome, lived for
some time at Mantua under the patronage of the Court.
Modem boasts of having contributed one distinguished artist to the School of Raffael, namely, Munan, j,^,
better known by the name of Pellegrino da Modem ;
forLelio
his best
we must
go to
Rome.
Orsiworks
was also
a native
of this
place ; but he too ts
remained here but a short time, having been banished by
the Court, and afterwards settling in Piedmont, in which
Country many very fine compositions by him are to be
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met with : there is no foundation, however, for the
story commonly related, namely, that he was a pupil of
Michael Angelo.
Bartolomeo Schedone, a not unsuccessful imitator of
Corregio's style, comes under the head of the School of
Modena.
chool of
Cremona has the merit of having sent forth some
remona. Painters of considerable talent in the earlier days of Art,
such as the two Boccacini, father and son, and Bernar
dino Gatti, or II Sojaro.
But its chief fame is owing to the School formed here,
in the middle of the XVIth century, by the family of the
it Cam pi Campi, who were four in number, Ghilio, Antonio,
Vincenzio, and Bernardino. Their style was partly com
posed from that of Giulio Romano, but its strange
features were softened down by the addition of the Corregiesque gracefulness of attitude and beauty of colour
ing. They were very successful in their day, and their
Pictures, if not common elsewhere, are often to be seen
in Lombardy. They too had a follower in Gio. Bat.
Trotti, or Matosso.
dx»l of
^e find one °f t^le PUP'IS of RafFael settled at Fertmn.
rara, who retired from Home with considerable reputa
tion, and gave up his latter years to his native city,
irofolo. His name is Benvenulo Tisi, (or
Garofolo, as he is
called, because he used to paint a clove or violet upon
his works, as his private and peculiar mark.) In him
may be traced much of the elegance of the School from
which he issued ; and his colouring savours of those
principles which guided his master in his latter and
better days. Girolamo da Carpi was the scholar of
Garofolo at Ferrara.
The style of Michael Angclo too was cultivated here
llppi.
hy Camillo Filippi, who has left a specimen of his
talents in a Picture of the Last Judgment, in the Choir
of the Metropolitan Church.
Scarsellino, with his pupil, Camillo Ricci, may be
classed among the imitators of P. Veronese, and Gian.
Maz2Uoli, (or Baslarnolo,) together with his pupil, Carlo
Donone, of Titian, and with their names we must close
the account of Art as cultivated at Ferrara.
iool of
Perino del Vagtt, another of the School of Raffael,
mo*.
introduced the manner of that master at Genoa, soon
after the general dispersion of the artists from Rome
upon the sacking of that city by the troops of Charles V.
By his instructions were formed two brothers, Lazzaro
and Pardaleo Calvi, who were very respectable Painters:
and it is to be presumed that the other Genoese be
longing to this era, such as the two Semini and Luca
Cambiaso, (the same who went to Spain,) drew the
principles of their style from the same source, though
they were not actually his scholars. A certain Noble,
G. B. Paggi, (the first instance at Genoa of a Patri
cian so devoting himself,) continued the profession
towards the end of the XVIth century, and became one
of its most distinguished ornaments. But far from
limiting their patronage to their countrymen alone, the
■wealthy Genoese sought in an after Age the assistance
of those who bore a high reputation abroad, inviting
and encouraging the residence among them of some of
the most celebrated foreign artists. Rubens, Vankyke,
Simon Vouet, and many others, in this way, remained a
long time engaged upon Painting in this city, and have
left behind them many splendid memorials of their skill
and ability. Native talent, however, was by this means
considerably depressed ; and we find the latter annals
of this School, as it may be called, filled with few
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names of any note or distinction. The two Carloni, Dutch and
and Bernardino Strozzi, {II Prete Genovese,) were Flemish
respectable Painters, as also were, in still more modern Scl,°o1days, II Grechetlo, or Giovanni Benedetto Castiglione, ^"V"""/
and his two sons: these last, however, chiefly excelled
in painting animals.
In Piedmont and Savoy also we find that foreign Of Pieders, (for so they call the natives of other States Ofmont and
Italy,) chiefly engrossed the public patronage, and aToy'
there are few instances of native artists who rose to
eminence. Giorgio Soleri, of Alexandria, however, in
the XVIth century, appears to have painted several
altar-pieces for Churches, and to have made some
Historical pieces which are now remaining. We may
quote also the name of Gul. Caccia, (or Moncalvo,)
of Monferrato, with those of his two daughters, Francesca and Orsola. Antonio Molinari, (or Caraccino,
as he is sometimes called from his imitations of the
Caracci,) was a native of Savoy, but he expatriated
himself, and passed the greater part of his days either
at Rome or Bologna.
In the XVII Ith century we find aSchool established
at Turin by another distinguished native artist, namely, OfTunn.
Claudio Beaumont, by whose means and interest a Royal
Academy was first established in the Capital; some of
his Pictures are to seen at the Church of Santa Croce
and in the Royal Library.

DUTCH 'AND FLEMISH SCHOOL.
In turning our attention to Holland and Flanders,
we find certain peculiar and distinctive qualities belong
ing to the Painters of these countries, and a perfectly
new department of Art established ; new, at least, in
comparison with that which we have hitherto been re
viewing, and indeed invented, one might almost say,
by the rude Ultramontanes. It is a style of a lower
description ; it aims at a more homely representation
of Nature than that which the polished Italians had
ever thought worthy of being represented on canvass ;
but still it is excellent in its kind. Whether Figures,
Portraits, or Landscape are subjected to the pencil,
strong characteristic expression everywhere gives an
interest to the scene ; and Nature is vividly brought
before our eyes : neither is skill nor science want
ing, nor are the picturesque refinements of colour,
grouping, or striking effects of light and shade, by any
means absent from the better style of Dutch and
Flemish Pictures ; on the contrary, their artists have
laboured long, both judiciously and industriously,
and now exhibit all the advantages which the most
accomplished practical experience can expect to attain.
All that can fairly be objected against them is, that
they possess no refinements of dignity, or loveliness
of attitude; none of the tempered delicacies of sen
timent are ever expressed by the personages whom
they represent in their compositions ; it is Nature—
plain Nature—and Nature, too, as she shows herself
amongst the ruder nations of the North ; unadorned,
and unassisted by those Poetic feelings which in realms
of higher polish and civilization have ennobled Man
kind.
This School dates its existence from the days of J. Van Eyck.
Van Eyck, the reputed inventor of Oil Painting, and
of his brother, Hubert, both of whom passed their lives
3Q 2
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Painting. at Ghent and Bruges. Two fine Pictures by the for
mer of these artists are in the possession of the Duke
of Devonshire, and in them may be traced the first
symptoms of that distinetiveness of feature and attitude,
which was to be regarded in after-times as the peculiar
characteristic of the School. As to the invention of the
His discove ' art of Painting' in oil, it is clear that it does not belong
ries in oil
painting. to Van Eyck ; many Pictures in Italy, and even in
England, were so painted long before his day : but he
certainly made some great discovery with regard to the
use of oil as a vehicle (as it is called) for colour, and it
is probable that his secret may have regarded the pre
paration of a drying oil for the Painter's use ; than
which, indeed, no discovery can be conceived of much
greater importance, as far as regards the mechanism of
Art ; nor need we be surprised at the sensation which
it created both in Flanders and in Italy. On this sub
ject we may refer to James's Flemish and Dutch Schools
of Painting.
J. Van Eyck was born in 1370. Contemporary with
Hemmelink him was Hans Hemmelink, who, though he mixed his
colours in the old fashion, with white of eggs or gum,
obtained much harmony and power of colouring. He
too was of Bruges.
We next come to Volkaert Klaasz, of Haarlem,
Volkaert
chiefly celebrated for his designs for the Painters on
Klaasz.
glass ; an Art for the invention of which we are indebted
to a Frenchman, (fiulielmo de' Marcilla, or William of
Marseilles,) as appears, but which was nowhere car
ried to so great perfection, or so extensively practised,
as in Flanders. In all the Pictures of Klaasz we
observe sober-looking, sedate figures, placed in angular
and awkward attitudes, and yet by no means void of force
or expression. The same remark may be made of two
other Painters of an early date, Quintin Matsys, of
Antwerp, a name well known in England, from his
celebrated Picture of the Misers, at Windsor Castle, and
Cornelius Enghelbrechtsen, (or Cornelius le Cuisinier,) of
Leyden, so called from being cook in his own family ;
he was greatly patronised by Henry VIII. of England,
and his works were highly esteemed in this country.
But Leyden has still higher claims to notice in a
Historical account of this School, from being the birth
place of Lucas Jacobs, (or Lucas de Leyden,) the
Jacobs.
friend, and we may add, in some sort, rival of the cele
brated Albert Durer. He was an Engraver, Painter
on glass, as well as Designer of Landscape, History,
and Portrait, and excelled in all these several depart
ments of the Art ; some of his engravings, which are
by no means uncommon, will give a better idea of
his style than can be furnished by any verbal descrip
tion. Still, however, the School furnishes no examples
of more spirited style than those which have been de
scribed ; nor does it exhibit any great advancement in
the ideas of its professors on the subject of their Art.
About the beginning of the XVIth century a con
Progress
during the siderable change seems to have taken place ; the fame
XVIth
the Italian Painters, which had now reached its
century. of
zenith, the universal admiration which they had excited,
and the overwhelming praises which were accumu
lated upon them by all the writers of the day, induced
these northern artists to enlist themselves under their
banners, rather than, as bolder spirits would have sug
gested, to enter into competition with them. Most of
the Dutch and Flemish artists of this century thought
it absolutely necessary to visit Italy, in order to qualify
themselves for the exercise of their firofession ; and

their own natural powers and natural resources were Dutchw
neglected, in the hope of sharing the fame of the Fta!Italian School. Hence arose a new style of Paintin" ^ ;
not indeed a very successful one, but it may be described V""V*
as approaching nearer to the reigning fashion of the
day in Historical composition, than any thing that the
artists of this School had hitherto produced. Lambert
of Liege was one of these travelled artists, and one
who contributed more than any other, perhaps, to
foster and to encourage among his countrymen this
rising predilection for Italian study. He established for
himself a School on the Italian principle, in which were
formed many of the better artists of the succeeding Age;
William Key, of Breda, who is said to have painted
both History and Portrait in good style, gained his in
structions here ; as did also Hubert Gollzius, of whose
proficiency we can form a good idea from his engravings
now extant. Last, not least, we may quote the name
of Franc Floris, (or Francis d' Uriendt,) to whom is FmeHA
attributed, even by a Florentine writer, (Vasari,)
the surname of the Flemish Raffael : it must be con
fessed, indeed, that in point of the Classical air with
which he has invested his figures, he went far beyond
any of those Painters of the Low Countries whose
names have been mentioned above. The Life of St.
Luke, and the Day of Judgment, painted for a Church
at Brussels, are reckoned among his best works. We
may be enabled to form some judgment of the esteem
in which he was held by his countrymen, from the num
ber of young artists who crowded the benches of his
School, each desirous to begin the world under the
auspices of so celebrated a name : his scholars were
a hundred and fifty in number, amongst them were
his two sons, J. B. Floris and Franc Florit, Martin fate
Vos, Lucas de Heere, (who was much employed in Eng- ""•
land,) Old Frank and his family, and Porbus and his
family, who both seem, like the Bassano family in Italy,
to have cultivated a style that was hereditary in descent
together with the name of their family.
The city of Brussels, too, may exult (and it is no
small matter of boast) in having contributed one of
the artists who formed the School of Raffael at Rome,
Bernard Van Orlay, or Barent of Brussels was his name. E""His most celebrated original compositions were Cartoons
for the tapestry of the Palace of the Prince of Orange
at Breda ; but both he and Michel Coxcie, of Mtchlin,
who also had studied in Italy, were most successful in
their copies and pasticcio imitations of the Pictures of
Raffael ; many of those bright and soft Paintings,
which are now highly valued as undoubted originals
of that great master, having in fact issued from
their manufactory. II Sordo Barent, as he was c&Uw
in Italy, was the son of Van Orlay, but a follower of
the style of Titian rather than that of his father, we
find a few other Historical Painters of note at Brussels,
as Lucas Gassel von Helmont, Peter Moel, and Rogtr,
de Weyde.
At Utrecht we meet with Jan de Mabuse in high repu
tation towards the middle of the XVIth century. »
Amsterdam, Jan Schoorel ; and Antonio Moro, the pup'1
of this last-named artist, rose to so high a reputation
as a Portrait Painter, that he received invitations W
foreign Courts, and was treated with the highest
attention at London, Madrid, and Lisbon; a great
honour for one who was not a native of Italy, hitherto
regarded as the natural and exclusive country of the
Fine Arts.
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Though tlie Italian taste, and a general rage for His
torical Painting had now completely gained the ascen
dancy in public estimation even in Holland and the
Low Countries, yet we turn with pleasure to that
raciness of native talent, which here and there ap
peared to recall the natives of these countries to a
just appreciation of their own natural peculiarities.
The Heroic vein never seems to have been adopted,
willingly at least, either by the Dutchman or the
Fleming ; they are in this line imitators, and awkward
in their imitations. It is only when we see from his
spirit and vigour that a man is following a natural
call and inclination of his genius, that we can allow
to him a full tribute of praise and admiration. The
first master who struck out a new line, and thus
boldly dared to leave the fashionable and beaten track,
was Peter Breughel, or Breughel the Old or the Droll,
as he is called ; not but that he, too, has painted His
torical pieces, in compliance with the fashion of his
day; but it is in his lighter pieces alone, such as fairs
or kermesses, marriages of the peasantry, and other
rustic revelries, that we recognise the full force and
power of his talent. He painted first at Brussels, and
next at Antwerp, and left behind him two sons, who
attained great eminence in their respective lines, P.
Breughel the young, (or Breughel ctEnfer,) a Painter
of conflagrations, &c, and Jean Breughel, (or Breughel
de Velours,) so named from the bewitching softness of
his style.
Peter Aertsen, (or Peter the Long,) who was born at
Amsterdam in 1519, may be regarded as an inventor
with regard to another branch of Art, namely, the
Painting pieces of still life ; a walk of Art that may
be said to have been carried by the Flemish and Dutch
artists to the highest degree of perfection: pots and
kettles, and other kitchen furniture, in the hands of
Aertsen became materials for a Picture ; and with him
they were made to produce a beauty of colour and
effect equal to that which might be exhibited in the
best executed Pictures of more promising imagery.
His style presently attracted notice, as much from
its intrinsic merit as from its air of novelty, and was
followed with great assiduity by many succeeding artists,
such as P. van Bochts, IV. Kalf, T. Dicht, Peter Ar
nold, and Dirch Pieiers, &c.
A third walk of Art, which now came into culti
vation in these countries, was the Painting perspectives,
or architectural vistas ; but by the Dutch the rich
combinations of Gothic architects were exhibited, not,
as by the Italians, the symmetric and rectangular
forms of the Grecian or Roman buildings; a most
important difference in the eye of the Painter. The
sublime effects of chiaro-oscuro, which these gloomy
piles of building afforded, and the mellowness of
their colouring, invited men of high talent to employ
their time in their delineation ; and it may be stated
with truth, that there are few compositions wherein
more skill and ability is shoWn, than in the Pictures of
e Uric*. Churches produced by this School. Jean de Uries,
a native of Friesland, born in 1527, was the first 'to
commence this line ; it was carried to a still greater
nwvrh. degree of perfection by his scholar, H. Sleenwych, and
again, in after-times, by one who was the scholar of the
rNe f». last-named, that is, Peter Neefs.
Some successful attempts also were made at this
day in the department of Landscape Painting by
Molenaer, Matthew, and Paul Brill, who are, or, at
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least, the two last are, better known at Rome than in Dutch and
their own Country. Marine views also, for which this
School became in after-times so celebrated, were painted ,
even in this early day by N. Cornelius Vroom, the same Marine
artist who furnished the designs for the tapestry reprc- views,
senting the defeat of the Spanish Armada, now hang
ing up in the English House of Lords.
There is no branch of Art, perhaps, in which this
School showed so much real merit, as in Portrait
painting ; there is an apparent breadth arising from
their Portraits, a management of their subject, and
an air of fidelity of character preserved in all their
works of this nature, which were beyond praise.
Cornelius Ketel and Mirevelt are both well known Ketel.
in England in this line. Many others obtained esta- Mirevelt.
blishments at foreign Courts ; nor ought we to con
sider Courtly favour as limited to professors of this
branch alone, when Bartholomew Spranger, for his Spranger.
Historical designs chiefly, was employed both by Pope
Pius V., at Rome, and the Emperor Maximilian II., at
Vienna, from the latter of whom he received a patent
of Nobility.
But neither was the .rage for the style of Italy sub
dued, nor were the Dutch and Flemish artists less desi
rous than before of finishing their education in that.
Country : there was, indeed, formed, towards the end of
the XVIth century, a very large Society by them, during
their residence at Rome, under the title of the Bande Bande AcaAcademique. They had regular meetings, accompanied otmkp*
with ceremonies and libations in somewhat a freer style
than that to which the Italians are accustomed, but they
imitated the example of that people, in giving a sobriquet,
or nickname to every one of their countrymen, upon
his first admission to their Society, by which he conti
nued ever after to be distinguished amongst them
selves.
Dionysius Calvart, of Antwerp, may be mentioned as Calvart.
one of the most noted of the Dutch Italian Painters.
His native country may be justly proud of him, as he
was the first ultramontane who was regarded as eminent
enough to establish a School of Painting in Italy. It
was in his School at Bologna that Guido, Domenichino,
&c, studied, before they attached themselves to the
maxims of the Caracci.
In the works of Otto Venius, the master of Rubens, OttoVenius.
we see a fair specimen of the Classical turn which had
been acquired by these sons of the North, and the pro
gress they had made. His Emblemata Horatiana
abound with designs conceived with as much taste as
spirit and ease.
Henry Goltzius was a master scarcely less successful Goltzius..
in his way. Adam Van Ort also may be mentioned Van Ort.
here, and his pupil, H. Van Balen, of Antwerp, many Van Baltn.
of whose elegant and spirited little figures will be re
membered by the Italian traveller, as holding a distin
guished rank among the marvellous productions of
that Country. Among his pupils were Sneyders and
Vandyke.
A. Bloemart is a still more singular instance of the A.Bloeraart.
labour and zeal with which Italian studies were pursued
at this time : in his compositions we see a grandeur of
thought, and a noble simplicity, far beyond the usual
productions of the imitative class ; from his turn of
thought he would have done credit to the School of
Rome herself, and yet, as far as we know, he never left
the boundaries of his native land, and framed himself
wholly by the models and examples which were afforded
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Painting, in the Academies of the Dutch and Flemish cities, and
v-»y^^ the private cabinets of connoisseurs.
But we now touch upon the most brilliant period of
the Dutch and Flemish School : all that had hitherto
been displayed in Art in these Countries, was to disap
pear before that bright constellation of masters, which
beamed forth in its full lustre in the course of the
XVIIth century. Of these, the first and greatest is
Rubens.
Peler Paul Rubens. So wondrous was the merit of
this extraordinary man, that he seems to have advanced
the condition of the Professors of the Art itself to
higher honours than it had hitherto been thought
worthy to bear. He was invested with singular distinc
tion, and, (though without relinquishing his regular
professional occupations,) was often selected for em
ployments of a diplomatic nature. In Italy, Spain,
and England, he was known and accredited, either
publicly or privately, as a negociator; and in all these
Countries he has left specimens of his talent which are
to this day held among the most precious and most
valuable of their treasures. The series of Paintings re
presenting the Life of Marie de Medicis, in the Louvre at
Paris, and the ceiling of the Banqueting-house at White
hall, in London, may be mentioned as splendid exam
ples of his style, though there is no private collection
of Pictures throughout England that does not boast
some of his works. Though, as it should seem, without
any perception of grace and beauty, he still is considered
to have excelled in more points of the Art than almost
any other Painter on record, except Corregio : there is
an exuberance of design, a floridness of colour, and a
general richness and fertility of invention, pervading
all his works, which fill the mind, or rather, 'we should
say, overwhelm it, with their power and prodigality.
To give an idea of the marvellous extent of his
talent, it is indeed enough to say, that he painted
History, Portraits, Landscapes, Animals, &c, all with a
degree of facility and spirit that was excelled by none
of his contemporaries.
We may readily suppose that a man who moved in
so elevated a sphere, and became for a time the idol of
the Public, would be followed by a host of imitators, and
so it eventually turned out ; the names of some of the
more eminent are worth recording, because their Pic
tures are often confounded with those of Rubens himH'u follow- self. We may mention, therefore, Erasmus Quellin, of
Antwerp, A. van Diepenbeke, T/ieod. van Thulden, Jan
Thomas, Fr. Wouters, of Liege, J. van Oost, J. van
Koeck, and last, though far more eminent than all the
others, Vandyke.
Vandyke.
Antony Vandyke, as well as his master, Rubens, was
very favourably received at the Court of Charles I. of
England, and has left in our country very many beautiful
specimens of his inimitable style ofPortraiture. Scarcely
were his talents more justly appreciated, or his works
more generally admired, during his stay at Genoa, or
in other parts of Italy, than they were in London. He
is an imitator, doubtless, to a certain extent, of Rubens,
in his style of colouring ; but in his Historical compo
sitions, in the attitudes and postures of his figures,
there are peculiarities that afford, even to an unlearned
eye, the easy means of distinguishing between the
Hta follow- works of the two Artists. Vandyke had many scholars and imitators, such were Bertrand Fouchier,
Adrian Hannetnan, Jean de Reyn, and David Beck, of
Delft ; the two last of whom, it may be important to
add, resided many years in England.

We have before stated, that the middle of the XYIith D*t, J
century was the proudest era of the Flemish and r"aJ
Dutch School, and it seemed as though, by the collision ^
ofcontemporary geniuses, a light was then kindled which
illuminated for many a year all the Transalpine seminaries
of Art. Francis Sneyders, who was sometimes employed imm
as an assistant of Rubens, painted animals with a spirit
and fidelity which, since his day, havenever been equalled.
Jacques Jordaens laboured in the Historical department J«U
with a degree of success only inferior to Rubens him
self. Daniel Seghers, by his inimitable taste and skill, tya,
introduced a taste and fashion for a hitherto despised
line of Art, namely for Flower painting ; and he may be
considered as the father of that School, which in aftertimes gained so much celebrity in Holland and the Low
Countries. David Teniers too, the elder, whose son Ml
became in the next generation so celebrated for his Pk- Ta/a
tures, cultivated that taste which was before said lo
have been originally introduced by Breughel the Droll,
namely, the characteristic scenes of common life. All
these great Painters were then stationary at Anlmp,
and thus this city gained a name as a nursery of the
Art.
At Brussels we find Breughel de Velours enjoying a
high reputation -for his small pieces in Landscape and
History. Philippe du Champagne, an artist belter
known in France than in his own Country, was a native
also of that city. Francis Hals, of Mechlin, too, be
longs to this day, who painted Portraits in so excellent
a style, as to be regarded by general estimation as no
unworthy rival of Vandyke.
Nor were the United Provinces less fertile in talent Cm
at this period ; Albert Cuyp, of Dort, is unquestionably
the best Painter ofnatural Landscape, such as it appeared
within his own Country, that ever existed. While from
Utrecht came Polenburg, so celebrated for his cabinet
Pictures ; Gerard Honthorst, (or Gherardo detle Aoiii, Hnizi
as he is called in Italy,) the happy imitator of Caravaggio ; and the family of De Heem, so far famed for
their Paintings of Flowers. Haarlem, too, at the same
time, contributed her quota of genius, and boasts of
Esaias Vandevelde, the first of that family afterwards Est*
so well known in England ; and that most indefatigable W
of all artists, (if all Pictures bearing his name are really
from his hand,) Van Goyen.
But it is to Leyden we must turn our eyes, if «
would behold the chief glory of the Dutch School,
namely, Gerrets, or, as he is more commonly called,
Rembrandt van Rhyn.
Of all men who have ever devoted their time and
study to the Art of Painting, Rembrandt may, perhaps,
lay the highest claim to originality of genius. Scarcely
does he seem to have gained the mechanism of his Art
from the three masters under whom he studied in suc
cession, before he quitted them, and shut himself up in
his father's mill, where he became, by his own labour
and study, a finished Painter of first-rate merit, uw
founder of a new School, as it were, and a new
style of Art. His novel and very imposing method
of managing and concentrating the light, in all hu
compositions, first attracts our attention: then **
observe with amazement the variety of colour produced
by his deep transparent tints, enlivened here and there
with the aid of touches of extraordinary vigour: th«
whole composition harmonized and united by the u«
of a greyish greenish background, of an invention
peculiarly his own. Add to this, a truth of character
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Dttng. and expression in his figures, which though conceived in
- the same taste as those of many of his fellow-country
men, yet were distinguished from them all by their
superior force and strength. Hence one may form some
idea of the magical effects of a genuine Picture by
Rembrandt. Disdaining all leamwig, and despising
the then fashionable study of the antique models, with
which, indeed, he never gave himself the trouble to
become fairly acquainted, he seems to have attained the
ite plus vltra of the Dutch Heroic style, if any Dutch
style may be so called.
Like many other persons of strong but half-culti
vated minds, he had his humours and eccentricities of
character ; and they showed themselves even in his
Painting room : nor can we deny that these too were
made eminently subservient to the peculiarities of his
style. For instance, his cabinet was filled with what he
called his antiques; tin pans, brass pots and kettles,
and rubbish of every description ; and from these, as
from the cabinet of a virtuoso, he supplied the materials
requisite to fill up his Historical compositions. The
single hole or crevice, through which alone the light
was admitted to this apartment, furnished him with his
ideas of chiaro-oscuro, and aided his conception of
those singular effects which he produced, both in his
Pictures and his etchings. Some have fancied that this
conceit was originally suggested to his mind during his
days of study in his father's mill, which was probably
thus lighted by a single small window; yet, though this
idea seems plausible enough, it may have been that
his practice in this respect was the result of the deepest
reflection. When it is considered, that a Picture is
meant to represent, not the whole view around us, but,
as it were, the fraction of any scene presented in Nature,
who shall say that Rembrandt did not in this way seize
upon the most perfect principle of the picturesque, as it
regards the effect of light and shade, that we yet have
known ? Does it not, indeed, appear to be the refine
ment of an artifice, in these graphic representations, of
which some symptoms may be traced in the works of
all our best artists ?—Rembrandt's etchings bear that
value with the world of cognoscenti which the touch of
genius ought to stamp upon them ; and they did so
even in his lifetime. Though we are bound in justice
to add, that this very circumstance induced him often
to resort to a mean and base trick, in order still far
ther to impose on the generous partiality of the Public :
for he would bring them out sometimes in a halffinished state, and sometimes with false dates of place,
and such other unartist-like deceits, as prove too
fully that his moral principles were no less removed
from any correctness of rule, than his eccentricities of
manner were from the common practices and pre
possessions of his fellow-creatures.
low- Rembrandt had, as may be expected, a large School
of imitators, many of whom were eminently successful.
We may quote the names of Juritn Ovis, Ferdin Bol,
Adrian Verdoel, and yet still more celebrated, Eeckhout,
Hoogstraalen, Nic. Maas, Sir Godfrey KneUer, and
Gerard Dow.
Gerard Dow, like all true men of genius, not content
with following Rembrandt's manner, brought to his
work something of his own : he adopted that which
best suited his own peculiar talent, and, by adding a
new style of colouring, became in some degree
himself the founder of another School of Painting. His
Pictures, which are of a small size, and exquisitively
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finished, are generally composed of single figures ; Dutch and
they are beautiful models of the Art of colouring. Flemish
He generally introduces a carpet, for the sake of the School,
richness of its varied hues, or sometimes, perhaps, to
bear out by its brilliancy what might, in other parts
of the scene, appear too fine and gaudy. Mieris was Miens,
his scholar ; an artist of great simplicity of taste, as to
colour, but in all respects a worthy disciple of such a
master : he painted Portraits for the most part, but they
too are always of a small size.
Haarlem produced two very celebrated men, who
were born in the beginning of the XVIIth century :
namely, Gerard Terburg, au admirable Painter of cabi- Terburg.
net Pictures representing scenes in common life ; and
Adrian Brauwer, a profligate and incorrigible drunk- Brauwer.
ard, who, nevertheless, possessed great talent, though
he seems never to have entertained a thought of looking
out for subjects for his pencil, beyond those drunken
scenes with which his libertine life made him daily con
versant.
Adrian and Isaac Oslade, whose names are also Adrian and
celebrated in this same walk of Art, were natives of'saac
Lubeck, in Holstein ; but since they formed themselves Ostade.
chiefly by their studies at Antwerp, and as they lived in
Holland for the most part, may be fairly included among
the Flemish and Dutch Painters. Though the School
will lose almost as much by the adoption of this rule in
another instance as it will gain in this ; for an artist of
great reputation, namely, Peter de Laar, (or Bamboccio,) Bamboccio.
a native of these parts, not only studied in Italy, but
passed the greater part of his life there, and therefore
may be classed among the Italians. He it was by
whose skill a taste was introduced into that Country for
these ultramontane humours.
We have now arrived at another generation, when Teniers.
the sons of the earlier contemporaries of Rubens were
coming into vogue ; and among these we find the name
of a Painter who certainly, next to that great man, has
most contributed to the fame of his Country, namely,
David Teniers the younger. He was an admirable
Painter of Landscape, and equally successful, for one
cannot say more so, in his representations of fairs, con
versations, shops, and subjects of that homely description ;
in which it is difficult to decide, whether one should ad
mire most, the discrimination with which they are treated
in respect of character, or the skill and artifice dis
played in their colouring, arrangement, and design.
Of Landscape Painters, we may mention Herman Swanevelt.
Swanevelt, (the hermit of Italy, as he was called,) a
Dutchman born, who at Rome became a scholar of
Claude Lorrain ; and A. Pynaker, of Delft, who also Pynaker.
wandered to Italy, and completed his studies there.
Much more celebrated was Nicolas van Haarlem, or
Berghem, as he was nick-named, a pupil of Van Goyen, Berghem.
and one who, like his master, had the special merit of
limiting his views to those subjects which the country
around him naturally supplied, instead of migrating to
the less congenial land of the south. His style is re
markable for the clearness and freshness of his colour
ing ; and it is enough to say that, all Dutchman as he
was, he is universally acknowledged to have been the
best Painter of pastoral scenery that ever appeared.
True genius finds matter enough to work upon, where
soever it may by chance have been placed.
From the same city came J. Wynants, also an ex- Wynanu.
cellent Landscape Painter : his Pictures are conceived
certainly in a more lively, but still a more finical style.
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Punting. Jacques Ruysdael, too, was from the same place. This
last artist, as well as his contemporary, Hobbema, of
Huvsdacl. Antwerp, makes use of the same brown ground for a
Hobbema. middle tint, of which Van Goyen had so happily availed
himself. Their Pictures seem, indeed, generally, little
more than a few touches of opaque colour upon this
transparent brown, relieved occasionally with black.
The forest scenery of these two artists is always ex
cellently depicted.
WouverPhilip Wouvermans was also of Haarlem, and one
of those unhappy men who met with success in his life
time very ill-proportioned to his real deserts. That
taste which inclined him so to compose his Pictures
that his horses, not his Landscape, caught the eye, and
formed the main feature, was, indeed, peculiar to him
self alone : and it must be observed, that in this, and
all cases of a similar nature, it is absolutely necessary
for the artist to be able to create a taste in the Public
for this species of Painting, and to enure them to it before
any great demand for his Pictures can possibly arise ;
and this is seldom done without the intervention of a
Patron.
Paul Potter. Far different was the fate of Paul Potter, of Amster
dam ; with him, indeed, cattle were not merely brought
forward so as to be prominent from their situation, but
actually formed the chief part of his Pictures; his Land
scape was but an accessary in the style of composition
which he adopted : and he filled the same place with
regard to representations of the domestic animals, which
Sneyders did with regard to the wild ; nor was he less
successful in his delineations of their character, than
that great artist had been in his line. They were
painted with surprising fidelity of manner and expres
sion. Even during his lifetime, though this is less
extraordinary in those golden days of patronage, every
Picture that he wrought, however homely the subject, was
bought with the greatest avidity ; and an extensive cata
logue of imitators preserved the memory of his style long
Karl du
after their inimitable master was gone. Of these Karl
Jardiu.
du Jardin, also a native of Amsterdam, was, perhaps,
the best : he was an imitator, however, and a successful
one, too, ofBerghem as much as of P. Potter; and still,
with all this servile power, he possessed much original
talent of his own. Some other distinguished natives of
Amsterdam occur towards the middle of the XVIIth
Weeninx. century ; such as Weeninx, (both father and son,) ad
mirable Painters of Landscape and of Game. Likewise
Eglon Van der Neer, a Painter of Moonlight pieces, and
Vandevelde William Vandevelde the younger, a Marine Painter.
W. Vandevelde the elder was a native of Leyden ; and
both passed the latter part of their lives in that city.
Utrecht boasts at that time two couple of brothers
who greatly excelled in Landscape Painting, namely,
Jean and Andre Both, and Herman and CorneliusZacktBoth.
Kacht-Leven Leven. But Portrait Painting seems to have met with
most encouragement from the wealthy ; and the rage of
the day seems chiefly to have been for small Pictures.
Mieris introduced this fashion, and it was now kept
up by G. Metzu, of Leyden, whose colouring may be
said to approach in small, very near to that which Van
Schalken. dyke produced in large. Godefroy Schalken, of Dort,
famous for his candlelight compositions, was much en
gaged also in Portraiture; and so was Jacques Denys, of
Antwerp, though he ventured also into the Historical
line, and raised himself so great a reputation in Italy,
that he was received on his return to his native city
with a public procession in his honour.

We are not to suppose that Historical Painting was DttcM
wholly neglected in Holland and the Low Countries, FkU
during this latter period of the School ; but the truth is, Sckai
that tttose artists who struck out the brilliant novelties ^V«|
of style which form the real glory of the Flemish and
Dutch Schools, have so far eclipsed the Classical and
imitative band, that those who would give a true and
just idea of its History must limit their account to the
former. We can mention only one artist of these
parts whose ideas seem to have been really naturalized
in the soil of Italy, and that was merely in the line of
Landscape, namely, Van Bloemeu, or, as he is com- V« Ski
monly called, Orisonti : every other artist seems to have "a
sunk in reputation, the farther he attempted to advance
in what was to him neither natural or congenial.
Gerard Lairesse, of Liege, is called the Flemish Lost
Poussin, and few men ever displayed more fertility of
genius than lie did; but unfortunately, like many of his
compatriots, his sensual indulgences brought upon him a
severe misfortune, and he became blind in the fiftieth
year of his age.
Battle Painting was now grown very much into
vogue : Vandermeulen, of Brussels, was one of the most Vuteeminent in this branch ; an artist who had the good
fortune to be employed by Louis XIV. of France, in
order that he might immortalize by his pencil the military
exploits of his reign : Hughtenburg, of Haarlem, (his H^15scholar, ) also followed him in the same style of Painting, *
and he celebrated, on the other side, the glorious actions
of Prince Eugene of Savoy, and the Duke of Marl
borough.
The family of Van Huysum, of Amsterdam, in the ft Vs
beginning of the XVIIIth century, succeeded in carrying to still greater perfection than it had yet attained
that style of Flower Painting which had excited so
much admiration in the days of Seghert, Mignon, and
De Heem : so great, indeed, was the passion which had
grown up in Holland for the cultivation of flowers
themselves, that the artists who made them the objects
of their study were sure to meet with abundance of
patronage, and therefore it ought not to seem surprising
that many of the Pictures of the Huysums were sold at
as high a price as 1000 or 1500 florins.
r
In the elegant and highly-finished Pictures of Adrim^
Vanderwerf, we trace a similar taste to that which
formerly inspired the pencil of Polenburg; and it seems
to be the only line in which any degree of elegance ot
form or attitude has been attained in the compositions
of this School. His Pictures fetched immense pnees
even during his lifetime ; for they were of a style that
could not fail to be pleasing to all the world, from the
wise to the vulgar. With regard to his style of attitude,
&c, he may be regarded as affording a happy specimen
of what may be called unclassical grace. He died
in The
1722.Painters of the modern Flemish and Dutch
Schools are very successful in their imitations of their
mighty predecessors ; and though many men of ability
have appeared amongst them, and even now are
living, yet, perhaps, these imitations may be classed
among the most happy productions of their pencil.
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Nuremberg was the first city of Germany wherein a
taste for the Arts of design appear to have been dis
played. In the XVth century Martin Schoenfidd was
resident there, who is celebrated as the reputed inventor
of the art of engraving' upon copper : and there, too,
jtrtDurer flourished at the end of this same century Albert Durcr,
the chief leader of early Art in his Country. He was,
as many other of the earlier artists were, a Professor of
more than a single branch of Art, and gained a high
reputation as a Painter of History, an Architect, a
Goldsmith, and an Engraver. The correspondent of
RafTael, the friend of Lucas de Leyden, and honoured
towards the close of his life with a patent of Nobility
from the Imperial Court, he may be regarded as having
attained the highest honours and most extensive fame
of any man of his time. His general style is well known,
for his engravings are in the hands of almost every one:
he possessed great force and even sublimity of design,
but had, it must be confessed, little perception of grace
■ and or beauty. Pens and Gruenwald, whose Pictures may
leDwald. De seen m tne Rovai Gallery at Munich, and were con
temporary with Albert Durer, afTord no mean specimens
of the professional skill of the artists of that early day.
There was another artist of this period who was
endowed with natural faculties much of the same stamp
as von and order, namely, Lucas von Mailer, (or Kranach,) of
"**■
Augsburg : and something similar, in point both of
ability and skill, was a person better known to us in
England than any of the above, that is, Hans Holbein,
of Basle. He is first recorded by the Chroniclers of the
time, as having been engaged by the municipality of that
city in furnishing Paintings for the Fish Market and the
Town Hall of his native City ; these were public works,
and therefore, that he should be selected for the purpose,
is some proof of the honourable estimation in which he
was held. He also, as it appears, painted the celebrated
Dance of Death, then a favourite subject of represen
tation in Swisserland, and which has exercised the inge
nuity of many Painters of allegory in a later Age. We
can discern nothing now remaining at Basle of this
work, or nothing rather which can, on any good ground,
be credited as having come from his pencil. It was
not until the period of his settlement in England, how
ever, that his style was matured, or that his fame rose
to its zenith. We learn that he undertook this journey
upon the strength of letters of recommendation, of which
he was the bearer, from Erasmus to Sir Thomas More ;
and so pleased was his patron with his industry and
talent, that it was through his means that he finally re
ceived the appointment of Painter to King Henry VIII.,
and was established as a favourite of the Court. Besides
painting numerous Portraits of our Nobility, Holbein
was engaged also in making some large allegorical
Pictures for the Surgeons' Hall in London ; for the
Bridewell Hall, and for that of the Merchants of the
Steelyard: and it will be allowed, that he certainly
■was possessed of great power and fertility of invention,
though nothing can be more remote from Classical grace
than was his style. His Portraits, with which we are
most familiar, carry with them the appearance of great
truth and force of character, though chastened by a
soberness and dignity, both in mien and attitude, which
were peculiar in some measure to the manner of that
day.
VOL. V.

485

Tobias Slimmer, another Swiss artist of the XVIth German
century, furnished some very spirited and clever designs School,
illustrative of the Sacred History, meant as accompani- v*—V*ments to an edition of the Bible. The manner of con
ception of these prints much resembles that of the works
of Holbein and A. Durer. Toward the end of this
same century we find abundance of Painters on glass,
and some few authors of Historical pieces, as Kranach
the younger ; Aldegraaf, of Nuremberg, whose engrav
ings are. not uncommon ; Swartz, of Munich, and
Haintz, of Berne. We must suppose the Painters of
this part of Germany not to have possessed any very
great or extraordinary talents, when we find the Em
peror Maximilian II. sending to a distant country for
some decorative works which he had in contemplation,
and employing Bartholomew Spranger, of Antwerp, for
that purpose. Nor have we any reason to believe
him to have been found unworthy of this preference, as
he was continued in his employment during the reign
not only of this Emperor, but also that of his successor,
the Emperor Rodolph. Many of his works are still to
be seen in the Churches of Vienna and Munich, &c.
We now come to a native artist who does infinite
honour to the Country that bore him, namely, Jean Rottenh*Rotlenhamer, of Munich. He was an imitator of Tin- mer>
toretto, both as to his manner of colouring as well as
the general air of his compositions ; and so successful
was he, that he received commissions in many places for
large altar-pieces for Churches, while he was no less
sought after for his small subjects painted on copper,
such as are not unfrequently to be found in England.
But for his extravagance and profligacy, Rottenhamer
probably would have amassed a large fortune by his
labour. After his return from Italy he lived chiefly
at Augsburg.
While the South of Germany was thus comparatively
fertile in the production of genius, we shall find some
artists of eminence who came from the more distant
and Northerly regions. Such was Jean Lys, a native Lys.
of Oldenburg, who painted both in large and small
size ; History, village feasts, dances, &c. : he, too, like
the last-named artist, was a great admirer and imitator
ofthe Venetian colouring, and, like him, was thoughtless
and profligate, and died in poverty.
At Frankfort on the Main were born Adam Elsheimer, in 1574, an excellent Painter of Historical
pieces of small size, and in 1606, Sandrart, the His
torian of the Art. Portraiture was the chief employment
of this last-named master, and he made his residence
at different periods, in Bologna, Frankfort, Amster
dam, Augsburg, and Nuremberg. J. Lingelback, the
Painter of market-places, marine views, &c, was also a
native of this place.
Among other Painters of the XVIIth century we
must mention J. TV. Bauer, of Strasburg, the author
of designs for Ovid's Metamorphoses: and next, one
who, as far as locality of situation is regarded, ought to
be classed among the German artists, namely, Claudio CUude
Gelee, or, as he is commonly called, Claude Lorrain : LoTain.
for that Province was not at that time annexed to France.
His studies, however, were made, as his fame was
gained, on the Italian soil ; and every touch of his
magical wand, every shade of his rich and sunny Pic
tures, savours of a taste that can only be acquired by
a residence in that delicious country.
There are many other native Germans of this century
who are usually classed under the head of other Schools
3R
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Painting, than this, on account of the eminence they attained one whose works are so highly finished, that they would v—v^"/ after they quitted their parent land. J. van Bockhorst, bear the critical inspection even of a microscopic eye "
(Langhen Jan,) a native of Munster, an excellent We might callthis, however, but a vulgar style of Paint!
Painter of Portraits and Sacred History; Adrian ing, when placed in comparison with the works of ^
Adrian
and Isaac and Isaac Ostade, from Lubeck, celebrated Painters genius which we have heretofore been enumerating.
Ostade.
of grotesque subjects and low life ; Henry Roos, a He was, nevertheless, greatly patronised by almost all
pupil and imitator of Du Jardin, who was born in the foreign Courts, and received offers of pensions and
Lower Palatinate ; Louis Backhuysen, of Emden, a establishments in more instances than one, which his
Marine Painter ; A. Mignon, of Frankfort, and Ernest spirit of independence induced him to refuse. It must
Stuven, of Hamburg, Flower Painters ; also Gaspar still be allowed, that in these Paintings, however minute
Netscher, of Heidelberg, an inimitable Painter of Por the attention paid to details, the general character and
traits of a small size, are all of them in common con the air of the whole was never forgotten : and his tone
versation attributed to the Flemish and Dutch School : of colouring is sometimes very beautiful.
Painting is mnch patronised at the present day in
to which, as far as they were artists, it must be allowed
Germany, not only in the Imperial and Royal Courts,
that they belong.
So, again, F. Moucheron, a Landscape Painter, was but in many of the minor States : and there are large
a native of Emden, who passed most of his life at Paris Galleries formed from the works of the best masters,
and Amsterdam. Philip Roos, (Rosa da Tivoli,) a as well as public Academies instituted at Vienna, Berlin,
native of Frankfort, who combined pastoral scenes and Munich, Dresden, Stuttgard, and many other of the
architectural ruins, in his rapid and spirited method of chief cities of Germany.
Painting, so as to form admirable Pictures ; yet he is
usually ascribed to the Italian School, having chiefly
SPANISH SCHOOL.
Lelylived in Italy. And Peter Vander Faes, or, as we call
The dominion of the Moors in Spain, and the rich
him, Sir P. Lely, became so naturalized in England
during his long residence here, and is so much iden and gaudy style of ornament with which their Palaces
tified, by means of his Portraits of our great personages, and Temples abounded, gave a turn to the Arts in this
with the History of our Country, that one is surprised to country, which rather retarded than assisted their pro
find that he was not a Briton, but a native of Soest, in gress ; or, at least, prevented the Spaniards from acquir
Westphalia. The same remark may be made of Sir ing so early as the Italians had done, the just and
Kneller.
Godfrey Kneller, who was born at Lubeck, in 1648. simple principles which ought to regulate public taste
Yet, in spite of these numerous examples, it must be in this respect.
And when their attention was once awakened on this
said, that it was not for want of patronage at home that
these artists could be fairly said to have been driven point, they were for the most part obliged to have re
from their Country ; for not only the Emperor of Ger course to study in Italy, and thus to expatriate themselres
many, but most of the German Princes laid out large for a time, before they could attain any very considera
sums at this period in the purchase of Pictures ; and ble eminence in this refined and difficult branch of Art
The artists of Spain present themselves generally
many of them retained artists in their service, and ad
vanced them to titular honours, as well as rewarding to our notice, under the head of three different Schools,
them with liberal pensions.
The Courts of Hesse namely, those of Madrid, Seville, and Valencia ; in JUA
Cassel, Munich, Dusseldorf, &c., were always open to which, if no very strong and distinctive peculiarities are
Painters of merit and renown. But the fact is, that to be observed, as characterising their several styles,
there was no common centre of union in Germany yet the series of artists which are commonly attributed
among the artists themselves—no common tie—no to other places, warrant us in making such a distribu
,,
general place of meeting for kindred minds ; and Ger tion here in a Historical point of view.
There were in Madrid several Painters who at- ^"j^
many under that single name, dismembered as it is, and
has been, is in reality no Country at all for any man. It tained some degree of celebrity even as early as the
includes a number of People speaking different dialects XVth century j and a few of their works, indeed,
of the same language, but having in no other respect a are still preserved for the inspection of the curious,
affording interesting examples of home-bred talent
community of feeling.
In the next century, we may mention the names of and industry. Such was Antonio del Rincon, a native At»^
Mengs,. &c Raffael Mengs and Zoffani, native Germans, who of Guadalaxares, born in 1446, the first Painter who is
lived in Italy ; Lutherburgh, of Alsace, and Angelica said to have ventured to abandon the dry, timid Gothic
Kauffman, a Swiss, who expatriated themselves in a manner of his predecessors, whoever they were, and to
similar way, and bestowed, the three last at least, many have made a nearer approach to the full proportions of
the human form. His manner has a striking resem
years of their lives upon England.
In returning to our notices of Southern Germany, blance to that of Ghirlandaio of Florence; though,
we must not omit the name of Paul Ferg, a native of as it appears, this similarity arose from no other
Vienna, who died in London, in the year 1740, many circumstance than their having made like efforts to im
of whose pleasing compositions of Landscapes, and prove their style, and from being placed in like circum
pieces with figures, are often to be met with at this day. stances. Both he and Peter Berrequete, (the elder,) P. U
There was also J. Etias Ridinger, a native of Vim, a were greatly favoured and patronised by Ferdinand and q»>*
Painter and Engraver of extraordinary merit : though Isabella.
In the Pictures, again, of Ferdinand Galkgos, who (UJ<f«
the line in which he exerted his abilities is one that
does not equally excite the admiration of all people ; he was born at Salamanca, in 1475, we might fancy that
we traced a strong savour of the manner and style of his
painted animals, and chiefly those of the chase.
Denner.
Balthasar Denner belongs also to the XVIIIth great contemporary, Albert Durer ; so much, indeed,
century, an indefatigable Painter of human heads: does he resemble him, that it has actually been conjee-
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rtitinif. tnred that he was placed under him as a scholar. Nor
% "* ' is it improbable, thatGallegos may have formed himself,
to a certain extent, upon the published engravings of
that master, which already had come much into fashion
throughout Europe ; as to any other causes of resem
blance, we may, in the absence ofmore positive reasons,
fairly attribute them, as we did in the last instance, to
the natural similarity of efforts made by men of ability,
when placed in similar and correspondent situations.
In the XVIth century the wealth which had
accrued to the Spaniards, from their foreign commerce,
and their enterprise in trade, paved the way for the
establishment of the Fine Arts on a more brilliant and
permanent footing ; and, in the course of a few years,
such talent developed itself, and such eminence was at
tained, as serves at this hour to shed infinite honour on
the Schools of Spain.
trra.
First may be mentioned the name of Gaspar Beeerra,
a native of Baeza, born in 1520. He was a pupil and
assistant of the immortal Michael Angelo, at Rome ;
and, on his return to his Country, he painted many ex
cellent Historical pieces in fresco, at Madrid, Valladolid,
Salamanca, &c. The air of his style, as may be sur
mised, was like that of the master under whom he had
studied ; and the Italian tourist will, perhaps, call
to his recollection with pleasure, a Picture by Beeerra,
in the Trinita di Monte at Rome. Nor ought the name
:nra. of DonPkilip Guevara, an amateur Painter, to be omitted
here ; he studied in Italy the manner of Titian chiefly;
and there is no doubt, but that from his high rank, good
taste, and natural ability, he materially contributed to
the advancement of the Arts at Madrid.
Still more celebrated is the name of Louis Morales, or
lies. Morales the Divine, as he is generally called, either from
excessive admiration of his talents, or, as some will
have it, from the nature of the subjects which he
painted. He first came into notice as a Painter at
Valladolid, but his merit caused him soon to be invited
to the Capital, where he found employment enough in
the Palace of the Escurial, under the reign of Philip II.
His ostentatious manners, however, were displeasing to
the Court, in consequence of which he seems to have
received his dismissal, after which he returned to spend
the rest of his days at the city of Badajoz. His sub
jects are generally single figures, and are very re
markable for their excellent Drawing and force of
expression, as well as for their peculiar chasteness
of colour. J. Labrador, a Flower Painter, was his
pupil. We next find a foreigner, Pellegrino Tibaldi,
of Bologna, employed at the Escurial, in conjunc
tion with Barroso, and two other native Spanish
artists ; indeed, the visits of foreign Painters seem at
all times to have been frequent at this Court, and there
can be little doubt of their having greatly influenced
the fashion, (for such it is,) as to the prevailing man
ner of Painting at Madrid. We may next mention
the names of Pantoia de la Cruz, a Painter of Portraits
and History ; J. Batt. Mayno, the master of Cano ; and
a still more celebrated artist in the line, namely, the
stan. Historical Louis Tristan. The last-named learned his
Art, it seems, in the School of a Greek Painter, domi
ciliated in Spain, named Theotocopulos, whom, how
ever, like some other precocious pupils, he soon sur
passed in strength and power : his Pictures are remarked,
in general, for their correctness of design, and their very
harmonious tone of colouring; many specimens maybe
seen in the Churches of Toledo and Madrid.
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Fernandez Nazarrete, or el Mudo, as he was called, Spanish
was another native Painter whose talents were brought School,
forward under the patronage of Philip II. ; he painted v"~"v^*
Historical pieces with great spirit and talent, having f'•Naza,Te,
studied in Italy, and formed his style chiefly by what
he had seen in that Country.
Eugene Coxes being a pupil of his father, who had Eugene
formerly gone through a course of study in Italy, con- Cues,
nects himself with the style of Painting in that favoured
land, as it were, only by inheritance : but, nevertheless,
he was a good Painter of History in fresco, and was
much employed at Madrid, by those who seldom
threw away their money, the members of Ecclesiastical
establishments.
But we have now arrived at the period when ap
peared the greatest genius, in respect of the Fine Arts,
that had yet dawned in Spain, namely, Velasquez, or, to Velasquex.
give his name more at length, Jacopus Rodriguez de
Silva el Velasquez. He was born at Seville in 1599,
and was first initiated into the mysteries of the pro
fession by Herrera, a Painter of that place ; but he
soon quitted his instructions for those of Frances
Pacheco, a Historical Painter of far greater merit and
celebrity. It is probable, however, that his ardent spirit
caught more vigour from the sight of those numerous
Paintings, which early in the XVIIth century were
imported to Seville from Flanders and Italy, as well,
indeed, as from Madrid, or at least, we shall otherwise
find it difficult to account for the progress which he
made. It is upon record, moreover, that the works
of Tristan, whom we have mentioned above, parti
cularly engaged his attention ; and, so much was his
enthusiasm excited, that in the year 1622 he left Seville,
with the determination to go and seek his fortune, as
well as prosecute his studies, in the Capital. His success
in Portrait Painting soon established him there in easy
circumstances, and finally led to his employment at the
Court ; and, owing to this engagement, he had the good
fortune of being introduced to the acquaintance of the
celebrated Rubens, who was at that time residing there.
Of course, he received considerable advantages, if it were
only from the conversation of so eminent a Professor, and
the practice of visiting his Painting room. Still, however,
dissatisfied with his progress, and anxious to improve
himself to the utmost, he sought and obtained leave
from Philip IV. to make a voyage to Italy, where
the works of the great masters at Venice long occu
pied his time and his attention. Upon his arrival at
Rome, he was received with distinguished marks of
favour and attention by the Pope, so great already was
his fame ; and after renewing his studies in that city
also, and employing his leisure hours in painting the
likenesses of some of the distinguished personages
about the Papal Court, he returned to Madrid in the
year 1631. From this time he devoted himself to Por
trait Painting, in which he attained such skill, that
none but Rubens or Vandyke could produce Pictures fit
in any sort to be placed in competition with his. Some
years afterwards, Velasquez made a second journey to
Italy, charged, it seems, with a commission to make a
large collection of Pictures, Statues, and Busts, for the
decoration of the Royal Palace at Madrid ; which
served as guides for the succeeding generation of the
artists of this School. After this, we hear little more
of him till his death in the year 1660.
No man certainly had so great an influence on the
profession in Spain, or contributed so much to improve
3R 2
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Painting, the ideas of his countrymen in general, both by precept
■V"^ and example, as Velasquez. As a Painter, indeed, of
a natural style, he has rarely been surpassed by the great
est masters ; while we may add, that his just distinction
of distance, his brilliancy of effect, and the beauty and
harmony of his colours, entitle him to a still less quali
fied approbation in the ornamental branch of the Art.
With regard to the peculiar gracefulness of his touch,
we need only quote the words of Haffael Mengs : " the
pencil," he says, speaking of a Picture by Velasquez,
" seems to have no share in execution here, it seems as
a simple exertion of the will.
His pupils.
Martinez del Mayo, a Portrait Painter and Painter in
water colours, was one of his pupils, as was J. Carreno
de Miranda, a Painter of History in fresco, who also
excelled in Portraits, and was in many respects a most
successful imitator of his master. It is observable, that
many Historical Pictures, and those, too, chiefly works in
fresco, were produced about the middle of the XVIIth
century, in Madrid, Valladolid, and other great towns,
by Matthew Cerego, and Claude Coello. Of this last,
who was greatly patronised at the Royal Palace, it is
said by the Spaniards, that he united the design of
Cano to the brilliant effects of Velasquez, and the
colouring of Murillo ; thus combining the excellencies
of the chief heroes of the Spanish School. He is con
sidered as being the last of the better class of Painters
belonging to Madrid.
School of
There is preserved in the Cathedral at Cordova a
Seville.
small picture of the Annunciation, painted upon
wood by one Pietro, a native of Seville, and bear
ing the date of the year 1500. This is, however,
merely a matter of curiosity ; and though some other
names of the same period are preserved, they only
serve to prove that Painting was rudely cultivated in
these parts even at that day. The first person of note of
Louis de
whom we have any account is Louis de Vargas, who was
Vargas.
living at Seville in the former part of the XVIth cen
tury. He had made a voyage to Italy, it seems, and
studied there under Perino del Vaga ; and such was his
proficiency in the line of History, that there are those
among his zealous countrymen who compare him to
Raffael. We have honourable mention made, too, of
Paul de
Paul de Cespedes, who was' born at Cordova in 1 538,
Cespedes. and became eminent as a Sculptor, an Architect and
a Painter in fresco. He went too, as others did in his
day, to improve himself in his Art, by studying in Italy,
and placed himself under some of the followers of
Michael Angelo ; and there are specimens of his pencil
yet to be seen in some of the Churches at Rome.
In 1577 he returned to Spain, on the occasion of
being appointed to a Canonry at Cordova ; and it was
between this city and Seville that he subsequently
divided the remainder of his days. L. de Vargas cer
tainly possessed a more Classical turn of mind than
any of the other Spanish artists, and we cannot deny
him the merit of being a good colourist. But in
speaking of the Spanish School, we must regard with
still greater feeling of interest those who never had re
course to foreign study, and who formed themselves with
a truly national spirit, from resources purely their own.
One such Painter we find at Seville, in this period,
Herrera.
namely, Fr. Herrera, (the elder,) many of whose His
torical works are to be seen in the Churches at Seville.
And . though, as has been already related, Velasquez
disdained him as an instructor, the traveller in Spain
recognises in him a degree of skill and talent which

does honour to his country. It was his sod who was s
patronised by Philip IV., and, though professedly a W™
Painter of History, was so successful in still-life pieces, v"-v*
particularly fish, &c, that he obtained the name of /]
Spagnolo delli pesci.
Alyhouso Cano was born at Grenada in 1601, and Cm.
lived and paint ed chiefly at Seville, though there are few
Churches or Convents in Madrid, Grenada, or Cordova,
that do not possess some specimens of his pencil. He
studied in Italy ; and it is not uncommon to hear his
works in Sculpture compared to those ofMichael Angelo,
and his Pictures to those of Albano ; and from these ex
pressions, though we may not be prepared to admit the
justness of the application, we may yet be enabled to
form some idea of his style and manner in those two
lines of Art. We must also add, that, like some of the
Florentines, he studied in a third department, and was
a Professor of Architecture. He left behind him a very
numerous band of scholars, and certainly must be con
sidered as having greatly contributed to the success
of the Arts in Spain. Michel Jerome Cieza is the one
of his scholars who comes nearest to his master's
style.
Fr. Zurbaran, the Spanish Caravaggio, as he isZur'stn
called, was born in 1598, and formed himself chiefly by
copying the Pictures of that master which were to be
seen at Seville, for he never travelled to Italy. His
chief works are, the Pictures over the high altar in the
Church of St. Thomas at Seville, the Paintings for the
Convent of the Carthusians atXeres, and the Labours of
Hercules for the Retiro at Madrid. Bamabi iJr.ala,
and the Polancos, were among his best scholars.
P. Moya was born at Grenada in 1610, and first Mop.
learned the principles of his Art at Seville ; but in the
course of his journey to Flanders, he saw some of the
works of Vandyke, and thenceforth would study no
other master ; he even went to England, in order to
place himself under his instruction. Some of his works
are in the Churches at Grenada, for he was a Histori
cal Painter ; and there are many others in the hands of
individuals both in Spain and England. J.Atkanasivi
Tiocanegra came nearest of any succeeding Painter to
the style of Mova and Vandyke.
Barllielemy 'Esteban Murillo however is the chief*-*
glory of the School of Seville. This great artist, for
such he is universally allowed to be, was born in the
year 1618. With regard to his earlier studies it is
worthy of remark, that he did not, as his predecessors
had done in general, form himself upon the Italian
model, but turned his attention to the Flemish Painters,
or rather, as the last-mentioned artist had done, addicted
himself to the principles of Vandyke. It is said, in fact,
that it was from the visit of Moya to Seville, that he
first gained an idea of what might truly be called
excellence in Art ; or, in other words, that line which he
followed was the only one wherein were displayed
those peculiarities which were congenial to his own
natural ideas. Launching into the world without money
or even friends, we see this young man sitting down
and painting a few pieces of canvass, which he sold
to a hawker to be carried out to the Indies, and with
money thus raised he went to Madrid, and intro
duced himself to Velasquez. Velasquez was at this
time a great man about the Court ; but, far from
being offended with his conduct, or feeling as a more
vulgar mind might have done on such an occasion, he
received him at once with kindness and even fanu-
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liniinf. liarily ; taking care to lay open to his inspection all the
-v—^ choicest works in the Palace of the Escurial. In con
sequence of the advantages thus offered to him, we
learn that Murillo staid there three years, and, from his
studies and diligence so unremittingly pursued at the
Capital, started at once as a finished Painter. This
kind act of Velasquez was a moral lesson to Murillo,
which he never suffered to be obliterated from his mind,
and he, too, in his turn, when afterwards he had risen to
eminence, always showed agenerous readiness of disposi
tion to every young artist who was presented to his notice.
He it was, indeed, who first formed the project of esta
blishing an Academy of design at Seville, which he
finally succeeded in accomplishing, in spite of the great
opposition with which he met. Murillo exhibited great
talent, both in Historical composition and in the more
homely figures of common life. As to style of design,
he is one of those whom the Italians call a naturalista,
that is, without any pretensions to Classical grace ; but
the truth and strength of character that pervade his
Pictures, give him with the world in general a higher
recommendation; to this he added a force and richness
of colour equal to the best productions of his mighty
prototype. The greatest and most perfect Painting by
Murillo is said to be the St. Antony ofPadua, which is
placed in the Cathedral at Seville, and for which he
received no less a sum than 10,000 rials from the
Chapter. Some of his Pictures are to be met with in
the Royal Palaces in Spain, and almost every collection
of note throughout Europe will afford some example of
this great master. It may be said that no artist, if we
except Rubens, ever had the reputation of painting so
many Pictures as Murillo.
pupils.
Of the pupils of Murillo whose Pictures are often
confounded with his, it will be sufficient to mention
the names of Antolinez, Villa Vicencio, Tobar, Menesco,
Osorio, &c. Sebastian Gomez is, perhaps, still more
successful in his imitations.
Another follower of the style of Vandyke and Rubens
was Nino de Guevara, who also lived in the XVIIth
century ; if, indeed, it is fair to introduce any such
person as a parallel to the name of Murillo. We
may close our account of the School of Seville with
the names of P. Camprobin and J. Arellano, Flower
Painters ; Joseph Antolinez, (scholar of Ricci,) a
Painter of Landscape, and Henri des las Marinas, as
his title imports, a Painter of Sea-pieces.
»! of
Nicholas Factor (le beat,) the Painter of Madonne,
n. is the first name on the catalogue, in point of time,
at Valencia; he lived early in the XVIth century.
Of still more note, in regard to the degree of skill
which he attained, was the Pere Nicholas Borras, who
filled the walls, cloisters, altars, &c. of the Convent
of St. Jerome di Gaudie at Valencia with his Paint
ings. He seems to have been indebted for his great
est proficiency in the Art to his acquaintance with
>•
the celebrated Vincent Joanes, a person of whom it is
our duty next to take notice. Joanes, who is the glory
of the School of Valencia, was born in 1523. He
studied in Italy for some time, according to the fashion
of the day, and there he learned to imitate, and not
unsuccessfully, the manner of Raffael ; so much so that
some have supposed him to have been his pupil ; the
date of his birth however renders this impossible. The
piety of his feelings deserves to be recorded, as well as
his skill ; for the same fact is related of him as of Louis
Vargas, namely, that before entering upon a sacred
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subject he invariably prepared himself for the task by Spanish
taking the Sacrament. At the Palaie at Madrid Scl,0<>1are six magnificent Pictures by Joanes, representing V—"V""""'
the History of St. Stephen ; and many of his works
are to be seen in the Churches at Madrid, Segovia,
Valencia, &c. His manner of Painting is not alto
gether free from restraint, but still there is so much of
energy, such skill in foreshortening, and such a flow
and fulness in his draperies, as to make ample amends
fbr this fault, and banish the imputation of poverty
or servility from his style : his colouring, as might be
expected, savours much of the Roman School. He had
a son, Vincent Jean de Joanes, who must not be con
founded as a Painter with his father, to whom he was
greatly inferior in talent.
Matarana and Yavarri were also respectable Painters
of Historical subjects at that day, and chiefly in fresco.
There were, too, three Historical Painters at Valencia
of the name of Zarinena.
The Venetian style and manner of Painting seems at
all times to have had great attractions for the Spanish
artists ; but there are few, if any, amongst their number
who were more successful in seizing its peculiarities
than Petro Orrente, of Montalegre, in Murcia. His
favourite master was Bassano, and it was after his
fashion that he used to paint both Historical subjects
and those of common life. Examples enough are to be
met with at Toledo, Madrid, Cordova, Badajoz, Valen
cia, and in his native Country ; those which gained him
the most admiration are eight designs from the Book of
Genesis, in the possession of the family of De Huertas :
he lived in the latter part of the XVIth century.
Contemporary with Orrente was the Augustan friar,
Leonardo, a Painter of History, Portraits, and Battle
pieces. He received a commission from the General of
his Order to decorate with Paintings his Convent at
Madrid ; and he was employed also in many works at
Toledo, Cordova, Valencia, &c.
Francis Ribaita was born in 1551, and chancing Ribalta,
during his state of pupilage to fall in love with the
daughter of his master at Valencia, and being refused
the honour of her hand, he betook himself to Rome ;
probably as much for a diversion of his thoughts, as for
the purpose of making himself considerable by his
talents. There he employed himself in copying the
standard Pictures of Raffael, the Caracci, and more
particularly those of Sebastian del Piombo ; and at his
return, so gratified was his master by the talent he dis
played, and so satisfied that he would make his way in
the world, that he freely gave him his daughter in
marriage. His colouring is rude, but in Drawing and
composition he is excelled by few ; and so much are his
Pictures esteemed at Valencia, that the citizens of that
place very unwillingly part with any of his works.
He painted also for many of the Churches at Madrid,
Valencia, Segovia, &c. Castaneda and Bausa were his His pupils,
best scholars. His son, too, Johan Ribalta, equalled his
father, though he exerted his talent in a different
branch of the Art, confining himself almost wholly to
Portrait Painting. Hyacinthus Jerome de Espinosa also
is said to have been a pupil of Ribalta, born in 1600 ; he
painted Sacred History in good style ; but there are three
other Painters of this name and family, who were
also Historical Painters. Stephen March, or March des S. M; rcli.
Batailles, so called from the usual subjects of his
pencil, acquired great fame from the bustle and spirit
of his designs, as well as from their colouring, which
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Painting resembled that of the Venetian mode. He had a
pupil, named Sotomayor, of considerable merit in the
same line.
Mathicu Gilarte a Painter of History, was a pupil
of one of the Hibalta School, who served to keep alive
the memory of that great artist : his Pictures are in
most of the Convents of Murcia, Toledo, and Madrid ;
he was born in 1648. We must not omit the name
of Augustus Gasal, who was formed in the School of
Carlo Maratta at Rome, and whose heavy manner he
followed : his Paintings are to be found chiefly in the
Convents and Churches of Valencia, where he died at
the beginning of the XVIIIth century. Don Vincent
Victoria (the Canon) was a scholar of the same, and
many of his Pictures, both in Italy and in Spain, pass
under the name of that master.
FRENCH SCHOOL.
The art of staining glass with a variety of permanent
colours was, as we have before mentioned, the invention
of a Frenchman, William of Marseilles ; but except in
works of this description, which, however beautiful in
themselves, are of a totally distinct nature from the
usual studies of a School of Painting, little or no pro
gress appears to have been made in France before the
day of Francis I. We find, indeed, $he name of Jean
Cousin, who was bom at Soucy near Sens in 1462, the
author of certain Treatises on Art, and a few samples of
whose practical talents are preserved by the engraver.
We have also the name of F. Clouet or Janet, a Portrait
Painter, and, in the Historical department, those of
Dubreuil and Freminet, who were flourishing towards
the middle of the XVIth century. But with the reign
of Francis I. was introduced a new and more brilliant
ffira of Art. That monarch commenced his patronage
by inviting Italian artists of high reputation to reside at
his Court, Rosso, Nicolo del Abate, and Primaticcio ; their
style was captivating, and became fashionable ; and thus,
through a rage for Italian study and Italian taste, was
developed the latent germ of native genius in France.
The first Painter of eminence who was thus brought for
Vouet.
ward was Simon Vouet, the son of a Painter at Paris,
born in the year 1582. He was fortunate enough to
meet with the patronage of the French Ambassador to
Turkey, by whom he was carried to Constantinople, and
afterwards sent to Italy, where he remained upwards of
fourteen years ; and let it be observed, that, though a
Frenchman, his talents were such as to acquire for him
even in that great seminary of Painters no ignoble
name : the Picture of The Assumption, for the Chapel of
the Chapter of St. Peter's, is reckoned one of his best
works : there are many others, however, which have
become familiar to the Public by the hands of the
engravers. In the School of this artist were formed
His pupils. Valentino, Le Brun, Le Sueur, Dufresnoy, Mignard,
Testolin, La Hyre, and many others, who in their day
did honour to their Country. Jacques Blanchard was
Jacques
Blanchard. a contemporary of Vouet, but far inferior to him in
originality and talent : he, nevertheless, gained a great
reputation from his successful imitation of the Venetian
style , his compositions abound with female forms,
and he gained the name of the French Titian.
Nicolas
A still greater artist next appeared, namely, Nicolas
Poussin. Poussin, who was born at Andely in Normandy in
1595. The greatest part of his life was passed at
Rome j and by his unceasing application, during his

residence there, he formed for himself a more truly Frank
Classical and learned style than any other Painter upon ScM
record, scarcely excepting Raffael himself. Still, it was V""V»'
not a cold or tame and lifeless grace which his figures
exhibited, but a full nervousness of expression, thai
showed the deepest knowledge not only of the externa!
and anatomical movements, but also of the inward
emotions of the human heart. We have in England,
in the collection of the Marquess of Stafford, some of
his most perfect pieces, namely, The Seven Sacraments:
engravings of his other more celebrated pieces, such as
The Deluge, The Philistines smitten by the Plague, Tk
death of Germanicus, and The discovery of Mom, are
in the hands of all amateurs, and give a beUer idea of
his style than any words can express. N. Poussin had
no actual scholars under his charge, but there are few
Painters of France of his day who were not indebted lo
him for advice ; and still fewer of any day who have not
profited by his example : we may safely say, indeed,
that his manner gave the turn and fashion in France to
all the artists that came after him ; in short, the Poussinesque style is as truly the characteristic of the French
School as the Raffaelesque is of the Roman.
We may mention Jacques Stella of Lyons, a friend of Sitlli.
Poussin, as one who closely and successfully imitated
his manner of composition ; he was patronised by Car
dinal de Richelieu. Many of the first People of the
Court seemed to have imbibed a taste for Art from the
example set them by Francis I., and there was no want
of patronage to a young artist who displayed al this
period any symptoms of talent.
Francis Perrier, a native of Burgundy, born in 1590, P™9
went to Italy, and placed himself for a while under
Lanfranc ; but his unfortunate instability of disposition
became his ruin, and he painted but very few Pictures,
being at this day known in the world chieBy as an
engraver. Francis Blanchard, of Paris, is recorded r.Kis:d
as a Painter of History about this period, and a very
respectable if not a great one. He too studied in Italy,
and followed the manner chiefly of the Venetian School.
To these we may add Jean le Maire, a Painter of per
spectives, and Jean Mosnier, a glass Painter. They also
went through their course of study in Italy ; for it
seems as if fashion had now made this journey an ab
solutely necessary part of almost every Painter's educa
tion.
The next person whom we shall mention is one who
did honour to his foster Country, and who deserves to be
remembered by all his countrymen for his talent : the
traveller in Italy will recognise a very beautiful Painting
from his hand, which has the honour of a place in the
collection at the Vatican Palace. His name is Moue It
Valentin, or Valentino, as he was called more usually
by the Italians; he was born at Coulomiers in 1600;
it appears that he left the School of Vouet, at Paris, m
order to study in Italy, where he became a great
admirer of M. Caravaggio, and after his fashion painted
his figures in a strong, forcible style upon a dark or
rather black background. His Concert, Judith with W
head of Holofernes, and some few other of his Picturesare well-known.
^
J. Bapt. Mola, or Mola da Francia, for he too was 3
Frenchman born,was another ofthose who abandoned the
School of Vouet for those of Italy: he may be remarked,
however, as having adopted a style directly opposite to
the last-named artist, becoming a follower of the graceful
and soft Albano; many of his Pictures
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aiming, passed under the name of that great master. Jacques
-v—*" Callot, also, whose little military pieces, the Temptation
of St. Anthony, &c, are so universally admired, was
of this day, and, like the others, studied in Italy. We
t
might mention, too, Ferdinand Elle, who as a native of
Malines rather belongs to the Flemish School, yet con
stantly resided at Paris, and is but little known else
where. He painted Portraits chiefly. He left a son
behind him in the same line, usually known under the
name of Ferdinand the younger.
Up to the time of which we now speak, the Painters
in France seem generally to have exercised all the
several branches of the Art of design ; this appears
evident upon considering the very various specimens
sent by them as their contributions to the earlier exhiyil Aea- bitions of the Royal Academy of Paris. Many diffi5 of
culties, it seems, here, as in other Capitals, stood in the
way, and much was to be done before this establishment
was settled on a proper foundation. The name of the
Academy, indeed, existed as early as the year 1648 ; but,
notwithstanding, it is quite clear, that it was not till
seven years afterwards, that letters patent were obtained
for its formation under Louis XIV. In his reign it re
ceived great encouragement, its funds were large and
numerous, and Chairs and Professorships, and honours
of various sorts, were accorded to it. A most important
addition was afterwards made to it, by the establishment
of a second Royal Academy of France, in the seat of
the Arts, at Rome itself ; where young French artists,
who were deserving of patronage, might be received and
assisted in their studies. This plan was not finally ac
complished until the year 1765. The Palazzo Medici
on the Monte Pincio, having then been purchased for
this purpose, is the present residence of the young
Frenchmen during their period of study at Rome.
Sueur,
Le Sueur, one of the most zealous partisans of the
Academy, and who uniformly supported its interests
against those who were adverse to its formation, was
born in the year 1617 ; and his name is commonly men
tioned by the French writers with more than ordinary
delight, as affording the best specimen of what pure,
native French talent has been able to effect. It is true,
indeed, that he never studied in Italy, but at the same
time it is evident to the most casual observer of his
works, that he must have formed himself chiefly by
attention to the works of Italian Painters ; and though
there are few who have been provided with a greater
stock of invention and natural feeling, yet, again, there
are few who exhibit in their compositions such strong
lineaments of imitative Classical study. His colouring
is not forcible, but still possesses a certain degree of
harmony, which soothes the eye of connoisseurs, and
makes them forget his faults. Harmony, indeed, and
milder affections of the soul seem alone to be natural to
Lie Sueur; but still he was sufficiently powerful to excite,
by the manner of his design, a strong interest in the
mind of the spectator, and may be fairly classed among
the best of those whom a Roman would place at the
head of the Transalpine School.
He died at the
age of thirty-four, but left even in this short life many
works to attest his ability and skill : of these we may
mention the Life of St. Bruno, St. Paul preaching at
Ephesus, The Martyrdom of St. Laurence, Our Saviour
tcith Mary and Martha, Our Saviour carried to the Se
pulchre, and Alexander receiving the cupfrom the hands
ofhis Physicians ; most of which have been made known
to the public by the labour of the engraver. Nicolas
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Colombell, of Sotteville, was his only scholar who attained French
any great name.
School.
The name of Claude Lorrain has of late years been v"""v^"*
inserted in the catalogue of French Painters, but they claudehave little claim to this great man, since his native
province was not yet annexed to France : it does not
appear indeed that he ever set his foot within the limits
of the French Monarchy, and his style was formed where
his life was almost wholly passed, namely, at Rome.
The name of Dufresnoy is known rather from his Dufresnoy."
Poem on the Art of Painting, than from the specimens
of his pencil, and therefore may be passed over in
this brief History of the Art ; but the next name occur
ring on the catalogue, is that of one of the most dis
tinguished French artists, namely, Sebastian Bourdon. Bourdon.
He was one of those instances of precocious talent
whose life, contrary to vulgar prejudices, was prolonged
so as to enable him to justify the promise of his early
years: he was born at Montpellier in 1616, and at the
age of fourteen designed and executed in good style,
as it is said, a plafond in the house of a gentleman near
Bourdeaux. In a later period of his life, after his re
turn from Italy, we find him equally happy in his com
position in all the three chief branches of the Art, in
History, Landscape, and Portrait ; while it may fairly
be said, that his imitations of Poussin, Caracci, and
Sacchi, are of a nature to deceive the eye of even an
experienced connoisseur. Jacob carrying away the
idols of Laban, TheVirginand Child, The Seven Labours
of Piety, and some others, have been engraved ; and a
beautiful Landscape, given by the late Sir G. Beaumont
to the National Gallery in London, is familiar to the
public.
Owing to a reputation which was enhanced beyond
its due merit, by the favour and partiality of the Court
of France, there are few Painters of that Country whose
names have a more extensive reputation than that of
Le Brun. He had some talent, certainly ; but he will Le Brun.'
be quoted always by the judicious connoisseur, as
affording a sample of the worst style of Historical Paint
ing that ever forced itself upon the public notice; Le
Brun peint a nos yeuJC lefier et le terrible, says the Poet,
nor can we characterise his style better than by these
two words : and yet it is not that sort of fierceness and
terror which interests us in looking at a Picture, it is one
continual bustle, that distracts the attention, and offers
no rallying point for the Imagination or the feelings.
Repose is a quality utterly banished from his works ;
and though he represents, in some of his Pictures, the
Passions of the Soul, and even wrote a Treatise upon
the subject, it is only in their vulgar and most staring
forms that they are ever depicted by him on the canvass.
No one is farther removed from the Poetic dignity of
the Art, which alone enables it to interest and ennoble
the mind. He gives the most perfect sample of that
deficiency of sedateness and grandeur of style, which
the Classical Winckelmann describes, by borrowing from
the Ancients the term parenthyrsis.
Verdier, Houasse, and Audran, were the scholars and His pupils,
assistants of Le Brun, whose style they imitated with
but too much servility : indeed, it may be said, that in
consequence of the splendour of a name honoured as
his was by Court favour, his style not only became the
fashion of his own day, but has stamped a character on
the French School, which it retains in great measure
even to this time ; and in spite of the ingenuity of mo
dern declamation and the judgment developed by modern
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connoisseurs, the annual exhibitions at the Louvre
savour more strongly of the fierceness and audacity
of Le Brun, than of the chaste energy of Poussin.
Peter Mignard and Nicolas Mignard, two brothers,
born at Troves, and both distinguished Painters of Por
trait and History, flourished during the earlier part of
the XVIIth century. Peter, however, who studied for
many years in Italy, was the more celebrated of the
two : he succeeded Le Brun in his place of Chief Painter
to the King of France, and some splendid specimens
of his talent are still to be seen in the Royal Palace at
Versailles ; where the connoisseur will observe, that if
he fail in force and dignity of expression, there is yet a
softness and harmony of composition, and freshness of
colouring, demanding our admiration.
The two Lenains, Louis and Antony, were excellent
Lena!as.
Portrait Painters, and they have left behind them also
some groups of figures, designed in a picturesque style,
which are remarkable for their freshness of colouring,
and happy facility of expression : they died about 1648;
little else is known of their history.
Philip de Champagne belongs, by birth at least, to the
Philip de
Champagne Flemish School, but he passed the greater part of his
life at Paris ; and his Portraits, or compositions con
taining few figures, possess great merit.
Jacques Courlois or Bourguignon, (as he is usually
Bourguigcalled,) is well known from his spirited Battle pieces ; he
passed the best .of his days, and painted his best Pic
tures, in Italy. He left behind him a successful imitator,
Parrocel. in his countryman, Joseph Parrocel, who, upon his
return from his studies in Italy, obtained employment
at the Court under the reign of Louis XIV. ; this was
at the time, too, that Vandermeulen had long enjoyed
the chief favours of his Majesty, and was regularly
retained by him to detail with his pencil the military
glories of the day.
A. Coypel was one of the best Historical Painters of
Coypel.
Paris towards the end of the XVIIth century ; in his
Pictures we first trace the appearance of French faces
and French manners in the personages represented on his
canvass ; a fault wlfich afterwards became very common
amongst the secondary Painters of the French school :
Athaliah, Jephthah, Solomon, Susannah, Venus, &c,
are all so many French men and French women in
disguise, as may be seen in the engravings after his
works. There were four artists, however, of some
note belonging to the family of Coypel; nor were the
stocks of Halle, Boulogne, and Detroit, much less pro
lific in Painters, though their fame is not very much
extended beyond the limits of France.
De Lafosse. De Lafosse deserves our notice for the neatness of
his colouring; some of his chief works were his Paint
ings at the Palaces of Versailles and the Trianon, and
he was also much employed in England by the family
of the Duke of Montague. His nephew, Ant. Pewie,was
Pesne
a respectable Portrait Painter, who established himself
in the service of the King of Prussia tit Berlin, where
he finished his days.
Jean Jouvenet is celebrated for his Picture of the
Jouvenet.
Descent from the Cross, which is said to be one of the
best compositions of the French School : many other
of his works have been engraved, and it must be con
fessed, that he is not devoid of originality or greatness
of manner : he died in 1717.
Sophie
At the same time flourished Sophie Cheron, who
Cheron.
attained a high and deserved reputation in her day :
her style of design was tasteful, and her colouring

excellent : it was her brother, Louis Cheron, who was M
driven to England at the time of the Revocation of the Sad,
Edict of Nantes ; his works are often to be met with 1—
and never fail to attract our attention by their very ^
Classical and pure style of design: we have manvC'l!ra
Of his designs in one of the large-sized editions of the
Bible used in Parish Churches.
Another French artist, who found employment in
England at that time, was Nicolas de LargtiUirc, who
even at the early age of eighteen surprised the Ring, f^fk
Charles II., by the vigour and freedom of his pencil: ^
he did not live in England, however, but went back to
his native Country, where he attained the favour and
applause of his brother Academicians, though he cannot
be said to have been honoured by the patronage of
the Court.
Hyacinthe Rigaud, a native of Perpignan, gained ^
great admiration at Paris, for the beauty of his Por
traits. Rigaud is the Vandyke of the French School, as
J. B. Monnoyer is their Van Huysum : there are, per- imm.
haps, few men who have attained greater reputation in
this line : he was generally assisted in his labours by
his relative and scholar, De Fontency, who perhaps DtFca»
painted with more truth and fidelity, if with less of
Poetical spirit than his master.
The Pictures of Watteau, whose name next occurs Wcsa,
in the list, are bouquet-like in point of the exquisite
effect of their colouring : though, perhaps, they enchant
us still more by the lively comic grace of hk figures,
and the spirit of his design.
Le Pautre, La Fage, Le Maire, Le Moint, C«e»,
Raoux, Nanteueil, L. Ferdinand, &c, as Painters of
Portrait or History; Petitot, as an Enamel Painter,
J. Forest, J. Rousseau, his pupil, Meusnier, and P. Pole/,
as Landscape Painters, and many other artists of a
secondary rank, were flourishing about the end of the
XVIIth century, and beginning of the XVIlIth, at a
time when the Court had shown a most indulgent spirit
of patronage for the Art, and almost every great officer
of State, every farmer-general of the finances, every pre
late of the church, or even every banker of eminence,
became anxious to signalize his wealth or his taste by
becoming a purchaser of Pictures, and an amateur of
the beaux arts.
Some of the best works executed at this time at Paris
were the architectural pieces of Servandoni, a native of
Florence, and pupil of P. Panini : and of those of the
native Painters, we may mention the Brazen Serpen! wj
P. Subleyras, a Picture which displays talent of a high Si»n"
order. Some other valuable Paintings by this artist are
now to be seen in the Louvre.
Of merit scarcely inferior are the Historical compositions of Fr. de Troy; his Salmacis and Hermaphn- d>b.
dilus, Solomon and the Queen of Sheba, tec. Those
of Restout, also, (in spite of an almost tedious mat- feca;
nerism, displaying itself in a certain precision and
angularity of design,) are pictures of merit.
Fr. Boucher, a scholar of Le Moine, gained also a tc.i*
great name at Paris ; and there are few artists whose
works have been more largely made known than his have
been by the assiduity of the engravers ; but his reputation
was chiefly obtained by the facility with which he re
presented the graces of the female sex, and by scenes in
which their unveiled charms might be exliibited to ad
vantage ; he sought, in fact, to allure purchasers by ex
citing their passions, because he was unable to produce
any admiration by his taste or skill. He had many
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Painting, scholars and followers who were successful in his style,
v^y-w if success it may be called,—for it was only success in
finding a vent for their productions,—these were Bourdouin, Metlai, Des Hayes, Fragonard, and Juliard, who
was also a tolerable Landscape Painter, and Le Prince,
a Painter of Pastoral pieces, &c.
The names, however, which reflect the highest
honour on the French School, in the middle of the
XVIIIth century, are those of Fernet, Chardin, Greuze,
and Latovr.
•met.
The Sea pieces of Fernet, for the boldness of his de
sign, and the strength and force of his effect, are beyond
all praise ; but he introduced, it must be confessed, a
certain air of artificial peculiarity not only into the
attitudes of all his figures, but even into his tone of
colouring. He may truly be called a complete French
Painter.
urdia.
Chardin painted Portraits, animals, fruits, figures,
&c, all with the same true spirit of execution, happiness of touch, and fidelity to Nature. Greuze succeeded
chiefly in his fortunate power of seizing and portray
ing the more common and familiar emotions of the
soul ; his subjects are not heroes or demigods, but are
usually taken from the middling classes of common life,
and there are few people that will not feel a sympathy
in the scenes which he represents : he stands alone in
tour.
the French School in this walk of Art. Latour excel
led only in the use of the crayon, but by his spirit and
truth of manner he gained a well deserved name.
Louis XV., the Dauphin, Voltaire, and many other
persons of rank and fame, were painted by his
hand.
nloo
Under the name of Vanloo we have Charles, the son
of a Painter at Nice, born in 1705, and who had com
pleted his studies under Benedetto Luti at Rome. At
Paris he soon excited public attention, received the
honourable appointment of chief Painter to the King,
and was decorated with the Order of St. Michel. The
Jlaying of Marsyas, The chaste Susannah, The Three
Graces, &c, are among those of his works which are
most known, and best deserve to be so. He must be
regarded, however, as a man shining in consequence of
the weakness of his competitors and contemporaries in
the profession, rather than by the vigour and force ofhis
own ability. His scholars are Lagrene, (the elder,)
Doyen, Julien, Olivier, &c. His brother, Charles Philip
Vanloo, and his son, Louis Michel Vanloo, both were
Painters of Portrait and History: but the chief glory of
the family is derived from /. B. Vanloo, of Aix, born in
1684, but who of course does not belong to this School,
at least if we regard the locality of his birth.
We may close the list of the School of France with
the names of Nicolas Laneret, a successful Painter of
familiar scenes, and a pupil of Watteau ; J. Pillemont,
a tolerable Painter of Landscape ; Robert, a Painter of
architectural ruins and picturesque compositions of that
L
nature ; and, though last not least, David. The works
of the last are full of the restlessness of the style of Le
Brun, and are familiar tp all visitors at Paris of the
present day. Yet here it is but fair to say, there ap
pears to be more talent in the Painters now living, and
more promise of honour to the French School in the
Historical line, at least, than the latter part of this
sketch would have led us to infer. They "must
be allowed to have succeeded in some respects be
yonrl their contemporaries, either in England or yet
in Italy. If we were to hazard a critique upon them,
vol. v
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we should say, that the line they have adopted savours English
too much of an artificial imitation of the antique on the School,
one side, and of theatrical gesture on the other ; and s,—V*1
they certainly never succeed in entirely divesting them
selves of a certain Frenchified air, as to the attitudes of
their figures, which stamps them, in spite of their real
merit, with incontrovertible marks as the most decided
mannerists of the Age.
ENGLISH SCHOOL.
The most diligent researches of the Historian afford
but few notices of native British artists, or, at least, of
such as deserve that name, previous to the XVIIIth
century : and certainly there are none who can, as to
their style, boast of a character of their own, or who pos
sess such merit as to enable us to speak of them as form
ing a School of Painters. From the earliest times it
seems to have been the custom, both with the Court
and with the Prelacy, to send for foreigners either from
Italy or from the Low Countries, for the execution of
any important pictorial decoration. Thus were intro
duced P. Cavallini, in the reign of Henry III., and
in after-times John of Mabeuse, H. Holbein, Lucas de
Heere, Marc Willems, Sir A. More, C. Ketel, F. Zucchero, Gentileschi, Honthorst, C. Jansen, Rubens,
Vandyke, Vandevelde, Sir P. Lely, and Sir Godfrey
Kneller ; and a host of other foreigners, with whom it
was difficult for the homeliness of native skill to main
tain a struggle. The very names of the workmen and
inferior artists employed in the more mechanical part
of the works intrusted to the Painters just mentioned,
appear in early times to have been generally foreign,
and the Art seems to have been regarded as a mystery
of a rather occult nature. We must suppose, however,
that the example afforded by the labours of such illus
trious strangers, and the extreme admiration excited by
their works, would have some effect in exciting a spirit
of emulation, or, at least, of imitation, amongst our
Countrymen ; and to this circumstance we are indebted
for the formation of those few British artists who,
though of an inferior description, are all that this Coun
try can boast of in days of yore. Such was Master
Walter, employed by Henry III. upon certain Paintings
in the Palace at Westminster. Such was John Thorn
ton, of Coventry, who painted the east window in York
Cathedral, during the reign of Henry VI. Such were
Andrew Wright and John Brown, Serjeant Painters,
as they were called, and Members of a chartered
Society, which was formed in the reign of Henry VIII.
Such, in the succeeding reign, was John Bossam, of
whom, however, we know nothing more than is to be
gleaned from the commendatory remarks of a contem
porary artist. Such, too, was HiUiard, in the reign of
Elizabeth, who has some little claim to our notice, as
being one of the masters of Oliver.
Isaac Oliver is the first British artist on record of Oliver,
whom we can safely speak with any degree of com
mendation ; and whencesoever his family was originally
derived, for this is a disputed matter, he, at least,
was certainly born on our soil. His province was
Portrait Painting in miniature, many specimens of
which are now preserved. Those of his works which
are most known, are a head, supposed to be that of
Mary Queen of Scots, and others of Queen Elizabeth,
Ben Jonson, &c. He died in 1617, leaving a son, Peter
Oliver, who imitated his father's style with much success.
3s
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Painting. Thomas and John Belle* also were living in this reign,
and painted Portraits with much truth and fidelity of
manner,—their fashion being evidently built upon the
taste introduced by Zucchero, or some other Italian.
Lyne, Peaks, Arnold, William and Francis Segar, and
Peter Cole, also are chronicled as Painters of renown
in this reign; but, as to their deserts, they may be
passed over. We find that the munificence of Charles I.
and his Court, called forth some latent sparks of genius
from amongst our countrymen, but even these artists
were formed after the examples and precepts of the
foreigners who were then so largely employed in En
gland. The decoration of the Banqueting-house at
Whitehall, the purchase of the Pictures of the Duke of
Montrose, and the encouragement and patronage given
by the Court to such men as Rubens and Vandyke,
inspired a new feeling into the People of England
towards the Arts of design, and left an impression the
effects of which were visible during the succeeding Age.
William Dobton was born in 1610 : he came to London
while young, and some of his Pictures, exhibited for sale,
having by chance attracted the attention of Vandyke,
that great artist had the generosity to recommend him to
the favour of King Charles. From that day his fortune
was secured, for he had merit enough to ensure his
success, as soon as an occasion of displaying his talent
was offered him. He gave so much satisfaction to his
Majesty, that he finally succeeded, at the death of Van
dyke, to the place of Serjeant Painter. He painted both
Portrait and History ; and his General Monk, &c., at
Chatsworth, and The Beheading of St. John, at Wilton,
may be mentioned here as being among the best speci
mens of his skill in these two departments ofArt : as to
merit, he may be classed (and it is no small honour)
among the most successful imitators of Vandyke.
Jameson.
George Jameson was a pupil of Rubens, whose man
ner he chiefly followed : most of his works are to be
found in the seats of his Countrymen in Scotland, and,
if not quite equal in beauty to the pieces of the lastnamed artist, they are of a degree of merit by no
to be despised.
A. Cooper.
Alexander Cooper, an excellent drawing by
representing Acteon and Diana, is preserved in the col
lection of Pictures at Burleigh, was also an eminent
native artist who flourished in this reign, as likewise
Hotkins. did his uncle, John Hoskins, a Portrait Painter.
After these we may mention Robert Walker, a Portrait
Painter, who was much noticed and patronised by
Cromwell, during his usurpation. The Protector had
his Portrait taken both by Walker, and another Painter
of the name of Edward Mascall ; as well as by Sir
P. Lely, Samuel Cooper, and Gibson, the Dwarf.
Toller.
Isaac Fuller's inimitable Picture of himself, when in
a state of intoxication, will be called to mind by every
one who has visited the Picture Gallery at Oxford.
He showed more talent as a Painter of Portrait than
of History ; nevertheless, there is a Historical compo
sition from his hand, executed in chiaro-oscuro, at the
altar of Wadham Chapel in the same University, which
shows no mean talent, even in that arduous and difficult
province of Art.
We must have recourse to the same University, for
illustration of the manner of the next Painter on record,
Streator. namely, Isaac Streator, Serjeant Painter to his Majesty,
who designed the pictured ceiling of the Sheldonian
Theatre : it is a remarkable fact, that these men, who
two of the chief Painters of the reign of Charles II.,

,
. „
l*0tin Italy, as was thecal
, but jn France,—the one placing himself under
Perrier, the other under Du Moulin. We may here V*"W f
also mention the name of Henry Anderten, though
there is not much more to be said of him, except that
he was a pupil of Streator, and obtained favour at the
Court.
Sir P. Lely became in the latter part of the XVIIth hij,
century the great artist of the day, and though we cannot class him in a catalogue of British artists, (for he
was a native of Westphalia,) he formed many scholars
among the People with whom he settled, and influenced
more, perhaps, than any other man the progress of
the Art in Great Britain. Of these John Greenhill, of H« (tA.
Salisbury, may be named as the best : specimens of his
manner may be seen in any large collection of engrav
ings; also Thomas Sadler, a favourite of Cromwell,
who, upon the Restoration, was in the latter part of
his life obliged to have recourse to the profession of
a Painter for his subsistence ; nor did he discredit the
Art which thus adopted him. Davenport was another
of his scholars, who, however, died young ; another was
John Dixon, a Painter in miniature and crayons. Aj
imitator, too, if not a scholar, was Mrs. Beak, who
painted several Portraits of distinguished personages
of the Age, some of which are in the possession ofLord
Ilchester, at Melburn. Richard Gibson, the Dwarf, was
an imitator also of Lely, being almost wholly formed
upon his model.
Of those who were formed on a more liberal system
than the trammels which Court fashion and favour had
imposed on the Art, we may quote the names of
Michael Wright, a Scotchman, who was employed to
paint the Judges in Guildhall ; Henry Cocke, sometime
a scholar of Salvator Rosa in Italy, the Painter of
an equestrian Picture of Charles II., at Chelsea Col
lege ; and John Riley, who came into notice at the death
of Lely, to whom he can scarcely be said to he inferior.
Both Charles II. and James II. sat to him for their Por
traits ; but perhaps his best Picture, after all, is that of
Lord Keeper North, at Wroxton Abbey. Far beyond
these, however, in fame, is the name of Samud CoojWi5'^
who is well described by H. Walpole, as " owing gnal
part of his merit to the works of Vandyke, and vet
an original genius, as he was the first who gave the
strength and freedom of oil to Miniature Painting.'' H*
lived a long time in France and Holland, but died it
London in the year 1672, and was buried at St. Pancrss
Church : he is, perhaps, the first instance of an •*•
glish Artist who met with employment and favour at a
foreign Court, as he is reported to have done at 4*'
of Paris.
.
We now come to the opening of the XVTIIth century. W*
The days of Sir Godfrey Kneller had passed avf»j>
but yet long cylinder waists, and balloon gowns, ^
branching caps, and five-curled perriwigs, remained;
and the artist was incumbered with difficulties of ores
that seemed almost insurmountable to a lover of the
picturesque. Janas, who had studied awhile under Is*
this artist, seems, as we learn from Pope, to have stood
highest in the public estimation in the reign of Gcorgi
L; he deserves, however, but little credit: Richardson. Bk*"
at least as far as painting a head may qualify hi10'
was a better artist ; and we may learn from his writings,
that his ideas had attained a yet gTeater perfection than
his hand was able practically to display. Jos. HighwM*another pupil of Kneller, is an artist now better knowa
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. to the Pr»blic by the productions of the engravers, than of public approbation, namely, the Designs for Hudi- English
from the works of his own hand.
bras, which are found accompanying the common duo- School,
Sir James Thornhitt belongs also to this reign, decimo edition, published about the year 1720. The s—*V"""
whose designs, illustrative of the Life of St Paul, for Painting of Modern Midnight Conversation was an
the interior of the cupola of the Cathedral dedicated effort of a higher nature, and one which at once dis
to that Saint in London, and whose Paintings in the Hall played the greatness of the talent of Hogarth ; and at
at Greenwich Hospital, have made his style familiar to the time when his next work, The HarloCs Progress, was
our recollections. If he does not attain any very high produced, subscriptions were poured in most eagerly
degree of merit, at least we feel a satisfaction in seeing from all persons and from all quarters, every one seeming
that a native artist, who was of consequence enough anxious to see it engraved. This engraving was done
to be selected for the execution of these public works, by the hand of Hogarth himself; but so great was the
obtained that favour in the public eye, which had lately demand for the plates, and so extensive their sale, that
been lavished on foreigners alone. R. Brown was
forged by other hands were quickly
his pupil and assistant, and some original Pictures
t forth, and the inventor was cheated of nearly
by his hand are to be seen in the Churches of St. Bo- half his reward. So highly was the subject in favour
tolph Aldgate, St. Andrew's Holborn, and the Chapel with the public, that it was not long before it made
in Bedford-row. Ch. Collins and Luke Cradock, also its appearance on the stage as a melodrame, which
Britons born, deserve mention at this period for their was performed many nights with infinite applause ;
pictures of still life, birds, game, &c.
the enthusiasm which it excited, redeemed England
About the middle of this century flourished John from any accusations of indifference to Art, or, what
Wooton, a landscape painter, who had formed a very is still worse, fastidiousness to the produce of our
creditable style on the principles of Claude and Pous- own native realms. We need not follow Hogarth
sin ; many of his pieces of this sort, as well as hunting through the long and successful series of publica
and racing pieces, are to be seen in the country-seats tions that ensued : every Picture which he conceived,
of our nobility, at Badminster, and elsewhere. He showed that he, and he alone, of all that had yet been
died in the year 1761. George Lambert was
known, possessed the power of exhibiting the true
a follower of his style and manner, and,
spirit of Comedy upon the canvass ; and hence he be
good an artist as he.
came remarkable, as being in some sort the author of a
Thomas Hudson was a very respectable painter of new department in the Art. Perhaps it would be more
velvet coats, and tied-wigs, and satin waistcoats ; be just to describe his line as the serio-comic, and in that
sides which it must be said, that he now and then struck phrase we shall see enough of distinction to prevent
out a head with considerable truth and fidelity to Na us from confounding his style with that of the humor
ture. Whatever were his merits, however, he certainly ous Painters of Holland or Flanders. His Portraits
took the lead of the profession in England, until the are not very common ; but those which are now to be
day that his great pupil, Reynolds, arose, to teach the met with, for instance some at the Foundling Hospital,
nation a new lesson on the Art.
possess apparently a truth of character that has rarely
We must not, however, suppose these times were been surpassed ; they are also extremely well painted,
otherwise devoid of that which may more immediately in regard to the more mechanical part of the Art. In
deserve the name of native talent. Frank Hayman, this respect, indeed, they possess higher merit, and are
whose designs for Newton's Milton are well known to better executed, and their colouring U more chaste than
every one, certainly was an artist of considerable ability : that of some of his other compositions. In his Danae
we might add, indeed, that his paintings for the Gar with the Shower of Gold, and the Sigismunda, he
dens at Vauxhall are examples such as will serve to afforded us a very strong and forcible illustration of
prove that want of invention is not among the defici the truth of the old adage, Naturam expellas fared
encies of our national character. Thomas Worlidge, tamen usque recurrit : either of the figures would have
too, has left behind him some good Portraits both in done credit to The Harlots Progress or any other of
miniature and in oil ; and his etchings and imitations his Pictures of that description ; but neither the one or
of the style of Rembrandt are deservedly held in the the other were at all in accordance with the grace
highest esteem, bearing a high price when offered for of the Mythological story, or the ideas of gallantry
sale even at the present day.
attach to Romance. Hogarth's Analysis of
It is time however to mention those illustrious names
is an erroneous visionary Treatise, yet by no
who are the boast of our Country in the XVIIIth cen
devoid of merit ; it contains, indeed, much
tury, and which give us the only title to the name of a matter that may be read with advantage. In private
British School of Art, namely, Hogarth, Reynold*, life Hogarth was an eccentric character, and showed, that
Gainsborough, and Wilson.
if he thoroughly understood the foibles of the world
ffilliam Hogarth was the son of a tradesman in the in general, he had but too little bestowed his leisure
parish of St. Bartholomew, in London ; he was ap in contemplating his own. He died in the year 1764.
Sir Joshua Reynolds was of a character directly Reynold*
prenticed by his father to an eminent silversmith, but
urged by that ardent passion for Painting, the early opposite to the last-named artist ; he had, like him, in
effects of which are so often related by the Biographers deed, talent enough to excite the attention of the Pub
of artists, he devoted himself to this pursuit as soon lic, and, in fact, to create a taste and relish amongst
as the term of his apprenticeship to the trade had ex his Countrymen for those graces of form and character
pired. He soon showed talents, and found employ which are so peculiar to his pencil. But these were
ment, though at first only among the booksellers, who of a directly opposite nature to the fancy of Hogarth.
engaged him in making various plates of illustration, His style as a Painter may be said to be chiefly founded
and works of that nature ; of this description, indeed, on the study of Corregio, assisted and enriched by
his purpose "
was the first work which gained him any great share
3s2
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Piintmg. Italian and French schools. In Portrait Painting he with the true features of our own verdant Landscape i U
stands unrivalled, notwithstanding the very absurd and he shows the swelling forms of our hills and dales,
unpicturesque fashions and dresses which prevailed in and exhibits faithfully and accurately the rusticity V>"v*'j
his time, and which it required no small skill and of our island habits ; but to all these he has lent
ability to handle in a way fitted for the canvass. In their own peculiar beauty and touch. He has given
his larger works, and generally in his attempts at His them that interest which truth of character never fails
torical composition, we have to lament a want of skill to impart, and by his possession of skill as an artist,
in Drawing, which very materially detracts from the he has blended them into one rich and harmonious
pleasure afforded by his Pictures : but there is still a whole. It was, indeed, remarkable how much Gainsgrace of form, and a truth of character, together with a borough rose in general estimation during the exhibition
chaste and harmonious glow of colouring in all that of the works of British Artists, some few years ago, at
he does, which forbids us to dwell too much on the Gallery in Pall Mall, and that, too, even in oppo
those faults which the keenness of criticism might sition to the more learned style, and to the acknowledged
detect. The collection of his works in mezzotinto talent of Wilson. But the truth was, that the touches
plates, now in course of publication by his namesake of his pencil came home to every man's own bosom,
Reynolds, is a noble monument of native British talent and we felt that we had, in every sense of the word,
and taste, creditable to the engraver as well as the a British Painter.
painter himself ; and be it remembered, that the very
Of other artists in this line we may mention Wrighl, Wrijk.
distinguished Portrait Painters of the present day, who of Derby, as one of very high power and attainments ;
raise our name so far above that of any other contem his moonlight and firelight effect are inimitable in their
porary School in Europe, as to that branch of the way; though his Pictures are not much known, for they
Art, may chiefly be considered as followers of this are not often to be met with except in the country-seats
great man.
of gentlemen in his own part of the country. fFebber, too, Wetie.
YTilaon.
Richard Wihon was a native of Wales, who was demands our notice ; the artist who accompanied Captain
happily diverted from the profession of Portrait Paint Cook on his third voyage to the South Seas, and who
ing, in which he had originally embarked, to the study has depicted the features of the Austral islands and their
of Landscape ; and this change he is said to have been inhabitants with admirable fidelity. He died in 1793.
induced to make in consequence of the commendations Mortimer, of whom it is no small praise to say thai he MorSis.
which he received from Zuccarelli. The style he adopted was a successful imitator of Salvator Rosa, is also an
was, indeed, an improvement upon the manner of that artist of whom his countrymen may be proud; his
master ; his principles and his objects are the same, pictures are ill coloured and heavy, but his design, such
but they are simplified as to light and shade, and even as is seen in the common engravings, is full of energy
to colour, in a way to which the foreign artist was and vigour of soul.
Francis WheaUey may be considered as one ofWtaikj.
wholly a stranger ; and hence arises that majesty in
point of composition, that depth of tone and colour, our most respectable artists, both in the departmeul
We cannot close
and that sublime breadth of effect, which characterise of Landscape and Portrait.
the best Pictures of Wilson. In his journey to Italy, without allusion to the name of George Norland, Hsini
his Pictures excited the genuine admiration ofthe French one who, in even the low and groveling line which
artist, Vernet, who was at that time much in fashion at he pursued, yet showed, by his manner of treating
Rome: and this first made the English People sensible his subject, that abundance of picturesque beauty
of the merits of one whom, perhaps, they overlooked, as may be fouud, by a sagacious eye, in every object, how
being their Countryman. It was on the Italian soil alone ever unpromising it be commonly considered. His
that Wilson found scenery congenial to his taste, and character, that is, his character in a moral sense, is
having so found it, he soon discovered the way to per said to have been spoiled, and las education stinted,
fect himself as an artist. The collection of his sketches, through the avariciousness of his father ; and so far he
in the possession of the Earl of Dartmouth, and of Mr. deserves our pity, not blame : his mind felt its own
Bowles, of North Aston, display certainly some of the unfitness for that rank in society to which his talents
finest samples of Classical elegance in Landscape, that entitled him, and which his friends and admirers gladly
ever were produced by any artist of this Country. For invited him to assume ; from this he was driven to low
tunately, however, we need not have recourse to private and profligate habits, and ultimately conducted to scenes
portfolios to enable us to scan his merits ; many of of dishonesty, in which there seems to be some sus
his best pictures have been immortalized by the en picion that he was but too deeply implicated. Under
gravings of Woollet, and other samples of his noble such circumstances, (for no man betrays his moral cha
genius are preserved in our National Gallery, by the racter more than a Painter,) it must be supposed some
generosity of his munificent friend and scholar, the late pieces betray the idleness and carelessness of his habits;
nevertheless, a well-finished Picture of Morland, and
Sir George Beaumont.
GainsGainsborough excelled both as a Portrait Painter and such many of his earlier works may be called, is »
as a Painter of Landscape : there are few better native jewel in the cabinet of the connoisseur. He died in
Pictures than that of the Misses Linley, painted by this 1804.
Hamilton is as well known, or perhaps better known,
master at Knoll. But it is by his skill in the other
line, that his great and deserved reputation was chiefly by his works at Rome, than in England or his native
acquired. His works have, indeed, a peculiar charm country ; they are chiefly Historical compositions, filled
in our eyes ; because their beauties are purely of home with tall elegant figures, employed in the gentlemanlygrowth, unadorned by Classical ideas of form, and heroic style. He died in 1801.
Historical Painting, however, is the great walk ofArt,
stripped of all those pleasing but false associations,
which so often attract our gaze in the compositions of and there are few, in modern days, who may be const
other Painters ; he pleases, because he presents us dered as having attained even a commendable degree of
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hinting, advancement in their endeavours to abide this much
neglected, but universally acknowledged, test of genius
and of highest intellectual merit. If we except some
ephemeral productions of the Panorama, exhibiting, not
(infrequently, considerable power, and inducing us to
regrpt the short period of existence that has been allotted
them; the only efforts which we may consider as having
been made on any large scale,—the only opere di
jrj.
machina—are the Pictures of Barry, for the Society of
Arts in the Adelphi. If, in point of colour, they neither
equal the richness of the Middle Age of Italy, nor the
severity of the earlier Italian Schools, they exhibit a
grace of form, and, in some instances, a degree of energy,
not unworthy the followers of Raftaelle. They well de
serve the public attention. The works of Barry's pencil,
like the eloquence of his great Countryman and early
patron Edmund Burke, betoken splendid ability and no
ordinary daring ; and he seems to hare been incited to
most patriotic enthusiasm by a taunting assertion of his
contemporary Winckelmann, that " the English are in
capable of any great excellence in Art, from their natural
deficiency of genius, and the unfavourable temperature
of their climate."*
After an absence of four years in Italy, spent in the
usual course of Academic study, Barry must have hailed
at his return to England, in 1770, the establishment of
the Royal Academy, founded in the preceding year.
His labours, both as an authorf and a Painter, were
incessantly directed towards the refutation of Winckelmann's severe aspersion. He advised a similar plan to
that adopted of late years in the Academy, of employing
the students, in addition to a course of drawing and study
from the antique and from the life, to make copies under
the eye of their Professor from Paintings of established
merit. By this practice, they not only acquaint them
selves with the materiel, or vehicle of their Art, but
they also form a profitable acquaintance with the faults
as well as excellencies of those masters, whose authority,
indiscriminately followed, might mislead; and whose
fascination of colouring might otherwise, not unfrequently, ensnare the youthful artist into palliation, or
even imitation of glaring errors.
It was to be lamented, for his own sake, that the
violence of Barry's temper hurried him into those con
tentions with his co-academicians, which impeded his
projects, ruined his fortune, and seem, towards the close
of life, to have impaired his reason. And yet, for the
sake of his professional fame, perhaps his liability to
excitement is to be considered fortunate. Had his per
sonal character been less ardent, his pencil might have
been less happy.
,
It has been doubted whether West, who, in 1791,
succeeded Sir Joshua Reynolds in the Presidency of
the above-named Royal foundation, should be numbered
among the English School. He was a native of Pensylvania. But he was one of the first members and
founders of the Academy in England, over which he
afterwards presided. Placed over English artists, he
* Bitloire de I Art ckez lei Ancient. Par Winckelmann. Tradmie de rAltemand, 4to. 3 vols. a Paris, 1790—1803. See p. 73 of
the 1st Vol. at the end of Chap. iii. of Book i. where the author
repeats the theory of Montesquieu (Etprit da Loix, lih. xiv. ch. ii.
and jji. and lib. xix. ch. «vii.)and of Du Bos. (Riflexiom Critiques
Mmr laPvOrie el ntr la Peinlure, 2de Partie, ch. mii. and xiv.)
+ Inquiry into Me Real and Imaginary OitUclet to the Acquimtion of tKt Aril in England, By James Barry, R. A., 8vo. Load.
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must be looked upon as having influenced, in propor- English
tion to the general respect for his undoubted talents, School,
the progress of the Art of Painting in this Country. v-^v^"
His was a learned style, formed, like that of Reynolds,
Wilson, Barry, and Fuseli, after consummate study
abroad of the sublime fathers in Art. His smaller and
earlier Pictures are superior to his later and larger pro
ductions, in which his forms, though not deficient in
simplicity or in correctness, generally want intellectual
elevation. Opie, still less refined, is more vigorous. Opie.
Opie, in design, betrayed the disadvantage of having
wanted Academic initiation ; but his pencil, true to in
dividual Nature, was bold and unaffectedly impressive,
and his colour excellent.
Of Fuseli we may observe, that he united much of Fuseli.
sound classical learning, with much also of eccentricity
and love of mysticism. He was born at Zurich about
the year 1739. The lavish praise of Reynolds on some
of this artist's early drawings, turned him from his in
tention of entering Holy Orders. He was the fellowstudent and friend of Lavater, a translator and corre
spondent of Winckelmann, and himself an author of
Reflections, which appeared in 1765, on the Painting
and Sculpture of the Greeks. His Lectures as Professor
in the Royal Academy excited general attention, and, like
those of Barry, Opie, and others, his predecessors in the
Professorial chair, have been published. Towards Barry
he entertained a mortal and, perhaps, national antipathy,
which in his edition (1810) of Pilkington's Dictionary
of Painters has betrayed him into most uncandid bitter
ness. Fuseli, however, was behind none of his contem
poraries in zeal for the promotion of his Art. He con
tinued to paint till within a week of his death, in April,
1825. He is generally believed to have suggested to Al
derman Boydell the idea of a Gallery to illustrate scenes
from Shakspeare.* To this collection he contributed
eight of his be-t Pictures ; and afterwards being ad
vanced, in 1790, to the rank of Academician, he painted
a series of forty-seven subjects from Milton, exhibited
under the title of the Milton Gallery.
The mind of Fuseli was replete with critical sagacity
and inexhaustible invention, but he possessed also (and
of this no man was more unconscious) a hand unequal
to the difficulty of embodying his own conceptions.
His character.; are almost every where excessive. They
are in perpetual torture. They never know repose. The
instructions of Hamlet to a Player, that " in the very
torrent, tempest, and whirlwind of passion, he must
acquire a temperance that may give it smoothness," are
no less importantly applicable by every Painter, and
most especially by any worshipper, as Fuseli devotedly
was, at the shrine of Michael Angelo.
The public taste, however, in England has never yet
been so alive to the claims of Historical Painting, as
to make it an object of universal interest and permanent
favour ; or a source of effectual and persevering emula
tion among artists in this Country. Notwithstanding the
alleged bluntness and inaccessibility to flattery which
have been said to stamp our national character, there is a
refined species ofadulation in the Art of portraiture which
has been found irresistible ; which has called forth and
secured the almost exclusive patronage of the tilled and
the wealthy; and which, consequently, in this depart
ment of Painting, has raised the English School far
above every other in modern Europe. For we may with
* Annual Bioyravhy for 1826.
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Pwnting. strictest justice pronounce of onr native Painters, that
v—"V^s they have attained excellence in those provinces of their
Art which have received of their Country adequate en
couragement. In depicting scenes of familiar life and
such appearances of Nature as are associated with our
home-thoii<rhts and domestic endearments ; or in land
scape, and especially in such Pictures as recall to
memory the sports and habits and occupations of British
islanders, we unquestionably equal, if we do not sur
pass, our neighbours. The fault of deserting the lofty
and the heroic for the pastoral and the homely, lies not
with British artists but with British patrons. A succes
sion of remarkable men, from Romney, who died in 1802,
to Lawrence, whose death, in 1S30, has deprived his
Country of talents not soon to be replaced, have left us
examples of genius aspiring secretly to historic emi
nence, but devoting the best years of life to the service
of the public in Portrait-painting.
Ronmey.
«' Romney," says Fueeli, in his caustic manner, "quitted
" the unprofitable visions of Michael Angelo and Shakspeare for the more substantial allurements of portrait.
He divided the tributes of fashion with Gainsborough
and Reynolds. History, if not absolutely abandoned,
was reserved for that distant moment when satiety of
gain should yield to a pure desire of glory—a moment
which never came."
Blake,
Blake, whose most eccentric, yet most harmless,
life, has been well drawn by Mr. Cunningham, in his
Liven of the British Painters, was an example of the
indiscretion of attempting to lead the public taste by
efforts unintelligible to the public -eye. But Blake's
originalities were near allied to madness, and probably
often nut intelligible to himself.
Copley.
Copley, a native of America, admitted member of
the Academy in 1786, and well known by the popular
Hoppner. engraving of his " Death of Chatham ;" Hoppner,
Owen.
R. A. in 1794 ; and Owen, R. A. in 1*14, must be
added to the number who, to talents in Portrait-painting,
have united (and Owen moreespecially) higher merit, re
quiring only to be fostered and matured by public favour.
Sir Thomas In Portrait, however, the palm of modern victory has
Lawrence. been won, and ably won, by Lawrence. With respect
to colouring, he may have been exceeded. But few of
any School have surpassed the graceful ease of his forms,
joined to general fidelity of likeness ; his combination
of polished exterior with intellectual character ; his
judicious backgrounds ; and his consummate arrange
ment of light and shade. His was indeed a courtierpencil, and could elevate at will features almost " in
nocent of meaning." In his " Satan arousing the
fallen Angels,'' he has left a solitary proof that he shared
at one time with Fuseli a draught of inspiration from
the fountuins of Miltonie Poesy ; and he was certainly
ambitious of the higher Historical honours of his pro
fession. He possessed a charm of natural eloquence
which will long be remembered by all who witnessed
it, and which enabled him, from his chair as President,
to enforce with admirable clearness and effect, the course
of study best adapted to advance the Art. We must
not neglect to add, that while few were more -accessible
or more persuasive in words, none could be, in deeds,
more actively munificent towards the cultivation and
reward of real merit. Sir Thomas Lawrence was bom
in 1769, the same year with Owen, and was admitted
R. A. in 1794.
Harlow.
His pupil Harlow, who died in 1819, at the prema
ture age of thirty-two. was likely, had he lived and

been reclaimed from discreditable habits, to have E*4
risen into similar estimation. The clever picture "the
Trial of Queen Katharine," by this artist, is well known.
His facility of hand was extraordinary. While at Rome,
during the year before his death, he excited the admi
ration of the whole city, by completing, in eighteen
days, a valuable copy of the ** Transfiguration" of Raffaele, of the same size with the original.
Another name which belongs to the list of eminent Sir H«
British Painters in Portrait, is that of Raeburn, R. A. &«i>
in 1821. He was an example, as well as a patron, of the
Art among his countrymen of Scotland ; presided in
an Academy of Painting at Edinburgh ; and was
knighted on the occasion of the visit of George IV. to
that city. He died in 1823.
The fame on the Continent of our artists in Portrait- D»t
painting has been in no instance more conspicuous than
in that of Dawe, an artist of some talent, (B_ A in
1814,) who migrated to Russia, and is reported to bare
realized £100,000. He died in 1820, shortly after his
return to England.*
Edward Bird was admitted an Academician two Ed.
years after the last-mentioned artist, and died in 1819.
He wa« self-instructed, and had been singularly happy
in painting ballad subjects and popular
mon life. But he aspired, too late, to s
style of Art for which neither education
had qualified him, and his last attempts
It would be invidious to select from
jrther evidence to prove o
inferior to such of our rival
the same walks of Art. We shall,
these brief memoirs with one further example of de
parted merit, and shall only recall to our readers the
memory of a rising artist, Bonington, not long deceased,
whose early celebrity, both abroad and in bis native
Country, held forth the promise of a distinguished career.
That the English School, however, has done it»
utmost, we are very slow to believe. Progressive efforts,
both by artists themselves and by individuals of rawk
and influence, have now for eighty years been rnskiog
for the advancement of public taste ; the only sale
foundation on which any hope of success in Art can
ever be raised. -Some ground has been gained. A taste
for good portraits is not bad taste. We have mentioned
the institution of the Society of Arts. It was rounded in
1750. Next arose, in 1769, the Royal Academy, hi
1S05, a Society, at the suggestion of a liberal baronet.
Sir Thomas Barnard, was incorporated fur the en
couragement and improvement of British artists, which
continues to flourish under the title of the British
Institution. Other Societies, for like purposes,
the metropolis and in the principal towns of the
Empire,might be here enumerated. Galleries have been
opened. Bourgeois, -R. —
A. ■■■
in *1792,. Painter to
"i;-"
— the " Sir F*
King of Poland, who conferred on htm the honour of B>we«
knighthood, left, at his death in 1811, a very fine col
lection, which forms the well-known public Gallery at
Dulwich College. At Cambridge, the Fitzwilliatn
Gallery, subsequently founded, bids fair to introduce
an acquaintance with this pure source of intellectual
refinement into our seats of learning. And at length
* "His remains were interred in St. Paol's Cathedral, attended by
a larpe cortege of artists and literary men, the Russian Ambasndor
and Sir Thomas Lawrence (the latter of whom was so soon after lobe
borite to the same spot)
Mag. for Feb. 1830.
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our Legislature, by the purchase ef the Elgin marbles,
' followed by the establishment, in May, 1824, of a
National Gallery of Pictures, has gradually drawn the
public eye to critical examination of some of the sublimest
works of Art, familiar hitherto to few, and to the million
utterly unknown. Opportunity, also, is thus presented
to all future benefactors, who, like the late Sir George
Beaumont, are honourably ambitious to bequeath
their works and collections to their Country, When
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forming and improving public taste in England shall Of Outline,
have had due leisure for operation, we expect with <>«v^s
confidence far nobler and far higher labours of native
genius ; and, to use the words of the Committee of the
British Institution, 1805, "we feel no apprehension but
that the spirit of the British artist will be awakened
and invigorated, whenever a free and fair scope shall be
given to his talents ; whenever he shall be stimulated
by the same patronage as that which raised and re
warded the 7

THEORY AND RULES OF THE ART.
Somb information both as regards Theory and Prac
tice, in the Art of Painting, may be looked for, annexed
to the foregoing Historical account. This expectation,
as far as is consistent with our limits, must be answered :
while we, at the same time, remind the reader, that the
efforts of the Encyclopaedist cannot fairly be presumed
to afford means of complete proficiency, but rather to
point out, on subjects of this kind, such authorities as
may be consulted and followed with advantage to the
student Indeed, this Art, and that of Music, as well as
many others, are to be taught perfectly only by a living
teacher, who disciplines the eye, the hand, or the ear by
repeated liials ; and with his pencil, or upon his instru
ment, exemplifies every precept as he proceeds. Ele
mentary reading, without actual practice, is either alto
gether unintelligible, or is always likely to mislead.
No Treatise upon Swimming, or upon Horsemanship,
was ever yet of itself sufficient to make even an indiffer
ent rider or swimmer: nor would any pilot, in his
senses, intrust his helm to the mere theorist (however
skilful theoretically) in Navigation. To instructors in
the Art of Painting, the same observation peculiarly
applies. With this understanding, therefore, that we
are not expected to do more than may be generally
useful, and that what we do, is chiefly in the way of
reference to Works which treat at large upon the subject,
we shall first introduce some rules and comments on
the Art of Painting, under the several heads of Outline,
Composition, Chiaroscuro, Colouring, and Style. Se
condly, we shall proceed to mention, in chronological
order, such authors and their writings as afford upon
this subject the most valuable information.

Of Outline.
(1.) The first step to be firmly attained in the course
of study by every artist, and without which, firmly at
tained, no step afterwards can be attempted with credit
or safety, is correct outline. An Art which appeals to
the eye for the truth of its performances must depend
primarily for success on its adherence to the form of any
objects imitated, whether of the animal creation, or in
animate, or belonging to the vegetable kingdom. For
this purpose, such an acquaintance, both with Natural
history and with works of human invention, must be
instituted and pursued, as will lead to clear and vivid

ideas of the shapes and appearances of bodies, and
enable the student to draw from memory, as well as
from immediate observation.
(2.) This familiarity with the visible surface of
things, although it should penetrate no deeper, and
should abstain from all philosophic concern about their
uses and properties, yet amounts evidently to no incon
siderable share of knowledge. The landscape Painter,
for example, whose correctness of outline can satisfy, or,
whose degree of proficiency, at least, will not provoke
the ceusure of Botanical criticism, must possess a mul
titude of facts and of ideas in common with the Botanist.
The correct designer of public or private works and
buildings cannot avoid Architecture and Mechanics.
The Painter of animals must be experienced in Natural
History. The marine Painter can make no pretences to
faithful delineation without intimate acquaintance with
the structure, use, and management of shipping. And,
above all, the Painter of History and of the human
subject, must unite anatomical precision to many other
various acquirements of the highest intellectual order.
We may further observe, that if this talent of the
draughtsman admits him into connection with almost
the whole circle of the Sciences, it is also to almost
every Science an indispensable auxiliary. If it derives
advantage from literary and scientific sources, it often
repays, with interest, the obligation ; since, but for the
skill and fidelity of its professors, the most important
discoveries would often fail of being generally compre
hended, or even known. After premising thus much on
the necessity and importance of accurate delineation,
we proceed to the practical requisites introductory to
its attainment. The practice of correct outline may
be comprehended in two words,—Perspective and
Anatomy.*
(3.) Perspective may be defined, the art of represent- Definition ef
ing objects on a given surface, i n the same forms and rela- perspective,
tive proportions which they present in Nature to the eye,
according to their respective distances from the beholder, P0'nt •»
looking from a given point, called the point of view. view'
(4.) Aerial Perspective represents the several grada- Aerial
tions, depths, and breadths of light, colour, or shadow, perspective.
* II giovane drbbe prima imparare protpettixa: pot It miture
oVogni cota ; poi di mono in mono imparare da buon maestro, per
anuefarri a Intone membra. Lion, da Vinci, Tratlato delta Pittvrn
tratto da un Codiee delta Bib. Fat. da Gut. Mann 4to. Roma, 1817,
p. 50.
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said, the point of sight, or point of view, determined ofM
by the place of the spectator s eye. (Art. 3.) Its other
extremity is its point of perpendicular contact with the
perspective plane, and is called the centre of the picture, Primal
or the principal point.
' pain.'
(11.) A line drawn through this latter point, level Horioai
with the horizon, determines the height of the eye in»'«.
picture, and is called the horizontal lint. A circle
having this point for its centre, and the principal dis
tance for its radius, will be the circle already noticed.
It will be found to comprehend upon the perspective
plane, the whole field of vision,—that is, will include
all the objects which the eye, at that principal distance,
and from the corresponding point of view, is able to
take in. For from any fixed point of sight, the utmost
limits of the prospect are determined by two lines,
forming a right angle at that fixed point of sitrht.
(12.) The prospect, accordingly, of a spectator, look- Owhi
ing (as is supposed the case in most pictures) in
'
horizontal direction, embraces at every view a fourth
part of the horizon, viz. 90 degrees, and the visible JJ"^
portion of the perspective plane is in all cases the base talxt^
of a cone, the apex of which is the spectator's eye, or bera^.
point of sight ; (Art. 3 ;) its altitude the principal dis
tance, (Art. 10,) and the diameter of its base equal to
twice its altitude, so as to make the angle at its apei a
right angle. A familiar illustration of this may be
constructed by means of a card, shaped similarly lo the
right-angled triangle D It E, (pi. i. fig. 1,) and having pUti
a piece of wire affixed to it in the direction R W, was Fif- 1,
to divide the angle D R E into two equal parts, (cii.
4 5 degrees each.) Next let the projecting portion CW of
the wire be thrust through the centre of a circle dnvwn
on a separate card, or any other flat surface, to represent
the perspective plane, and let the radius of the circle
be equal to C R, C E, or C D, in the triangular card.
If the card be then made to revolve on the wireRff.
with its edge D E applied close to the surface as above,
and with C R perpendicular to it, the points D andE
will be observed to move in the circle D R E W, and
the lines RD and RE will, by the revolution of to
card, form the right cone above described.
(13.) Here let the learner observe, that there is no
necessity for every sketch or Painting to contain to
whole area of the circle of vision on the perspective
plane. Let, for example, the circle DREW (pLl
fig. 1) be the circle or base of the right cone above de
scribed, D C its radius, being equal to the principal &ik
distance, H L the horizontal line, and C being topi**
centre of the picture. It is at the painter's option lo
cut out any part of that circle from the rest, provided
the principal point C, or centre of the picture, be found
somewhere on his canvass. Thus, the rectangles, g I
k i, abfd, and mn o p, may each of them comprise
a sufficient number of objects proper for the composi
tion of a picture.
(14.) It is recommended, however, to every artist Ar^
who would avoid the charge of affected singukroty
particularly in architectural subjects, to keep the edges
of his work quite clear of the circumference of the
circle DREW; otherwise the lines of his foreground,
although perfectly correct in their original design, v»m
appear distorted when viewed at any other principa
distance than the altitude of the visual cone C R, e°,U!1'
C or C E
* By the terms height and depth, is meant the extension of the to D
(15.) Still more improbable would appear any attempt
plane above and below the level of the spectator, as by breadth is
meant its extension towards his right and left.
whatever at delineation beyond the circle DRE">

Painting, caused by the intervening atmosphere in objects more
Or less remote. Aerial perspective, therefore, relates to
Chiaroscuro, a further branch of the subject of Paint
ing, which will be noticed in its proper place.
Linear
(5.) Linear perspective (which belongs especially to
perspective, the branch of Art now under consideration) delineates
the outlines only, or boundaries of objects, and repre
sents them in the same form and relative magnitude
which they exhibit in Nature, according to their respec
tive distances, and the position of the spectator's eye.
(6.) The surface on which this delineation is made,
may be plane, concave, convex, cylindrical, (as in the
case of Panorama painting,) conical, or, indeed, of any
given shape : but the few practical rules which our
limits admit will be confined to the Art of representing
objects on a plane surface that makes right angles with
a straight line drawn from the spectator's eye. This
plane is of indefinite extent ; is supposed to intercept
the rays in their passage to the eye from all objects to
Perspective be represented ; and is called the Perspective Plane, or
plane of the picture. In illustration of it, let a piece
of plate glass be imagined extending every way to
any imaginable height, depth,* and breadth. Nothing
is more manifest, than that if the rays proceeding
from any object through that transparent medium,
could, in their passage to the eye, be made to leave
impressions on the glass at their respective points of
contact, the result would be, on the transparent plane,
a faithful picture of the object to be represented.
(7.) It is also equally evident, that only a certain
circular portion of the plane in question is visible, the
portion, namely, which contains the picture. But the re
mainder of the plane, or invisible portion of it beyond the
circumference of the circle of vision, contains other most
essential points, from which the tactician in perspective is
to calculate his outlines, as well as from points in the
visible surface. It is for this reason that the perspec
tive plane must be supposed of indefinite extent
(8.) If it be asked how the spectator can thus deter
mine points on an invisible surface ? The answer is, by
removing his eye at any time from the given point of
view to some other at a greater, or more convenient
distance from the plane. This change of position
enables him to command any portion of the surface
necessary to his operations. But it is from the given
point of view only that his picture is intended for in
spection. The points and lines used for calculating any
form in true perspective on his picture, are, like the
joints and wires of a puppet-show, absolutely requisite
indeed for the performance, but not designed for any
eye except that of the performer. They are only tem
porary materials, only a scaffolding, to be removed
immediately when the work they are to do is over.
(9.) Here another property of the perspective plane
will have occurred to the reader, viz. that the circle
upon it, comprehending all visible objects, increases or
lessens with the perpendicular distance of his eye from
the plane.
Principal
(10.) It is this distance which is principally neces
sary towards determining the size of the picture, and
the relative proportions to each other ofobjects delineated
thereon. This line is, therefore, called the principal
distance. One extremity of it is, as we have already
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since all beyond that boundary must be invisible to a
(16.) An original plane is a plane containing any Of Outline.
spectator at its proper point of sight, the apex, viz. of original point or line, to be copied or represented on
the cone above described. Indeed, so essential is it to the plane of the picture. In what follows it will be An original
tne purp0Ses of distinct and correct outline for the artist necessary to distinguish all original planes into three P'anCi
<0 conmie himself considerably within the extreme classes : 1st, planes parallel to the picture ; 2dly,
circle of vision, (exemplified by the circle DREVVas planes perpendicular to the picture ; and 3dly, planes
above,) that a much smaller circle and a much smaller neither parallel nor perpendicular, that is, inclined to
cone, of which the apex is an angle of 60 degrees, has the picture at less than right angles. To every original
been generally adopted. To illustrate this, let the angle straight line, not parallel to the picture, belongs a point
D R E (fig. 1) of the card above constructed be re in the perspective plane, called its vanishing point;
duced to an angle of 60 degrees, viz. to the angle and to every original plane, not parallel to the picture,
Q R S divided as D R E was, into two equal parts ; belong two peculiar lines, called its vanishing and its
and made to revolve, as in the former instance, on the base line. (Art. 19, 20, 60, and 62.)
(17.) Two original planes require especial attention ; Oforigina,
axis C R representing the principal distance, and held
also, as before, perpendicular to the surface used to the horizontal plane and the station plane. The latter planes the
signify the plane of the picture. The points Q and S has by some been called the vertical plane, from its honiontal
will be found to move exactly in the circle Q gfS, passing through the zenith, but as it also passes through *°m '[J,,*'1"
and the sides R Q and R S of the equilateral triangle the centre of the picture, (a point always depending on to be
Q R S will form a cone, of which the angle at the the station of the spectator,) it is better known by the especially
apex will be an angle of 60 degrees. Its base will be term station plane. The relative situation of the hori- considered,
the circle Q gf S, and its axis the principal distance zontal and station planes may be thus familiarly ex
C R as before. This inner circle Q gfS may be not plained.
Suppose the spectator stationed at the side of a room,
improperly called the circle of distinct vision. For
although it would be untrue to say, that the eye at R and looking on a wall directly opposite him, towards a
cannot take in objects beyond this inner circle, or even number of book-shelves, one of which is exactly level
to the verge of D R E W, yet such objects are seen at with his eye.* This shelf belongs to the horizontal Horizontal
best but imperfectly, and they become fainter and less plane, and any number of other shelves, above and plane,
decided in proportion to the extension of the base of the below it, are portions of its parallels. Suppose, further,
cone above described, until they are utterly lost in the these planes, or shelves, to be supported by other
circumference of the outer circle. These particulars planes perpendicular to the horizon, or floor of the
cannot, perhaps, by beginners, be acknowledged with room, and let one of the supporting planes be directly
out some hesitation ; a circumstance not surprising when opposite the spectator's eye. It will be a portion of the
we consider the involuntary and imperceptible quick station plane, and any number of similar supports to Station
ness with which any change in the position of the eye the right and left of it, are parts of as many planes, its P'*neis naturally made in order to command a better view of parallels. Every book placed in its proper, or upright
any object. In the ordinary uses of the eyesight, position, and indeed every leaf in every book so placed,
scarcely, for any person, does the field of view remain will be in a separate parallel to the station plane. In
the same for two moments together. Whereas the laws like manner, if any of the volumes are laid flat on the
of perspective suppose the eye, during the process of shelf, these, and every leaf in each, will belong to planes
delineation, to continue fixed immovably at one point parallel to the horizon. So, also, if any volume lie
of sight, (Art. 3, 10,) without any the slightest varia ever so little out of its erect position, and with a lean
tion, either of its distance from the perspective plane or ing to the right or left, this volume will be in a separate
of its field of view. According, then, to experience in plane, inclined to the horizontal and station planes at
the application of perspectives sixth part of the. horizon some angle, which it is the business of perspective to
(i. e. an arc of which the chord is equal to the principal ascertain. And it is easily conceivable how any book
distance) will be found the utmost that can safely be may be placed half open in such a position, as that its
attempted in one picture. In drawing from Nature, as cover and its leaves shall form every possible angle
in the case of landscape scenery, let the learner consider with each other, or with any of the planes mentioned.
(18.) When both these planes (the horizontal and
himself stationed at one angle of an equilateral triangle,
as at the angle R of Q RS, with C R for his principal station plane) and their innumerable parallels added
distance, and Q S for the limits of his drawing. He to the multitude of others, at which, in the foregoing
will thus take in no more at one view than would be popular illustration, we have briefly and imperfectly
contained between two poles fastened perpendicularly in hinted, are invested by the mind of the spectator with
the ground, say, for example, three feet and a half apart, the property of expanding themselves over infinite
and each of them also three feet and a half distant from space, he will readily apprehend that in any original
the spot or station where he is placed. In the several object there is no point or line whatever, which does
examples, however, which follow, we shall not find it not belong to one or other of these planes, or to their
convenient to adhere strictly to the rule just given, and parallels.
(19.) He will also understand that extending from Vanishing
line.
shall often refer to figures drawn indiscriminately
within the circle of vision, in order to obtain as much
compass for practical illustration as possible.
» The horizou, in Astronomy, is described to be " formed by a
Having so far defined the perspective plane, and plane touching the surface of the earth where the spectator stands,
settled the limits of vision, within which the representa and infinitely extended towards the heavens." (KeilPs Atlronomi/,
1.1 To this plane the term in perspective is usually given
tion or outline must be drawn, we have next to consider Led.
ground plane. (Art. 41.) The horizontal plane, properly so called,
the original forms of which the outline is to be a copy, of
is another plane parallel to it, and passing through the spectator's eye.
and from which innumerable rays are conceived to pass Both planes, being parallel to each other, vanish, of course, in the
through the plane of the picture to the spectator's eye. same vanishing line, namely, the line of the horizon. (Art. 19,61.)
vol. v.
3T
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his eye to infinite distance, every plane not parallel to
the picture will appear to vanish in a straight line, (Art.
61,) called its vanishing line.
(20.) On the other hand, each plane in its direction
towards him will be intersected by the plane of the
picture in a line called its bate line. (Art. 62.)
(21.) The impossibility is evident of delineating any
object nearer than this base line, for which, however, a
parallel is most frequently substituted. Other lines
between the spectator's eye and the picture also require
substitutes, as,
Line sub
(22.) I. The principal distance, which, as already
stituted for defined, (see Art. 10,) must be perpendicular to all
the princi
pal distance vanishing lines passing through the principal point,
and which, as we have seen, (Art. 10, 11,) is always
equal to the radius of the circle of vision. That radius
is, therefore, the constant substitute for the principal
distance.
Direct
(23.) II. The direct distance, a perpendicular from
the eye of the spectator to any vanishing line not pass
ing through the principal point, and which meets that
vanishing line in a point called its centre. Before we
can find a constant substitute on the plane of the pic
ture for this line of direct distance, a line must be de
termined, which is always to be found on the picture,
called the central distance, being the distance between
the principal point, or centre of the picture, and any
Central dis other centre of a vanishing line.
tance being
(24.) The central distance is a perpendicular drawn
always on
the plane of from the principal point to any vanishing line. Being
the picture always found on the plane of the picture it requires no
requires no
substitute. substitute.
(25.) A right angle being made by the central dis
I-ii.e sub
stituted for tance with any radius of the circle of vision, these will
the direct be two sides of a right-angled triangle, of which the
distance. hypothenuse will always equal the direct distance. This
hypothenuse, therefore, is the constant substitute for the
direct distance.
Thus any one of these three lines, the principal, the
Plate I.
direct or the central distance, is sufficiently ascertain
Fig. 2.
able on the plane of the picture. To illustrate the
foregoing statement, let the learner describe a circle,
D A X B E Z Y, which is to be supposed equal to the
circle of vision. Its radius C A, on this supposition,
Fg.3.
The above is equal to the principal distance. Let him next draw
Substitution two lines, as R S, S T, (fig. 3,) on a piece of card,
explained meeting each other in a right angle at S, and from one
by a mecha of the lines let S P be cut off equal to the radius A C,
Dical contri
(fig. 2,) or the principal distance. From the other
vance.
line, viz. S R, let any given central distance be cut off,
as S V, and the triangle S V P being cut out from the
card, let it be placed perpendicularly on the circle,
(fig. 2,) so as that the point S shall coincide with the
point C, the side S V lie in the direction of any radius
of the circle, and the side S P represent a perpendi
cular from the eye.
(26.) If the triangular card be then made to revolve
on the point S, the line S V, used as a radius, will form
the inner circle OIK. It is important to observe,
that every point in the circumference of this circle, O I
K, may be the centre of a vanishing line, to which line,
as to a tangent, the perpendicular from C (viz. the cen
tral distance) may be drawn. In other words, the
circumference O I K is composed of all the centres
of ariy vanishing lines that can be drawn as tangents
to it. Such as, for one example, the tangent or vanish
ing litre B E, of which the centre is O. In this ex

ample CO i< the central distance of the vanishing line OiWm
or tangent B E ; of which the direct distance will be v-v»j
equal to a straight line, drawn from its centre 0 to the
point X, or Y, in the circumference of the circle of
vision; the line X Y, being previously drawn throuoh
C, parallel to B E, or, what amounts to the sane
thing, drawn perpendicular to C O, just as S P, on the
card, was made perpendicular to S V.
Thus, having the substitute C X for the principal
distance (fig. 2) drawn parallel to the vanishing line
B E, we obtain O X, the substitutefor the direct distance,
and the triangle OCX (fig. 2) will be equal in all re
spects to the triangle V S P, on the card, (fig. 3,) tit.
The side CX = principal distance, or PS.
The side C O = central distance, or S V.
The side O X = direct distance, or P V.
In the same manner any other central distance, as
S L, may be set off on the line S R, (fig. 3,) and also
the new direct distance PL, corresponding to it The
card may then, as before, be transferred to the circle of
vision, where the point L revolving round the point S,
on the card, will make the small circle M W ; and L,
transferred to some point, as M, in its circumference,
will touch the centre of some vanishing line, or tangent,
suppose D Z. To this vanishing line draw the parallel
A E, through C ; and then a straight line from the point
A or from E to M (the centre of the vanishing line D Z)
will give A M or E M, the substitute for the direct dij
tance, P L.
(27.) An important general principle may be here
premised; and in what follows, will apply universally
to the representation of angular objects, (which is, in
fact, the chief business of perspective,) viz. that any
angle may be represented by determining the vanishing fop**
points of the lines which form it. Thus the centre of m^*
any vanishing line being known or determined by the '>
methods already stated, (Art. 24, 25, 26.) letapeipeadicular be raised at tliat centre.
The length of this perpendicular depends upon
whether the vanishing line does or does not pass through
the centre of the picture. In the former instance this
perpendicular is equal to the principal distance; m
the latter, to the direct distance.
An example for each will explain our meaning.
(28.) Let any two lines, A L, and L B, (plate i. fig. 4,
No. 1.) making an angle at L, be produced 10 thar ^
vanishing points A and B, which in this instance a« iUli<
supposed to be in the vanishing line A B, passing fmpr■A
through the centre C of the picture. Let C E, a pet- t^P,
pendicular equal to the principal distance, be raised at *■
C, the principal point ; and an angle formed at E by t»o
lines A E, B E, drawn from the two vanishing po""13The angle ALB (with any other angle made by W»
lines vanishing at A and B) will always represent the
angle A E B. Also, if the angle A E B be divided
as in the figure by any lines, as EC, E K meejtiav
the vanishing line, the divisions of A E B wj"
represented by proportionally corresponding divisions
of A LB. Thus ALC represents A E C;
represents C E K. ; and K L B represents K E B.
2?;
(29.) Secondly, for an example in which the vanisn- p.*
ing line does not pass through the centre of die picture, ^
suppose the two lines already given as forming the
- •*
presentative angle at L, to have their vanishing pom Vj>J
at F and G, in the vanishing line F G. Find the ceuut . -.
D, of F G, (Art. 24,) and the direct distance D H^
(Art. 25.) At D, the centre of the vanishing •»«
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iratir.g. F G, raise the perpendicular D H, equal to D R, the
direct distance. Here, as in the last example, lines
drawn from the two vanishing points to the furthest
extreir.ity of the perpendicular, will form at H the ori
ginal angle represented at L. Thus the angle F H G
will be represented by F L G. And any number of
divisions in this, as in the former instance, may be made
of the angle at H, which will be represented by corre
sponding divisions at L.*
presents, (30.) Hence we may observe, that the vanishing
o of any point of any given line, being known, and likewise the
vanishing line of the plane to which it belongs, any
other line representing any proposed angle with the
given line, may be drawn. Thus, if the given line be
L F, and its vanishing point be F, and its vanishing
line be F G, the representation of any proposed angle
may be made either at L, or at any other point in the
line L F. Let L be that given point. Having found,
by means of the central distance, C D, the centre D, of
the given vanishing line ; draw at D, the perpendicular
DH, equal to D R, the direct distance. Next draw
H F, and at H, make with F the proposed angle, say
F H G. A line, G L, joining the points G and L,
will complete G L F, the representation of the proposed
angle.
inching
(31.) Also, if any two vanishing points in any va
e known nishing line are known, the vanishing line is soon found,
joining for it is itself the straight line uniting them. Thus, F
r two
and G (fig. 4, No. 1.) being known, F G is the vanish
;nts that ing line of the plane, in which any two lines, vanishing
loDg to it. at F and G, contain the angle F H G. Or, again,
the points A and B, or A and K, being known ; A B
is the vanishing line of the plane in which any two
lines, vanishing at A and B, or A and K, form the
angles A E B, or A E K, represented at L.
U the rc- (32.) It will be seen from this (fig. 4, No. 1.) and
sentation numerous future examples, that the representation of an
n angle
ies from angle varies, in most cases, from its original, and is
original. almost always larger or smaller than the angle which it
represents. This is a constant puzzle to beginners.
Thus the representative angle A L B is larger than its
original angle at I'], and the same angle F L G is
jliined much larger than its original at H. To convince &ny
in easy learner of this as popularly and familiarly as we can, let
criment.
a piece of card be cut into the shape of a triangle of
larger and more convenient dimensions than the triangle
A E B, but having exactly the same angles at A, E,
and B. Next, construct at E (on the card) (fig. 4,
No. 2.) the angle C E B ; and with C E (taken from the
card) as a radius, describe on another card the circle of
vision. To the side A B of the triangular card affix
a piece of wire, on which it may turn as on an axis.
Then applying this axis to the diameter of the circle,
and keeping your eye exactly over the point C, turn the
triangular card on its side A B by means of the wire,
and observe attentively the various changes of the
angle at E. At first laid flat on the circle, the real
angle and the apparent will coincide, and be equal to
A E B. But as you turn the card towards you, the
apparent angle goes on increasing through an infinite
series of magnitudes, such as A r B, A s B, until, after
attaining its greatest possible magnitude, it vanishes
in the line A B. After this, continue the revolution of
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the card until the apparent angle again coincides with Of Outlin*.
its original at N, below the line A B. The triangular
card, as it now recedes from your eye, will form another
series of angles, continually diminishing, as A t B,
A u B, until it equals and coincides with A N B.
The very same appearances will take place if the
circle above mentioned be drawn on a piece of glass, to
represent the perspective plane ; and then the wire A B
be applied, and made to revolve on the side of the glass
furthest from the spectator. Infinite varieties, as be
fore, of angles between E and N will be now observed
through the glass during the revolution of the trian
gular card on its axis A B, receding from or advancing
towards the spectator. These varieties are but so many
different appearances or representations of the original
angle seen under so many different aspects.
Also, if another triangle of card, constructed simi
larly to F G H, be made to revolve on its vanishing
line, as F G, and the spectator's eye be kept fixed as
before over, or opposite, the principal point C, every
change of representation of the angle F H G will be
given according to the situation of the plane it belongs
to, vanishing in the line FG. But in this latter in
stance fewer of the gradations can be noticed, as many
of them, those between H and L for example, (fig. 4,)
will be out of the circle of vision, and consequently in
visible to an eye kept exactly at that perpendicular dis
tance from C or principal distance. (Art. 15.)
(33.) Another preliminary observation, which may The same
give clearness to what follows, is, that the same straight straight line
line is not to be considered as confined invariably to may bc com"
the same plane. On the contrary, the number of planes ^0n110"et,',0
is infinite, to all of which, in common, the same straight planes,
line may belong. Thus, the axis o n, (plate ii. fig. 2,)
or C X, belongs not only to the plane of i v C, but to
the plane ofitoC; to the plane of S z C ; and to the
plane of t m C ; which planes, it is evident, might be
multiplied to the extent of any number of radii possible
to be drawn to the centre n. The same observation is
to be made respecting the line i s, (plate ii. fig. 1 ,) which
is common to the plane i M s, and the plane Hug. The
axis r u, in like manner, (plate ii. fig. 3,) is common to
all the several planes that appear to revolve upon it.
(Art. 86, 67.)
(34.) It will be useful here to recapitulate our defi
nitions by a reference to plate ii. fig. 4, 5, and 6.
ADBG, (Fig. 4.) A portion of the perspective plane. The fore(Art. 6.)
going deflni.
C. The centre of the picture or principal point.
ni°ulated*"
O. The point of view. (Art. 10.)
anu^exemO C. The principal distance, on which, as on an plified.
axis, the right-angled triangle F U R, being made to re
volve, forms the circle of vision. (Art. 11 to 15.)
C R, or CF. Radii of the circle of vision, and sub
stituted for the principal distance, being equal (Art. 11)
to O C, and perpendicular to the vanishing line at its
centre C.
VOX. An angle of 60°, which, by the revolution of
the triangle X O V on the axis O C, forms the inner
circle, or circle of distinct vision. (Art. 15.)
M O N P. A portion of the horizontal plane. (Art.
17.)
HCL, Intersection of the horizontal plane, called
the horizontal line. (Art. 11.) It is the vanishing line
of all planes parallel to the horizontal plane. (See
* The perpendicular, it is to be noted, will produce trie
results by being raised on either tide of the vanishing lines A B or further Art. 65.)
60UZK. (Fig. 5.) A portion of the station plane,
F G, at their respective centres.
3 t2
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Pairing, of which the intersection I N with the perspective plane
' is called the station line. (Art. 17.) It is the vanish
ing line of all planes parallel to the station plane. (Art
65.)
CTS and CTR. Original planes passing through
the centre C, and perpendicular to the plane of the
picture, but not parallel to the station plane.
C W. Line of intersection of the plane CTS, and
vanishing line of all planes parallel to the plane CTS.
(Art. 74.)
C L. Line of intersection of the plane CTR, and
vanishing line of all planes parallel to the plane CTR.
(Art. 74.)
S R N. (Fig. 6.) A portion of an original plane making
with the plane of the picture the angle R S E, (to
which C O P is constructed equal,) and having B S for
its base line, and VL for its vanishing line, (Art. 19,
20, 64,) and for the vanishing line of all planes parallel
to the plane of S R N. (Art. 65.)
P. The centre of the vanishing line V L. (Art. 75.)
P C. The central distance. (Art. 24.)
O C. The principal distance, and C P its substitute.
(Art. 22.)
O P. The direct distance, and P D its substitute.
(Art. 22, 25, 75.)
We have now generally stated the nature and position
of original planes, together with the lines and points on
the perspective plane, which are necessary towards
correct representation. The rules and observations
which follow relate to the application of these materials.
Practical To know the reasons for each rule, the student must
perspective consult his Euclid, or any geometric treatise on the
as practical* sl,bject> Dut to know the rules themselves may be enough
geometry. f°r the merely practical draughtsman. As practical
Geometry is all that commonly is requisite for the en
gineer or surveyor, so practical perspective suffices for
the artist. It remains for ns to give some leading ex
amples of representation in the several cases to which
the Art extends.
All cases for These cases may be reduced to three, i. Planet
perspective which have no vanishing line. (Art. 67.) ii. Planes of
reduced to which the vanishing line passes through the centre of
the picture, iii. Planes of which the vanishing line
does not pass through the centre of the picture. But
as this division will be expressed more clearly by terms
referring to the illustrations we have given, we shall
describe the same three cases in other words.
Case I. Of planes parallel to the perspective plane.
Case II. Of planes perpendicular to the perspective
plane ; which include three varieties :
1st. Planes parallel to the horizontal plane.
2dly. Planes parallel to the station plane.
3dly. Planes neither parallel to the horizontal nor to
the station plane.
Case III. Of Planes neither parallel nor perpendi
cular to the perspective plane ; containing also three
varieties, viz.
1st. Planes whose bases are parallel to the horizontal
line.*
2dly. Whose bases are parallel to the station line.t

Sdly. Whose bases are neither parallel to the horizon- Ofon
tal nor to the station line.
i. j
(35.) To exemplify the several foregoing cases. In TVfal
plate ii. fig. 2, the diameters if, k to, » t m «**
are in a plane parallel to the perspective plane, and
consequently belong to Case I. To the same case be
long, in plate iii. fig. 1, two sides of each of the four
boxes, viz. the side in each nearest the spectator, and its
parallel, the side most distant. Also two sides similarly
circumstanced in the lids of the box opr. and of the
same box as seen resting on a different plane, of which
the vanishing line is C Q.
Of Case II. examples are abundant. The plane 71* *c»i
P e, plate ii. fig. 3, is parallel to the horizontal
plane. Also (plate iii. fig. 1) the squnre bottom of
each of the three lower boxes, and of the box in each
of the figures. (Plate ii. fig. 1, plate iv. fig. 1, and
plate v. fig. 2.) Parallel to the station plane we have
examples in the sides (plate iii. fig. 1) d i andig.oj
and s k, x y, &c. of the boxes there introduced. Also,
(plute vii. fig. 1) in a picture-frame suspended from the
point s.
Planes neither parallel to the horizontal nor to tht
station plane, but perpendicular to the picture, are re
presented in plate ii. fig. 2 ; also in plate iii. fig. 1, the
bottom of the upper box, with the top of its lid, together
with those sides of both which are perpendicular to the
plane of the picture.
Case III. may be thus illustrated. The planes Tht tH
(j>late iii. fig. 1) a b V and d h Z, in the lid of the o*
box df, and the plane x a W, in the lid of the boxy a,
form examples of planes the bases of which are parallel
to the horizontal line.
Again, to exemplify planes of which the basesut
parallel to the station line. The base g b, (plate ii.
fig. 3,) of the plane P 6 g, is similarly circumstanced.
And, lastly, for an example of a plane neither paralli
to the horizontal nor to the station line, observe the
plane of the lid of the box (plate ii. fig. 1) e uii,
which vanishes in the line M L. Also, (in plate if.
fig. 1,) a similar lid lc t s e, vanishing in the line XM.
Likewise (in plate v. fig. 2) the lid k h i to, vanish
ing in the line V M.
CASE I.
Of Planes parallel to the Perspective Plane.

Rules and Observations.
(36.) That if any number of parallel straight lines be
all parallel to the plane of the picture, their representa
tions are parallel to each other.
(37.) That the representations of all equal straight
lines in a plane parallel to the plane of the picture, are
all equal to each other.
(38.) That if an original straight line be parallel to
any straight line on the plane of the picture, its repre
sentation is also parallel to that line.
(39.) That the representation of a plane figure,
parallel to the perspective plane, is a similar figure;
that is, its angles are equal to those of the original, and
.its sides proportional. Thus, if the principal distance
be divided into a number of equal parts to stand for
yards, feet, or any other measure expressing the distance
♦ In which examples the plane is perpendicular to the station of the original plane from the spectator, the represent
plant-.
t In which examples the plane is perpendicular to the horizontal tation may be given of the sides of the figure according
plane.
to that scale.

PAINTING.

^■j-"
* V.
■

Problem I.
To prepare (he Perspective Plane for Case T.

(40.) Describe any circle A G B D with C for its
centre, representing the principal point; and within that
circle of vision, let the line E F represent a plumbline, (or the nearest upright object in the foreground,)
divided into any number of equal parts, say seven; each
of which suppose, in the original plumb-line, to be one
foot ; and in the representation of it, as here given, to be
one-fifth of an inch.
Draw to the line E F two parallels, G I, H K, at
pleasure, (according to the size of the drawing, and the
intended extent of the view,) and to these parallels two
perpendiculars meeting them at the four points G, H, I,
K. Let the sides of the drawing be next divided into
equal parts, according to the scale of E F. The sides
GI.HK, will represent 18 feet each. The sides G H,
I K, 22 feet each. It will be manifest that these four
lines, or sides of the drawing, are parallel to the hori
zontal (Art. 11) .and station lines, (Art. 17,) and that a
line drawn from any given number, as 7, and passing
through the centre of the picture, to the same number on
the side opposite, would be the horizontal line. Also a
line through C parallel to the plumb-line, would be the
station line. (Art. 17, 34.)
s ground
(41.) The lower side of every drawing is commonly
u
called the ground line, and the plane of which it is the
tfmond base, the ground plane. (See note * Art. 17.)
°e>
(42.) In sketching from Nature, a substitute for the
plumb-line may occasionally be found in the upright
edges of a wall or other building, the height of which
is known ; or in the height of any other object per
pendicular to the horizon. Having now fixed at the
sides of the picture the proportions of the nearest ob
jects, or, rather, the nearest points of objects that it is
possible (Art. 11, 12) to delineate upon it; let the
learner next divide the principal distance (or radius B C
of the circle of vision) according to the same scale.
(Art. 39.) In the present example it will contain sixteen
parts. So that according to the perspective plane now
prepared, the principal distance (or distance of the
spectator from the plane of the original plumb-line) is
16 feet ; the height of his eye from the ground plane is
7 feet ; and the utmost limits of his prospect along the
ground line (viz. the side I K) produced both ways to
the circumference of the circle at A andD will be about
26 feet. It is recommended to the student to practise
this preparation of the perspective plane in various
scales, and not confine himself to the one here given,
which, in fact, must refer to many objects indistinctly
seen. (Art. 15.)
Problem II.
, ]j
To draw (parallel to the perspective plane) any sur
face which shall be similar to any other surface also
parallel to the same plane ; and which shall represent
that surface at an equal, a greater, or less distance from
the spectator.
(43.) The student is expected to be familiar with the
JC. construction of regular figures, the circle, the triangle,
iiauce the square, parallelogram, &c. as taught in elementary
pried- books of practical Geometry. Raise at any point, as
"""f" O, in the ground line, a perpendicular; and describe a
qmsite. cjrc|e> q p tne centre Gf which is in that perpendi
cular; and the radius of which is equal to any given
number of the divisions on the ground plane, say three.
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It is required to make a representation of this circle in Of Outline,
any part of the picture, either at the same distance, or ^^v— '
at any other greater distance.
(44.) To represent the circle at the same distance, First part of
nothing more is requisite than, with the same radius, P«b. II.
(Art. 37,) to make at any given point a circle of exactly
the same apparent area. This done, any regular figure
within the circle may be represented, such as the equila
teral triangle OPR. If the sides of the original
figure are parallel to those within the circle, their re
presentations must be also drawn parallel. (Art. 36 and
38.) This is the well-known case of architectural ele
vations, which are drawn in conformity to a ground
plan previously determined.
(45.) Next, to represent the surface OP R at a greater Second part
distance. Take any radius, as U V, less than that ofof Prob. II.
O P R, and construct a circle at the point given. The
circle thus constructed will represent a breadth of six
feet (the diameter of O P R) on some plane parallel to
the picture at a greater distance from the spectator than
the plane of O P R, («. e. greater than 16 feet, the prin
cipal distance ;) and it is evident that a similar figure to
O P R drawn within the circle at U, according to that
scale, (of U V,) will represent the figure O P R, at that
greater distance.
If it is required, on the ground plane, to find the dis
tance of the last constructed circle ; draw the lines O C,
T C, cutting off a portion from the ground line equal •
to the radius of O P R. Between O C and T C lie all
the parallels to the ground line that can be drawn less
than O T. From O T cut olf O 5, equal to U V, and
draw 5 S parallel to O C. The line N S equal to O 5,
or U V, drawn between O C and T C, parallel to I K,
will be the radius required ; and will show the distance
of the plane of U V on the ground plane. In other
words, the surface to which U V belongs, and the sur
face to which N S belongs will be in the same plane
parallel to the picture : and the triangle at N will be
equal to its similitude at U, and will represent O P R
at the distance of the original at the point N on the
ground plane. It is moreover evident, that according
to this new scale of N S, or U V, the same figure may
be repeated in any other part of the picture. (Art. 44.)
Thus will be formed faithful representations of O P R
on a plane parallel to the picture, and intersecting the
ground plane, of whose line of intersection N S (being
parallel to the ground line) is a part.
(46.) It was next required to draw the representation Third part
of a surface, parallel to the perspective plane, at a lesser of Prob. II»
distance than any given. This given distance must not
be the distance of P R O, or of any figure drawn by
the scale at the sides of the picture, since nothing
nearer can be represented than by that scale. (Art. 21.)
Let then the equilateral triangle b m d be the figure
given, of which a copy is required at a nearer point, as
N on the ground plane. Parallel at m to the ground
line draw a straight line m e, equal to the radius of the
circle bmd. Through the extremities of this parallel
draw C O, C T. These lines will cut from off the
ground line, a portion O T, here representing 3 feet. At
N, draw N S parallel to m e, or OT, and meeting C T in
S, N S will be the representation of a length of 3 feet,
the radius of 6 to d, removed to N, on a nearer plane
parallel to the picture ; and having N S for part of its
line of intersection with the ground plane.
(47.) It may often be more convenient to draw the
scale of the ground line (or rather the scale of C B, the
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Paintinf. principal distance) on a line parallel to some line in the
figure to be copied. Thus the side PO, in the triangle
OFR, being equal to about 5 feet, the lines O C, P C,
drawn from its extremities, will cut off N X and 6 m,
representing a length of 5 feet at the distances N
and m.
Another
(43.) Another method of determining ths size of
mode of
operation objects on a plane parallel to the picture, according to
lor Prob. II their distance from the spectator, is Dy dividing, or mul
tiplying, proportionally to the distance required, any
line in the figure to be copied. Thus the radius of
O P 11, or the line O T equal to the radius of O P R, may
be used to express the distance of the required object
from the spectator : and may be divided so that one
portion of it shall express the distance of the figure
O P R from the spectator ; and the other portion of it
express the distance of O P R from its intended copy.
Let it be required, for example, to represent O P R at a
distance of 24 feet. O T may be conceived to consist
of twenty-four equal parts, sixteen of which express the
principal distance, or distance of the plane of O P R ;
(Art. 39 ;) and the remaining eight the distance of the
plane of O P R from that of its copy at N or U. O T,
therefore, being divided into three equal parts, will
express the required proportions, viz. two-thirds for
the distance of OPR.; the remaining third for the
distance of O P R from the copy at N or U ; and the
whole (as was before said) for the distance of the plane
of N from the spectator's eye. One of these two por
tions of O T will give the scale of the representation
sought for, f. e. will be the size of the copy of O T at
the point N. It will be that portion of O T, expressing
the distance of the figure of which the copy is to be
made, viz. the portion O 5, two-thirds of O T. This
portion will represent, at N, or U, or any where in the
picture, the radius of O P R on a plane parallel to the
perspective plane, and 24 feet distant from the spec
tator.
For second
(49.) Accordingly, N S is equal to two-thirds of OT,
part of
and is a representation of a line of the same length
Prob. H. with O T at the distance of 24 feet from the spectator.
But O T measures 3 feet. N S, therefore, divided into
three, will form a scale of feet for the copy of the figure
O P R at N or U ; or for that of any other figure on the
same plane of N or U, parallel to the picture. Or the
copy may be made by lines parallel to O P R, each of
which is two-thirds of the length of its original.
(50.) Again, as another example, let it be required
to represent a copy of the figure X Q N at twice the
distance of N. The line N S, divided into two equal
parts by a parallel from its centre to C O, cutting C T
at e, will give the radius m e of the representation re
quired : and m e, accordingly, divided into three, will be
a new scale of feet for the figure copied at m, or for
any other figure on the plane to which it belongs parallel
to the picture.
(51.) But if a given surface, as bmd, parallel to
For third
part of
the picture, is to have its similitude represented nearer
Prob. II. to the spectator, and consequently on a larger scale :
multiply its diameter, its radius, or any other line in the
figure, by the denominator of the fraction expressing
that portion of its distance at which you mean to place
the given surface. If, for example, you wish b m, or b d,
or d m, or m e, to be drawn in perspective at half their
present distance, multiply any one of those lines by 2,
i. e. make it twice its present length. If you desire it to
be one-third of its distance, multiply by 3, I. e. make it

three times its present length. If you reduce it to two- 0f0si»
thirds, multiply by 3 and subtract 1. If to one-fourth, S"Y*'
multiply by 4. If to three-fourths, multiply by 4 and
subtract 1. If to two-fifths, multiply by 5, and subtract
3. If to three-fifths, multiply by 5, and subtract 2. If
to four-fifths, multiply by 5, and subtract 1. The quan
tity subtracted being always equal to the difference
between the numerator and the denominator of the frac
tion, whenever the numerator exceeds I.
(52.) In this latter operation, care must be taken No £uki
that no distance on the picture be attempted las than tJ •* ythe principal distance ; (Art. 21 ;) for instance, if the [™f*I^J*
triangle bmd is represented 48 feet distant from the p,^^
spectator, and it is desired to represent the same triangle dinua.
at a fourth part of that distance : the answer is, that
such a representation on the picture I G H K, with the
principal distance B C, is impossible ; because a fourth
part of 48 feet is a distance of 12 feet ; consequently 4
feet less than the principal distance B C, and situated
out of the plane of the picture, on some other plane
between the spectator and the nearest object, (as O P R,)
that can be drawn on the picture.
(53.) The optical principle upon which both the fore- Tit fa*
going methods are founded, may be thns briefly explained. Let the eye of the spectator at E (plate vi.
fig. 1) be directed towards PO, X N, and b m, |
each equal to O T, that is, to a radius of the circle
O P R in the last figure : (plate v. fig. 1 :) each upon
planes parallel to each other, and to the perspective
plane : (O P being on a surface (plate vi. fig. 1) in the
perspective plane itself; XN, and 6 m, on parallel sur
faces in planes beyond it :) and each at the several
distances, O E, N E, and m E.
O E, being the distance of the picture, or principal
distance, equal to C B, (plate v. fig. I,) will be 16 feet.
Consequently, N E (half as far again) will be 24 feet ;
and m E (three times the distance O E) 48 feet. It it
evident that the line P O, at the distance of O, appears
to the eye at E under the angle P E O. Removed to
N it appears under the angle X E N ; and removed still
further to m, the same line appears under the still
smaller angle b E m. These differences ot its apparent
magnitude are expressed on the line P O itself: its
apparent length at the point of distance N being ZO;
and its apparent length at the point of distance m being
Y O. Also, observe, that P O, divided into two parts
O Z and P Z, having the ratio of 2 to 1 ; O Z may be
used to express 16 feet, being the distance OE; PZ
8 feet, being the distance PXorON, and therefore
P O (the whole line) 24 feet, being the distance N E.
Or if the division is made at Y, (O Y being one-third
of OP,) then O Y expresses the distance OE, 16 feet;
PY, twice that distance, 32 feet, being the distance
Pi, orOm; and P O expresses the whole line E m,
being a distance of 48 feet.
(54.) It is further manifest that YO, the ]
tion of b m on the plane of the picture, must, in i
to represent b m (half that distance) at N, be
by 2, i. e. must be increased to the length of O Z ; i
that if X N be brought one-third nearer, or 4w be
brought to O, Y O must be multiplied by 3, i.e. increased
to the whole length of O P. (Art. 51.)
(55.) Another remark to the purpose of our illustra
tion is, that if O Y be multiplied by 3, (that is, increased
to the length O P,) it will either represent b m, three
times greater at the distance m E, or the same size at
its nearest dretance'OE. Also that if XN be moved
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minting. perpendicularly to and fro, along and between the lines
m O and 6 P ; a line drawn from X to £, (at any time
during the progress of X N,) will intersect O P in some
one of the several points between P and Y, and show
the apparent magnitude of X N, or of its equal O P, at
any point of distance between O and m. So that the
line O P is at all times divisible into two parts ; of which
(if the whole line be used to express the furthest dis
tance, as £ m, required for the object) one part shall
express the distance (as O m) of the plane of the object
from the plane of the picture ; and the other part shall
express 0 E, or the principal distance. The learner
will see, therefore, that the scales by which O P may
be thus divided, are infinite in their variety; since
every new distance of the object demands a new scale
greater or less, according to that distance. This scale
lie la
ired for of O P, once determined, he has only to deduct the
ch sepa principal distance in feet, inches, or any fixed measures
e plane
rille) to of length from the line O P, expressing similar measures,
: penpec . and graduated according to a particular scale deter
f plane. mined by the distance of the plane of the object from E.
(56.) Other examples (plate v. fig. 1) are added, to
which all the foregoing rules and observations may be
again applied, g acf h represents the gable end of a
cottage, 9 feet broad from g to A, 13 feet high from g to
o, or from A tof; its ridge at c, 17 feet from the ground ;
and the edges of its roof a c, and cf, each equal to
nearly 6 feet. These dimensions are ascertained by
drawing lines from C, through g and A, to the scale on
the ground line, and thus at r and n on the plane of the
picture will be shown, by lines parallel to g a, ac, cf,
and f A, (see the dotted lines in the figure,) the magni
tude of the object at its nearest representation (Art.
52) on the plane of I G H K.
(57.) Or these dimensions may be also known from
a scale upon g A, drawn similar to that at the ground
line, by means of straight lines from C to the divisions
of the ground scale.
(58.) To represent the same figure g a cf h at any
greater distance, and consequently on a smaller scale :
draw lines, g C, a C, c C, / C, A C, within which any
parallels to the lines of gacf A will give the represen
tation required ; and the scale of this new representa
tion is found by lines, as before, from C to the ground
scale, dividing I i into nine parts, representing 9 feet.
According, then, to these three scales (; I, g A,
and rn) are determined, in this example, the relative
sizes of the square window, and of the chimney, at the
several distances of each plane : viz. the scale of the
ground line, or r n, for the plane of the picture ; the
scale of gh for the plane of ghc ; and the scale of t i,
for the plane of Hy.
It is evident that the side of the cottage g a cfh may,
(Art. 44, 45, 46,) at any distance, be represented (ac
cording to the scale of that distance) in any other part
of the picture : for example, on the plane of t i y it
may be drawn either at the intersection with, and on
the same level with the ground plane, as at L ; or 18
feet higher, as at W ; or 23 feet lower, as at Z.
(59.) Next, to proportion the apparent dimensions of
the surface g- a cfh to its distance. Let the divisions
on that portion of the ground line (viz. r ri) which is
cut off by producing Cg, and C A, be changed to signify
the number of feet (or any other measures of length)
at which the plane of gacf A is distant; say 24 feet.
Out of these 24 equal parts, sixteen (the number of
feet in B C, the principal distance) will be found
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equal to g h. Or, without altering the ground scale. Of Outline.
g A may be found thus, 24 : 16 : : 9 : 6, giving 6 feet,
taken from r n, for the length of gh. In the same
manner, / i being compared with g k, (according to the
scale of g h,} its distance from gh is found. Multiply
ing 24 (the distance of g A) by 9 its length, und divid
ing the product by 4 J, (the number of feet which t i
measures on the scale of g A,) w e obtain 48 feet for the
distance of t i. In other words, t i being equal to onehalf of g A, must be twice (Art. 54) the distance of
g A, viz. 48 feet from the spectator, the half of which,
viz, 24, will be its distance from g h : g i t A may, there
fore, represent the floor of a room 24 feet by 9, the
nearest side of which is 24 feet distant from the spec
tator.
A Gothic window, 18 feet high, is also represented, The student
according to the foregoing methods, at the distance of 5?7 j ^
48 feet from the spectator. It is recommended to the and ex^m.
student to practise the above problem with any other p|es of big
principal distance ; that is, with any other radius to the owu for
circle of vision than C B : and not confining himself to 'nese P™*
16 for its divisor, to choose any other number.
m.
Clearness and facility will also result from drawing
every example on different sides of the picture.
case n.
Of planes perpendicular to the perspective plane ;*
which include three varieties, viz.
I. Planes parallel to the horizontal plane.
II. Planes parallel to the station plane.
III. Planes neither parallel to the horizontal nor to
the station plane.
Rules and Observations.
(60.) That the point where the perspective plane Vanishing
intercepts a straight line drawn through the spectator's point.
eye, or point of view, parallel to any original straight
line, is the vanishing point of that original line.
(61.) That the vanishing line of any original plane Vanishing
contains the vanishing points of all straight lines in line.
that plane, which have parallels intercepted as above.
(62.) That of the two extremities of every straight
line, infinitely produced, or extended both ways upon its
original plane ; one extremity extendingyrom the spec
tator, reaches a point represented in the vanishing line
of that original plane. The other extremity towards
the spectator, reaches a point in the base line of the
same plane. (Art. 19, 20.) This extension of any line
to its vanishing and base points is called an indefinite Indefinite
representa
repiesentation.
(63.) That all lines whatever of intersection with the tions.
plane of the picture by original planes extending to
wards the spectator are base lines ; and all points of Base lines.
intersection with the plane of the picture, by lines
Base points.
similarly extended, are base points.
(64.) That the vanishing and base lines of every Vanishing
and base
plane are parallel to each other.
lines paral
(65.) That every plane has its own base line apart lel.
from every other ; but that all parallel planes have the
same vanishing line. For example, the horizontal line Same va
II L (plate vii. fig. 1) is the vanishing line of all nishingforline
all
planes parallel to the horizon ; and the station line B D serves
parallel
is that of all planes parallel to the station plane. (Art. planes.
* Otherwise denominated (Art. 34) planes of which the vanishing
line passes through the centre of the picture.
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11, 17, 18, 34.) And, indeed, any straight line what
ever, passing through the centre of the picture, is the
vanishing line of such planes perpendicular to the pic
ture as have their bases parallel to that vanishing line.
A similar rule holds (as will be seen in Case III.) with
any straight line not passing through the centre of the
picture. It is the vanishing line of all planes parallel
to each other which have their bases parallel to it, and
which admit of no other central distance.
Parallels to
(66.) That, in most instances, when the actual base
the base are line of any plane is difficult to be reached on the per
•ubslituted spective plane, another parallel base may be substituted.
for it.
(Art. 21.)
Whatplanes (67.) That planes parallel (as in Case I.) to the
have neither plane of the picture, having no intersection with it, i. e.
base nor va
nishing line. no base line, have likewise no vanishing line. (Art. 34.)
(68.) That the vanishing and base lines become one
and the same line for any plane, that, passing through
the centre of the picture, is perpendicular to the per
spective plane.
The hori
(69.) That, therefore, the vanishing and base lines of
zontal va the horizontal plane are one and the same straight line,
nishing line called the horizontal line. (Art. 11 and 17.) And that,
and the sta
tion vanish also, the vanishing and base lines of the station plane
ing line.
are one and the same, calleo the station line. (Art. 17.)
(70.) That the horizontal and station lines intersect
Are perpen
dicular to each other in the form of a cross at right angles at the
each other. centre of the picture. For example, the horizontal line
H L (plate vii. fig. 1) is at right angles with B D, the
station line.
(71.) That a perpendicular from the eye of the
spectator to any vanishing line, intersects the plane of
the picture in a point called the centre of that vanishing
line. (Art. 22, 23.)
The centre
(72.) That the centre of any vanishing line is the
of a vanish
ing line is vanishing po ut of all lines perpendicular to the base of
the vanish the plane to which they and their vanishing line belong.
ing point cf For example,
all perpen
diculars to In plate II. fig. 1. II
mt
qm
the base of
I.
qm
mx
its plane.
fig. 2. C
no
C3a. 0)2 i v,&c
bg
fig. 3. P
u r
Plate III. fig. 1. c
g
if
c
j V
5
-5
z
dh
hi
V
bh
ab
w
y«
y%
Plate IV. fig. 1. x
be
ba
j.
V
be
ae
Plate V. fig. 2. V
■rs s * a
L
«/
o fc s a
An
Plate VII. fig. 1. c
AX
c
aI
ab
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With many more examples which might be mentioned,
and which the reader will discover for himself. The
above are here given to render him familiar with the
plates. He will observe that the distance between C,
the centre of the picture, and any other points denoted
above (in the left-hand column) by capitals, is the
central distance. (Art. 24, 26.)
All lines
(73.) That, consequently, the vanishing point of all
perpendicu original straight lines perpendicular to the perspective
lar to the plane is the centre of the picture.
picture
(74.) That the centre of all vanishing lines passing
vanish in
its centre. through the centre of the picture, is that central or

principal point itself of the picture; and is the extremity 01 (kit
of the line called the principal distance, which is petpendicular both to the vanishing line and to the plane f™^
of the picture. (Art. 10, 22.)
p«»u«
(7 5.) That the centre of any other vanishing line, 1. 1.
of any not passing through the centre of the picture, pJH«
is at the extremity of a perpendicular, drawn, like the hmi!j
principal distance, from the spectators eye, and called Jinn c»
the direct distance, perpendicular to the vanishing line,
but not perpendicular to the plane of the picture. (Art. fram 'it
23.)
f"*^
(76.) That all parallel lines in the same plane, have Tkt
the same vanishing point. For example: (plate ii. nmsfct
fig. 1 :) L is the vanishing point of the parallels t s and Pw,,.li,,
e u in the same plane, and of t s and q v parallels in '"V,^
another plane. Again, the vanishing point is C (plate ii ^iraa
fig. 2) of the line no, and also of the lines mC.iC,
k C, * C, t C, v C, &e. represented in the same plane
with n o. (Art. 33.) See further the vanishing point
P (plate ii. fig. 3) of u r, and also of its parallels a P,
b P, d P, e P, &c. In like manner V (plate v. fig. 2)
is the vanishing point of the parallels ih and to it, in the
plane i V w, and also the vanishing point of i h and
s x, parallels in the plane s V i. L is here the vanishing
point of the parallels af, s i, e d, and xA. Observe,
moreover, (plate vii. fig. 1,) C the vanishing point of
all the perpendiculars to the perspective plane.
(77.) That if the extremities of any number ofequal Prcp*"
and parallel straight lines lie between two parallel"11*^
straight lines, the representations of the latter meeting^
in their vanishing point, shall determine the perspective
proportions of the former. (See Prob. II. Art. 43 to 59.)
Problem III.
To prepare the Perspective Plane for Case If. rii. tk Pri JL
Case of Planes perpendicular to the Planeof the Picture.
(78.) Draw the straight line H L, representing the?*'11
level of the horizon ; and in that horizontal line, choose * '
a point for the centre of the picture, opposite to which
is the spectator's station. Through C draw the perpen
dicular B C D, to mark the intersection of the statioi
plane with the picture. (Art. 70.) Describe, with *e
principal distance P C for radius, the circle DPBS_
This will be the circle of vision ; the base of a cone, of
which PC is equal to the altitude. (Art. 12, &c.)
(79.) Or, if the line of the horizon is not conve
niently found, draw B D ; the original of which, by
means of a plumb-line, may be at any time most accu
rately obtained. (Art. 40.) Then with the centre C,
(the height of the eye,) on that station line, and ffi'J1
B C, or D C, equal to the principal distance (Art- W,
11) for radius, describe the circle of vision as betore,
and draw H L through C, perpendicular to B D. I*1
next the parallels E G, FI to the station line, andEF,
G I to the horizontal line, be drawn ad libitum, a"?
where within the circle, and limiting the intended re
presentation.
13.) boundaries will, it is evident, BssJ,
(SO.) These(Art.
rectilineal
be useful asoccasional baselines. (Art.21.) EFandul^
occasionally as the base lines of planes parallel to
horizon ; E G and F I occasionally as the base lines ot ^
planes parallel to the station plane. (Art. 17.) They
may be substituted for base lines of any planes, whose
vanishing lines are parallel to them. (Art. 64.) '<*
example, EG may sometimes stand for the base lined
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anting, a plane of which F I is the vanishing line, or vice versa.
F E may stand for the base line of a plane, of which
'*'esre"I G is the vanishing line, or vice versa. Indeed, any
rlo'the tlra'Shl line parallel to the plane of the picture may be
m, represented as a substitute for a base line of the plane
to which it belongs. (Art. 123.)
isionof
(81.) Where an exact measurement of objects is to
irincipil be made, divide, as in Case I., the principal distance
Tscjle *nt° etlua' Parls' representing poles, yards, feet, or any
< trans- meis,lres of its actual length. These parts it will be
sdtoibe convenient to set off, as before, on the sides G I, F I
mi line of the drawing. (Art. 40.)
to each
(82.) Where a number of angles are required to be
o"ihe Put 'nto PersPecl've> it is convenient at the points B
ute, and P, S and D, to make a number of angles, from
10° upwards on each side of the radius or principal dis
tance ; i. e. in the present example on each side of
oration C P, C B, C S, or C D. The lines forming these anceruin gles will intersect the horizontal and station lines ;
l*f of (plate vii. fig. 2 ;) and the points of their intersection,
™8* such as those marked 10, 20, 30, 40, &c, on H L and
B D, will be the vanishing points of all lines in any
planes parallel to the horizontal and station planes :
(Art. 61 :) according to the angle made by each line
with the base line of the plane to which it belongs ; or
made with any parallel to that base line.
(83.) The whole difficulty, indeed, of practical per
spective, may be said to consist in drawing such a
straight line as shall represent any required angle made
by the original of that line with the base of the plane
to which it belongs, or with any other line : and also,
secondly, in representing a straight line, divided into
any number of portions, according to any given ratio.
The first part of this difficulty may be termed the
division of angles; the second pait the division of
li?ies.
fog
(84.) The dividing points of any angle are the reti.
spective vanishing points of the lines which divide the
'angles, angle. Thus, the points C and K (plate i. fig. 4, No. 1.)
are dividing points of the angle ALB, to which points
the lines LC,LK being drawn divide the angle ALB
into portions A L C, C L K, K L B, corresponding to the
divisions AEC, CEK, and K E B, of the original
angle A E B. (Art. 28.)
iflines. (85.) The dividing point of any line is to be found
in the vanishing line of the plane to which the line to
be divided belongs; and is the point from which inter
sections being drawn to a scale, on the base, or on its
parallel, will divide the line according to its required
proportions. No example could occur in Case I. to
show the division of angles; since the planes there con
sidered are all parallel to the plane of the picture, and
can contain (Art. 34, 67) no line with a vanishing
point.
*I.
(86.) But respecting the division of lines, it will have
.iding been evident that in Case I. the dividing point for all
jf
straight lines in planes parallel to the perspective plane is
ofthe
ce»tre of the picture. (Art. 77.) For example, C
(plate v. fig. 1) is the dividing point of the lines t i, g h,
m e, N S, O T, O R, O P, P R, X Q, b m, U V, &c, be
cause C (Art. 72, 73) is the centre of the vanishing line of
the plane of O C P, R C P, and O C R, as well as of the
plane of O C rt, or ground plane ; to which planes the
divided lines t i, gh, me, N S, &c. belong, as well as to
planes parallel to the picture. (Art. 33.)
(87.) For we may here take occasion to observe
that, as every straight line whatever is liable to be the
vol. v.
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common intersection of any number of planes ; so the Of Outline.
expert tactician in perspective will choose that plane
which enables him to makt his representation with most
facility. (Art. 33.)
(88.) In the preparation of the perspective plane for
Case II., it will be often necessary to provide for a great Further pre
many other vanishing points besides those marked on paration of
the horizontal and station lines ; since the number of vanishing
for
vanishing lines of planes perpendicular to the plane of points
Case II.
the picture, is equal to the number of diameters that
can be drawn to the circle of vision. (Art. 72, 74.) To
provide, therefore, for any other vanishing line besides One exam
H L or B D, (see plate vii. fig. 1,) arcs of circles may ple given
be drawn, with a common centre C, cutting any vanish out of num
ing line of Case II., as KM, at the same central distances berless
others.
with those marked on the horizontal and station lines,
C 10, C 20, C 30, &c
(89.) The points thus found (in the vanishing line
K M) will be the vanishing points of lines making the Angle made
complements of those angles 10°, 20°, 30°, &c. with the by any lino
base of the plane to which K M belongs. For example, with the
of its
in the graduations upon this or any other vanishing line base
plane may
the complement (or difference from 90°) at the vanish he known
ing point marked 10° is 80°; at the vanishing point by means of
marked 20° is 70° ; at the vanishing point marked 30° degrees
marked at
is 60° ; and so of the rest.
its vanishing
point.
Problem IV.
To find the vanishing point, and to give the inde Prob. IV.
finite representation of a line that belongs to any plane
perpendicular to the plane of the picture, and to find
also the original angle made by the given l\ne with the
base of the plane to which it belongs.
(90.) If the given line be found to vanish in the cen Plate VII.
tre of the picture, the angle made by its original has Fig. 1.
been already stated in Art. 73. Otherwise let ed
(plate vii. fig. 1) be the given straight line. As in
this proposition the base of the plane to which the line
belongs (or some parallel to the base) is supposed to
be known, draw two parallels to the base ; one, as
OCR, for a vanishing line through the centre of the
picture ; (Art. 72, 74 ;) the other, a b, as an occasional
base, (Art. 21,) and let these parallels be so drawn as
to include the given straight lii'.e between them. Then
continue the given straight line at both extremities e and
d, till it reaches both the parallels at/and O. Of will Vanishing
and
be its indefinite representation. (Art. 62.) Its inter point
indefinite
section (marked 40°) with the first parallel or vanishing representa
line O C will be the vanishing point. (Art. 62.) Its tion found.
intersection with the latter parallel or base line af, at
f will be the base point. (Art. 63.)
(91.) Next, to find the original angle represented by
O fa, (namely, the angle made by the given line with
the base of the plane to which it belongs,) raise at the
centre of the picture a perpendicular, as C M, to the
vanishing line, and let this perpendicular equal the prin
cipal distance. (Art. 27, 28.) Join by a line, as M O,
the furthest extremity of this perpendicular with the
vanishing point. A right-angled triangle will thus be Original
formed; in which, out ofthe two angles at each extre angle found.
mity O and M of the hypothenuse, the one at O oppo
site the principal distance is equal to the angle required
;n the above problem ; VtZ. equal to the angle repre
sented by O fa, made by the given line with the base
of the plane to which it belongs : and the other at M
3u
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Painting. equal to the difference of that angle COM from 90°
represented by O/C.
(92.) Both these angles at O and M, by means of
parallels to C M and M O, may be transferred to the
base at the point /, where we have K/a, equal to an
angle of 50° made by the original of e d with the base
of the plane faltb; secondly, afO, the perspective
representation of that angle ; and thirdly, Kfm equal
to O M C, an angle of 40° as marked upon the vanish
ing line OCR, of which latter angle the representa
tion will be O/C as above stated, if a line, as/C, be
drawn from the base point to C. (Art. 28.)
Observa
(93.) The learner will here perceive that the angles
tions con of the triangle O/C are representations of those in the
nected with triangle O M C, viz. :
the fore
going pro
The angle O C M represented by O C/
blem.
COM= K/a ... by C 0/= Ofa
OMC= Kfm . . by O/C (Art. 28,92.)
(94.) And as the vanishing point O belongs to a
side, as O C, of these triangles which is common (Art.
33) to both, so every vanishing point, as O, takes very
properly the name of the angle at /or M opposite the
common side O C. Thus,
•
80°
10°
fcn
ca ^
20
70
a) a"
30
60
40
50
■t. ^
45
45
<-c —sr> will be
■°a -°
-a be
50"*
40
°1
60
30
•20
o s
70
<s a.
80
10
—s
00
0
The convenience also of this mode of marking the
vanishing points will abundantly appear in the next and
following problems.
Thus far has been laid down in general terms a rule
Examples for the operation in Prob. IV. Examples of the rule in
to illustrate each of the three varieties mentioned in Case II. may
Prob. IV. in
each of the now be stated.
(95.) i. To exemplify it where the plane to which the
three va
rieties of given line belongs is parallel to the horizontal plane.
Case II. Let the lines representing the top and bottom of a small
rectangular box at x, (plate vii. fig. 1,) be extended
(since both surfaces, upper and lower, are parallel to
each other) to the vanishing line H L (Art. 65) of both
planes. Two lines in each will be fouud to vanish at a
point L marked 50°, and two at a point marked 40°,
on the opposite side of the perpendicular B C. Next,
lines B 50 and B 40° being drawn, will show the angles
made by each line with the base of the plane to which
it belongs, or with any parallel to that base, such, for
instance, as the ground line. (Art. 28, 66, 80.) The
Hues vanishing at the point 40° will be found to make
an angle of 50° with their base. The lines vanish
ing at 50° will be found to make an angle of 40°
with their base. (Art. 93.) The two books on the floor
and a bird-cage at the upper part of the picture are in
troduced for similar illustration. The lines bounding
the cover of the lowest book, will, if produced, meet the
horizontal line at their two vanishing points marked
* As in this particular example.

45° in the circumference of the circle of vision. An of
angle of 45° will consequently be the angle made by JLi
each of those lines with the base, or with any other parallel to the horizontal line. Another book above this
supporting the portfolio albt, has two edges of its
cover parallel to the base, i. e. to H L, or to the ground
line. These have, therefore, no vanishing point (art.
67,85.) and are drawn according to Case I. The re
maining edges reach their vanishing point (Art. 73) at
C the centre of their vanishing line, and are accordingly
perpendicular (Art 72) to the base line of the plane'to
which they belong. The wires of the bird-cage being
parallel to the picture, have no (Art. 67, 85) vanish
ing point ; and being also parallel to the station line,
are, therefore, so drawn by the method in Caie I. : but
the lines which complete its sides being in horizontal
planes perpendicular to the picture (Art 33, 87) have
their vanishing points in the horizontal line ; and will
be found to make angles of 45° with the base line
F E.
To avoid confusion from multiplicity of lines, the
several indefinite representations just mentioned have
not been drawn on the plate, but are left to be supplied
by the learner. We shall now, however, give other
examples, which, to some readers, may prove more satis
factory. Let the lines which bound the representation
t mxo, of a square, (plate ii. fig. lt) be produced to
their vanishing points at II and L. From the extre
mity W of the perpendicular WC, (Art. 27, 28, 91,) a
line W H, to the vanishing point of the representation
m H, will give the angle W H C = gmB ; (the incli
nation of the original ofm t to the basegz, or to any other
base parallel to it;)c«.an angle of 45°. Again, the angle
made with the base by the original of mi may be simi
larly found, and ascertained to be equal to «»iF; and
also the angles at which the originals of q i and q tare
inclined to a base drawn through q; or inck'ned togs,
or to any other parallel base. In plate ii. fig, 3, the
sides of the parallelogram j re vanish in the points P
and Q, which (as C P and C Q are each equal to the
principal distance) will be found, as in the last example,
and as they are found always, the vanishing points of
all lines in Case II. that make 45° with their base. The
square bottom (plate iii. fig. 1) of each of the three
lower boxes was hinted (Art. 85) as another exampleThe lines em, gfjp, kr, &c. vanish in the centre of
the picture, and therefore represent right angles with
their bases e g, j k, &c. (Art. 71,72,73.) Another box
(plate iv. fig. 1) is introduced, to the bottom of which
(parallel to the horizontal plane) belong the lines bawi
bf vanishing at X and V, and representing, by the
angles abl and /6c, the original angles PXC and
PVC equal to the inclinations at 6 to the base I c.
Lastly, the originals of the angles b a e, and /« :<
(plate v. fig. 2,) made with the base A z, are obtained
by raising the perpendicular P C at C the centre of the
picture and drawing PV, PL. The original angle
will be PVC and PL C. If further illustrauoBS be
required, they may be easily made by reference to the
steps of the spiral staircase, pi. viii. fig. 1.
(96.) ii. To give examples in a plane pttrdUdin^1 ^
station plane. Of all such planes the station line (pl»e ^,
vii. fig. 1) B D is the vanishing line, (Art 65,) and their ^
occasional base line on one sideisE G, or its parallel;*1 mi
the other side is PI, or its parallel. The picture-frame ^
i vg hangs by the cord i s v, against the side of a room
parallel to the station plane. Two sides of the fnuW
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parallel to the base F I, and therefore parallel to the
' perspective plane, (Art. 67,) have no vanishing point,
and are drawn according to Case I ; but the remaining
two sides have their vanishing point in the station line
at C, (Art 72, 73,) and the parts of the cord is, and
vx, have their vanishing points also in the station line,
(Art. 61, 62,) each marked 55°. Fifty-five degrees
subtracted from 90° will leave 35°, the angle made by
is, or s v, with the base I F; so that if either of them
be continued to its base point, and at that point a pa
rallel to P.55 be drawn, the angle of 35° will be found
made by the line si, or sr. with the base of the plane
to which they belong. (Art. 91.) Again, the glass door
in the opposite wall at E has its parallels to the base
E G drawn according to Case I. (of parallels to the per
spective plane ;) but the boundary lines at its upper
and lower edges, together with the horizontal divisions
of the glass, have their vanishing point in the centre C
of B D, their vanishing line, (Art. 72, 73,) and are
therefore perpendicular to the base E G. (Art. 72, 73.)
The divisions E z, and yz, of the semicircular window
will have their vanishing points at 72° and 36° on the
station line; that is, E : inclined 18° to the base; and
y z 54°. The indefinite representations are, in the
examples following, drawn at large. Such boundaries
of the planes (plate iii. fig. I) dzmc, h ifg, jp o,
sr k, &c. as are not parallel to their base line, or (what
is the same thing) not parallel to the plane of the pic
ture ; will vanish in their vanishing line W V, namely
the station line. And in this instance, since they
vanish in C, the centre of their vanishing line, (Art. 72,
73,) they must represent perpendiculars to their re
spective bases dc, hg, &c. A further example occurs
in plate v. fig. 1, where g a c f h is supposed to
represent the interior of a building. Its sides a i g,
and fth, being parallel to the station plane, will
have their boundaries g i, h t, &c. vanish in C,
the centre of their vanishing line, (Art. 72,) which
boundaries are therefore perpendicular to the bases
(97.) iii. To give examples in planes with any other
vanishing lines than the horizontal and station lines.
Observe (plate v. fig. 1) the two sides of the roof of
the building g a cf h. The vanishing line of the plane
off cy must be drawn through C parallel to cf, and
its base another parallel. (Art. 64, 80.) In like man
ner the plane of cay must have its vanishing line
drawn through C parallel to a c, and its base another
parallel. (Art. 64, 80.) The line of the ridge cy, and
its parallels at a and /, vanish in C, and are therefore
perpendicular to the base. (Art. 72, 73.) Their inde
finite representations will be a C, c C, and/C, and the
points a, c, and f their base points, provided a c and
cfbe used for occasional base lines. Also, of the three
sides of the prism, viz. the side P 6 d R, the side
HdmO, and the side P 6 m O, the first mentioned being
parallel to the horizontal plane is already explained ;
but the two latter must have their vanishing lines drawn
through C, parallel to their bases P O and O R. (Art.
64.) Their boundaries P b, R d, and O m vanish in C,
the centre of their vanishing line, and are, therefore,
perpendicular to the bases OP and O R. (Art. 72, 73.)
It is evident that the indefinite representations P 6,
O m, and R d, or of any part of them, will be C P,
CO, C R : and the points P, O, and R their base
points. Again, (in plate ii. fi. 2,) the several planes,
to all of which the line n o is common, (Art. 33, 87,)
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being planes perpendicular to the plane of the picture, of Outline,
must have vanishing lines that pass through ils centre ' x v
C, parallel to their several bases iv, k w, s z, t m. (Art.
64.) Now, as n o, and its several parallels i C, k C, * C,
&c. vanish each in the centre C of its vanishing line,
they must each make a right angle with, or be perpen
dicular to, the respective bases of each iv, kw, sz, &c.
(Art. 72, 73.) The lid of a rectangular box, oskj,
(plate iii. fig. 1,) has its nearest boundary parallel to the
perspective plane This is therefore the base line of the
plane, comprising the top of the lid. To this base let
the learner supply a parallel (Art. 64) for a vanishing
line drawn through C. The indefinite representations,
as here given, will vanish in the point C; and conse
quently will represent right angles with their base. The
same result may be obtained by drawing through C a
vanishing line to the plane of the lid attached to the
uppermost of the boxes. The indefinite representations
there drawn vanishing in C will there again represent
lines making right angles with their base. But to prac
tise himself thoroughly, let the learner make a large
copy of each plate, and draw on any one of the lids of
the boxes, any lines not parallel to the base of its plane :
and after finding their vanishing points, by producing
them to their vanishing line, let him ascertain by
Prob. IV. the angles represented by them at their base
points. Further examples are given in plate vii. fig. 1.
Suppose on the leaf of the portfolio abtl the drawing
of some plan, or rectilineal figure. Each of the lines
inclined to the base of its plane, as well as erf already
noticed, (Art. 90, 91,) will have its vanishing point in
OCR, the vanishing line of the plane abtl. (Art. 62.)
And if each line in the figure be extended both ways,
one extremity of each will have its base point in the
line a b, which, if necessary, may be extended for the
purpose : and the other extremities will reach their re
spective vanishing points in the line O C R. (Art. 63.)
There are eleven lines in the figure. One of them being
parallel to O C R and a b (the vanishing and base lines)
will have, therefore, no vanishing nor base point ; (Art.
67 ;) but each of the remaining ten will have its inde
finite representation peculiar to each. The readingdesk placed on a round table on the opposite side of the
station line, is another example. In K M, the vanishing
line of the plane to which its inclined surface belongs,
will be found the two vanishing points of the four lines
which contain the cover of the volume. (Art. 61, 62.)
These four lines being produced to K C M, will reach
the point marked 40 on one side of C, and the point
marked 50 on the other side ; and if produced at their
other extremities to the base at n, their indefinite repre
sentations are also found, together with angles 50° and
40° made with the base line of their plane. A thousand
other and, perhaps, better ways of exemplifying by
similarly inclined planes, what has been here advanced,
may exercise the invention of the student ; such as the
roof of a house, the top of a coach, the deck of a ship,
&c. &c.

Given Hie representation of any point in a plane per- prob. V.
pendicular to the plane of the picture : to draw aslraight
line representing any given length from that point, and
also representing at that point any given angle either with
the base of tlie plane to which the line belongs, or with
any other straight line.
3u2
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(98.) Let the given point be /. (Plate vii. fig. 1.)
v—*' Either the base or the vanishing line is supposed to be
known. To one therefore or to the other of these, draw
a parallel af b through/ Through C, the centre of the
picture, draw the vanishing line OCR: then make at
/, with the occasional base a f an angle K/a, equal
to that which the intended line at /is to be represented
making with the base line. Next raise, to the vanishing
Representa line OCR, a perpendicular at C equal to the principal
tion found distance ; and from its furthest extremity at M draw
of a given M O parallel to K/ O will be the vanishing point of
angle made
with the the intended line, and Of a the representation of the
base.
intended angle K/a.
(99.) In some instances it may be more convenient
to make the perpendicular at C on the same side of the
vanishing line with the given point. (Note to Art. 29.)
The rule, in such instances, is to construct the intended
angle on the same side of the base with its representation.
The.same Thus OCR (plate ix. fig. 1) being the vanishing line, C
found by its centre, and C M the principal distance perpendicular
another
to O R on the same side with the point /; let K/be
method.
drawn between the base and the vanishing line, making
with the base the intended angle Kf a. Then M O
parallel to Kf will give the vanishing point O of the in
tended line: and the angle Of a will represent the
intended angle Kfa. It is next required to cut off, at
any given point, any portion from the indefinite represen
tation/ O, and to divide that portion in any given ratio.
Draw kf, making nt/ the intended angle k fa with the
base. The portion to be cut off must first be expressed
either on the line kf, or on the base af; and may be
measured from the point / according to the scale of a
plane (Art. 58) parallel to the picture, containing the
line af, or kf, which scale is determined as in Case I.
Let then the point in the indefinite representation
/O, be the point / for the nearest extremity of the in
Representa tended section. It is required to cut off a portion that
tion found shall represent q / measured from the point / accord
f a given
portion cut ing to the scale fixed upon. (Art. 58.) If the measure
off from any ment be made on kf, draw (from the furthest extremity
line drawn to, of the perpendicular to C) the line to o, cutting / O
to its va
in p : p/will be the portion of Of representing/ q.
nishing
(100.) It is not necessary always to draw the base
point.
a f through the given point. Let the given point for
example be n. A line from m through n will meet the
line kf at A. Then measured from h, let the portion
required be h q ; draw to q, as before : p ji will be the
representation of q h.
(101.) If it is inconvenient to draw the perpendicular
m C, let M C be drawn, as before, on the same side
with the given point /. Then, with M O, (the parallel
to Kf) or with m O, (the parallel to kf,) for a radius,
and the point O (the vanishing point of Of) for a
centre, describe an arc S M, or S m, which shall cut
Dividing the vanishing line O R in the point S. S will be the
point found, dividing point of the line / O. (Art. 84, 85.) So that
if qf be measured on the base a / then a straight
line S q from the dividing point to the base, gives
p / the section required. Or if, as above, the given point
be 7i, theti a line from S through n will meet a/in
h ; and h q measured from A, will be represented by n p.
Or let the point in the indefinite representation / O
be the point p, for the furthest extremity of the intended
section. First, through the given point p, draw to q,
intersecting k f; or S q intersecting af; and then
measuring from the point q towards/ you obtain, as be
fore, p / andp 77, representing g/and q A.

(102.) Thus, in the division of lines, the artist has OfOmS^
the advantage of two methods, one of which may be v—
often useful to prove or correct the other. In deter- Adnata
mining also which of the dividing points to or S shall *™l
be used to divide fO ; he will find the more eligible ol ^J^^
the two for accurate delineation, to be that point from
which the dividing lines descend upon the line O / so
as to make angles with it the nearest possible to right
angles.
(103.) A third method is by drawing diagonals to a
parallelogram, of which the line to be divided forms one
side. Thus let D 5 (plate ix. fig. 2) be the indefinite Atkirfia.
representation of a line vanishing at the point 5, and «f*
belonging to a plane whose vanishing line is C L; and line oS»»i
let D E be the portion to be divided into a number of into perequal parts. Mark olf a portion of the base, as D W, ipecwe
from the point D to express the intended division.
Draw W 5 ; and draw, through E, B E, parallel to
the base. Next draw the diagonals W E and D B. A
line F H through their point of intersection, (which re
presents the centre of the parallelogram,) and drawn
parallel to the base, or to C L, will cut D E in the point
H, and represent the original of D E bisected in H.
In the same manner, by drawing the diagonals of the
parallelograms W D H F and F H E B. the lines D II
and H E will be respectively bisected ; and thus, by these
repeated bisections, D E be divided so as to represent
any even number of equal parts required.
(104.) But this method may be made equally service
able with the two former, by extending either of the
diagonals D B or W E to its vanishing point in the line
C L, produced both ways to any required length. Let,
for example, W E be produced to its vanishing point
in C L ; then divide W D, according to the scale of
the plane it belongs to, (Art 57, 58,) and according to
the division you intend to be represented by D E.
Choose for this purpose any point, as G, and through
G draw a straight line to the vanishing point of W E.
This will represent a parallel (Art. 76) to W E ; and will
cut the line D E in H, giving D H for the representa
tion of G D required, and also H E for the representation
of G W.
(105.) Or if it be more convenient to produce the
other diagonal D B to its vanishing point, then the
division D G on the base must be made in an opposite
direction from the point D at I. From 1 draw to the
vanishing point of D B, the representation of a paral
lel to D B, (Art. 76.) which will cut D E in H, as
before.
(106.) It was next proposed to divide p / (plate ix. Tfceabm
fig. 1,) the portion obtained from O / according to any divoaa
given ratio. For this purpose let a division be made of
qf, either on the base, or on k f, by a scale adapted to tr^a
the distance of the plane which contains the given point/
from the spectator, (Case I. Art. 49—58,) and let a/be
separated into the intended number, and according to
the intended ratio of parts, say 5 equal parts. If these
5 parts be measured from / upon kf; then 5 lines from
to to each division of qf will cut pf into the representa
tion of the 5 equal parts. Or if the five sections be
measured from/upon the base, along af; then 5 straight
lines from the dividing point S in the vanishing line,
will divide P/ exactly as before.
(107.) The student will observe that if a/be multi- A 5««
plied, instead of divided, and be increased to any extent. ^TT^
pf, its representation, will be proportionally enlarged.
Also, that this work of division, or of multiplication, may ~.T ■:
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HniiDg. begin from either extremity of the given line ; from
p as well as from / or n ; provided the point q be first
i which found, by a line from the dividing point S through p to
itlier eX' the base, or from m through p to k f.
(10s.) It was further required to draw, at the point
nity of
line. f, a line representing any given angle with Of, or
pf. Here the learner must revert to what was stated
in the last problem concerning the representation of
angles. The angles (Art. 93) of the triangle O C M
(plate vii. fig. I) were stated to be represented by the
lly, by angles of the triangle O Of. So, in the present instance,
b.V.
(plate ix. fig. 1,) if a line/C be drawn, it will represent
'another a PerPendi<:u,ar to the plane of the picture. (Art. 73.)
making Then the angle O/C will represent the angle made by
the original of/O with that perpendicular, viz. the angle
le with O m C orOMC; and O C / will represent the right
line
angle O C M, or O Cm. In like manner, if any other
id as
line, such as / x, or/R, be drawn, not representing per
pendiculars to the perspective plane, but having vanish
ing points on either side of C, in the same vanishing
line with that of Of: any two of these lines, making
any angle with each other at the base point/, and being
produced to meet the vanishing line, will cut off a por
tion of it, and make, with that portion of it, a triangle.
And of this triangle, the three angles shall represent
corresponding ones in another triangle, which has the
same common portion of the vanishing line for one
side ; and an angle opposite that side at m, or M, the
original of the angle made by the two indefinite repre
sentations at /.
Thus, in the figure, the angles
of the triangle O xf
O x M.
en/. fOitit,
OCm, or
of the triangle O Cf represent
or
O C M.
of the triangle O/R those of lOmR, or O M R.
Consequently, of these three triangles, the three se
veral angles at/ represent their corresponding angles
at m, or M ; viz.
The angle Ofx \
f Omi.orOMi.
The angle O/C > represents I O m C, or O M C.
The angle O/R J '
{ O m R, or O M R.
(109.) To draw a line, therefore, which shall make
a given angle with the indefinite representation O/ let
the line m O, or M O, first be drawn to the vanishing
point of Of, and let the intended angle be then made
at the point m, or M, with the line m O, or M O. This
line will cut the vanishing line in some point, as x, or
C, or R. The point of this intersection is the vanishing
point of the new line required to be drawn from / (Art.
84.) and the angle made by that line with Of will re
present the required angle.
(110.) Another method is, to make the intended
angle at the point /upon the base. In this process,
the angle made by the original of Of with the base
must be expressed by a parallel, fk tomO, orfK to
MO; and the intended angle, as kfw, or K/W,
being added to afk, or afK, let the perpendicular at C
(m C or MC) be raised, as before, equal to the principal
distance. Then, from the point m, or M, let Mi be
drawn parallel to/W ; or let mf be drawn parallel to
/w ; the point x will be the vanishing point of the new
line/x, making the representation Ofx of the intended
angle kf to, or K/W, O m x, or O M x.
(111.) It is manifest that the angle K/W, or kfic,
O M x, or O m x, may be constructed of any size, and
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divided accordingly : consequently, that x/O maybe Of Outline.
divided into as many representative angles as there are
or
vanishing points between O and x. Also, that as any Increase
angle may be reduced, so may it by the foregoing reduction
may be re
method be increased. If the number of degrees are presented of
marked with accuracy, the practitioner will have less any angle, to
trouble in the process. For instance, the number of any pro
num
degrees at O being known, if he intends 10°, or 20°, posed
ber of de
or any other number to be the angle represented, he grees, mi
reckons along the vanishing line from the point O, nutes, se
(either way, as occasion shall require.) counting the conds, &c.
point O for zero. The number marked at O in the
diagram here drawn, is 40°, and a line is to be drawn
representing an angle of 5°, with Of at the point/
on the side nearest C. The interval, therefore, of 5°
will be 5° short of 40°, 012. 35°. So, if the angle was
to be made on the side of O /, furthest from C, the
interval would be 5° more than 40°, or 45°. It will
be seen (Art. 89, 94) that the angle O f a represents
50° ; the angle Ofx 5° ; and xf R = 35 -f 40 = 75°.
(112.) According to the preparations of the perspec
tive plane hitherto given, each division graduated on
the vanishing line generally counts for 10°, but it seems
scarcely necessary to remark that a graduation, more or
less minute, must be adopted as circumstances require
it. Some examples of the three varieties in Case II.
may be now acceptable to the learner.
(113.) i. On a plane parallel to the horizontal Examples
plane. The box dhegfm (plate iii. fig. 1) rests cm to illustrate
a square bottom emfg, which is parallel to the hori Prob. V.
zontal plane. The lines therefore, em und gf, must be i. On
constructed to represent originals equal to e g. For planes pa
to the
this purpose, draw the line e to at the point e, making rallel
with the base or its substitute eg, (Art. 21,) the angle horizontal
plane.
we g, viz. the angle made by the original of e C, with
the base of the plane to which it belongs ; which angle,
in the present instance, is a right angle. (Art. 72, 73.)
Next, from the extremity N of the principal distance
(perpendicular (Art. 27, 98) to the vanishing line H L
of the plane of eC g) draw N to, which will cut the
indefinite representation e C in the point m, through
which mf, a parallel to e g, will complete the represen
tation e mfg of the square bottom of the box.
Perpendiculars at m and / to the ground plane (in
other words, parallels to a plumb-line, or to the station
line) will cut d C and A C in the points i and z, and
will thus complete the upper square of the cube. Or,
if the process, by means of a diagonal, is preferred, let
the diagonal to g be drawn, to which a parallel N H
will cut the vanishing line H L in H, the vanishing
point of the diagonal gm, and representative ol'wg.
Having so found the point m, proceed as before. Three
other boxes, purposely drawn at various distances, afford
similar examples.
Again, (plate ii. fig. 1,) the square bottom ioxm, of
which the boundaries vanish in the points H and L>, is
found by drawing F m at the point m, so as to make
the original angle F m z with the base ; then by com
pleting the square on m F, and afterwards its repre
sentation by lines from W to B, K, and F, which will
form intersections at t, o, and x. Or, the point t may,
in this example, be found by a diagonal through x,
parallel to its original B F ; (Art. 38 ;) since B F is
here parallel to the vanishing line. Or, 3dly, the point
x may be obtained by a portion of the base line m g
equal to m z, and on the opposite side of m. It is ma
nifest that whatever be the angles made by B m, or
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Punting. F m, with the base line, lines parallel to them at W
^ (Art S4, 109) will give, on the vanishing line H L, the
vanishing points of their indefinite representatious m H
and m L.
Another method (plate iv. fig. 1) is shown for the
representation, a if b, of a rectangle ; by finding the in
definite diagonal by, and drawing through any point in
it (as x) lines from X and V, (the vanishing points.)
cutting the indefinite representations b X and b V in
points a and /corresponding to the proposed point x.
The point y is obtained by dividing the angle X P V
into portions X P y and y P V, equal to the angles to
be represented at b, on each side of the diagonal. In
this example, the original of axfb being a square, its
diagonal will bisect each angle ; consequently, the
angle X P V must, to obtain the point y, be bisected
byPy.
A similar illustration is given in the rectangle (plate
Represcnta- v. fig. 2) aedf. An example, in plate viii. fig. 1, is
tion of a
adduced of a circle divided into thirty-six parts of 10°
circle.
each, to be represented on the ground plane. The diameter
1, 19 being drawn, togelher with eighteen parallels, 2,18;
3, 17 ; 4, 16, &c. (nine on each side.) will cut the base
line A B (Art 41) in nineteen points, from each of
which let an indefinite representation be drawn, which,
in the present example, (since their originals are drawn
perpendicular to the base A B,) will vanish in T, the
centre of the picture. (Art. 73.) At that centre T, let
a perpendicular (Art. 27, 98) be raised equal to the
principal distance, and from its extremity, as in former
examples, let a line be drawn to the original point 11 ;
this will cut the indefinite representation 19, T, in a
point representing the centre, from which radii drawn
to the vanishing points X, XX, XXX, &c. will intersect
the several lines vanishing in T at the points 2, 3, 4,
&c. ; or, lines from the further extremity of the prin
cipal distance, (or perpendicular raised at T,) may be
drawn to the thirty-six points in the original circle at R ;
and these dividing lines will intersect the parallels
vanishing at T in corresponding points, 1, 2, 3, 4, &c.
An example is given (plate ix. fig. 3) of twelve lamps
suspended from twelve points, equidistant from each
other, in the circumference of a circle. Let 2 be its
centre, and i 12 its radius. And let the twelve points
to be represented for the suspension of the lamps be
numbered 1, 2, 3, &c. corresponding to the number
affixed to each lamp. Straight lines from M, as M 1,
(or M g,) M 2, M 3, M 4, &c. to the twelve points in
the circumference of the circle will cut the correspond
ing indefinite representations of the parallels vanishing
at O (Art. 76) in the twelve points of suspension.
Thus, let it be required to find the point a for the sus
pension of the lamp No. 1. Draw the base vl parallel
to OR. (Art. 64.) Choose a point, as g, for the ori
ginal suspension point of No. 1 to be represented.
Also choose some point in the vauishing line O R, as O,
for a vanishing point of the parallels necessary to the
representation of the circle. (Art. 76.) Draw M O,
and through any points in the circle draw any number
of straight lines parallel to M O. In the present ex
ample, the number is twelve, viz. the parallel I 4, and
eleven others to the left of it. All these parallels are
drawn through the twelve original points of division.
Next, from the point w, where the parallel g u cuts the
base, draw the indefinite representation u O. Then
draw from M, (the dividing point,) the straight line
M g, to the original point g. M g will intersect u O, in

the point a, the representation of g; and a, conse-0f0.il.
quenlly, will be the paint from which the lamp No. lis
suspended.
In like manner, the other indefinite representation!
being drawn to O from the several points of intersec
tion on the base vl, the remaining eleven points maybe
found for suspension of the lamps marked 2, 3, 4 &c
Thus the indefinite representation z O is intersected by
the line M 2 ; the indefinite representation 10 by the
line M 4 ; and the indefinite representation v 0 by the
line M 10. These intersections are the suspension
points for the lamps No. 2, No. 4, and No. 10. So also
of the rest.
(114.) It is evident that when all the several required
points in the circumference of the representation have
been by this process obtained, radii may be drawn from
its centre to each of the twelve or more divisions; and
that these radii will be the representations of corre
sponding radii in the original circle g 2, 3, 4, &e. The
centre of the representation is easily found. Join any
two opposite points, as 6, 12, in the original circle.
Find then the vanishing point of the representation of
that diameter. In the present instance, that original
diameter is perpendicular to the base vl. Its repre
sentation, therefore, will vanish in the centre of its va
nishing line, and its vanishing point (Art 72) will be
C. Lastly, a line M t will cut the indefinite represen
tation x C in t. This point *, accordingly, will represent
the centre of the circle.
To complete the figure: draw now sy representing
a parallel to the plumb-line ; (Art. 40, 79;) and choose a
point, as r, for the centre of the plane of the upper sur
face of the lamps, which are here supposed to be of
exactly similar and equal dimensions, aud to be sus
pended by cords or chains of equal lengths. Choose
another point, as y, for the centre of the plane of their
lower surface. Lines through r and y drawn to the
vanishing points of the six diameters of the representa
tion will cut off from each of the twelve parallels toijf
a portion representing the apparent size of each lamp,
according to its distance from the spectator. Of the
twelve points in the circle 1, 2,3, &c. the nearest to the
perspective plane is here numbered 12. The roost
distant is numbered 6. The lamp No. 12 will there
fore be represented largest ; the lamp No. 6 smallest;
and the other ten of intermediate sizes. The propor
tions of all are obtained by reference to a scale on rji;
since the axis sy is common to the six planes <3 y%
s2 p 8, 1 1 y 7, 1 12 y 6, s 11 y 5, and » 10 y 4. Also
sy, being parallel to the plane of the picture, may be
used for an occasional base line of any of the planes to
which it is common. (Art. 33, 80, 87, 123.)
(115.) Here, then, is afforded an example of a num
ber of lines making various angles with the base of the
plane to which they belong, and with each other; «*■
twelve radii drawn from s to the points of suspension,
each making with its adjacent radius an angle of 30 •
This number of radii may at any time be increased
according to any fresh division of the original circle
g-2 3, &c. By extending any two radii to their vanish
ing points on O R, the value of the angle between them
will be shown. The vanishing point of the line dp, h>r
instance, is at 30°, and that of the line at at 30° <* *j
other side of C. Therefore 30 + 30 = 60° will be the
value of the angle represented by as d. In like ■*B*5
is valued the angle bit a formed by 6* vanishing »t<W",
and s a vanishing at 30°. 60 -f 30 = 90° will be **
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value of the angle represented by b sa. Observe, that
the value of any angle, if the two lines vanish on differ
ent sides of C, (i. e. of the centre of their vanishing
line,) is determined by addition ; but if on the same
side, by subtraction. Thus b.i vanishes at 60°, and ds
at 30° ; 60 - 30 = 30° will be the value of the angle
represented by 6 s d.
Also it will be observed that in order to represent a
circle, it is not always, as in this example, necessary to
divide the circumference of the original into equal parts,
but that any lines drawn arbitrarily, provided they be
parallels to the line that determines their common va
nishing point, (which line is here the line M O,) will
answer the purpose ; because their indefinite represen
tations will be always proportionally intersected by the
dividing lines from M in some corresponding point in
the circumference. Thus the point f is represented by
the point c, formed by the intersection of the dividing
line M f with a line x 9 (supposed drawn at random)
parallel to M O.
her es
(116.) Another application of Problem V. to the case
pies in of a plane parallel to the horizontal plane, appears at
firitva'
ij'oicZe an °PPos'te Part °f the plate, (fig. 4,) in the outline of
a small footstool. Through the point 6 (the nearest
corner of the projected rectangle b gj o) draw the occa
sional base d c parallel to O R, (Art. 64,) and make
bd to 6 c in the same ratio as are to each other the two
sides of the original rectangle ; according to a scale
(see Case I.) adapted to the distance of the point b
from the spectator. (Art 39, 58.) Suppose the vanish
ing point of one side, b g, be the point marked 30°. The
complement of 30 is 60°. The other side, b o, therefore,
will vanish at 60°, on the right side of C, on the vanish
ing line O R. Find the dividing point of the indefinite
representation b 30, (Art. 101,) and cut off g b, accord
ing to the scale of b d, determined as in Case I. Then
find the dividing point of the other indefinite represen
tation b 60, and cut off o b, according to the scale of 6 c
or d c. The lines o 30, and g 60, will intersect each
other at /, and compVete the top of the stool ; and if a
diagonal, as b j, be drawn, it will meet O R at some
vanishing point between 30° to the left and 60° to the
right of C.
(117.) The vanishing point of this diagonal is regu
lated by the ratio which the two adjacent sides of the
rectangle bear to each other. If they stand to each
other in a ratio of equality, then, 6 d being equal to b c,
the rectangle will be a square ; and the diagonal bj will
meet O R at a vanishing point marked 15°, i. e. mid
way, or 45° from the vanishing point of 6 g, or 6 o, reckto the rjght and left from those points as from
But if one side, as b c, is greater than the other, then
the angle represented by g b o must be divided un
equally ; the two parts of it having the same ratio to
each other as d b has to b c. The dividing point of
this angle (Art. 84) will be the vanishing point of the
diagonal that passes through it, represented here by bj.
To illustrate the above, let the whole line debe divided
into as many parts as there are degrees in the original
of the angle g b o, viz. into 90 parts. Let SO parts be
allowed for the side d 6, and 60 for the side b c. Since
the vanishing point 30 has been given or chosen for the
side g b, representing d b, and since the angle g b o has
been given as representing 90°: the sum of 90° (viz. 30-)€0 =90) will bring the vanishing point of 6 o consider
ably to the right of C, and fix it at 60° to the right : and
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the diagonal bj will vanish at 30° to the right, dividing Of <
(by a line, m 30, drawn to that dividing point) the original s«
right angle, 30 to 60, into two shares : one, 30 m 30, an
angle of 60°; the other, 30 m 60, (to the right of C.)
an angle of 30°. And these two shares will correspond
to the two divisions of the line d c, and to the angles
represented by jbg and j bo formed by the diagonal
with each side of the rectangle : that is, the share
jbg (representing 60°) will correspond to the side
b o, representing sixty parts of d c ; and the share
jbo (which represents 30°) will correspond to the side
b g, or the representation of the remaining thirty parts
of d c. Let the learner, for the sake of practice, draw
this diagram above as well as below the vanishing line ;
according to each variety of Cases II. and III.; and
with sides of various lengths vanishing ut any other
points than those in the above example. For a reason
before stated (Art. 95) such lines are left out in the
plate as may be supplied without difficulty.
Next determine the height 6 Z of the footstool, accord
ing to the scale b d or b c. (Art. 44—46, 48.) Lines
1 30, and I 60, will show the proportionate length of the
legs of the stool. Observe, in this figure, that the angles
at 6 and j are each of them representations of a right
angle at m or M ; since the lines 30 to and 30 M are
perpendiculars to 60 to and 60 M. But parallelograms
making any other angle may be chosen for examples.
The next example (plate ix. fig. 5) is supposed taken
from the interior of a church, and gives the outline of
two pews, similar, and of equal dimensions ; the floor
of each being a representation of the rectangidar paral
lelogram seTX. Let the base as eg be drawn,
and the lines «C,eC. Then find on the vanishing
line O R the dividing point (Art. 101) for the repre
sentation e t, viz. the point marked 45, on either side of
C. (C 4£ being equal to Cm, or C M.) From the
point e, along the base as eg, mark off eg, or a e, equal
to e T. A straight line g 45°, or a 45°, will cut e C in
t, and give e t for the representation of e T. Or a line
m T from the dividing point m, in the furthest extre
mity of the perpendicular m C, (Art. 98.) will make
at the point t a similar intersection of eC. Through
t, the line ty (parallel tose) will cut off is, the repre
sentation of s X equal to e T : and ites will represent
the parallelogram seTX. In like manner, the floor of
the pew zur is found. Let a new occasional base
through the point t be drawn on aline with i t. A line a C
will cut off from the new base a portion y I, represent
ing ea, or eg, at the distance of t, (Case I.) and lines
from the dividing points to, or 45°, will cut off from I C
the representation of a portion equal to the original of
t e. Then a parallel to it, or s e, through n, will com
plete the rectangle as before. But observe, if the di
viding point to be employed, either a parallelogram
similar toieTX, and similarly placed, must be con
structed on the new base i t, according to the scale of
the plane of i t, (Case I. passim,) or the originals eT,
*X must be produced at their extremities T and X to
twice their length, viz. s X to & ; and c T to Q.
Next, to represent the hexagon, and the triangular
divisions of the carpet. As the triangles are equian
gular, each angle will be 60°. Also, as one side is pa
rallel to the base s e, the other sides will make each an
an^Ie of 60° with the base, and will therefore have therr
vanishing points marked 30° (the complement of 60°)
on each side ofC. (Art. 94.) From e to s mark off
divisions each equal to the line 1, 2, (below the base,)
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Painting, and draw e 30, &c. Then through the intersections at
—
1 and 2 (above the base) in the representation, draw
the parallel 1, 2, lose; and, lastly, to complete the hex
agon, the parallel 5, 6, through the intersections at 5
and 6. Observe here, as in the last example, that the
angle made by the lines 1, 6, and 2, 5, crossing each
other, is the representation of an angle at m orM, made
by two radials drawn from M or m to two vanishing
points on each side of the centre of the vanishing line,
which in this example are numbered 30°.
(118.) Observe, also, that if, in an equilateral triangle,
one side be parallel to the base, the vanishing point of
one of the two remaining sides will be the dividing
point of the other adjacent side. Thus, inoe6, the
representation of an equilateral triangle, lines o 30 and
e30, being drawn ; the vanishing point of 06 is the
dividing point of e6; and vice versa, the vanishing
point of e 6 is the dividing point of o 6.
Annexed to this figure is an outline of alternate
square and octagonal divisions in the floor of the aisle.
The sides of each octagon will be found to vanish in
the same points with the sides and diagonals of each
square. Thus g"45, to the left, is the vanishing point
of two sides ; g 45, to the right, the vanishing point of
the two at right angles with them. Two other sides,
being parallel to the plane of the picture, will have no
vanishing point ; and the remaining two being perpen
dicular to the base of their plane will vanish at the
centre C of its vanishing line.* The square B mFK
(plate ii. fig. 1) will have its indefinite representations
m H and to L vanish at H and L ; while the represen
tation tx of its diagonal B F, will, like the original, be
parallel to the base g z. (Art. 36.) That of the other
diagonal m K, perpendicular to gz, must vanish at C.
Make gm, m z, on the base, each equal to a side of the
square. Find Y, the dividing point of mL, and with
Y C for a radius, and C for a centre, cut C L in the
dividing point of the indefinite representation to H.
Lines to g and z from these dividing points will obtain
the points t and x. Or, one of these points being
found ; a parallel to the base drawn through it will
procure the other point. Or, from W, the furthest
extremity of the perpendicular W C, draw lines W F,
W B, which will cut m L and m H in x and t. xH
and t L will then intersect each other at o, and complete
otmx, the representation of toBKF. Of the three
squares on the ground plane (plate iii. fig. 1) the inde
finite representation g H of the diagonal g w, will in
tersect e C at the point to : tnf, parallel to e g, will
next intersect g C in f and complete the bottom of the
boxed z hg. So of the rest. A similar process (plate
iv. fig. 1) obtains the angle a bf representing X P V :
also, 6 a and bf, the representations of I b and b c.
Also a/and*a e (plate v. fig. 2) the representations of
a z and ab ; and the angle e af representing VPL.
An example is given (plate vii. fig. 1) of a round
table. In that representation, only a fourth part of
the circle is visible, (since E G I F is the boundary of
the picture,) so that the quadrant D W T is sufficient for
the required construction. And as no regular division
of the circumference is there necessary, the parallels
are drawn intersecting the base X A at random. Since
Ihey are .perpendicular to X A, their vanishing point
will be C, the centre of their vanishing line. (Art. 72.)
* Let this construction be applied to Case III., as, indeed, may most
of the examples in Case II., by using only the Direct instead of the
Principal distance.

t
To construct the lesser circle beneath the table, find the 0f0u!'i»,
centre n of the table by a line B T, or S X (X A being ^-v*/
made = AT;) cutting A C in the point n, and giving A n
for the representation ,-;f A T or A X. Fix the interval
A W between the parallel planes of the two circles, which
(see Case I.) must be measured according to the scale of
the base A X. Draw VV C. A parallel n o, to the plumbline or station line, will give o to represent the centre of
the lower circle. Next subtract A W, or any required
portion, from the radius of the larger circle (below the
base) and describe the inner quadrant T 11. Then pro
ceed with parallels upon the new occasional base VV Y,
as before upon the base X A. Numerous architectural
illustrations might be here introduced for delineating
circular columns, walls, pavements, &c, in all which
the process would be the same as above detailed.
(119.) ii. Some examples were, secondly, proposed "-Tootsfor Prob. V. on a plane parallel to the station plane. P]'^1^
The station line must now take place of the horizontal ; J^n^
and be resorted to, as in the last problem, for the va- railelieik
nishing points of all lines on any plane parallel to the sjsm
station plane. (Art. 65.) The side (plate iii. fig. J) r'»{- «
of the cubic box, together with its parallel side d z me, ^^Tt(
and four other square sides (also parallel) of the two Cj»eii.
boxes to the right of it, are all examples of planes per
pendicular to the picture, and at the same time parallel
to the station plane. Their vanishing line will be W V,
(the station line,) and their vanishing point « ill be C,
the centre of the picture. (Art. 72, 73.) In order to
the representation ghif, let the line h g be taken as a
base ; and let AC, gC, be drawn. From L, the furthest
extremity of the perpendicular L C, raised at the centre
of the vanishing line, (Art. 27,) lines drawn to the points
d and e will intersect the indefinite representations at i
andy. The line if will then complete the object : or,
a line g N to N, (the vanishing point of the diagonal g i,
and dividing point of lines vanishing in C,) will give the
point i ; through which a parallel, if, to the base will
answer the purpose. An example in the preparatory
plate for Case II. (plate vii. fig. 1 ) was given of a glass
door surmounted by a semicircular window. In order
to this representation, the quadrant N Q z is sufficient
to express as much of the construction as is visible (vis.
zEyr) in the picture. Choose a point z, from which
to begin, according to Prob. V., the intended lines
and angles. (Art. 99, 109, 110.) Draw the base Q G.
Make the angle N z G, or Nz Q, equal to the intended
angle with the base ; and to be represented at the point
z : which angle, in this instance, is 90?. Then z N, per
pendicular at the point z to the base, gives the radius,
with which describe the arc N Q. Raise the perpen
dicular C S (Art. 27) equal to the principal distance,
at the centre of the vanishing line. A straight line from
the dividing point S to N, or from the dividing point
D to Q, or from the dividing point B to q, (z q being
made equal to z N, or z Q,) will cut the indefinite re
presentation z C in the point r, giving z r to represent
z N. Next draw parallels to z N, between the base
Q z and the arc QN; and from their points of inter
section on the base, draw to C their indefinite represen
tations. Lines from S to each corresponding point of
intersection made by the parallels on the arc Q N will
produce, in the same manner as in former examples,
the curve Q y r ; which, in order to receive the regular
divisions z E and z y, will require its prototype N Q to
be regularly divided into such portions, as that a line
S J shall intersect E C, the indefinite representation of
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'aintirjg. J E, at the point y. Observe, if any number of radii
be drawn from z to the arc Q J N ; that, as the radius
z N is represented by z r, so is z J represented by z y,
&c. Also the angles made by these radii and mea
sured on the arc N Q will be represented by corre
sponding radii intersecting the curve Qy r. Thus the
angle J z N is represented by the angle y z r ; the angle
J z Q by the angle y z Q, &c.
Observe also, that the base Q G, or Q z, need not
coincide with E G the side of the picture, but its place
is determined by that of the nearest point z, in the re
presentation. A line from C through p, will intersect
N k at the point k; with which point as a new centre,
and with the radius AN (or any other given radius)
proceed as before, and construct the representation hp
of the quadrant h N.
The learner will soon perceive, that the operations
above exemplified are applicable not only to circles, and
arcs of circles, but to all curves whatsoever. More
examples need scarcely be given. If he is in the neigh
bourhood of architectural objects, he cannot fail to dis
cover abundant examples for himself, in the arches of
a bridge, of a gateway, or of an aqueduct, as well as
among the numerous picturesque specimens to be col
lected from colleges, castles, temples, palaces, and cathe
drals. Every illustration, too, which we have introduced
respecting lines that belong to planes parallel to the
horizontal plane, may be easily converted into an
example of similar lines on planes parallel to the station
plane. For this purpose, the reader need only substi
tute the expression station line for horizontal line ; thus
viewing the plate under a different aspect, and changing
into a ground line (Art. 80) what before was the
right or left side of the drawing. Lines which before
were parallel to the station line, will, under this new
aspect, appear horizontal. Thus the side I F of the
picture (plate vii. fig. 1) being taken as a ground line;
the boundary of the round table may be converted into
an arch ; the side g &, of the rectangular picture-frame,
into an occasional base line parallel to the new hori
zontal D B; and the lines C& and Cg into indefinite
'•epresentations on the ground plane, its parallel.
(120.) The foregoing observation almost supersedes
the necessity of again giving examples, as was done in
Art. 97, under the third variety of Case II., namely, on
a plane neither parallel lo the horizontal, nor to the
station plane. To several of the foregoing figures,
let new horizontal and station lines be drawn through
the centre of the picture ; and let the former horizontal
and station lines be no longer so named, but considered
only in general as vanishing lines passing through the
centre of the picture. Many of the examples already
given will be thus available. There are, strictly speak
ing, but few objects in nature that are perfectly hori
zontal, or perfectly true to the plumb-line ; whereas, the
number of other vanishing lines is infinite which are
included under Case II., and which form diameters of
the circle of vision (Art. 11) over and above the two
formed by the horizontal and station lines. Let a
straight line, for example, be drawn through the centre
C (plate ii. fig. 2) parallel to any diameter of the circle
i k s t r, &c. but not parallel to the horizontal or station
line.
(121.) Since the plane of the circle iks t, &c. is pa
rallel to the plane of the picture, any straight line drawn
upon it may be an occasional base. (Art. SO.) Accordingly,
each line drawn through C will be a vanishing line of the
vol. v.
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plane containing the diameter lo which each line is pa- of Outline,
rallel. Thus a line through C parallel to i r, will be
the vanishing line of the plane iCv; and similar pa
rallels to kw, sz, and tm, will be vanishing lines to the
planes k C to, s C z, and t C m. And any other angle
made with each base may, by the foregoing problem,
(Art. 98,) be represented besides the angle 90° here
represented at7i,and at the eight points k, s, t, &c. Also
any other portion may be cut otf from the indefinite
representation at n C, besides the portion n o.
The line C Q (plate iii. fig. 1) belongs also to this
variety of Case II. The plane of the bottom of a box
inclined to the horizon will have C Q for its vanishing
line, drawn parallel to the nearest edge of the bottom
of the box : which line of the edge, being parallel to the
picture, may be used (Art. 80) for an occasional base.
The plane of its lid requires a vanishing line similarly
drawn. Moreover, if, according to what is suggested
above, the line C Q be substituted for the horizontal,
the lines II L and N V will furnish abundant examples
as vanishing lines for the bottoms and sides of the boxes ;
in constructing which, the operation will be precisely
similar to the mode already given.
In an introductory illustration of Case II., (plate vii.
fig. 1,) a portfolio was introduced, with lines making
various angles on its page altb with the base a 6, of
the plane to which they belong ; and with each other.
It seems sufficiently clear, from what has been explained
of the process in Problem V., that any figure, curvilinear
(Art. 119) or rectilinear, may be constructed and re
presented at any point, as at e, or at /, in that plane,
according to the rules above laid down for such a repre
sentation upon all planes perpendicular to the perspec
tive plane, or plane of the picture. We have dealt the
more largely in explanatory matter to this and the fore
going problem, because the rules for similar operation
in Case III., to which we now proceed, will be found, in
every respect but one, (Art. 27, 29, and note to Art.
1 18,) exactly to resemble those we have applied to
Case II.
CASE III.
Of planes neither parallel nor perpendicular to the
perspective plane ;* which comprise three varieties.
I. Planes whose bases are parallel to the horizontal
line.
II. Whose bases are parallel to the station line.
III. Whose bases are neither parallel to the horizontal
nor to the station line.
Rules and observations.
(122.) That all bases, or occasional bases, (Art. 20,
21,) of any planes included under Cases II. and III., are
representations of lines parallel to the plane of the picture.
(123.) That, consequently, the representation of any
straight line, of which the original is parallel to the
plane of the picture, (Art. 80, 121,) may be substituted
as an occasional base of the plane to which the straight
line belongs.
(124.) That all planes whatsoever, which have bases What
parallel to the horizontal line, are perpendicular to the plar.es are
station plane and to its parallels.
perpendicu(125.) That all planes whatsoever, which have bases ^"J ^j
parallel to the station line, are perpendicular to the plane horizontal
of the horizon and to its parallels.
planes.
* Otherwise denominated (Art. 34) planes, of which the vanishing
line doe» not pass through the centre of the picture.
3x
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(126.) That the vanishing lines of all planes described
under Case II., have, in Case III., the additional employ
Graduation ment of furnishing central distances (Art. 24) for such
of central vanishing lines as belong to planes inclined to the picture.
distances. Their graduation (Art. 82, 88) is important for de
termining the angle made by such inclined planes with
the picture, or with each other.
(127.) That any vanishing line included under Case II.
furnishes, in Case III., a central distance to every other
vanishing line which crosses it at right angles. (Art. 24.)
Thus the vanishing line D M (plate x. fig. 1) passing
through the centre of the picture, and therefore (Art. 24)
included under Case II., is used for the respective cen
tral distances of the vanishing lines which cross it per
pendicularly at the points D, R, Q, and M. Again, the
vanishing line II T, (plate viii. fig. 1,) produced both
ways to the required extent, contains on either side of
the centre T of the picture, the central distances T X,
T X X, T X X X, &c. of seventeen vanishing lines, each
belonging to the plane of the front piece of a step in the
spiral staircase.
(128.) That in general it is to be observed of Case
Use of the
direct dis III. ; whatever operation was performed in Case II. by
tance in
a substitution of some line equal to the principal dis
operations tance
will, in Case III., be effected by the substitute for
of Case III.
resembles the direct distance. (Art. 25, 29.)
that of the
(129.) Also that the operation to find the vanishing
principal points or the dividing points for any angles, or for any
distance in indefinite representations belonging to planes under
Cage II.
Case III., is, in all other respects, a similar process to
that under Case II., except that the direct distance, or its
substitute, must invariably be employed. (Art. 25.)
(130.) That as, in Case II., a perpendicular must be
raised at the centre (Art. 27, 28, 29) of any vanishing
line, for determining the vanishing point of any line or
lines according to the angle made by them at the base,
or made with each other ; (see Prob. III., IV., and V.)
so in Case III., a perpendicular must similarly be raised;
but it must no longer equal the principal distance, it
must here equal the direct distance.
Graduation
(131.) That as, in Case II., divisions into degrees
ofvanishing numbered on each vanishing line (Art. 82) were made
lines in
Case III. by radials drawn to meet it from the furthest extremity
of a perpendicular which was equal to the principal dis
tance, and which was raised at the centre of the vanish
ing line : so these divisions, in Case III., may be simi
larly graduated ; but the perpendicular required for this
preparation of the perspective plane must, in Case III,
equal the direct distance.
for vanish
(132.) That as, in Case II., portions of the aboveing points. named radials are cut off by the vanishing line ; and
each point of their contact with that line is the vanishing
point of all indefinite representations of parallels, some
one at least of which belongs to the plane vanishing in
that line : (Art. 7<5 :) so in Case III., similar points will
be obtained for similar uses.
(133.) That as, in Case II., the portions cut off from
For divid
ing points. the above-named radials are equal to and measure the
interval between the vanishing and dividing point of
each indefinite representation, (which interval is mea
sured from each vanishing point along the vanishing
line on the side nearest the perpendicular :*) so, in
Painting.

Case III., each dividing point is similarly found in each Of Oiiba,
respective vanishing line ; but the perpendicular at its v»y»
centre must, in Case III., equal the direct distance.
(134.) That accordingly, the interval between 30° and
SO3 measured (plate vii. fig. 1 and 2) on each side of
the centre of the vanishing line, and also the interval
between that centre and the point marked 45° each way,
(which intervals in Case II. were equal to the principal
distance,) must, in Case III., be made equal to the direct
distance ; and the dividing points (Art. 65) depending
on those as on other intervals, will be regulated in
every instance by them. Thus, to take the first of these
instances :
The dividing point of lines, making 60° with any
base, and which therefore vanish at the point marked
30° (Art. 94) on their vanishing line ; will be another
point, marked also 30° (Art. 118) on the opposite side
of the centre of that vanishing line. {Platevn. fig. 1 and
2, and plate x. fig. 1.) Again, in the next instance,
The dividing point of lines which make 90 degrees
with, or represent perpendiculars to any base, (and conse
quently vanish at the centre of the vanishing line,) is a
point on each side of that centre marked 45°, (plate viL
and x.) where a circle, having that centre, and the prin
cipal or direct distance (as the case may be) for radius,
cuts the vanishing line.
(185.) That the dividing point of lines, representing
parallels to the base of any plane, is the centre of the
vanishing line of that plane. (Art. 86.) Consequently,
as in Case II., the dividing point of such lines was in
the centre of their vanishing line, viz. the centre of the
picture : so, in Case III., the dividing point of such
parallels to the base will be the centre of the vanishing
line of the plane to which that base belongs; though no
longer the centre of the picture.
(186.) That a difference is to be noticed between
the graduation of vanishing lines in Case II. from that
of those in Case III. It is a work, in Case ITI., of some
what greater complexity. Every vanishing line not
passing through the centre of the picture must be sepa
rately graduated ; t. e. must, in its graduation, correspond
to every change of the central or direct distance. Bat
when any number of central distances are equal in length
each to each, the vanishing lines they belong to will be
graduated alike.
(137.) That every vanishing line, as has been seen CerUc
by the experiment of the piece of card, (Art. 32,) has jjj™^"
one plane vanishing in it, which never presents any . *
other appearance to the spectator but' that of a straight \
line. It is the plane, which, produced to meet his eye,
contains in Case IL the principal distance ; in Case III.
the direct distance. The vanishing and base lines of
such a plane are always one and the same line. (Art. 68,
69.)
(188.) That to find the centre of any vanishing Gne Haw a
not passing through the centre of the picture, either aWaC
perpendicular {viz. the central distance, Art. 24) may UI^'a
be drawn to the vanishing line from the principal point ; T1B^i3
or, with the principal point as a centre, an arc may be in**
drawn cutting out of the vanishing line a portion, wrbich
will be the chord of the arc. That chord bisected will
give at its point of bisection the centre of the vanishing
line. Thus, N O (plate x. fig. 1) is a chord of on arc
of
the circle of vision. Bisect N O in R. R will be the
* See Art. 101 and plate it fig. 1, where the interval O S is equal
to the radial O m or 0 M, and is measured along the vanishing centre of the vanishing line. Again, with the centre C,
line O R, in a direction from the point O towards the perpendicular describe an arc cutting out, any where, a portion from the
vanishing line G I, situated out of the circle of vision.
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Muting. Bisect the chord so cut off. The point of bisection M
will be the centre of the vanishing line GI.
(139.) That the principal distance is a mean propor
tional between any two central distances, expressing to
gether the sum of 90° in the amount of their gradua
tions ; and if the two vanishing lines be parallel, the
centre of the vanishing line of one plane is the vanishing
point of all lines perpendicular to the other plane. For
example, the principal distance CA (plate x. fig. 1) is
a mean proportional between the central distances C B
marked 30° and C K 60° : and (their vanishing lines E B
and K I being parallel to each other) K 60 will be the
vanishing point of all perpendiculars to any plane,
vanishing like the plane of the ship's deck, in E B ; B
the vanishing point of all perpendiculars to a plane
vanishing in K I.
II parallel (140.) That out of any number of lines which are
us hare parallel to each other, and which therefore vanish in the
e same same point, (Art. 76, 132,) any two may belong to a
wishing plane vanishing differently from that of any of the rest ;
but the common vanishing point of all the parallels will
be the common point of intersection of the separate
vanishing lines belonging, respectively, to each plane.
Thus the point P (plate ii. fig. 3) is the point of inter
section for the four vanishing lines of the planes to
which the several parallel lines, vanishing at that point,
belong ; namely, for the
at P*^ ... lb P^,} which contains, -ii P and g P.
Va
lplaneif/?A't b£sidesu P'
hR
nishing' ?Y>
Py, f two parallels, fe P
j P.
.
line PC,
PZ, i of ./Pn,Jthe originals ofJ/P
a P.
I any two (141.) That an original plane, considered in relation
ginal
any other original plane, must be either, 1st, parallel
acs, in to
;ir rais to it, in which state it has been already noticed: (Art.
es to each 65 :) or, 2dly, must intersect it, in which state it has
been only partially noticed : i. e. only under Cases I.
and II.
a plane
1. One plane we have seen parallel to the picture,
pendicu- and the other perpendicular to the picture : in which
,the
kt paxal- circumstances the line of intersection of the two original
to the planes is always parallel to the base and vanishing line
of one of them. Ex. gr. The intersections mf eg,pr,
ture.
j k, os, zi, (plate iii. fig. 1,) made by planes of the
class just stated, are parallel to II L, the vanishing line.
Almost all our plates on outline supply similar examples.
Or, we have seen
Ih planes 2. Both planes perpendicular, as in Case I., to the
pendicn- picture : iu which case the vanishing lines cross each
other at the centre of the picture, which thus becomes
the vanishing point of the line of intersection ; (Art.
145 ;) and is the point at which the actual angle made
by the one plane with the other, is always formed by
their two vanishing lines. Ex. gr. The line of inter
section, n o (plate ii. fig. 2,) of any two of the four
planes (perpendicular to the picture) vanishes in the
centre C of the picture ; and the angle made by any two
of the planes with each other, is to be found by draw
ing, through C. their two vanishing lines : or by drawing
at n or o, or at any point in the line of intersection, their
two bases. The latter, in this example, are already drawn.
Other ways of intersection now present themselves. But,
respecting the laws of intersection, observe, generally,
■s of in- (142.) That when only one of two intersecting origi
nal planes has a vanishing line, the line of intersection
is parallel to that line or to the corresponding base.
• Perpendicular at P, to P C, its central distance.

519

(Art. 65, 66.) Thus, N S, (plate v. fig. 1,) the intee Of Outline,
section of the plane of X N Q, or of U V, with th v—"v^-''
ground plane, (Art. 45, 46.) is parallel to the base I K 2rd&E
of the ground plane. Also another parallel to I K, in tlwother inthe same diagram, is i t; it being another intersection clined to,
by anotherplane also parallel to the picture. Here one of the picture,
the two planes is parallel, and the other perpendicular
to the perspective plane ; and our examples are drawn
from Cases I. and II. Next, for an example that
refers to Case III. : d h, (plate iii. fig. 1,) parallel to the
vanishing line V B, represents the intersection of the
plane a b hd with the plane dhge. Here one of the
two planes is parallel to, the other inclined to, the
picture.
(143.) That when the vanishing lines or bases of Vanishing
any two intersecting original planes are parallel, their lines paralline of intersection will form another parallel. Thus lel> Bptb
the base and vanishing line of the plane Iknm (plate x.
"(m*
fig. 1, No. 1.) are parallel to the base and vanishing line the picture:
of the plane omnp. G I, the vanishing line of the or one per
former, is parallel to Q F, the vanishing line of the pendicular
latter. Agreeably, therefore, to this ride, the line m n, *jn*e;u
of their intersection, is parallel to G I, or to Q F, or to cnne& jJ
their corresponding bases. Alsod/t, (plate iii. fig. 1,) the picture,
the intersection of the planes dabh, dnlh, and d z ih,
or of any two of them, is parallel to their respective
vanishing lines at Z, C, and V, through which points
their respective centres are joined by a line Z V passing
through the centre of the picture. For it invariably
follows,
(144.) That when any two vanishing lines (such as
described in Art. 143) arc parallel to each other; a line
perpendicular to both, and joining their centres, will
pass through the centre of the picture or principal point.
Observe, further,
(145.) That when any two vanishing lines, or any Vanishing
two bases, intersect each other, the planes to which they lines not
respectively belong must also intersect each other; and being pathe line of their intersection will vanish at the point jjjj^j
where the two vanishing lines meet* Thus, the centre of jatersecof the vanishing line of any given plane is also found to tionvabe the vanishing point of all intersections made with the rushes, and
given plane by a plane perpendicular to the picture.
where.
(146.) That for the purpose of determining the angle
made by two intersecting planes with each other, the
vanishing line, in most instances, must be found of a
plane, which we propose to call the plane of measure.
The plane of measure is a plane perpendicular to any piane 0f
two intersecting planes, which crosses perpendicularly measure,
their line of intersection and contains the two lines
measuring the angle of their inclination to each other.
(147.) That when any two original planes of the class i. Measurementioned in Article 141, No. 2. intersect each other, the mentof the
angle made by them with each other is measured on the angle mada
plane of the picture, which is itself, in such instances, the b7 tw0,orl",
,
#. r
i .
m i
xx. u ..u
ginal planes
plane of measure, being perpendicular to them both.
^itn *acn
(148.) That when any two of the class mentioned in otherwhosa
Art. 143 intersect each other, the angle made by them vanishing •
with each other is measured on the central distance of the parallel.
bnes are
* Since any one and the same vanishing point may belong to an
infinite number of vanishing lines ; and, consequently, any one ami
the same indefinite representation to an infinite number of planes:
therefore, in most cases two vanishing points at least must be found,
in order to determine whatever plane is common to or contains the
two lines vanishing in those points. (Art. 31.) But in case only
one point be given ; then the angle of inclination to the picture must
also be given, made by the plane that contains the original line
vanbhing in the given point. See Prob. IX
3x2
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"Painting. vanishing fine (graduated as in Case II. Art. 126) of
one or both planes ; which central distance, it will be
seen, is part of the vanishing line of the plane of mea
sure. This measurement may happen in three ways.
1. If one of the parallel vanishing lines pass through
the centre of the picture, the angle so measured is that
contained between the direct and the principal distances.
Thus the vanishing line GI (plate x. fig. 1) is parallel to
H C, the horizontal line. Its central distance C M is
marked 55° to express the angle C H M contained be
tween M II the direct, and H C the principal distance.
Consequently, the plane of which G 1 is the vanishing
line is found to make an angle of 53 degrees with the
plane of the horizon.
2. If neither of the two parallel vanishing lines pass
through the centre of the picture, and they are situated
on different sides of that centre ; the angle made by their
two planes with each other is the sum of the angles gra
duated on their two central distances. It is the angle
contained between their two direct distances. Thus the
last-mentioned vanishing line G I has its central distance
graduated 55°: that of the vanishing line N O, on the
other side of the centre of the picture, has its central dis
tance marked 25°. Consequently, the original plane of
G I makes with the original plane of N O an inclination
of 55° -f- 25°, or 80 degrees, being the angle contained
between R H and H M, the two direct distances.
3. If these two parallel vanishing lines lie on the
same side of the centre of the picture, the angle of their
inclination to each other is expressed by the difference
of the numbers graduated at the extremity of their two
central distances. It is the angle contained as before
described, between their direct distances. Thus, the
vanishing line P D has a central distance expressing 35
degrees ; the vanishing line N O a central distance ex
pressing 25 degrees. Consequently, the original plane
of P D makes with the original plane of N O 35° — 25°,
or 10 degrees : being the angle R L D contained be
tween L R and L D, the two direct distances.
A line then (the vanishing line of the plane of mea
sure Art. 146) being drawn through the centre of the
picture, joining the centres of any two vanishing lines :
the angle made by their two original planes with each
other is obtained by the sum or difference of the degrees
marked at their central distances.
2. Measure
That in every remaining case for ascertaining
ment of this or (149.)
representing the angle made by one original piano
angle when
the vanish with another, the vanishing line of the plane of measure
ing lines no longer passes, as in the above three examples, (Art.
are not pa 148,) through the centre ofthe picture; but (the point
rallel.
being once determined where the vanishing lines of the
two intersecting planes meet) a third vanishing line
is found, as will be seen in Prob. VIII., to which all
lines drawn from that point shall represent perpendi
culars. This third line is the vanishing line of the plane
of measure. (Art. 182.)
(150.) That the vanishing line of the plane of mea
sure being graduated according to Case III. will express,
at the points where it is crossed by the two vanishing
lines of two intersecting planes, the angle of their inclina
tion to each other.
3. Measure
That when only one of two intersecting planes
ment when has(151.)
a vanishing line, the angle made by the planes with
one of the
two planes each other is the same angle made by that one plane
has no va with the plane of the picture.
nishing
(152.) That to find the angle made by any plane
with the plane of the picture, observe the number of

degrees marked on the central distance of its vanishing Of Owo
line. The complement of that number to 90°, is the s^^^.
angle sought. It is, universally, the angle contained Angki
between the central and the direct distance.
ti^'7^
For example, perpendicular lines crossing the hori- {^t^di^
zontal line in the points marked 10°, 20°, 30°, &c., ho«ma(plate vii. fig. 2,) are the respective vanishing lines of meiL
planes which make the complements of those angles of
10°, 20°, 30° with the plane of the picture, and which
have their bases parallel to the station line.
Also perpendicular lines crossing in like manner the
station line in points marked 10°, 20°, 30°, &c., (plate
vii. and x.) are, in like manner, the respective vanishing
lines of planes which make the complements of those
angles 10°, 20°, 30°, &c. with the perspective 'plane, but
which have their bases parallel to the horizontal line.
Thus the plane of which G I (plate x. fig. 1) is the
vanishing line, makes an angle of 55° with the plane of
the horizon, and makes, consequently, 35° the comple
ment of 55, (viz. the angle C M L, or C M H,) with the
plane of the picture.
(153.) That all planes whatsoever, whatever be the Invki r>
direction of their phases or vanishing lines, are perpendi- aimsum
cular to any plane of which the vanishing line contains Sj^j
their central distances. As examples to this rule, see jwiv» :e
Articles 124 and 125.
(154.) That when the graduations of any two central larto«i
distances, situated in the same line, amount to 90 de- olba^
grees : in other words, when any two direct distances ^
are perpendicular to each other : their extreme points
will be the centres of two remarkable vanishing lines, peoiruia:
One extreme, or centre, will be the vanishing point of toisyiiall perpendiculars to the plane of whose vanishing line <*BBl
the other extreme point is centre. (Art. 139.)
f'3"*'
(155.) That when three original planes are perpen
dicular each to each, any one of the three becomes a
plane of measure to the other two. For example,
(plate vi. fig. 2,)
A) measures
the 'i(U)
■>1 I>! wiUi
...
. , the
The plane {B^
b\
angle made
A
Uw (C.
Ic
Cj by the
the plane
plane \\) PIane \b.
A recapitulation may here be useful, and a reference, The aV«
such as was given in Art. 34, to a general explanatory rolenefigure. (Plate vi. fig. 3.)
f
C the centre of the picture ; C F principal distance and
pli£ei.
C D and C A central distances ; D F and F A direct dis
tances.
q k. Vanishing line of the planes of I u and y r,
making with the picture the angle CDF. (Art. 152.)
hj. Vanishing line of the plane of y &, making with
the picture the angle CflF. (Art.I52.)
W C F]
h aj >parallel vanishing lines. (Art. 143, 147, 14S.)
qdk J
y o. Intersection of two planes y & and y r, both in
clined to the picture. It is parallel to their vanishing
lines W F and q k. (Art. 143.)
s t. Intersection ofthe plane t n, perpendicular to the
picture, cutting the plane tu. It is parallel to their
vanishing lines W F and q k. (Art. 143.)
co. Intersection of a plane parallel to the picture
cutting the plane y r. It is parallel to q k, the vanish
ing line ofyr. (Art. 142.)
a b. Vanishing line of a plane, as e g, perpendicular
to the picture, and also perpendicular to all planes
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Punting, whose vanishing lines, like hj and qlc, cross a 6 at right
—»v—^ angles : a b is here the vanishing line of the plane of
measure. (Art. 127, 144, 146.)
ip. Intersection of the planes y& ande^. It va
nishes at a, the point where the two vanishing lines
meet. (Art. 145.)
to z and i m. Intersections of two parallel planes s v
and y r with the plane e g. Each intersection vanishes
at D where a b meets and crosses q k. {Ibid.)
wx. Intersection of the plane t n with the plane e.g.
It vanishes at the point C where their two vanishing
lines a b and W F meet. (Art. 141, 2. ; and 145.)
pirn. Representation of the angle made by the two
planes y & and y r (both inclined to the picture) with
each other. It represents the original angle contained
between the two direct distances of their respective
vanishing lines, viz. the angle a F D graduated on the
vanishing line a 6 of the plane of measure. (Art. 93,
108, 143.)
x w z. Representation of the angle made by the plane
in (perpendicular to the picture) with the plane jh
inclined to the picture. It represents the original angle
contained between the direct and the principal distance,
viz. the angle CF D as graduated on a b. {Ibid.)

Vofc, VI.

Problem VI.
To prepare the perspective plane for Case TIT. viz. the
case ofplanes inclined to the plane of the picture.
(156.) Hitherto our outlines have extended to the
delineation of but a very few changes and peculiarities
in the appearance of objects. We have considered in
deed, and have exemplified at large, some useful methods
of drawing varieties of form as they would appear to the
eye, (like partitions upon a map, or like the lines of a
chessboard,) on original plane surfaces ; but our inquiry
has been limited to only a small part even of these : as
I. to such planes as directly face the spectator, and are
parallel to his circle ofvision ; 2. to such planes as make
right angles with the plane of that circle. We now
come, thirdly, to a division of our subject by far the
fullest and most satisfactory; which ought to include
every remaining requisite for perspective ; and which
refers to every possible position of planes not remarked
upon in our preceding inquiries.
It will have been observable how very sparingly, in
our foregoing endeavours, we have touched upon the
representation of solid figures ; whereas this latter part
of the subject contains all that connects the Art with the
realities of Nature : and we need not say, without such
a connection, how useless would be our labour. A
solid, in our Article on Geometry, book i. p. 313, is
defined to be " a body comprised under three dimen
sions, length, breadth, and thickness." To delineate,
therefore, " length and breadth" only, without " thick
ness," would be as unpardonable in the delineator, as it
would be in the Geometrician to stop short in his cal
culations, at the measurement of superficies merely,
without regard to solid cubic contents.
But our notice of solid figures has, of necessity, been
confined. We could, as yet, do nothing more than re
present correctly a cube or parallelopiped, of which two
sides would be parallel (as in Case I.) to the picture or
perspective plane ; and the other four sides perpen
dicular (as in Case II.) to the picture. Opportunity
now occurs for representing, in the sides cf such
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figures, each pair of parallel planes as making a sepa- Of Outline,
rate angle of inclination with the plane of the picture. s ■ v ■—*
Nor need the student confine his operations to regular
solid figures. lie will find, that he may pursue satis- The subfactorily to any extent which his curiosity and his lc'i- ject admits
sure may combine to encourage, and very much further a Wl(lu
than our limits would permit us either to lead or to the m^te"'
follow him, this interesting study : and may ascertain riais for ;t
with perfect truth and correctness, the representations of are limited
solid forms as well in the most complex, as in the most ,0 slight
irregular of their combinations.
^lauV'sur
(157.) In this, however, and in every application fan.
of perspective rules, it must always be understood that
the materials for construction are straight lines and
plane surfaces. The only solid figure that can be
delineated without the intervention of straight lines is the
sphere.* And, although it were much to be desired, for
the convenience of artists, that some instrument equally
manageable and simple with the common compasses were
invented to expedite the process universally of curvili
near projection ;t we must rest at present satisfied with
regarding solids in general as bodies to be represented
within any number (not less than four) of intersecting
planes, whose intersections with each other at the edge
of its visible surface, or " disk," to borrow a term from
Astronomy, constitute the lines and boundaries com
prising the object. A reference to our Plates on Crys
tallography may show the propriety of this definition,
and will exemplify to the eye of the reader a series of
outlines under great diversities of configuration formed
by the intersection of plane surfaces inclined at various
angles (all of which are distinctly calculable) to each
other. See also the Article Bodies (regular) of our
Lexicon, and plate xv. Miscellanies.
(158.) An opportunity here occurs (before we un- Number of
dertake the immediate business of this problem) of vanishing
remarking upon the number of vanishing lines which une» rebelong to the representation of any given rectilinear
?*
solid. It is equal to the number of plane sides con- jng a"soiij
tained by the solid body, in all instances where no two figure,
sides are parallel to each other, nor any one of the sides
parallel to the picture. But in every other instance,
whatever number of sides are parallel to each other will
have but one vanishing line, (Art. 65,) and whatever
number of sides are parallel to the picture must be left
out of the calculation. (Art. 67.) Reckoning first,
therefore, the number of sides in any solid ; deduct
from it the number of parallels to any side, and like* Every section of a sphere made by a plane is a circle. See
book ix. p. 362, of our Article on Geometry. In delineating any
sphere, a plane is to be conceived as passing through its centre
parallel to the plane of the picture. The section so formed will be a
great circle, of which any radius may be selected and used as a base,
for the purpose of delineating in perspective any other similar section.
And whatever radius may he so selected, is to be regarded as the
base either of a plane whose vanishing line (according to Case II.)
passes through the principal point as its centre : or passes (according
to Case III.) through any other point as its centre. Thus may any
required number of curves, representing meridians, or other great
circles, be drawn.
f The number and multiplicity of curves, more particularly in the
application of perspective to subjects of Naval Architecture, as well
as to tracery and fretwork in ornamented buildings, and to the deli
neation ofannulets, volutes, cornices, &c, not to mention the perspec
tive projection of even the most ordinary fonns in wheelwork, and in
the curvatures of machinery generally, would provide usefid matter
for a separate treatise. The reader will find in our Lexicon, under
the word Drawing Instruments, a notice of some mechanic helps
for outline in perspective, which have proved highly creditable to.
the ingenuity, skill, and science of the inventors.

522

PAINTING.

Painting. wise the number of sides parallel to the picture. The
remainder will be the amount of vanishing lines re
quired.
An e%ampie (159.) The simplest construction is that of a regular
of the varie six-sided figure, (a cube or parallelopiped,) of which two
ties of posiof sides are perpendicular to the picture, and the
tion and pair
third
pair parallel to it. (Art. 156.) For such a repre
consequent
changes of sentation two vanishing lines only are required ; (Art.
outline iu a 158;) and these cross each other at right angles (as we
cube or pa- have seen in Case II.) at the centre of the picture. (See
ralleloany one of the boxes in plate iii. fig. 1.)
piped.
In a solid of this form there are twelve edges or in
tersections (Art. 157) which complete its boundaries;
and which, in the position here chosen, may be drawn
with very little preparation or trouble. Four of them
vanish in the centre of the picture, (Art. 145,) and the
remaining eight are parallel to the two vanishing lines,
four to each vanishing line. (Art. 142.) But change
now the aspect of the cube or parallelopiped, and let one
pair of sides vary ever so little from its position as a
parallel to the plane of the picture : an entirely new
arrangement must be made. Not only does the centre
of one vanishing line change its place, and move out of
the centre of the picture, but there is immediately re
quired a third vanishing line for the pair of sides that
had before been parallel to the picture. Of the twelve
edges or intersections, only four remain parallel to the
perspective plane, viz. (if we select for an example the
box- in plate ii. fig. 1) i t, s o, v x, and q m. Out of the
remainder, four vanish at L, and four at H, exempli
fying, in the planes they belong to, the second variety of
Case III.
(160.) But a still further change may be made. As
yet, only two pairs of the sides of the parallelopiped have
been moved so as to make a change of angle with the
plane of the picture. One pair of sides still remain
perpendicular to the perspective plane, and therefore
vanish as before, (according to Case II.,) in a line
drawn through the principal point. Let now, then,
this pair of sides also be moved into an inclined position :
again, a general alteration of outline ensues throughout
the figure. The number, indeed, of vanishing lines
continues still the same ; but the three vanishing lines
no longer have their centres joined in one straight line.
They now range themselves in a triangle ; of which the
three angles form three vanishing points (Art. 145) for
the lines of intersection or edges of the figure. Thus
(plate xi. fig. 1) the die, No. 4., has no longer, as at
No. 3., the centres of its three vanishing lines, M, C, and
P, in one line W P, but its trey-side, which vanished in
M P, now vanishes in H P ; its deuce-side, which var
nished in PQ, (a perpendicular at P, to C P its central dis
tance,) now vanishes in X P ; and its ace-side alone retains
its previous vanishing line H X. The remaining three
sides of the cube, opposite and parallel to these three, of
course vanish similarly to these. (Art. 65.) The outlines
of the four dice in plate xi. may serve to elucidate and
exemplify the changes described above. Other figures
more complex than the parallelopiped might be here in
but we reserve them.
A gradua troduced,
(161.) We now proceed to the preparation of the
tion (to pre
perspective plane requisite for Case III. Those lines,
pare for
Case III.) radii to the circle of vision, which, in Case II., we have
of the cen shown to be vanishing lines of all planes perpendicular
tral dis
to the picture, are now required to perform another
tances.
office ; and to furnish materials for the respective central
distances of all planes more or less inclined to the pic

ture. (Art. 24, 25, 26, 126.) Thus CO, (plate i. fig. OfOutfc,
2.) a portion of the radius of the circle D A B E Z Y,
is the central distance of the vanishing line B O E, be
longing to a plane that makes the angle of inclination
X O C or P V S (fig. 3) with the plane of the picture :
and C M, being a portion of another radius, is the
central distance of D Z, belonging to a plane that
makes the angle of inclination AMCorPLS with the
picture.
In order, therefore, to obtain with facility the vanish
ing lines of planes inclined to the picture, it will be
proper to graduate, as was done in Case II., the hori
zontal or the station line, or both. (See plate vii. fig. 2.)
Tile interval between any one of these points of gradua
tion and the centre of the picture, will be the central
distance of any required vanishing line of planes in
clined to the horizon or to the station plane ; provided
the intersection be parallel to the plane of the picture.
(Art. 143.) If the inclined planes vanish in a line
parallel to the horizon, their central distances wOl be
found in the station line. If the inclined planes, on the
other liand, vanish in lines parallel to the station line,
their central distances will be found in the horizontal
line. For example, the following (plate x. fig. 1) being
the central distances of vanishing lines parallel to H L,
are found in the station line, viz. '
CD
PD a vanishing line
CR
NO
to H L,
CQ
/central distance of QF I parallel
horizontal
CMS
GI the
CM70
B5F line.
And on the other hand, C H, (plate ii. fig. 1,) the
central distance of the vanishing line M K, (parallel to
C W,) is found in the horizontal line H L. With many
more examples* that the reader will find without diffi
culty. (Art. 127.)
(162.) Also observe, that the number of
marked on the central distance of any vanishing line in
the circumstances just described will express the angle
of the inclination of its plane to the horizontal or station
plane. Thus the number 25° marked at R, (plate x.
fig. 1,) the centre of the vanishing line N O, is the
number of degrees by which the plane vanishing in NO
is inclined to the horizontal plane vanishing in 11 L.
The complement of 25° is 65° or the angle C RL; being
the angle (Art. 152) of inclination to the picture.
Again, at L, (plate v. fig. 2,) the centre of the vanishingline M L parallel to C P ; the number 55° indicates the
number of degrees by which the plane of tifa is in
clined to the station plane : whereas the complement
of that angle, or P L C, (35°,) is the angle made by
the plane of * if a with the perspective plane. (Art.
152.)
(163.) It must likewise be noticed, that when two
vanishing lines are parallel, and have the centre of the
picture situated between them, the degrees ou the cen
tral distance, or the sum of degrees marked on their two
intervening central distances, will express the angle
made by the two planes with each other. For example,
(plate x. fig. 1,) the plane omnp, inclined to the plane
of the bottom of a cart, vanishes in the line Q F with a
central distance of 40°. The plane of the bottom of the
cart hip vanishes in the line P D with a central distance
of 35 degrees. Consequently, the plane om np makes
with the bottom of the cart an angle 40 + 35, or an
angle of 75 degrees. If) however, the two parallel
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tjog.^ vanishing lines lie on the same side of the centre of the plane of measure. (Art. 146.) It is a plane in all Of Outline,
the picture, the angle made by their two planes with cases perpendicular to the line of intersection of an}' two
each other will be the difference between the degrees of planes. It bears resemblance to what in Carpentry is How to
their two central distances. Thus the plane of ml k n va termed a " bracket." The most, indifferent mechanist ^j^'™
nishes in the line G I with a central distance of 55°, and must well know that a bracket rightly adjusted for fit- prt>sent
the plane of o m np vanishes in Q F, as before said, with ting a corner contains an angle exactly equal to that of their angle
a central distance of 40°. And these vanishing lines Q F the inclination of the two planes which form the corner, of indinaand G I are on the same side of the centre C. Conse- and will be perpendicular to their line of intersection at tm" *° eacn
oUlcr"
quently, the angle made by the plane vanishing in G I some point in that corner.
with the plane vanishing in QF will be 55°— 40° or an
There are three different aspects of the line of iuter- Xhreeas
angle of 1 5 degrees.
twja.«Tsection made by any two planes :
pects of
mlnation; (164.) There will likewise be necessity, as in Case II.,
Lit may be parallel
1
: central (Art. 88,) for occasionally finding various other central
2. It may be perpendicular > to the perspective plane.
distances,
besides
those
graduated
on
the
horizontal
and
3. It may be inclined
aw comstation lines. Every vanishing line passing through the
•tted.
1. Where it is parallel : either the vanishing lines of
centre of the picture is liable to be thus graduated. (Art.
126, 161.) On such occasions, let arches of a circle con the intersecting planes are parallel to each other, or one
centric with the circle of vision be drawn as in Art. 88, of the planes has no vanishing line, t. e. is parallel to
where CM (plate vii. fig. 1) is graduated similarly to the plane of the picture. In these circumstances, the
C B or C S. Thus the central distance C B (plate x. plane of measure must be perpendicular to the pic
fig. 1) will be that of the vanishing line of a plane ture. The vanishing line of the plane of measure
making 30° with a plane vanishing in A C, and the gra will consequently (Art. 65) pass through the centre of
duation on CP may be made most conveniently by the picture and be perpendicular to the vanishing line
circles having the centre C and with radii taken from of either intersecting plane. The vanishing line, thus
the horizontal or station lines C5°, C 10°, C20°, C30°, found, of the plane of measure, and graduated according
to Case II., (Art 82, 68,) expresses the angle made by
&c.
rrailo&tion
(165.) A further preparation will be required for the the two original planes with each other, (Art. 163,) as
f ranish- vanishing lines of planes peculiar to Case III. They has already been exemplified.
2. Where the intersection is perpendicular to the
must be graduated by means of radials from the furthest extremity of the direct distance, which for that picture the intersecting planes must also be perpendicupurpose will have been raised perpendicularly at their lar to it. (Art. 141, No. 2.) Consequently, the plane of
centres. (Art. 29, 128, 131.) For example, F G (plate l. measure is in such a case the perspective plane itself;
fig. 4, No. 1.) is the vanishing line of a plane making and the angle contained between the two vanishing
with the picture the angle of inclination C D R. At D lines meeting at the centre of the picture is the actual
its centre, where it is met by C D, its central distance, angle made by the two original planes, to which they
raise, on either side, (see note to Art. 29,) D II per belong, with each other. Here the original angle and
pendicular to it, equal to DR, (Art. 25,) the direct dis its representation are one and the same. For example,
tance : or continue C D from D towards C till it equals the plane of the circle zmika (plate ii. fig. 2) is the
D R. Next from H, its furthest extremity, draw other plane of measure for the angles z n m, m n i, i n k, k n s,
radials II F, H G, &c. making the angles at H by which dec, and is perpendicular to the common intersection of
the line F G is to be graduated, and marking them on eight planes, viz. to n o, vanishing in the centre C of the
each side from the point D as from zero, in the same picture. (Art. 145.) The representation of these angles,
manner as was done in plate vii. fig. 1 and 2. The therefore, belongs to Case I., and the construction of them
vanishing line V M (plate v. fig. 2) is thus graduated. resembles that of those in the triangles OPR, XNQ,
Also the vanishing lines E B, (plate x. fig. 1,) S D, &c. (Plate v. fig. 1, Art. 46.)
3. Where the intersection is inclined to the plane of
G I, K I, &c. are thus graduated.
tersect(166.) Under this preparatory problem it will be the picture, the vanishing lines of the intersecting planes
convenient and not inapposite to introduce a general will meet at a point which is the vanishing point of their
1 planes. view of the construction necessary for determining the line of intersection. (Art. 145.) A future problem (Art.
inclination of original intersecting planes (Art. 16) 182) will show the process of finding the vanishing line
to each other. The intersection of any two lines is a of a plane to which all lines vanishing in this point are
point. That of any two planes is a straight line. A perpendicular. That plane will be the plane of measure :
slight acquaintance with the geometry of"solids would and its vanishing line' graduated as above directed, (Art.
here enable our student to recall the definition as given 82, 88,) will show and express in its graduations (along
by Simpson, Playfair, or Bonnycastle, of the " angle the interval between the points where it is cut by the two
made by two planes which cut one another," called by other vanishing lines) the angle made by the two inter
nclina- the former " the inclination of a plane to a plane." It is secting planes with each other. Thus the plane of the
i of a
defined to be " the angle contained by two straight lines circle a b defg (plate ii. fig. 3) is a plane of measure.
oe to a drawn from any the same point of the intersection of It measures the angles a u b, bud, e uf, fu g, &c. be
ne" de- the planes, and drawn perpendicular to -that intersec cause it is perpendicular (Art. 166) to the planes that
id.
tion, the one in the one plane, and the other in the make those angles. Its vanishing line is Y Z, on which
other. Of the two adjacent angles made by two lines the two lines forming any one of those angles will be
drawn in this manner that which is acute is called the found to vanish. It here measures the angle made by
any two of four intersecting planes with each other.
inclination of the planes to one another."
(167.) It is with a view of practically determining in Their four vanishing lines meet at P, the vanishing point
all cases this angle of inclination, that we would pro of aP, their common line of intersection, (Art. 145,)
ceed by means of a plane, which we have denominated which is inclined to the plane of the picture. Out of
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Tainting. these four let us choose for examples two intersecting
planes ; the plane of drh vanishing in the line P Y ;
and the plane of a rf anishing in PZ. Tl ic vanishing
line of the former cuts the vanishing line of the plane
of measure in the point Y, which, if a graduation w ere
completed on Y Z, would be marked 45°. The vanish
ing line of the latter cuts it at the point Z, w hich w ould
be likewise marked 45°. In this manner 4 53 + 45°, or
90 degrees, w ould be found the original angle made by
these two intersecting planes with each other.
Problem VII.
Prob. VII.

Given the vanishing line of a plane not perpendicular
to the plane of the picture, tofind the angles which any
number of indefinite representations vanishing in that
line make, either with the base of the plane to which they
belong, or with each other ; and to represent, as was
done in Case IT., any required portion of a line or angle
belonging to a given plane. Also to represent, as was
done in Case I., any point or tine at a given distance
from the spectator.

Inclination
(168.) Let the given vanishing line be X M. (Plate
to the base iv. fig. I.) If the indefinite representation be found to
vanish in the centre D of X M, the angle made by it
at the base has been already stated. (Art. 72.) Let it
be required then to find the angle made by the indefinite
representation t X with the base of the plane inclined to
the picture, and vanishing in X M. Draw, parallel to
X M through any point, as t, in the indefinite represen
tation, the occasional base / g. Next, at the centre D (Art.
138) of the given vanishing line raise a perpendicular
line equal to the direct distance. (Art. 27, 29, 131.)
Join its furthest extremity R to the vanishing point X
of the line t X. Lastly, to R X draw at the point I a
parallel t h. The angle gth is the angle required.
(Compare this with Art. 98.)
Inclination
(1G9.) If for greater convenience the perpendicular
found with D R be drawn on the other side towards C, the result
any other will be the same : only the parallel tg drawn through
lint; in the
lame plane. t will be on a different side of the line tg. In other
words, the original angle will be on the same side of the
base with its representation. (Compare this with Art.
99.)
(170.) Let it be required further to find the original
of the angle k t M made by the indefinite representation
/ X with another line whose representation t e vanishes
in the point M. To the same construction as above
•only add the line R M to join the furthest extremity of
the perpendicular at D with the vanishing point of the
new line. The angle X R M will be the original of the
angle X<M, and will be expressed by the sum of the
degrees at X and M, according to the graduation of
the given vanishing line. (Art. 131.)
In like manner if is be the representation of a line
making an angle with / X, let is be produced to its va
nishing point q, and the difference of the graduation on
D q from that on D X will express in degrees, minutes,
&c. the angle sought.
To repre
(171.) Let it be next required to represent any angle,
sent
or
any intended portion of an angle. This process is the
1. A given
angle ; and converse of the preceding. Begin by constructing at t
in any re the intended original angle on the base g t. A parallel
quired divi to th through R will cut X M in X, the vanishing point
sions.
ofthe required representation. Then any original angle
constructed at R with R X, such as X R g, X R M, &.c,

will give vanishing points, as q, M, &c, for the lines which
contain the representation of that angle. (Art. S4.)
(Compare this with Art. 10S.)
(172.) Another query of Prob. VII. is, how tore- 2. A giro
present a line of any given length. Find (Art. 56, line;
5S, 99) the scale for the required representation, ac aodisiuT
cording to Case I., at the alleged distance of some point, requind
dmfidCL
as /, where the line in question crosses the occasional
base. Mark off on the base, from the point /, the in
tended length, say tg. From X, measure on the side
nearest D R, along the vanishing line, the interval X W
equal to X R. Then from W (being the dividing point
thus found. Art. 85) a line drawn to g will cut t X in
the point K, and give the portion t k for the represen
tation of tg required.
Here, as in the instance recently mentioned, (Art.
169,) it may often be convenient to erect DRou the other
side in the direction of C.
The learner will have observed that all the above
operations of Prob. VII. are perfectly analogous (Art.
131, 132, 133) to those of Prob. IV and V. (Art. 90
to 95 ; 98 to 102.)
(173.) A further analogy remains for our notice in
the process of dividing, according to any given ratio, the
representation / Ic.
Let it be required to divide tic, so as to represent
three equal parts.* Trisect accordingly the portion tg,
on the base. Lines from W, the dividing point, to the
points of trisection will cut t Ic in the corresponding
points of representation. (Compare Art. 106.)
A similar observation here to one in Prob. V may
be made. It is not always necessary to draw the base
through the given point. Let the given point be r.
A line from W through z will meet the base tg inJ.
Then measured from,;', let the portion required ixjg.
Draw W g as before, z k will be the representation of
j g. (Compare Art. 100.)
Also we may find it useful to remark, that each of the SmJarr
methods of working introduced in Case II., besides the
one we have thought proper to select, will be found this prci»^
available in the present problem. For instance, let the ItfE
ftuk.IV
angle g t h be constructed at I on the base by means of aalY.
a parallel to R X drawn through I. A line R h will cut
off from I X the representation required, namely, the
portion tk. (Art. 102.) See also the other analogous
modes of operation. (Art. 101, 103 to 106, and 113.)
(174.) Respecting the last particular required in this
problem, namely, to represent at a given distance from betwtra
thisud
the spectator any point or line in the given plane ; we Prob.
a
need only remark, that the operation is exactly similar
to that which in Prob. II. has been described and ex
emplified at large. If in fig. 1, plate v. the point C be
no longer viewed as the centre of the picture, but be
reckoned as the centre of some vanishing line under
Case III., the same methods of calculation, the same
forms of construction, the same adaptation of scales
originating in the measurement (Art. 56, 57, 5S) of the
principal distance, and set off on bases in the plane of the
* The converse of this may be thus stated. Given any divided
representation, as / A, to find the original ratio of the parts to the
whole original line. For this purpose find the dividing point W ;
from whence lines drawn to the base through the representative di*
visions of t k will give/ j, t g, &c. and show the original proportions.
This is a serviceable proposition (supposing a picture completed)
for estimating the comparative magnitude of object! delineated, and
for ascertaining their approach in this respect to nature probability,
and reality.
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picture, will be found available. To show, however, the
perfect accordance of the operation under Case III. with
that under Case I. : let EG (plate iii. fig. 1 ) be some por
tion of the base or occasional base of a plain vanishing in
H L, the horizontal line. Let E G be also an equal por
tion (Art. 33) of the base or occasional base of a plane, of
whose vanishing line W is the centre. Draw E W and
G W, E C and G C. It is evident that the parallels to
E G, terminated by the lines vanishing at C and W, will
express all the possible apparent lengths of E G upon
either plane, at any distance from the spectator. (Art.
77.) To E G draw parallels at I, B, and A. It will be
seen that E G, at the distance of the bottom of the box,
is reduced in its apparent length to x a ; which is equal
to and in the same plane with (parallel to the picture)
the parallel line at I. A little further off, at the back of
the box, E G is reduced to y & ; which is equal to and in
the same plane with (parallel to the picture) the parallel
line at B. Further off still, E G is reduced to u t ; which
is equal to and in the same plane with (parallel to the
picture) the parallel line at A. The proportions, therelore, of E G, will be represented at the distances of v, y,
and x, in the plane E t, (inclined to the picture,) alter
the same method as in the plane AG (perpendicular to
the picture) they are represented at the points A, B,
and I, of equal distance with w, y, and x.
(175.) It seems almost too obvious to be added, that
in cases where the point W is not easily accessible, the
proportions of such lines as u t, y &, and x a, may be
found by perpendiculars from each extremity of the pa
rallels at A, B, and I. These perpendicular lines will
cut the indefinite representation E W in the points x, y,
and a ; and the indefinite representation G W in the
points t, &, and a ; thus obtaining it t, y &, and x a,
for the proportions required.
(176.) To give some examples in the three varieties of
Case III. The plane a V b, (plate iii. fig. 1,) vanish
ing in V R, has its base a b or d h parallel to the hori
zontal line. The representation a d, therefore, in that
plane, showing the side of a square, is obtained by a
line through A from the dividing point R, (Art. 133,)
cutting a V (which, representing a perpendicular to the
' base, vanishes in V, Art. 72) in the point a. Or, if a A be
used as a base, raise a perpendicular at a, equal to a b,
and another at V equal to the direct distance. (Art. 128.)
The line joining their furthest extremities will cut a V in
the point d, and give a d for the required side of the
square. Another example is presented in the figure of
a double cross. (Plate x. fig. 1, No. 3.) Its upper and
under surfaces (whose bases are parallel to the horizon
tal line) are in planes, which being inclined 70 degrees
to the plane of the picture, and therefore 20 degrees to
the plane of the horizon, (Art. 152,) vanish in a line
drawn through UM parallel to the horizontal line. Its
right-hand and left-hand surfaces are situated in planes
parallel to the station plane, and therefore belong to
Case II., being perpendicular to the picture. They
vanish in the station line. Their base j k is accordingly
drawn parallel to their vanishing line. (Art. 64.) Its
other surfaces being inclined 20 degrees to the plane of
the picture, and therefore 70 degrees to the horizon, vanish
in a line BM, through M™ parallel to the horizontal line.
The plane of the bottom of the cart (No. 1.) has also its
base parallel to H L. This plane is inclined 55 degrees to
the picture, and therefore 35 degrees to the horizon and its
vanishing line. Accordingly, PD passes perpendicularly
through the point D 35 on the station line. (Art. 152.)
voi. v.

The planes of h s f i and of m I kit also have their Of Outline,
bases parallel to H L. The former of these planes being v»v~™,/
inclined 35° to the picture, and therefore 55° to the
horizon, vanishes in G I, drawn through M55. The
latter making, with the picture and with the horizon, the
same degrees of inclination as the former, vanishes of
course in the same line G I.
Of the second variety of Case III., an example will be 2. Bases
seen (plate ii. fig. 1) in lines representing two sides of a parallel to
box, viz. ti q m, and o s v x, together with the two cor- Jjj* statlon
responding sides of the lid at i e and s u, belonging
to two parallel planes. Both planes vanish in the line
M H K, (Art. 65,) parallel to the station line. Like
wise the vanishing line AM, (plate iv. fig. 1,) in which
vanishes the plane of a » o x, containing the lines S M
and s A ; and the plane of 6 e if, containing the line9
/ M and eA, is parallel to the station line. Again, in
plate viii. fig. 1, the plane of each front piece, as A of
the staircase, will vanish in a line parallel to the station
line. The representations, therefore, of the perpendicu
lars to each base, will vanish in the several centres (Art.
72) of the 36 vanishing lines that cross the horizontal
line at right angles in the points X, XX, XXX, &c. (Art.
152, 153.) It will be seen, however, that two of the 36
planes vanish in the station line, and consequently the
treatment of them belongs to Case II.
For the third variety of Case III., examples are given 3. Bases
in plates ii., iv., v., and x. The vanishing line M L neithfr
(plate ii. fig. 1) of the plane on which is represented the {hehoriion*
square of the lid i e u s, is, as will be immediately evident tai nor t„
upon inspection, neither parallel to H L nor to C W. the htatioa
Again, in plate iv. fig. l.the vanishing line XM of the lmeplane of the square ktes is of the same description.
To obtain the side e t, take a portion e N of the base
equal to / b or b c. Next mark off from the point M on
the vanishing line, the interval M Y equal to M R.
From the dividing point Y thus found, a line through
N will cut t M in
Otherwise a diagonal drawn from
g (the point of intersection made by R q in bisecting
(Art. 117) the angle M R X) will give the point t. It
will be seen that there may be cut off from t M, as was
done from t X, any number of portions bearing any
given ratio to each other. Lines from Y to the divisions
N, n-, n", on the base, will give the representation
t e, e r, and r p, of this division. In plate v. fig. 2, the
vanishing line V M being that of the plane ot h k w i,
expresses in its graduations the angle made by i h with
iw, pii. 36° + 54° = 90°. Here the representation i w
is found (in the same way as heretofore exemplified) by
the portion of a base, as t n, equal to the apparent
length of a z according to its appropriate scale at the
distance of the point/. Lastly, in plate x. fig. 1, No. 2.
a representation of the line sT or sW, (being the pro
portionate length, from stem to stern, of the frigate,) is
required to be cut off from the line representing an inde
finite perpendicular s B to the base. The operation is
the same as hitherto ; either that of raising the direct
distance a perpendicular at B ; or of marking off the in
terval measured from the right or left of B for a dividing
point. A line to T from the furthest extremity of the
perpendicular, or to W from the point marked 45°
(Art. 134) on the vanishing line E B, will give s V to
represent the length of the vessel.
Observe also, in another part of the field of vision, the
representation of the wheels of a cart. The planes of
each wheel are not parallel to one another, and must
therefore be represented with separate vanishing lines.
3v
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Painting. To one of them belongs D S, the vanishing line of the
near wheel. The other vanishing line D S\ with S' for
its centre, in the direction of D F, is the vanishing line
of the off-wheel. On the felloe, or circumference of the
latter, one circle will be observed to vanish in the plane
of the spectator's eye, and therefore must exhibit the
appearance of a straight line. (Art. 137.)
Mechanism (177.) Respecting the former, although it would, in
of wheel- a view of the real object, be entirely concealed by the
carriages side and body of the vehicle, we have nevertheless in
atlonU ex
amples fur troduced an outline of it for the sake of one or two
this variety somewhat trite observations, but necessary to our pur
of Caselll. pose. In the construction of wheel-carriages, it is a wellknown principle, for the sake of safe conveyance, in cases
where the unevenness of the ground throws the weight
on one side, and consequently on the wheel or wheels
attached to that side, so to arrange the spokes, as that
each of them in its turn, when its outer extremity reaches
the ground, should become a sufficient prop and support.
The superincumbent weight would lose its balance, and
would overturn the whole, if this prop or spoke were not
placed sufficiently under it, outside of the line of gravita
tion, as far as conveniently may be practicable ; a precau
tion not necessary towards the inside, or space between
the wheels, because the weight on that side is shared by
the other wheel. The precautionary contrivance for the
aforenamed purpose is both effectual and simple. The
direction of the spokes in converging from the periphery
to the axis, instead of being perpendicular to the line
of the axle-tree, is so managed, that each of them, ou
coming to the ground, may make outwards, a more or
less acute angle with the line of axis ; the better to sustain
and balance the load above, whenever, from the inequa
lities of the road, or from whatever cause, it leans upon
one side. In short, the axis is that of a cone formed by
the revolution of the spokes, the apex of which cone lies
in the nave or centre-piece of each wheel.
Our outline in plate x. fig. 1, No. 1. will perhaps be
more intelligible by reason of the above remark. The
twelve points in the circumference of the wheel are
obtained in a very similar manner to those for the 12
lamps in Prob. V. The parallels on each side ofX Z have
their representations vanishing in S, the centre of the
vanishing line of the off-wheel. (Compare Art. 113,
114, and 115, with Art. 128, 129.) From these points
thus obtained, lines must be drawn to some point in
the axis, (at the distance sometimes of a foot from the
linch-pin,) for the top of the cone above described.
These lines (see the dotted lines in the figure) represent
the position of the twelve spokes. The eye of the
draughtsman will also quickly perceive that, besides the
inclination of the spokes, tending, as was remarked, to
equilibrium and steady conveyance, the axis also of
each wheel is made to favour the same object, by
having a certain degree of inclination downwards; and
the wheel is made broad with two, and sometimes
three iron plates or felloes, one beside the other,
forming the frustum of a cone, with the same axis
as that of the spokes, but tapering outwards in an
opposite direction, and with its apex at a distance of
Further some
yards.
helps adapt
(178.) This maybe a proper place to introduce some
ed both to
Cases II. helps generally applicable in both Cases II. and III. to
and III. for the representation of circles, or arcs of circles, and con
the projec tributing as well to accuracy as facility of execution.
tion of
circles in The following method requires no more than a fourth
perspective. part, or quadrant, to be drawn at the base. Having

chosen some point, as e, (plate x. fig. 1, No. 1.) in the Of Ouffia
perspective plane for the centre of your representation,
draw through that point the representation of a perpen
dicular to the base. It will vanish at the centre S of
the vanishing line. (Art. 72.) Produce it in the oppo
site direction to meet an occasional base at Z, sufficiently
distant from v, to admit room for the construction.
Raise at Z a perpendicular on the side furthest from S.
From the furthest extremity A of the perpendicular at
S, (which, in the present case, equals the direct dis
tance,) draw through v, a line cutting Z X in X. X
will be the point for the right angle of a quadrant one
side of which, X Z, is perpendicular to the base.
Let it now be required to give the representation
r to 6 a of the arc Z Y. For this purpose, suppose Z Y
divided into any number of equal parts, say three. The
lines X 3 and X 6 forming those divisions, will cut the
base at the points 3 and 6. Draw lines, through c,
from these points. Also draw through v, a parallel a u
to the base. Thus will be represented the three intended
angles trisecting the quadrant, viz.
fZ v 3.
Z X3|
3 X G > represented by <3 v 6.
[6 v 9.
6 XYj
(179.) If, for the sake of minuter accuracy, a greater Erin*
number of divisions be called for in the arc Z Y ; sup cieetr
pose it divided, as the quadrant at B, (plate v. fig. 2,)
into nine parts, each of which will, of course, be 10 if reqati
degrees. Lines, it will be seen, here again must be
drawn cutting the base at the points 1 , 2, 3, 4, 5, 6, &c
If still greater detail be desired, which in large works,
in scene-painting, for example, may be occasionally
necessary ; let a quadrant be drawn of any magnitude
having the same centre, B or X, (plate x.) as the other,
and having one side perpendicular, as B Q, (plate v.
fig. 2,) to the base at O. On the arc Q D, thus con
structed, it is evident that any number of degrees,
minutes, or seconds may be distinctly defined : and that
lines, drawn to B, from the graduations on the arc,
(as those of ten degrees between 40 and 50,) will cut
the base in the manner here shown, on the interval
between numbers 4 and 5, in corresponding gradua
tions. This done, the operator needs only proceed as
has been directed.
( 180.; Frequently, however, it happens that there is
want ofroom, that the base is very limited, that it either is
inaccessible, or has been continued to the utmost margin wbeaabl
of the work, and cannot contain further graduations. canao(t<
This difficulty is easily surmounted. Join by a line, dravirf
X v, (plate x. fig. 1, No. 1 .) the centre of the original snip**."*
to the centre of the representation. Draw to this line I
any where without the arc X Y a parallel, as q 9, cross
ing the base at B. Make q B and B m together equal
to the interval X v, between the centres v and X ; that
is, make q B equal to X e, and make B m equal to et>.
Finally, join qm. We are now prepared for the diffi
culty mentioned. Suppose even every other part of
the base inaccessible, and it be required to represent
indefinitely the line X q, forming the angle Z X q.
Make B 9 equal to B m. The representation 9 u drawn
through v, will give the angle 9 o Z to represent the
angle q X Z.
Suppose further, a given number of divisions of the
angle 6 X q be required. Let the lines, as X q\ X
forming those divisions, be produced to meet qB9.
Through the points 9» and 97 draw parallels to m ?.
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"aintinj. Observe the points m" and m7, where those parallels
— ~> cut the base. Next, cut off from B 9, a portion B 7
equal to B m 7, and another portion B 8, equal to B m'.
Lastly, from the points 7 and 8, lines through v will
give the representations 9»8, 8i>7, and 7 v 6, of the
three angles contained in 6 X q. A similar proceeding
appears in plate v. fig. 2. It will be of use to the
learner to trace the resemblance. A line B O indefi
nitely represented by O D ; WB drawn through C and
B to determine the two centres : / c and c m two radii
parallel to the base : r n parallel to and equal to
F B. Y r equal to F C: ii parallel to n Y : r a
made equal to rx: and lastly, a c drawn through c
from a, making the representation a cm of the angle
it B 9. The graduations on the vanishing line contri
bute much to the accuracy of the work. From the
point marked 1, for instance, on the base, an indefinite
representation is drawn to 10° on the vanishing line.
From 2 another to the vanishing point marked 20°.
From 3, a third to that marked 30°, &c. all passing
through c. The base points to the left of O or of Z
(plate v. or x.) being determined as above ; those to
the right, O 1, O 2, O 3, O 4, &c. or Z 3, Z 6, &c. are
easily obtained by merely transferring these intervals
along the base, from one side of the perpendicular O B
or Z X to the other.
(181.) We have only as yet found certain angles at
rthod
the centre of the circle. Its circumference remains to
be accounted for. In this part of the process we are to
drawn"' consider our perspective representation of a circle as
sufficient that of a regular polygon, approaching nearer to the
pa.
form of a circle the greater the number of its sides.
Let us conceive this polygon divided into equal and
similar triangles, (one triangle for each side,) of which
the angles we have just been representing (Art. 180)
are situated at the vertices. The angle at the vertex in
any one triangle subtracted from 180°, leaves for re
mainder the amount of the angles adjacent to its
remaining side at the circumference of the circle. Halve
this amount, and we have the angle made by each side
of the polygon with the adjacent radius. Thus, let
una (plate x. fig. 1, No. 1.) be fixed upon for the dia
meter of the projected circle. Draw lines in the qua
drant Z Y joining the points of its trisection. These
lines complete three triangles, each of which at its
180 — 30
vertex X contains an angle of 30 degrees.
—
H
= 75 degrees, tit. the amount of the angle made by
each side of the hexagon with its adjacent radius. The
radius 6 t; representing with the base (or with a v) an
angle of 30° will vanish at the point marked 60. (Art.
94.) Reckoning therefore from 60° as from zero (Art.
Ill) along the vanishing line, we perceive that a line
to make 75° with bv must vanish at the point marked
15° beyond the centre S. From the point therefore
marked 15 on the vanishing line D S towards Q let a
dividing line be drawn through a. It will cut the re
presentation 6 v in b. Again, the line wv vanishes at
the point marked 30. A line, therefore, to represent
75° with 10 u must vanish at the point marked 45°.
From 45° accordingly, a dividing line through 6 will
cut 3 v in w. Thirdly, the line Z v vanishes in S, the
centre of the vanishing line. A line therefore repre
senting 75° with it, will vanish at the point marked 75°,
from whence a dividing line through w will cut Z v in r.
But the extremity r, as well as &, its opposite, will be

always best obtained by a dividing line through a, or w, Of Outline,
from the point marked 45° on either side of the centres v—v"""~
of the vanishing line.* (Art. 134.)
Suppose then our quadrant abwr to be a satisfactory
projection of Z Y. Lines representing perpendiculars
to the base, (or to a w.) and drawn accordingly to S
from the points 6 and w, will cut 3 t 30 in s, and 6j
60 in d. And parallels to the base (or to a it) from 6
and w, will again cut the same lines in t and j ; thus
leaving a fourth part only of the representation to be
completed. This completion will be performed either
by parallels to the base through d and s, or by represen
tations of perpendiculars to it (or to a u) drawn through
t and j.
Problem VIII.
Given on the perspective plane any point ; to find a Prob. VIIL
vanishing line from which all lines drawn to that point
shall represent perpendiculars to whatever plane vanishes
in that line. Also given any vanishing line ; tofind the
angle made by the plane it belongs to, either with the
picture, or with any other plane, whether that other
plane be parallel to the picture, or have a given vanishing line.
(182.) Let C (plate xi. fig. 1) be the centre of the Vanishing
picture, and P the given point. Join P C, and at C line found
the plans
raise to C P a perpendicular C D equal to the principal of
distance. At D construct upon D P the right angle of I
P D M, and produce P C to meet D M at M. In other
words, find a third proportional CM (Art. 139) which
shall be to C D as C D is to C P. A perpendicular
through M to MP will be the vanishing line required.
M will be its centre, (Art. 75, 138,) and M C its central
distance. (Art. 24, 25, 26.)
(183.) Cor. It is evident that if the point M had been Corollary.
given instead of the point P, that the foregoing opera
tion would have procured P for the centre, and C P for
the central distance of the required vanishing line of a
plane, to which all lines drawn from the point M would
represent perpendiculars. (Art. 139.)
(184.) To perform the next part of the problem, a Angles
certain property of the given vanishing line must be found of
ascertained. If the given vanishing line pass through inclination
by
the centre of the picture, (Art. 34,) the angle which the made
original
plane it belongs to makes with the picture, has, through planes with
out the whole of Case II., been already stated.
the picture.
But if the given vanishing line pass through any
other point as its centre, let B (plate x. fig. 1, No. 2.)
* An isosceles triangle of this kind with 10° at its vertex, must
have 85° for each of its other angles. Consequently, any line, to
represent an angle of 85° with the line a c (plate v. fig. 2) vanish
ing at 80°, must vanish at 5° on that side of D nearest to M, and
the other dividing points will be found in the following order :
15°.
25.
must vanish
35.
A line to make 85°
45.
^ at the poiut
with another line va'
55.
marked
nishing at
65.
75.
If this sort of calculation be considered tedious, there is always
the alternative, whenever the perpendicular at D, as I) VV, (plate v.
tig. 1 ,) or at S, as S 4, (plate x. fig. 1 , No. 1 .) namely, the principal,
or, as the case may be, direct distance, is accessible ; of drawing
lines to such points as R W V A, &c, in the original arc below the
base, which lines will cut the several indefinite representations ill
corresponding points, r, w, b, a, &c (Art. 99, 100, 1 13.)
3y 2
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Painting, be that centre, and E B the given line. It is required
*^V»^ to find the angle of inclination made with the plane of
the picture by the plane vanishing in E B. Having
found C B the central distance, (Art. 138,) raise at C
on either side of C B a perpendicular A C equal to the
principal distance. Complete the triangle (Art. 25)
by joining A B. This will be the hypothenuse or direct
distance drawn from the extreme point of the central to
the extreme point of the principal distance. The angle
ABC will be the angle required, namely, the angle of
inclination made with the plane of the picture by any
plane vanishing in E B. (Art. 152.) It is always to be
found at the centre of the vanishing line. It is here
60°, being the complement to 30°, the angle marked on
the central distance at B.
(185.) The examples are numerous in which this
operation may be repeated throughout the three varieties
of Case III. It has been thought convenient to collect
them in the subjoined Table, placing them in the order
of the plates, and leaving the practitioner to class the
different planes for himself according to the direction of
their bases or vanishing lines.
Examples. Plate. Fig.
ii. I.
E
ML a
i e us
H
M K Q
iqmt
■g
L
q v xtn
V
V R 'S. d a b h
I.
W
■54)
EutQ
Z
dnlh
o
D ■S XM 0
IV.
skIe
X c F E -aa .ofne as e b
entre V
oilm
beif
fcc AM
s
e
vancishi XA nclinati pla
"3
the hkA wi
D
VM
r
—
£ V
exsa
a L
V ML ;™ >» a s if
Giv a
VI.
*i
y &
D Q qk u
HStV
30
VII. 1.
F I TTe rpc
l.No.l
D
PD a
o h ip
0)
QF find
o tnn p
Q
S'D to
S«
the wheel at /.
GD
fkn
DI
g lm
RM
K*>I
bd
No. 2.
(180.) Lastly, it is required in Prob. VIII. to
Angles
found when ascertain the angle made with each other by any two ori
made by ginal intersecting planes of which one vanishing line at
any two in
tersecting least is given. We include here right angles as well as
angles of inclination, or acute angles. (Art. 166.) There
original
planes with are four divisions under which may be classed all pairs
each other. of intersecting planes, viz.
1 . Any two planes, one of which being a plane under
Case I., has no vanishing line.
2. Any two planes with vanisliing lines (and, conse
quently, bases, Art. 64) parallel to each other.
3. Any two planes with vanishing lines perpendicular
to each other, and one or both of them passing through
the centre of the picture.
4. Any two planes with vanishing lines that meet and
intersect in all other ways.
Four classes (187.) 1. Respecting the first mentioned of these
of intersect classes the rule has been already given, (Art. 151,) that
ing original the
angle made by one plane with the other is the same
planes.
1. The first as that made by one plane with the plane of the picture.
Consult for practical illustration,

Plate. Fig.
iii. 1.

v.
vi.
ix.

dabh^ sj -a {edhg\
C emfg a. a e d h g
ghif
si edh g
dnlh
o Si c d hg
posr
j pr k
gith
gafh
■5 * CO
yr
file
{* to

Of Outline.
C VL
90°
90°
CZL
90°
90°
CDF
.90°.

(188.) 2. Respecting the second class of these inter- 2. Tbt *secting planes it has been stated (Art. 148) that theo"^^
sum or difference of the angles marked on the central
distances of their two vanishing lines will express the
angle required ; namely, the angle contained between
their two direct distances ; or in case one only of them
has a central distance, then the angle expressed is be
tween the direct distance of that one and the principal
distance. We need only, therefore, refer to some ex
amples for practice.
Fig.
I.
1.
IV. 1.
V. 2.
vi 3.
vii .1.
X. l.No.
l.No.

' qvxm
dnlh
3 dnlh
a
Eu<G
lb aseb
■1 r e xsa
§P ~£> y%
u stv
> rpc
"tJD
V sbh\
aghb

MK
VR
HL
HL
AM
the
el
to> ML
qk
WF
H BD
^. AC
' ■r LBM"

tiqm
dabh
d»ih
AG
beif
asif 1
y
nt
rq
sCVf

•
to
=
r.

J
JZ»
o

I.

fHWL
VLZ
CLZ
CLW
XP v
VP L
sFD
DFC
CB30
CAB
DHM"

To which may be added the numerous examples in
plate viii., where the plane of the front piece of each
step makes an angle of ten degrees with that of the
adjacent step : ten degrees being the difference between
the central distances of their two vanishing lines ; the
vanishing lines, moreover, of all being parallel, and
therefore of this class ; and S C, their occasional base,
common to all.
(189.) 3. Respecting the third class of intersecting 3. flan!
original planes, it has been shown, that where one va-dis*'11,
nishing line contains the central distance of another, the^^*5
two planes to which they belong will be perpendicular^^
to each other. (Art. 153.)
(190.) And if neither of them have a central dis
tance, t. e. if both of them pass through the centre of the
picture, the two planes will make each with each the
same angle as their respective vanishing lines do with
each other. (Art. 147, 167, No. 2.) For illustra
tion of this last particular, see plate vii. fig. 1, where
BCO is the angle made by the plane allb with the
station plane : and O C P the angle made by it with the
horizon. Also in plate x. fig. 1, No. 2. BCD the
angle made by the plane of the ship's keel with the
station plane ; and BCH the angle made by it with the
horizon.
(191.) And for examples of cases where one vanish
ing line contains the central distance of another, see the
plane rpc (plate vii. fig. 1) of a window shutter. It
is perpendicular to the horizon, since its central distance
C 30 is contained in the horizontal line. Also see plate
x., where all the front pieces of the steps are perpendi
cular to the horizon, since the horizontal line contains
all their central distances. See further as follows .
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iuting. Pln*e- F'Sj tiii. 11._
,,,,
. . 3.
iii. 1.
iv. 1.
....
v. 2.
yi's.
....
x. l.No.3.

o
r.
."H-<
V
H

nl tiq
mqv x
bYg
abfx
a s eb
beif
acxs
a s if
y&
V
ag kb
abed

5
"5.
o
. u*a ,
"5
'■5o
a
SL
uV
V)

toxm
tax m
ePj
ghif
baxf
barf
aedf
aedf

oa
"3
1ZJ K—
^
.-- B
7fco_
lishir entra

C H
CL
CP
cz
cx
CV
CV
CL
3 u Cs
CD
eg
CU*>
bhi d —■o
bhid
C M*>.

(192.) 4. The fourth class, including every other
kind of mutual intersection by two original planes, re
mains for our notice. Let, then, the two given vanish
ing lines be PH (plate xi. fig. 1) and PX, and let
them be produced till they meet at P. It is required to
find the original angle made by any plane vanishing in
PH with another plane vanishing in PX. Having
found the point P, next find the vanishing line, H X,
(Prob. VII. Art. 182,) of all planes to which lines drawn
from P will represent perpendiculars. Produce the two
vanishing lines to meet H X at H and X. H X will be
the vanishing line of the plane of measure. (Art 146,
182.) At M, its centre, raise M W, its direct distance,
from the furthest extremity of which draw two lines to
the points H and X. Between these two lines will be
contained at W the original angle required, namely, the
angle H W X made by any plane vanishing in H P,
with any plane vanishing in XP. In like manner, if
the vanishing line P M, or PA, be chosen for meeting
H P at P, II W M, or H W A, will be the original
angles of inclination sought ; viz. II W M the inclina
tion of any plane vanishing in H P with any plane va
nishing in \V P ; and II W A the inclination of any
plane likewise vanishing in H P with any plane vanish
ing in A P. A few examples may suffice. As in
PI. Fig.
ii. 1.
M Lus the vanishing line of, K M and K L
iv. 1.
A M I the plane of measure toj XA .. XM
x. 1 . No. 1 . G I [ two intersecting planes DG.. DI
.... No. l.GI )
that vanish in
D S .. DS*.
Problem IX.
Given any vanishing point, and the angle made with
the picture by any plane which contains the line vanish
ing in that point : to find the vanishing line of that
plane ; and to find the vanishing point of all iincs per
pendicular to that plane.
(193.) We have observed (note to Art. 145) that in
order to determine any vanishing line, two points, at
least, must be found or given within that line. In the
present problem one of these two points within it is
{riven. The other, which we must proceed to find, is
that point within it called its centre. (Art. 71, 133.)
If the given point be that centre itself of the vanish
ing line, it is obvious that no further operation is neces
sary than to draw, through the given point, a perpendi
cular to the central distance ; which perpendicular will
be the vanishing line required. For example, let the
given point be M, (plate xi. fig. 1,) the centre of the
■vanishing line II X. Nothing further is needed than a
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perpendicular to M C through M, in order to find that Of Outline,
vanishing line.
"-""■v™1-''
(194.) But if the given point be some other, as A, Vanishing
apart from the centre, let any radius, as CK, be drawn Jjjf^f°l(^li
to the circle of vision : and at its extremity (the extre- making
mity of the principal distance) let the complement of the with the
given angle (Art. 152) be constructed, war. at K. At C picture a
let a perpendicular be raised to KC; and let that perpen- B»en angle,
dicular together with the leg of the angle at K be pro
duced till they meet at I. CI will be the central dis
tance of the required vanishing line. With C I, there
fore, for radius, describe the arc I M, and from the given
point A, draw the tangent A M, or A H, (see our Trea
tise on Geometry, book iv. prob. xvi. p. 328,) which
will be the required vanishing line ; with CM = C I for
its central distance, and M D, or M W, for its direct
distance. (Art. 26.)
(195.) Next, tofind the vanishing point of all lines
perpendicular to a plane vanishing in any given line.
If the given vanishing line pass through the centre of
the picture, the lines in question will have no vanishing
point but will he parallel to the picture, and must be
drawn perpendicular to the base. For example, m q,
ti, os, and xv, (plate ii. fig. 1,) representing perpendi
culars to a plane vanishing in II L, are drawn in a
direction perpendicular to the base g z, since their ori
ginals are parallel to the picture. Other examples will
be found everywhere in Case II.
(196.) But if the given vanishing line be out of the Vanishing
centre of the picture, as H X, (plate xi. fig. 1,) find its £™| ™a™
central distance C M. (Art. 13S.) On either side of C M pedicular*
draw C D, or C d, (the principal distance,) parallel to the to a given
given vanishing line. Make at D with M D a right plane,
angle, the leg of which produced will meet M C (also pro
duced) at the point P. In other words, find C P, (a
third proportional,) which shall be to C D as C D is to
C M. (Art. 139.) P will be the point required. Had the
point Q been the given point in any vanishing line of
which P should be found to be centre, a similar opera
tion to the foregoing would discover M as the vanishing
point of all perpendiculars to any plane vanishing in
PQ. (Art.154.)
(197.) Cor. 1. The line W P, if graduated as the Cor. 1.
vanishing line of a plane of measure, (Art. 146,) will
contain the central distances ; and will measure the an
gles made by any planes with each other whose vanish
ing lines cross it like H X and Q P at right angles.
(Art. 148, 153.)
(198.) Cor. 2. Should the centres only be given of Cor. 2.
the vanishing lines of two original planes ; or should
the angles only be given made by each plane with the
plane of the picture, the angle made by the two original
intersecting planes with each other may be found. For,
If the vanishing lines are parallel to each other, a
line joining their centres will express the angle made
with each other by the intersecting planes. Thus,
(plate xi. fig. 1,) the graduation of M P expresses the
angle made by the plane vanishing in H A with the
plane vanishing in P Q. Or, find the central distances
(Art. 148) by means of the angle each plane makes
with the picture. And, on the other hand,
If the vanishing lines intersect each other, and the
points B and E be their given centres : join B C and
E C, to which, at the points B and E, raise perpendicu
lars H B and A E. These w ill be the vanishing lines
required, and being produced, will meet at P. Then
by Prob. VII. (Art. 182) find the vanishing line II X
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Painting, of the measuring' plane. The angle H W A will be the
v^v^/ angle made by the one intersecting plane with the other;
or supposing only the angles given made by each original
plane with the picture, find (Art. 148) their two central
distances, and proceed as before.
(199.) Cor. 3. Given the two vanishing points of
Cor. 3.
any two lines that meet each other ; to find a third line
which shall represent a perpendicular to both the former
at the point where they meet.
Join the two vanishing points. The line so drawn
is the vanishing line of a plane containing the given
two lines. (Note to Art. 145.) If it pass through the
centre of the picture, let fall a perpendicular to it from
the point where they meet. This will be the perpendi
cular sought.
But if the vanishing line of the plane of the given
two lines does not pass through the centre of the pic
ture ; find (Art. 195) the vanishing point of all perpen
diculars to any plane vanishing in that line. From
that point so found draw a straight line to the given
point where the two lines meet. This will represent
the required line perpendicular to them both. Thus to
ca and a b, vanishing in the line N O, (plate x. fig. 1,
No. 4.) a perpendicular will be represented by a d, a
third line drawn from the point M".
Cor. 4.
(200.) Cor. 4. All lines perpendicular to any plane
whose vanishing line passes through the principal point,
are parallel to the plane of the picture.
For they have no vanishing point (Cor. 3. Art. 199)
and must be therefore parallel to the perspective plane,
as the planes are to which they belong. (Art. 67.)

Prob. X.

1. The two
vanishing
lines found
when the
line of in
tersection
is parallel
to the pic
ture;

PROBLEM X.
Given the angle made by any two planes with each
other, and the angle made by one of them with the plane
of the picture, and given the vanishing point of their
line of intersection ; to find their respective vanishing
lines. Also given the vanishing line of any plane ; to
find the vanishing lines of any number of planes per
pendicular to it, and making any given angle with each
other.

(201.) When the line of intersection is parallel to
the perspective plane, and has therefore no vanishing
point, the two vanishing lines of the two intersecting
planes will be parallel to it, and to each other ; (Art.
143 ;) and the angle made by the two planes with each
other will determine, as already stated in the last pro
blem, the interval between their vanishing lines, viz.
their two central distances. (Art. 197.)
But should only one of these two intersecting planes
have a vanishing line, the angle made by them with
each other will determine, as stated in Problem VIII.,
(compare Art. 187 with Art. 142,) the position of the
vanishing line parallel to the line of intersection.
2. Found
(202.) When the line of intersection is perpendicular
when the to the perspective plane, the two intersecting planes are
intersection also perpendicular to the picture, and the angle made
is perpendi by them with each other will determine, as stated in
cular to the
Problem VIII., (Art. 1 89,) the direction of their vanish
picture ;
ing lines.
(203.) If therefore in the present problem, the given
vanishing point of the line of intersection be the centre
of the picture, the two intersecting planes will belong to
Case II., and the angle made by them with each other
being also given, first draw one vanishing line in any

required direction ; and then construct upon it with the Of Outiia.
other, at the centre of the picture, the given angle.
*• ■ w ■_■
(204.) But let any other point, as P, (plate xi. fig. 1, 3. Fooai
No. 5.) not in the centre of the picture, be given for the wheoti*
vanishing point of the line of intersection. And let the ["'"ssta
given angle made by the two planes with each other be ^'^Kr.1
fifty-five degrees. Also let the angle made by one of tore.'
them with the picture be an angle of forty-four degrees.
It is required to find the vanishing lines of the two
planes.
First find H X, the vanishing line of the planes to
which all straight lines from P will represent perpendi
culars. (Prob. VIII. Art. 182.) Next, find the central
distance, (Prob. IX. Art. 197,) and the vanishing line "
(containing the given point P) of a plane that makes
the given angle C F G of 44 degrees, with the plane of
the picture. Produce this vanishing line, asPF, to
meet that of the plane of measure at X, and having;
drawn W X from the extremity of the direct distance,
construct at W the given angle made by the two inter
secting planes. Let X W M be the given angle. Join.
MP. MP and X P will be the two vanishing lines
required.
In the same manner, if the given angle made by the
two planes with each other were X W A, the two va
nishing lines would be found to be P X and P A ; or,
if the given angle were X W H, the two vanishing lines
would be found to be P X and P H.
(205.) The last desideratum of Prob. X. is, tofind Vanisfc;
the vanishing line of any number of original •planes
^'-^
perpendicular to some one original plane of which the 5^*2°^"
vanishing line is given.
pbnn piLet the given vanishing line be H X. Find P, the pend!^vanishing point of all lines perpendicular to the plane va- to a giia
nishing in H X. (Prob. IX. Art. 196.) Through Pdraw P1"*'
any number of vanishing lines to meet H X. These will
be the vanishing lines required; namely, the vanishing
lines of planes, which, whatever be the angle made by
any one of them with another, are all of them perpendi
cular to the plane of which H X is the vanishing line.
And if the vanishing line H X be graduated, (Art Aug!*
165,) the several angles made by the perpendicular fcuadnoi*
planes with each other will be expressed by those gradu- ^J^Jr<
of tacs?
ations. Thus the angle
plana with
HP
fM
P^
(
made by HP with the AP would 1
the plane M
plane va AP .
J
vanish APP nishing
found 55-35=20°
ing in MP the linein XP
XP to be 55
the line HP
35+55=90°
,XP.
(206.) Cor. 1. In the triangle HXP, let either of Cor. I.
the three points H, X, or P (since each of the three is Pw&inj
the vanishing point of all lines perpendicular to a plane *" ^
vanishing in the side opposite to each) be chosen as a ^aQefj
vanishing point of lines of intersection. The side op- cabe ;*
posite that chosen point is the vanishing line of the plane niklappci
of measure to all planes whose vanishing lines pass
through that point. Consequently, any vanishing lines
passing through that chosen vanishing point of intersec
tion will be vanishing lines of planes perpendicular to
the plane of measure, or to any plane vanishing in the
line of the opposite side of the triangle. This opposite
side (being produced sufficiently at each extremity, and
graduated according as it belongs to Case II. or III.) will
always express any angle made by the perpendicular
planes with each other.
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(207.) Cor. 2. Any one side, therefore, of the tri
angle just described, is the vanishing line of a plane of
2
measure to all planes that vanish in the other two sides ;
-ther (Art. 1 55 ;) and any one side contains the two vanishing
iliarity, points of all lines perpendicular to planes that vanish
in either of the other sides. The side II X, for example,
contains the vanishing points X and II ; X that of all
lines perpendicular to any plane vanishing in H P, and
H the vanishing point of all lines perpendicular to any
plane vanishing in X P. The same remark applies to
the points X and P contained in the side X P, as well
as to the points II and P contained in the side H P.
(20S.) Cor. 3. Given the representation of a portion
resenta- 0f anv piane> to represent another plane making with it
found
plane a given angle, and passing through a given line of in
inter- tersection.
Let tlie given intersection be the line n s (plate xi.
i (in a
n line, fig. 1, No. 5.) drawn upon a portion of a plane vanish
at a ing in M P ; and let it be required to represent a portion
another of another plane passing through n s, and making
inal an angle of 55° with the former plane. Produce n s
*•
to its vanishing point P in the given vanishing line.
Then find H X, the vanishing line of the plane of mea
sure, (Prob. VIII.) and proceed as directed above.
(Art. 205.) The result will be X P, the vanishing line
of the new plane. Lines drawn through s and n to any
point or points in the vanishing line X P will give a
portion of the plane required.
4.
(209.) Cor. 4. To represent by two straight lines
***** drawn on the two intersecting planes the angle which
eincle 'ney nmkc w'tn eac^ other. Choose, in the line of inc by3 tersection, any point, as o, and having found by the foreinter- going operations (Art. 205, 208) the points M and X in
°S
the vanishing line of the plane of measure ; draw lines
"with tnrouSn tne pohit o from M and X. The originals of
other, these lines belong to the plane vanishing in H X, to
which o P must always represent a perpendicular. Con
sequently, o t and o r, representing perpendiculars to
the line n s of intersection, (Art. 160,) will contain the
representation of the angle M W X, made by the inter
secting planes with each other. Observe that the angle
t ou represents an obtuse angle ; therefore the angle of
inclination must be expressed by its complement tor,
formed by o r, vanishing in M, and o t vanishing in X.
A flag-staff shows the direction of lines perpendicular to
each plane.
uding
(210.) Examples in each of the three varieties of
Case III. might have been subjoined to the two foresn
going problems. But we have already much exceeded
i^er* our intended limits with respect to this essential branch
or rather root of the art ; (see note to Art. 2 ;) and we
now fairly regard the learner as being enough a
to discover throughout the several plates, with
which we have endeavoured to familiarize him, illustra
tions to his purpose.
It may suffice to explain, cursorily, some constructions
of outline, given in plate x. fig. 1. To draw the ship,
No. 2 : first find E B, the vanishing line of the plane of
its deck* perpendicular to B K*°, (Art. 153,) the vanishing
line of the plane of its keel,t which latter plane is here
indefinitely represented by the triangle B s K60. Observe
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that the point B is the vanishing point of all lines of in- Of Outline,
tersection (Art. 167, No. 3.) made by planes vanishing
in E B and in B K°°, i. e. of all lines extending, in nau
tical phrase, fore and aft ; right ahead or astern. Also
observe that the point K*° is the vanishing point of the
masts, and of all lines perpendicular to the deck ; (Art.
195, 196;) and, on the other hand, B, the vanishing
point of all lines perpendicular to planes vanishing in
K I,* whose intersections with the plane of the deck
extend from any given point starboard to its correspond
ing point on the larboard side, or vice versa. These
latter intersections will be parallel, in this example, to
the perspective plane (Art. 195) and to the vanishing
lines E B and K I of the two latter intersecting planes.
(Art. 143, 148, No. 2. and Art. 167, No. 1.)
(211.) Draw parallel to E B, the base a W. At B
raise perpendicularly the direct distance. (Art. 130.)
Make jTortW equal to the length from stem to stern.
Having completed the three plans, (see notes to Art.
210,) make sz equal tosZ* for the place of the deck;
draw z B, representing the intersection of the plane of
the deck with that of the keel, and find in z B the points
f, g, and i, representing F, G, and I, the centres of the
mizen, main, and fore masts. Proceed next, by lines
crossing the deck, parallels to a W, or to t T, (if paral
lels to s T they must vanish at B,) to find, in the same
manner as in the representation of a circle, (Art. 114,)
the several points for the upper tier of guns. For the lower
tier, mark off from * T, t If equal to * M*. A line It B
will cut G K*° in m; and m e (for the lower tier) will
represent half the breadth at the main-mast or midship,
as fd (for the upper tier) does at the mizen. From d
and e draw to K°° I lines representing with the perpendi
culars to the deck an angle of twelve degrees. This
will show what is termed the canting of the ship's side ;
as will also a line from c to K*°I, representing an incli
nation of five degrees in a similar direction for the upperdeck ports.t Lastly, « N being made equal to * N',
will give w h* representing, at the midship or main
frame, the greatest breadth of the vessel. Observe that
the line s 30°, drawn from s to the vanishing line B K"°,
shows the centre of the vanishing line of the plane of
the ship's stern. This line contains the vanishing points
for the sides of the windows, &c.
(212.) To draw the masts. Erect for a base at a or
», a perpendicular to a W, or rather a parallel to B K*.
Draw also to the point Km the indefinite representation
of a parallel to the mast, which is here taken to be a
perpendicular to the plane of the deck.J Let a X be
the required occasional base, and a Y (vanishing at K")
the representation of a parallel to the mast. Draw a B,
and through the points f, g, and i, in s B, draw the repre
sentations o KM, p Kw, and q K™. To begin with the
proportions of the mizen-mast : mark them off on a X,
according to the scale of the plans, No. 2., and having

* The body plan, or plane of projection, is a section of the ship at
the mid-ship frame, or broadest place, perpendicular to the two
former. From these three p!ans, the necessity is manifest of cou
etant attention to the three particulars, namely, length, breadth, and
depth, or thickness, (Art 156, 157, to 161,) essentially combined
with all solid forms.
t Those timbers whose planes are perpendicular to the sheer
plan are called square timbers, and those whose planes are inclined
• Called, in »hip-builditifr, the half breadth, or floor plan, or ho to it are called canted timbers.
X Whatever deviation from this perpendicular may be required
rizontal plane. The last of these terms implies a vessel on the
by the uaval architect might be expressed with the same accuracy;
stocks. < ha example, plate x., is of a vessel in a storm at sea.
-f- Called the Mrrr.plan, or plan of elevation, being a vertical (Prob. V. ;) but the small size of our diagram makes the diflerence
quite immaterial.
plane passing through the keel.
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Painting, found the dividing point of a Y, (Art. 133,) transfer to
v— —S a Y the divisions of a X. Draw 6 c (a parallel to a W)
through the line of the mizen-mast. At 6, 6 O vanish
ing in K*° represents a parallel to a Y. From the di
visions therefore on a Y, draw lines to B (Art. 77) cut
ting 6 O in the points O and r, through which O o and
r R, two parallels to b c, will give o for the place of the
cap, and R for the place of the round top. Proceed in
the same manner for the main and fore masts, and in
deed for all lines in planes parallel to the plane of the
keel.
To draw the bowsprit. Let V k and a y vanishing
in the line B K* represent the angle made by the bow
sprit with the base a X, just as oY represented the
angle so made by the masts. Mark off on a X the re
quired proportions, which will be transferred to a y by
means of its dividing point. (Art. 133.) Next, a parallel
through V to aW will give the point A; through which
hj, vanishing in the same point with and similarly di
vided with ay, (Art. 77,) will give the pointy for the
cap of the bowsprit. Lastly transfer the point j to k,
by a parallel j k to a W.
(213.) A representation is given (plate x. fig. 1,
No. 4.) of a double cross formed of seven cubes. The
vanishing lines and points for the cube in the centre are
manifestly the same as for the surrounding six. None
of the three pairs of parallel sides is parallel to the per
spective plane ; and their three vanishing lines form a
triangle, (Art. 160,) two points of which are in the line
N O, marked 40° and 50°, and the third at 65°, in the
vanishing line DCM.
No. 5. is the representation of an octahedron, or eightsided figure, formed by two pyramids having a common
base. It is a regular solid, contained under eight equi
lateral triangles, whose intersections are the sides of
the three squares abed, de bf, and a e cf. These
squares intersect each other in their respective diagonals,
(ef, ac, and d b) (Prob. X. Cor. 3.) and each of the
squares is a common base to two pyramids.
No. 6. represents a six-sided figure, formed also of
equilateral triangles. It shows a method by which is
found the vanishing line of the base of a pyramid whose
six sides are equilateral triangles ; one of the six (viz.
the side g a A) being parallel to the perspective plane.
At the point L (C L being the principal distance) make
1 1 r an angle of 60°, or r I w an angle of 30°. Find
the perpendicular d r to the base of the equilateral tri
angle (Lr, and cut off L s equal to it. Then with s m
(equal to lr) and L m (equal to L *) construct the tri
angle (isosceles) L m s, and produce m L to U. U L is
the direct distance, C U the central distance, and U the
centre of the required vanishing line ; and the triangle
«V will represent the original s L m, viz.

there are but three vanishing lines, (Art. 158,) since Of0c!
one side is parallel to the picture. Also the vanishing
line of ftg A will be a parallel to g A at U, (or a perpen
dicular to U C,) and the other two vanishing lines will
be parallels to the bases (Art 64) go and a h, cutting
the vanishing line at U in the points where it is met by
g ft and A ft.
For the four sides of the lower pyramid there will be
four vanishing lines. One, the perpendicular to RC
at U, just stated ; another parallel to it at the vanishing
point of \p, for the vanishing line of the plane of pg h ;
and the remaining two crossing the two former in the
vanishing points of the lines g ft, A ft, g p, hp.
No. 7, is a dodecahedron, or twelve-sided figure,
formed of two pyramids, whose common base (a hexa
gon) vanishes in P D. The perpendicular a b, at the
centre of the common base, will be found to vanish in
the point marked M". (Prob. IX. Art. 196.) There
will be twelve vanishing lines to this figure. To find
these, observe that the figure is formed by the bounda
ries of three equal and similar rhomboids intersecting
each other in three lines or diameters, which cross the
centre of the hexagon. The vanishing line of the plane
of each rhomboid must be drawn from M4*" (the com
mon vanishing point of their line of intersection a b)
to certain points determinable in P D, the vanishing
line of their plane of measure. (Art. 146. See also
Prob. X.)
No. 8. is another dodecahedron formed of twelve
rhomboids, for the planes of which (since each has its
parallel) there must be six vanishing lines. (Art. 158.)
The plane of the uppermost vanishes in the line P D.
(214.) That the course of study we are here advo
cating cannot be prosecuted without considerable pains
and unremitting efforts will be obvious. But nulla diet
sine linea must be the Painter's motto. To every mind
that prefers certainty to guesswork ; to every under
standing that cannot be satisfied without a clear and
good reason for its mode of pursuing any object ; to
every imagination that has enough vigour and sound
ness to despise unqualified applause, and aspire only
to judicious praise ; we need not urge the necessity of
clearness, nor the advantage as well as gratification of
obtaining truth. We admit that it is very possible to
acquire great correctness of outline, and yet make no
acquaintance in any degree with either perspective or
anatomy.* By accustoming the eye to measure inter
vals of distance, and the hand and pencil to nice divi
sions of lines, as well straight as curved ; by observing
narrowly throughout the objects to be copied, what
points lie above or below each other in a vertical direc
tion ; and what points lie on the same level in horizontal
lines ; and then by transferring carefully these points
to the drawing board, or canvass, previously to rilling
up the intermediate parts ; a considerable knowledge
may be obtained of the true forms of objects, as well as
of their just delineation. We are far from wishing to
supersede these useful exercises. On the contrary, we
would particularly recommend the mere beginner to
practise making outlines of regular figures, such as the
triangle, the circle, the square, the parallelogram, the
rectangle, and regular polygons in general. Let him

The angle m L si
\ a.
L m i Will be represented by< \ ft a.
L sm)
\\ a n.
The line o-M70, or a p, passing through the apices of
the two pyramids, is found by bisecting the base gh, and
drawing from X to the dividing point of A it a line cutting
h ft in o. (Art. 118.) Next, to the point o draw the re
presentation go of a perpendicular to /* A. A line s p, or
a M70", drawn through the point where A. ft cuts o g, will
be the line required, representing a perpendicular to
There is a degree of popular wonderment, often fatal to scien
the plane of g ft A at its centre. Or the vanishing point tific* progress
in any Art, excited hy the exclamation, How surprising 1
of op may be found by Problem IX. (Art. 196.) Ob and yet he never
learned to draw ! or, How marvellous ! what an
serve, that for the four sides of the upper pyramid g/io h, car ! she does not know a note of mimic.'
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Other mechanical helps might be named. But our
^-"V—' object here is not to dwell upon expedients by which the
rules of Perspective are supposed to be superseded. Our
meaning is to assure all who trust implicitly to such ex
pedients, that without acquaintance, practically, at least,
with this interesting branch of Geometry, no helps from
even the completest mechanism will avail. The slight
est accident may cause, in any instrument hitherto con
structed for this purpose, a woful deviation from Truth
and Nature. To correct these deviations is the business
of Perspective ; and to give the artist such well-placed
confidence in his representation of outline, as will en
courage him to finish his performance without fear of
being reduced to the shame and trouble of subsequent
attempts (when they may be too late) at alteration of his
work.
(217.) Thus far we have proceeded in this elemen
tary department, in these introductory rudiments as
they only claim to be called, of the Grammar of Paint
ing. For, indeed, a knowledge, however perfect, of Per
spective, is to Art, no more than what a perfect know
ledge oforthography or ofpronunciation is to Language.
No very great credit in the exercise of written or spoken
Language attaches, among educated persons, to the in
dividual who spells or who pronounces it with correct
ness ; and yet to spell or to pronounce incorrectly, is
held disgraceful. So also, merely to draw with accu
racy ought not to satisfy the aspiring artist. His out
lines, to claim conspicuous merit, must have force and
meaning as well as truth ; while at the same time he
should regard and avoid false Perspective, with as much
alarm and abhorrence as is manifested by the rhythmical
scholar towards a false quantity ! There is a difference
VjO in their origin, between the language of the Painter
and that of the Etymologist, which acts, or ought to act,
upon the mind of the former as a continual incentive to
superior caution, and more jealous observance of ele
mentary rules. The laws of outline are deduced from
daily and universal experience.* They appeal to facts
which every eye, almost instinctively, can attest ; whereas
the laws of speech are conventional and arbitrary.
To all attempts, therefore, of the careless draughtsman
trivance is described by Mr. It. L. Edgaworth as the invention of
Miss Maria Edgeworth. Another Delineator of easy construction,
is a fixed upright frame, across which a number of very fine threads
or wires are stretched, crossing each other at right angles, and
dividing the frame into a number of small squares. The paper on
which the drawing is made is also ruled with a like number of
squares. Looking through a fixed sight at a little distance from the
frame (answering to the principal distance, Art. 9, 10) the operator
observes on what square the object he wishes to represent is found,
and draws the object in the corresponding square upon the paper.
At the end of Brooke Taylor's Perspective (edition of Kirby, 4to.
1768) is described an instrument to the same purpose formed by
two rulers, horizontal and vertical; the former fixed, the laiter
sliding in a groove upon it. Both are numbered in equal divisions
that correspond to a certain number of ruled squares on the draw
ing. The operator looking, as before, through a fixed sight adjusts
the vertical ruler to any point in an object, and then comparing the
graduation on tho rulers with that on the sides of his drawingboard, he transfers each point so found on his perspective plane to
its corresponding place on his paper, just as he would compare, in
copying a map, the points of longitude and latitude, and find by their
means the relative position of any given spot, town, or mountain.
* VAnatomie el la Perspective sont des Sciences exactes ; elles
s appuyent sur des demonstrations: elles ont pour objet des vcrite't
dimonMes. Lorsque dans les (coles ct dans fopinion publique, res
Sciences nc seront plus considerees comme fondemens indispensable)
de la Peinture, on pourra prononcer hardiment que cet Art ct les par
ties qui en dependent sont menace's d'une prochaine decadence.
Watelet, Encyclopedic Mcthodtque. Beaux Arts.

to find apology for deficiencies in Perspective by appeal- Of Gala,
ing to like examples of deficiency in the Golden Age of ^—v^
Art among its ablest professors, we answer that those
great authorities would, in a later Age, have been most
keenly sensitive to criticism in these respects. They
would be the first to perceive, that in the natural pro
gress of Taste commensurate with the spread of general
knowledge, inattention to the rudimental particulars in
question leads as effectually to weaken, or destroy, the
intended impression ofa fine Picture ; as the del ivery, in a
broad provincial accent, of even the most brilliant Speech
in Shakspeare would be insufferable to polished ears,
and would be found to mar and murder all its elo
quence and beauty.
(218.) We would next direct the student's attention ofAi>
to some acquaintance with Anatomy. While pursuing tiraf.
this important study, he must not imagine that Perspec- j„ re3S..
tive may be laid aside.* On the contrary every step in tko r.ih
that initiatory path leads to proficiency in this more ad- P<«j«^
vanced stage. As well might a Grammarian (to repeat a
the above figurative allusion) discard the most essentia!
letters of his alphabet, and pretend to form a Lan
guage without vowels, as an artist expect, without
the practice of foreshortening whatever object, animate
or inanimate, may be submitted to his pencil, to obtain
even the lowest grade of professional mediocrity. Per
spective is, as we have seen, the Art of foreshortening.
The rules of it have been applied, in the preceding
examples, to objects possessing neither vegetable nor
animal life ; to works of human contrivance in Mecha
nics and in Architecture. We must now apply it to the
representation of natural phenomena. And of these we
begin with animal forms, as having more obvious regu
larity of outline.t Outline of landscape and of the
scenery of Nature will follow next in order. After
which some necessary observations on outline as con
nected with character and expression will then conclude
this division of our subject.
(219.) The study, indeed, of Anatomy for the pur
poses of Painting, has in view two objects, which we take
leave to distinguish by the terms Configuration and
Expression.
1. The first of these is introductory to the second.
It consists in such a knowledge of the several parts ofthe
animal figure as can represent each part in its proper
form and place, and can preserve at the same time the
* The necessity for combining Perspective with Anatomy arise*
from the general regularity of animal forms. If there were uo sym
metry in the human frame : if, for instance, the right side did not
assimilate with the left, Perspective might be less important, and the
figure of a man might be drawn as much ad libitum as that of a tree
or a mountain. Mengs, who is a strong pictorial authority, has these
words in a Treatise on Art at the end of his Works. Pura dibtutvr
bien las estatuas cs neccssario saber la perspetlica.—To draw welt
from the antique, a knowledge of perspective is indispensable.
Obras de Meugs, p. 334. en 4to. Madrid, 1780.
t We would recommend Ihe student to make frequent drawings
of such machines, more or less complicated, as he may have oppor
tunity of examining either in motion or at rest. This practice gives
accuracy to his eye and hand, and prepares him fur delineations of
a higher order in animal mechanics. lie will afterwards be better
able to appreciate in his mind, aud to represent with his pencil, the
most perfect state to which he can possibly conceive the means and
powers of locomotion and of machinery (if Ihe works of Divine wis
dom may so be termed) to be advanced. And indeed, to all who
desire practical and endless evidences of the immeasurable interval
between the contrivances of Man and the works of Him who gave
life, and mind, and soul to the contriver, we would recommend, previ
ously to anatomical inquiries, as much acquaintance as their leisure
will permit with the best mechanical efforts of human ingenuity.
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al proportions of any one limb or feature com<- pared with any other.* To this preparatory knowledge
belongs a vocabulary of the principal bones and muscles ;
the outline and position of the former in a state of rest ;
together with the shapes, origin, and insertion of the
latter. And as the state of animal rest seems included
specially under this head of the subject, we shall here
have opportunity of allusion to the natural arrangement
proper and necessary for balancing the animal in any
required posture. We here also may remark particu
larly upon the agency of such muscles as are partly in
voluntary , i. e. in some degree independent of the will.
Under this head it will suffice to describe the position
of the voluntary muscles, or those under the influence of
volition.
2.. The second object and ultimate aim of the student
is Expression, of which, however, under the head Com
position, we shall say more in its more appropriate place.
Expression regards the use and active application of the
materials before enumerated. As in the Art of Naviga
tion it is one thing to know the names, form, position, and
relative magnitude of the decks and timbers ; of the
masts and yards, blocks, sails, and rigging; and quite
another kind of knowledge to apply all these organs of
motion to their respective uses : so in Anatomy the study
of action follows that of mere configuration. And this
study of Anatomical expression involves, with every
artist, considerations that demand consummate judg
ment, taste, and skill. Here comes his ordeal. Here
he gains that point at which the stride of genius begins,
and from which a chaste and vigorous imagination
springs, like a giant, into an arena suited to its powers,
leaving far behind it the laborious insipidity of less
gifted, unobservant, and uninventive minds. Here, in
short, lies the especial province of the artist : namely,
out of infinitely varied forms to make a happy choice of
such peculiarities in look or gesture as are best adapted
to convey, through the magic of sympathy, certain pas
sions or sentiments of the mind, or to indicate certain
propensities of the will. All the voluntary muscles are,
in attaining this latter object, called alternately into play,
for which in a state of rest he only had before acquired
We have taken the more pains in drawing the above
distinction in order to justify to our readers the enlarged
aP" sense in which, by the term Anatomy, we wish to be
understood. We do not limit this word, as has been
often done in Treatises on Art, to the study of the human
subject alone. We consider that an acquaintance with
the forms of animated nature, generally, is essential to
the student. He will be well rewarded by devoting
close attention to those forms, Not only he will find
that every animal has a character analogous to (he lines
of his pencil in depicting it; but also that he will be
enabled to represent -with more elevation and dignity,
the noblest of living shapes, the frame of Man, in pro
portion as he abstracts it from mere animality and apto it features, and signs and movements
* L'Anatomie demande lortquon veut ien inttruirc, qu'on ttudie,
qtfan obterve, qu'on midite, dan* te* plu* grand* detail*, tout ce qui
compose {'organization de* tires vivan*. Cepemlant, son objet prin*
cipaj est l1organization de Chomme, eomme ta plus interettante, re*
lativement a nous. Vetude de CAnaietmie doit autai s'ctendre *ur
9 organization des animaux: s'occupcr, pour s'e'clairer davantage, de*
rapprochement et de* comparaitons du michanitme de* animaux et
de eeimi de Chomme. II ne **agit pa* pour le peintre de te plonger
dun* cette immense enlreprite. L'artitte ne *'occupe, en geniral, que
de Cexlerieur. Watelet, loc. cit.

purely intellectual. In order to do this, the artist must of Outline,
be familiar with those peculiarities of inferior animal v
._ t
expression which, wherever they appear, as in nature
they are for ever doing, degrade and brutify the human
subject. He must know what to reject, before he can
turn to use what it is proper to retain.*
(220.) But we must not be tempted to enter further
upon this interesting portion of our task until we have
attended duly, as was proposed, to the configuration of
animals.
In order to avoid confusing himself among the mul
titude of parts essential to life and motion, we advise
the learner to examine, separately, certain larger masses
or districts of the animal body, so that he afterwards may
mark with greater distinctness and fidelity their relative
position, and the union of the whole when in their
natural state of action or of rest. These portions seem
very conveniently reducible to three : 1. the region of Animal
the Head; 2. the region of the Thorax, or chest; 3. structure
the region of the Abdomen ; all terminating at a com- divi«led into
mon boundary called the spine or back bone, the re- three re~
spective divisions of which into cervical, dorsal, and ^lous"
lumbar vertebra?, serve to indicate, in each species of
animal, the extent of each region. Consequently, in
that of the head we include the bones and muscles of
the neck ; in that of the thorax, the arm of the human
subject, the wings and forelegs of birds and brutes ; in
that of the abdomen, the legs of the biped, and hinder
legs of quadruped animals. It will be useful also for
the student, under each of the above-named three dis
tricts of the body, to divide his observations into,
1. Such peculiarities of the bones as are essential to
marking the outward form.
2. Imaginary points, lines, and planes, for deter* The AVork of Mr. Charles Bell on Anatomy of Expression is or
should be familiar to every English artist. Like Camper, who pre
ceded him on a similar subject, this author joins the advantage of
considerable ability as a draughtsman to professional skill as an
Anatomist. Remarking that the Grecian Sculptors were evidently in
timate with Complicative Anatomy, he thus quotes fromWinklemann.
Vour peu qit'oti examine ta configuration du roi de* Dieux, on decouvre
lUtus let tetes toute laforme du lion, te roi des animaux I non teulerntnl ii let grands yeux rondx, a son front haut et imposant, et a ton
nez, mail encore a ta cluveture, qui descend du haut de la tele, pui*
remonte du cbU du front et te portage en retombant en arc : ce qui
n'eit pat te caraetere de ta chevelure de fhonmie, mail celui de la
criniire du lion. Quant a llercule let proportion! de la tele ou cou
nous offrent la forme dun taureau indomptable. Pour indtquer
dun* ce hrro* une vigueur, et une puittance superieure aux force*
humainet, on tut a donne la tete et te cou de cet animal ; partiet ton*
autrement proportionneet que dan* I nomme, qui a la tete plu* grotse
et le cou plut mince. CEuvret, p. 367, 368. " I would refer," says
Mr. Bell, " the peculiarity ofthe beautiful and impressive form of the
antique head to this principle, that the ancient artists sedulously
avoided whatever was deemed characteristic of the brute, and mag
nified those dimensions of the human countenance which mark the
distinguishing attributes of Man. The Principle of composition
among the Ancients is worthy of our study : they soon left mere imi
tation, and advanced to a higher study, that of ideal form, in which
they endeavoured to combine excellences, and to avoid whatever
might tend to injure the design or to impair its effect. And in this
pursuit they seem to have studied, with peculiar care, the forms and
expression of animals as contrasted with those of mankind. Wo
trace this method of study in many pieces of antiquity where the
artist has endeavoured to convey the character of dignity, or bodily
strength, or courage, by transfusing into his composition some of
the peculiar forms of animals, as in the personification of Gods and
Heroes. We may traee it also in ancient Masks, Satyrs, Fawns, and
Centaurs, where it was the artist's design to brutify the countenance ;
a peculiarly ludicrous effect is produced by the union of brutal phy
siognomy with human expression." Some Treatises by this author
on Animal Mechanic*, published by the Society for the Diffusion of
Useful Knowledge, we particularly recommend to students in Art.
3 z 2
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Pointing, mining the relative position of the bones, as seen from
V"S any point of view.
3. The motions of which the bones in each region
are capable.
4. Such muscles as are visible instruments of motion.
The remarks which our limits permit under each of
the regions mentioned, will, accordingly, invite attention
to those four particulars.
Region of
(221.) 1. The reoion of the head. To begin with
the. head, the bones. For the names, forms, and articulatioti of
Its bones, these we refer the reader to our pages on Anatomy and
Osteology, as well comparative as confined exclusively
to the human body. We here only remark, and the
remark applies to outline of animals generally, that, for
the purposes of Painting, all those prominences which
are but thinly coated with muscular or tendinous fibre,
require to be most minutely examined, to be carefully
borne in mind, and to be continually copied in various
lights, and under every point of view consistent with
their appearances in the living subject. Such as, in the
human skull : 1. The two protuberances on the fore
head, conspicuous in all adult subjects, and arising from
the enlargement of the frontal sinuses. 2. The temporal
ridge of the os frontis, on each side of the forehead, ex
tending externally upwards from the orbital arch towards
the temples.* 3. The ossa nasi, giving form to the
bridge of the nose.f 4. The orbits or sockets for the
eyeballs.J and more particularly the zygomatic process
of the cheek bone. 5. The zygoma, or jugal arch,
formed by the uniting processes of the cheek and tem
poral bones. 6. The mastoid processes. 7. The occi
put, and the points immediately behind the foramen
magnum.§ 8. The foramina of the ear. 9. The lower
jaw. Its several motions upward, downward, and
lateral, round the centre of the glenoid cavity. Its
* " Two kinds of structure "arc observed in the horned pecora.
These are either proper horns, as in the genera of the ox, goat, and
antelope, or bony productions, as in the genus Crrvus, which includes
animals of the deer kind. In the former genera, the external table
of the frontal bones is elongated into one or more processes : in the
greater number the frontal sinuses exiend into the horny processes.
In the slag (in the male only in most genera) the frontal bone forms
a short, flattened prominence, from which the proper antler imme
diately shoots." Blumenbach's Manual, Lawrence's edition, 8vo.
Lond 1827, p. 22.
f The varieties of individual form in the space between the inner
corners of the eyes, are infinite. Notwithstanding the smallncss of
the ossa nasi in the human subject, they constitute a feature so
strongly characteristic as to require the most careful study. The in
teguments which cover them are so closely fitted as to show every
the most minute indentation. Hy the Portrait-painter, who must aim
especially at /i&tn»s.t, the peculiarities of the nasal bones, as well in
their projection from the face as in their junction with the upper
maxilla and orbital arch, cannot be examined too particularly. On
this see Da Vinci, Trultalo dtlla Pillura, cap. 187. 189. These
bones in quadrupeds are yet more remarkable. The Roman nose in
a horse is a very distinguishing feature.
\ Of the two corners of the eye, the inner one is always the more
prominent ; consequently, if two straight lines be drawn, one through
the corners of each eye, the lines w ill meet and form an angle
somewhere opposite the junction of the ossa nasi. For the Per
spective of the face, the lines forming this angle require especial
attention. In most birds, and in all timid or watchful animals, the
hare, the cat, the horse, &c , this angle is proportionably acute, and
the outer corner of the eye retires so much as to admit, not only of
looking sideways, but, in some degree, even of retrospective vision.
§ The parts here numbered C nnd 7 are not iin|K)rtant so much
for their form, as on account of the muscles thereto attached. For, as
in order to draw any line, straight or curved, with precision, the poi nts
must be first clearly decided where to begin, and where to end ; so
in delineating the muscles, the draughtsman must previously assure
himself where they originate, and to what point or points they
tend.

angle and the length of its two "sides* forming that Of Oufa
angle. In infancy its angle obtuse, and its alveolar ex- v-^/^
tremity comparatively short. In manhood its angle
approaching to a right angle, and its alveolar process
nearly on a vertical line with that of the upper jaw. In
old age its angle again obtuse, with a remarkable pro
trusion of the chin from loss of teeth. 10. The in
terval between the outermost of the six front teeth, or
rather between the two foremost of the molares, an
interval which determines the width of the mouth and
breadth of the chin.t 11. Respecting the seven bones
of the neck, there seems occasion to notice only the
peculiar way in which the first or uppermost, termed
the atlas, encloses and turns upon the second, termed the
denlala.
(222.) The next concern of the artist is, to devise Mei&xl sf
certain imaginary points, lines, or planes, by which he Campe. U
may most readily complete his outline, or correct it
when completed. Professor Camper, in the Work which
we have already had occasion to quote, has given a
jnethod which appears sufficiently accurate, and very
practicable for outline of the human head, and which he
proposes to substitute for the method in his time (he
died in 1789) commonly received. "All writers on
the principles of Drawing," he observes, (in page 109
of the translated Work,) " propose the oval, as the best
method of obtaining a sure hand in sketching heads in
every position, and of every age. No one has ventured
to deviate from the method, notwithstanding every one
must have been convinced, from experience, that this
figure is frequently defective, and merely applicable iu a
few instances." The author then proceeds to show, (hat
the oval form commonly received, although useful for
finding certain points in the full face, is not applicable
for determining the features correctly in any other posi
tion. The oval which he conceives to be a good one,
and "well adapted to all those cases where it can be
applied with advantage," he describes as follows :
" Let the height A B (see a copy of his diagram in
plate iii. fig. 6) be divided into four equal parts,
A H, H I, I F, F B ; of these take three-fourths, or A F,
equal to K L, for the largest dimensions, and describe
the circle A K F L. The ears are to be placed between
the parallel lines K L and M N. Divide K L into four
equal parts, and take one-fourth for the breadth O I and
I P," (between the temples and the top of the nose.)
" Extending the compasses from F to I, or to the halfof
A B, draw from the point F, in the centre line A B, the
circle B N I M. Complete the oval from K to M and
L to N. Finally, divide A B into four equal parts, of
which one is destined for the nose ; and B F into three,
of which the uppermost gives the seat of the upper lip
Q R."
(223.) In other parts of his Work this ingenious and
* See Dr. Cogan's translation of Camper, 4to. Lond. 1794. In
page 67, the progressive changes are remarked in the growth of the
upper and lower jaws. In page 72, the effects of age are noticed on
these features. See also Blumenbach in the Work before quoted,
p. 24. sec. 23.
f " The size of the mouth is in proportion to the distance of
(interval between) the dentes canini, or eye-teeth, in men and
animals, with only a few exceptions. Or, to speak more properly,
the angles terminate at the commencement of the first double tooth
or grinder. Many animals have not the eye-4eeth. In apes there
fore, in the orang, and in the negro, the rim or angle of the mouth
must be more distended than in a European, as the projection of
the upper jaw enlarges the distance," (interval.) " For the sura
reason the mouth of the antique will be the smallest." Camper,
p. 43, 44, of the Work above quoted.
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Painting, plate iii. fig. 7.) In front, as in profile, the depth and
^—
' breadth of the head retain the same ratio to each other
as in adults : but the length or height is less in chil
dren by one-tweltlh. This diminution being made at
the chin, A B is divided as before (Art. 224) into five
equal parts, two of wliich form the radius of the upper
circle, and the three lowest, or D B, the diameter of the
lower circle. "The head," observes the author on this
figure, " is only four eyes in breadth, which is the true
proportion, and not five."*
(2-26.) The indispensable application of Perspective,
or "the Art of foreshortening," to the outline of every
object, has beenjnsisted upon. It is, therefore, not sur
prising that the above rules of Camper, however correct
and carefully deduced from examination of the bones of
the skull, should be only partially useful ; being ex
emplified by him on forms of heads viewed only under
two aspects, namely, in front and in profile. Whereas
the draughtsman, for drawing solid figures, must have
"length, breadth, and thickness." (Art. 156.) The
variety of other aspects, besides those given by Camper,
is infinite in which the head must require to be de
lineated. We shall endeavour to suggest how his method
may be made more extensively available to the student.
For this purpose we desire the learner to regard the
human cranium no longer in the light merely of an oval
or plane figure, but as a spheroid or solid composed
from two spheres : containing at its larger end the cere
bellum ; at its smaller the cerebrum.
This spheroid will be divided longitudinally and trans
versely by three planes.
Three
1. The maxillary, or occipital plane, containing the
planes, at occipital and auditorial lines before described. (Art.
to each
223 ) ThuB' the maxillary PlaI»e I » *• (Plate ii. fig. 8)
other, divide contains the occipital line sp; and the auditorial line
the eraj q. And in fig. 9 the maxillary plane e I k f contains
nium ; viz. the auditorial line A i.
la'6 "the'"
2> Tne mesial p!ane,t at right angles to the former,
mesial and
containing, besides the occipital line, a line * z,
the coronal (plate ii. fig. 7,) or a g, (fig. 9,) which forms the axis
plane.
of the skull. Consequently in

above the upper vertebra of the neck, draw through « Of CM
towards the corona a line QLotQc for the axis of the . head, and to this draw also through » the representation
E s e of a perpendicular in the direction of the auditorial
line. Or, if E s e be first determined, draw through r
the representation Q s of a perpendicular to E » r.. Let
s Q represent the length of a nose, (or one-fourth of
Q L, the length of the head,) at the distance of toe
point i, (Art 39,) and let s L represent an interval of
three noses, or three times the original of s Q. Bisect
* L in S, making s S represent one nose and a half
With the point S for a centre, and for a radius the inter
val of a nose and a half, (at the distance of S,) which
interval in this example equals S » ; describe an arc
for the hinder part of the head, to include the cerebel
lum. Next find the vanishing point (Art. 195) of all
]x>rpcndiculars to the plane containing Q L and e E, (nr.
the coronal plane,) and draw through S a line K S
towards that vanishing point.
We have now obtained the direction of three lines
that belong to three planes perpendicular to each other,
(Art. 154, 155,) for the purpose of expressing the length,
breadth, and depth of the head ; viz. L Q, the intersec
tion of the mesial with the coronal plane to express the
length ; E e, the intersection of the maxillary with the
coronal plane to express the breadth ; and K S repre
senting a parallel to FjW, the intersection of the me
sial with the maxillary plane. The line K S is pro
ducible at either extremity K or S for expressing the
depth or distance from the forepart to the back of the
head.
The next operation is to cut off from these three lines
or their parallels, the required proportions. For this
purpose, choose in o-Q some point, as <r, sufficiently
distant from the figure not to confuse its outline. Join
the vanishing points of the lines K S and E e, or of F W
and E e. Thus will be obtained the vanishing line of
the maxillary plane. (Art. 31.) It is, in this example,
the horizontal line. Through a draw a base to this
plane. Find now the proportionate length of a nose, or
fourth of L Q, at the distance of the point V. (Art. 39.)
In the present example that fourth is the same sixe at
Plate ii. fig. 7.)
Iz x y h.
a as at S or s, since Qa is parallel to the picture.
fig. 8, > the mesial plane is < u not.
Through a draw representations, kau and tap, of
fig. 9,J
[d c b.
parallels to the occipital and auditorial
8. The coronal plane, which contains the line of the F W or K S, and to E e. Then, on the base ,
head's axis, and also the auditorial line. It is perpen off the proportions following :—
dicular to the two former planes. It extends right and
Number of N<
left from the corona, or crown of the head, near x ; (fig.
KO If
*'ko and K.S.
7 ;) and is parallel to the perspective plane, whenever a
■«
jE.
E.
front or full view of the face is taken. From an ap
%}am
'f
ll
and S M.
prehension of crowding and confusing our diagram the
™ 1j
[V a p, m £, m z, and ox.
coronal plane is not exemplified in the plate. J
Application (227.) Having fixed upon some point, as s, (plate x.
at, ST, and L/.
method^ fig" *' No- 9 > toT a centre of mot'0" to the head, a little
versally. ———
Observe, that in the transfer of these proportions
* Accordingly, to find the outer corners of the eyes take off an from tap and k a u at a, to the parallel representa
eighth from each extremity of the line which determines their direc tions at S and s, the transferring lines represent parallels
tion. The intermediate portion may then be divided into three eyes. to a Q : so that in case a Q be not parallel, as in this
f This term is familiar to Anatomists. Its Greek derivation
(/urn, middle) implies its use in dividing the right half from the example it is, to the picture, they must be drawn to the
left throughout the body. Dr. Barclay, in his celebrated Work on vanishing point of a Q.
muscular motion, has introduced this and many other significant
Having thus obtained the point T for a centre of the
terms contributing essentially to clearness.
cerebrum, find T I, the representation of S L at the
J The line of the horizon varies in the three examples given. Iu
fig. 7 the horizontal line is w A. Iu fig. 8 it is above the head ; in distance of T. (Art. 39.) From T / cut off, according
fig. 9 below it : the point C, in the latter figure, being <he centre of to Camper's rule before stated, (Art. 224,) one-ninth
part, and, with the remainder as a radius, describe an
the picture. The centre of the head's motion is m.
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'anting, arc for the forepart of the head to enclose the cere' 1 ' brum.*
(•228.) To draw the eyes and features. Letm<rbe
the representation of ft a, and k a of k a. Through k
and m draw k b and m B, representations of parallels to
a Q : the former, k b, in the plane of the forehead, the
latter, m B, in the plane of the inner corners of the eyes.
Let A B be divided similarly to LQ into four divisions
or noses ; and throug-h o its centre let X x represent a
parallel to e. E, the auditorial line. To find the proper
length and divisions of X x, let Z z represent a parallel
to it drawn through tn. Through p draw the represen
tation of a parallel to ak, cutting Z z in z. A line from
the dividing point (Art. 85, 102, 133) of z Z will cut the
base m f in f. Make m S equal to p f, and find tn Z its
representation. Finally, transfer tn z and m Z to the
parallel at o, and you obtain X x, the representation of
3 f. The usual proportional divisions of 3 f may be
then applied to Z z and X x.
The draughtsman will be careful to observe, that of
the two corners of the eye, the inner one towards the
nose is the more prominent. In other words, a straight
line from the outer to the inner corner will not repre
sent a parallel to X x, but will make some angle here
represented by cox. Let that angle be first ascer
tained, in the vanishing line of the maxillary plane, on
each side of the vanishing point of x X. In the present
example it is an angle of 5 degrees. Therefore c o, for
the line of the left eye, will vanish at the point gradu
ated 50°, or 5° beyond the vanishing point of x X ;
while the similar line for the right eye will vanish at the
point graduated 40°, or 5° short of the vanishing point
of xX. It seems unnecessary to add, that the represen
tation of the parallel to co, passing through the eye
itself, must vanish m the same point (Art. 70) with co.
The facial line comes next to be determined. It be
longs to the mesial plane, whose vanishing line in this
example crosses the horizontal line perpendicularly at
the vanishing point of A L, K S, F W, or G Q, with any
of which lines the facial line makes, what Professor
Camper styles, the facial angle. In the present example
it will be seen, that all the varieties of that angle in
the human subject are included between KPG
and K F G : KPG for the antique, or Grecian
form ; KFG for the negro cast. For the antique, a
facial line from K, drawn through F W at its point of
intersection with A B, will at all times give very nearly
the required angle 100°. The representation K G Q
being of an angle of 100°, that of G K S will be 95°,
F W will give the place of the nose, between which and
B let the usual proportion of one-third be taken for the
place of the mouth. In drawing the ear, observe the
projection of a prominent point in its upper curve at R
in the same plane with the auditorial line at E. In this
example a p represents this projection ; in like manner,
as s e represents the projecting interval of the lobe from
the axis a Q. Lines p R and c E, representing parallels
to the axis, will transfer these required projections, ori
ginating from <r e and a w, on the base k to.
(229.) For the heads of children and aged persons,
the rules of Camper will be found equally available.
For drawing the heads of children, let a twelfth part of
Li Q or A B be taken off at their lower extremity for the
* Care must be taken, in fixing the proper lengths of the radii at
8 and T, that they be both drawn parallel to the vanishing line of
the mesial plane, in order that they may always be both also parallel
to the picture. (Art. 80, 123. See also Prob II. and Prob. VII.)
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place of the chin, and the remainder divided into five Of Outline,
noses. For aged persons, the curtailment of the chin,
and its protrusion beyond the facial line, will mark sufficientlv, as has been seen, their peculiarities of facial
outline. (Art. 224.)
(230.) A similar process will lead to accuracy in de
lineating the head of any animal.* An example is given
(plate viii. fig. 5) in a skull of the common domestic
cat.t It is recommended to the student to place the
cranium of w hatever animal he proposes to study, upon
a square board, abed, in the manner here represented,
having the maxillary plane parallel to the plane of the
board, and the mesial plane cutting the board in the
diagonal b d. The vanishing point being then found
of the auditorial line will be the centre of the vanishing
line of the coronal plane. (Art. 145.) Fig. 6 exhibits
the same head completed.
This practice adopted for the outline of the heads of
various animals will promote general facility and fide
lity. The artist, according to his acquaintance with the
bones, will proportionably and, almost insensibly, obtain
precision in marking the muscular integuments. Nor
let hhn be startled by the multiplicity of forms through
out the animal crania.J His difficulties are not greater
than are surmounted by an Arcliitect who draws a per
spective view of any building. If, previously to an ar
chitectural drawing in perspective, the draughtsman be
prepared with a ground plan, together with an eleva
tion of the two sides exposed to the spectator, these
materials are sufficient for representing " length, breadth,
and thickness." In like manner, when a part of the
animal edifice is to be delineated, let figures 2 and 3
* Mr. Chalon, in a very clever Drawing book, divides the head of
a horse into four equal parts. (See plate viii. fig. 11.) He has for
this the authority of Stubbs, who in his celebrated Work estimates
bis proportions from the length of the head. " This length," he
says, " is taken from the top of the head to the ends of the cutting
teeth, and is divided into four equal parts, each of which is again
divided into twelve minutes." Preface to the Anatomy of the Hone,
by George Stubbs, Painter. Lond. fol. 1766.
t The artist cannot be too familiar with the external bones of the
cranium and its neighbourhood. We advise him to examine them
with all the zeal of a Phrenologist. We choose for our example
the skidl of the domestic animal above mentioned, to show that
materials for useful study are within the reach of every one. The
prevailing taste for Zoological inquiry bids fair to induce a corre
sponding progress in animal-painting. But without recurring to
the growth of foreign climes, examples ut home are sufficiently
numerous and deserving of artistic examination. In the class
mammalia, for instance, not to mention the ordo bi~manus, or Man,
we have the third, fourth, fifth, sixth, and seventh orders, (as laid
down by Blumenbach,) inviting our notice, natural co-tenants of the
same native soil with ourselves. In the third order we have the bat.
Among animals in the fourth, or diyitata, we have the mouse and rat,
the hare and rabbit, the mole, the dog and fox, and the cat. In the
fifth, or solidungula, the equus, horse or ass ; in the sixth, bisulcat
the sheep and goat, the ox, the deer ; and in the seventh, or multungula, (the pachydermata of Cuvier.) we have the pig. (See
Lawrence's Manual of Comparative Anatomy, from the German of
Blumenbach, 8vo. 1827.)
J The junction of the head with the neck in quadrupeds is not as
in man equidistant from Hie anterior and posterior extremities of the
skull. According to Daubcnton, the plane of the foramen magnum
in man is nearly parallel to that of the horizon, making with it only
an angle of three degrees. But quadrupeds have the occipital fora
men and condyles situated further back in proportion as the face is
elongated. That opening too, instead of being nearly parallel to
the horizon, forms a considerable angle with it, which, measured
according to Daubenton, is of 90° in the horse. The weight of the
head therefore in these animals is not sustained by the spine, but
by a ligament of immense strength, which, in the human subject, is
either deficient, or so weak as to have its existence disputed. Tliis
is the liyame/itum nucha?.
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Fainting, (plate viii) be regarded as two elevations, (fig. 2 for the
<—-v—-' front and fig. 3 for the profile,) while fig. 4 expresses
the ground plan of the head : the several proportions so
laid down may he transferred faithfully to the perspec
tive plane and represented as in fig. 5.
Motions of
(231.) On the motions of which the bones in the rebones in gion 0f the head are capable, we again refer our readers
oHheliead to ^e anatom'ca' Portl0n °f 'his work. The hinge-like
" motion of the lower jaw upon its condyles admits (in
the human subject) of opening the mouth till the dis
tance between the edges of the upper and lower front
teeth nearly equals the breadth, when the lips are closed,
of the mouth itself. The lateral motion, where lateral
motion exists.t is greater or less at the front of the
mouth in proportion to the projection of the maxilke ;
and according to the order or genus by which any par
ticular animal is distinguished. Birds move both the
upper and lower jaws, and their crania require therefore
peculiar attention. Respecting the neck, generally, it
may be considered in the light of a massive chain of
bones, (to the number most commonly of seven in mam
malia, and of many more in birds,) each bone linked to
its neighbour by intervening ligaments. In the human
neck this chain is short compared with that of many
mammalia, as the horse, camel, &c. Its average length
in man is nearly three noses, or three-fourths of the
head ; and in front, from the chin to the pit between
the clavicles, about two noses. To measure on all sides,
in its utmost extent, the motion of this chain of the
human neck, we may proceed thus. Either the upper
end of it is fixed as when a weight is to be balanced and
supported on the head, in which case the lower end, as in
plate vii. fig. 3 and 4, is capable of describing the base
of a cone equal to perhaps, at the utmost, two noses in
diameter. Or else, as happens in ordinary cases, let the
lower extremity of this bony chain be fixed. In such
cases, the head at the upper end may be said to describe
an orbitj which would be the base of a cone equal in
diameter to the base of the former one. But observe in
both cases that as the diameter of the base increases the
altitude of either cone diminishes.
Action of
(232.) The visible muscles in the region of the head
muscles in which regulate its motion are, 1. temporalis, passing
the region downward behind the zygoma to the coronoid process of
of the head. jne lower jaw, and pulling the lower jaw upwards, as
in chewing food.§ 2. The masseter, passing over the
insertion of the temporalis, and extending from the cheek
bone and zygomatic process of the temporal bone to the
* In fig. 7 ami 8 is given a head of the pig ; and in fig. 9 and
10 a head of the horse.
| The lower jaw of the carnivora can only move upwards and
downwards, and is completely incapable of that horizontal motion
which constitutes genuine mastication. Hence these animals cut
and tear their food in a coarse manner and swallow it in large por
tions, which are afterwards reduced by the solvent properties of the
gastric juice. Such mammalia, on the contrary, as live on vegeta
bles, have, in addition to this motion, a power of moving the lower
jaw backwards and forwards, and to either side, so as to produce a
grinding effect. In all these, therefore, the form of the condyle and
of its articular cavity allows of free motion in almost every direc
tion. The teeth may be compared, in the former case, to scissars j
in the latter to the stoues of a mill. Lawrence's edition of lilumenbach't Manual, 8vo. Lond. 1827, p. 28.
I The well-known trick of Harlequin, in Pantomimes, of rolling
his head, exemplifies the motion here alluded to. On simple and
compound motions of the neck, see L. daVinci, Trattato delta Pitlura,
ch. 484.
§ The semicircular cavity on the right temrile of the skulls in
plate it fig. 7 and 8, is filled up by the temporalis with its fascia.

angle of the lower jaw, which it also pulls upwards. 8. OffM^j
The sterno-cleido-masioid muscles, which pass upwards v-v«»'
from the sternum and sternal end of each clavicle to the
mastoid processes behind the ears. By the contraction
of one or other of these muscles, the head is turned to
one side ; by the contraction of both of them, the fore
head bends forward, as in bowing.* 4. Observe two
muscular columns one on each side of the bones of the
neck beneath the trapezius, which they contribute to fill
out, elevating the head backwards, keeping it erect when
raised, and assisting its rotatory motions. t
The other muscles of the head relate to motions of the
eyes, eyebrows, nose, mouth, and ears, and ofthe bone of
the tongue, or os hyoides, so called from its resemblance
to the Greek upsilon. They will be spoken of when we
come to treat of Expression. But besides knowledge of
the superficial muscles, the artist will do well to acquaint
himself generally, at least, with the course of the blood
vessels of the head and neck ; that of the temporal
artery, with its transverse and frontal branches ; of the
facial vein, the jugular, &c.+ Colour, as well as form,
will frequently depend upon his intimacy with these
parts of the animal system.
(233.) The region of the thorax comes next inErgiairf
order, bounded, in the human subject, posteriorly by the thetioa.
seven uppermost dorsal vertebrae, in front by the sternum, 'B 'SBO'
and on the right and left by the scapula) and the seven
true ribs.§ The remaining five ribs partly enclose the ab
domen, and may therefore be considered in that separate
region. The bones which protrude most, and of which the
marking are to be chiefly noticed, are 1. the sUrwum, or
breast Ixme, making, on account of its vibratory motion,
an angle with the plane of the topmost ribs that varies
(in the human sternum) from 50 to 38 or 40 degrees
according to the extent of exertion in breathing;. 2. The
claviculce, clavicles, or collar bones, are to be noticed
particularly at their extremities ; the inner extremities
joined to the head of the sternum, the outer to the acro
mion of the scapula. The clavicles are wanting in most
orders of mammalia. 3. The scapula, or shoulderblade, a triangle of different shapes and dimensions in
different animals. Observe the ridge called its spine,
crossing it like a perpendicular drawn from its angle at
the shoulder to its opposite side, which is therefore
named its base. Remark also, nearly in the plane of
this ridge and of this perpendicular at the angle last
mentioned next the shoulder, two processes, [ having the
* In cattle, as in the horse, (see Plate of the Horse mnjcles.)
the levator humeri and the sterno maxillaris perform this office.
f The complexus major, the splenitis, and the hgamentnm
nuchre, in cattle, form this column. See the Plate of the Horse
muscles.
J In the horse, the external carotid, or submaxillary artery
comiug out under the angle of the lower jaw, to climb up over the
face, also the jugular where it divides under and behind the ear, aie
conspicuous.
§ " In almost all the mammalia there are more ribs than in Han.
Several quadrumana have fourteen pairs, the horse eighteen, the
elephant twenty, &c. Birds have fewer ribs than mammalia, the
numlier, 1 believe, never exceeds ten pairs. The false ribs, that is,
those which do nut reach to the sternum, are directed forward ; the
true ones are joined to the stemum by means of small intermediate
bones." Blumenbach, Manual, p. 46, and p. 63. By the expres
sion " directed forward" is meant that they are nearest to the neck.
|) The margin (of the scapula) which is turned towards the
spine, is the shortest in most of the proper quadrupeds, particularly
the long-legged ones with narrow chest, in which the scapula? lie on
the sides of the chest. The coracoid process and acromion, the two
chief projections of this bone, are strongest in such animals as have
a long clavicle, p. 49, 50.
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intiog. head of the humerus in the glenoid cavity between by the sternum with the plane of the upper ribs ; viz. Of Outline,
■y-—^ them: one process, the coracoid, on the side of the the angle vst; and let s v be called the line of the v—v—'
cavity nearest to the sternum ;* the other process, the sternum, or sternal line. Again, the line t r or sr join- sternal and
acromion, above and outside of it towards the right or ing the top of the sternum to the centre of the first sternovertebra, we may term the stcrno-dorsal line. a°tsal !in«»
left. 4. The arm, foreleg, or wing, composed of the dorsal
humerus, radius, and ulna. The two latter throughout The plane ur tv containing those two lines, (the tfJ",nd j?
the animal kingdom are often found consolidated. In sternal and stemo-dorsal.) and passing through the pun™
the round head of the humerus observe the bicipital body to the back,* dividing the right from the left half,
groove.f 5. The hand and wrist composed of the carpus, is the mesial plane. Also the plane g h ef, (fig. 9 )
metacarpus, and phalanges. The articulations of the at right angles with the mesial, may be termed the
carpus with the radius (always on the side of the thumb) supercostal plane, giving the direction of the uppermost Supcrcostal
and with the ulna (always on the side of the little finger) pair of costse, or ribs ; which plane, in the erect human p'ane•
figure, is nearly parallel to the horizon.
require minute attention, i
(235.) The thorax has been generally compared to
^
(234.) For determining the relative position of bones
\ and in the region of the thorax ; imagine, as before, (Art. a truncated cone. But perhaps its outline would be
ks fur 226,) a geometrical solid figure, which will enclose the gathered more satisfactorily by enclosing it within a
mining principal parts. Let this solid be traversed, as was the kind of pyramidal figure (of which a bird's eye view is
skull, (Art. 226,) by certain imaginary lines and planes. given in plate iii. rig. 9) having four sides, two of
Thus let * v (plate iii. fig. 8) show the angle made them flat, as a b h g, and d c ef; the other two curved,
as A b k c e, and aldfg. The two latter sides indicate
* On reexamining plate iii. fig. 8, where rUutrij represents
the angle made by the human sternum with the plane of the top the right and the left of the trunk ; as the two former
most ribs, we find that vst, or 50 degrees, is the highest elevation of indicate the back, and pectus or breast. Let, then,
the ensiform extremity at v. Consequently, when v declines, the abed contain a transverse section of the trunk cutting
angle f • 4 enlarges. We have above inadvertently stated the varia the mesial plane in the line of intersection mp, which
tion of f j / to he from 50 to 38 or 40 degrees. We should have is intended to represent the distance from the bottom p
said that the angle varies from 50 to 60 or 62 degrees.
f The metacarpus is elougated in those animals whose toe only of the sternum to the outside, tn, of the back, at the
touches the ground in standing or walking : and the humerus spinous process of the seventh dorsal. The sixth pair
becomes shorter in proportion as the metacarpus is elongated, so of ribs will be b k c and aid ; and m n the distance from
that in animals which have what is called a cannon bone (that is one n, between the junction of their cartilages at the sternum,
metacarpal, as in the horse and the ruminantia) the os humeri hardly to 7W, the spinous process of the sixth dorsal.
extends beyond the trunk. Hence the mistakes, in common lan
(236.) In order to make as near an approach as may
guage, by calling the carpus of the horse his foreknee, &c. p. 51 , 52.
J The animals with divided claws have some peculiarities in the be required, to the curves of these ribs, bisect m n.
metacarpus. In the pig those parts consist of four cylindrical bones. Draw, through the point of bisection, the perpendicular
In the pecora, before birth, there are two lying close together; but k I, on each side of which let the interval i o equal the
they are afterwards formed into one by the absorption ofthe septum. broadest part ef, of the sternum, (about the length of a
The horse has a single bone (gamba, Vegetius, in French le canon, in
English the cannon bone or shank bone,) with a pair of much shorter nose,) and make d c and a b equal to twice i o, that is
and immovable ones attached to its posterior and lateral parts, and to twice the broadest breadth of the sternum. Next,
firmly united to it, {lea poincona or oa (pineux, atyloid or aplinl with i for a centre, and i 6 (which will be equal to a 6)
bones.1 The main hone only is articulated to the paatern, which for radius, describe the arc b k for part of the curve of
may be compared to the first phalanx of the human finger ; as the the
sixth left rib. The arc a I, similarly described about
coffin bone resembles, in some degree, the third phalanx, which
supports the nail. This last phalanx is very various in its form, the centre o, will partly give the curve of the sixth right
according to corresponding variations in its horny coverings, which rib ; and the lines k c and I d will complete them
may consist of a flat nail or claw, or hoof, &c. The mammalia anteriorly. Behind, from 6 and a, the outline may be
generally have as many metacarpal bones as toes, that is never
fewer than three, nor more than five, with the exception of the readily curved inwards to the junction of these ribs at S
ruminants, in which these hones are in early life consolidated into with the sixth vertebra. The outline also of the upper
one, named, as before said, the cannon bone. In animals which walk or first pair of ribs, h e, and gf, will be made nearly
on the tips of the toes, or which use them as organs of prehension, correct by taking the point i for a centre to form the arc
the metacarpal bones are nearly of double length. The foreleg of gf; and the point o for a centre to form the arc A e.
the horse, deer, sheep, and dog is in truth the metacarpus of those
The intermediate four pair of ribs may be drawn
animals ; and what is vulgarly denominated the foreknee, is in fact
the carpus or wrist -joint. It is, as in the human subject, convex on similarly to the sixth. But observe, that the lines b A,
the side which answers to the back of the hand ; concave on the and a g, show the course of the two convex ridges,
side which answers to the palm. The character of the perfect fore- always remarkable in the torso.t though sometimes contoe or finger is to consist of three rows or phalanges, excepting the
first on the radial side, which has only two. In the zoophaga,
* The line from the first to the sixth vertebra of the back varies,
which have no power of grasping minute objects, the thumb, or first
so little from a straight line that it is in the above examples
toe, is parallel to the others ; and although in the genus ursus, it is laterally,
ior one. But the case, as will be seen in the region of the
of the same length with them, it is shorter in the genus mustela, taken
abdomen, is far different with the remainder of the vertebral chain ;
and in the weasel, the dog, and the cat families. In the latter, the which is quite as diversified in its motions as the neck, and partakes
power by which the claws are erected only when required, and at
other times thrown back to prevent them from being blunted in of ■f-similar
Thesepowers.
convex ridges are most conspicuous in the human
wsdking, must not escape the artist. In the ruminantia, the single subject. In quadrupeds, particularly in such as have long necks,
metacarpal bone is articulated with two digital phalanges, consti the spinous processes of the anterior dorsal vertebra are so long and
tuting the cloven foot. In the horse, and the other aolidungula, prominent for the attachment of the muscles which support the neck
the two lateral toes have their place supplied as above remarked, as to make any prominency in the ribs less apparent. Minute
only by two bony styles, named the aplinl bones ; situated on the attention to the lorao of the korae may be seen in the inside of a
two sides of the metacarpal or cannon bone. The three phalanges well-made saddle. And observe that as these spinous processes are
then of the single toe, comprising the foot of the horse, are, 1 . the long upon the back for the purpose of supporting a long neck, so
pattern bone or first phalanx, to the back of which are joined two also they are much shortened, or altogether deficient in the neck
sesamoid bones. 2. The coronet, which is the middle or second itself, among long-necked animals, (the horse, camel, giraffe, &c.)
phalanx. 3. The coffin bone, being the third or unguinal phalanx, that they may not prove a hinderance to bending the neck backwards.
to which is attached the shuttle bone. See plate of the hone.
4A
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Painting, cealed by the scapula. Moreover, the lines dfandce
s^*v*»/ show the anterior or pectoral extremity of each rib at
its junction with the cartilage binding it to the sternum.
With regard to the seventh, and remaining lower ribs,
their curves seldom or never protrude beyond b k c, ami
aid. Their lengths anteriorly are represented in
fig. 8, and the interval a b, given in fig. 9, always
continues the same, whatever be the curve of the verte
bral chain.
It is evident that the parallelogram, such as a b cd, or
ghef (fig. 9,) once found in the case of any pair of ribs,
the vanishing line ofthat parallelogram will determine the
perspective or foreshortening ofthem* whether the ribs be
raised, as in this example, by inspiration ; or whether, in
expiration, a corresponding depressiont of them takes
place and increases the sternal angle tsv, fig. 8.
(237.) The foreshortening of the clavicle may be
always known by finding its point of junction with the
top of the sternum; and then determining to what plane
a straight line drawn from that point to the acromion
must, in any given posture of the thorax, belong. In
our representation, plate in. fig. 1J, the line of the
clavicle describing the arc a b, or c d, moves in a plane
parallel to the supercosral plane. (Art. 234.) In fig.
10, the line of the clavicle describing the arc ef moves
in a plane perpendicular to the supercostal p)ane. For
the scapula :—The proportions of the sides of the
scapular triangle being ascertained, (see Anatomy,)
and the direction of the ridge called its spine ; the revo
lutions of that triangle on its angle at the head of the
humerus are determinable by the position of the arm.
(Art. 241, and plate iii. fig. 12—16.)
Line of the (238.) Other imaginary lines will be found useful:
upper arm. f0T examp]ej a jj^ from tne centre 0f the head of the
humerus, to a point in its lower extremity, between the
ulna and radius. This may be termed the line of the
upper arm.
Line of the A line fiom the last-mentioned point to the articulation
forearm. of the radius with the os lunare of the carpus, or in
other words, with the central bone of the wrist, may be
termed the line of the forearm. It forms a longitudinal
axis upon which the wrist turns in pronation and supi
nation. See the second note to Art. 240.
Carpal i !. Perpendicular to this last line, at its junction with
the wrist, is a line from the styloid process of the ulna
through the styloid process of the radius. This is a
transverse axis upon which the wrist turns in waving
the hand. It may be called the carpal axis. The
* It must, however, be borne in mind, that, in cases of contortion
caused by pain or otherwise, as well as of some ordinary inclinations
of the spine, the ribs, particularly those towards the abdominal
region, will approach and even overlap each other on whichever
side the inclination of the spine is made. Thus in walking, or
standing on one leg, that side is always shortest towards which the
body leans, in order that its centre of gravity or weight may lie
transferred to some point directly over the supporting limb ; while
the other side (namely, that of the leg which is being tent and
lifted forward to make another step) is proportionably lengthened.
Both sides aTe curved, but the outside curve will, of course, be the
longer of the two. See for further examples in carrying weights,
&c. Da Vinci, Trattalo delta Pittura, cap. 195—214.
+ The direction of the ribs anteriorly and posteriorly is not in
planes parallel to each other, but inclined to the spine at different
angles ; the topmost pair nearly at a right angle ; the remaining
lower ones at various angles of inclination increasing in acuteness
as they descend to the last pair called floating ribs at the back ofthe
abdomen. In proportion to the acuteness of their angle of inclina
tion to the spine is their mobility and capacity of being '
elevated, or made to overlap each other.

carpal axis is always the intersection of two pranes, one OfO
of which contains the line of tlie forearm, and the
other is
The metacarpal plane, passing through the carpus, Met*
between the back and palm of the hand, to the extre- P18*
mities of the metacarpus, and containing the tips of the
knuckles of the two middle fingers.
(239.) By these or similar lines* (for many other
and better devices will constantly present themselves
to the practised artist) the foreshortenings of the
limbs of the thorax may be obtained. For example,
the line of the upper arm, and the line of the lower
arm may always be considered in the same plane ; of
which plane, if the vanishing line be determined, the
proportions, or foreshortenings, are easily calculated
from knowing the dimensions (previously agreed upon)
of the clavicle, or any standard interval, as the length of
a head or a nose at the distance of the point of the
shoulder. That the application also of some such
system of imaginary lines must be found serviceable in
delineating the thorax and brachia of quadrupeds, and
of animals generally, may be inferred from plate vi. 6g.
5 and 6, illustrative of locomotion. But such a system
must not be over-rated. It must be applied only to the
skeleton, only to the bones ; only to the rafters, joists,
and framework, so to speak, that support the exterior
animal structure. Any other adaptation of such &
system would induce a stiff", artificial, and lifeless manner,
utterly inexpressive of character and of sentiment.t
* Among the most difficult outlines of the upper extremities iriD
be found that of the human thumb, owing to that extensive lange
of motions which so justly obtain for it from Albinus the title of
tnanus parva majori adjutrix, as the human hand has from Aristotle
that of the organ of all organs. The thumb has the power of de
scribing at the same time round two different apices a conical motioB,
1. round its poiat of junction with the carpus ; 2. round the puint
where its metacarpal bone joins the carpus.
+ A work, in folio, of Juan d'Arphe y ViUafafie, republished it
Madrid in 1773 (a sixth edition) by Pedro Kugucra, has unfolded
to us much curious and some useful matter on the proportions sad
foreshortenings (/os escorzos) of the human figure. The author, after
referring briefly to the principles of drawing given in the writiags
of Pomponius Gauricusand Albert Durer, and of the improvements
afterwards effected by Pollayuolo, Bandinelli, Raffaelie, Andrea
Mantegna, Michel Angelo, and others through their introduction of
the antique model, proceeds to mention the divisions which existed
in the different Schools of Art, particularly in Spain, (some adhering
to the old, others adopting the then new system,) until the abilities
and influence of Gaspar Becerra (see his name in our short notice
of the Spanish School) introduced generally among his countrymen
the good taste he had acquired and formed in Italy for the Greek
and Roman beautiful. At page 173 of this singular book, and
towards the conclusion of some instructions; written in rhyme, for
delineating the human figure, is the following iu prose, of which we
will here attempt a translation. It professes to be adopted from
book iv. of the Symmetria of Durer.
" In order to make the foreshortenings alluded to, in drawing
large figures, and where the eye of the spectator cannot take in the
entire parts, procure a rule about the length of the intended
figure, mark it off into Unequal divisions, and again divide each of
these ten into three, so that the whole length may, with, the addition
Of one, serve to measure thirty-one subdivisions. The proper
length may first be laid down of each portion or member of the
figure, and afterwards the breadth, as follows. Let the length of
the bead be four (including three for the face') oat of the thirty-one
parts ; that of the neck one part, of the trunk from the line of the
shoulders to that of the symphisis pubis eleven ; of the femur seven.
For the length of the leg seven more, to which add the one remain
ing subdivision for the distauce of the highest part of the loot
(between the ankles) from the ground. You will have now com
pleted the height of the figure. Next, for the arm from the axiJU
or armpit (906000) to the hand, nine parts ; for the length of the
hand three; from the armpit to the acromion or point of the
shoulder two parts : so far the length.
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(240.) Among the motions of which the bones in the
region of the thorax are capable, that of the sternum
has been noticed. (Art. 233, 234.) During inspiration, or
the act of taking breath, the thorax is dilated; the ribs
raised and drawn outwards to the riffht and left, pressing
the lower portion of the sternum forward, while its
upper extremity between the clavicles remains fixed ;
and thus decreasing the angle rsq or vsi (plate iii.
fig. 8) made by the line of the sternum with r t, the sternodorsal line. In expiration the contrary motions are
produced. The ribs fall. The sternum sinks. The
sternal angle v s I increases.
The motions of the human arm* and haadt are analo
gous to those of the wing in birds,J and of the foreleg in
quadrnpeds ; but infinitely exceed them as to number and
variety. There are five principal kinds of motion in
the human arm, which have been denominated, 1. Pro
pulsion, (pushing or striking.) 2. Tractation, (dragor pulling.) 3. Constriction, (embracing, viz. the

" Next as to breadth. Let the head in front be three parts broad,
and the name behind. In profile (por el /ado) let its breadth measure
four ; for the breadth of the neck take two parts, of the trunk at
the shoulders, eight, and of the same in profile, five ; of the trunk at
the armpits, six, and of the same in profile, five ; of the waist five
in front, and tour m profile ; of the haunches six in front, and five
in profile ; of the femur, at its upper and thickest end, three in
front, and three in profile ; of the knee two parts in front, and the
same in profile ; ofthe calf two and a half in front, and the same in
profile ; breadth at the ankles one part in front, one and a half in
profile j breadth of the foot one part at the heel, and four for the
foot in profile, viz. for the whole length of the sole. After this
measurement proceed to give roundness to the figures by suitable
muscular boundaries. Breadth of the upper arm, at its middle, in
front one part and a half, in profile two parts ; of the forearm at its
thickest end, two parts in front, of the same in profile one and a
half; of the wrist, one part in front, and three-fourths of one part
in profile; nf the hand, two in front, and one half in profile."
(See plate vi. fig. 7.)
The above quotation is the more available for our method of
fixing certain imaginary lines, since each of the thirty.one subdivi
sions measures a nose, or fourth part of the length of a head. (Art.
222. 227.) The front of the neck, it will be observed, is here made
one nuse in length, (which is also the proportion in Camper,) whereas
we have given it in Art. 231 , a length ofnearly two noses. Perhaps
our measurement is only proper for certain subjects ; but the
student will find in nature as great diversities. Again, with respect
to the head, we make the breadth of the cerebellum to that of the
cerebrum as nine to eight, (Art. 224, 227,) whereas according to the
above scale their breadths are equal. This seldom happens, as the
student may at any time prove to himself, with a pair of callipers,
upon the heads of his acquaintance. Of the changes made by age
in the proportion of the figures, see Da Vinci, Tratiulo della Pitlura,
cap. 57. 167—169. 173.
* Observe that the upper arm and forearm when stretched out
never form one and the same straight line. This arises from the
structure of the elbow, at which there is always more or less an
angle. Neither is the hinge-joint of the elbow so placed as to be
perfectly at right angles with the plane of the upper arm on which
it hinges ; but the ulna moves obliquely upon its hinge, so as to
permit the forearm to be drawn forwards over the breast while the
elbow remains close to the side.
f Let a straight line from the centre of the outer condyle of the
humerus be drawn to the centre of the wrist, for the axis of the
forearm and hand in pronation and supination. Let another straight
line, at right angles with this, be drawn through the lower extre
mities of the cubit joining the radius and the ulna On the latter
line, the axis of the wrist, the carpus turns, as on a hinge, either
alternately from side to side with a rudder-like motion ; or alternately
up and down, like a wing, according to the position of the forearm.
(Art. 238.)
* The bones of the wing may he compared, on the whole, to those
of the upper extremity in Man, or the quadrumana, and consist
generally of an os humeri ; two bones of the forearm ; one of the
carpus; one bone of the thumb; and two fingers, of which that which
lies towards the thumb consists of two phalanges, the other only of
one. Blumenbach's Manual by Lawrence, p. 64.
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act of closing forcibly, sometimes one or both arms, of Outline,
sometimes one or both hands.) 4. Diduction, (forcible * t—^—, •
separation of those members as in swimming.) 5. Cir
cumduction, an act confined to the head of th« humerus,
so placed as to admit of describing, backwards, forwards,
or sideways, a conical figure, of which a point within
the glenoid cavity is the apex, while another point
between the condyles describes the base.* Let the reader
endeavour to draw with chalk a circle on a wall either
in front of, or to one side of him. This will exemplify
circumduction. The motion of the wrist (known to
fencers in changing its position from carte to tierce, or
vice versa ; and by anatomists called pronation and
supinationt) is, in part, rotatory.^ The phalanges of
the thumb and fingers have likewise at their junction
with the metacarpus a degree of rotatory action, though
otherwise they have only a similar motion to that of the
elbow during flexion and extension of the arm, viz. a
hinge-like motion, as in opening and shutting the hand.
(241.) But we have yet to notice the motions of two
other bones which contribute essentially to vary the
position and outline of the humerus. These are the
clavicle and the scapula. The clavicle may be said to
describe a small cone, of which the apex is at its junction
with the top of the sternum. Its outward extremity,
joined to the acromion, either rises, as in shrugging ; or
retires, as in throwing back the shoulder ; or comes
forward, as in the case of persons vulgarly termed round
shouldered. The extent of the arc described by the
* Centrum ceu fiutcimenlum ossis humeri vel fiemoris existit
pra'cise in medio il/ius tubercu/i qui in sinuosa cavitatc scapula?,
vel coxa immobitis infigitur et colligatur .* ct hisce dttobus urticulis
extremitas semidiametri mobitis, ejusque centrum est prominens et
exporrectum : e contra centrum semidiametri circumductions cubiti
existit extra cubilum in medio, nimirum tuberculi humeri quiescentis,
cui it/e alligatur et circumvolvitur ; cr idem dicendum est de reliquis
similibus articulutionibus.
Notandum pariter est, quod mollis arliculorum aliquando sph&rici
sunt, aliquando in uno piano aticujus circuli, multoties in superficie
couica existant. Reguta generalis esto, quotiescunque ntotus unius
ossis undequuquefieri potest circa unicum punctumfixum, tunc quidem
motus spha-ncus erit ; scilicet ad dextram, ad sinistram, sursum,
deorsum, ante, et retrb ; quoties veto motus fieri debet circa duos
polos ; vel circa axem necessario motus et circumductio, aut in superfide plana circulari, aut in superficie conicd c/ficietur. Borelli de
Motu Animalittm. 2 vols. 4to. Romse, 1670 ; Pars 1 ma. c. 4. prop. ix.
According to this quotation, it should seem, that, since in the case
of circumduction, as above illustrated, the revolving point between
the condyles has power of describing the base of a cone in various
directions, (ad dextram, sinistram, sursum, &c.) its motion mightj
perhaps, more strictly be termed spherical. But either term,
" conical" or " spherical," will express our meaning. As we regarded
a circle (Art. 181) in the light of a regular polygon with its sides
composed of indefinitely small chords : so may the surface of the
sphere be considered as composed of an infinite number of small
bases of cones having equal axes and dimensions and a common
apex in the centre of the sphere.
t In supination, the bones of the radius and ulna are situated in
lines parallel to each other. In pronation the lower end of the ra
dius where it joins the hand is carried over and round the ulna, so as
to cross it and form a very acute X, of which one line (the line of
the ulna) will extend from the wrist (on the side of the little finger)
up to the olecranon, or point of the elbow. The other line (or lino
of the radius) will be extended over it, (or under it when the arm is
thrown backwards,) and will be extended from the wrist on the side
of the thumb, up to the outer condyle of the os humeri.
J In the zoophaga the radius and ulna, though separate, are void
of rotatory motion ; and the olecranon, or projection of the ulna at
the elbow, is compressed and continued further back than in Man.
In the pachydermata, as the pig and elephant, the radius is before
and the ulna behind, and though distinct, there is no rotation. In
the ruminants the ulna is united immovably to the radius, and in
the solidungula, as the horse, it is represented by an olecranon ad
hering to the posterior surface of that bone.
4a2

PAINTING
Painting, clavicle and acromion is partly shown in plate iii. fig.
v—"~v^«-^ 10, 11. In fig. 10 the motion from e to /is in a plane
perpendicular to the mesial plane. In fig. 1 1 the
motion from a to 6, and from c to d, is in a plane parallel
(when the subject stands erect) to the horizon.
The scapula assists, follows, and indicates in its
motion the track of the humerus and clavicula. Its
position when the arm hangs by the side is with its base
parallel to the eight upper vertebra? ofthe back. In this
position it lies over all those eight ribs, except the first,
which is too small to reach it.* When the arm is raised,
as preparatory to striking a blow, the scapular triangle
turns upon the acromion as upon a pivot. Its inferior
angle is drawn upwards and outwards along the side,
and its superior angle downwards and backwards from
the second rib as far as the fourth. When the blow is
being struck, the scapula retraces rapidly its course : and
if the arm is driven far behind, and with the elbow near
the back of the person striking ; the triangle undergoes a
yet further change, and has its inferior angle drawn
upwards and backwards, till it approaches the vertebral
column. An attempt is made to illustrate this in plate
iii. fig. 12—15. These motions of the scapula are dis
tinctly observable in the living subject.
Action of
(242.) Of the marked and leading muscles in the
muscles in region of the thorax, it will not be expected that we
ortheB'on do much more than again refer the reader to our pages
thorax.
on Anatomy. The pictorial student will find it useful
to class the thoracic muscles according to two perfectly
distinct functions performed by them ; and to consider
separately, 1st, such as are concerned in breathing, and
2dly, such as give motion and power to the adjoining
limbs. Although breathing in general is an involuntary
act, yet many cases occur when by a strong effort of the
will a larger portion of air is taken into the lungs than
usual. f This happens whenever any great weight is
either to be resisted, pulled, or lifted ; or in striking a
heavy blow ; throwing any missile to a distance ; calling
loudly ; calling with a protracted sound or succession of
sounds ; or, lastly, in circumstances of pain or surprise,
or any sudden transport of passion. J Notwithstanding
* In the horse, the point of the scapula close to which the
humerus attaches, is between the first and second ribs ; the base at
its hinder part, reaches as far back as the seventh rib. The scapula,
consequently, lies in a slanting position along the chest.
f For an account, in popular language, of the process of breath
ing, see in the Library of Utefui Knowledge, already referred to,
the Treatise on Animal Phytiology, p. 95.
\ The abdominal muscles contribute essentially to assist their
neighbours in the higher region of the thorax during the process of
inspiration. " There are few motions or attitudes of the trunk,"
■ays Dr. Barclay, " or compressions of the viscera in which these
muscles" (the abdominal) " are not concerned as moderators, motors,
or directors. The state of respiration is not only varied according
to their different functions, but made to contribute to the steadiness
and energy of their exertions. Thus in their vigorous exertions to
change or preserve the attitudes of the trunk, or compress the
viscera, the ribs are previously somewhat raised, or drawn atlantad,"
(toward the allat vertebra, i. e. upwards,) " and are made to resist,
as iixed points, the motion laerad," (toward the lucrum, or down
wards,) " with more than usual steadiness. This steadiness, how
ever, does not proceed, or proceeds but little, from the intercostals.
These muscles, opposed by the great pressure of the atmosphere
from without, have not strength to elevate the ribs, unless assisted
by a great pressure of atmosphere from within. The abdominal
muscles, always favoured by the pressure from without, would, with
no great exertion, depress the ribs and expel the air, while the in
tercostals would liave no power to prevent its egress. To account,
therefore, for the more than usual stability nf the ribs in cases of
extraordinary exertion, we must have recourse to those muscles by
which the egress of the air is prevented, or by which the quantity

that the muscles which are principally concerned in in- OfO
spiration, or the act of taking breath, are concealed from **>
view, viz. the diaphragm, the intercostals, the serraii
postici, &c. (concealed in front by the pectoralcs and
other muscles ; concealed on the back by the trapezius,
and latissimus dorsi, &c.) yet they contribute, by dilating
and raising the ribs, protruding the lower end of the
sternum, and lesseningthe sternal angle, (Art. 234, 240,)
to give greater prominency to the outward and visible
muscles of the thorax.*
issuing from the lungs in a given time is accurately regulated.
Theso are the muscles of the os hyoides, of the cartilages of the
larynx, of the velum pendulum, of the tongue, and of the lips. By
them the passages through the larynx, isthmus fauciuro, mouth,
and nostrils, may be widened, narrowed, or entirely shut ; or one
passage shut, and another opened ; or the whole of them shut, a&d
the whole of them opened, as the will directs, and as circumstances
require. These muscles retaining the breath after full inspirations,
or regulating the quantity that issues in a given time during expi
ration from the lungs, cause the air in the lungs to afford that sup
port or stability to the ribs which enables the diaphragm and ab
dominal muscles to act with steadiness and energy in giving atti
tude and motion to the trunk. As mental emotions, too, do not
unfrequently extend their influence to respiration, so the same
muscles make respiration to extend in its turn its influence to the
mental emotions. Hence we see that persons under surgical opera
tions hold hard their breath, trying, as it were, to lessen their suffer
ings or to confirm their resolution in supporting them. A fart too
obvious to have escaped the admirable Shakspeare, who makes
Henry say, addressing his soldiers at the siege of Harneur,
'Now set the teeth, and stretch the nostril wide,
Hold hard the breath, and bend up every spirit
To its full height."
As respiration is thus made to favour the motions and attitudes
of the trunk, so these motions and attitudes are made, in their torn,
to favour respiration." Mutcular Motiont ofthe Human Body. By
John Barclay, M. D. Edinburgh, 1808, p. 535.
* Those internal muscles have likewise powerful assistance from
without, in a corresponding arrangement, as occasion may require,
of the adjacent parts of the body. The power of the serrati p uici
superioret to move the ribs is increased by bending the neck to
wards. This inflection, together with that of some of the dorsal
vertebrae, gives to the trapezius, the rhomboideus, and the levatores
scapulae an extent of action on the scapula. The consequent eleva
tion of both scapulas renders further assistance for raising the ribs
available not only from the serrati magni, but from the subcUvii,
the serrati antici, the pectorales, and latissimi dorsi. The three
last-mentioned pairs will be visible to the student upon the living
figure, and sufficiently distinguishable. Let him, for an example,
observe the pulmonary cough of a consumptive person, or watch
any one in the act of sneezing. The scapula: of that person are
drawn upwards and forwards ; (Art. 241 ;) the shoulders rounded ;
the head and neck placed in positions most favourable to those
muscles which enlarge the thorax and admit a fuller supply of air
to the lungs. For another example, let a race-horse be observed at
full-speed, extending his neck forwards as far as he is able, that the air
passages may be straight and the quantity of air inspired as large as
possible. Another reason for this action in quadrupeds, when they run,
is, that their centre of gravity, or weight of the whole superincum
bent body, may, by this position of the head and neck, be throwm
forwards, and thus their rapidity in running be considerably in
creased. It will be seen, too, (see our plates of the Horse,) that the
/evatores humeri muscles (in cases where the animal has not breath
for running, or even for walking or lying down, and therefore roost
stand) have a use in assisting the lungs, similar to their use in the
case of a consumptive human subject. The artistic reader will,
perhaps, be here obliged to us for extracting and combining, in the
form of a note, some particulars of the muscles above alluded to
belonging to the Horse.
1. The Herno maxillarii, of no
1. Arising from the cartilage
great bulk or strength, and lying in front of the breast bone, (.stexlmmediately under the skin, num,) changes, at about threebends the head towards the chest . fourths of its length upward, to a.
flat tendon to be inserted into
the lower jaw.
2. Levator humeri is much
2. Arising from the occiput
larger thau the last mentioned, and four first bones of the neck
having more work to perform, and from the /igamemJ'Jm mtc/ur.
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listing.
(24S.) With respect to the muscles which give motion
~
to the limbs of the thorax,* the student will naturally
class them according to the parts which they move, and
the direction in which the movement is made. For the
humerus, for the forearm, and for the hand, peculiar
sc'w for muscles are required. We have already mentioned
nog the (Art. 241) the variations in the position of the acromion,
or extremity of the clavicula, near the head of the
humerus, which change from time to time the centre of
rotatory motion in the human arm.f The conical
motions of the humerus round that centre, or middle
point in the glenoid cavity, (Art. 240,) will be efFected
upward and forward by the deltoides, the biceps brachii,
and pectoralis,} upward and backward by the deltoides
Its office is twofold. Suppose On its way down to the shoulder
the animal standing, and that his it mixes itself with some of the
head and neck are fixed points, muscles of the shoulder, and is
the contraction of this muscle inserted into the humerus,
will draw forwards the shoulder
and arm. Or, if the Horse be
standing, and the shoulder and
arm be fixed points, this muscle
will depress the head and neck,
3. Trapezius, a quadrangular
3. Arising broad and strong,
muscle, like that of the same from the longer bones of the
name and similar office in the withers and from the ligament
human subject, lies between the of the neck, (note 3 to Art. 232,)
withers and upper part of the becomes narrower below till it
ahoulder-blade. It is for sup- terminates nearly in a point to
porting or raising the shoulder, be inserted into the top of the
and drawing it at the same time spine, or ridge of the scapula,
backward.
4. Serrains major, the great
4. Arising from the five lowest
saw-like or tooth-shaped muscle bones of the neck and the two
of immense power, fills up the first ribs. Its lower portion
greater part of the neck at its springs from all the true ribs,
lower extremity. This muscle Its fibres all tend downwards,
attaches the shoulder to the chest, and are inserted into the inner
and thus supports the weight of surface of the shoulder-blade or
the body. When the quadruped scapula, i.e. between the scapula
is standing this muscle occasion- and the ribs.
ally discharges another important
function. Since by the weight
of the body, the shoulders and legs are then rendered fixed and
immovable, the serratus major, no longer employed to raise the
limbs, exerts its power in enlarging the cavity of the chetl, and thus
materially assists in the act of breathing. It is on this account
that a horse labouring under inflammation of the lungs will obsti
nately stand night and day that he may obtain the assistance of this
muscle in respiration. The power also of the terralut major in ob
viating concussion, is of immense importance to the Horse as well
aa to his rider. Its action, with that of the other muscles attached to
the inner surface of the scapula, has been well compared to that of
the springs of a carriage, but possessing infinitely greater steadi
ness, mobility, and strength. These muscles yield, as far as neces
sary, to the force or supenncumbent weight. By gradually yielding
they subdue the violence of the shock, and through their elastic
" ,' regain, when the shock is over, their original
• The true quadrupeds have the front of the trunk supported by
the anterior extremities, which are consequently much larger and
stronger than in Man ; as the hind feet of the same animals yield
in these respects to those of the human subject. The chest is, in a
manner, suspended between the scapula- ; and the serrati magni,
which support it in this position, are, consequently, of great bulk
and strength. When viewed together, these muscles resemble a
kind of girth surrounding the chest. Blumenbach, Manual,
p. ■f-309.
The motions of the humerus (plate iii. fig. 12—15) are all rerly accompanied by corresponding motions of the scapula, the
I of which, excepting in the rotatory motion, generally follows
the motion of the humerus. See Barclay On Mutcular Motion,
p. 385. 387. For the deltoides, the biceps, &c. consult the Hsemon,
the Oladiator, and the Hercules Farnese.
t The pectoralis in birds is chiefly employed to move the wings
in flying. It is very large, (sometimes bo large as to outweigh all
the other muscles together,) and consists properly of three muscles,
Ike pectoralis major, medius, and minor, which fill the sides of the
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and trapezius,* upward and outward (i. e. to the right Of Outline,
or left in a plane perpendicular to the mesial plane) by »*y»V
the deltoides, the infraspinatus, and the teres minor.
The downward motions (which are always assisted by
the weight of the arm) are directed forward by the pec
toralis ;t backward by the trapezius, the latissimus dorsi,
the longus, or long head of the triceps, the teres major,}:
and the infraspinatus ; and downward generally by the
lower portion of the pectoralis, jointly with the action
of one or more of the others. §
crest of the sternum. The keel of the sternum, the fork, (merry
thought,) and the last ribs give origin to the pectoralis major ; its
insertion is into a rough, projecting line of the humerus. By de
pressing that bone, the pectoralis produces the strong and violent
motions of the wing, which carry the body forwards iu flying. The
middle pectoral (or medius) lies under this ; and sends its tendon
over the junction of the fork, with the clavicle and scapula, as in a
pulley, to be inserted in the upper part of the humerus, which
bone it elevates. By this contrivance of the pully, the elevator of
the wing is placed at the under surface of the body. The third, or
lesser pectoral muscle has the same effect with the great pectoral
in depressing the wing. Blumenbach's Manual by Laurence,
p. 311.
* A backward motion of the arm may be of two kinds, accord
ing to the motion which has preceded it. 1. If it has been pre
ceded by, and is the continuation of, an upward motion, the
deltoides and trapezius are assisted by the supraspinatus, infraspina
tus, subscapularis, biceps brachii, coracobrachial, and the clavicu
lar portion of the pectoralis. 2. But if the arm has been previously
hanging at the side, or if there has been first a downward move
ment, previous to the intended one backward and upward; the
backward motion, which is to follow in continuation of the other,
will be made by the help of the teres major, teres minor, longus,
(or long-head of the triceps brachii,) and by the latissimus dorsi.
f A motion of the arm forwards may be also of two kinds,
according to the motion which it follows. 1. If it succeeds to an
upward and backward motion, as after the arm has been raised to
strike a heavy blow, the subsequent movement forwards will put
into action not only the pectoralis, but the teres major, teres minor,
the longus, and the latissimus dorsi. 2. If, on the contrary, it
follows a quiescent, pendulous state of the arm, or follows a motion
downward and backward, (such as the preparation to throw a cricketball iu bowling,) the movement of the humerus in throwing will be
effected by the muscles which lift the arm forward* ; the deltoides,
biceps brachii, subscapularis, trapezius, &c. with the clavicular
portion of the pectoralis.
• The teres major forms with the latissimus, the edge of the arm
pit. Both muscles are well shown in the Fighting Gladiator, which,
together with the Laocoon, are the finest illustrations of brachial
movement.
§ Several more are concerned directly or obliquely in these
motions. For the sake of illustration let us compare the humerus
to the spoke of a carriage-wheel, such as described in Art. 177.
Suppose the spoke nearly perpendicular to the ground, with itsouter extremity downwards, as must be the case with the humerus
while the arm hangs at the side. If the carriage be drawn for
ward, the outer extremity of the spoke will turn on the axis in a
continued curve : first backwards and upwards, then forwards and
downwards. Let the carriage be now stopped, and let one side of it
be raised from the ground so as to suspend the spoke in question
perpendicularly : and let the same motion of the wheel be repeated.
It will represent and illustrate, in some degree, a rotatory or conical
motion (see the fourth note to Art. 240) of the humerus. This
motion, by which the arm is lifted backwardt from below, is
effected by the teres major, the teres minor, the longus, or long head,
of the tiiceps brachii, and by the latissimus dorsi, regulated by the
deltoides and pectoralis.
Let now the wheel be whirled round in the opposite direction,
namely, such as it would take in backing the carriage j this motion
will also represent a rotatory movement of the humerus, but quite
the reverse of the former one. In this movement the humerus will
be liftedforward; and consequently be put in motion by the del
toides and trapezius, assisted by the supraspinatus, the infraspinatus,
the subscapularis, the biceps brachii, the coraco-brachialis, and the
clavicular portion of the pectoralis. Both these motions of the
humerus may be familiarly exemplified in the two ways of cracking
a whip over or under the hand ; and the reader will find innumera
ble examples from observations of his own, on any i
of the arm in rowing, swimming, fencing, &c.
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PAINTING.
(244.) The four motions of the cubit, or forearm,
namely pronation, supination, flexion,* and extension,
Muscles for are produced as follows: 1. Pronation, by the prona
moving the tor teres, (or rotundus,) aided by a muscle entirely con
forearm. cealed, viz. pronator qnadratus. t 2. Supination by the
biceps brachii and the extensor pollicis aiding the supina
tor brevis, which, like its antagonist the pronator quadratus, is out of view. J " The supinator longus cooperates
with and moderates alternately the pronators and supi
nators, bringing1 the radius to that middle state, which
is properly neither pronation nor supination, and per
forming the office with the greatest force when the arm is
extended."! 3. Flexion is performed by the brachialis
internus, the biceps brachii, and the supinator longus.j|
The biceps being an extensor of the humerus, (Art.
243,) will, in this instance, act with more force when
the humerus is inflected than when it is extended, t. e.
lifted forwards or outwards ; and will at the same time
meet with less resistance from the long or scapular head
of the triceps. 4. Extension is the duty of the triceps
brachii and of the anconeus. Neither of these muscles
is inserted in the radius. The longus, or long head of
the triceps, being also a flexor of the humerus, (Art.
243,) will act less forcibly upon the ulna, when the
humerus is extended or lifted forward, than when it is
inflected or lifted backwards from below.
Muscles for (245.) The hand, consisting of the carpus, meta
moving the
carpus, and phalanges, follows, in the human subject,
hand.
the motions of pronation and supination above described,
which originate in the forearm. The tendons and
muscles, therefore, peculiar to the hand may be con
sidered apart from those of pronation and supination,
and are usually divided into flexors, extensors, *J abduc
tors, and adductors.** The flexors and extensors of the
• In birds, two muscles act as flexors, which hold a situation
corresponding to that of pronators. This shows how much inflexion
and pronation are connected, the latter being substituted for the
Painting.

f To these Barclay adds the radialis internus, the palmaris longus,
and the flexor sublimis, observing that these only act at the com
mencement of the pronation j and that their power is increased the
more according as the hand maintains a greater previous tendency
to supination. Also that the power of the sublimis must be further
increased in cases where the fingers are extended. Observe that the
two pronators (teres and qnadratus) are present in the quadrumana
and in all carnivorous animals, but are wanting in the chiroptera,
ruminantia, and solidungula.
J The first of these three acts with the greatest force when the
humerus is inflected, (•', e. has been drawn backwards from below ;)
and the last acts with the greatest force when the carpus and thumb
are inflected Ihrnad, (i. e. towards the hollow of the hand.) Barclay
On Muscv/tn Motion, p 398.
5 Barclay in he. eit. In animals of the dog and cat kind the
supinator longus is wanting. The brevis is present. Both are
absent in th« chiroptera, rodentia, pachydermata, ruminantia, and
solidungula. Also bolh are absent in all birds. (See Cohparattvk
Anatomy.)
|| To these are subjoined by Barclay the ulnaris internus, the pal
maris longus, the pronator teres, the radialis internus, and the flexor
sublimis. These five muscles, he observes, are flexors only to a small
extent, and only at the time when the motion commences, before the
lever of resistance is shortened. The four last must have their power
a little increased when the arm is placed in a state of supination,
and when, consequently, the biceps is somewhat relaxed.
•J No other but the extensor digitorum communis is common to
Man and all the quadrupeds. To extend the fore pastern, the
horse has two extensores proprii on the side of the extensor com
munis. They are assisted by a third extensor between the commu
nis and the extensor of the pastern The extensor proprius indicis is
wanting in the rodentia. mminantia, and solidungula. The genus
felis. canis, and ursa, and the genus lepus have the extensor longus
pollicis, but want the extensor brevis. The mminantia and soli
dungula have both.
** The Bhort muscles of the hand which produce flexion, abduc-

carpus take their names from their position relatively to of cm
the bones of the radius and ulna : the radiates oil the
side nearest the thumb ; the vlnares on the side i
the little finger. The flexors lie, as their office i
indicate, on a line with the palm; the extensors in a
line with the back of the hand. The former, three iu
number, come out from their joint origin at the inner
condyle of the humerus ; and run close together along
the forearm, beside the supinator longus : viz. .the flexor
radialis, the palmaris, and the flexor ulnaris. The ex
tensor muscles also consist of three : two on the same
side with the thumb, viz. the extensor carpi radialis
longior,* and the extensor radialis brevior ; and one od
the same side with the little finger, viz. the extensor
ulnaris.
For the fingers the flexors are the perforati and the
perforantes, called also the sublimes and profundi, toge
ther with the flexor brevis of the thumb. The little
finger has, moreover, an inflexion caused by the flexor
carpi already mentioned. The extensors are six, tit,
three extensores pollicis, one of which extends the meta
carpal bone of the thumb ; the other two its first and
second joints : fourthly, the extensor digitorum com
munis : fifthly, the indicator :+ and lastly, the extensor
minimi tligili. The opponents muscle of the thumb has
the important office of applying the thumb with the
nicest precision to the tip of any one of the fingers.
It is to the thumb and fingers that the remaining
muscles called abductors and adductors belong* These
are antagonists to each other, and in the thumb are
found on each side of the flexor brevis. The interossei
and lumbricales are orfductors of the fingers, assisted
sometimes by the perforati and perforantes.} On the
other hand, when the extensor communis is made to act
on all the fingers, they become oftducted, and are seen
to diverge like radii from a centre.§
tion, adduction, and opposition, are altogether wanting in the lower
animals. The muscles of the lower animals are generally let* in
number than those of Man. The deficiency is moat frequent
among the inferior orders of Mammalia, and still more in birds.
Muscular varieties occur chiefly in the organs of looomofcoa.
Throughout the entire class of birds the following muscles are
absent, and may here be mentioned together. The diaphragm, recti
abdominis, pyramidales, the dorsal muscles of the spine, spleniui,
brachialis externus, or third head of the triceps, the supinator of
the forearm or wing, and short muscles of the hand and fingen, af
already stated ; quadratus lumbomm, psoas parvus and magans,
iliacus internus, obturator externus, and extensor longus poinds
pedis.
* The peculiar projection of this muscle from under the supinator
longus may be well studied both from the antique ancl from the
Cartoons of Raffaelle.
f The indicator assists the extensor communis in enabling all
the joints of the forefinger to point at any thing. Hence its nana.
I Hence it happens that during flexion, the fingen can never
he separated so widely as during extension. On the different ap
pearances of Ihe muscles in the hand and arm in the action of open
ing or shutting the hand, see Da Vinci, Trattato He/la Piltmra,
cap. 176. The action of the flexors in bending the fingers gives
an enlarged appearance to the wrist, observable iu the left hand of
the Apollo and the right hand of the Gladiator.
§ The thumb in the simia; is small, short, and weak ; the other
fingers are elongated and slender. Other animals which have
fingers sufficiently long and movable for seizing and grasping
objects, are obliged, from want of a separate thumb, to hold them by
means of the two forepaws ; as the squirrel, rat, opossum, Sc.; those,
moreover, which are obliged to rest their body on the forefeet, al
the dog and cat, can only hold objects by fixing them between the
paw and the ground. Lastly, such as have the fingers united by
the integuments, or enclosed iu hoofs, lose all power of prehension.
We advise every artist who loves truth of outline to attend a dissec
tion of the human arm and hand, as well as of the parts analogous
in the forearm, claws, hoofs, paws, &c. of
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(246.) The region of the abdomen was, lastly, to pelvis, so called from some resemblance to a basin * Of Outline,
cooie under notice. For its |)osterior boundaries in the It comprises the several boues already named which S-"V»-'
human subject we proposed the five lower dorsal and are portly cemented into one.t viz. the os sacrum,}
the five lumbar vertebrae, * increasing in breadth and the ossa ilium, the ossa pubis, and the ossa ischii.§ 3.
thickness as they descend, and resting on the os sacrum
as a column upon its base ; from which are stretched to
next the interior of the thorax and abdomen is called the body of
the right and left the strong bony arches of the ilium, one the
Each vertebra, besides its body or ring of bone aud
to the top of each femur. Five ribs, called false ribs, the vertebra.
projecting parts already mentioned, which unite it with its
protect each side,t while a third arch of bone in front (the neighbours, has other projections also to which muscles aru at
ossa pubis) joining the other tw.o lateral or iliac arches, tached turning the vertebra to the right or left, backwards, for
and below it the two angular bones (ossa ischii) on which wards, or laterally. These have the name of processes. Those
behind down the middle of the spine are called spinous processes.
thefigure rests when sitting, complete the abdominal out Those
on each side are called the transverse processes. The course
line of the skeleton. In front and at the sides this out of the spinous processes is more or less distinctly visible in the
line is filled up with the abdominal muscles and viscera. living subject according to the bendings of the back. To steady
The bones throughout this region that chiefly deserve the back in bending is the use of the ligaments that were men
tioned. " The vertebra," says Paley, " by means of their pro
j the artist's attention are, 1. The bones of the spinal cesses
and projections, and of the articulations which some of
column just alluded to. Like the vertebrae of the neck these form with one another at their extremities, are so locked in
this bony chain of the loins is formed for gradually and confined, as to maintain, in what are called the bodies, or broad
bending itself into a great variety of curves.} 2. The surfaces of the bones, the relative position nearly unaltered, and to
throw the change and the pressure produced by flexion, almost en
will find, indeed, respecting most forms, functions, and relative tirely upon the intervening cartilages, the springiness and yielding
positions throughout the muscular economy, that one hour in the nature of whose substance admits of all the motion which is necesdissecting room will sometimes explain more thau he could leom Bary to be performed upon them without any chasm being produced
from a year of study among folios of careful description and most by a separation of the parts. I suy, of all the motion which is ne
elaborate comment. Respecting the muscles of the human forearm, cessary ; for although we bend our hacks to every degree almost
wc only observe, in conclusion, that they are never strongly marked, of inclination, the motion of each vertebra is very small : such is
the advantage which we receive from the chain being composed of
unless the hand is engaged in grasping with force any object.
* The lumbar vertebra; vary considerably in number. The ele so many links ; the spine of so many bones. Had it consisted of
phant has only three ; the camel seven ; the horse lias six, the ass three or four bones only, in bending the body the spinal marrow
five ; mules have generally six, but sometimes only five. Most must have been bruised at every angle. The reader need not be
quadrupeds have the processes of these vertebra turned forwards ; in told that these intervening cartilages are gristles : and he may see
the ape they are in their ordinary position turned upwards. The them in perfection in a loin of veal. Their form also favours the
transverse processes are remarkably large in many ruminatttia, as same intention. They are thicker before than behind ; so that
also in the hare. Blumenbach's Manual by Lawrence, p. 43. In when we stoop forward, the compressible substance of the cartilage
birds, that part of the spine which belongs to the trunk is short and yielding in its thicker and anterior part to the force which squeezes
it, brings the surfaces of the adjoining vertebra nearer to the being
rigid, and has no true lumbar vertebra. Ibid, p. 61.
f The parts of the body which contain the principal organs for parallel with one another than they were before, instead of increas
respiration and circulation are placed in the chest, strongly guarded ing the inclination of their planes, which must have occasioned a
by the upper ribs, by the sternum, and upper dorsal vertebral. But fissure or opening between them." Paley, Natural Theology, 8vo.
the parts placed below (or in quadrupeds behind) these, and com 1807, p. 1 10. A new edition of this Work is promised under the
posed of the abdomen, the viscera, and loins, have no bony enclo scientific and indefatigable auspices of Lord Brougham.
* Blumenbach observes that m no animal but Man has properly a
sure ; and are undefended, except on one side towards the backbone,
by other ribs, termed false ribs, (of these the horse has ten,) which pelvis, because in no instance have the Irones of this part that basin
rake the same direction as the true, but become shorter as they like appearance when united, which belongs to the human subject.
approach the loins. A reason for this arrangement appears to be, In the elephant, horse, &c. the length of the symphysis pubis de
that the functions of the bowels and abdominal parts will be per tracts from the resemblance to a basin." Perhaps the most gene
formed more freely without this external guard ; but chiefly, that rally applicable illustration for this part of the animal structure may
greater room and play may be allowed for motion throughout the be made by regarding it as the lower or hinder portion of a twovarious turnings and bendings necessary to balance the rest of the wheeled or four-wheeled carriage. And in this vehicle the weight
body, or sustain it in the easiest and most convenient position. The to be sustained is either placed upon and within it as in the case of
want of motion in the back of birds (their dorsal vertebral have the Man ; or is suspended from it as in the case of birds and quadru
spinous and even the transverse processes often anchylosed) is com peds. The pelvic esseda, or cumis on which the human trunk is
pensated by a larger number, and by greater mobility of vertebra poised and iu which it is carried, may be said to move upon two
in the neck. Of these latter, to quote a few instances, the raven wheels the spokes of which answer to the peculiar position and rota
has twelve, the cock thirteen, the ostrich eighteen, the stork nine tory movements of the femora. The quadruped, on the other hand,
teen, and the swan twenty-three. Four or five of the upper cervical may be said to form a plaustrum, having four wheels. But then
vertebra; only have power to bend forwards, while the lower ones this waggon (to make the comparison a proper one) must not have
are confined to flexion backwards. This causes the double curva the load placed within it or upon it, hot must be that kind of ma
ture resembling the letter S in the neck of a bird. The great mo chine used very commonly for moving heavy beams or lugs of timber
bility of the neck enables birds to touch every point of their own which are suspended from a horizontal pole as from a spiue. This
body with the bill, and thus supply the want of a prehensile faculty suspension occurs also among birds when they stand or walk, except
in their upper limbs. In proportion as their neck is movable their that their bodies may be said to hang from a pole or spine which
spine or backbone will be found consolidated. Steadiness is thus rests opon two wheels only. See last note to Art. 243.
given to the trunk iu the violent exertion required for flying. Birds
f The os sacrum and ossa ilium are not altogether anchylosed, ex
which do not fly, as the ostrich and the cassowary, have a movable cept in very old subjects ; generally, they are united by articulations
spinal column.
and cartilages. In birds the ossa ilium extend upwards to the region
| Each of the twenty-four hones of the spine from the human of the thorax.
coccyx upwards to the occiput is attached to its neighbour by means
J The os coccygis is prolonged, so as to form the tail of quadru
of four projecting parts ; two at its upper, and two at its lower side, peds ; and consists therefore, in many cases, of a great number of
called the superior and inferior oblique processes. The former two vertebra. Blumenbach, p. 44.
act as supports for the two similar projections in the next vertebra
§ The two last-named pairs do not show themselves prominently
above. The two latter rest upon or overlap the two adjacent pro from under their muscles so as to be remarkable in the life. But
jections in the next vertebra beneath them. Besides this mode of the os sacrum is important as containing and marking in most
union these vertebra are held together by strong ligaments extend animals the extreme intersection of the mesial plane, (Art. 234,)
ing in great variety over the parts where the vertebra? are contigu and also the extreme point at the bottom of the back. The mark
ous ; not binding them so tightly as to prevent easy motion, but ings, too, of the upper parts in the arches of the ossa illi, showing
preserving them from separation, except by such force as would the course of what is called Poupart's or Faliopius's ligament, are
break the bone itself. The rounded part of the column, which lies distinctly visible in the human subject, as also in quadrupeds ; near
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Painting. The os coccygis, which though of small importance
—y—' to the artist in the human subject, is in lower animals
and in quadrupeds actively conspicuous. It contains
the tail, one of the most characteristic features for animal
expression, consisting of more or less vertebrte, with
various degrees of strength and mobility, according to
the wants and habits of the animal. * 4. The support
ing limbs in the abdominal region comprise the hinder
legs of quadrupeds : and in Man the inferior extremit ies,
so called to distinguish them from the two other limbs
appended to the thorax, and called the superior extre
mities. Between these two thoracic limbs and those
two supporters of the abdomen there are several points
of analogy. Each superior extremity consists of four
parts ; each inferior also of four that correspond to
them. First the ball and socket joint of the shoulder
(at the union of the clavicle and scapula) answers to the
ball and socket joint of the round head of the femur,
(at the junction of the os pubis with the os ilium,) only
that the latter socket, called the acetabulum,! is deeper
and larger than the glenoid socket or cavity. Again,
the humerus with its hinge-joint at the elbow, answers
to the femurj with its hinge-joint at the knee. Thirdly,
the croup, for example, of a hora. . or ox, the spines of the ossa
ilii stand up on each side of the hinder extremity of the backbone.
* The tail in mammalia consists of a series of vertebras, being a
prolongation of the os coccygis successively decreasing and moved
by no less than eight pairs of muscles, of which the action is three
fold ; one for extending and elevating the tail ; a second for in
flecting or depressing it ; and a third by which it beats or lashes
the sides of the animal. These motions in succession or combinanation form others more complex ; so that the tail may be twisted
on its axis, or turned in a spiral direction.
f " The joint at the shoulder compared with thejoint at the hip,
though both are ball and socket joints, discovers a difference in their
form and proportions well suited to the different offices which the
limbs have to execute. The cup or socket at the shoulder is much
shallower and flatter than it is at the hip, and is also in part furmed
of cartilage set round the top of the cup. The socket into which
the head of the thigh-bone is inserted, is deeper and made of more
solid materials. This agrees with the duties assigned to each part.
The arm is an instrument of motion principally, if not solely.
Accordingly, the shallowness of the socket at the shoulder, and the
yieldingness of the cartilaginous substance with which its edge is
set round, and which, in fact, composes a considerable part of its
concavity, are excellently adapted for the allowance of a free motion
and a wide range, both which the arm requires. Whereas, the
lower limb forming a part of the column of the body, as well as to
be the means of its locomotion, firmness was to be consulted as well
as action. With a capacity for motion in all directions, indeed, as
at the shoulder, but not in any direction to the same extent as in
the arm, was to be united stability or resistance to dislocation.
Hence the deeper excavation of the socket, and the presence of a
less proportion of cartilage upon the edge."—Paley, Natural Theology, p. 126.
The length of the neck in birds increases generally in proportion
to that of the legs, but in a much greater proportion among aquatic
birds, since they have to seek their food below the surface of the
water in which they swim. The number of cervical links or verte
bra of the neck varies from ten to twenty-three. That of the dor
sal from seven to eleven. From hence they are consolidated into
one piece with the os innominatuin. The tail has from seven to
nine pieces.
J The femur of the other mammalia follows, in its general figure
and parts, the type of that of the human frame. But it is not arched
as in the human subject : it possesses scarcely any neck, and the
great trochanter ascends beyond the head of the bone. The femur
of most quadrupeds is much shorter than the tibia, and hence it
hardly projects from the abdomen. In some few, as the bear, the
femur is longer ; also in some apes, viz. the ourang-outang, in
which, as in several other apes and baboons, the bones of the arm
and forearm are surprisingly longer than those of the thigh and
leg. Some, as the elephant, have no ligamentum teres, conse
quently there is no impression made on the head of the thigh bone.
The length of the femur depends on that of the metatarsus, and

the part composed of the radius and ulna of the fore- Of Oaim
arm answers to the tibia and fibula of the leg ;* and ^-y,
fourthly, the carpus, metacarpus, and phalanges of the
fingers answer to the tarsus, metatarsus,! and pha
langes of the toes. J
(247.) We now proceed as before, according to what Poiofc,
was suggested in Art. 220, to devise for the region of^mt>u^
the abdomen certain imaginary points, lines, or plana iu^:! '
for determining the relative position of the bones, as thti ^7
seen from any point of view. There are, in the human boa.
pelvis, three fixed points, which being joined by three
straight lines will always form a triangle, the plane of
which having a known or determinate inclination either
to the horizontal or any other plane is easily found.
bears an inverse ratio to the length of that part. BIu
Manual, p. 53. The femur of birds is provided with c
only.
* The pecora want the fibula universally. In some simie the
leg and forearm exceed the thigh and arm. In other animals, al
though there are some varieties, the leg is generally longer than
the thigh. The fibula is behind the tibia in many animals, as the
dog and the rodentia. It is consolidated to that bone at its lower end,
in the mole and in the rat. It exists only as a small styloid bone
in the horse, and becomes in an old animal anchylosed to the tibia.
Ibid.
In the rhinoceros, elephant, and hog, the fibula is flattened and
united to the whole length of the tibia. In ruminant animals, it]
place is supplied by a small excrescence of bone on the outer margin
of the astragulus below the tibia, and forming the external or fibu
lar ankle.
f The os calcis in the rodenlia, stands oat considerably back
wards. The os scapboides, consisting of two parts, Sunns a tubercle
on the sole. The scaphoid of the hog is assisted by three cuneiform
bones, and beneath the first the rudiment of a great toe. These
animals have all the same number of toes as of metatarsal bones.
In the ruminantia the os cuboides and os schaphoides are distinct
bones only in the camel ; in all other ruminants they are united in
one. In the solidungula, the scaphoid and cuboid are separate.
The tarsus of the horse is composed of six bones, in common lan
guage called the hoclk.
The fibula, in birds, forms a thin slip ■ adhering to the tibia as
far down as the middle of the latter. The latter, at its tarsal extre
mity, terminates in two coudyles with a pulley-shaped groove be
tween them. Attached to it, m-place of the tarsus and metatarsus,
stands a single bone of considerable length, and having three pro
cesses, to which are attached the bones of the three anterior toes,
with a marginal attachment for the bone of the great toe. The
metatarsal of the ostrich is confined to only two processes, that
being the number of toes in that bird. An excrescence of homy
matter, commonly called the spur, is attached above the great toe to
the metatarsal of several gallinaceous birds.
In the ruminantia and solidungula three metatarsal bones are
united into a single one, called the cannon bone. The structure
of the metatarsus, as that of the horse, is the same with the struc
ture of the metacarpus. In the pachydermata, as the pig and ele
phant, the metatarsal bones, where they join the tarsus, have a flat
surface, and at their other extremity a round tubercle with a promi
nent line below in the middle of the bone. The elephaut has fivs
perfect toes ; the hog four. Ruminantia have two perfect toes upon
one metatarsal bone ; and two small tues attached behind its base.
The solidungula have one perfect toe and two imperfect, which are
reduced to a single styloid bone ; they are distinguished by sapporting themselves in walking only upon the last phalanx to which
the hoof, analogous to the human nail, is affixed. The only put of
the foot in the ruminantia and solidungula which is applied to the
ground, is that unguinal phalanx. In other animals, as the dog
and the cat, the body is supported upon all the phalanges of the
toes. The elongation of the metatarsus removes the os cabs of
the horse and ruminantia at such a distance from the toe that it is
placed midway between the trunk and hoof.
X Three positions at the upper part of the femur require careful
attention ; that of its round head already mentioned on which, ft
turns ; and that of two prominences for the attachment of important
muscles, viz. the greater and the less tiochanter, with a loss or
groove situated posteriorly between them. The marking of th*
patella at the knee and of the crural extremities at ttu} ankles art
conspicuous ; also the os calcis and astragalus togtdhec with the
arches of the foot.
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toting. (Art. 208.) By the term fixed is meant that notwithstanding any change in the position of the body, they
never in one and the same subject change their distance
(nl
from each other. The three fixed points of the pelvis
nt.
which we conceive most generally available to the
ttabular draughtsman are what we will term the sacral point
and the two acetabular points. The sacral is a point in
the sacrum under the centre of the lowest vertebra of
the back. The right and led acetabular points are
close to the centres of motion within the right and left
acetabula. The sides of this triangle may be further
considered as containing or measuring the spans of the
three arches into which we divided the pelvis. (Art 246.)
icsof the We will denominate therefore the three lines that make
J^1"' the triangle—the line of the right iliac arch; the line
of the left iliac arch ; and the acetabular line,* or line
of the pubic arch. For example, in the triangle ABC,
(plate iii. fig. 16,) the point B is the sacral point; A
the right acetabular, C the left acetabular point; AC
the acetabular line ; B A the line of the right iliac arch ;
BC the line of the left iliac arch,
ro-ptibic (243.) A straight line B D from the sacral point B to
,ru.the the centre D ofthe acetabular line is the sacro-pubic line.
hTilane ^nen tne fifT11"6 is erect, balanced equally on both legs,
be pelvic 'ms '"ne 's near'y perpendicular to the horizon. It is
ngle
the line of intersection of the mesial plane of the pelvis
i theme- with the plane of the pelvic triangle ABC; in the same
P1*"*- manner as the sterno-dorsal line (Art. 224) is the line
of intersection for the mesial plane of the thorax with
the supercostal plane ; or, as in the region of the head,
(Art. 226,) the head's axis is the intersection of the
mesial and coronal planes, and the occipital line the in
tersection of the mesial plane with the maxillary plane.t
(249.) The position of the limbs in the abdominal
region may be ascertained in the same manner as that
of the humerus and forearm, (Art. 288,) and with less
difficulty, because the points A and C (plate iii. fig. 17,)
are fixed ; (Art. 247 ;) whereas the points of the
shoulders must continually change their relative position
according to the motions of each clavicle. A line from
either of the acetabular points A or C to a point between
the condyles of the femur, may be called the line of the
iral femur, or the femoral line. Again, from between the
condyles of the femur a line to the top of the astragalus,
where the latter affords a pedestal to the column of the
Hiac. tibia, may be called the line of the leg, or crural line.J
* The length of the acetabular line, or distance between the ace
tabular points, is greater in the female.
+ These lines, tne axis of the head, the occipital line, the sternodorsal, and the sacro-pubic come under the general terms of mesial
line* of intersection. They are in every case the intersection of two
planed at right angles with each other. The mesial plane, therefore,
and the plane of the pelvic triangle will always intersect each other
at rigti* angles, just as the coronal and maxillary (Art. 226) and
■ttptircextal planes are always at right angles with the respective
mesial planes of the head and thorax.
J Allowance, in all cases, must be made for the different degrees
of compression in the cartilages at the joints of any limb, or at the
articulations of the several bones. In proportion as the cartilaginous
spring; which divides any two bones is compressed, their length will
be <iiuiinished. This compressibility is greater after fatigue, or in
sickness, than when the powers ofanimal life are vigorous and fresh.
Thus men are taller when they rise after sleep than if measured after
a day"» labour, when the elasticity of the cartilages has been reduced.
Another yet more remarkable variation in the length of the limbs,
and consequently in the lines of the humerus, forearm, and hand,
as well as in the femoral, crura), and metatarsal intervals, arises from
the nature and form of the joints themselves. A hinge-joint, when
it bends, must leave, on the side opposite that towards which it bends,
a. greater or less space ; greater as the angle becomes more acute,
VOL. V.
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From the supporting point at the lower extremity of the Of Outline,
crural line, another line (in the human foot) may be * -?v mmf
drawn to what, in common speech, is called the ball of
the great toe ; but is, in fact, the junction of the meta
carpal of that toe with its first phalanx. This line will
be in the direction of one of the arches formed by the
bones of the tarsus for supporting the human body : Line of the
this line therefore may be termed the line of the inner inner and
arch
arch of the foot. Another arch extends also from the heel outer
of the foot.
to where the metatarsal of the little toe joins the tarsus.*
(250.) The motions of which the bones in the region Motions of
of the abdomen are capable come next under consider- bones iu the
ation. The motions of the bottom of the back, or lum- region ofthe
bar vertebra?, are various ; and its curves, like those of
the neck, are by no means easily ascertainable for the
pencil. The position of the pelvis relatively to the rest
of the animal frame is the more difficult to determine in
proportion to the mobility of the lumbar vertebra?.t
(251.) The motion of the femurj resembles that of
and less as the angle enlarges. Of this any person may be made
sensible who can open or shut a door, or swing a gate. Hence it
happens that the length of such limbs as have hinge-joints is shorter
when they are extended than when they are bent. Of the human
arm Da Vinci reckons that it loses or gains one-eighth in its length
according as it is stretched out or drawn in by inflection. Also in
the foot, that part called the instep, or the interval between the great
toe and the tibia, lessens as the tibia rolls forward on the astragalus
by the action of the tibialis anticus muscle ; on the other hand, the
interval increases when the heel is raised, and the os calcis makes
with the tibia an acuter angle. Da Vinci, Tratlato delta Pttlura,
c. 174, and c. 177.
* Suppose the sole of the foot planted firmly on the ground ; I K
(plate iii. fig. 17.) will be the place of the os calcis, K H will be the
line of the inside arch of the foot, and the line 1 6 will uhow the
direction of the supporting arch under the malleolus exteruus, or
outer ankle, extending from I, under the os calcis, to G (the junc
tion of G L, the metatarsal of the little toe with the tarsus ;) I G,
therefore, may be termed the line of the outer arch of the foot :
under G H is a third arch supported on the side of L H by all the
toes. When the figure stands on tiptoe, the metatarsals along the
line LH form five hinges, on which to turn the whole superincum
bent frame of the body. The observant reader will not need to be
informed, that this occasional position of the human foot supporting
the body on its toes, is analogous to the usual position of the hinder
legs and feet of quadrupeds. (Notes to Art. 246.) The outer ankle
is lower than the inner one : upon the accurate outline of these mal
leoli, as well as upon the right position of the carpal extremities of
the radius and ulna, must depend much of the expression of which
the hands and feet are so beautifully capable.
From the nature of the hinge-joint at the knee, and at the lower
extremity of the tibia, it follows, that the femoral and crural lines,
together with a line through the foot parallel to the hue of its inner
arch, will be always in the same plane. Consequently, if the aceta
bular point be given, as well as the length of the femoral and crural
lines, and also the vanishing line of the plane that contains them,
they may be represented making, under any aspect, any required
angle with each other. So also the line of the outer arch of the
foot may be represented making any required angle with the crural
line.
f The method which was suggested (Art. 231) for measuring
the extent of the conical motion of the neck may here be again ser
viceable towards outline of the human subject. Let the two points
at the two extremities of the curve be regarded as alternately the
apices of various cones. In the present case let those two points
be the centre of the seventh dorsal vertebra (Art. 235) and the
sacral point. (Art. 247.) If the sacral point be stationary, then the
seventh vertebra of the back may be considered as describing the
base of a cone, of which the sacral point is the apex ; and of which
the altitude will be inversely as that base. The upper part of the
body will, in this instance, be entirely supported upon the lower ex
tremities. But suppose this instance reversed. Suppose the thorax
fixed as that of a sailor descending by a rope, the weight of whose
abdomen and body are suspended from his upper extremities : the
sacral point, in this latter instance, may describe in its turn the base
of a cone on similar conditions with that described before by the
seventh vertebra which now takes the part of apex.
J In Man the femur is placed on the same line with the trunk of
4B
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have a share together with the pectortda (see Of r. J
Fainting. the humerus, but is leas varied ; the arm
region of the thorax) and psoee magni (see Art. 254) ui
have motions fitting them more particularly for
their business is chiefly manual; whereas the legs and bending the trunk forwards.
(253.) For the backward inflection of the trunk,
feet, being chiefly intended for supports oi' the body,
2. The
have not the facilities of changing their position so we reckon. 1. The trapeziL*
•torsi,t
3.
The
sacro
lumkales.Z
4.
The
quickly, or in so many ways, as the arms and hands.
The tibia therefore and fibula have no pronation nor dorsi. § 5. The serrati potiici. Oik
supination. (Art 240. 244.) The leg, indeed, may be riores, employed for elevating ; another, the
rolled, and the foot turned inwards or outwards till the for depressing the ribs. These two pair
heel appears in front, but this is done through the rota the backward inflection of the trunk. The former pair
arises from the three lower vertebrs of the neck to be
tory motion of the round head of the femur.*
(252.) The muscles and their attachments in the inserted by distinct fleshy slips into each of the me
region of the abdomen which require the artist's careful upper ribs. The latter pair arises from the spinous
of the two latter vertebra; of the back, and
the region examination, are, (in the human subject,) 1. The obliqui processes
of the ab externi.f 2. The obliqui interni.\ 8. The transversales from the same parts of the three upper vertebra? of the
domen.
abdominis, although covered by both the former, and loins by means of a fascia called the fascia lumborum.|
68 the therefore less apparent, are yet necessary to be here re The serratus posticus inferior is inserted into the lower
moving
marked upon, since their junction (at the edge of the edge of the four lowest ribs.^
trunk.
(254.) The muscles for the five motions of the human Mada k
rectus) with the tendons of the obliqui abdominis, forms femur.**
L To extend or stretch it forwards; 2. tonwnsjfts
what is called the linea semilunaris. The transversalis
.
.
bur.
supports and compresses the viscera. 4. The rectus ab the linea alba immediately below the lowest of the tineas trans
dominis.^ 5. The student will remark several tendinous versa?.
• Partly situated in the region of the head at
UgamenLs.\ 6. The pyramidalis.^ All the above
origin from the occiput and five superior cervical
the body ; in other animals it always forms an angle, and sometimes ligamentum nucha along the spinous processes, as well a* i
two remaining vertebne of the neck, and from the spinous processes
a very acute angle with the spine.
* It is to multiply this variety of femoral motions that the head of all the dorsal vertebra;, are inserted into the hinder part of the
of the femur is provided with a neck extending nearly two inches clavicle, and into the acromion, and into the spine of the scapula.
from the acetabulum, and making an angle (downwards) of about The various origins of the trapezii along the line of the vertebral
38 degrees with the remainder of the bone of the thigh. The ad processes serve to explain the extraordinary variety of action upon
vantages of this kind of projection we have already remarked upon the shoulder performed by the fibres of this muscle. The joint
in Art. 177, for supporting the weight of a carriage. We may action of all draws the upper part of the body backwards.
f They have origin in four or five directions ; one from the
conclude universally respecting the motion of the several hones in
the limbs of the abdomen, that it includes flexion and extension ; spinous processes of the sacrum ; one from those of the lumbar
and that it superadds abduction and adduction, with a certain degree vertebra? ; one from those of the six or seven inferior dorsal ver
of rotation for turning the toes inwards or outwards ; and we must tebra;. The latissimus originates also from the back part of tho
observe, that from the great toe being destitute of an opponens spine of the ilium, and from the extremities of the three inferior
muscle like that of the thumb, the foot has no prehensile powers at false ribs, by distinct fleshy digitations intermixing with the digita
tions of the obliquus extemus. (Art 252.) The latissimus. passint;
all to be compared with those of the hand.
f Called descrndenlei, from their spreading obliquely downwards over the inferior angle of the scapula, receives often from tlieuce
Out of their serrated origin in the eight interior ribs between the some attaching fibres, and passes to be inserted into the humerus at
digitations of the serratus magnus anticus, (referred to in the lost the inner part of the bicipital groove (Art 233) before the insertion
note to Art. 242 as belonging to the thorax,) in order to insertion of the teres major. This muscle is very forcibly given in the Gla
into the ensiform cartilage of the sternum, into the linea alba, along diator, and the Hercules Farnese.
J They arise out of tlie back part of the sacrum and its spinous
the whole of its length, and into the forepart of the spine of the
ilium. The obliqui draw down the ribs in expiration, bend the processes ; also out of the back of tlie spine of the ilium ; also oat
trunk forwards when both muscles act, or bend it obliquely to one of the lumbar vertebra?, viz. from the roots of their transverse pro
side when one acts ; raise also the pelvis obliquely when the ribs are cesses, and from their spinous processes. The sacro himbalis is
inserted into all the ribs near their angles by long and thin tendons.
fixed, and compress the viscera.
§ They arise in common with the last pair of muscles from the
I Called mi: rm from lying under the former muscles, and called
mcendentes from their riling, anteriorly as well as posteriorly, out same parts of the sacrum and lumbar vertebra?. The lungisninius is
of the whole length of the spine of the ilium, and out of the upper inserted into all the ribs except the two last, and sends tendinous
nart of Poupart's ligament, and out of the fascia of the loins, to be slips into the transverse processes of the fourth, fifth, and sixth
nterled upward into the cartilages of the five inferior ribs, into the cervical vertebra?. In ascending, it adheres to the transverse pro
ensiform cartilage of the sternum, and into the linea alba: the cesses of all the dorsal vertebra?. Its office singly, is to heed the
obliqui interni assist the before-named muscle. Observe, however, body sideways, but in conjunction with its fellow, its ornce is to
that each internal oblique bends the body in the same direction as extend the vertebra?, and thus erect the body. Although, the two
last-mentioned pairs of muscles, togetlier with the
the external oblique of the opposite side.
§ Originating from the middle of the pubis, and extending di (see region of the neck,) are entirely covered by the
rectly upwards to its insertion into the ensiform cartilage, and into latissimi dorsi, yet tiieir shape aud action will be often
the fifth, sixth, and seventh ribs : it compresses the forepart of the ciently marked and visible in the living subject.
|1 The fascia hunborum is formed by the latissimus dorsi sod
abdomen, bends the trunk directly forwards, or raises the pelvis.
Between the two recti abdominis is a central tendon, called the linea the obliquus iuternus abdominis uniting with the tendon of the ser
alba, conspicuous in the Mercury, and in antique figures generally. ratus posticus inferior.
•' To these muscles for backward inflection Barclay adds the
E. gr. Pouparft ligament, attached at one end to the spine of
the os pubis, and at the other to the anterior of the spine of the rhomboidei majores, the spinales and semispinales dorsi, the muttiilium ; likewise the linea alba, which comes from the sternum to fidi spina?, intertransversarii dorsi et lumborum, and the quadrali
wards the symphysis pubis, dividing, like the intersection of the lumborum. Of the two last, he says, that he has enumerated them
mesial plane, the right side of the abdomen from the left, and com- because they are '• dorsad (behind) the centre of motion, and, accord
posed of the united tendons of the obliqui and transversalis Lastly, ingly, relaxed in the dead body when the trunk is inflected in tba
the Imece Irantvertir must be noticed, being three tendinous inter dorsal (liackward) direction."
sections of the rectus shining through the strong sheath which
** Tlie situation,generally,oftlie femoral muscles isthus described.
encloses it, and extending transversely across the iinea alba to the The tensor vagina? lemons and sortonus will be seen attached, ssbuaa
lintseseiriilunares on each side; the middle linea transversa crosses to the anterior spine of the ilium ; along the front of the femur snsy
the umbilicus, or navel. The linias transversa; are remarkable in also be observed tlie rectus femoris. On the outer side is the vastus
the Hercules Farnese and the Torso.
externus, and on the inner side, along the edge of the rectus^ is the
This muscle originates from the pelvis, and is inserted into vastus intertills. Immediately on the inner side of the saaxtui^s
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bend it backwards ; 3. to draw it outwards from the
' side by aftduction ; 4. to draw it inwards towards the
opposite femur by adduction ; 5. to turn the toes by
rotation* are employed as follows :
f. Extension is the duty of the glutens magnus,^
which originating from the back of the spine of the
ilium, from inside of the sacrum, and from the coccyx,
and taking hold of the ligaments between the sacrum
and ischium, is inserted into the upper and outer part of
the linea aspera. For the same office, the gluteus medius\ arises from the spine of the ilium and from the
external surface of that bone to be inserted into the
upper and outer part of the trochanter major. Another
extensor is the long head of the biceps cruris^ arising
in common with a muscle called the semitendinosus
from the upper and back part of the tuberosity of the
ischium. Its short head arises from near the middle of
the linea aspera. The two heads are continued sepa
rately downwards till they unite a little above the kneejoint ami terminate in a strong tendon passing at the
outside of the knee to be inserted into the head of the
fibula. The remaining muscles to be mentioned for
extension of the femur are, the semitendinosus, the semi
membranosus, and the adductor magnus. ]
2. For fiction, or bending the femur backwards, the
i to be noticed in Fainting are next to be enumeabove is the psoas magnus and iliacus interims descending together
in one mass beneath Poupart's ligament into the hollow of the thigh.
Next to these is the pectinalis running obliquely downwards from
the pubis to the upper part of the femur. The inside is occupied by
a large mass of muscle, consisting of the triceps adductor femoris,
arid a long slender muscle, the gracilis. See Simpson, Anatomy
of the Bonn and Muscles ilcsigned for the Use of Artists, part ii.
p. 114. For a popular description of these muscles in the Horse,
see Library of Useful Knowhdge, Farmers' Series, part ix. p. 259,
260. describing those of the femoral or hinder extremities. Those
of the fore-quarters will be found in the same Treatise, p. 228.
* There is a rotatory movement of the femur similar to though
not so extensive as that of the humerus. (Art. 243.) This is per
formed by the combined or successive action of the muscles em
ployed in the four other motions here stated.
■f The gluteus maximu?, (or magnus,) which is the largest muscle
ofthe human body, is so small and insignificant in other animals that
it may be said not to exist. It extends the pelvis on the femora of
the human subject iu standing, and assisted by the other two glutei
maintains that part in a state of equilibrium on the lower extremity,
which rests on the ground, while the other is carried forwards in
progression. The true office, therefore, of these important muscles
does nut consist, as it is usually represented in the common anato
mical works, in moving the femora on the pelvis, but in that of
fixing the pelvis on the femora, and of maintaining it in an erect
position. Blumenbach, Manual, p. 308.
J The buttock, in quadrupeds, is formed of the gluteus medius
and minor. In the horse, for example, though the gluteus magnus
has chiefly the character of a slight aponeurosis, the gluteus medius
is distinguished by remarkable strength, which in connection with
some other muscles, particularly the gemellus, enables the animal
to extend the hind leg suddenly and with astonishing force in kick
ing, p. 311.
§ This muscle iu all quadrupeds is not properly a biceps, but a
triceps, namely, with a single head, having one origin only. It
Arises from the ischium. It is the vastus longus of the horse and dog.
|| The first of these is for about two or three inches, connected,
as above stated, with the biceps. It ascends on the inside of the
femur to form a thick belly, from which a long, round tendon runs
behind the inner condyle to be inserted immediately below the
tuberosity of the superior end of the tibia. The next, the semimembranosus, arises near the muscle last named, only in front of it, from
the upper part ofthe tuberosity of the ischium, and proceeds obliquely
down the femur beneath the semitendinosus to be inserted into the
upper and inner part of the head of the tibia. This muscle with the
semitendinosus forms the inner hamstring. The last, the adductor
magnus, is one of three distinct muscles sometimes included altoge
ther under one term, triceps cruris, oi triceps femoris. The adductor
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rated. The sartorius* arises by short tendinous fibres Or Outline,
anteriorly from the top of the spine of the ilium, and
v—'
descending thence obliquely (about two inches in
breadth) across the femur to the knee behind the inner
condyle, terminates in a flat tendon which is inserted into
the inner side of the tibia, four or five fingers breadth
below the knee-joint. The gracilis arises in a thin ten
don near the symphysis pubis, and forms, as its name
implies, a slender muscle. It passes down the inside
of the femur to the knee, and is inserted by a tendon
into the inner side of the tibia between the insertion of
the sartorius and of the semitendinosus. The tensor
vagina femoris arises by a short tendon from the outer
part of the spine of the ilium near the origin of the sar
torius and between that and the anterior fibres of the
glutens medius. It descends a little way along the in
side of the thigh to a short distance below the trochanter
major, and is inserted into a folding of the aponeurosis
or fascia lata of the thigh. (Art 259.) The pectineus,
or pcctinalis,f arises fleshy from the upper and forepart
of the os pubis, and descending (a broad flat muscle) be
hind the femur is inserted by a short flat tendon into
the upper part of the linea aspera a little below the tro
chanter minor. The triceps femoris^ comprises three dis
tinct muscles called adductores, one of which, the adduc
tor magnus, is only partly concerned in flexion of the
femur, being sometimes partly employed, as was seen
above, in extension. Its origin and insertion have been
stated. (See note at the bottom of the last column.)
The flexor portion of the adductor magnus is that which
arises from the crus or ramus of the ischium. The
adductor longus originates from the upper and fore
part of the os pubis, and from the neighbouring cartila
ginous ligament ; the adductor brevis from the os pubis
near the symphysis. The former is inserted into the
middle of the linea aspera ; the latter into the upper
part of the linea aspera. The psoas inagnus arises late
rally from the bodies of the four upper vertebra of the
loins, and from their transverse processes, and also from
the lowest vertebra of the back. The iliacus internus
arises from the concave surface within the ilium and
from its outer edge, and passing over the ilium near the
os pubis is inserted with the psoas magnus by a tendon
into the trochanter minor. These two last-named
muscles form the thick fleshy mass which is seen
magnus originates from the edge of the os pubis near the symphysis,
and thence continues to rise from the ascending ramus and tubero
sity of the ischium. That part of it which arises out of the tuberosity
of the ischium is the part here required for extending the femur.
The whole passes behind the femur to be inserted into the entire
length of the linea aspera and into the internal condyle.
Other muscles named by Barclay for extension of the femur are
the pyriformis, the obturator internus, the gemini, and thequadratus
femoris, all concealed under the gluteus magnus.
* The tailor's muscle, so called from the frequent use of it made
by tailors in sitting a la Turque. The sartorius of the horse is de
nominated the adductor longus, in contradistinction to the adductor
brevis answering to the gracilis.
f Birds instead of the pectineus have a thin muscle termed the
accessory femoral flexor. It reaches to the knee and passes its
tendon over the knee-joint, whence it retires to the back part of the
leg, and runs, together with the flexor tendons of the toes, behind
the heel. At the back of the leg its tendon divides ; one slip or
division goes to be inserted posteriorly into the metatarsus, the other
slip joins the flexor perforatus of the first and last toe. Hence the
flexion of the knee and heel produces mechanically a bent shite of
the toe, which may be seen in the dead bird ; and it is by means of
this structure that the bird is supported when roosting, without any
muscular action. Blumenbach, Manual, p. 312.
J Beautifully marked in the Torso.
4 b 2
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Painting, descending from beneath Poupart's ligament, by the side
v—y—' of the sartorius, into the hollow of the femur.*
3. Abduction is performed by the tensor vagina al
ready described ; also by the gluteus magnus or maximus, and by the gluteus medinsj The sartorius,
already described as a flexor, is another muscle employed
in abduction.^
4. Adduction is effected by means of the three adduc
tors, alias the triceps femoris above-mentioned ; also by
the peclineus and gracilis, by the psoas magnus, and
iliacus interims, already described as flexors ; and fur
ther, by the semitendinosus, by the semimembranosus,
and by the long head of the biceps cruris^ already de
scribed as extensors.||
5. Rotation is of two kinds ; either for turning the
toes out, which being in the direction of the fibula may
be called fibular rotation ; or for turning them in, which
being in the direction of the tibia may be called tibial
rotation. Fibular rotation is performed by the gluteus
magnus,% and partly by the gluteus tnedius ; also by the
iliacus** interims and psoas magnus, by the triceps or
adductores, and in some degree by the biceps cruris, if
the leg be extended. All these muscles have been de
scribed above.tt Tibial rotation is made by the tensor
vagina and by a portion of the gluteus tnedius ; and if
the leg be extended, these muscles are assisted by the
* To these flexors Barclay adds the gluteus minor and obturator
externus, both of which muscles have their movements effectually
concealed ; the former by the thick and fleshy fibres of the gluteus
mcdius and gluteus magnus, the latter by various muscular strata
in front, the uppermost of which are the psoas maguus, iliacus in
terims, and pectinalis.
f The gluteus magnus arises along the hack part of the spine of
the ilium ; also from the outer part of the sacnim ; also from the
os coccygis ; and lastly from the Bacro-ischiatic ligaments. Its
fibres are very large, aud proceed obliquely downwards in a loose
and folded mass to support with the greater ease the body when
seated ; and they terminate in a strong, flat tendon which passes
over the trochanter major, and is inserted just below it into a rough
surface at the upper and outer part of the linea aspera. The gluteus
tnedius is in part covered by the magnus and arises from the re
maining half, the anterior half, of the spine of the ilium; likewise
from the dorsum, or outer surface of the ilium between the spine
and the semicircular iidge. The fleshy fibres of this muscle contri
bute as they descend to mark the contour of the hip-joint. They
converge into a broad tendon near the trochanter major, into the
upper and outer part of which the muscle is inserted.
I These abductors are further assisted by the gluteus minor,
covered, as already observed, with the other glutei ; likewise by the
pyriformis, obturator internus, and by the gemini. These three
last mentioned come from the inside of the pubis through the sacro
iliac and sacro-ischiatic foramina to be inserted into the fossa below
the trochanter major. All three are covered and have their move
ments concealed by the gluteus maguus.
§ The muscles situated on the back part of the thigh are three
in number ; the biceps flexor cruris, the semitendinosus, and the
semimembranosus. The attention of the student must first be
directed to the tendons of those muscles which form the hamstrings
at the lower and back part of the femur, and at the back of the
knee-joint. The outer hamstring is formed but of one muscle, the
biceps flexor cruris; the inner hamstring is formed of two, the
semitendinosus and the semimembranosus. Simpson, in toe. cit.
p. 120.
|l To these add the quadratus femoris, a muscle behind the femur,
and concealed effectually by the gluteus magnus. Add also
another adductor muscle in front, viz. the obturator externus con
cealed by the psoa* magnus, the iliacus internus, and the pectinalis.
•Jf The gluteus magnus or maximus in binls takes the form of a
pyramid, whervas the pyriformis, properly so called, is absent.
** The iliacus in birds is represented by the gluteus minor, at
tached to the anterior edge of the ilium.
If Th: gluteus minor, the pyriformis, gemini, obturator internus,
obturator externus, and quadratus femoris, may be added. (See
Barclay, On Muscular Motion, p. <129.) But as their action is con
cealed, they are of little interest to the artist.

sartorius, the gracilis, and the semitendinosus. Their Of OuEsj
description has been given in this article.*
v-"v»>'
(255.) The muscles to which belong the motions of the Murks U
knee-joint in the human subject come now to be noticed, mmt &
The movements of the tibia are limited to extension and^S"^1
flexion.t
Its extensorsX are, 1. The rectus cruris.§ 2. The
vasti,\\ called internus and externus according to their
situation on each side of the last muscle. 3. The tensor
vagina femoris, (Art. 254.) 4. The gluteus^ Tnagnus.
(Ibid.)
The flexors of tibia are** the gracilis, sartorius, semi
tendinosus, semimembranosus, biceps cruris, tensor
vagina, and gluteus magnus, already described. (Art.
254.) It will be observed of the two muscles last
named, that they are employed both as flexors and ex
tensors. They are so employed at certain stages of
flexion or extension. Both muscles are tensors of the
fascia called vagina femoris, which, since it extends
* The rotatory muscles of the human femur, when the femur is
fixed, observes Dr. Barclay, are calculated to produce similar motions
in the trunk.
Its companion, the fibula, has no connection with the kneejoint, and follows implicitly every movement of the tibia, to which
it is attached securely both by ligaments from its capsules at each
extremity, and by the interosseous ligament between the extremities;
also by muscles attached to it and to the tibia, e.g. the so/eus, tibialis
posticus, extensor longus digitorum, and flexor loogut digifonun ;
and, lastly, by muscles that cross the interosseous space longitu
dinally, viz. the tibialis anticus, extensor proprius poiHcis, and
flexor longus pollicis. Barclay, in toe. cit.
I The extensors, besides stretching out the leg, have the office,
when the tibia is fixed, of bringing the pelvis and femur forwards
over the leg. The extensors of the knee are much stronger in the
human subject than in other mammalia, as their double erlcct of ex
tending the leg on the femur, and of bringing the femur forwards
on the leg, forms a very essential part in the human mode of pro
gression. The flexors of the knee are, on the coutraiy, stronger in
uniuials, and inserted so much lower down in the tibia (even in the
simiae) than in the human subject, that the support of the body in
the hind legs must be very insecure ; as the thigh and leg form an
angle, instead of continuing in a straight line. Ibid.
§ Sometimes called rectus tibiae, or rectus femoris, which arises
by two strong tendons from two portions of the ilium : oue tendon
from an interior process at the lower part of the spine of the ilium,
the other from its outer surface, or dorsum, just above the acetabu
lum. The tendons soon unite in a thin flat muscle, widening to
wards the middle of the femur, whence it passes directly downwards
to the patella, into the upper and fore part of which it is inserted, to
be again inserted into the tubercle in front of the tibia by the bgamentum patellae.
|| The vastus internus arises from a tendinous origin beneath the
forepart of the trochanter minor, and from the inner and lower edge
of the linea aspera. Its fleshy fibres proceed obliquely forwards
down the femur, to be inserted partly iuto the tendon of the rectus,
mid partly into the inner edge of the patella. The vastus externus
arises, broad, tendinous, and fleshy, from beneath the forepart of the
trochanter major, and from the upper and outer side of the linea
nspera. Its fibres proceed obliquely downwards and forwards, and
compose the large fleshy mass on the outer side of the femur, but
not continued so far down as those of the vastus internus. They an
inserted partly into the tendon of the rectus, and partly into the
outer edge of the patella.
*[ To these add the crureus, or cruralis, which has its rise between
the vasti, and has a common insertion with them into the tendon of
the rectus. Hence the two vasti, the cruralis, and the rectus cruris,
have been sometimes described under the term quadriceps. The
cruralis is quite concealed under the other three. These muscles are
well shown in the Hercules Farnese, Gladiator repugnans, and al
most every antique statue. They are more prominent the more the
leg is extended.
** To these add the gemelii, concealed by the gluteus magma ;
and the p/antaris. concealed by the external head of the gastrocne
mius, and of which the only part discernible is the lower end of its
inserting tendon united to the tendo Achillis. Also the jnpfilsrus.
still more deeply seated than the last muscle.
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Panting, over the knee, and on each side of the knee-joint to be
~*/~~/ attached to the heads of the tibia and fibula, will have
those two parts, on each side of the centre of motion in
the knee-joint, alternately stretched and relaxed during
the process of bending or extending the leg. The
fibres of the fascia that reach downward from these
muscles outside the femur to the fibula, will help to bend
the leg. The fibres, on the other hand, that extend
obliquely across the femur to the tibia will (while they
pass over the intervening inner condyle at the knee)
extend the leg.
tmclei for (256.) The human foot is moved on its axis upwards,
»rbg the which is called flexion ; downwards, which is called
pointing the toes or extension ; inwards, which may be
called adduction, or turning in the toes ; and outward*,
which may be called abduction, or turning the toes out.
The muscles, therefore, of the tarsus may, like those of
the carpus, (Art. 245,) be divided into flexors, extensors,
abductors, and adductors.
Itsflexors are the tibialis anticus, the extensor longus
digitorum pedis, and another muscle, sometimes wanting,
which is properly a part of the extensor longus, called
the peroneus tertius. Also the extensor proprius pollicis pedis, which, though the belly of the muscle is con
cealed between the tibialis and extensor longus, sends
out its inserting tendon between theirs. The extensors
of the tarsus are the gemellus,'* alias gastrocnemius externus : the soleus, or gastrocnemius interims ; both
which blending inseparably their tendons, to be inserted
together into the os calcis and to form thetendo Achillis,
are sometimes called a musculus triceps (the gemellus
has two origins) of the calf of the leg : the plantaris,
sometimes wanting, of which the only part seen is the
lower part of its tendon, near its insertion with the two
preceding muscles posteriorly into the os calcis :t the
flexor longus pollicis; and under it (concealed, but assist
ing to swell its dimension) the flexor longus\ digilorum
perforans. To these add the tibialis posticus, of which
the tendon only is visible, passing with that of the flexor
digitorum behind the inner ankle through a groove in
the tibia : lastly, the peroneus longus, and the peroneus
brevis, whose tendons descend behind the outer ankle to
the sole of the foot for insertion, the former into the
• The extensors of the ancle-joint, and chiefly those which form
the calf of the leg, are very small in mammalia, even in the genus
simia. The peculiar mode of progression in the human subject ac
counts for their superior magnitude in Man. By elevating the os
calcis, they raise the whole body in the act of progression ; and by
extending the leg on the foot, they counteract thatt tendenc
tendency which
the weight of the body has to bend the leg in standing. Lawrence's
Blumenbach, in loc cit.
' f The plantarit muscle, instead ofterminating in the os calcis, ex
pands into the plantar fascia? in the simise ; and in other quadru
peds it holds the place of the flexor brevis or perforatus digitorum
pedis, passing over the os calcis in such a direction that its tendon
would be compressed, and its action impeded, if the heel rested on
the ground. Lawrence's Blumenbach, in loc. cit.
J In birds the flexors of the leg and toes are remarkable. They
answer to the flexores longi, and form three divisions, the first of
which, again portioned into three, is a flexor communis perforatus.
This muscle has two origins ; one from the outer condyle of the
femur continued into a perforated tendon to receive a tendon from
the muscle that answers to our peroneus. The other origin which
from the hinder surface of the femur gives out tendons for the index
and digitus minimus pedis. Fibres from this flexor communis con
nect it with the accessory femoral flexor (see in Art. 254 note on the
pectineus) already mentioned. By reason of this connection, and
the insertion of each flexor tendon into its appropriate unguinal
phalanx, the inflection of the femur causes an inflection also of the
toes enabling birds to clasp their perch during sleep. See Burelli,
de Motu Animalium, para lma. prop. 149 aud prop. 150.

553

metatarsal of the great toe, the latter into the metatarsal Of Outline
of the smallest toe.
v—^The abductors of the tarsus are the peroneus longus,
peroneus brevis, and extensor longus digilorum, together
with its offspring already described, theperoneus tertius*
The adductors are the tibialis posticus, the flexor lon
gus digilorum, and the flexor longus pollicii, already
enumerated as extensors of the tarsus.t With respect
to muscular action upon the remaining portions of the
foot, viz. upon the metatarsus and the phalanges thereto
appending, we despair of making ourselves intelligible
by any outline in words ; and we close this description
with recommending, as we did for an acquaintance with
the hand, (Art. 245,) a complete dissection of the tarsal
as well as carpal extremities.
(257.) The chances, however, of drawing with ineor- Outline of
rect outline a hand or foot, or any separate limb and 'nt' K'/,0'«
figure to be
feature, may be far less than the likelihood of failure
studied, as
putting all the parts of a figure well together. Many well "as outcan draw a single part with precision and with grace, line of parts,
who yet liiil lamentably in arrangement of the whole.
Perhaps this is easy of explanation. Such objects as
in the life are oftenest presented to the artist's eye, he
will be likely to paint best. We have, for this reason,
been the more diffuse upon the relative position, origin,
and insertion of such muscles as were familiar daily to
a Grecian student among the Gymnasia of old in the
Age of Pericles or Alexander ; but which other times,
and other customs, and, we may add, an unfriendly
climate, must always render less accessible to the ablest
modern Phidias or the most accomplished modern
Apelles of the North. { To sculptors the importance of
having the whole figure well arranged is so apparent,
that even in cases where folds of drapery cover almost
* The peroneus in the female foot does not appear. It is strongly
marked in the Laocoon and Hercules Famese. On the instep, be
tween the extensor longus and the outer ankle is seen the extensor
brevis, very prominent in the Laocoon and in the left foot of tho
Gladiator. The feet of the Hercules Farnese may here, as they
may in every case, be consulted as perfect models.
f Observe that the flexors of one hone are often the extensors oi
the next adjoining boue. Thus the flexors of the femur have been
numbered amongst the extensors of the tibia. (Art. 254.) So in
the present instance, the flexors of the tarsus are found among the
extensors of the toes, and vice vend.
I In the nutes to a Poem entitled E/emenli of Art, published in
1809, from the pen of the present President of the Royal Academy,
the reader will find, amidst much valuable information conveyed in
a very lively manner, an observation, p. 142, that a modern
Sculptor would not consider the practice of frequenting our pugilistic
academies as 11 a very important accessory to his ordinary means of
improvement ; that to examine, to auy purpose, the muscular forms
seen there, he must take them to his study : and that the Romans,
possessing similar opportunities with the Greceks for studying the
human form at games and public exercises, never approached the
excellence of Grecian art" We are of opinion that the Gym
nasia of the Greeks probably contained figures that showed intellec
tual as well as animal power, models of nobler expression, and per
sonages more graceful, as well as loftier and more dignified ia
character and deportment, than our " pugilistic academies" can often
boast : but we think that with such living Grecian forms before him
an able artist would prefer catching the expression of unconscious
and unrestrained subjects to confining them in his studio : and we
agree with the author that the superior taste and civilization of the
Greeks brought them to admire and imitate, what less-gifted Roman
artists would overlook. The remark in an Kssay of Hume, that
" nothing if more favourable to the rite of politeness and teaming
than a number of neighbouring and independent Stales, cemented
together by commerce and policy" may account for the nonadvancement of the Arts in ancient Rome. The mistress of the
world had no rivals. Her slaves were her teachers. She conde
scended to be taught. How could she be eminent in what she half
despised ? Excudent aliil &c.
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Painting, the entire body, their practice is to complete a perfect
model of the form beneath, before draping is attempted.
It is upon the same principle that we would urge the
pictorial student to consider muscles as a clothing of the
bones; and so thoroughly, in the first place, to acquaint
himself with the skeleton of any animal, as afterwards to
clothe it with facility in all its appropriate integuments,
and thus to show the whole figure well sustained
throughout.*
Of super(258.) But this acquaintance, generally, with musficial liga- cular configuration will be incomplete if it lead to forced
ments and an[i exa£rrrerated outline. The muscles in the living
aiUl1"
figure, besides their covering of the skin, are so sheathed
and rounded, and kept down by various fascia; and
ligaments, annular, capsular, and inter muscular, that
* Such a view of the subject seems yet more necessary to Painting
than to Sculpture, since the sculptor is not troubled, except occa
sionally, in relievo, by rules of linear perspective. But Painters are
confined to a flat surface, and to only one aspect of the form which
that surface is to represent. Painters, therefore, must be careful to
keep the painted form within perspective rules, and must be careful
in proportion to their greater difficulties ; for the Painter may be
often overwhelmed with foreshortenings in cases for which a statuary
has the advantage of actual measurement, and which, to the latter
artist, may be the simplest cases possible. A method may here be
mentioned, which we know has been successfully pursued. Let the
human skeleton, or that ofany animal, drawn in tome natural posi
tion, be painted in oil upon a panel of sufficient dimensions to show
distinctly the features, joints, and general character. When the
Painting is sufficiently dry, rub the surface with a little finely
powdered pumice-stone till it will admit a coat of water colour, pre
pared of any earth or ochre mixed with white chalk, to suit the tint
of the intended subject : let the student then take his hair pencil,
and with a full brush of colour lay on the various Btrata of the
muscles ; only in the inverse order to that adopted by an anatomist
in dissecting them or taking them off: for the dissector, beginning,
of necessity, with the'outside. calls that outside coat the first layer of
muscles ; and so proceeds through the second and third layers till
he reaches the fourth, which lies nearest to the bones. Our practi
tioner, on the contrary, may begin with the fourth, or with the third,
of which he need not be very minutely careful, since those muscles
are seldom subjects for the Painter ; but to the second and to the
first layer, since these give form to and partly constitute the super
ficial boundaries, he must pay diligent attention. It was with this
view that we have endeavoured in the preceding columns to select,
and to describe for him, the most remarkable of the superficial
muscles, particularly in the human subject. He will scarcely find
an easier mode of fixing in his memory, and of familiarising to his
eye, the shapes, use, origin, insertion, and situation of these allimportant instruments of animal motion. A peculiar advantage of
this method is, that the whole, or any part of the water colour may
be at any time effaced with a wet sponge, when the painting of the
bones will again reappear, and may again be coated with larger or
with smaller muscles at pleasure. For the connection of the bones
and muscles, see a short but complete Manual, 12mo. by J.F. South,
1828.
If further practice be desired in this way, let the student pre
pare dark tints, variously tempered with the lighter material, nnd
proceed to shade every muscle according to its natural prominency
and the degree of light introduced over each part of the figure. For
this purpose, let him first draw, or paint in a skeleton form, any
fine statue or group; and after carefully marking the position of the
several joints and bony protuberances, cover the whole with muscles,
as seen in the marble or cast before him. Oil paintings of skeletons
from the antique, to be afterwards worked upon with water colour in
the manner above suggested, might furnish useful practice for such
as commence the Art. It will moreover be evident, that by varying
to any required extent the posture of the skeleton animal, the fore
going method may be rendered universally useful in the drawingschool, for acquiring, in a shorter space of time than perhaps is
usual, a more than usual acquaintance with Myology.
A very complete Work in folio was published at Paris in 1812,
by Jean-Galbert Salvage, Doctrur en Midrdn, entitled Anatomic du
Gladiateur combatant ; the plates to which effectually illustrate the
method of practice which we have recommended above. See also
Tuson's Myology Ulutlruted, foi. 1825. On the same subject there
is a Work translated from the German of Lavater, published in
1824 by Ackermaun, expressly for artists.

even in the most muscular living model they blend by Of 0*5
degrees their boundaries, gliding softly and insensibly
into each other, and have no markings that at any time,
or under almost any circumstances, will be seen ap
proaching to hardness. Of the superficial ligaments
and fascia: in the human subject it will therefore be
necessary to make some mention. The inguinal liga
ment, called Poupart's, or the crural arch, along the
spine of the ilium to the os pubis, has been noticed ;
(Art 252 ;) it is a folding or doubling back of the
tendon of the obliquus externus. The use of these liga
ments generally is to bind down the tendons and prevent
them from starting ; and sometimes to give them, as by
a pulley, a new direction. Each tendon for this purpose
is enclosed in a smooth and well-lubricated tendinous
channel, which is called a capsular ligament ; also at
the extreme joints of the limbs, both of the thorax and
abdomen, are affixed tendinous bands, called annular
ligaments, under which, through distinct rings or
sheaths, pass the tendons of various muscles concerned
in motions of the carpus and tarsus, and of their ap
pending joints and phalanges. These bands furnish
likewise points of attachment for the fascia that sur
round the arm and leg. At the wrist in the human
subject, we need only here mention the annular band,
or ligament, which at its broadest part is the breadth of
a thumb, and which has the appellation of anterior or
posterior, according to its aspect towards t/te palm, or
towards the back of the hand ; the former binds down
and gives passage to the flexor tendons, the latter to the
extensor tendons. Both ligaments are attached strongly
to the articulations of the radius and ulna, and of the
neighbouring bones of the carpus, which they assist in
connecting. Again, at the ankle-joint observe the
deltoid ligament descending from the inferior border of
the inner ankle to the inner part of the astragulus and
os calcis, to form a band for the tendons of the flexor
longus digitorum, and of the tibialis posticus : also from
beneath the outer ankle to the outer side of the os calcis
a second band for the tendons of the peronii ; and
a third in front above the instep, situated between tlie
ankles, and joining the former two, gives passage to the
tendons of the proprius extensor pollicis pedis, and
(through four distinct rings or sheaths) to the four
tendons of the extensor longus digitorum.
(259.) Among the fascia, or aponeuroses,* we may
begin with noticing, I. That of the occipito-frontaiis
muscle spread, tendinous, over the crown of lie head.
2. That of the temporalis has been already named.
(Art. 232.) 3. The platysma myoides may be here
included, originating by extremely delicate fibres from
the cellular membranous covering of the pectoral's and
deltoides, and inserted into the skin and muscles of tbe
lower jaw and cheek. Acting as a muscle, it draws
downwards the skin of the cheek, and when the mouth
is shut, draws the integuments of the neck upwards.
It is introduced in this place from its inseparable connection with a thin fascia interwoven with its fibres,
termed the cervical fascia, which binds down nnd in
vests the front and sides of the neck. Through this
* In various parts ofthe body the tendons may be seen expsodiug
themselves into a broad flat membrane, and forming what is called
an aponeurosis or fascia. The use of these fascia is to cover (ha
muscles, and give attachment to many of their fibres : they also clip
down between the muscles, and, forming partitions, adhere to the
ridges of the bones, and thus prevent the muscles from starting oc
swelling too much when in violent action.
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fascia and platysma, and in the direction of the sternohyoides muscle, is seen occasionally a convexity in the
throat called the pomum Adami, generally larger in the
male than female subject. 4. The brachial aponeurosis
arises from the tendons of the latissimus dorsi and
pectoralis muscles on each side of the arm-pit ; also
from the tendinous insertion of the deltoides ; also at
the back part of the arm, from the spine of the scapula
(Art. 233) and the fascia of the infraspinatus. From
these origins k expands, like a sleeve, downwards over
the whole arm, enveloping the muscles, and covering
the brachial vessels and nerves, where they descend along
the inside of the limb. It becomes fixed below into the
condyles of the humerus, and to the several neighbour
ing ligaments between the muscles, and then proceeds
to form, 5. The fascia of the forearm, a strong and
thick covering, but more especially so at the back of the
fimb. The tendinous investment, which in the upper
joint or humerus was thin and weak, now becomes
dense and powerful ; it is attached to the condyles, and
adheres firmly to the olecranon, or upward projection
of the ulna. Behind the arm it is strengthened by fibres
from the triceps extensor, and in front it appears a con
tinuation, as has been said, of the brachial aponeurosis
sent off from the biceps flexor cubiti. It descends over
the forearm, binding down the muscles, and sending
processes between them, and is continued below into the
annular ligaments (Art. 258) of the wrist. From this
tendinous bracelet at the wrist arises, 6. Thefascia pal
mares, which expanding over all the palm of the hand,
is fixed to the roots of the fingers, splitting to transmit
their tendons. It is strong and thick, and conceals the
muscles of the hand, while it gives them powerful sup
port. 7. In the region of the abdomen we have the
fibres of the obliquus externus descendens terminating
downwards in a broad thin aponeurosis assisting to
support the viscera.
8. The fascia lata is a very
strong, smooth, and tendinous expansion on the outer
part of the femur. On the anterior and inner part it is
very thin and of a cellular texture. It surrounds the
femur, covers all the muscles, and is pierced by many
small foramina for vessels and nerves. The fascia lata,
as its name imports, is most extensively connected with
bones, tendons, and ligaments in the abdominal region.*
It receives a number of fibres from the muscle peculiar to
it, called the tensor vaginae femoris, and also from the
tendon of the gluteus magnus. Below it adheres to
the common tendon of the rectus and vasti muscles, and
to an aponeurotic expansion over the knee-joint ; and it
is continued over the knee to be attached to the heads
of the tibia and fibula, after which it forms, 9. The
fascia of the leg; which is uot only a prolongation of
* In the upper and fore part of the femur it arises anteriorly
om the spine of the ilium, from Poupart's ligament, and from the
oa pubis : on the inside of the femur it springs from the descending
ramus of the ot pubis, and from the ascending ramus and tuberosity
of the ischium : behind the femur, and on the inside, it arises from
the surface of the sacrum and coccyx, and is continuous with the
cellular covering of the gluteus magnus, which muscle, however, is
not bound by any distinct fascia or aponeurosis : it is at the anterior
edge, and on the lower fibres of the gluteus magnus, that the com
mencement behind of the fascia lata appears. Thus extensive in its
origin, the fascia passes down over the whole thigh, covering and
enclosing the muscular mass, and sending septa, or processes, inward* through the femur, which form cellular sheaths for several of
the muscles. By one of these processes, or laminae, it is firmly fixed
tc the outer edge of the linea aspera. But the main body of the
fascia does not give origin to muscul—
vagina unattached.
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the fascia lata, but receives fibres from the tendons of Of
the sartorius, gracilis, and semimembranosus, as well as v«from the tendinous expansions of the rectus and vasti
femoris.* 10. Lastly, the fascia plantaris requires our
notice, bearing some analogy to the fascia pal maris already
described.t
(260.) No apology can be necessary to the artistic
inquirer, for our having given as minute attention as
our limits will permit to the foregoing particulars. If
intimate acquaintance with the superficial muscles be
absolutely indispensable, there must likewise be still
further occasion for a perfect knowledge of those parts
which appear above the muscles. Not only the fasciae
we have been enumerating are essential characteristics
of the external fabric, but a multitude of veins also
which protrude themselves outside the surface of the
fascia?, and are seen through the skin.t We have
already alluded to certain veins and arteries in the
region of the head. (Art. 232.) In the arm we have Of
yet to mention several cutaneous veins which ramify ous
upon its fascia. The principal are the vena basilica,
the vena cephalica, and the vena mediana major. 1.
The basilic vein arises from a small vein, called the
salvatella, outside of the little finger, then runs upwards
inside of the forearm in two branches, which receive in
their course a number of smaller ones ; and which, from
their proximity to the ulna, are called the anterior and
posterior ulnar veins, the posterior being the largest.
The basilic vein next passes over the fold of the arm,
and is here joined by a vein, to be again noticed, called
the median-basilic ; it then becomes deeply seated, and
disappears a little above the elbow-joint.§ 2. The cephalic
vein commences also at the back of the hand by a plexus
* It adheres firmly to the heads of the tibia and fibula ; and, in
its passage downwards, adheres also to the inner edge of the front of
the tibia, uniting itself inseparably with the periosteum : it entirely
invests the leg, but is thickest in front ; behind and at the lower
part of the leg it is much thinner. It again becomes very strong
where it passes over the ankle-joint, in consequence of its adhesions
about the outer and inner malleolus : here it again joins the annular
ligament already mentioned, (Art. 258,) which is described in the
London Dissector, (a work to which we are indebted for the greater
part of our information,) as being in fact only a thicker aud strongei
portion of the fascia of the leg. Below, and in front, the fascia ot
the leg terminates try a thin tendinous expansion that covers the in
step ; behind, it is lost insensibly on the heel ; on the outer side it
is connected with the sheath of the peronei muscles, and on the
inside it is affixed to the internal annular ligament.
t It is a very strong tendinous expansion, which arises from the
projecting extremity of the os calcis, and passes forward over the
sole of the foot to cover and protect the muscles ; it is triangular
At its origin from the heel it is thick but narrow ; afterwards it be
comes broader and thinner as it proceeds under the foot, and is fixed
to the head of each of the metatarsal bones by a process which,
splitting, leaves room for the tendinous vessels and nerves to pass.
J Our limits will not permit such a comparative view as would
include a description of these veins in quadrupeds, but the student
will find, in pursuing the inquiry, that the parts of quadrupeds ana
logous to those in the human subject have similar fascia) and veins,
which, running over them, show, in like manner, their branches im
mediately under the skin ; they are more or less visible according to
circumstances. In general those vessels appear most distended and
fullest in any member which lie lowest, and whose fluid contents,
in finding their level, must accumylate by a force of gravity cor
responding to the posture of the limb. For this reason, in quadru
peds, the pectoral and thoracic veins are conspicuous. Also any in
cidental stoppage of the circulation will cause a swollen appearance
of the veins in that portion of the limb where an accumulation of
blood is induced.
§ For examples of the basilic vein, see the Hercules Farnese, the
Sleeping Faun, and the left arm of the Ha?mon. The left hand of
the Laocoon admirably exhibits the disposition of the veins ; and
must divide, with the foot of the Hercules, the attention of every
student in outline.
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Painting, of veins, uniting into one trunk, named vena cephalica
,w»v-»«' pollicis, situated between the thumb and metacarpal
bone of the forefinger. Passing along the radial side of
the arm it takes the name of the superficial radial vein,
and receives cutaneous branches from both surfaces of
the forearm. Ascending over the bend of the arm, near
the outer condyle, it is joined at this point by the mediancephalic not yet noticed, and continues its course up
wards near the outer border of the biceps flexor cubiti, and
afterwards between the deltoides and pectoralis major,
till it dips inwards under the armpit to enter the axillary
vein. 3. The median vein is a trunk between the two
former, supplied by several veins that run along the
middle of the front, or flat side of the forearm, on a line
with the palm of the hand. At the fold of the arm the
mediana major divides into the two branches that have
been mentioned ; one of them, mediana basilica, being
a junction obliquely with the basilic vein ; the other,
the mediana cephalica, with the cephalic. A third re
tiring branch, and therefore unimportant to the painter,
sinks inwards to join the deeply-seated veins.
(261.) In the femoral extremity, the student will
remark the vena saphena major and the vena saphena
minor. 1. The saphena wiry"or,*comrneneing from veins
on the inner side and forepart of the foot, is seen cross
ing over the inner ankle ; then running upwards upon
the inside of the tibia it ascends behind the inner con
dyle: it is next seen climbing up the inside of the knee
and of the femur, under the name of the saphena interna.
At its first appearance it is very distinct and superficial ;
but as it ascends the femur it becomes enveloped by the
fibres of the fascia, and at length, about an inch and a
half below Poupart's ligament, sinks beneath the falci
form process of the fascia lata to join the femoral vein in
the groin. In its course it is joined by several cutaneous
veins from the thigh. 2. The saphena minor, or ex
terna, is situated between the muscles of the calf and
the fascia in front of the leg. It begins by cutaneous
branches of many small veins on the outer ankle and
outer side of the foot, and is seen ascending from the
outer ankle over the tendo Achillis, and along the
middle of the gastrocnemius muscle to join the popliteal
vein. At first it is very visible in its course immediately
under the skin, but in the upper part of the leg this
vein sinks gradually between the lamina? of the fascia to
enter the poples or hollow of the ham.
Outline of
(262.) On the subject of Landscape we have here
Landscape. to perform our promise of giving some observations.
, The varieties of outline in Landscape result chiefly from
changes of the season and of the weather, much after
the same manner as the outlines of interior or in-door
grouping result from the agency of human contrivance,
and from gestures voluntary or involuntary.
_ Landscape has commonly been divided into fore
ground, off-scape, or middle ground, and distance. Of
these three the middle ground, as it generally comprises
the greatest number of distinguishable objects, is capable
perhaps of the most interesting variety. To begin,
however, with
1. The distance. Very remote objects are only and
dimly visible in large masses. They consist chiefly of
clouds and mountains, with occasionally the horizon
formed by the surface of a lake, or of the sea, or of some

wide flat moor-land. Lines representing the most dis- Of Oci
tant clouds or waves will become, the more nearly they
approach the horizontal line, more and more parallel to
it. Objects at sea, as ships, &c, (if distant more than
five miles from a spectator standing on the shore,) must be
represented with their lower portions more or less beneath
this intervening horizontal line of water. But observe
that, in a hazy atmosphere, this horizontal line is
higher than at other times, and at some little distance
above the ordinary perspective horizon, (Art. 11,) a
distance greater in proportion to the degree of hazi
ness. The height of the horizontal line H L (plate
i. fig. 1.) above p o, ik, or a d, the base or bottom of a
picture, also depends upon the nature of the subjects to
be introduced. If much foreground or middle ground
be required, the eye of the spectator must be placed
higher to command the view. The horizon of course
rises with him. Some great authorities in landscape,
Poussin, for example, have chosen to place the horizon
about one-third from the top of the picture. This ar
rangement is favourable for the sublime effects of
mountain scenery, and unfolds a kind of bird's eye view
considerably below the level of the spectator's feet, or of
the ground plane. Other great artists, as Claude of
Lorraine, have placed their horizontal line about onethird from the bottom of their canvass, thus obtaining
a larger portion of sky, and consequently of aerial light.
2. The foreground. The nearest objects have their
outlines most distinctly marked, especially such as lie
near C. (plate i. fig. 1,) the centre of the picture. We
before observed (Art. 15) respecting the circle of vision,
of which F R (plate ii. fig. 5) is diameter, as well as
respecting the circle of distinct vision, of which V X is
diameter, that within any given intervals, as V F, or X R,
between the two circles, the objects become clear as they
approach to C. Upon the same principle also, the
distinctness of objects within the circle of distinct vision
increases as they approach the same point C. Not only
in the outline of figures or buildings, but in the foliage
of trees, shrubs, or plants, undulations of water, &c. the
most articulate and careful markings may be here re
quired. Among foliage, close to the plane of the pic
ture, an outline, even of leaves and flowers, may be
occasionally given with good effect, provided they be
kept to their natural size, determinable by the propor
tions of the principal distance. (Art. 39. et *eg.) It is
recommended for drawing readily the outlines of foliage,
that the student previously apply himself to learn the
touches of some able master. Besides many Works of
modern Art for this purpose, good engravings from
Titian, Caracchi, and Rubens, may supply examples.
From Claude there is a very characteristic set of en
gravings by Earlom, the Liber veritatis. No sooner,
however, is competent execution obtained in this branch
of drawing, than the artist must resort to the book of
Nature for the forms and characters of his trees. Not
only must he select for himself such as present pictu resque objects for study, but he must remark, with some
thing of the eye of a naturalist, every peculiarity in the
shape of bark or foliage, as well the usual height from
the ground at which the main branches of each are seen
to fork off from the trunk and at what angle.* Similar
observations apply to the delineation of water, and the.

* The saphena major runs differently in different individuals, but
* The edition of the Trullalo delta Pillura, by Manxi, contain*
generally takes the course given to it in the legs of the Hercules many remarkable observations from Da Vinci, ou foliage aini oa
Varnese and in the Sleeping Faun.
Laudscape generally, not before published.
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Wabng. more or less distinct outline of its waves. By the in•y—^ fluence of wind it takes the direction of the waving line
ioD, ioC, or t'oB. (Plate xi. fig. 3.) The efTect
also of wind upon clouds is infinitely diversified. As a
general rule, let the roundest and fullest portion of a
cloud be that which, like the bosom of a sail, is furthest
from the wind, and let its scattered portions be repre
sented to windward. The same outline applies to the
representation of smoke. Very high clouds assume a
level form.
3. Respecting the middle-ground, which, as its name
imports, is between the near-ground and the distance, the
outlines are less articulated. They become more indis
tinct, more rounded, and more grouped in masses, in
proportion as they recede from the eye. Large trees,
which upon a closer view would show distinct branches,
must now be massed into round or spheroidal forms.
The surface of the roughest water, as it nears the hori
zon, approaches to a smooth line. In the middle-ground
the same result of a foggy atmosphere may be shown by
the same kind of enlargement in the size of objects, as
was observed above respecting the effect of haze upon
the horizon and objects in the distance. Observe also,
that the sky over the middle-ground, like that over the
distance and over the front or fore ground of the picture,
partakes in its outlines of the same general appearances
as belong to the several districts immediately underneath
it. Near the spectator the clouds are to be distinctly
and carefully marked, though without hardness. In
sensibly their articulations become less and less dis
cernible, until, in the horizon, they may be said to melt
into space.
(263.) Nest to configuration we proposed to treat ofex
pression.* That certain lines, curved lines, straight lines,
or combinations of either, have the power of conveying
through the eye impressions peculiar to each form, has
long been a received theory. Like all theories, it may
be absurdly overstrained. But nothing seems moreproT>able than that out of the general appearances of nature
to the sight and to the imagination, some general de
ductions have been tacitly and yet universally made by
* It might, perhaps, be doubted whether expression comes pro
perly under the head of outline. But experience decides otherwise.
For let the merest novice in Art attempt the outline of any figure
animate or inanimate. The first spectator to whom he submits his
work, will immediately remark upon its merit as a resemblance in
tended to express some quality in the object represented. If the
outline, for example, be of a human subject, some character is
annexed to it. It is pronounced to be either young or old, hand
some or deformed, pleasing or disagreeable, or is considered as
expressing some particular sentiment of the mind, or some pecu
liar habit of the individual. If designed for a likeness, the critic
instantly examines its proportions. The nose is too long or too
broad ; the eye too Urge, or too diminutive, or too prominent ; the
mouth nearer to the nostrils or to the chin ; the lips wider, or
thinner, or narrower, than in the life. Or, if the general likeness
U admitted, then it is or is not Battering. The face is too cheerful
or too thoughtful, too youthful, too handsome, or too otherwise. Or
let the drawing be of a horse or cow, or any animal, its make, its
breed, or other peculiarities will be observed upon, and its propor
tions inquired into, together with the aptitude of the limbs assigned
ky the draughtsman for its support, or for expretting any motion
that may be represented. Even in viewing representations of inani
mate objects throughout the world of Art or of Nature, the mind of
the spectator passes judgment upon the tort of building, the tori of
carriage, the tori of tree, &c, and the critic exclaims at once against
the shape of such a mountain or of such a river, or of such a cloud
that it is unnatural. All this criticism, be it observed, is called con
tinually into exercise by mere outline; and whether the judgment
passed be just or unjust, a proof is given that expression of some
Kind or of some degree belongs to this division of our inquiry.
VOL. V.
-
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mankind, constituting the parent stock upon which Of Outline,
systems of taste have been enjrrafted.*
w—v-»'
(264.) A perfectly straight line, however placed,
whether alone or with other straight lines, in any direc
tion, gives no idea of life or of voluntary motion.t
Drawn horizontally (see note to Art. 263) it implies
flatness, and quiescence, and rest. But it is the flatness
and quiescence of no living thing.J It is the rest of
death, or rather the fixedness of an object that neither
has had, nor can be expected to have lite. It marks, to
* There appears no absurdity in maintaining, that as varieties of
motion or position give to natural objects peculiar changes of con
formation or outline, the lines which represent those changes should
be conceived to have some necessary connection with the original
movement or position so represented. Thus, whenever, as com
monly it happens, during any violent action or agitation in nature,
the objects convulsed and agitated take abrupt, irregular, and
jagged forms; an association thereupon becomes established in the
fancy of the spectator between such outlines and the scene of terror,
or of confusion and wildness which they call up to his memory.
The distorted features and startling gesture of a man phrenzied
by passion ; or, in a storm at sea, the tremendous declivity of waters
alternately gulf and mountain, that rise like " Alps o'er Alps" in
endless yawning curves ofsharp-pointed waves ; the zig-zag lightning;
the confused intersection ot innumerable lines among shivered masts
and torn rigging ; are likely to imprint themselves indelibly on the
" mind's eye." Such lines, therefore, would come to lie considered
indicative of sudden motion or emotion, and classed in the alphabet
of taste among appropriate characters for the terrific or the sublime.
Let us next picture the opposite to such a scene i perfect calmness
and placidity ; a sky without a cloud ; a horizontal line unbroken
by either mountain or wave ; no sign of movement any where.
This straight, undeviating, horizontal line might very naturally lie
adopted fur expressing rest or fixedness. And another straight line
perpendicular to this, might, on similar principles, express firmness
or security, namely, the general state of bodies resting perpendicu
larly upou horizontal bases. The impression, too, respecting secu
rity would be stronger as the base is extended. If, indeed, tha
straight line be seen inclined to the horizon, we, of necessity, regard
the object as fulling, or for a time only kept from falling, like the
tottering wall of a dilapidated building. Thus, the straight lines at
A and IS (plate iv. fig. 2) inclined to the horizon C D indicate a pro
pensity to fall : A toward C and B toward D. But let the lines A
and B be joined at E, (fig. 3,) the idea of insecurity and dilapida
tion ceases, and the figure A E B supported on the base A B is
endued with pyramidal stability.
■j- A straight line divided regularly denotes method and design,
but is often too precise and formal for pictorial effect. Divided irre
gularly it denotes confusion ; but divided so as that the parts shall
bear a certain proportion to each other, it becomes agreeable: e.g»
in a perspective of the wings and centre of the building, and in the
forms of crystals, wherein the arrangement may be so wonderfully
varied as to be pronounced beautiful. In living subjects a straight
line combined with curves, indicates direct motion or instantaneous
impulse by the extension of a limb : e. y. that of the index finger
used in pointing, or the sudden spread of all the fingers in ail
action of surprise, apprehension, or terror.
J It is observable that in a state of perfect quiescence or sleep,
the limbs of a living subject are considerably inflected. Animals
roost commonly will be seen sleeping or lying at rest with their legs
gathered up. Sir Charles Bell remarks, in his Essayt on A'.iy n stion, (p. 184.) that there is a drawing together of the body and limbs
in deep sleep, unless where mere gravitation stretches the legs, or
where the posture of the sleeper prevents it. In death, he adds,
the body is heavier, that is, the position of the limbs is more under
the influence of mere gravitation. Ruliens has given some very
rude sketches to show that the elemental form of death is the straight
line. The first effect of death is relaxation, but the second effect is
stiffness and rigidity. But independently of this straightness and
rigidity, there is a distinction between sleep and death, in posture as
well as in colour and fealure. In sleep there is a certain regard to
convenience, and a uniform and gentle curve or flexure of the
limbs ; while in death there is entire reference, in the position, to
the ground on which the body is laid. ( See the first note to Art.
279.) The character is most distinctly marked by the position uf
the head and neck,
.
> trntaquc cot/a
£/ coptuin Icth'j posttit enput arma rehnqurns.
4 c
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Planting, the eye, a distinction between the barren impenetrable
s—"V^"' solid and the luxuriant vegetable ; between the unyield
ing1 edges of a rock and the soft tendrils of the vine
curling and bending over it. In order to be a sign of
animated nature, a line must change its rectilinear state,
and become a curve or succession of curves. The line
designated by our inimitable Hogarth the " line of
beauty," comes under this description. It contains no
violent curve. It has no approaches to an angle, no
breaks nor abruptnesses. But it expresses either easy,
graceful, dignified motion, or the repose of conscious
superiority.* To give it proper value, it should appear
in the neighbourhood both of right lines and of circular
undulations, or of lines more curved than itself. Placed
near a right line, its gentle windings show more energy.
Placed near lines of greater curvature than its own it
becomes comparatively subdued. For this purpose.t
* Hogarth, in his Analysis of Beauty, p. 37. concludes all visible
objects whatsoever to be bounded and circumscribed by Mr straight
line and tke circular line with their different combinations and
variations. He observes, that straight lines vary only in length,
and therefore are least ornamental ; that curves, as they can be
varied in their degrees of curvature, as well as in their lengths, be
gin to be ornamental ; that straight aud curved lines joined vary
snore than curves alone, and become somewhat more ornamental ;
but that the waving line, or line of beauty, varying still more, being
composed of two curves contrasted, becomes graceful, and leads the
eye in a pleasing manner along the 11 continuity of its variety." He
afterwards (p. 60.) exemplifies this, and supposes a small wire that
has lost its spring, and so will retain every shape it is twisted into,
to be held fast to the outside of the hip ofan anatomical figure, and
thence made to descend the other side of the femur obliquely over
the calf of the leg down to the outer ankle, all the while pressed so
closely a9 to touch and conform itself to the shape of every muscle
it passes over. If this wire be then taken off and examined, it will
he found that the uninterrupted flowing curve, which a living model
might have given to it, is broken into many distinct and separate
curves by the sharp indentures it has received at those points where
it has been closely pressed ill between the muscles. He next directs
a similar wire to he in the same manner twisted round the same
limb of a living subject, or of a fine statue, and observes, that no
■harp indentations, or breaks, will attend this second experiment ;
that the changes in the shape of the wire are gradual and imper
ceptible, and that "the eye admires it, and glides easily along the
varied wavings of its sweep." Mengs, the contemporary of Hogarth,
and who was about the age of twenty-five when the latter, in his
fifty-sixth year, published the Analysis of Beauty, has the same
ideas conveyed thirty years afterwards in the more polished language
of his posthumous editor, the Chevalier d'Aznra. We quote the
Italian edition of 1783, vol. ii. p. '244. Le linee rctte debbonsi convertire in ondeggiate : lo che non pregiudichera alia forma principale,
csservando che le porzioni di circo/o tocchino in varj pun/i, distanze,
erf elevazioni la retta, e non formino niun angolo, ma vadano continuamrntc nltemnndo le concavita c le convessita. Una linea cosi
fatta e la pits a proposito per dar qrazia ed eleganza al contomo.
Our own Flaxman (Lectures, p. 177.) gives one simple instance of
opposition, and another of harmony, iu lines. " Two equal curves,
set with either their convex or concave faces to each other, produce
opposition ; but unite two curves of different size and Begment, they
will produce that harmonious line termed graceful in the human
Bgure." It is to be remarked of Michael Angelo's drawing, that it
is bold. His outlines are rounder than the lines of Ruffaelle, which
have more repose and grace. Rubens, says Mengs, (p. 296 of the
Volume justquoted,) by making his convex lines too round, produced
Vulgar and heavy forms. Corregio obtained the perfection of ele
gance and lightness by a proper union of convex with concave lines';
while Carocci, his imitator, departed from this happy equilibrium by
too great convexity.
•f An acquaintance with Architecture is essential to the Painter,
* Some of the best Painters of the English School," observes a
judicious modern critic, himself one of its living ornaments, " dis
cover a deficiency of knowledge in architecture, the more inexcus
able because so easily supplied : but the prevalence of this defect is
perhaps most glaringly displayed in our portraits. The pillar and
the curtain shift from side to side of the picture in clumsy combina
tion, through all the varieties of sameness, exposing at once our
deficiency of ether materials and our abuse of these. The works of

the curved lines (in landscape and in architecture) which Of On
occasionally present themselves, may be so varied by Wy
Perspective, as to cooperate essentially towards graceful
expression. The folds also of drapery may promote the
same end,* and might be quoted to exemplify the
the old masters show how assiduously they courted the assistance of
this ally, aud what they thought useful, we are not in a situation to
disregard. Poussin and Paid Veronese were prodigal of their
architectural knowledge, and often communicated un air of magnifi
cence to their compositions, which raised the character of the subject
by the dignity of the scene." Elements ofArt, p. 90. note.
* Among the valuable Lectures of Flagman is one on the subject
of drapery, which the student of Outline will do well to study dili
gently. The Lecturer divides the mechanical structure of draperies
as caused by the simple lines of their fouls, into 1st- The prrptaiscuiar fold, hanging from one point. (Plate iii. fig. 18.) idly. 7V
succession of diagonal folds, falling from each other hanging Iran
two points, and which may be varied to a beautiful infinity ; (jJate
iii. fig. 19.) for example, falling from the two points of the shoulders
in the hollow of the back ; or from the two shoulders over the ]>rojection of the breast and abdomen ; falling from one shoulder, ud
from the lower arm making the principal folds below the elbow.
And again, each of these may follow every change of position and
motion. 3dly. The cascade of diagonal forms produced by the edges
when diagonally folded towards the extremity. (See fig. 18, 19.)
These three classes contain the principles of all folds, however pro
duced, in all garments aud draperies. Drapery, like all other
bodies, is subject to the laws of gravity and motion by which it is
affected according to its lightness or weight, strength or weakness,
the repose or action of the wearer, and the force of wind; His
affected by these causes, simply or complexly, as it may be acted on
by their separate or united force. The most simple forms of drapery
are produced by the weight of the cloth itself, as it hangs from the
most projecting points of the figure, and resembles a pointed arch
reversed. A succession of such folds, broken into various lengths,
and opposed in their diagonal forms, are among the boldest and
most beautiful effects of drapery. The varieties produced from
suspension are multiplied, and altered according to the portion of
the figure they pass over, and according to the fineness or thickness
of the cloth. If a garment, such as the Roman tunic, (in form nearly
resembling a waggoner's frock,) be confined round the waist by s
girdle, the folds will be of the inverted arch kind arising tram the
shoulders; and below the girdle they will fall in ]<erpenuicuUr
masses of folds over the lower limbs, when the figure is not in ac
tion, or preparing for action. The sleeves, if full, will begin with
folds falling from the shoulders before and behind, but these yds
will be widened and changed into cross folds at the bend of the
arm, and contiuue crossing the lower arm, more or less diagonally
to its termination at the wrist. The folds become more or less dia
gonally spiral from the body if the arm is turned outward, and toteard the body if the arm is turned inward. The folds on the back
of the lower arm owe the upper portion of their direction to union
with, or separation from, a projecting knobbed fold at the elbow.
The same principles of folding on the arms will govern all coverings,
from the fullest and most redundant, to the stratghtest and most ex
actly fitted to tlie limb. Respecting the effect of motion upon
drapery, as soon as a limb is moved from a perpendicular ioro a
honsontal direction, the drapery hanging on it changes the forms of
its folds. The perpendicular folds bend by their weight into a curve,
from the impulse of motion, or change from a perpendicular to the
inverted arch: the strongest portion of the fold depending from the
stronger of the two supporters, whether it be that part of the person
which is in rest or that in motion. This is more particularly seen
in the cloak or loose upper garment, but the priuciple is evident in
all drapery worn by the human figure. For example, the lower
portion of n tunic falls in perpendicular folds from the greatest pro
jection in front of the figure, and becomes curved, clinging in the
lower extremities to the unmoved leg, until that Kmh is set forward,
when the same change is produced on the other side. This effect
is still more evident in running, when the curved folds at last be
come horizontal, at right angles with the limbs. Motion of the
figure affects the whole mass of drapery about the body ; the folds
are most interrupted and broken on the side moved in shortest space,
as the curves are most lengthened on the side moved in a greater
extent, and they are twisted most diagonally where there is the
greatest jmwer of motion. Upon the legs the folds change from
downright to long curves, in walking or running alternately- as one
leg or the other is set forward. The greater quantity of folds natu
rally falls in the hollow spaces, and in quirk motion the heavier
portion of folds are left behind the figure by their own weight, in a
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difference between an Outline, of abrupt, motion, and of
' perfect rest. The flutter of a disordered dress placed
upon the figure of Milton's personification of Melan
choly, described as a
—— pensive Nun, devout anil pure,
Sober, steadfast, and demure,
would effectually destroy the charm of her pensiveness.
The poet, addressing this fair creation of his fancy, dei her to
- keep her wonted state
With even step and musing gait,
And looks commercing with the skies,
Her rapt soul sitting in her eyes.
And he has accordingly clothed her as becomes her
peaceful, solemn, contemplative character,
in robe of purest grain
Flowing with majestic train,
And sable stole of Cyprus lawn
Over her decent shoulders drawn.
It is impossible to conceive the outlines of this robe
of " divinest melancholy" as having any abruptnesses,
or indeed as having many varieties of undulation. The
stole, which the Lexicon of Facciolati, under the word
stola, defines to be a matronly garment, rugis plicisqve
abundans, would doubtless have numerous folds descend
ing on every side in long perpendicular lines, and
bounded below by curves, of which the smoothness and
regularity would, in our present example, indicate the
almost motionless state of the wearer, " forgetting her
self to marble."
(265.) It has been made a question, whether beauty
of form and fine proportions* are essential to expression.
diagonal curve, from the point on which they are supported.
Lastly, with regard to the motion of drapery independent of the
wearer, and caused by wind, of which the effects are more seen in
those parts of the garment extended beyond the outline of the figure,
observe the effects of wiud on flexible and fluent bodies in general.
The wind blowing on water, by pressure on a small portion of the
fluid nearest, forces it into a wave, from resistance of a body of
water not affected by the wind, on the other side of it : or else the
wind, blowing obliquely on water, is resisted by the mass beneath
until the surface is raised into a wave, which, bending over the wave
before it, falls by the laws of gravitation into the surface again.
There is a propensity to the same forms and successions in smoke,
in clouds of the sky, and dust of the ground driven before the wind,
and from the same causes. The pendant, or streamer, hanging from
the top of a mast, is driven by the wind in the same direction, and
may be represented by the same section as a succession of waves on
the water. (Plate xi. fig. 3.) Progressive movement of the figure
changes the perpendicular of falling folds into undulations. This
is more evident as the motion becomes quicker. But the wind undu
lates all draperies ; when moderate the undulation is diagonal, and
when violent, it is horizontal. For further acquaintance with this
subject consult Da Vinci, Trallnlo delta Pittura, cap. 353—364 ; or in
the edition of Manzi, p. 264—271.
* The following proportions are given by Watelet :—foiei done,
d'après de Piles, quelques détails sur les proportions qui en donneront
une idée à ceux qui ne les connaissent pas et qui ont peu de notions
sur cet objet. Quant aux artistes s'ils ne s'en contentent pas, cette
disposition tournera sans doute, au prajit de leur instruction, parcequ'alors ils prendront euxmêmes, le soin de mesurer les antiques dont
Jet copies moulées sont assezjustes, et de les compare)- avec la nature
tien choisie.
Les anciens ont pour l'ordinaire donné huit têtes à leur figures,
quoique quclqu'unes n'en ayenl que sept ; mais l'on divise ordinaire
ment la figure en dix faces, savoir depuis le sommet de la tétejusqu'à
la plante des pieds de la manière qui suit.
Lia partie qui s'étend depuis te sommet de la té'lejusqu'au front est
la troisième partie de taface,
La ftice commence à ta naissance des cheveux qui sont sur te front
cifinit au bas du menton.
La face se divise en trois parties égales.
1. La première contient le front.
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To this it may be replied, that they are very excellent Of Outline.,
adjuncts when introduced with propriety, though many v-"~v—»-'
2. La seconde le nez.
3. La troisième la bouche et le menton.
Depuis le menton jusqu'à la fossette qui se trouve entre les clavi
cules, on compte deux longueurs de nez*
De la fossette, qui est entre les clavicules, au bas des mammelles,
une face.
Du bas des mammelles an nnmliril une face. On observe que
l'Apollon a la mesure d'un nez de plus.
Du nombril aux parties naturelles, uneface. L'Apollon a encore
dans cette dimension un nez de plus.
Des parties naturelles au dessus du genou, deux faces. On ob
serve que te milieu du corps de la Vénus AJedicis se trouve au dessus
des parties naturelles, et dtbert Durer le place ainsi dans tes propor
tions qu'il prescrit pour tes femmes, ce qu'approuve de Piles.
Le genou contient une" demi-face.
Du bras de genou au coup de pied deux faces.
Du coup de pied au dessous de la plante une demi-face.
L'homme étendant tes bras, est (si on le mesure du plus long doigt
de ta main droite à celui de ta main gauche') aussi large qu'il est long*
(Plate iv. fig. 8.)
D'un côté des mammelles à l'autre deuxfaces.
L'os du bras dit humerus est long de deux faces depuis l'épaule
jusqu'au bout du coude.
De fextrémité du coude à la première naissance du petit doigt, rot
appelle cubitus avec partie de la main, contient deux faces.
De femboiture de Tomoplate à la fossette (Centre tes clavicules, une
face.
Ilfaut observer que la différence qui se trouvera entre ta largeur
et la longueur du corps provient de ce que les emboiturcs du coude
avec rhumerus, et de l'humérus avec l'omoplate, emportent une demi*
face, lorsque les bras sont étendus.
Le dessous dit pied est la sixième partie de la figure.
La main est ta longueur d'une face.
Le pouce est ta longueur d'un nez.
Le dedans du bras, depuis fendroit où se prend le muscle quifait
la mammelle, appelle pectoral, jusqu'au milieu du bras, quatre lon
gueurs de nez.
Depuis le milieu du bras jusqu'à la naissance de la main, cinq
longueurs de nez.
Le plus long doigt du pied a la longueur d'un nez.
Les deux bouts des mammelles et la fossette d'entre les clavicules
de la femme, font un triangle equilatéral parfait.
Article de M. Watelet sur proportion. Encyclopédie Méthodique.
Beaux Arts.
The Laws of Outline bein g common to Sculpture and to Painting,
the following, from our own Flaxman, will be found no less useful
than those of the above-named celebrated foreigner.
From the os pubis to the top of the head, one-half the length of
the human figure.
From the same point to the sole of the foot, the other half.
From the acromion of the scapula to the bottom of the inner
ankle there are three equal divisions. 1 st. From the acromion to the
point in the spine of the ilium, from which the rectus and sartorious
muscles begin. 2dly, From thence to the top of the patella. 3dly,
From the top of the patella to the bottom of the inner ankle.
From the bottom of the pubis to the bottom of the patella is the
same length as from the bottom of the patella to the sole of the foot,
two heads each ; but we must observe, the Ancients generally allowed
half a nose or more to the length of the lower limbs exceeding the
length of the body and head.
Breadth.
Shoulders » ...
2 heads.
Loins
1 head and 1 nose, or 5 noses.
Across the hips or trochanters 1 head 2 noses, or 1 head aud J.
Depth.
Chest
1 head 4 minutes.
Loins
3 noses and <t.
Glutao
1 head.
Breadth of the Tfrgh.
Tliijjh
3 noses.
Calf of the leg
2 noses.
Foot
1 head and J of a nose lung.
Length of the Arm.
From the top ofthe humerus to the bend of the arm 1 head and 4.
From the bend of the arm to the first knuckles ... 1 head and £
4 c2
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Painting, cases might be named in which they would destroy the
truth and spirit of an historical picture. It would be as
absurd to adapt the features of the Belvedere Apollo to
the head of Socrates as it would to place the head of a
dancing fawn upon the shoulders of Alcibiades. But
where neither History nor Tradition have confined the
Painter to a given set of features, he has opportunity
of introducing such forms and proportions as un
questionably assist, though they do not constitute ex
pression. Gracefulness, and the bodily signs or move
ments of intellectual beauty, are much more various than
is commonly imagined.* Their number defies calculaBreadtk,
Upper arm, front view
1 nose and \.
Upper arm, side view
2 noses.
Lower arm, thickest part
1 nose and j.
Wrist
) nose.
The female figure should not be so tall as the male, the shoulders
and loins should be narrower and the hips broader. The proportions
of the Hercules Farnese and the Torso Belvedere, are nearly onefifth more in breadth than those of other statues ; but the Ancients
varied the proportions according to the character and age of the
person. There are examples of the Silenus and Hercules also, when
tie partook of the same character, extremely dwarfish, not exceeding
four or five heads in height ; and there are examples on some of the
Greek vases of figures uiue or ten heads high. Ledum, p. 30.
The reader who desires an extensive examination on this subject
may consult a publication (dedicated at Milan, 1811, to Canova,)
by Giuseppe Bossi, and entitled Dncorso delle Opinioni di Lionardo
da Vinci intorno alia Symmetra de' Corpi Umani.
* The features of the human face, together with the forms and
proportions of the body and limbs are, iu particular Countries, sub
ject to certain peculiarities, an agreement with or material deviation
from which constitutes the local idea of beauty or deformity. The
sculptors of ancient Greece seem to have diligently observed the
forms and proportions constituting the European ideas of beauty,
and upon them to have formed their statues. A slight deviation
from these measures, by the predominancy of any feature, consti
tutes what is called character, serving to distinguish the owner
thereof, and fix the idea of identity. This deviation or peculiarity
aggravated, forms caricatura. See An Euay an Comic Painting
iu the Antiquarian Repertory, vol. i. p. 13. By F. Grose, F. A.S.
What Mr. Grose here applies to identity of person may also be
affirmed respecting identity of expression. There are portions of
the figure, the outlines of which are more or less adapted for ex
pressing peculiar passions and sentiments, or peculiar endowments
of the individual. A certain part of the face, for example, must be
allowed its due proportion for the play of certain muscles indicative
of certain intellectual or animal impressions and sympathies. Some
features are best adapted for expressing fear, grief, anger, scorn, or
jealousy ; some for laughter and uproarious triumph ; others for the
serener qualities of meditation, of tenderness, of esteem, and the
peaceful affections. A large mouth and large lower jaw indicate
animality. In proportion, therefore, as the forehead is increased,
the comparative size of the lower part of the head appears dimi
nished and animality less indicated. This seems a good and suffi
cient reason for the Greek proportions. The lower half of the
face could not be diminished without evident deformity, since, to be
human, it must bear a certain proportion to the adjacent neck and
shoulders. It remained, therefore, for the Greek artist, as his only
alternative, to increase the upper portion of the head, preserving at
the same time its oval form. The reader on this subject will find
many judicious observations in Hogarth's Essay above quoted,
which, though below criticism in regard to literary merit, contains
much practical knowledge. " The Antinous," says he, " being
allowed to have the justest proportion possible, let us see what ad
dition upon the principle of quantity can be made to it without
taking away, at the same time, any of its beauty." He then observes
that an addition of dimensions to so beautiful a head would deform
it ; to the hands or feet would be gross and vulgar ; to the length
of the arms, would be dangling and awkward ; to the length or
breadth of the body, would be heavy and clumsy. The neck alone
and the inferior extremities remain, to which he finds that not only
certain additions may be admitted without a disagreeable effect ; but
that a greatness or dignity (conspicuous in the Apollo Belvedere)
may be given to an already graceful human form. Much more may
be read and collected on the same subject throughout the ingenious

tion. Their forms once discovered and attained maybe OfOcfiisi
measured and will be found symmetrical. But they are >—
not attainable, that is, they are not discoverable by rule
and compass. They baffle the mere copyist.* Yet with
out them all that Outline can do is mean, insipid, and
powerless. How often do we see, in living subjects,
limbs of fairest proportion that betray vulgarity and
awkward unfitness for the part assigned them ; and faces
in wiiich, though worthy to have been modelled in a
Grecian mould, it pains us to discover no intelligence.
The female form, above all, provided feminine expres
sion be wanting, may be made as perfect in proportions
as the chisel or the pencil can shape it; but the subject
will not be beautiful, as far as intellectual beauty is con
cerned.
(266.) We have now considered the animal frame S«[4f
with respect to its proportions, and their general apli- J^4'.'^
tude for characteristic expression. But we must not mJ£''
quit the subject of Outline without remarking likewise upa pas.
upon the aptitude of animal forms for the various modes hm ud
of progression or of rest peculiar to each. We need !««»*«>
scarcely exhort the student to this deeply interest
ing study, as containing the most indispensable rudi
ments in the grammar of his Art. We desire our im
perfect notice of it to be regarded as only pointing' to
the arduous road which his perseverance is to surmount
The varieties in this division of our subject are so
numerous and complicated, that they drive brevity to
despair, and bid defiance to classification. But we
confine ourselves to the twelve following. 1. Stand
ing. 2. Sitting, kneeling, or reclining. 3. Rising from
a seat or from a recumbent posture. 4. Walking. 5.
Running. 6. Dancing and leaping. 7. Climbing. S.
Fulling downwards, upwards, or horizontally. 9. Push
ing in three similar directions. 10. Carrying weights.
II. Throwing any weight 12. Falling.
(267.) Previously to our notice of these particulars,
it will be necessary to refer the reader to our pages on
Mechanics, and to remind him that within every sub
stance or combination of substances, such as, in the
present instance, any animal body, there is a point
termed the centre of gravity, round which all the parts
of a body balance each other, and through which, if a
plane pass, the segments on each side will be of equal
weight. With this point, or centre of gravity, once sup
ported, the material substance remains balanced in any
position. And the support may be given in two ways,
either 1st, by suspending the substance from a line at
tached indifferently to any part of it ; and in this case,
the line by which it hangs being produced downwards,
will contain in it the centre of gravity (Mechanics,
p. 34. sec. 116.) below the point of suspension. Or,
2dly, the support may be given by a prop from below,
pages of Lavater, the contemporary of Hogarth, who at the time
the latter published the analysis, was in his twelfth year. Tb»
work of Lavater coming from a man of erudition and very cultivated
genius, is not so remarkable as the analysis of Hogarth, who,
though the son of a schoolmaster, appears to have beeu as selftaught as Shakspcare is presumed to hare been in litem haaamaribus.
* Reynolds observes of Gainsborough, that he was certainly not
indebted for grace and elegance to the Flemish School, nor indeed to
any School. His gracefulness was not academical or antiqrte, but
selected by himself from the great school of Nature. And there are
yet, adds Sir Joshua, a thousand graceful modes which are neither
theirs nor his, but lie open in the multiplied scenes and figures of
life to be brought out by skilful and faithful observers.—H'urkt,
vol. ii. p. 162.
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in which case the line of the sustaining force must be
directed upwards, (as the line of suspension was down
wards,) perpendicularly to the horizon, and being pro
duced, will contain the centre of gravity above the ful
crum or sustaining point.*
It is also to be recollected, that whatever be (he
number of these suspending cords affixed to the given
point of attachment, or whatever the number of sup
porting fulcra at a point under the incumbent weight,
a perpendicular line through the centre of gravity to
the point of suspension above, or to the plane of the
horizon below, will always express the direction in
which the several suspending or sustaining forces must,
to secure a balance, be applied. This line of direction,
or of gravitation, as we prefer to call it, must fall within
the base of any figure, that would be preserved from
the fate of the unstable balance, or in other words,
must fall within the line or lines joining the several points
at which the supporting fulcra or props rest on the
ground.f
* The former of these two modes is called the stable balance, be
cause the centre of gravity, whatever changes the body may undergo,
will always take a position of stability under the point of suspen
sion. Whereas, in the second mode, (called the unstable balance,)
the centre of gravity will, at any the slightest variation in the weight
supported, remove from its place above the point d'appfli, and descend
to take the lowest position.
•f Let u> survey the human structure architecturally. We see
two pillars, each supported upon three arches, and above each
pillar a beam attached by a hinge-joint, manageable by ropes and
pullies. These two beams, at their upper ends, are placed under
two arches, which unite at the back of the building, and support a
large column. The column is of peculiar workmanship, being
capable of bending to form a crane, or of being turned about in
some degree like a revolving mast, and having two hanging towers
suspended from it, the lowermost of which carries at each side
certain projecting timbers, which like the yards of a ship (and
more particularly the mizen gaff) may be raised or depressed at
pleasure. From this mechanical sketch of the human body, the
difficulties of preserving equilibrium in a fabric so complicated are
manifest. In the instance of quadrupeds, where the body may rest
or swing at its full length, upon four supporting pillars, there ap
pears less danger of a fall. But in Man, with an erect head and
trunk, resting one end upon two supports, that measure at least half
his height, and upon a base which, when he trusts (as he must
continually do) to one foot, is no broader than one-tenth of his
height, a fall seems inevitable.
Such a view of zoological architecture, if we may so phrase it,
may help the observer to remember universally that each limb has
its own centre of gravity, and that whether it is moved by, or is a
mover of the main body or of other limbs, it will, according to the
position of its own centre of gravity, be more or less easily manage
able. " The differences which we discern in the muscles of the
lower extremity between Man and the other mammalia, arise out of
that characteristic feature, which so strikingly distinguishes Man
from all other animals, viz. his erect stature. In order to enable
any animal to preserve the erect position the following conditions
are required: 1st. That the parts of the body should be so disposed
as to admit of being maintained with ease in a state of equilibrium ;
2«Uy, that the muscles should have sufficient power to correct the
deviations from this state ; 3dlv, that the centre of gravity of the
whole body should fall within the spice occupied by the feet ; and,
lastly, that the feet themselves should have a broad surface, resting
firmly on the ground, and should admit of being, in a manner, fixed
to the earth. All these circumstances are united in the necessary
degree in Man only. The broader the surface included by the feet,
the more securely will the line of gravity rest within that surface.
The feet of Man are much broader than those of any animal, and
admit of being separated more widely from each other. The
sources of the latter prerogative reside in the superior breadth of
the human pelvis, and in the length and obliquity of the neck of
the femur, which, by throwing the body of the boue outwards, disengage it from the hip-joint. The whole tarsus, metatarsus, and
toes rest on the ground in the human subject, but not in other
zuuumJs. The simiee and the bear hare the end or the os calcis
Tiissi ftom the surface ; while, on the contrary, it projects in Man,
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(269.) Another circumstance to be borne in mind is, of Outlin*.
that in the case of any thing added to the weight of a ■ «- r '
body, the centre of gravity varies its position within the
combined mass, and moves towards the side where the
addition is made. Hence it happens, that the centre of
gravity in the human subject (as in all animals) varies
according to the size and form of the bones, and the de
gree of fatness or leanness* prevailing in any particular
part ; also according to the addition of any appended
substance, as clothes, armour, burthens, &c. But it will
commonly be found in or near the acetabular line.t We
proceed to take each case in the order proposed.
and its prominent portion has a most important share in supporting
the back of the foot. The exterior margin of the foot rests chiefly
on the ground in the simi.-e, which circumstance leaves them a freer
use of their thumb and long toes in seizing the branches of trees,
&c ; and renders the organ so much the less adapted to support the
body on level ground. The breadth of the human pelvis, also,
aflords a firm basis on which all the superior parts rest securely ; the
same part is so narrow in other animals, that the trunk represents
an inverted pyramid ; and there must consequently be great diffi
culty in maintaining it in a state of equilibrium, if it were possible
for the animal to assume an erect position. In those instances where
the pelvis is broader, the other conditions of the upright stature are
absent ; the bear, however, forms an exception to this observation,
and admits of being taught to stand and walk erect, although the
posture is manifestly inconvenient and irksome to the animal. The
perpendicular position of the vertebral column under the centre of
the basis cranii, and the direction of the eyes and mouth forwards
would be as inconvenient to Man, if he went on all fours, as they
are well adapted to his erect stature. In the former case he would"
not be able to look before him ; and the great weight of the head,
with the comparative weakness of the extensor muscles, and want of
the ligamentum nuchse, would render the elevation of that organ
almost impossible. When quadrupeds endeavour to support them
selves on the hind extremities, as for instance, for the purpose of
seizing any objects with the fore feet, they rather sit down than
assume the erect position. For they rest on the thighs as well as on
the feet, and this can only be done where the forepart of the body
is small, as in the simiee, the squirrel, &c. ; in other cases, the
animal is obliged also to support itself by the fore feet, as in the
dog, cat, &c. The large and strong tail, in some instances, forms,
as it were, a third foot, and thereby increases the surface for sup
porting the body, as in the kangaroo and jerboa. Various grada
tions may be observed in the mammalia, connecting Man to those
animals which are strictly quadrupeds. The simix, which are by
no means calculated for the erect position, are not, on the other
hand, destined like the proper quadrupeds to go on all fours. They
live in trees, where their front and hinder extremities are both em
ployed in climbing, &c." Blumenbach's Manual by Lawrence,
p. •309.
In corpulent persons it has a tendency forward, which obliges
them to throw back the head and shoulders and upper part of the
spine to balance the obesity in front. This gives a conseqnentiat
air, often bordering on the ludicrous, to fat people. On the con
trary, in persons bending or stooping forwards, there is required to
balance the protrusion of the upper part of the trunk a proportionate
removal backwards of the nether part of the spine and loins. In
proof of this, let the reader stand with his heels close to a wall, and"
endeavour to make a bow. Also in persons stooping sideways to
pick up any thing, the overhanging of the head and arm on that
side must, in order to avoid a fall, be counterpoised by a correspond
ing extension on the other, of the arm, or leg, or haunches. Again,
in like manner, among persons with a weight on one shoulder,
their centre of gravity has a tendency to the loaded side, and
would draw the line of gravitation out of the base, but for the
exertion of the carrier, who inclines his head and thorax proportionably to the side opposite.
+ This was the calculation of Borelli. We have given under
Mechanics, page 34. sec. 116, some methods of finding by experi
ment the centre of gravity in any substance. If the substance bo
successivery suspended by several points and pierced by straight
lines, in each case passing, in a vertical direction, through the jwint
of suspension, it would be found that however numerous those lines
might be they would all intersect in one point, which would be the
centre of gravity of the body. Borelli ascertained that of the
human body by one of the methods we have given : namely, by
means of a wedge or prism. He thus explains himself. Extensa
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1. First, then, to consider the human figure in a
standing posture. In order to represent a balance, there
mu»t be conceived to pass through the centre of gravity,
a vertical plane dividing the mass to be supported into
tw° «lual poHioM. (Art. 267.) The base also of the
supporting fulcra beneath must receive within it the line
of direction or gravitation. As the simplest kind of ex
ample, let ns suppose a figure standing perfectly still,
and resting equally on both his feet, with the hands and
arms pendent on each side. In this attitude each leg
sustains an equal weight, impending on it from the
body ; and the pit of the sternum, between the clavi
cular, hangs perpendicularly over the feet in a line of
gravitation, of which the lower extremity touches the
ground between the inner ankles. The mesial plane
(Art. 226.) contains this line, and will bisect vertically
the whole frame from the forehead downwards.* This,
however, is not the ordinary position in standing. It
requires effort, and becomes wearisome. To ease the
muscles, the centre of gravity w removed to one side and
placed over one foot.f For this purpose, the spine of
the back is inflected to the side in question, and conveys
so much of the head and shoulders over the supporting
limb as will be necessary to balance the figure ; which
' may again be equally divided, as before, by a plane
passing through the centre of gravity, though not now
the mesial plane.J This is the easy, unconstrained posihomine nudo super tabulam planam in ejus medio supposui cuneum
prismaticum triangularem ad fulciendam labulam perpendiculariter
in ejus centro gravitatis. Hoc tabula quiescebat eeqitUibrata quotiescunqne fulcimcntum cunei in puncto existente inter nates ei pubem
hominis super tabulam jacentis, pertingebat, Quare centrum gravi<
talis illius hominis in illo situ cjriatcbat. Pars lma. lib. xviii. De
Stathne Animaliumt prop. 134.
* First of all, (to begin from below,) the gemellus, the solseus, the
tibialis anticus, the peronei, the flexor* of the toes, (Art. 256,) toge
ther with the lumbricales and interossei (Art 245) pedis, plant
each foot firmly on the ground. Next, each leg is kept steady in
front by the extensors of the toes, by the peroneus tertius, and in
some degree by the tibialis anticus ; (Art. 256 ;) on its outside each
leg is held up by the peronei longus and brevis, (76.) on its inside,
by the tibialis anticus and posticus ; (76.) and posteriorly by the
gemellus and solaeus, the semitendinosus, and the flexores lougi. (lb.)
Four extensors (Art. 255) stretch the knee-joint, partly assisted by
an occasioned flexor, the tensor vagina; femoris. (lb.) Next above
these limbs, the balance of the trunk upon the heads of the f
is to be maintained : in front, by the sartorii, the recti, the
and the iliac! interni ; (Art. 254 ;) posteriorly by the bicipites, the
semitendinosi, and semirnembranosi ; (lb.) externally by the glutei
and tensorcs vaginas femoris ; (75.) and internally by the puctinei,
the adductores femoris, and the graciles. (76.) Lastly, to keep the
vertebral column erect, we have numerous muscles on the back,
(Art. 253,) which greatly exceed in power those in front, (Art. 252,)
in order that they may sustain the weight of the thorax and abdomen
suspended upon them. In old age they lose their vigour, the back
is drawn down and bended forwards. The sacral extremities, to
compensate for this, are thrown back, and theJuiees inflected ; until
at length a staff becomes a necessary supporrr The same observa
tion may be applied to the equilibrium of the head. The muscles for
preventing its inclination forwards are much the strongest.
•f The muscles are much fewer, and the muscular effort consider*
ably less for standing on one extremity only than for a station upon
two. To prevent the supporting limb from being drawn inwards,
(or in a tibial direction,) its outward muscles are strongly contracted,
as long as the centre of gravity is in transitu from the other bmb.
The leg or tibia (of the supporting limb) is accordingly drawn out
wards by the peronei, (Art. 256,) by the vastus externus, and also
partly by the rectus ; (Art. 255 ;) while the weight of the superin
cumbent pelvis, with that of the body over it, are transf'erre<na!so
outwards) by the tensor vagina; femoris (Art. 254) and the glutei
njedius and minor. (76.) Thus the muscles of one side only be
come thrown into action, and their power is simply balanced by a
portion of the weight of the body towards the other side.
J Da Vinci, who though a skilful anatomist, was superior to ail
anatomical display in his Art, has left many useful rules in his

tion of the Astinous, the Venus de Medids, the Her- OfOutla
cules Farnese,and others of the finest sculptured forms.* <—-v-.
(269.) 2. Sitting, kneeling, or reclining. The only 2- Stet
difference between the balance here to be represented
and that already described is, that a greater number of ncS®^
supports are given to the body.f
A sitting posture may be varied ad infinilum.\ Its
Treatise on Painting respecting the equilibrium of the human body.
He divides it into simple and compound. Simple equilibrium is
exemplified when a man sustains only his own weight. In this
situation, if the man stretch out an arm or both arms, or stoop for.
ward, or stand erect, supporting his body on one foot, his centre of
gravity will be found in a line perpendicular to the centre of that
foot on which he rests, or, if his body rests equally on both feet, the
centre of the trunk will lie perpendicularly over a base Vine joining
the centres of the two feet Compound equilibrium he explains t»
lie that of a man carrying a burden : as, for example, the Hettults
lifting up and crushing Antajus, where an equivalent to the wvight
of Anteeus is caused by throwing back the upper part of the body
of the hero behind the base line that connects riis feet. See TntInto delta Pittura, cap. 263. In another passage he observes, that tin
weight of the hand, when one arm is extended, has the effect of a
weight at the end of a steel-yard ; and that to preserve an equili
brium there is frequently a necessity of raising and suspending the
heel on the opposite side, which thus obtains a counterpoise equiva
lent to the increased weight given to the arm and hand by their
extension, cap. 350. See also cap. 201 —204 and cap. 'J64.
* In standing, the legs naturally relieve each other, and thus
divide the labour of supporting the body. A jaded horse will be
often found resting the whole weight of his hind quarters upon one
hind leg, while the other lifted and inflected hangs at rest and
at liberty to recruit itself. The well-known petition of a soldier
standing " at ease" is adopted upon the same principle of alterna
tion, which seems to pervade corporeal motions generally. Butler
in his Hudibras thus describes the mutual good-will i
between the right and left leg :
Is but between two legs a race,
In which both do their uttermost
To get before, and win the post ;
Yet when they're at their race's ends
They're still as kind and constant
And to relieve their weariness,
By turns give one anoth,
We may here add, that the necessity for
the centre of
gravity in these cases directly
the supporting limb may ha
ly over th<
easily proved by any person attempting to stand on one foot, with
its outer ankle touching the wall of a room. Such an act will be
found impracticable. The wall is in the way, hindering the transmission of the centre of gravity to its proper place over the foot in
question. (See second note to Art. 268.)
-f In order to afford himself nt any time an example of a re
clining posture, the student need only sketch a figure in which the
weight on one side has not been counterpoised by an equal weight
on the other ; a figure, consequently, of which the line of direction or
gravitation falls without the base. Then on the same side with the
line of gravitation, and still further without the base, let him place
some new fulcrum or support : taking care that a line draws from its
point of contact with the ground to the points of contact of the other
fulcra, shall include that line of direction. The figure, for exarsp-e, of
an old man to be drawn leaning on a staff would bend forward or to
one side, having no strength to throw out a proper equivalent for
balancing it on the side opposite. Consequently, his staff is necessary
to his support, and must lie so placed as that lines from its point of
contact with the ground drawn to each of his feet shall form a base
to include the line of gravitation. It is manifest that a figi.'re leaning
against a tree, a wall, a pillar, &c. must have its design or outline
regulated by the same principle. The draughtsman must also ex
ercise his judgment to express the due proportion of weight
sustained by each leg, after deducting that quantity supported by
the additional prop. In the act of kneeling on both knees, the line
of gravitation must fall between them unless the shins or toes touch
the ground, in which case it may fall any where between the femoraIf only one knee be employed for support, lines drawn from it to
the foot of the other leg, will give as before, the base of the figure.
But if the hands or elbows form additional props, these also must
be reckoned for, and lines accordingly drawn to form a base in the
manner already suggested.
J In tho sitting posture, observe that the centre of gravity com
mon to the whole body is brought near to the base, but that the
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simplest outline is that of a child resting almost solely
' on the os ischium, with its legs left to play at liberty,
suspended from the acetabula, and with its trunk and
superior extremities suspended from thevertebral column.
To this lively subject may be presented a contrast as
opposite as elastic childhood is to infirm and rigid age ;
namely, the case of sitting in an elbow-chair, with one
side of the body or both supported by the aid of the
ossa humeri, while the lower limbs, by alternate inflec
tion or extension of the knees and feet, lend assistance
to the torso. Here all that seems material to the re
presentation of a just equilibrium, is that the chair or
seat be firmly and evenly balanced, and not in the posi
tion represented by Hogarth in the chairing of his suc
cessful candidate.*
(270.) 3. Rising from a seat, or from a recumbent
posture. On the attitude of a person intending to rise
from his knees. Da Vinci observes, (Trattalo delta Pittura, cap. 237.) that his first effort is to relieve one
knee by removing his weight (or superincumbent cen
tre of gravity) entirely over to the other knee. The leg
at liberty having then no weight to lift but its own,
raises its knee without difficulty, and plants its foot upon
the ground. This operation over, the man, resting his
hand upon the elevated knee, lifts his arm, head, and
chest towards that side, and thus contrives to shift his
whole weight over back again upon the firmly planted
loot. On this foot as a fulcrum, and by means of its
thigh-bone as a leaver, he raises himself. His body, in
rising, draws up after it the inflected leg which, during
the ascent, gradually extends itself till it stands upright
beside the other.t The student will see that by giving
centre of gravity common to the head, trunk, and upper members,
is at some point between the regions of the abdomen and thorax.
The line of direction therefore from this point must fall within a base
between the ossa ischii, else the trunk to be kept from falling will
require to be suspeuded by the action of the strong dorsal and lum
bar muscles attached to the back of the ilium, wliile that bone is
kept steady by the antagonizing femoral muscles in front aided by
the weight of the femora and legs. This will happen during an
inflection of the spine sideways or backwards, but not forwards, in
the same degree, unless in addition to the fulcra of the ossa ischii
such a portion of the femora (as when the subject is seated in a
chair ) be added as will enlarge the base sufficiently to incline the
line of direction. Note also, that in stooping to the right or left
while the body rests on only one of the ossa ischii, a similar balance
must be effected, as in the case of standing upon one foot. The only
difference is, that in this case the leg is no longer a supporter, but is
altogether a librator. If the sitter in stooping bend his body to the
right, the left leg must be stretched proportionally to the left, and
vice versa. In this example, observe that the sitter is not permitted
to hold by the chair or seat, which would be altogether a different
case, and might be classed as a modification of climbing.
* In the reclining posture of the celebrated statue called by some
the Dying Gladiator, and by some the Dying Soldier who brought
news to Athens of the victory at Marathon. (Plut. tie Gloria Alhenienaum, vol. ii. p. 347.) The figure is supported by the right
femur and part of the fibular side of the right leg. But as the body
leans over to the right this base would be insufficient, since the line
of direction falls without this base, and consequently the trunk
would come to the ground but for the right arm, which being ex
tended to the right beyond the line of direction, enlarges the base
and forms a sufficient prop for the body. The left leg and left arm
are at the same time extended to a certain degree, and form a coun
terpoise on the left side to the opposite inclination of the head and
thorax. Observe in this statue an example of our remarks (notes
to Art. 242) on drawing breath. The shoulders of the wounded
man are raised, and the best position chosen for receiving air during
the accumulation of blood which evidently keeps flowing within him,
and must terminate in death.
One of the most graceful antique specimens of a recumbent figure
is among the Elgin marbles ; that of the " Ilissus," called by some
t We

the following from Barclay, On
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the assistance of the hands or of other additional fulcra, Of Outline,
this action may be varied in innumerable ways ; and ^^v~"
that the body while rising from any recumbent posture
must be balanced in a similar mauner.
(271.) 4. Walking. This action, in the human sub- 4. Walking,
ject, is the transfer of the line of gravitation (Art. 267.)
alternately from one leg to the other, and during the
transfer a simultaneous motion forwards propelling the
common centre of gravity.* In this progressive process
p. 290. " In rising from a chair, the centre of gravity must fall
within the base upon which we are supported ; and therefore this
centre, by the inclination of the body or otherwise, must be brought
to the base, the base brought to the centre of gravity, or both made
to meet by mutual approach. Hence, in rising from a chair or
sofa, where the femur and tibia were at right angles, the feet are
drawn hack, or the body is thrown forward, before we can assume
the erect posture. In the changes of attitude while a bone is turning;
on its centre of motion, the centre itself is often at the same time
describing either the segment of a circle, or a line composed of the
segments of circles. Suppose A B (plate x. fig. 2.) represents the
foot, B C the tibia, C D the femur, and D K trunk, and that the
three last are to be brought by the action of their muscles to the
perpendicular B F, so that B C shall occupy the situation of B G,
C D the situation of G I, and D E the situation of I F ; the point C
on the centre B will move in the segment C G, and as C is changing
its position in C G, the point D, which moves round the point C! as
its centre, will, if the extensions be regularly performed in the same
time, describe such a curve as D I ; for as the point D must neces
sarily move atlantad, (upwards,) and sternad. (forwards.) in order
to preserve the centre of gravity, the general direction of its course
must he known ; and if C G be divided iuto equal parts, and at
each of the divisions a circle described with the radius C D, the
points in D I corresponding iu number with the points in C G, and
at equal distances in the sternal (forward) direction will each he
found in the circumference of one of the circles described succes
sively round the point C as it passes aloug the segment (J G. In
like manner, if the extensions of C D and D E be regularly per
formed in the same time, the point E will describe such a curve as
E F, the points in E F being in the circumferences of the several
circles successively described round the point D as it moves along
the curve D I."
The author then proceeds to observe that the above figure explains
also how the rapid extension of the several joints may carry the
body directly upwards ; the motions are backward and forward al
ternately, but all of them upward. If, therefore, the backward and
forward motious be made to balance exactly their forces, the upward
movement only will remain. On the other hand, if the respective
motions backward and forward be equal in force, the body at the
same time that it rises will have an inclination forward or backward
in tlie direction of the prevailing force. (See Mechanics, Compo
sition and Resolution of Forces, sec. 19 —27.)
That his illustrations might be less complex, Dr. Barclay supposes
for the while the vertebral column to continue inflexible, und by its
extension on the point D to be capable of forming a straight line
with the femur and tibia. On this supposition, if a force were ap
plied to the point F, it would press directly through the medium of
the trunk on the femur and tibia to the poiut B. " But." he adds,
" as the supposition is without foundation in nature, and as no two
bones are ever known to form straight lines, or to be united by
parallel surfaces of articulation, the pressure which one bone makes
upon another must always be oblique. This causes them to turn on
their centres of motion, and as their centres of motion are movable,
to diffuse the pressure generally and suddenly through the whole
system, and thus counteract with admirable contrivance the dangers
of concussion. The curves D I and E F are merely the curves
which bones describe in particular circumstances. With the assist
ance of movable centres, the bones, if properly directed, may be
made to describe any species of line whatever, as must be evident
from the motions of the hand, which lias the power of following any
line straight or curved thai can possibly be drawn.' '
* The first motion in the standing figure throws the weight on
one leg. The gravitating line falls, in consequence, from the gullet
on that one leg, the shoulder on the same side being lowered, the
shoulder on the opposite side raised, while the hip and knee sink
below those of the side which supports the weight. Flaxman's Lec
tures on Sculpture, p. 127. But we will here translate from Borelli a
more detailed description. At first view, says this venerable and
often quoted authority, the progressive motion in Man may seem to
resemble that of the pair of compasses B A C (plate iv. fig. 4.)

w

f

564

PAINTING.

Painting, the arms are often as actively employed in balancing,0 While the body is balanced on one leg, the other is pro- OfMis.
_ ; as the legs are in lifting and moving the body onwards,t pel led by contracting the gemellus, the solseus, the semitendinosus, the tibialis anticus, and the tibialis posticus.
placed erect upon tlie plane of the hor'uon, and forming in that The tibia is, at the same moment, raised by the extensors
erect position the isosceles triangle ABC. Raise the foot C until
the line of gravitation A D coincides with A B, which we may call of the knee while the entire leg is lifted and extended by
the line of support, (linea innixionit,) and which then becomes per the psoas, the iliacus, the pectinaeus, the triceps adductor,
pendicular to the horizon. Then round A B as an axis let the limb the sartorius, and the gracilis, aided by the tensor vagine
A C describe the portion of a cone ACE. Next, having planted femoris.* Observe also, (Da Vinci, cap. 208. 295. 299.)
the limb A C in E, again raise the compasses until A E becomes that in proportion to the speed of the walker bis hue of
perpendicular to the horizon. Let now the other side A B revolve,
describing the arc B F, and in this way, by alternately making with direction or gravitation will be found to fall more or less
one limb a perpendicular to the ground, and with the other a circu forward. A slow pace will require it to lie very little
lar movement, a sort of progression may be produced. Eut as this forward. But it must lie considerably forward in a per
mode of walking would have been equally unsightly and trouble son walking swiftly or against the wind.t
some, Nature has provided for the machine of the human frame a
(272.) 5. Running. The centre of gravity! is here S.Rraij.
plan of locomotion much easier and more graceful. Let, for in
stance, the feet of a man, standing, form at the points where they
touch the ground, the isosceles triangle ABC. (Plate iv. fig. 5.) weight. Another example is seen in the act of straightening the
To change hiin from this fixed state, the lever or column of the body, or lifting it up after having inclined it forwards in nuking a
foremost leg A B is made to revolve round a centre B in a plane Low. The power is in the muscles attached to the os ilium, the fulcrum
perpendicular to the horizon, while, at the same instant, the entire is in the pelvis, (or rather the fulcra are the points where the icet*.
frame K of the body is impelled forward in the direction K. These hula rest on the bones of the femora,) and the weight is the upper
combined movements are effected as follows. When the foot L C part of the body which has been previously inclined forward, 2.
becomes extended by the action of the solsus muscle, the angle The second kind of lever when the weight is between the fulcrum
A L C becomes an obtuse angle, and since the apex of the foot and power is exemplified in the act of standing on tiptoe. The
touches the ground at the point C, the length of the whole leg and power is in the muscle (solasus) at the back of the heeL The weight
hip is increased by the addition of C L, the length of the foot. is that of the body over the arch of the foot, and the props are the
During this process, the isosceles triangle above described alters its toes. This lever is also constantly employed for propelling the centre
form and becomes a right-angled triangle at the moment when the of gravity in running or walking. It is exemplified in the legs of
leg A B stands perpendicularly on the horizontal plane. During birds and in the hinder legs of quadrupeds. 3. The third kind cf
this well-known movement the entire frame R being supported by lever with the power between the prop and weight is most common.
two feet may easily be made so far to incline forwards, as that the It is shown in raising a weight on the palm of the hand, and bending
leg A B may form a perpendicular support. By the very act also of the arm at the elbow-joint. The power of the biceps muscle acts
extending the foot and the consequent elongation of A C, the between the hand and elbow. (Art 243, 244.) This kind of lever is
ground receives a stroke from the apex C of the foot. The reaction used perpetually in the limbs. And although, of the three, it incurs
arising from this impulse urges the machine R forward in the direc the greatest expense of power, that disadvantage is compensated
tion K, just as a barge impelled by a pole in the hands of a water by the additional celerity it affords.
* If we conceive the left leg to be thus raised and propelled, (as
man is separated from the bank of a river. The impulse above de
scribed is materially assisted by a slight inclination forwards of the that of an infantry soldier preparing to march,) it is now ready to
head and thorax towards K. By this movement the centre of plant itself before the right at the usual interval of a foot's pace,
gravity of the whole body, and consequently the line of gravitation, and under the centre of gravity, which meanwhile has been urged
being brought outside the confines of the foot B 0, exposes the forward and downward by the psoas and the iliaci interni, in conwhole to the risk of falling j and thus, by the law of gravitation, i°unction with the recti and obliqui abdominis. The left knee is
(sponle mi,) and without further muscular effort, the weight of the lere for an instant slightly inflected, the better to receive the in
frame R will be made to change its place. The danger, too, of fall cumbent weight, and then the right limb, with its toes forcibly
ing is quickly provided against by raising the foot L C, and trans pressed by their flexors against the ground, proceeds to repeat a
ferring it forwards with a brisk motion to K, beyond the limits of the similar succession of movements as soon as the left leg becomes in
line of gravitation. This done, the body returns to the station of its turn firmly stationed.
firmness and safety in which it was originally supported ; and by
t It is further to be noticed, that in all biped animals, whether
repeated renewals of the process above detailed, is maintained in a men or birds, a remarkably characteristic depression and contrac
state of progression. De Greitu Bipedum, pars Ima. prop. 156.
tion take place on the side to which the supporting limb belongs,
* Da Vinci instances the) case of a person walking on a rope, while on the opposite side we see a corresponding- elevation kA
who balances himself without a pole by means of his extended elongation ; the humerus raised, the hip and knee lowered. The
arms, cap. 198. Also see cap. 202. 208. 350. In a great number of height of quadrupeds also varies in the moving animal more thin
animals, observes Dr. Barclay, that length of neck which is neces in the same animal at rest. Their legs first touch in an oKi^K
sary for procuring their food, is regularly employed by the same direction, but afterwards being extended in propelling the bocy,
animals in balancing their system : and even the most careless they are brought to make perpendiculars with the horizon, s^d
observer may have seen that birds employ it in changing the centre must in doing so, elevate the parts immediately above them. Da
of gravity from their legs towards their wings, or from their wings Vinci, Tratiato delta. Piltura, cap. 195. 249. 268. 199.
towards their legs, according as they choose to walk or fly. p. 294.
{ The centre of gravity, in the progression of the human subject,
Butler in his picture of Hudibras, adheres with ludicrous accuracy may be compared to a ball shifted alternately from one hand to the
to the laws of libration.
other, while the hand that is to receive the ball keeps continually
advancing. In like manner, the legs, or abdominal extremities, ad
His back or rather burden showed
vance
alternately in pursuit of the centre of gravity, which may re
As if it stooped with its own load,
said to be handed over from one side to the other, and which in pro
To poise which equally he bore
portion as the head and shoulders incline further forward, reqetres
A paunch of the same bulk before,
to be pursued and caught up with the greater swiftness and prompti
Which still he had a special care
tude by the limb below. Care, however, must be taken, that trs
To keep well crammed with thrifty fare, &c.
f This is the duty of the solaus muscle acting by its tendon centre of gravity, in running, [be only inclined in such a diredioa
(tendo Achillis) upon the lever of the foot. We need scarcely re forwards, that the suspended foot may plant itself favourably under
mind the reader that the contracting power of a muscle is always it in order to progression. Otherwise there will be the appvaraon
nearest to that part of it termed its origin, and furthest from that of either staggering or falling. Let the student never tail to ob
part called its insertion : nor that the bones are acted upon by the serve throughout every movement or posture of the body that me
' muscles as levers are by a given mechanic power. Of the three curves of the spinal column cooperate with the flexure of the sup
•levers (see Mechanics, sec. 138. p. 43.) examples to our purpose porting limb or limbs to halance the whole system. The changes of
' may be easily given. 1. In levers of the first kind, (with the ful position, Dr. Barclay well observes, are never accidental effects, fc*J
crum between the power and weight as in the application of a crow are always evidently adapted to one end, vis. the equilibrium of lbs,
bar,) we have an example in the movement of the head forwards body. This accounts for the serpentine shape of a well-formed
* and backwards upon the first of the cervical vertebra, which forms spine, which (viewed from behind) is always, 1. convex from the oa
.the fulcrum or centre of motion on either side of which the mastoid coccyx to the junction of the os sacrum with the ilia ; then 'idly,
■a«id the occipital muscles are alternately opposed to the head's concave from that part of the sacnim upwards to near the true nbs;
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'ainting. thrown considerably more forward than in the movement
last described, and the line of gravitation falls so much
beyond the supporting foot, that an immediate fall
would ensue but for the rapid approach of the suspended
limb;* which no sooner reaches the ground, than asimithen, 3dly, convex as far as the neck ; then, 4thly, concave again
till it reach the atlas. The first of these spinal curves (that of the
sacrum) is caused by the spinal column pressing upon the upper
extremity of the sacrum, and at its other extremity by the force of
the gluteus magnus, while its middle part receives a rounded shape
from the resistance of the ilia. The second curve is caused by the
gacro liunbales and longissimi dorsi constantly employed in raising
the trunk from the horizontal to the erect position, as well as in
preventing the centre of gravity from getting too forward. The
third curve (that of the thorax) is caused by the pressure of the
head and shoulders, and the necessity for throwing them back to
sustain the centre of gravity which lies in front of the centre of
motion. Lastly, the curve of the neck is caused by its dorsal
muscles, which are more numerous and more powerful than those
in front. Had the spine been straight, the centre of gravity would,
of necessity, have been so restricted in its range backward or for
ward, that the man could not with steadiness have supported the
trunk of his body on its sacral extremities, during the extension of
the hip and the knee-joints. It is the duty of the latter and of the
joint at the ankle to cooperate with the curvatures of the vertebral
column. And like those curvatures the joints in question are alter
nately concave and convex. Thus an extensive range of movement
is obtained, and a greater facility in balancing. Just as in the case
of a rope-dancer, who walks a rope with greater or less ease accord
ing to the length of the pole.
In the vertebral column of quadrupeds or of birds, nothing is to
be found bearing resemblance to the three first named of these
curvatures, that occupy in the human spine, the sacral, lumbar, aud
thoracic regions. Since animals seldom assume the erect posture,
their more usual centres of gravity and centres of motion are not
situated as in the human subject. Hence, in quadrupeds, that re
markable difference in the spinous processes of their movable ver
tebra?. In Man these processes all incline towards the sacrum.
They are drawn towards one particular point while the body passes
from a horizontal to an erect position, or they are balanced upon
that point by the muscular force of the upright figure. Towards
that point accordingly, the first of the Bpinous processes of the
sacrum is sometimes directed upward. In quadrupeds a different
nee of the spinous processes arises from the same cause,
p are inclined regularly (both the dorsal and lumbar) to a point
f the middle of the spine—a point forming the common centre
of motion between the two extremities of the trunk, that ore alter
nately raised and depressed in progressive motion. The muscles
chiefly employed in producing these inclinations are the latissimi,
and the longissimi dorsi, the sacrolumbales, the semispinoles, and
the multifidi spinas. The three first draw the spinous processes up
ward, or towards the head of the animal ; the two last draw them
downward, or towards its sacrum.
* On the motion of quadrupeds we translate as follows from
Borelli, pars lm&. de incessu Quadrupedum, cap. 20. prop. 165. A
notion, he observes, has prevailed, that animals move forward two
feet alternately while the other two remain at rest, in a way resem
bling the walk of bipeds ; who support themselves on one limb
during the advancement of the other. Taking this for granted, the
Ancients have told us, that quadrupeds, in standing, make on a plane
surface the quadrilateral figure A B C D. (Plate vi. fig. 5.) They
might see that in a gallop, (plate vi. fig. 4,) the fore feet, A B, are
lifted together, and together moved forwards, while at the same time
both the hinder feet, C D, rest upon the ground E F. The feet
A B next reach the ground, when instantly afterwards the hinder
legs C D, are lifted in their tum, and together moved forward to
wards A B. And in this manner the quadrilateral figure ABCD,
Iiy its successive contractions and dilatations, performs what in horses
and dogs we term running.
In the action of walking, however, or going at a foot's pace, it is
evident that neither the two anterior limbs nor the two posterior are
lifted and advanced at the same moment They are moved alter
nately. When A, for example, is advanced, B isquiescent, and vice
vertS, when B is put forward, A rests on the ground and supports
the body. But it is not equally easy to distinguish what may be the
order of movement generally, and what relation the motions of the
hinder and of the anterior limbs bear to one another ; whether, for
example, the two near feet A and D move together, or whether A
moves at the same time with C. The rapidity of the movement in
.Nature, would make this a matter difficult of decision. Philosophers,
VOL, V.
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lar aid is again required from its fellow. To walk or to Of Outline.
accordingly, prepared themselves to solve the question by reasoning
T
as follows. If the two feet A and D (on the near side) should be
raised together and lifted forward at the same time, the animal
would tumble and come to the ground on that near side. Therefore,
say they, it must stand to reason that the off fore foot B (dexter anlicut) must be lifted and advanced together with the near hind foot
D, (fig. 5,) that so those feet of the animal which are diametrically
opposed may at the same moment be together in a state of rest or
together in a state of motion.
I am surprised, continues this learned Naturalist, that the difficulty
and absurdity which such a movement involves, have escaped obser
vation. They grant that an animal in motion must be steadily
balanced lest it should stagger or fall. And this is given as a rea
son why the animal cannot move at the same time the feet A and
I) on the same side ; because in case of such a movement the centre
of gravity of the oblong body, and consequently its line of gravita
tion, would be perpendicularly either over the right line ~B C, where
the two off feet form the support of the body, or on one side of it as
towards A D, in which latter circumstance the animal would come
down on that side. But let it be considered that when, at the same
time, the two feet B and D, diametrically opposed, ore lifted and
propelled, the whole incumbent weight of the animal must still rest
upon the two feet planted on the ground ; in which case the line of
gravitation will fall perpendicularly, not over a wide space, (spatium
amptum,) but over the line A C. The animal will therefore stagger
and vacillate as much here as in the circumstances before dreaded,
and its position be equally hazardous or unsteady. Next let us
observe the arrangement of the feet after the first movement has
been made : after, for example, the foot B has been transferred to
K. and the foot D to S. The two near feet A and S become now
contiguous ; while K and C on the off side are as remote from each
other as possible, so that the four feet of the animal lie at the three
angles of a triangle, of which the base K C is the longest side, and
A B the shortest altitude. A position this far from any thing like
firmness. And from this position, after moving the feet C and A
and transplanting them to I and V. the animal would return to its
original quadrangular station of safety I S V K, similar to A B C D.
These alternate positions of safety and of peril would have been un
worthy the wisdom of Nature in a case where it is easy to have
avoided them.
The author then, in the proposition next following, explains thus
the mode by which progression takes place in quadrupeds. Let the
oblong frame of the body of a horse, (plate vi. fig. 6,) supported on its
four fulcra or legs, (which rest, like four columns, on A, B, C, and D,
their points of contact with the ground,) be understood to cover the
four angles of a quadrilateral figure or rectangle. The line of gravi
tation will fall perpendicularly upon E, near the centre of the
quadrangle. This position of the animal will, consequently, be the
firmest possible.
The movement forwards commences from one of the hinder feet,
suppose C ; which is, in this example, the near hind foot, and which
by a back-stroke, or powerful pressure backwards against the ground,
advances forcibly the line of gravitation from E to O. This done,
the foot B is suddenly lifted and transferred onward as far as H.
This transposition is easily mode, because the line of gravitation in
the first instance falls witlun the triangle A B D, and in the second
it falls within the trapezium A B F D. In the former case it is sup
ported by three, and in the latter by four columns. While now the
three feet A D F remain planted firmly on the ground, comprehend
ing within their three points of contact upon it the extremity G of the
line of gravitation, the near fore foot B {anteriorpet sinister) is next
planted on H, and the line of gravitation, by the coutinuance of the
impetus before received, is now transferred to I, namely, to the
centre of the rhombus A H F D. Thus is completed the progressive
impulse on the near side by means of the two near legs ; and no
sooner is it completed than D, the off hind foot, gives in its tum a
push or back-stroke to the ground, and advances, as well as the off
fore foot A, to take up a new position.
What we are here explaining, continues Borelli, in animals, is not
a movement of all their parts at once urged forward with an equal
velocity, and in one and the same direction, as happens in the act of
flying, of jumping, or of vermicular progression, (reptatid,) but is
rather a movement resulting from the transfer of the weight of certain
parts, while supported upon other parts which remain at rest, so that
the progressing animal may be said to advance while slanding,(stans—
progreditur.) This continued support, and this transfer of its weight
in the progression of the animal should be liable to no shiflings or risk
of injury, but shoidd be firm and steadfast; effected by a sufficient
muscular power ; and by no more than is sufficient, i. e. by the least
possible labour. But in order that every risk of falling may be pro
vided against, there is a necessity that the number of props or sup4D
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Fainting, stand against a high wind requites the same sort of in- both actions the body is inclined forwards or sideways, rjf OsS
v—-y ' clination of the upper portion of the body.*
according to the distance as well as according to the dims
(273.) 6. Dancing and leaping. A hop differs little tion of the proposed saltus or saltatio. The greater that
from a leap, except in being performed on one foot. In proposed distance,* the greater will be the inflection of
the pelvic extremities. In both cases also there is an
porting columns should be more than two ; and should consist of four, inflection of the ankle, knee, and hip joints previous to
or at least of three, within which the line of gravitation (drawn per the sudden extension of them which causes the spring
pendicularly from the centre of gravity in the body of the animal)
must be included. Ail these important purposes are answered in from off the ground. t
the mode of progression above detailed. Moreover the movement
* The elasticity of the cartilaginous part of the limbs is called
of the entire animal frame is easily accomplished in the manner
stated ; because its entire weight has no need of being held sus forth in dancing and leaping as in running, and distinguishes all
pended or lifted from the ground. The only weight requiring sus- these movements from the more deliberate process of walking. The
pension is that of the one limb to be moved and advanced. First centre of gravity in those more lively movements is no longer quietly
of all the centre of gravity is shifted forward by an impulse pro and insensibly transferred from the right to the left side, or mot
ceeding from the hind foot ; an impulse not attempted by either of versa1 ; but is thrown off as by tlie action of a spring, with a jerkthe two fore feet, because pressure from either of these upon the like impetus, which, in the trot of quadrupeds, is very perceivable.
ground in front would drive the centre of gravity backward instead The fore foot in trotting reaches the ground with such force as ex
of anteriorly ; but such an impulse as has been described proceed cites reaction, and for a time suspends the forward movement ; until
ing from an elongation of the hind leg, acting like a pole in the the back-stroke from the hind leg diagonally opposite takes enect,
bands of a waterman. The whole animal frame through this con and again with a sharp jerk propels the centre of gravity. The
trivance is impelled forward by the inflection of three upright same observation applies to the gallop, during which the spring-l&e
columns ; just as any vehicle is propelled by the wheels which sup reaction is caused by both fore legs instead of one, and countsport it. Again, observe, that in the suspension of the hinder foot acted by the propelling impulse of both the hinder limbs.
The tiptoe position in dancing is the work of the extensors, (Art.
through the action of the flexor muscles ou the joints required ; and
afterwards in the advancement, on the same side of the animal, of 256,) together with the tibialis anticus, (16.) while the peronseus (i.)
its fore foot ; the advantages of facility and speed must make the turns out the toes and points them. Dancing requires the simulta
neous exertion of a great number of muscles. Those of the truak
necessity of such a mode of operation quite apparent.
We need only remark on the foregoing statement of this acute and superior extremities are employed in balancing the figure and
Philosopher, that the truth of his system is very plainly distinguish keeping it erect ; those of the leg and inferior extremities are chiefly
able in the walk of a horse, but that if Borelli ever rode out with his employed in various modifications of the several motions that hare
patroness, Christina of Sweden, and that they put their horses to a been particulariied. (Art. 254, 25f>, 256.)
lu leaping, the impetus, says Da Vinci, (cap. 260.) is accompanied
trot, he must have observed the near foot C (plate vi. fig. 6) of her
Majesty's courser, on striking the ground, so immediately followed by a rapid extension of the body immediately after having been
by the stroke of the off hind foot D, as to give the appearance of bent, like a spring, at the joints of the hip, knees, and ankles.
a simultaneous impulse. And there can be no doubt that in a quick During this extension the body describes an oblique line. It is car
movement, the limb D is on its way to take up a new position before ried by one force upwards and by another forwards ; between which
the limb B has reached the ground at H. Consequently in repre two forces it moves in the curve of a large arch, such as may bs
senting rapid progression, the feet diagonally opposed may be seen described by the feet of the person leaping. " In preparingto
shown raised off the ground together ; although the foremost of take the spring, the body and thighs are drawn together. The
them must, according to Borelli, be always nearest the ground so as muscles of the leg draw up the heel, so that the figure rests on the
to strike it first. This position of the quadruped balanced upon two ball of the foot. The arms ore thrown back. They assist, like
legs is undoubtedly unsteady, and would never take place in pro wings, in the impulse. When the figure alights, the arms are raised
gressing slowly, as in walking. But during a brisk trot the sua- above the head, and the centre of gravity" (Tine of gravitation} " is
£ended limbs (one on the near, the other on the off side) act as near the heels." Flaxman, p. 128. For accomplishing the motives
orators, and form an equipoise to each other, which is so momen above-named, we observe that the soueus, the tibialis anticus and
tary as never to be hazardous as long as the muscles play freely. posticus, and the peronsei, (Art. 256,) are first employed to tighten
Borelli admits that the muscles in brisk action have greater facility the sole of the foot. The extensors elevate at the same time the
of balancing than when comparatively quiescent. He remarks in phalanges digitorum pedis. (A.) Then follows a. strong propelling
another place, that when dogs attempt to stand on their hind toes, impulse to the body from the two first-named of these muscles. Asa
(see plate vi. tig. 8,) or horses on their hiud hoofs, they speedily come last of all, a sudden contraction of the cruraei, or crurales, (Art. 255,
to the ground, having no power of remaining steady in an erect note,) impels the femur upwards ; and a similar contraction of the
position ; but they have power of walking in that erect manner, be glutei, the semitendinosi, and the bicipites (Art 254) gives a simi
cause in the course of locomotion they may balance a vacillation to lar upward spring to the pelvis.
wards one tide by an opposite leaning towards the other: just as boys
f We translate as follows from Borelli, pars lma. de Salt*, prop.
go about, and even run, supported by stilts, but cannot remain quies 172 and 173. Let ABC (plate iv. fig. 7) represent a bended
cent without tumbling immediately. Book i. p. 173. Horses are bow placed in an erect position round the joint (nodus) B, and rest
Bometimes trained (by tying their near or their off legs together) to ing upon the ground at C. Let F £ be its line of gravitation, sad
practise a kind of ambling trot. This is an easy pace for the let it be suddenly widened by the contraction of the cord GQH
rider, but is not natural to the animal. Perhaps the steed of her placed at its outside edge. The result will be to make the bow sprug
Majesty of Sweden was so trained. It is remarkablo that the plate from the groiuid. The bow accordingly, and its ceutre of grantv,
in Borelli's Work represents the animal supported on rioo legs.
will by that impetus be transplanted from the ground towards f.
* In running, the lumbar vertebra: are placed as in stooping ; the (Compare note to Art. 270.) This movement is no other than that
whole spine makes on angle with the sacropubic line ; (Art. 248 ;) of leaping, to illustrate which in the human figure we have tut to
the recti cruris, the psoas, and the iliaci draw the trunk forward and add two other bows, H V X and N D K, acting simultaneously and
incline it to the pelvis.' The femur is, at the same time, inflected by conjointly with ABC, and place the extremity of the lowest how
the psoas and iliaci ; the tibia by the semitendinosus, semimembra on the ground at K. A B will represent the spine ; B V the line
nosus, and biceps ; also the foot and its phalanges are inflected and of the femora ; V D of the legs ; and D E of the feet. Let,
make angles with the metatarsal bones by the action of the tibialis next, ABE (plate iv. fig. 6) represent the frame of the human
anticus, by that of the extensors (great and small) of the toes, and body standing as at No. 1, in an erect posture, viz. with the
by that of the extensor of the great toe. This bending of the pha bones of the legs, femora, and spine extended (as nearly as
langes is indispensable to running, as also the inclination of the may be) in a right line ; as so many pillars one above the other,
trunk, which inclination, in a walk, varies from a stoop to the up resting perpendicularly on the ground R S. The common centre
right posture, but in running is continual. Remark also that the of gravity Q will in this case be distant from the ground the
centre of gravity never rests during the race for an instant, but length of the lower extremities. Next let the posture be changed
bounds forward in alternate undulations from side to side, varying for that represented in No. 2, where the several joints at B, G,
its situation according to the balance of the figure by its thoracic and D are bent so as to make acute angles. By this inflec
extremities. Observe as the right foot strikes the ground the right tion the distance G E of the centre of gravity from the ground is
shoulder lowered, the right arm advanced and its fore arm inflected ; lessened by about the length of a leg; or by only one half ofits former
the left shoulder raised, the left arm thrown back, and its fore arm distance while the man stood erect. If during this position a cooextended. Reverse these positions when the left foot strikes the traction be suddenly and forcibly made (at one and the same in
ground.
stant) of the glutaa, the vasti, and solan muscles, the result wul be>
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(274.) 7. Climbing. This attitude includes both the hand requires, for the same reason, the advancement of OfCompo]
methods gtated in Art. 267, for supporting the centre of the right foot.
sition.
gravity. The superior extremities are employed in sus
12. Falling. In order to represent a falling figure, v^wv^fc'
pending the body ; the inferior, in their ordinary capacity and without any part at rest, let that portion of it which
of fulcra, or sustaining props, beneath it. The chief is heaviest be seen to sink most, or be on its way to be
consideration for the artist is to give (as in the recum lowest. The appearance of any figure previous to a fall
bent posture, Art. 269) neither more nor less action to may be easily given by transgression of any of the above
the muscles of any limb than is necessary for the work rules of libration.*
it has to do, but to divide the weight naturally and
suitably between the several suspending or sustaining
limbs.
We have now bestowed upon the details of Outline so
8. Pulling downwards, upwards, or horizontally. In much of our allotted space, as leaves us incapable of
these movements, wherever great strength is required, touching otherwise than briefly on the divisions that re
the arms are assisted by the weight of the body. If the main of the subject But we have not limits for a per
pull is downwards the action resembles that of climbing, fect Treatise ; and we prefer being, if possible, practically
and the body is placed as nearly under the object pulled serviceable on one or two essential points, to the likeli
as is practicable. If the pull is made either upwards or hood of being superficial upon all.t
horizontally, the feet are if possible so planted as that
(276.) Composition is that exercise of the Art which Composi
the object pulled might be seen by the figure himself puis together^ the materials of which we have hitherto tion so de
between thcin. The horizontal direction, however, does been examiningsomeindividual elements. Tocomposition fined as to
not always afford to the feet a station so advantageous. belongs not only the grouping and judicious arrangement include the
contrivance
They are therefore brought forward as nearly in the of outlines, but also the use of that relief and force, and as
well as
direction of the object as the nature of the ground increased power of expression derived to outline from the per
permits.*
the aids of chiaroscuro and colouring. Under this formance of
9. Pushing in three similar directions. The available one general term, Composition, we would include all a work.
muscular force for these motions being upon the whole that relates to the formation or execution of a picture ;
•weaker than for those last mentioned, greater effort must from its earliest existence in the fancy of its author to
be exhibited for pushing any object than there would be its perfect completion upon his canvass ;§ all that can
for pulling one of the same weight.
* A flying figure is opposed to the foregoing. It has no appa
(275.) 10. Carrying any weight. " The centre of
gravity," observes Flaxman, " is the centre of the incum rent support, yei the heaviest part of it must be represented rising or
mounting
upwards. The frescos of the Italian fathers of Painting
bent weight falling between the feet, ifsupported by both, exhibit examples,
never to be surpassed, of the flying figure.
or on the supporting foot." By the " incumbent
f " The port-crayon," observes Sir Joshua Reynolds, addressing
weight" must be understood the weight of the body of himself to the students of 1 769, ■ ought to be for ever in your hands.
the carrier joined to that of the burden. It is, says Da Various methods will occur to you by which facility of drawing may
be acquired. I would particularly recommend that after your return
Vinci, necessary to equilibrium that so much of the from
the academy, (where I supposeyourattendanceto be constant,)
weight of the carrier's body be thrown on the side oppo you would endeavour to draw the figure by memory. I will even
site to that which bears the burden as may amount to a venture to add, that by perseverance in this custom, you will be able
counterpoise ; consequently the line of direction or gra to draw the human figure tolerably correct, with as little eflbrt of
the mind as is required to trace with a pen the letters of the alpha
vitation will not fall from a point in the centre of the bet."
Reynolds, Works, (Malone's 8vo. edition,) vol. i. p. 40.
burden, unless the latter be considerable.!
J See our Lexicon for the words Coupons and Compose. Also
1 1. Throwing any weight, or striking. To either of Johnson's] Dictionary, folio edition, for the fifth meaning of the
these operations the lower limbs are often as essential as word composition.
$ Bardon, in his vocabulary prefixed to his Histoire Universe/ re
the upper. The right hand is generally most employed ; tail/
Arts, 8vo. 1765, thus defines invention : Quatiti dtpenand, in the case of striking or of throwing any thing in dante aux
du ginic. Kite trouve les choses que ta composition arrange,
a forward direction is powerfully assisted by the left leg Du Fresnoy also considers invention separately from composition,
and foot, which must be advanced in the direction of the and calls it the first part of Painting. Piclura prima pars invenblow.J If, however, the blow be given backwards, the lio. See Reynolds, Works, vol. iii. p. 35. Dryden in his parallel,
volume, p, 256, between Poetry and Painting, says , in
longer sweep may be obtained for the right arm by in the same
is the first part of, and absolutely necessary to them both.
advancing the right foot A blow forwards with the left vention
Yet no rule ever was or can be given how to compass it. A happy
genius is the gift of Nature. How to improve it many books can
teach
us ; how to obtain it, none. That nothing can be done with
that the three bows ABC, BCD, and CDE will expand with
great force. Through the reaction of the ground, the centre G of out it all agree. Tu nihil invito" dices facietve Minerva. Without
privity will be impelled upwards to F. And because this movement invention a Painter is but a copier, and a Poet but a plagiary of
n the consequence of an impetus, which acting uniformly in one others. Under this head of invention, he adds, is placed the dispo
direction cannot cease of itself; therefore it will of necessity raise the sition of the work to put all things in a beautiful order and har
weight of the man's body clear of contact with the ground, and carry mony, that the whole may be of a piece. The composition of the
it upwards with a spring through a certain space, until the gra Painter should be conformable to the text of ancient authors, and
dually increasing power of gravity equals the projectile power. From to the custom of the times. And this is exactly the same in Poetry.
what has been said above, it is plain that three bows in the human As in the composition of a picture (p. 258) the Painter is to take
subject are in constant exercise. They are not put into action care that nothing enter into it which is not proper or convenient to
through their natural hardness or elasticity, (materiali dunlin ci ten- the subject, so, likewise, is the Poet to reject all incidents which are
foreign to his Poem. Sir Joshua Reynolds, at p. 107, gives &
tu, if. i but by the voluntary action of the extensor muscles.
more practical definition. The invention of a Painter, he says, " con
* Da Vinci, delta Httura, cap. 234, 235.
sists not in inventing the subject, but in a capacity of formiog in
+ Ibid. cap. 200. 206, 207. 263. 350.
♦ Ibid. 261, 262. It is justly remarked of that admirable figure his imagination the subject in a manner best accommodated to his
called the Fighting Gladiator, or Lesser Ajax, that the right hand Art, (hough wholly borrowed from Poets, Historians, or popular
could not strike a blow while the right leg is in the position repre tradition. For this purpose he has full as much to do, and perhaps
sented by the sculptor. The left arm, on the contrary, if a Bhield more, than if the very story was invented : for he is bound to follow
were upon it, is admirably placed for warding off a stroke, and for the ideas which he has received, and to translate them (if I may use
the expression^ into another Art. In this translation the Painter's
protecting any supposed object beneath it
4 d2
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Painting, employ his powers of invention and imitation, whether
"V"
upon combinations selected from a well-stored mind, or
upon objects as presented immediately to his eye. This
extended view of composition in Painting combines a
"
consideration of the influence it is designed to have on
the spectator, with the various operations of the Painter's
own head and hand for this purpose.* We confine our
selves at the same time to—
invention lies ; he must, in a manner, recast the whole, and model it
in his own imagination. To make it a Painter's nourishment, it
must pass tlirough a Painter's mind. Having received an idea of
the pathetic and grand in intellect ; he has next to consider how to
make it correspond with what is touching and awful to the eye,
which is a business by itself. But here begins, what in the language
of Painters, is called Invention, which includes not only the com
position, or the putting the w hole together, and the disposition of
every individual part ; but likewise the management of the back
ground, the effect of light and shadow, and the attitude of every
figure or animal that is introduced or makes a part of the work."
Fuseli, in his third Lecture, p. 1 10, adverts to a question whether it
he within the artist's province or not to find or to combine a subject
from himself, without having recourse to traditiou or the stores of
History and Poetry. . Why not, he exclaims, if the subject be
within the limits ot Art and the combinations of Nature ; though
it should have escaped observation P In his fifth Lecture he calls
composition, in its stricter sense, the ilrener of invention : and
observes that composition superintends the disposition of the in
vented materials. Opie, in p. 6j of his Lectures, the successor of
Fuseli, thus expresses himself on the same subject. Invention as a
general power depends on the command of a large fund of ideas,
and an intuitive readiness of associating and combining them in
every way possible. As a technical power, invention consists not in
composing in the first instance the story to be represented, but in
seizing at once on the peculiar and prominent feature of the subject ;
placing it in the noblest and most interesting point of view ; taking
in all that belongs to the time and place chosen ; discriminating
the characters ; entering into their situation, circumstances, and
relations ; and all this with a reference at the same time to the
genius and powers of the Art by which they are to be embodied.
The author of the Element) of Art, p. 206, has a note to the follow
ing effect : " The conception of a subject, story, or plot ; the dis
covery and connection of such events and circumstances as are
best calculated to convey whatever moral the Poet and the Painter
design to express, must be considered the first and highest effort of
invention. Prom this point the Painter and the Poet start in dif
ferent directions ; each to run his particular career. The subject
as conceived in the Painter's mind must now be transferred to the
material upon which he works, and such an arrangement made of
the figures and objects connected with it, as may be most judiciously
adapted to strike the eye and the mind of the beholder. This second
operation is called disposition or composition.''
The reader who examines and compares together the foregoing
eminent authorities, cannot but be struck with the similitude be
tween the definitions ofinvention and of composition. He will see that
the invention of a picture is no other than the composition of it in
the mind before being transmitted to the canvass ; and that what
is termed by some the composition of a picture, is in fact that very
same invention or mental composition exhibited afterwards to the
eye under appropriate forms and colours. By making, therefore,
composition the generic term, and including under it the two pro
cesses ; first, of the Painter's mind, and secondly, of his pencil ;
processes which, distinct as they are, ought never to be separated,
may we not simplify to the student what seems to have admitted of
occasional mystification ? There does not appear much difficulty in
comprehending that a selection being first made of such particulars
as are proper to be represented by the Art, is next to be followed by
a selection of suitable materials and modes of representation.
* Every Art that addresses itself to the imagination necessarily
involves three considerations. 1. Susceptibility of the artist to
receive from Nature and from education impressions of beauty and
sublimity. 2. Susceptibility of the spectator, reader, or auditor to
comprehend and sympathize with the artist. 3. Skill in the artist
in the selection and use of materials for exciting that susceptibility
of the spectator, reader, or auditor. In some Arts, as in Music, or
in Dramatic Poetry, a fourth consideration is important to success,
namely ; 4. Skill in the performer to comprehend and execute the
work of his composer. Other Arts, as Painting, Sculpture, Archi
tecture, &c, must generally unite the offices of composer and per
former in one and the same individual. Applying, then, the three

I. The representative powers and moral purposes of Of Coajr
the Art.
II. The objects to be represented.
III. The means, rules, or modes of representation.
first-named particulars to the theory and practice of Painting ; we
observe,
1. Respecting the susceptibilities requisite for the student, he most
to succeed in this arduous profession answer to a description given ia
the Lectures of a late celebrated professor. " He must not be one who
has mistaken a pretty kind of imitative monkey-talent for genius ;
one who has taken up the Art to get nd of what he thinks a more
vulgar or disagreeable occupation—or merely on the supposition of
finding an easy amusement : but he must be such a one as is im
pelled by no consideration but a real unconquerable passion for
excellence ; one who undismayed looks all difficulties in the face ;
to whom obstacles are a stimulus ; who receives fire from what
quenches others—one in short, who is prepared to sacrifice time,
ease, pleasure, and profit, and devote his entire self to the An''
(Opie, Lccturei, p. 20, 21.)
We may further remark that to the imagination of a Poet, the
Painter of History must unite a peculiar talent for dramatic or
scenic effect ; a nice perception and ready invention for such inci
dents as are termed " By-play" in the phraseology of the stage.
For the Painter is to do with his colours what the actor must perpe
tually do with his person, namely, express by actions, looks, and
gesture alone the sense, design, and spirit of his author. Where
an incident is discovered in which at one and the same instant a
number of very significant actions, or else one simple burst of ex
pression can be produced to explain, at a glance, trie story : such an
incident may form a proper subject for Painting or Sculpture. In
our allusion, however, to scenic talent, we mean a much higher
degree of it than perhaps theatrical representation often admits oC
Sir Joshua Reynolds (ffirkt, voL ii. p. 133) observes upon * the
necessity," in theatrical performances, " that every thing should be
raised and enlarged beyond its natural state ; that the full effect
may come home to the spectator, which otherwise would be lost in
the comparatively extensive space of the theatre. Hence the deli
berate and stately step, the studied grace of action, which seems to
enlarge the dimensions of the actor, and alone to fill the stage. AD
this, though right and proper in its place, would appear affected and
ridiculous in a private room, (quid enim de/ormius quam scenam in
vitnm trannferre.") We have no idea of recommending theatrical
subjects for the student in Historical Painting. On the contrary, «e
join heartily in the opinion of the lively author of Elementt of Art,
where he remarks, that the " taste of the .historical artist too often
receives a bias which materially affects the conduct and character of
his work. He finds it impossible to get out of the theatre, be cannot
separate in his imagination the natural situation from the dramatic
exhibition, nor extricate his pencil from those accessories of scenic
extravagance, which, mingling with all his conceptions, pervert the
purity of his Art, and destroy the simplicity of Nature." Ia the
same note, the author, alluding to the French School, describes the
Gallican critics as having " lost all relish for the plainer fan of
Paiuting ; and once accustomed to theatrical luxuries, as beginning
to think the unostentatious dignity of Raffaelle and the Roman
School, tame and inspid." (p. 309.311.)
2. The next consideration is, how far spectators possess the
faculty of entering' iuto the meaning of the artist, and of sympa
thizing with the emotions he expresses. This is a most important
circumstance to every aspirant for pictorial fame, fie cannot, be
ought not to be deaf to praise from his contempors ries. To be
admired he must choose popular subjects. Yet how often may
he monopolize admiration by committing, in contradiction perhaps
to his own judgment, enormous outrages upou truth and Nature!
In this dilemma he must frequently tax his ingenuity to the utmost,
and must select the least absurd among popular absurdities. He
must endeavour to put himself in the situation of the most judicious
among his judges. He is like a writer, who, for the approbation of
judicious readers, is expected at all events to write common sense,
and to tise language that is intelligible ; but yet that his readers may
be kept awake, he must not fail to interest as well as to convince
them, to arrest their imaginations as well as lead their judgment,
and to appeal effectually to their sensibility.
3. With regard to the materials for exciting the snsceptibility of
a spectator, it is proper here to repeat a remark made by the best
writers on Art, that, for the purposes of Painting, a sufficient degree
of verisimilitude in any picture, is to be obtained rather by faithful
adherence to the general character of objects, than by excessive
attention to details. We therefore scarcely need to say, that in
using the terms " Truth" and "Nature" as applied to Painting, we
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Punting-. " Of these three divisions, the first relates chiefly to the
1 attractions of Painting for the eye or mind of the spec
tator ; the other two to the labours and the judgment of
the artist. The second regards more especially his
choice of materials drawn from observation of Nature :
and the third is connected principally with such methods
of pictorial arrangement as result from exploring with cri
tical industry the works of other hands, and combining
their experience with his own.
Repre(277.) i. The first of these particulars demands carentahve ful attention and investigation from every composer in
•en and this, or indeed in any Art. We have here only room
^P"" for a brief caution to every aspirant after mastery in
liating. pictorial composition to avoid attempting more than the
limits of Painting are competent to attain. If his
ultimate ambition be to instruct, to attract, and to
amuse, he must aim first of all to be intelligible. In
his choice of a subject, as well as in his treatment of it,
he must address himself to the prepossessions, to the
habits and mind of his spectator.* Whoever would
do not mean such an imitation as merely serves to deceive the be
holder into a belief that it is no imitation. Nobody in his senses
ever expects a picture to be the thing which it cannot be, the thing
represented. This would be like believing Kemble to be the real
Coriolanus ! Such a transubstantiation would remove all the plea
sure which the mind receives from tracing a resemblance, and from
pursuing the infinitely varied associations which that resemblance
calls up. But by attention to Truth and Nature, we mean absence
of affectation and excess, as well in colouring as in drawing, and
an accurate observance of those delicate gradations which the tints
and forms and shadows of Nature universally unfold. In a word,
we mean a chaste and scrupulous adherence to the " modesty of
Nature."
* " Every Art," says Sir Joshua Reynolds, " like our own, (vol. i.
p. 225.) has fluctuating as well as fixed principles. An attentive
inquiry into the difference between them enables us to determine
how far we are influenced by custom and habit, and what is fixed
in the nature of things. To distinguish how much has solid found
ation we may have recourse to the same proof by which some hold
that wit ought to be tried—whether it preserves itself when trans
lated. The wit is false which can subsist only in one language :
and the picture which pleases only one age or nation, owes its re.
ception to some local or accidental association of ideas."
Agreeably to this doctrine it will be proper for every artist to
make himself acquainted with the nature and origin of those con
ventional licenses which have been transmitted from one Age to
another, and bow many of them retain their hold upon his patrons
and admirers. In any Art which, fur the amusement, or, as it may
be, instruction of mankind, practises upon their imaginations, it must
be always important to ascertain, how far the parties to be amused
will consent to enter into the delusion ; how much of the improbable,
or of the marvellous they only tolerate, and how much they eagerly
expect. Something more, it is evident, must be granted to the con
triver of a work of Art, besides our good-natured supposition, that
the object contrived represents a real existence. We must be pre
pared to grant likewise, that the object is employed in some act, or
occupies some situation which we consider, or have been taught to
consider suitable to its character. Shakspeare's Witches were, in
Shakspeare's time, considered as the representation of a sort of beings
actually existing. But the master pencil of that great observer of
Nature was careful to represent them conformably to the prevailing
notion of the fantastic pursuits in which those formidable personages
were said and were believed by the nurses in the time of James I.,
and doubtless by King Jamie himself, to employ themselves.
The nurseries of the XlXth century seem to be losing, one by one,
the venerable hobgoblins which supplied such fruitful materials for
the sublime and the terrific to the imagination of our forefathers.
Great licenses were permitted to the early schools, aud have been
continued more or less to their succeeding followers. But that
these liberties are becoming less and less endurable in the progress
of modern society may be fairly augured from some extracts which
we quote from vol. iii. p. 564 of the Manchester Transactions. Quo
tations from the same paper have been dispersed in almost every
periodical notice of the Arts, since its publication, and may be said
to have " gone the round" of the Encyclopaedias. We are inclined
tu au opinion that many of the absurd licensee there exposed arose
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obtain the power of impressing his contemporaries will Of Compo.
not employ obsolete terms; will not adapt the language sition..
not merely from literary or scientific deficiency, and from a want of
greater refinement in manners, but also not unfrequenfly from the
barbarous taste of patrons who accepted flattery at the risk of per
petuating absurdity. The paper in question comments with some
severity upon Raft'aclle in his Cartoons, " introducing monks and
Swiss guards ; putting into a boat more figures than it is evident
the boat could contain ;" making " Pope Julius II. present at the
chastisement of Heliodorus," recorded in the third chapter of the
second book of Maccabees; introducing Venetian senators while
Pope Alexander excommunicates Barbarossa; and bringing together
in the School of Athens, Aristotle, Plato, Dante, and Petrarch. " In
like manner," continues the writer, " when the same great master
paints the dreams of Joseph and his fellow-prisoner over their
heads ; when similar contrivances are used by Albani, Parmeggiano,
and Fuseli ; is it not evident that real and feigned existences are
unnaturally introduced in one narration ? When Polydore chooses
to represent the death of Cato, and exposes the hero of the piece
with his bowels gushing out ; when Paul Veronese, at a banquet,
painted with his usual magnificence, places before us a dog gnaw
ing a bone, &c. ; when the same first-rate artist introduces Benedic
tine monks at the marriage of Cona ; and, in a picture of the
Crucifixion, puts Roman soldiers in the jerkins of the XVIth cen
tury, aud adorns their heads with turbans; when Guido, in a
Painting of Jesus appearing to his Mother, places St Charles Borromee in a kind of desk in the back-ground as witness to the inter
view; when Tintoret, at the miraculous fall of manna, arms the
Israelites with fusils; and Correggio appoints St. Jerome as the
instructor of the child Jesus, common sense revolts at the impro
priety, aud exclaims, Quicquid oslendis mihi sic, incredulus odi. The
mythological taste of the learned Poussin is well known ; but
Rubens seems to claim the merit of having presented to the world
a still greater number of supreme absurdities in this learned style ;
nor is it easy to conceive a more heterogeneous mixture of circum
stances, real and imaginary, sacred and profane, thau the Luxem
bourg Gallery and the other works of that great master perpetually
exhibit." The writer next proceeds, without any respect for national
prejudices, to criminate Sir Joshua Reynolds : but we forbear ; and
only remark, that we might quote also foreign authors on Art, to
prove a similar strain of criticism to be gaining prevalence among
our continental neighbours.
Raffaello, says Milizia, (in his Dizionario delle Belle Arti, vol. i.
p. 219.) e mirabile niW espressione a"ogni sua assunto, di ciascuna
flgura, di ciascun accessorio. Ma con que* suoi Giuli 11. e Leoni X.
fattt intervenire dove non potevan essere, ha egli conservata la cunvenienza ? See also the works of Chevreau for other examples.
These therefore are licenses which, at the present day, would be
abandoned ; notwithstanding the high and, in most respects, excel
lent authority of Sir J. Reynolds, " one is," says he, " so much used
to anachronism in church pictures, that it ceases to be an object of
criticism," vol. ii. p. 314.
Neither does Sir Joshua's defence of Allegorical Painting (vol. i.
p. 214.) seem likely to preserve this style of Art from decline. 11 If
Allegorical Painting," he observes, 11 produces a greater variety of
ideal beauty, a richer, a more various and delightful composition
and gives to the artist a greater opportunity of exhibiting his skill ;
all the interest he wishes for is accomplished. Such a picture not
only attracts but fixes the attention." But what if Allegory belongs
more to the fluctuating than to the fixed principles of the Art—to
borrow again Sir Joshua's words as quoted at the commencement of
this note ? What if the public taste, we mean the taste of welleducated multitudes, either rejects or only tolerates Allegory ? A
Poet doeB not compose only for Poets, nor a Painter paint only for
Painters. Let us hear, however, the judicious advice of one of Sir
Joshua's successors on this subject. " Man and Nature," be ob
serves, " are the great objects of the Painter ; and though he is
competent to ascend with the Poet to the wildest regions of fancy,
and people with a new creation an imaginary world, yet human
events and human passions furnish him with the materials most con
genial with the powers of his Art, as well as most conducive to those
moral effects which it is so admirably calctdated to produce."
{Elements of Art, p. 358.) Hayley has not unhappily termed those
pictures in which Allegory is employed " painted riddles." This,
observes the writer just quoted, seems a condemnation too unquali
fied. Allegory, like all the other instruments of Painting and
Poetry, may be injudiciously managed ; but in skilful hands it is
capable of being made an ingenious and efficient vehicle of refined
sentiment and moral truth. The Painter, however, should be cau
tious in the use of it. An Allegory which does not explain itself to
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or biographer, or chronicler of legends, or novelist, of Of
epic poet, can describe to us a succession of events ; t aa*
dramatist can put that succession of events before us in *—v
a sort of living picture on the stage. But the Painter
has no such power.* His composition restrained to
one point of time cannot prepare us by those previous
details of character which give interest to the story. For
these details he must be indebted to what passes in the
minds of us spectators, either from our legendary know
ledge of the subject painted, or from the course of our
experienced
a spectator of ordinary discernment and information, is an enigma
that conceals the truth which it was intended to display. The im
* By means of a series of pictures, all of them introducing the
pression of the tuhject is weakened by the effort that is required to same hero in different circumstances, a tucceuion of events may be
understand it : and he whose work must be accompanied by an said to be narrated by the Painter. Also, in a single picture, accttexplanatory dissertation may deserve the praise of learning and sory particulars or episodes may be introduced, whieh lead the
ingenuity, but he will neither command the attention, nor interest spectator either to foresee something that must follow the principal
event ; or to understand something that must have preceded it It
the feelings of the public.
An Allegorical Poem or Picture, ill contrived, is a maze of mean is remarked of RaffaeUe, that the action of almost all his figures
ing in which we do not much like to wander, although we may be enables a spectator to conceive what they must have been doing the
presented with the clue. But it is not enough that an Allegory be moment before, as well as what they are about to do. In hit Car
clear ami expressive. It should be constructed also to dignify, en toon of Ananias and Sapphira, the episode which introduces the
force, and adorn whatever it is employed to display. In Art it must latter in the back-ground counting the fatal purchase-money, is >
be picturesque as well as appropriate; graceful as well as just. kind of continuation to the story. According to the letter of tbs
{Ibid. p. 3fil .) The Allegorical Painter, therefore, will do well not sacred history she did not come into St. Peter's presence until
to attempt flights in any track through which some popular Sculptor " about the space of three hours after" the death or her husband.
or Poet of well-established fame has not soared before him. Rey But this is a very pardonable anachronism in such a Painting.
nolds's " Tragic Muse" in the person of Mrs. Siddons, (of which
" Raffaelle," Sir J. Reynolds observes, (vol. i. p. 85.) "in repre
picture there is a fine duplicate in the Dulwich Gallery,) as well as senting the Apostles, has always given them as much dignify as the
his " Garrick between Tragedy and Comedy," are exceptions. We human figure is capable of receiving. No where is it shown that
may here add, that there is likewise in the Dulwich Collection ano they had really such appearance. Of St. Paul in particular *e are
ther allegorical subject by Sir Joshua ; namely, the " Mother and told by himself that his bodily presence was mean. Alexander the
sick child," which we consider a failure. The idea seems suggested Great was low of stature ; a Painter ought not so to represent him.
by the celebrated work of his contemporary, Roubiliac, in Westmin This is taking an allowed license. A Painter of portraits retains the
ster Abbey—the monument to Lady Nightingale. In Sir Joshua's individual likeness ; a Painter of history shows the man hy shoving
adaptation of the idea, not only is the action of the guardian angel his actions. A Painter must compensate the natural deficiencies uf
warding off the stroke of death vulgar, and bordering on the ludi his Art. He has but one sentence to utter, but one moment to ex
crous ; but the introduction of such machinery by superhuman agents hibit. He cannot, like the Poet or Historian, expatiate and imprest
into an affair of every-day life, destroys all their intended awfulness the mind with great veneration for the character of the hero or saint
and grandeur. The mother and her child are, in expression and he represents, though he (the narrator) lets us know at the same urn*
colour, tonehingly beautiful. On the subject of this style of Art that tiie saiut was deformed, or the hero lame. Hie Painter cannot
make his hero talk like a great man ; he must make him look like
see Fuseli's fourth Lecture.
• It is matter of serious consideration with the artist of the pre one. Poetry speaks by raising our curiosity, engaging the mind
sent day how much more limited are his opportunities of interesting by degrees to take an interest in the event, keeping that event
the public mind than were those of the gone-by giants of old. suspended, and surprising us at last with an unexpected catastrophe.
Architecture, not only in the temples of Greece, but in the churches What is done by Painting must be done at one blow." p. 247.
f It is not enough for the artist to understand his own work him
and convents and palaces of Italy, was the foster-sister of Sculpture
and Painting. Religion was their nursing mother. "To devo self. Out of his charming language of visible signs, he must use
tion," says Addison, (Spectator, No. 414,) " we are indebted fur the such as we spectators likewise understand. At our first glance be
noblest buildings in the world." He might have added, that the must, if possible, contrive to interest our feelings even without our
Arts of Poetry, Oratory, Sculpture, Music, and Painting, have like being acquainted with the historical or fabulous incident which he
wise been indebted to the same all-inspiring influence. " It seems," commemorates. It must be some incident during which, in real life,
says Professor Hey, (Norrieiian Lecturej, book iii. c xv. § 10. 8vo. though we were strangers to the parties concerned in it, we should
Cambridge, 1797,) "to be undeniably true that the Fine Arts are, desire to be ourselves actors, and should not be able to look on un
generally speaking, infinitely more efficacious when exercised on concerned. Suppose, for example, in the foreground the figure of a
religious subjects than on any others. The Paintings which have wounded wretch, stripped of his raiment, pale and emaciated through
the greatest effect are on religious subjects." It mutt, however, be pain and loss of blood ; and gazing with a look of despair upon a
confessed that the absence both of enthusiasm and of superstition, traveller in the distance, whom he seems to implore, with almost a
which Christian civilization and the progress of rational piety must last effort, for succour, but who is pursuing his way heedlrss of the
occasion, is not favourable to pictorial invention on religious subjects. sufferer. Suppose again, on the opposite side of the picture two
If the robe of Popery has been termed affectedly gorgeous and travellers, unperceived by the wounded man, one of them looking
theatrical, the mantle of Protestantism may be sometimes pro without the smallest sympathy upon his distress, but passing hastily
nounced unnecessarily plain and in bad taste. A severe remark on, as if to escape his observation. Then imagine the other,the third
has been applied, and perhaps not unjustly, to several houses of traveller, who has just alighted from his horse, or from his camel, to
prayer constructed in our own times, that they tend to remind us be running up, with a countenance and gesture that bespeak un
oftener of the preacher than of the Deity ; oftener of the convenience hesitating benevolence, to the assistance of the helpless person.
of the lecture-room than of the immensity of the temple that " fills Let an attendant who holds his beast cast a look of contempt upon
all space." The world perhaps is wiser, and casts away the toys of the unfeeling passenger, and point at the same time to the afflicted
its youth. It appears, however, exceedingly probable that the more object. We have here a scene perhaps sufficiently intelligible, and
idolatrous, the more fabulous, the more legendary, were the popular in which we should ourselves desire to be actors.
But besides intelligibility, there is required for every good
religions of old, the more effectual would be their appeals to the
imagination by means of Painting and Sculpture. The celebrity composition some purpose or moral, some rational answer to the
which those sculptured or painted works have now, is of a different question, why was thu picture painted f In the illustration just
kind from their original celebrity. We connect with an old picture attempted, the moral purpose would be to inculcate humanity and
the times and history of the Painter, and estimate it at a sort of compassion. This might be its effect perhaps upon the sym
antiquarian value. We amuse ourselves, not so much perhaps with pathies of a person who had never read the parable of the Good
its appropriateness to our own feelings, principles, and views of Samaritan. But upon the mind of a practical Christian moralist
Nature, as with the effect which we fancy it must have had upon its such a composition, well sustained throughout, would be apt to have
first beholders. No new work of Art can expect this kind of cele complete effect The eye also of the educated spectator might be
gratified by remarking the natural, the unaffected, the dignified, the
brity. The living artist is limited to contemporary fame.

Fainting, of his Art to superstitions long ago forgotten or ex«—-v-^" ploded, or to a state of society in other times* entirely
different from his own.
Again, in another respect, some control over the
flights of the pencil is necessary. There may be some
times danger of attempting to invade the province of
other Arts. No attempt can be more fatal to the
invader. The province of this Art, rich and ample,
and ljeauliful as it is, has its boundaries. An historian
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(278.) Respecting the moral purposes of the Art, we
V— take pride in the observation that our English School
has never pandered to the vices of profligate patronage.
" The depraved eye of sensuality," observes Sir Martin
Shee, in a Work to which we have made frequent refer
ence, " must, for such panders, look to the profligate im
becility of other nations." Those golden words there
fore, of his great predecessor, Reynolds, have not fallen
to the ground. " The good and virtuous man alone
can acquire a true and just relish even of Works of Art
The same habit of mind which is acquired by search
after truth in the more serious duties of life, is only
transferred to the pursuit of lighter attainments. The
same desire to find something steady, substantial, and
durable, on which the mind can lean as it were, and
rest with safety, actuates us in both cases. The subject
only is changed."
Ibjects
(279.) ii- The next branch of the subject of compoepre- sition, according to our division of it, refers to the choice
ition in of objects to be represented, and requires the student to
,t"1S' select those phenomena of Nature which will be most
effectual for the purposes of his Art.* We have already,
graceful, or (as far as truth and strong emotions would permit,) not
ungraceful expression given to the prominent characters in the
scene ; as well as by discovering a faithful representation of appear
ances peculiar to the oriental or Syrian clime, whether depicted in
the features, costume, and bearing of the several figures, or in the
wild scenery and sultry atmosphere of a route infested by robbers
between Jerusalem and Jericho. Lastly, another class of admirers
might be those whose acquaintance with the Art would enable them
to appreciate the picturesque or artistic arrangement of furms, lights,
shadows, and colouring. The achievement of a victory over some
great technical difficulty has with some such beholders too often
compensated for absolute insipidity and want of meaning ; or, what
is infinitely more abominable, for grossness and impurity.
* The extraordinary Work of Leonardo da Vinci on Painting,
which we have so often had occasion to mention, contains on the
subject of selection from Nature more written information than has
been added by any single artist since his time. His Treatise, though
apparently unfinished, and put together without method in the form
of notes or memoranda, may be termed a guide to Nature not only
as to form but chiaroscuro ; and has actually guided the most emi
nent who have succeeded him. It is truly observed, in an excellent
artistlike publication (4to. 1827) from the pen and graver of Mr.
John Burnet, under the modest title of Practical Units on Com
petition, Light and Shade, and Colouring, that "he (Da Vinci)
may be said to have laid a foundation for principles that are to be
traced through the works of the best colourists to the present day."
Sir Joshua Reynolds, in his Notes to Du Fresnoy's Art ofPainting,
declares, that all the rules which the theory of Du Fresnoy or any
other teaches, can be no more than teaching the Art of seeing
Nature. In another place he remarks, that to see " at sight," is not
a gift in every one's possession. " The life of a student," says the
author before quoted, " who has not accustomed himself to a
proper mode of arranging his observations, will be spent in an end
less search of what is continually passing before his eyes." Burnet's
Practical Units, part ii. p. 43. Miliiia, the ingenious author of
PArtt di Vedcre, under the term Composizione in his Vizionario
dcllc Belle Arti, thus expresses a similar opinion. // dono piu raro
nella compo$izione e la tcelta (selection.) La Natura n preienta a
lulti : e quasi la tteua a tutti gti occhi. Ma vedere e poco, ditcernere I futto. L'artuta tgrtgio sa tceglier meg/io cii che gti
conviene.
There are two distinct methods of selection which seem to cha
racterise two of tho greatest masters of composition. One is that of
taking the form and proportions from Nature so as to obtain accu
rate individual likeness, and afterwards of using such gestures, and
such modifications of expression and muscular action as the taste
and judgment of the artist may be competent to supply ; omitting
at the same time every circumstance irrelevant, or not necessarily
concerned in the subject of the work. This appears to have been
the practice of Raffaelle, of whom it was a maxim to paint men not
so much as they are, but as theg ought to be. His practice was con
meno ottinere il pi-i. The other method is that of taking the entire
expreirion from some model in Nature, (not, of course, a sitter for
the portrait, nor conscious that the Painter is " taking notes,') by
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under " outline," given some elementary acquaintance Of Comp>
with the forms of objects. A selection from those forms sition.
for the purpose either of Painting history, portrait, or v ~ v ~~ '
landscape, is to be made by the composer.
For historical subjects a constant study of the an
tique, and familiar acquaintance with the best engravings
after the great masters of the Roman School, will have
prepared the student, when he comes to view his model
in Nature, for rejecting all that is unessential* as well
careful and profound examination of the habits and emotions of the
individual so represented. According to this latter method, many of
the gestures may be ungraceful and sometimes may not be absolutely
necessary to the action required ; but that the expression is true to
Nature cannot be disputed, nor is it possible, if grandeur and sym
metry of form be superadded, (and its application be appropriate to
the subject,) to avoid admiration of its originality. This appears
to have been the practice of M. Angelo. Our own great moral
Painter, Hogarth, did this ; but without the grand supernddition
which indeed his style did not admit of. For a comparison of
Raffaelle with M. Angelo, see Reynolds, Worhi, vol. i. p. 128 ; Opie,
Lecture*, p. 41—52 j and Fuseli passim.
The efficiency of the latter of the above methods we could illus
trate by one or two familiar cases within our knowledge. A dead
subject lay upon a table as a model for some academic students.
The question was how to dispose it in the best manner for drawing
from it as the study of a lifeless figure. Many attempts were made
unsuccessfully. At length one of the number proposed the inge
nious plan of letting it fall from the table. This was done ; it was
suffered to fall on the ground, where from the various action of the
law of gravitation on oil its parts it immediately assumed a striking
and a natural attitude. (Art. 264.) Another case happened to a
very able English artist now living. He was employed, while at
Rome pursuing in earlier life his professional studies, to paint a pic
ture from the horses as they prepared to start on the Corso. He
accordingly took his station on the morning of the race at the most
convenient point of view which his patron had taken care to provide
him ; and during the interval of some minutes previous to the start
he had time to sketch the horses together with the men holding them.
In front of them was the cord across the street to restrain the
animals until the signal should be given. He had just finished a
preliminary sketch when the signal was made, the cord removed,
the race begun : and he had opportunity for a few seconds to watch the
action of the animals at the moment of being loose from the con
trol of the men who held them. Here was the spirit and fire of
natural action. He watched and sketched rapidly, while the first
impression was yet fresh in his immediate thoughts, the play of the
limbs, head, neck, chest, &c. Afterwards in his studio sitting down
to compose the picture, he found his second sketch far exceed his
first ; and he selected from it, consequently, the best part of his
composition. His employer, a gentleman of taste and discernment,
though well satisfied with the finished work, requested to see the
drawing in question ; and preferred it to the finished picture. Tho
relator of this anecdote, in the enthusiasm of his pictorial reminis
cences of Italy, always winds up with an axiom, that " the less man
has to do with the placing of God's creatures the better. While the
horses remained under the control of art and of human manage
ment they exhibited no striking expression ; but the moment they
got loose their natural character appeared."
• It is remarked of Raffaelle, (confessedly the greatest master of
expression yet known,) that he always has contrived to render him
self intelligible by means few and simple, in preference to such a
method as would exercise the ingenuity of his spectator to discover
his meaning. It is in this respect that we think he differs most
from his stupendous rival, and we may add instructor, M. Angelo ;
whose compositions are of that high, philosophical, Pindaric, Dantesque description which addresses and captivates chiefly the pro*
found thinker, the learned, the original observer. If a professorial
chair was established in 1373, at Florence, for the express purpose
of explaining the Commedia only fifty-two years after the death
of Dante ; we need not wonder that now, in the XlXth century,
two hundred and sixty-seven years after the death of the Painter of
one of the noblest yet most mysterious flights of imagination that
ever was conceived, namely, the " History of Man from his Creation
to the Final Judgment," cn the ceiling and walls of the Capella
Sistina : some previous initiation should be desirable for the spec
tator in order to his undivided enjoyment of the daring sublimity
of Michael Angelo. The compositions, certainly, of Raffaelle
require less the aid of comment, if indeed they require any comment.
They possess a kind of Homeric simplicity calculated to endure till
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Painting. as all that is irrelevant or injurious to his composition.
He will preserve simplicity and unity. He will group
his figures with a view chiefly to the story of which he
is to make a pictorial version.* Faithful to this prin
ciple, he will not scruple at occasional repetition of the
lines and contours whether of drapery, of limbs, or fea
tures, where the intensity of the one sentiment ex
Unity, va pressed demands uniformity of expression^ He will
riety, and distinguish, however, in his repetitions between simi
fitness in litude and sameness. He will not tolerate insipidity.
the choice
of objects. Variety is often as essential to a composition as
unity. A contrast will be shown of waving or curved
lines with others straight or less curved. (Art. 263, 264.)
The motions and posture of the limbs will vary
with the character of their owner.J Feebleness will be
Poetry, and Painting, and Sculpture shall be no more. It is more
than probable, also, that the great sculptile talents both of Raffaelle
and of Angelo, but especially of the latter, contributed mainly to
their astonishing facility and success in depicting any position or
representation imaginable of the human figure. The Cartoons
supply admirable exercises for the modcllist.
* The late Mr. Northcote (whose name, we regret to say, may
now be added to our short obituary (see Painting, p. 498.) of
English worthies in Art) has some very applicable remarks in his
Life of Titian, concerning the Roman School. He observes that its
amateurs and patrons among whom the ancient taste predominated
sought only fur the most heroical subjects : and therefore the chief
endeavour of the Roman artist was to make things with the greatest
possible simplicity. " It is," adds the venerable author in another
passage, (vol. i. p. 387.) " the test of genius, or good sense, to prove
with how few figures it is able to tell the story. And I should give
it as my advice to students in the Art, always to compose their his
torical designs with as few figures as possible, admitting that their
subject be fully explained ; and also that their figures should be
large in proportion to the size of their canvass. The reason is, that
it will better enable them to master the greatest difficulties and dis
play the highest refinements of the Art which are most assuredly
comprised in the human figure. An experimental lesson of most
useful tendency would be to tell the story even with one solitary
figure, after the example of Michael Angelo, if it be withiu the
bounds of probability, or at least with such an intention in the
mind. This method would oblige the student to give the figure the
most decided contour, with precision of form and drawing, energy of
expression, and every characteristic mark which may be required
towards its explanation. It must force him to apply to those things
only for assistance which are of essential importance to his work,
and will prove at the same time how necessary it is to keep clear of
all impertinent and trivial matter, such as might confuse and per
plex the subject, or lead the spectator to mistake it for what was
not designed, and deceive him into a wrong conclusion. An his
torical picture, like an enigma or riddle, should have this property,
that if on viewing it the specific subject is not made determinate, at
least it should not be found to answer to something else."
f M. Angelo is unrivalled for preserving unity in his figures. If
all the limbs, and muscles, and features, that are available in his
figure are sometimes called into action, they are all, however, always
directed to one action, always faithful to one combined movement.
J There are many works of the early German and Flemish masters,
such as Durer, the Van Eycks, &c. which are excellent models of
every variety of expression. The figures and forms throughout are
evidently faithful transcripts from Nature and may be relied ui>on.
Give them symmetry, colour, chiaroscuro, and other adjunclt of
good Painting, and they must be found an inexhaustible treasure
from which future RafTaelles may borrow without scruple and with
out blame. And although in expression, particularly of the coun
tenance, there are national peculiarities which should be avoided ;
yet there will be seen in such works as we allude to, much of the
grand general human character, and of that universal dialect, (so to
express it,) the proper dialect of a Painter, common to all nations.
Respecting the varieties of individual character in Historical Paint
ing, it is recommended by Mengs in his chapter delta Compotizione,
that the student should confine his acquaintance with the story of
his subject only to somo choice passages in a favourite Historian :
but that he should obtain every circumstance, by reading or other
wise, that he can possibly collect ; as well of the personages in his
picture, as of his hero, In order to represent them adequately, or (to
use our own term) individualize them. Opere di Mengs, vol. i. p.
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contrasted with strength ; age with youth ; childhood Of &
with manhood ; feminine delicacy with manly vigour.
The varieties likewise of passion and of sentiment* are N™v
* Notwithstanding the ridicule which some (who only write or
talk of, and do not attempt the arts of design) have attached to
treatises for representing the varieties of human emotion, and sbo
have termed them " receipt books for the passions," there cannot be
any doubt that such studies are anatomically, as well as in some
small degree metaphysically, important to every artist that claims to
be superior to a house-painter, and to be a student in the school of
animated nature. The Work of Le Brun has been censured by
Winckelmann as portraying with a most outrageous pencil tie
affections, and the lines of passion : and as being therefore likely to
mislead artists, and young artists more especially, into extremes ;
instead of drawing their attention to those delicate gradations of
expression which distinguish every work of genius. Severely just
as this censure is, there is no denying, at the same time, that to this
system of Le Brun many able artists have been indebted for
elementary knowledge. If he was not infallible, he was at all
events a very honest instructor, and exemplified in his own works
his own precepts. In those works we certainly see nothing of the
sublime. But he designed with perfect correctness, and understood
completely all that mechanism could effect. Besides, in a popular
treatise, the utmost that can be done seems to consist in marking
distinctly the stronger and more vehement signs of emotion, sod
contrasting them with the peaceful state. Intermediate shades ifex
pression may be left to the ripening judgment and future experience
of the young observer. The Essays of Sir Charles Bell on Jnalmj
of Expremon, to which we have before alluded, are replete with
admirably bold and pointed examples. Camper, in the Work we have
quoted, (Art. 222,) has an ingenious Lecture on the subject. ''Tba
first thing requisite," says he, " is to acquire an accurate knowledge
of the form of the skeleton, and particularly of the cranium:
the second to be well acquainted with the principal muscles of the
face and their action : thirdly, to trace the nerves in their divisions
and connections with these muscles. An oppressed, sorrowful, or
melancholy person, lets his head sink downwards, or he supports it
with his hand. The equipoise is no longer maintained by the rausdes
of the neck : that is, the nerves belonging to those muscles
rendered inert. A lively, contented laugher, on the other .'
raises his head, and his breast is agitated." p. 128, 129.
Lavater, in his Treatise on Pictorial Anatomy dedicated to FoseE,
mentions the system of Bardon by which the different states of
mind to be represented are divided into four classes :—the traouuil,
the agreeable, the sorrowful, the violent. He thinks this division
more philosophical than that of Watelet in his Poem on the subject ;
but regards the latter as more practical. Watelet has six prinriral
classes. 1 . Sorrow, or pain of mind. 2. Joy. 3. Pain by bodily
suffering. 4. Defection, prostration, or imbecility, mental and bodily.
5. Energy,mental and bodily. 6. Privation ofa good or of a pleasure.
We omit the subdivisions, which the reader will not find much diffi
culty to supply, and proceed at once to keep our promise (Art 23i)
of enumerating those muscles of the countenance which relate more
especially to erprettion. For this purpose we will suppose the
student to be prepared, according to our suggestion in Art 257,
(note 2.) with an outline, or Painting ofthe fore part of tbe human
skull. He will begin with those muscles that lie deepest, and so
proceed to the external layer nearest the skin. 1. The htccinotor
(so called from its prominence in the act of blowing the iarrnto, a
circular trumpet) will extend from the root of the coronoid process
of the lower jaw, and thence along the alveolar processes of both
jaws, as far fonvard as the denies canini : to be inserted into tbe
angle of the mouth, which it draws backwards and outwards, or con
tracts its cavity by pressing the cheek inwards. Its action is to
assist the tongue in collocating food between the teeth for mastica
tion : also in blowing, to form, by its dilation, a large space for
containing air ; in order afterwards, by its contraction, to press cr
force out from the lips the quantity of breath so collected. For the
air in blowing is not collected in the throat, but in the reservoir
of the mouth as just described. On the buccinator lies a small
portion of fat, which fills up the deep spsce in the cheek. When
this fat is reduced by sickness, the cheek takes a hollow form,
and the action of the strong 'muscles above becomes more pro
minent. 2. The temporalitwe have already mentioned. (Art. 232)
3. The maneter. (lbid.^ 4. The levator menti vel labii inferioris
arises from the lateral incisor of the lower jaw to be inserted into
the under lip ; and is called 'tvperhus, from its throwing up the
under lip with a contemptuous expression. 5. The tteprestor tela
superioris alceque nasi arises from the alveoli of the incisors of tha
upper jaw, and from the root of the canine tooth to be inserted into
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ainiing. capable of most interesting contrast. But, thirdly,
^V"""-* besides unity and variety, fitness will be maintained :
the upper lip, and root of the ala nasi or nostril, and draws the upper
lip and the nostril downwards. 6. The depressor labii infenoris
(from its square form called quadratus menti) arises from the side
of the lower jaw, to be inserted into the edge of the under lip,
which it pulls downwards. It covers the muscle No. 4. 7. The
depressor anguli oris (called triangularis from its shape) arises from
the base of the lowerjaw, to be inserted into the angle of the mouth
which it depresses. It partly covers the last-mentioned muscle. 8.
The levator anguli oris arises on the upper jaw, between the root of
the first molar tooth and the foramen infraorbitare, to be inserted
into the angle of the mouth, which it draws upwards. It partly covers
the buccinator. 9. The zygoinaiici (major and minor) arise from the
zygomatic processes of the cheek bone, to be inserted into the angle
of the mouth. They draw the corner of the mouth and upper lip ob
liquely upwards and outwards. They almost cover the last-mentioned
muscle. 10. The levator labii superioris proprius. From the external
orbiter process of the upper jaw immediately above the foramen in
fraorbitare, to be inserted into the upper lip, which it is employed
exclusively in raising, as its name proprius implies. 1 1 . Levator
/abii superioris ul&qne nasi arises from the superior nasal and orbiter
processes of the upper jaw to be inserted into the outer part of the
nostril and upper lip. It raises the upper lip and dilates the nostril.
12. Orbicularis, a sphincter muscle, or series of circular fibres,
forming great part of the fleshy substance of the lips. It closes
the mouth, and is in direct opposition to the surrounding muscles,
for all the levators and depressors of the lips are opponents and
antagonists to these circular fibres the growth and formation of
which is supplied chiefly from the muscles inserted into the lips.
13. The compressor naris, arising from the outer part of the
nostril and adjacent part of the upper jaw, to be inserted into the
lower part of the os nasi and nasal process of the upper jaw. Its
office is to close or compress the nostril by drawing it towards the
septum nasi. Or in junction with the lower fibres of the fron
talis, (Art. 259.) not yet described, it pulls the nostril outwards. It
also corrugates ihe nose.
The above-named muscles relate entirely to the nose and mouth.
The remaining three concern the eyelids, eyebrows, and forehead.
Previous to depicting them, each of the eyeballs may be now pre
sented in its orbit or socket. 14. The corrugator tupercitii, a
transverse slip of muscle that knits the eyebrows, has a fleshy origin
from the internal angular process of the os frontis. It is to be
inserted into that inferior fleshy part of the frontalis, which forms
the skin under the eyebrow. It pulls down the eyebrows and skin
of tho forehead, aud produces vertical wrinkles. 1 5. The orbicularis
palpebrarum arises from the internal angular process of the OS
frontis, from whence its fibres spread round the orbit, and cover
first the upper and then the lower eyelid, with the bony edges of
orbit. '• There is," observes Sir C. Bell, " a little tendon in the
inner angle of the eye, which may be considered as the fixed point
for this muscle, both origin and insertion. Some anatomists de
scribe it as two semicircular muscles." It closes the eye by bring
ing down the upper lid and lifting the lower. It also compresses
the eyeball and lachrymal gland. 16. The occipito frontalis has
its origin from the occiput from whence it spreads in a tendinous
fascia (Art. 259) over the crown of the head, forming the scalp,
but again becomes muscular on the lower part of the forehead aud
on the brows, till its insertion into the skin under the eyebrows, and
also into the internal angular process of the frontal bone in the
inner angle of the eye, while another slip passes down over the
nose. It pulls the skin of the head backwards, raises the eyebrows,
ami corrugates the skin of the forehead. " Independently of its
action, the mere fleshiness of this muscle gives character. The brow
of Hercules wants the elevation aud form of intelligence ; but
there will be observed a fleshy fidness on the brow and around the
eyes. This conveys an idea of dull brutal*trength." Anat. of Ex
pression, p. 58. For some of the more remarkable of the above
named muscles, see plate ix. Having now gone over those regions
of the eyes, nose, and lips, in which, as has been truly said, lies the
focus of expression, we will next proceed to describe as succinctly as
we are able, with the assistance of the \Vorks we have quoted, some of
the more remarkable expressions indicated by the movement ofthese
facial muscles. In a tranquil aud unruffled state of the countenance,
the muscles No. 14, 15, 16, are poised, and counteract each other.
When the eye is shut gently, as during sleep, only the upper eyelid
moves. The eye is opened also only by an attachment from No.
15 to the margin of the upper eyelid. It is by the action, says
Camper, 'p. 132.) of the seventh pair of nerves that we laugh,
VOL. V
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namely, a careful attention to the probabilities of the Of Compostory. To this effect, appropriate dress, decoration, or sitiou.
blush, or look pale. The muscles No. 8, 9,10, 11 raise the mouth,
fill the cheek, and express cheerfulness. No. 13, however, is an
antagonist to these. " In all the exhilarating emotions the eyebrows,
the eyelids, the nostril, the angle of the mouth are raised. In the
depressing passion all this is reversed, the brow is clouded, the nose
peculiarly arched, and the angle of the mouth depressed. The
parts of the human face most movable aud most expressive are
the inner extremity of the eyebrow and the angle of the mouth, and
these are the parts which in brutes have the least expressiou. In
these features, therefore, we expect to find the muscles of expres
sion peculiar to man. Hell's Anat. of Expression. No. 14 is
the most remarkable of peculiarly human muscles. It knits
the eyebrows with a meaning that irresistibly conveys the idea of
mind and sentiment. Rage is indicated by scintillation of the eyes,
and by the snarling muscles, No. 10, 11, exposing the caniue teeth.
(See Mammalia, plate v. for an excellent example in the Wolverine.)
This expression by itself would show brutal rage, but assisted by
No. 14 the appearances of human thought and emotion are super
added. Again, to indicate mere animal or bodily pain, let No. 12
half close the lips, which are at the same time inflated. But join
to this the action of No. 6 and 7 (particularly of the latter, which is
peculiar to man) and an effect is shown of more than mere bodily
suffering. In this expression, of course, the action of No. 14 and
16 will combine. The expression of laughter is produced by tho
relaxation of No. 12. and consequently the preponderance of the
elevating muscles No. 8, 9, 10, 11. There is a seeming resem
blance between the action of muscles in laughter and ill weeping,
or mere bodily pain, but the character of the cheek and lips presents
a striking difference. No. 12 in a smile is merely relaxed, whereas
in anger and in pain it is forcibly drawn by the other muscles. In
violent laughter, No. 9, and the other elevating muscles, are yet
more excited, and No. 12 yet more relaxed. In contempt, pride,
suspicion, jealousy, No. 12 combines with No. 4 and 7 to arch the
lips and depress the angle of the mouth. The lips are drawn hori
zontally with a bitter expression, which just discloses the teeth.
In grief, No. 7 and 1 4 (the former by depressing the angle of tho
mouth, the latter by the upper inversion of the eyebrow) combine to
show a dejected anil subdued state of the mind. In short, the angle
of the mouth and the inner extremity of the eyebrow (features most
indicative of human expression) are the most movable parts of the
face, and at these points the facial muscles may be said to be con
centrated. In languor, faint ness, or sorrow, the muscle No. " is
often accompanied by the action of No. 14, aud the latter combined
yet further with the action of the central fibres of No. 16. In this
expression the depression must be slight, not violent, for No. 7
cannot act strongly without the combination of the superbus No. 4,
which would completely spoil and change the expression. In tho
languor of sickness, when suffering is not extreme, the nostrils are
depressed. But an occasional pang dilates them, (by means of No.
1 1 ,) causes gnashing of the teeth, (by No. 2 and 3,) widens the lips,
(by No. C. 10, 11,) raises the eyebrow, (by No. 16,) fires the eye,
and gives a swelled flush to the whole countenance. In fear, the
expression of the human subject is, as of other animals, without
dignity. The eyeball is much exposed, the eyebrows elevated to the
utmost, the breathing irregular, and, as it were, by gasps, or sus
pended, the nostril inflated : to which symptoms add the convulsive
opening of the mouth, exhibiting partially the teeth aud the tongue
together with the dropping of the jaw and hollowness of the cheek.
For an attempt, on a very small scale, to exemplify some varieties
of expression, see plate ix. The eighth pair of nerves, observes
Camper, or the lesser pathetics affect the system in emotions of
surprise, of love, and in the approach of dissolution. In dying, he
continues, the eyes are drawn towards each other, because the
power of the will ceases, and the muscles only act in consequence
of the feeble remains of life yet seated in them. The eighth pair,
or greater pathetic, communicates with the throat, breast, abdomen,
and by the intercostal muscle, with the. nerves of the arms and legs.
P. 132.
It might not be difficult to pursue at greater length an abridged
view of the effects of emotion and of nervous excitement upon the
neck, the trunk, and the limbs. But we must here conclude this
branch of study, that we may have space fur pointing to others
equally indispensable to the student, remarking only on the impor
tance of his giving peculiar attention in his figures to the action of
their hands. It has beeu observed of the celebrated " Cenacolo"
by Leoni da Vinci, of which an excellent copy is preserved in the
Royal Academy, that were the heads in that Painting entirely hidden,
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Painting. equipage, and observance of costume in general will
contribute. The manners and exterior of each figure
will represent clearly, though unobtrusively, the age,
rank, sex, condition, and character of the individual. It
must, however, be all along borne in mind, (hat the out
lines of a composition must have reference also to the
effects that are producible in the arrangement of chiaro
scuro and colour hereafter mentioned.
(280.) But more especially in Portrait Painting, the
The ar
rangement necessity of accommodating the outlines, or beginning
to be suited of a composition to the ultimate effects of chiaroscuro
for the best and colour is obvious. Such an outline from Nature is
aids of co
lour and of to be chosen as will contribute to represent the " best
chiaro
looks" of the person painted. The rules of unity,
scuro.
variety, and fitness are also as essential to this kind of
composition as to any other. The first of these qualities
requires that the general character of the person should
be preserved.* The second demands such force of con
trast as, without interfering with simplicity or unity, will
promote individual likeness, and at the same time gratify
the eye. The third quality of a portrait, or its fitness,
presupposes in the artist a degree of address seldom
attainable ; which must enable him to hold unlimited
control over the taste of his sitter in what relates to
dress and to costume generally.
(281.) It is chiefly, however, in landscape, and in
Paintings of what is termed " still life," that the groupin? of outlined objects must be made a preparation for
the effects of light, shadow, and colour. Objects in
Nature that interfere with, or combine awkwardly with
the parts of this subsequent process, must not be selected
for landscape, or must be excluded. In historical forms
or in portraits a particular sentiment, or set of features,
may require a particular outline, and to that outline
must the future choice of colour or of effects of shadow
be made in some degree subservient in order to a good
and the hands only of the figures exposed to view, the spectator
might discover the story, and sympathize with the actors in that
pathetic scene of affectionate energy, surprise, dismay, and reveren
tial sorrow.
That the limbs and whole person must cooperate with facial ex
pression the commonest observer will allow. We are inclined to an
opinion- that sometimes variety of expression may even be given to
a head only by varying the position of the neck which supports it.
The head, for example, in plate xi. fig. 2 (if the dotted Hues e e be
taken for the boundaries of the neck,) is represented looking up,
and seems to wear an attitude of entreaty. If these dotted lines be
removed or concealed, and A J, be taken to represent the neck, the
eyes appear looking no longer upward, but forward, as if during
conversation with an cipial. Thirdly, if II n be made the boundary
lines of the neck, the face directs a downward look towards some
supposed object below with an air of protection to an inferior. In
this example, therefore, without changing the position of any one
feature of a face, the render will perhaps agree with us that the
changes only in the adjoining parts contribute to give three different
peculiarities of expression to the same unaltered countenance. For
tine expression of hands see in the National Gallery the picture by
Da Vinci of " Christ among the Doctors." Also, by Giorgione
"The Martyrdom of St. Peter." And in the Dulwich Gallery the
" Adoration of the Shepherds" by An. Carracci ; together with
several fine works of N. Poussin, particularly the " Triumph of
David ;" Guerciuo's picture of the " Woman taken in Adultery,"
and a picture said to be by Rubens, of " Samson and Delilah."
* Sir Joshua Reynolds remarks of the Dutch School of Painters
that they have still more locality than the Venetian. " With them
(the Dutch) a history piece is projK'rly a portrait of themselves;
whether they describe the inside or the outside of their houses, we
have their own people engaged in their own peculiar occupations ;
working or drinking, playing or fighting. The circumstances that
enter into a picture of this kind, are so far from giving a general
view of human life, that they exhibit all the minute particularities
of a nation differing in several respects from the rest of mankind."

or a forcible expression of the sentiment in-Ottept
But a is in landscape, or the ■representation of rfo.
inanimate objects, that the aerial perspective, the chiaro- >—\-»
scuro, or the disposition of local and reflected lights,
colours, and shadows, must be all in alL Aud although!
in such pictures, there is a certain degree of unity,
variety, and fitnes8* to he observed in the forms which
such a composition puts together, yet the chief interest of
such objects for Painting must arise from good choice
and arrangement of colour.
(282.) Composition of light and shade comes next to Agpebe considered. An acquaintance with the perspective
of shadowst is essentially necessary to the student, as ^.'j
well as with the appearance of light either rejkeiti*
from the surfaces of objects according to their degrees of eJ is to
polish, § or refracted through them, according to ttierr ligfcttJ
degrees of transparency, and their fitness for trausmit- ^
ting colours and forms seen through them.j S«e Op
tics, p. 410. 417. 422 ; Light, Art. 4, 5, 36, 68-108.
151, 171, et sr.q.) The earliest attempts at representing
light and shade among the ancients appear to have been
given in what is called monochrom painting, nr.. by
• Fitness of costume in composing a landscape may be said to
be its adherence to one particular class or style, as mil «s fa
freedom from local incongruities. It would be absurd, for example,
to confound in the same landscape the Arcadian style of Claude or
of Titian, or the classic solemnity of Gaspar Poussin, ar the <nldness (often overwrought and studied) of Solvator Rosa, with the
more detailed and more homely, but no less able astl beautiful worlu
of the elder and younger Teniers, of Ruysdael, Hublama. and the
Dutch aud Flemish Schools of Landscape. Again, sub raped to
local incongruities it would be equally absurd to place aqusuc nimbi
in a waterless desert, or to plant trees from the Torrid Zone in »
composition extracted from Windsor Forest.
f See Note (A.) at the end of Painting.
♦ See Note (B.) Ibid.
} Da Vinci (cap. 131 and 132.) observes respecting the Ixsl
colour of bodies, that those which have rough and uneven antra*
discover most their natural or general hue. The colour of nobbed
surfaces, on the contrary, is with difficulty discernible. The* hd
are tinted by the colour of the light reflected from them, (whether
primitive or borrowed,) by the glow fur example of a momintjoTerec.
nig sun, by the blue of the sky, &c, aud he instances in lheBffliotl
and shining leaves of trees and herbage, when seen from a puticuUr
point of view. Further examples maybe added from interim »
the yellow and red light of a lamp or of fire, &c. reflected from the
shining surface of any coloured object.
|| Examples of everyday occurrence arc before the eyes of "»
student. Tile interposition of air (fives to distant objects that H«
cast which, in Southern climates, where vapours are mote npiAty
exhaled than in ours, is of intense clearness and brightness.
climates, however, the lower portions of the atmosphere ft, »
some degree, vapoury, and therefore less transparent. ButtbenpP0
portions being less dense transmit rays with proportiossfe dsunctness : so that objects generally exhibit more or less of una Wat
colour and of the effects of light on their surfaces acMiAine,touioi
degree of elevation. (See further on this subject Da Vino, tap. 68,
69. 128. 134. 13G.) Not only the air which veils or envelop*
every object, is itself a medium more or less transparent, butibsss.
every object which it envelopes is more or less adapted for tnusmission of light. Let almost any piece of coloured drapery be hew
up between the spectator and the sun : the apparent colour •( ™*
cloth will be affected by the transmission of the rays. Light «l«op»«"
trating the edges or issuing through the crevices qfwood, or even o
stone, (especially of marble,) exemplifies this property in bodies*"
more distinctly. Every leaf of a tree, every petal or a flower eshibiti,
according to its position with respect to any light which ulumuw'
it, similar translucent properties. With respect to animate obiet*:
not to mention the wings and bodies of innumerable insects, the
feathers of birds, or the hair of other animals, let the observer only
hold up the palm or back of his hand ajrniust a strong light, »>f
his fingers extended and placed Literally close to each other, hi
will discern between them a peculiar warm flesh tint caused by u*
passage of rays through the transparent skin. An <
nation of these and similar effects as .all their
important to good colouring.
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.tint;, gradations of white and of some one dark pigment, snch
as brown or black.* No further effect seems to have
been desired than would result from pieces of sculpture
seen from one point of view. The same course may be
said to have been pursued by all subsequent artists, as
being introductory to the representation of variously co
loured objects. The effects of moon light, indeed, often
afford, in nature, admirable subjects for nearly mono
chromatic pictures. This portion, accordingly, of the
study of chiaroscuro, has been, in general, separated
from that of colour, in order, it should seem, to simplify
the theory on which depends mainly, and often entirely,
the success of a composition. That the darkest shadows
are almost, if not altogether, without colour, is obvious
to the experience of every eye ; but to look at Nature
without uniting colour to the brighter parts of objects,
or rather to those parts which are in half-light, and in
which colour is most conspicuous, requires careful dis
cernment. The successful labours, however, in innume
rable instances, both of the graver and of the portcrayon,
prove this practice to be sufficiently attainable. t
(283.) Light and shadow may be considered in four
ways : either
1. As giving relief, or bringing forward to view the
prominent parts of an object. Thus, the features of a
countenance, the fingers of a hand, the folds of a gar
ment, the leaves and twigs of a bough, &c. are so many
details of which the outlines alone would present the
figure or object to which they belong under the appear
ance of a flat surface, but which filled up, as in Nature,
with alternate lights and shadows, according to the rela
tive position of some illuminating body, strike the eye,
and through the eye the imagination, with au impression
of their solidity.}
* Fuscli quotes as fulluws in his introductory Lecture, p. 8. from
the conjectures of Riem on the Painting of the Ancients, 4to.
Berlin, 1787. Their monochi oms, he says, or " Paintings of one
colour on a plane or tablet," were "primed with white and then
covered with what they called puuic wax, first amalgamated with a
tough resinous pigment, generally of a red, sometimes dark brown
or black colour. In or rather through this inky ground the outlines
were traced. From this step " they advanced at last to masses of
light and shade, and from those to the superiuduction of different
colours." See also our present Treatise at p. 467.
f A white or a black object being of the same local hue with the
colouring material of the monochrom must lie peculiarly and often
most inopportunely conspicuous. Two thiugs are to be done in
monochromatic works. 1. To represent the proportion of light and
shade ill any part of an object supposed uniform in its local colour.
2. To represent among a number of objects, each of which has a dif
ferent local colour, the enact value in Nature which each local colour
bears as to light and shade, when compared with the rest.
It is well known that living specimens exist of individuals whose
eyesight cannot distinguish colours, and who see all objects in this
monochromatic light. Such a faculty (if we ought not rather to
say deprivation) might lie serviceable for determining what pictures
would have the best effect in au engraved form. For it not uufrequenfly happens that a well-coloured composition before being sub
mitted to the graver uudergoes considerable changes under the
direction of the artist who composed it in order to pictorial effect
under its new monochromatic garb.
The following communication of an experiment by M. Homberg,
made at Paris, in 1G99, to the French Academy of Sciences, may
give some idea of the comparative value of light conveyed from
coloured objects. // prit un verre bien brut de deux rotes et par consequent pen transparent, ct Pagan! place dans line ouverture par oil
passoit toute la tumicre g«V rccevoit, il ne tot/oil au trovers de ce
verre que les objets blarics qui etoient au dclii et nvllemcnt ceux de
toute autre eouleur. Ayant un peu po/i le verre, il l it mieujr le btanc
ct commenca a voir le jattne : et a mesure qtt'il le polissoit dawntage,
les dtjfcrentes eouleurs commencoient a se decouvrir dans cet ordre—
jaune, rerl, rouge, bleu, noir. V. Hislnire de fAcad. Hoy. des Sci
ences de Paris. Annie, 1G99. Physique Generate, p. 18, 19.
{ Respecting any natural object selected for pictorial imitation,
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2. As giving relief to some complete, some detached, OfComposome isolated object, by raising its contour, or outward sition.
boundary, off the ground, composed of other objects
"V"*1 '
which appear from behind or beyond it. In this way,
the figure of a horse, a man, or a tree, is relieved by the
sky seen on the other side of it, or by a mountain, or
building, or by distant masses and groups. Or one
building is relieved by another building, one tree by
another tree, &c.*
the artist must beware of confining his representation of it (through
a misplaced ambition of originality) tu the impressions of his own
mind alone. He will find, that for obtaining faithfully the charac
teristic lines, lights, and shadows of any object, he must he on the
watch for and set down not what is most recondite, but what is
most obvious : not the peculiarities which he may chance to pride
himself for discovering, hut the peculiarities which nobody can
avoid seeing. In short, he will select whatever is predominant ;
whatever cannot fail to reach the eye of the commonest observer.
Those very characteristics, which from their coramouness may in
Nature be little valued, become, when transferred to works of Art,
invaluable. It is remarked of Rembrandt that he gave to every
object the peculiar character familiar to every spectator. The student
will likewise be careful to see his object or model in such lights as
will exhibit best its predominant features. There is always in
Nature, observes Da Vinci, some light in which an object is better re
cognised than in any other : some light in which uu animal figure,
for example, exhibits best the particular muscles required to tie in
action. He instances the difficulty of recognising even the face of
a familiar acquaintance, if instead of beiug illumined in the way we
usually see it, it be made to receive light only from below. He
desires always such a point of view to be chosen as will show both
the shadowed and the enlightened side of any figure : and recom
mends a high light, uniformly diffused, and not excessive nor
glaring, as most advantageous for showing features and minute
parts. We need only add, that similar remarks hold true of inani
mate substances : and that in the case of buildings, for example,
some point of view should be chosen opposite their main angles or
corners, in order to have the advantage of light contrasted with,
shadow. (Da Vinci, cap. 40, 41. 279.)
* The shaded side of the object which casts the shadow is com
monly less dark than the shadow which it casts. Thus the shadow
of the wall T P K O z It (plate xii. fig. 4) will he darker than the
wall itself. The causes of this are various. One is, that there is
commonly some reflected light from a neighbouring object ; as in
the present instance, from the enlightened part tv IL dj Jt, &c., a
reflex is thrown upon T P K. O z, &c. : another is, that reflexes
from bright clouds, or a bright sky opposite the sun would likewise
be thrown upon it : and another is, that supposing no wall or in
terposing object whatever at H, there would yet be a reflex from
the illuminated part of the ground.
A difference important to the student may here be remarked
between the lights and reflexes of an out-door scene and of an in
terior. "The principal mass of light in out of door scenes (both
in Nature and the best masters) is generally placed in the sky, or
upper part of the picture ;—in interiors it is generally reversed, the
roof and back-ground being reserved fur a mass of shadow and
repose." (Burnet, On Composition, p. 12.) The admirable interiors
of Ostade exemplify this latter effect in almost every variety that
ingenuity could devise : an effect which the observer of Nature will
explain by considering that the great vaulted roof or dome of the
sky becomes, by day-light, a source of general illumination which
descends more or less on all objects below it : but that the ceiling;
of a chamber often receives only such reflexes as arise from the
floor or side walls, which, being more in the way and more opposed
to the descent of ordinary light through the door or windows, must
receive more of the direct rays. Hence, whatever be the colour of
our walls, or furniture, or carpeting, our ceilings are almost always
white, in order, it should seem, that no reflected light may be
absorbed or lost to us, but that as much may be drawn as possible
from above us. (See note (C.) Obs. 53, at the end of Painting.)
On the subject, therefore, of detaching objects from their ground,
the observation of Da Vinci is applicable in this place. Figures,
he says, exhibit a much greater relievo, when illumined by a par
ticular than by a universal light. For a particular light will cause
reflexes which loosen and detach the figures from their ground.
These reflexes are imparted from some of the group from whom the
light rebounds upon the shadowed sides opposite them of the other
figures ; and faintly illume tho*e sides, so that such shadows, how
ever forcible and eflvctual, will have no hardness nor harshuess, but
4 E2
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Fainting.
3. As being influenced by the various transparent
"v"^ media through which light passes, and more particularly
by the air, either in proportion to the density of the
latter, or in proportion to the quantity of atmpsphere
interposed and giving dimness more or less to the greater
number of objects seen at one view, (and, consequently,
represented covering the greater part of any picture,)
according to their distance from the spectator. Thus,
groups of trees, or cattle, or other figures, or of rocks, or
cottages, will be observed in Nature to have their lights
and shadows more faintly expressed than other groups
or masses which are viewed through clearer and purer
air,* or through a smaller body of air, by reason of
greater nearness to the eye. (Art 262.)
The first and second of the above considerations will
be found chiefly to concern the separate parts of a coinposition, while the third applies especially to the general
effect of it as a whole, and to the proper keeping of each
part.f as conducive to that general result.
will fall off anil lose themselves by an insensible gradation. He
elsewhere adds, that this light partakes of the colour of the body
reflecting it, and will be greater in proportion to the nearness of
the reflecting surface. (Da Vinci, cap. 55. 12-1. 127. and Note (C.)
Olis. 4'.), 50, 51 at the end.)
* The practice is not uncommon of confounding the general term
chiaroscuro with the ordinary acceptation of the terms light and
shade. In light and shade, commonly so called, consists the mere
art of shading correctly any object by itself. Chiaroscuro includes
much more. To chiaroscuro belongs the general arrangement and
effect of lights and shades, tints and demitints, throughout a picture.
11 chiaroscuro, says Milizia, non i Milanto in ciascun oggetto, ma i
il risultato di lutti i Imni, di tutte le ombre, e di tultt i rejlessi iTun
quadro. Artisli, he exclaims, dilettanti, amatori, spettatori, studiate
Corregyio, miratelo, rimiratelo, godelelo, e saprete che cosa d chiaro
scuro. Saprete che il chiarotcuro e ta base delC armonia, e i cofori
non sono che i toni che servono per caratterizare la natura dt1 corpi.
Dizionario delle Belle Arti, p. 187.
A painter, then, besides observing and seizing the best light for
exhibiting the individual parts of any object, must also contemplate
it in conjunction with all the other objects which surround it. There
is continually to be found upon the great theatre of Nature, a
favoured spot where some one of her innumerable dramatis persona
stands out most conspicuously and effectively beyond the rest.
The stage-effect (if we may presume so to call it) which is thus
naturally produced, must be carefully analyzed and studied. It will
be found to consist in the diversified application of some of the
plainest and simplest truths imaginable. Dark objects, for instance,
appear most prominently upon a light ground, and light objects
upon a dark ground. The latter, too, though of the same size
with the former, appear larger ; that is to say, a black square re
lieved by white seems smaller than a white square of the same
area relieved by black. Or, again, as a d irk surface receives
breadth (Art. 294) by surrounding a darker one, and vice vend, so
does a bright surface by the intervention of a brighter, which forms,
as it were, its focus. As the first mentioned of these instances
gives contrast and variety, so the last conduces to unity or general
effect.
f Keeping means such a correct disposition of the lights, shades,
and colours of an object as leaves the mind of the spectator in no
doubt as to its intended place in the picture. In Nature, every ob
ject in this respect is perfect. Nature all the while continually
varying in the direction, colour, and intensity of lights aiid shadows,
presents no object that does not keep its due position, its proper
value and prominency in the scale of aerial perspective Oue of the
must indispensable employments of the artist is to study the effects
of atmosphere throughout all the various changes which diversify
the appearances of objects. " The atmosphere," observes Mr. Craig
in a Lecture to the Royal Institution, " is transparent in a greater
or less degree, according to the quantity of vapour with which it is
charged, or the position in which we stand with regard to the light.
We find that glass, and even crystal or diamonds, may be so
doubled and redoubled as not to allow the possibility of distinguish
ing otijects through those media ; because the particles which com
pose them, though pervious to light in a very great degree, are also
Susceptible of a certain portion of shadow. It is even so with the
utinusphere, the thinnest and most transparent of all media. When

4. A fourth consideration is, that light and shadow Of Cenj
are also influenced by the local colour of the illu- tAxainitiated object. The lights of black drapery, for ex- s—
ample, will be far darker than the shadow of yellow
cloth, or of white linen. And there will be perceived in
every colour, according to its intensity, or its place in
the prismatic scale, a greater or less capacity for reflect
ing light. (Optics, Art. 66, 67, 68. Light, Art. 1139.
1141.) This latter observation will be of further use
when we come to the means, modes, and rules of picto
rial representation. For the present we remark that
the three last of the above divisions comprise the princi
ples of chiaroscuro.
(284.) Colour, pictorially considered,* as it appears
the air is highly illuminated by the sun, and we stand with our
backs to the light, distant objects of any kind are scarcely discerni
ble, because we see the enlightened sides of the particles composing
the medium. If then the particles of air can obstruct and reflect
light, they must also be liable to have their shadows ; combining
these particles, therefore, of lights and shadows, or of black and
white, the colour of atmosphere will be grey, varying a little as the
one or the other predominates. The effect of this medium, conse
quently, is, to make lighter every thing that is darker than its colour,
a id to darken every thing that is lighter, till, each approaching the
other, the objects become so many flat screens, and at last, from a
continuance of the same cause, totally disappear. The principle,
acted on by some artists, that the interposition of air makes all ob
jects lighter, (and that, therefore, the brightest part of the sky mast
be always brighter than any object in a picture,) would be true if
all the objects in all the distances of a landscape were actually in
shadow ; because they are then darker than the colour of the atmo
sphere, and must be made successively brighter by its interferonceBut to show," continues the author," that this is nut always the case,
I beg the favour of you, m the first opportunity of a bright day to
take a piece of paper or any white object, and, standing full in the
light, bring the paper in apparent contact with the whitest cloud
you can find in the sky. You will perceive that the paper is many
distinct degrees whiter than the cloud."
* The " high aspiring" Painter, who would enter the lists with
Nature, must take his weapons from the same armoury. He must
employ all his faculties of vision, whether physical or intellec
tual, in observing how objects receive increased effect from their
being viewed in some particular position, in some particular light,
or in some particular combination with other objects. After all his
pains, however, he will find himself necessarily deficient in the art
of representing perfect relievo on any plane surface. " The prac
tice of Painting," as has been well remarked, " can never be carried
higher than to represent truly the highest possible degree of
created Beauty, always in Form, sometimes, nay frequently, in
Colour; but never in the full vigour of light and shadow." Craig's
Lectures, p. 107. But we may here also notice how painfully every
artist, in his imitations of Nature, must be sensible that he often
differs from his brethren, and often from himself, in possessing at
different times very different degrees, not of intellectual vision
only, but of the faculty of sight which he is called upon to exercise
in this profession. He will find his eye not always faithful and
uniform in its decisions, and more particularly with regard to the
subject of colour. An ear for music has been always thought
essential to the musician : though all musicians confessedly have
not the same acuteness in that organ. But a bad ear may be often
improved ; not so often a deficient eyesight. Whether it he that
the musician by possessing a written language for his instrument,
and a gamut in which the intervals of sound are arbitrarily measured
and defined, and brought under mechanical dominion, can thus
call up to his ear at any time, any given interval of tone ; whereas
the Painter to decide his interval of colour has no such artificial
help, but trusts to his eye only for measuring his gradations of
tint, tone, and hue in natural objects : certain it is, that differences
among musical artists are far le»s remarkable than among the
pictorial, not only as to modes of practice, but even as to elementary
principles of composition in their respective Arts. Besides the
great varieties of talent shared by different individuals in the same
branch, there are shades of eminence for one and the same
artist in different branches. Some musicians have an excellent ear
for lime, but are less perfect in respect to tune. Analogous to this
is the distinction ainung Pairters, between an eye forform, or gn*at
facility and taste in drawing ; aud an eye for colour, which is often
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in natural objects, conduces much to the same purposes
as light and shade. It enables the eye to recognise ob
typear- jects and gives them prominency. By the student in
itiees of
may be most conveniently regarded either
Wturc as Art,1. colour
As a property of light issuing from self-luminous
o colour.
bodies.* Thus the rays of the Sun are seen, at different
periods of the day, to spread a different tone of colour
over any prospect : so also the red light of a fire, or the
yellow light of a caudle will give to any scene in a
chamber a peculiar warmth of tone.t
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2. As belonging also, under the denomination of local OfCumpocolour, to other substances opaque or transparent, or siiion.
polished. Examples are scarcely needed. With respect v "~ v™*-*
to transparent substances it is seen that in proportion
to their transparency is the vividness of their local colour
when light shines through them. Thus the local colour
of leaves, though it may be dark green, becomes of a
lively brightness by their being seen in situations up
against the light, and in which the light passes through
them to the eye. But of opaque polished substances it
will be observed that they seldom or never exhibit uni
found unconnected with the other talent. Again, there are some'performers who modulate with great beauty and felicity a melody or suc formly their local colour.
3. As forming reflexes cast from one coloured subcession of single sounds, while others have greater power in ascertain
ing and executing harmonious combinations ofthem. To the former
of these we may compare the artist who is successful in effects of difficulty to encounter. Their tints and tones cannot of course be
light and shadow by the use of white contrasted with some one changed simultaneously with those rapid changes in the natural
dark pigment ; to the latter we may resemble the profound colourist, objects before them. If a Painting could be executed as quickly as
who, in company with Correggio, can traverse with a sure and clear the rays are cast in a camera upon a dark wall, then, indeed, the
eye all the mazes of chiaroscuro,
Painter might lie said to catch the fleeting colour as Poets are said
Untwisting all the chains that tie
to " catch the Cynthia of the minute." But the Painter must be
The hidden soul of harmony.
satisfied with an artificial arrangement established as nearly as pos
It is, however, an encouraging fact, that constant practice im. sible upon principles conformable to the appearances in Nature. As
proves a good eye. The student thus gifted should be in the daily in Nature there is a degree of relief and warmth (Art. 284, No. 5) in
habit of colouring from Nature. The benefits of this habit are to proportion to the nearness of any object to the plane of the picture ;
be wen in the superior discrimination of every good Portrait Painter to the kind and degree of light upon it ; and to the proximity of
on the subject of colour. Such a one may even have no eye for some other object enlightening it directly or by reflexion : so, in
the general proportions of the human form nor of any thing beyond Painting, these are the principles of successful imitation though so
the natural shape of the human head; but as a colourist he will frequently departed from. At the commencement of a picture those
probably excel much better draughtsmen. The advice of Sir Joshua parts only will probably receive the chief care of the probationer in
Reynolds, to make coloured sketches in preference to drawings Art, and will be, as indeed they ought to be, most strongly defined
merely pencilled or shaded in black and white, conduces to the and marked which are of the greatest importance, while the other
same end. The only danger is, that the young colourist may run portions of the work will be left in a less obtrusive and a broader
into a fault which has been well termed modelling a picture, and state. But as the work proceeds the proper subordination of these
may be satisfied with a hasty process instead of careful previous minor portions is often most injuriously disregarded. " It is,"
outline and tasteful academical arrangement. (See Note (D.) at the observes an able artist and writer, " the general character of an
end of Painting. But let the youthful Professor only give daily object that is most important, and this character is to be preserved
attention in an equal degree to the sublime of Art, as well as to the at the price of every other quality. It is this which is imprinted on
detail of Nature, and his Titianesque execution will be worthy his the mind of every one, and is therefore paramount to all other
Raffaellesque designs. Reynolds has suggested also a mode of properties."
And as in Nature there is throughout the whole of any scene a
composition by taking some one figure from a celebrated master
nnd designing others to correspond with it. An air of grandeur is general tone of colour pervading the air according to the point of
time
when it is viewed, so, in Painting, the artist must have one
thus imparted to the whole work. If by a somewhat similar process,
particular objects in a composition be gleaned from different scenes prevailing hue which pervades in imitation of the atmosphere the
in Nature the selection will likewise amply repay the gleaner's in whole picture, one prevailing tint which gives it character. This,
dustry. Many Painters have pursued the custom of modelling their like a key note in Music, must mark and signalize the entire com
groups for the purpose of obtaining a true representation of light position, and though, in Music, other tones and modulations into
and shade. Tintoret and Correggio are known to have availed other keys are continually made, and other tints and other colours
require, in Painting, to be introduced ; yet the one prevailing key
themselves of this method.
• See Note (A.) def. 2. at the end of Paintino.
must reign throughout.
+ Tone (from «.'»»•, tendu) refers, in its original application, to
In copying from Nature the Painter has the advantage of
the tension of strings in Music, in order to produce sounds. Sup choosing, among the multiplied appearances of the same object,
posing a string or wire severed into two equal parts : and the two that appearance in shade and colour, which, without altering its
strings thus formed to be stretched exactly to the same degree of form, may render it most agreeable. In this selection he must
tension ; their sounds will have no interval between them, that is, study Harmony of Colouring. Here is another phrase from the
the sound of both will be one and the same, or unison. A greater vocabulary of the Musician. As, in Music, certain tones, when
or less degree of tension in one of the strings will produce a greater sounded together, blend agreeably according to a scale fixed and
or less interval of sound between them : one will have a higher and drawn from experience ; so, in Painting, certain colours and tints are
the other a lower tone. So, in Painting, intervals of shadow and known to blend harmoniously with others. Also as, in Music, dis
of colour are greater between any two objects in proportion to the cords and harsh combinations arise from certain intervals of sound
warmth, sharpness, decidedness, and distinctness of the one, and striking the air at the same moment ; so, in Painting, violent pain
the greyness, coldness, neutrality, or faintness, of the other. The ful and startling effects arise from unnatural juxtaposition of cer
Art, therefore, of toning a picture is the process of giving to each tain colours. We say unnatural, because in all appearances of
interval of colour and shadow, its proper and natural value in any Nature, (that is, in all appearances out of the Painter's canvass,)
picture. There is the following difference, however, between the there is a wonderful effect of harmeny caused by the intervening
Musician and the Painter. The former has a fixed scale not copied and circumambient air ; which, by its one prevailing ton', overcomes
from any natural phenomena, (unless the singing of birds may bo in most instances all jarring and violent opposition between any
so called,) but determined arbitrarily according to an arrangement two objects placed near each other even of the most glaringly dis
of such sounds as, from experience, are found pleasurable : whereas cordant colours. This seems effected by an apparent mingling or
the Painter copies from a scale of colouring and shadowing that union of the rays of each at the respective points of contact of the
actually exists and has at all times existed in Nature. The variety two objects, and is aided by the grey of distance caused by the inter
indeed of these tones of colour in natural objects is wonderful. It vening air which appears to neutralize the colours otherwise harshly
is infinite. Light, both in its hue and intensity, is continually opposed.
From this proceeding of Nature the Painter collects a method of
changing. The same object viewed at different hours in the day
has a different tone of colour. I n the course even of a few seconds a toning his picture and reduces it to ouc harmonious effect as a
variation in the direction of the Sun's light may completely alter the whole. Greys are an important medium by which he must work
whole prospect. Not only lines and contours which were lively and to neutralize and subdue all uncalled for harshness in colouring ;
bold may become retiring and feeble, but the whole of the scene may and for the same end a compound tone mixed from the two
have a tint of blue, red, or yellow, or some combination of them (Art. opposing colours may be introduced to qualify bis greys for the
1284, 285) thrown over it in an instant. Painters have here a great undertaking.
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Painting, stance upon the surface of another.* Thus, though the
«-v-»' local colour of leaves be green, yet such of them as
reflect the blue of the sky will have bluish reflexes ;
while others that reflect the rising or setting light of the
sun will have reddish or yellowish reflexes.f
4. As having various degrees of strength or of pale
ness, which implying more or less shadow, make promi
nent the parts so shaded, (Art. 283,) and give us ideas
of solidity. Thus by moonlight, or in the white or
greyish light of noon, with the sun veiled in clouds, a
piece of drapery, according to its lights and shades, ex
hibits numerous tints} of one and the same local colour,
sufficient to convince us of its being a solid body, though
far less conspicuous than in sunshine.
5. As contributing to give prominency by Hsicarmth
to certain objects, or by its coldness, to throw back cer
tain other objects into distance. Thus the blue tones§
of a mountain or of a building, assure us that a quan
tity of atmosphere intervenes, while certain warm tones
intermingled at their summit convince us of their eleva
tion. Similar effects are found in all objects proportionably to the power of light.
(285.) But colour, besides giving identity and promi
nency to objects, has a further qualification, that of
giving pleasure to the eye by certain agreeable combi
nations of coloured rays.|| An acquaintance with these,
however, comprises, as any student may soon find, but a
* Set! Note (A.) def. 3. at the end of Painting.
f See Note (C.) on reflexes of colour.
J By tint wo would be understood to mean a particular degree
of strength or of paleness in any colour. Thus in tho diagrams
to illustrate the prismatic and compound scales of colour, (plate xi.
tig. 5 ami ",) the strongest tint of colour is at the inner circle num
bered 20 : the palest at No. 1 , or the outer circle. The student
(to whom wo recommend to construct thu figures considerably
larger, and tu colour them for himself) will observe that there are
twenty different shades or degrees of strength reckoning from the
whitest to the deepest intensity of each of the eighteen tones.
§ By tone we understand the interval (see the third Note to
Art. 234) between two colours as to degrees of coldness or of
warmth. (Art. 296, 207.) Thus purple is a warm colour when com
pared with blue ; and a cold colour when compared with red or
yellow, &c. In like manner, green is a warm colour compared
with blue ; anil a cold colour when compared with yellow, red,
orange, &c. The degree of difference is termed a tone, and
this degree might perhaps be marked like any point in a
mariner's compass, (see plate xi. fig. 5 and 7,) if the circle were so
divided.
H The warm colours (yellow, orange, red, and their compounds)
are understood to attract, and seemingly to approach the eye ; on
the other hand, the cold colours (violet or purple, blue, and green,
with all compounds of blue) are considered to give the appearance
of receding. We here subjoin a brief abstract of the theory of
Moses Harris, published about 1781, with a dedication to Sir Joshua
Reynolds, who gave it his approbation. The opinion of the greatest
colourist of the Knglish School gives the system a strong claim to
our attention. Harris divides his scheme into two parts :
1. The prismatic scale or division, (plate xi. fig. 4, 5,) admitting
no other colour but those shown in the prism.
2. The compound division, producing all the other colours to be
found in Nature.
Pursuing the Newtonian view, he regards white and black as
colours : white, a perfect combination of all as representing light ;
and black, as also a combination of red, blue, and yellow, in equal
force and of the strongest powers. He conceives these three
equals, by equally opposing each other, to be each of them de
stroyed, so that none of them is distinguishable, but all become
absorbed in total obscurity. To illustrate this, he supposes the
three primitive colours to meet in their fullest powers or strength in
the form of three triangular pieces of stained glass, placed over
each other to verify the effect. (Fig. 4) He conceives that precise
and clear ideas of the three primitives and of their mediates
may be conveyed by refereuce to some known substance or
flower.

slight portion of the knowledge of Painting. It amounts t
to little more than the ability of producing, by the juitswild poppy.
flower, or mndov ra
king's yellow, {butter
nunculus,
ultra-marine,
cornbottle flower,
red orpiment,
garden raarygoU.
leaves of the lime tree,
hairy sweet-scabious, or the
flower of the common Ju
purple,
{ das tree.
1. Respecting the first division, or prismatic circle, (fig. 5,) y4
low, red, and blue being the simplest elements, take their plans *
thu greatest distance from each other in the circle. Between then
respectively are placed the mediates, vix. orange, green, ami puiple.
For if red and yellow lie mixed, they will produce an orange, and
therefore it is placed between red and yellow : if yellow ami bine
be mixed, green is produced, and accordingly takes id place betseea
those two colours. In like manner, purple produced by blue and
red, must be placed between them. A gradual change of the
colours will be observed when viewed successively from the top
towards the right. Red will be seen softening gradually into orange;
the orauge to yellow ; the yellow to green ; that again to blue,
which graduates to purple. The purple coming to the upper part
of the circle is lost in red, which completes the whole, la this
scale it is manifest there cannot be a coluur composed of more this
two of the primitives. The number of colours ia this circle ere
eighteen. Kach of these is divided by concentric circlei into
twenty parts, or degrees of power, from the deepest and strongest
to the weakest, or from the outermost circle to the innermost
These degrees are called tints, of which the whole rirde contains
360,(18x20 = 360.) So that each of the colours in lie inner
most or smallest circle lias twenty degrees of poser, whits each of
the outermost possesses only one.
2. The division, or scale named compound, (Sg.7,) is supposed
to contain all those colours which may possibly be made, where all
the three primitives are employed conjunctively. Ia order to effect
this possible combination, thu three mediates, orange, green, and
purple, are substituted for the three primitives, red, yedow, and bine.
Each of the mediates being composed of two primitives, wis, ac
cording to the example of the Dint diagram, (fig. 5,) and by the
same mode of proceeding, produce other compounds and their thus,
which in this second scale (fig. 7) /exclusive of the orange, grwn,
and purple included in the prismatic) amount to 15 colour*, aal
when each is divided into 20 degrees of power or strength, till
produce three hundred tints, which being added to the 360 con
taining in the prismatic scale, form a total of 660 ; yet the ahatt
producing so great a number of tiuts amount to no more thai
33, ranged in such a natural order, as easily to be retained ia tl»
memory.
Prismatic. Red, orange-red, red-orange ; oroiaje, jeUow-onsgt,
orange-yellow ; yellow, green-yellow, yellow-green ; orrfs,
green; green-blue ; blue, purple-blue, blue-purple ; p*fl'>
purple, purple-red. Compound. Orange, olive-orange, orugtolive; olive, green-olive, olive-green ; green- slate-green, green-sati;
tlate, purple-slate, slate-purple ; purple, brown purple, purple-bra*0 i
brown,
brown-orange.
" Thisorange-brown,
systematic arrangement
v. ill be found of use in costr.*-ng
colours. If a contrast is required to any colour or tint, lookte™
colour or tint in the system, aud directly opposite you will "* ™
contrast wanted : n.-. suppose it is required to know what oAsi u
most opposite or contrary' in hue to red ; look directly "rr*0"^
that colour in the primitive scale, (fig. 5,) and the contrast is wiA
to be green, which is the compound of the two other piiniM*
So likewise the diametrical opposite to blue is orange, andtoydW
purple."
The author proceeds to remark the usefulness of his theory »
the process of mixing or blending colours. Many do not adtrat ot
being mixed together without producing a negative, neutral,*J*
meaning colour, trie green and red of four degrees of tint; buM
and orange of five degrees ; yellow and purple of six degrees. ' o**
if the colours so mixed are possessed of all their power, the; the»
produce a deep black, as all opposites in either scale will do. ^°
pure colour can be so formed. Therefore any two colours, ia ord*
to produce a third by their mixture, must not be chosen at so V*
an interval or distance as one-third of the circle. The nearer IhjJ
arc situated the better. Suppose an orange colour wanted, red n»
yellow will effect it ; but red-orange and yellow-orange mixed vl
do much better."
Likewise if the colour of a picture, or any part of "i ^ '*
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feinting. position of certain colours, the same sensation as by a
well-composed nosegay or by the wing of a butterfly.
(286.) Another use of colour is Is suitableness for
conveying or encouraging certain sentiments, that may
be in conformity with the intended moral of a picture.
We do not here enter into nor recommend the emble
matical purposes to which colour was applied by anti
quity and by the early Schools of Art.* But there is
evidently in colours as well as in sounds, a sentimental
tendency. The blind man, who likened scarlet to the
sound of a trumpet, was not untrue to Nature. Some
colours awaken cheerfulness and gaiety ; some invite to
repose and peace ; others excite ideas of grandeur and
splendour ; some challenge rivalry and hurl defiance,!
while others diffuse impressions of a solemn character,
strong, for instance too red, or too yellow ; the same C(
of the author's scheme poiuts out a remedy, hy uniting in the case
of redness its opposite, rir. green of the same tint or degree of
jower with the red ; and in the case of yellowness by uniting purple
of the same power with the yellow. He then observes upon the
difficulty of finding materials to give a perfect example of his
scheme : but adds, that indigo, gamboge, carmine, and sap-green,
may be called perfect, because each of them contains the twenty
degrees of power, or even more. He conceives, that if his colours
were divided into a greater number of tints or divisions, such an
attempt would rather give greater confusion than utility to his ar
rangement. We may add, that the reader may easily make the
attempt for himself by composing a third scale, of which the three
intermediates, brown, olive, and slate, shall be the factors instead of
the mediates, orange, purple, and greeu. (Fig. 6.) The experi
ment, indeed, has been actually made aud published bv the ingenious
-Kr.Hayter.
* We read in Exodus of garments of blue, purple, aud scarlet ;
which culours either from the r simplicity or forcible qualities, have
been employed by artists of ull ages in painting draperies of sacred
or noble characters. Colours also have a fitness according to the
several personages represented. Thus we read of i£ the azure zone of
Venus, of the sea-green garments of Neptune, and the red mantle
of Mars." liurnet. On Cuh'tr, p. 38. " Yellow," observes Mr.
Craig, " is understood to represent lustre and glory ; red to repre
sent power aud love ; blue implies divinity ; purple, authority ;
violet, humility ; and green servitude. Upon this statement aud
explanation we are enabled to account fur the invariable pructice
among Painters of portraying the blessed Saviour of Mankind in
garments of red and blue : the red implies his comprehensive love
to the human race, as well as his power to fulfil the dictates of that
love ; and the blue signifies his Divine origin." Lectures, p. 175.
f " There are," observes Mr. Payne Knight, " some kinds of
birds and quadrupeds, such as turkeys and oxen, to whom scarlet is
jjeculiarly painful ; as they will run at it, and attack it with the
utmost virulence aud fury. Green, on the contrary, appears to be
grateful to the e\ e> of all animals ; though colours, as well as
Hounds and flavours, are more pleasing when harmoniously mixed
and graduated, than when distinct and uniform. Indeed they are
almost always graduated and broken in Nature. In every indivi
dual pink or rose, whether its colour be white, yellow, or red, infinite
varieties and gradations of tint are produced, not only by the
different modifications of light and shadow, but by the various
reflected rays which one leaf costs upon another, according to their
different degrees of opacity and exposure." Kuight, On Taste,
Bvo. 1805, p. 62.
" Colours that are most agreeable to the eye are such as the eye
lias become accustomed to from their being constantly presented to
the sight ; such as blue, white, or grey in skies ; green in trees and
grass ; brown or warm grey in earth, road, or stone. As therefore
the eye has been formed upon the contemplation of such colours,
the general look of Nature can he given only by admitting large
portions of such colours into the picture; if they are more vivid
than are most commonly observed in Nature, the charm is destroyed.
All Colours rendered familiar by the introduction of artificial means
are guided by the same laws. A green, though quite unnatural
when employed upon herbage, might be strictly natural in repre
senting the local colour of a piece of drapery ; yet we may safely
admit that the most brilliant colours may receive an advantage in
being lun?d to those Uues most comnoa in Nature, especially if
they form a Urge mass in the picture." Burnet, 0* Co'our in
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such as of reverence, of contemplation, of loneliness, or Of Compoof melancholy.
sition.
(287.) iii. We come now, lastly, to the third constderation which ought to occupy the mind of a composer, "'j Means>
namely, his means, rules, or modes of representation. ™*55L
These are so numerous, and in such variety, according represents*
to the genius of each individual artist, and the nature of tion.
the vehicle he employs, that to enumerate them com
pletely would be like describing every kind of musical
instrument, together with the peculiar merits of every
remarkable performer upon each. The few particulars
which our remaining space permits us here to collect,
may assist towards a useful system of practical compo
sition.* In order to as plain and compendious a state
ment as possible, we give a summary of these particu
lars in the following rules : and observe,
(288.) That, in a Historical arrangement, the inventive Pictorial
powers of the composer, like those of a Dramatic Writer,
should be directed to every probable circumstance which
may contribute to heighten the effect, and which, though
in strict truth it did not happen at the time, yet might
have happened, without doing any violence to probability.
For example, it is a Historical fact that General Wolfe,
when he fell at Quebec, commanded such officers as
* Next to being keenly susceptible of such impressions and appear
ances as are proper for Painting, the artist must possess to a high de
gree, the faculty of methodical arrangement. Having chosen his sub
ject, he must be further gifted with a genius to contrive its execution.
To knowledge and intuitive perception of whatever is grand, beau
tiful, or interesting in visible objects, he must add familiar acquaint
ance with the means and materials of his Art. It is not enough to
have his picture designed, completed, and hung up only in the gal
lery of his fancy. Any dreamer can paint thus in his sleep, and
can surpass any thing that ever was done before in Painting. But
the work of the w aking artist must be substantial and tangible. The
" airy nothing" must have a local habitation, udequate ko its recep
tion ; systematically, curefully, and durably constructed.
System, with Painters, has a twofold operation. It relates, in
the first place, to the intellectual impressions to be conveyed to the
spectator. This includes the knowledge and use of expression ; on
this head we have already offered some remarks. (Art. 279.) Or,
secondly, it relates to the materials for conveying these impressions,
viz. outline, light and shade, chiaroscuro, colouring, grouping, &c.
System arrives at its highest excellence when the latter of these two
operations is not seen nor noticed in comparison uf the former. In
Kafl'aelle, for example, the expression is so intelligible, so direct,
so forcible, that you forget the contrivances and materials by
which that great master accomplishes his purpose. To any one, not
a Paiuter, the most expressive performances seem the easiest. The
gifted artist, however, well knows the pains, the ingenuity, the skill,
and judgment exercised for their accomplishment.
For the general mediocrity of modem Art, a very good practical
reason has been assigned. Moderns have more taste than genius.
As it is the province of genius to make her own rules, not nastily,
but with all the circums]a.*ction of a superior being ; to create, if we
may so express it, a world of her own, but at the same time to regu
late her creation by the taws of strong sense drawn from the code of
Nature, and judiciously adapted to circumstances : so it is the fatal
peculiarity of taste to follow no rules but what are ready made.
Taste fluctuates. Taste seems to live only by the breath of fashion.
To-day what is extravagantly praised becomes insipid to-morrow.
Taste would improve upon Nature. Hence we tee that style has
been so often more favoured, more trusted to, and more studied than
natural expression; and that Schools of Art have failed to benefit
aud advance the cause which they profess to maintain.
Genius, on the cuntrary, continues true to Nature, and like Nature
is always various, always interesting or exciting. It happens in
Fainting, as in Music, that genius is guided chiefly by Nature ; but
that taste without geuius tends to draw the eye ns well as car away
from Nature to the performances of other artists that have been
successful competitors for fame. It tends to induce a habit in one
artist of copying from another, instead of pursuing a system care
fully digested, and previously established for himself; the result of his
ova experience and industrious observation of natural pi
well as of the labours of others.
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Painting. were about him to leave him, and continue their pursuit
, f / of the enemy. The only persons who remained with
him when he died, were the surgeon and a grenadier
who attended him as his servant. West, however, in
his celebrated picture, "The Death of Wolfe," has, with
great ability, introduced various other figures, which
give to view a number of interesting associations con
nected with that event. The Indian chief, in particular,
who watches the expiring hero, acquaints us with the
place where the scene is laid and identifies it with Ame
rican History. Copley's " Death of Chatham" is a
similar example. The Lords appear in their robes.
The fainting fit also of Lord Chatham (for he did not
die in the House of Lords) was not actually witnessed
by many of the persons introduced, for the sake of scenic
effect, into the picture. Cases might also be mentioned
where two events which happened at the same time are
introduced into the same composition. Of this, "the
Transfiguration," by Raffaelle, is an instance. It was
while our Lord was transfigured in the Mount, accom
panied by St. Peter, St. James, and St. John, thai the
remaining nine disciples were implored by the afflicted
parent of the demoniac to heal his son.
(2S9.) That a similar exercise of taste and fancy is
not only admissible, but is essential to picturesque ar
rangement in grouping* objects, whether animate or
* " la commencing a composition, it is customary to mark the
middle of the space, lor the purpose of arranging those points we
consider of most importance to the subject ; dividing the picture for
the regulation of the masses of light and shade, ascertaining and
fixing the horizontal line, &c. A mode of constructing the compo
sition in reference to a diagonal joining any two corners of the
picture is often suggested from the perspective effect requiring a
length of line, thereby obliging us to place the point of sight at one
side of the picture ; sometimes it is suggested from the group re
quiring a large space ; which a diagonal line secures, as in the
* Klevation of the Cross,* by Rubens ; or sometimes it is suggested
from the conduct of light, as in his picture of the ' Descent from
the Cross.' Cuyp, adopting this mode of composition in most of
his pictures, (which are generally sunset or sunrise,) places the focus
of light at the bottom of the sky, thereby enabling the distant part
of the landscape to melt into it by the most natural means ; while
the strongest part of his sky, being at the opposite angle, produces
the greatest expanse, and mixes and harmonizes with the dark side
of the picture. Thus the eye is carried round the composition till
the two extremes are brought in contact, the most prominent with
the most retiring. In compositions constructed upon this principle,
(particularly where the landscape occupies a large portion,) many
artists carry the lines of the clouds in a contrary direction, to coun
teract the appearance of nil the lines running to one point ; thus
using the dark of the clouds to antagonize, as it is termed. By such
a practice, an apparently better equipoise may be produced, but it
sacrifices many advantages. For we observe in many of the pic
tures of Cuyp, Rubens, and Teniers, where the figures, landscape,
and sky are all on the same side of the composition, that a rich and
soft effect is produced ; and that the strong light and dark touches
of the figures tell with great force against a background of houses,
trees, &c, which are prevented from being harsh aud cutting by
mixing their edges with the clouds, or dark blue sky. This doubling
of the lines (if I may so express it) gives a picture that rich fulness
which we ofleu perceive in a first sketch, from its possessing several
outlines. Those who imagine that by thus throwing the whole
composition on one side, a want of union will be produced, will be
convinced of their error by perceiving (in any work thus constructed)
how small an object restores the balance. Since the smallest object
by being detached and opposed to a faint background of extreme
distance receives a tenfold value."
" Raffaelle, in the 'Transfiguration,' has made the principal figure
of the lower group (an interesting young female) detach itself from
the ground by a strong warm light cutting against the shadow, and
by a dark blue mantle coming in contact with the light. From the
circumstance of her addressing the Apostles and pointing to the
demoniac, the two sides ore united ; and the figures are so linked
together that the eye is carried round until we arrive at the most
projecting points, namely, the hands nnil feet of the Apostle with
the book. The disciples express their inability to perform the cure,

inanimate. The position of the figures, the direction of Offe,
the light, the formation of masses to give breadth, (Art. »fot
294,) and of contrasts to give variety, are not necessarily
such as did occur at the time of the event, or scene to
be painted. It is sufficient that they might, without
improbability, have occurred.
(290.) That light and shade maybe most conveni-iw i
ently divided into five parts or gradations, namely, No. i.nlpi
Extreme light; No. 2. Half light; No. 3. Middle tint'1™ *
No. 4. Half dark; and No. 5. Extreme dark* These ^f5 ^
gradations may be expressed by five tints of some one
colour taken from either of the scales compound orpri.
mitive, (plate xi. fig. 5 or 7,) supposing the colour lo
be whitest when most approaching to extreme light it
the outer circle, and deepest or darkest when approach
ing to extreme shadow at the inner circle. Between
these two extremes of the twenty shades of tint there
mentioned, let the space be divided by five. Thentreme light, or No. I, will then lie between the outer
while two of them, pointing to the Mount, refer the people toChril;
and thus connect the lower with the upper half of this tubuine pic
ture."
" It is not only necessary that a group should have hollow for
the reception of shadow, but also projections for the li^ht to rot
upon ; it not only ought to possess a good general form in the out
line which defines it, but the figures must also be linked toother
in such a way as to lead the spectator in amongst them. They
must appear to have room to stand upon, and euiy figure wat
keep its appropriate place, according to its relative dislanre from the
eye. Hence a form of composition by a concave or convex line has
been often adopted as the simplest and best, and possessing ike
greatest variety of advantages. That it is so generally mi may
cease to surprise, since we find it applicable both to trie regulajify
of Raffaelle and the irregularity of Rembrandt." Burnet, PnctiaJ
Hints on Composition, p. 10, ll. 26, 27.
* We translate as follows from Raffaelle Mengs, in hi! Wn tf
Painting. " To facilitate the balance of colours in a picture, and to
regulate it suitably to the kind of composition chosen. I repeat
what I before alluded to, in regard to jive classes of materulj fa
representing all the appearances of Nature; namely, fire tins ■
colour. Of these five, two belong to the lights and two to the dub.
The other is a middle tint, which I call the purest of the five, asnS
belonging either to light or dark, but receiving and reflecting ■»
in an equal degree. If out of these five materials, the Painter mo
only two, and completes his picture by means of white by itself ani
black by itself, a confused effect will result j because white as nil
as black has the property of excluding every other colon; ; the
former in the lights ; the latter in the shadows. But if by the mode
I am endeavouring to explain, a certain proportion of these tm be
taken, sometimes a higher degree of black, sometimes » Hr*
degree of white, and sometimes a middle tint, a pleasing variety""
follow, notwithstanding the uniformity and monotony of lies ,n
colours."
"A juxtaposition of the two extremes will give force, asperity,
or hardness. A large interval of middle tint extended between
them will soften that hardness ; aud further, a careful amnjenw3'
of the different tints, so as to place each degree, if pesribk, between
the one above and the one below it in the scale, preserving only
sufficient distinctness for a correct representation of tb» oh)*1'
painted, such a mode of operation will cause the greatest imagina!*
softness and sweetness."
" Again, by a separation of lights into masses with other lights
and of darks with other darks, a picture may obtain an a]rpropri>'»
air of gloom, or of grandeur. (Rtttcra mtritosa e grandun.) ■■J
lastly, Dy adaptation and combination of these means in
endless varieties, any effect, clear and lively, or crude and eOTta**
or expressing softness, tenderness, or any other sensation nay w
produced. If to this effect of light and shade, the varieties *
colour be added, in accordance with the same principles ofromp-*tion, (col/e ileur ragiom,) the effect will be infinitely heighten*
but the colourist must beware of repeating too often the same agio
and the same darks in equal form or in equal quantity up* 1*
picture, and must also shun carefully all violent extremes. He must
give his whole attention to truth and verisimilitude. He
remember that chiaroscuro is the foundation of what is termed har
mony, aud that colours are only tones which characterise the foma
of bodies." Lciiom Praticlir. Opere di Mengs, bra. ii. p. 274-
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Paintiug. circle and the circle marked four shades or degrees of
*—v~- tint. The half light, or No. 2, will lie between the
circles of four and of eight degrees ; the middle lint, or
No. 3, between the circles ofeight and of twelve degrees ;
the half dark, or No. 4, between the circles of twelve
and of sixteen degrees ; the extreme dark, or No. 5, be
tween the circles of sixteen and twenty degrees. But it
would, perhaps, be a not less correct illustration, and more
in accordance wiih general practice, to express the highest
light by positive white between circles one and four; the
extreme dark by positive black between circles eighteen
and twenty; and the intermediate three tints by degrees
of black and white mixed ; No. 2 having most white,
No. 4 most black, and No. 3 an equal portion of each.
(291.) That a picture consisting chiefly of No. 1 and
2 gives opportunity for objects containing the extreme
black, or No. 5, to stand out with great force and clear
ness ; but strength of colour (which may be said to per
form the office of No. 3 or 4) will be requisile to
prevent feebleness, and to give a full firm effect to such
a composition. This effect of colour is frequently exem
plified by Cuyp, in his clear and beautiful, and at the
same time substantial representations of broad bright day.
(292.) That if No. 4 and 5 compose the greater part
of a picture the objects of No. 1 will be proportionably
brilliant, but they will be apt to stare, and have the fault
of spottiness, while the remaining objects will be buried
in obscurity. Here again intermediate deuiitints (often
the effects of colour) interpose to give breadth and rich
ness.
A picture of this latter kind, of which the greatest
proportion is composed of No. 4 and 5, is said to be
painted in a dark key ; as a picture composed principally
of No. 1 and 2 is said to be painted in a light key.
(293.) That if the greater part of the picture consist
of No. 3, a fair field is open both for the higher and
lower divisions of the scale to display an equal degree
of prominency ; but in this case there is danger of
* Pictures painted in a dark key possess many advantages which
have led our greatest colourists to its adoption ; hut as low-toned
pictures are apt to look heavy and black, unless richness of shadows
or slinrpness of lights be preserved ; so pictures painted on a light
key are apt to look flat aud unfinished without the greatest circum
spection. Iu Nature, the intense light of the sky, and the atmo
sphere tilled with its innumerable refractions, spread a luminous
character over the whole scene. To represent this, the artist can
only employ a greater degree of whiteness, a very inadequate qua
lity. Hence the difficulty of imitating the splendid brightness of
mid-day, or the brilliant effects of an evening sky. In treating the
one, unless the delicate varieties of the half lights are attended to
with the greatest care, the picture will look crude and unfinished ;
for the tints being so nearly allied to each other, the exact sharpness
to define them, and their exact tone, either by repeated scumbling,
or mixiug them to the proper tint in the first instance, require
the nicest attention and most refined study ; otherwise the
shadows will be powdery instead of pearly, or the lights white
instead of luminous. In the other arrangement mentioned, (viz.
for the glow of evening,) the yellow tones may become solid and
foxy, if deprived of the delicate cool tints so necessary to pre
vent their appearing too hot, and to give the whole that tremulous
unsteady appearance which light possesses in Nature. " Light pictures," continues Mr. Burnet, in his Treatise on C/iiarotcuro, 11 from
the tenderness of their light and shade, require the colours opposed
to each other, whether blue opposed to red, or yellow to cool grey,
to be managed with the greatest delicacy ; otherwise their strength
will destroy all appearance of light and air."
In light pictures strong colours can stand only as middle tint, or
for leading the light into the shade, but can appear as lights only by
receiving relief from strong shadow. We often find them, in Paul
Veronese and others, made to stand as darks, or to give objects an
appearance of solidity without breaking up the general mass of light
in the picture.
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monotony, of sameness, and of such regularity of grada- Of Comi
tion as will not give due consequence to the principal sition.
object. Insipidity, however, may be obviated by extreme v-">v—■
lights or darks, judiciously and strikingly introduced.
Suppose, for instance, the ground of a picture to be of
middle tint, or No. 3, joined with half dark, and over
this ground let the extremes of light. No. 1, be intro
duced ; some degree of harshness may occasionally hap
pen, which must be tempered and softened by No. 2.
Let, on the other hand, the extreme of dark, No. 5, be
laid upon a ground of No. 3 ; this ground of middle
tint will by the contrast be rendered more in union with
No. 2. (Art. 306.) Let, thirdly, the extreme dark have
a place on No. 4, or the half dark, the small interval of
gradation will occasion breadth, and softness, and repose.
(Art. 295.)
(294.) That in proportion to the extent of light and Breadth
shade, will be the degree of breadth in a picture.
howeffectBrcadlh of light will be effected by an omission ofe<1,
so much of No. 3,* or middle tint, (Art. 290, 293,) as
will leave larger space for No. 1 and 2. This kind of
composition is most adapted for scenes of daylight, during
which, in Nature, the darkest shadows (or those of No.
5) are most cutting and conspicuous, from their being
most isolated. (Art. 30j.)
Breadth of shadow is obtained by allotting the largest
portion of surface in a Painting to No. 3 and 4. This
is the practice of the Rembrandt school. It is adapted
admirably to interiors, to appearances of moonlight, of
storm, and " darkness visible," and finds agreeable em
ployment for the imagination of the spectator, who, under
no restriction from regular outlines, or contours, may
give such shapes as he conceives most suitable to myste
rious, indefinite, unarticulated forms.t
As breadth of light has been most aptly termed the
Allegro of Painting, so breadth of shadow maintains the
character of II pensieroso. J
* A light figure may be strongly relieved even by a light back
ground provided the colours are opposed to each other, thereby pre
serving the greatest breadth of light. The warm colour of flesh, for
example, necessarily detaches itself from a cool ground. In such
situations, we often find Rubens and all his pupils bring strung blue
in contact with the head, a contrivance which gives it great value
and relief, aud a luminous effect.
f The picture " Jacob's Dream," by Hembramlt, in the Dulwich
Gallery, gives an admirable illustration of the effect here alluded to.
The angelic spirits, " ascending and descending," are sufficiently
prominent, and yet have no distinct or positive contour, aud are sur
rounded by such a dreamy stillness and ghostliness, that the imagi
native spectator is impressed with their importance in the scene, and
yet must draw upon the stores of his own invention to give them
any form.
I One of the many difficulties with which the artist has to con
tend, is to represent the rotundity of objects composed of strong
local colour. In the earlier masters we find the figures possessing
a flat, inlaid appearauce, with the lights strongly charged with local
colour. In the nest advances of the Art, we find the light part of
figures kept nearly white, though clothed in strong coloured dra
peries ; which we even perceive in many of the pictures of Raffaelle,
such as his Transfiguration, & c . till at length we find the strong
colouring of Giorgione and the delicate light of Correggio, combined
in the works of Titian, who has united the severity of the earliest
masters with the softest effects of Nature, (Jorreggio was the first
who attended particularly to the influence of aerial perspective, and
who preserved the breadth of light and shade undisturbed by
colour. In this he has been followed by Rembrandt and Reynolds.
His lights are much impasted with white, over which are laid
colours of the most delicate nature, or sen.itransparent washings,
which permit the ground to shine through, giving a luminous effect ;
or tints in which a considerable portion of white is mixed. He
thus preserved the rotundity of his figures, while he rilled his
shadows with a juicy vehicle, in which transparent particles of rich
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(295.) That when such a balance is maintained bev—
' tueeu tile light and shades and colours of a picture, as
Repose.
tluvt it shall ueither be feeble, (Art. 291,) nor spotty,
(Art. 292,) nor insipid, (Art. 293,) but shall draw ibe
attention of the spectator to its details, without any
startling; or too abrupt effect on the one hand ; and on
the other, without causing weariness, or any painful
effort of attention, the result of such a balance is pro
perly termed repose.* This term, however, is most
usually applied to effects produced by breadth of shadow,
as having less in them to excite or arrest the eye.
warm colour are floating, thereby leading the light into the darkest
masses without its being reflected from their surface. This property
of the illuminated parts of bodies to give back the light and the
absorption of it in the shadow Correggio may have learned in study
ing his models by lamplight, as his breadth of light and shade leads
us to suppose was his practice. Reynolds advises, for the sake of
harmony, that the colours, however distinguished in the light,
should be nearly the same in the shadows, and of
a simple unity of shade
As all were from one single palette spread.
* This, however, must be done with caution, as we find in Nature,
and in the best colourists, exceptions in the shadows of many of the
colours. For instance, in the shadows of red we find the local
colour preserved more strongly than in the shadows of other
colours : and white when warm in the light, is cool in the shadow.
When the moss of shadow is warm, the introduction of some dark
blue or cool black, will be of service to clear it up, and give it air ;
while the introduction of red will often focus the warm colours, and
give them richness, together with more appearance of truth. I
may also notice here that nothing gives a more natural look than to
preserve in shadow the local colours of a shadowed object, provided
they are not too light to disturb the breadth, for they give clearness
and precision. They show, also, that particular relation which one
colour bears to another, for colours in shadow have not the property
of communicating their reflections to one another, whereas in
the strong light the rays are refracted through the atmosphere
from each colour tinging the whole with harmonious union. Dis
tinctness of local colour and precision of outline are the peculiar
character of objects placed out of the way of strong light. In sun
shine the outline of objects enlightened is full and soft, surrounded
by tones of an indistinct nature. Iu Rembrandt we find particular
attention paid to the effects of light upon colour, effects which his
rough manner of using the colours contributed not a little to give.
Sir Joshua Reynolds seems to have constantly contemplated this
bathing of his colour in the splendour of sunshine. If he has given
us a translation of the works of Titian unimpaired, it is from his
having made use of the Dutch version. That brilliancy of colour in
the lights of his pictures, that mixed chaotic hue made use of to
give it value ; that diffusion, by the means of one colour carried
into another—touching in his white with yellow tints, working in
his yellow with red touches, and enclosing his red with black of a
cool tone, so as to make even his shadows partake the influence of
light—thereby preserving the greatest breadth of chiaroscuro, are
the peculiar properties of Rembrandt. In Titian we have the white
drapery more distant from the flesh tint than in Rembrandt and
Reynolds, in whose pictures the luminous character of the flesh
seems to show its influence upon the lights of the white drapery, as
well as to tinge its grey shadows with a reflex of yellow. This ex
tension of light, therefore, by moans of colour is the mode of com
bining the powers of both, a mode founded in Nature, and adapted
by the best colourists." See Burnet, On Light and Shade.
* Ostade's pictures have the peculiar property of looking well
at a distance. They thus attract the spectator towards them.
When we approach to take a nearer view, we observe that this effect
is produced by their possessing a decided mass of light obtained by
means of a light wall or sky, &c. His heads and hands form a
number of luminous spots upon a mass of half tint, and are
rendered of more value by the introduction of yellow and blue
draperies. Such a system requires considerable management in
order that these spots, to prevent confusion, may take agreeable and
decided forms. Such a system, however, is the more easily pursued
in Ostade's works, because he has seldom any particular story to
interfere with the arrangement. In pictures upon a dark scale,
(Art. 292, 294.) harshness arises commonly from the want of suffi
cient quantities of middle tint and half light. (Art. 290.) By this
amission, the principal light is too much defined : the fault of
Caravaggio.

(296.) That the warm colours, (namely, yellow, 0f(«,
orange, and red, see plate xi. fig. 5, 6, 7,) together with uu'
such compounds as incline decidedly towards Iheni, »->
arrest the eye by their exciting properties,* and like
light upon dark, or dark upon light, (Art. 290, 291,) ^u
give prominency to objects. Also the union of warm la,,[aa
colours is promoted by the introduction of a cold colour. «!«.«<
Thus the whites, yellows, reds, and browns of a picture "V"11"
receive increased harmony by the presence of a blue. j^fJ*
(297.) That the cold colours (namely, violet or purpie, blue and green, together with such compounds as
have blue for their foundation) have a much less excit
ing influence upon the eye. They have the quality of
making objects retire ; and seem to produce a similar
effect to that of middle tint upon half light, or of extreme
dark upon half dark. (Art. 290, 293.) Cold colours,
therefore, should perhaps predominate in compositions
of a quiet, meditative character. Also the union betweeu
their cold tones is essentially promoted by introduction
of a warm colour. Thus the whites, blues, greys, and
greens of a landscape will be made to blend much
more harmoniously by the presence of red, which derives
at the same time from its isolated situation (Art. 305)
a force and brilliancy approaching to harshness.
Borrowing his terms from Music, the Paititer, when
the prevailing tone of his picture is cold, pronounces it
painted in a cold key, on the other hand, when the prevail
ing tone is warm, the picture is said to be inaiwtrraifj.
(299.) That pure and bright colours (plate xi. fig. 4)
having greater force than when compounded, should
occupy the chief points in a picture, and should be more
or less employed as the composition is of a brisk, a quiet,
or a mournful character. Colours composed of two pri
mitives may be made to blend and soften by a small
portion of the third primitive. Any colour may be
tempered with white or with black. By means of these
extremes (the observation is made by Mengs) may any
colour in the hands of a judicious artist be reconciled
and brought into harmony with another.f
* The Chevalier d'Azara, who eriited the works of Menss, *
a note at the commencement of the Letumi pratiche, to still »
(D'Azara's) opinion that the rays from dazzling objects pre bot
than the ordiuary impulse to the organs of vision, and therefsf*
excite them too much, whereas rays of the opposite extreme, prog
a less impulse than that to which the eye is habituated, oust t»
little action ; and " thus both extremes" (like thiwe of burams
and freezing) " are disagreeable." Vide Open di Menp, torn
edition,
vol. ii. reduces
p. 272. the asperity (atprezza) of any ofaj-'1 Its.
f "White
tone assumes mildness and tenderness : black also removes harshneis,
but in a different manner, by smothering (tmorzamdo) andobscunc?
it. Rembrandt, by meaus of shadows, shows how to «•"*
most incompatible of colours. He leaves only one spot « 50
colours in light ; he separates some of them from the rest; »
when obliged by the nature of his work to bring them together, be
invents some artifice for enlightening the one, and envelops j*
other in shade ; since, if he had placed thern in conjuaciiM, »
would, by the laws of chiaroscuro, have only represented Kent r^
shadow without colour. A method, the opposite of this; wutW
Baroccio, who harmonized all his colours by the aid of white i *"
during, indeed, their force, but bringing into concord then
discordant tones, so that (by this increased breadth of hfhl) h»
picture was an example of chiaroscuro artfully roropostd, •»
having considerable brightness and prominency, (no/to niifcd"
compotlo.) Rembrandt," he adds, " seems to have viewed hi I*
jects in some cavern which only one ray was permitted to pene
trate : Baroccin, on the other hand, appears to have beheld hucA
in the air or among the clouds, where peq*tual light! and reflrifl
left him scarcely any shadow. Rembrandt, of these two eitrero*,
is preferable to Baroccio, since some architypeof Kembrandt'fV0*
may be found in Nature, whereas those of Baroccio haw
"ty
in the imagination." Ia some of the designs of Rembrandt, obsena
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(299.) That as in the case of light and shadow it
becomes necessary, for avoiding flatness and insipidity,
utuur, like (Art. 293,) to have a focus of light, so with respect to
;kt, re colouring a focus of colour may, with similar good effect,
tires a be made by repeating, in a stronger tint, in a favour
able position, and in a comparatively small compass,
some prevailing hue. And as in the case of lights and
darks, a small portion of each introduced into the other
is sufficient to produce a harmonious union ; (Art. 295 ;)
so also in the balance of warm and cold colours a
similar process is similarly advantageous. Harmony
may be effected, and yet by the same means the greatest
breadth (Art. 294) preserved.*
(300.) That not only colour acts thus powerfully
upon tints of the same hue, but exerts its influence more
or less, according to its brightness, upon the tones of
every other hue.t
Mr. Buruet, (On Light ami Shade, p. 16.) he seems to have allowed
the entire half of his canvass for repose, and to have confined his
composition with all its lights and darks, and colours, to the other
half. Very little often serves to connect the two. The dark manner
of Remhrandt hus advantages over every other, if kept within due
bounds, as it enables the Painter to give a rich tone to his colours
without their appearing heavy, which more feeble backgrounds
would not admit of, unless the colours are to stand as darks instead
of lights ; accordingly we find Titian, Tintoret, Georgione, Rem
brandt, and our own Reynolds all swayed by the same opinion.
* Thus in a landscape, the blue of the sky may be advantageously
repeated by a drapery of stronger blue made to appear among the
warm brown shadows of a foreground. In like manner the glow of
a morning or evening sky may be focussed by strong red drapery,
placed in the neighbourhood of greys and greens. The works of
Claude and of Cuyp present continual examples. The effect, too,
of all strong colour is to make the weaker tints of the same or of a
proximate hue retire. Thus is obtained an interval between the
strength of the one, and the comparative faintness of the other, for
expressing space or distance : and the spectator's imagination be
comes impressed with the idea of airiness in a picture, and of ample
room for whatever objects may be introduced.
" Titian often has his red placed near the centre of his picture,
which gives it consequence, and he either throws it into much light,
or keeps it flat, according as he wishes it to tell as a daik or light
in his scale of chiaroscuro. Mengs supposes Titian to have used
colours more or less retiring upon his figures according to their
situation. Such is not, however, his principle : and strong colours
are mote often used by him to support his composition, without any
reference to their being employed upon the most prominent points.
From Raffaelle to Rubens we often find them introduced upon
background figures, as darks in light pictures, and as lights in dark
ones : sometimes carrying the eye to the point of attraction, some
times for clearing up the shadows. We often find portions of deep
lake dresses running into the dark masses of Tintoretto and P.
Veronese : and we know the more a picture is made out by colour,
the lighter the effect will be. and the nearer allied to the appearance
of Nature in open daylight." Burnet, Hints on Colour in fainting,
p. 26.
,; In many pictures of the Dutch School we see a perfect harmony
sustained between the hot and cold colours of a picture : we see the
warm colour contained in the foreground, and strong darks wove
into the masses of neutral tint in a multiplicity of ways. To focus
the warm colour of the ground, we often find figures dressed in red,
or we find withered leaves, bark of trees, pieces of brick, &c. made
use of, and observe warm colour insinuating itself into the colder by
a variety of channels. We perceive the cool tints of the sky and
distance diffused by the grey colour of wood, stems of trees, grey
road or water, taking the reflection of the sky. In many of the
works of Wilson and Gainsborough we see the richest effects of
colour produced by this mode of arrangement ; using the middle
ground as a ground of union between the warm and cold colours."
Jbid. p. 16.
f For example, green is gTeener in the presence of red than of
any
other hue. ; and red iiredderv . in the
of green
of any
_.i
■ 1 to
1 presence
• more
, than
•_
other. t■Cooli tones
may thus be said
give
value
andi greater
warmth to warm tones by being placed beside them in a picture, aud
vice versa. Indeed, all reflected lights are of a warmer colour when
the light is cool, and therefore, in such cases give greater warmth to
the shadows. But these reflexes being comparatively of a lesser
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(301.) That colours, besides their property of warmth Of Compoor coldness, contribute more or less to the balance of »itioru
light and shade in a picture. (Art. 284, No. 4, and Art. v<"v-~->
299.) Thus a figure in red may serve the purpose of a Sjj'jjjj' as a
half dark, (Art. 290,) while it serves likewise as a focus mat,,',."^
to the other reds of the picture. (Art. 294, last note.) represents
The introduction, therefore, of any strong colour must solidity,
be in subserviency to the balance of light and shade in
a composition. If it destroys that balance it is intro
duced improperly. Mengs speaks of the colouring of
light and shade, and means that every colour, besides its
influence as giving warmth or coldness, has a duty also
to perform iu the shading of every picture, and holds a
specific rank in the scale of lights and darks. Perhaps
we might reverse the terms of Mengs, and make this
properly more intelligible by calling it the light and
shade of colouring.*
(302.) That iu every picture there should be three Number of
conspicuous lights, differing from each other in power, hghts'na
as well as in size and form.t; The distance between tiou.
fomPosl"
degree of warmth when the light is warm, they require the presence
of blue or of some object of a cold colour introduced to give them
value. (Art. 299.) It is also observable that if the strongest Or
deepest tints of colour be placed in the dark portion or side (Art.
294) of a picture, the shadows surrounding them will prevent their
strength from wearing a dull, heavy aspect. They will appear
under the influence of light, an appearance not to be obtained for
them in any other part of the composition. Further it is to be re
marked, that according as the shadow is increased iu warmth, the
light partakes a portion of its warm influence ; thus in Rembrandt,
where the dark masses contain burnt sienna or lake, the blues aud
greys receive a tinge of yellow ; while in Teniers, whose shades are
of a cooler brown, the blues and greys retain greater freshness.
In arranging the general tone of a picture, and the balance be
tween warm and cold colours, it is nut necessary for the light always
to be of a warm tone. But when the light is cool it is important
that the shadows should receive warmth either by the introduction
of objects with warm local colour, and therefore, warm reflexes : or
by such contrivances as are to be found in the Dutch School, in
Rembrandt for example, who having admitted light mixed with cool
pearly tints into an apartment, has been careful to illuminate the
shadow by a fire purposely introduced iu an opposite corner of his
picture.
" At sunrise," observes Mr. Burnet, " when the sun's disk is
visible by reason of the density of the atmosphere, we observe the
yellow light round him tempered and softened down with delicate
grey : which tint being also diffused over the local colours of the landscape gives truth and harmony. In Claude we perceive the
same breadth, delicacy, and softness. In the evening when the
atmosphere is less dense, we find the colour of the light more bril
liant and less interrupted, tinging with the same hue every object
placed within its influence. This we find also in Cuyp and others,
who have painted landscapes under the same circumstances. Here
is a good foundation to commence upon, and we can only produce
an agreeable and natural appearance by employing such means.
White and black can be reconciled only by the interposition of grey,
and red and blue by the presence of a third colour, combining the
properties of hot and cold. Light will be more easily spread by the
lesser lights partaking of the same hue as the principal, and shadow
more easily diffused by the same means. We thus preserve the
breadth observable in Nature. But as this would iu many cases pro
duce monotony, we have a third quality to consult, namely, variety,
which in Nature being endless, we have an inexhaustible source to
draw upon. And very few colours are necessary to produce this
multiplicity of changes. In the employment of them, however, we
must always bear in mind the necessity of preserving the breadth
of light and shade, (Art. 294,) and the balance aud union of hot
and cold colours." (Art. 306.)
* It was the method of Correggio, as was observed, to preserve
his light and shade undisturbed by colour, and to use colour for
heightening not impeding chiaroscuro ; strong colour holds the place
of middle tint, and is neither seen in the high light nor in the deep
shade. If used as au intermediate link it will unite both, preserving
at the same time a greater consequence and force. Whether it is
to be warm or cold must depend upon the colour of the principal
light of which it is to be considered an extension. See Note (K.)
f " Though to the principal group," says Reynolds, "a second
4 f2
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Painting, tliese lights may be varied at pleasure,* but they should ber two, and observes that two figures of unequal sizes Of C"ij» ;
v—
generally be arranged in an irregular kind of triangle.t are the least disagreeable to the eye : but that couples are
\
Grouping.
(303.) That in a group, or assemblage of several always ungraceful. A group, he adds, looks best in the Wv"""
figures, an odd number is preferred, as three, five, seven, form of a pyramid, which for better relievo should assume
&c. Among the even numbers, Mengs chooses the num- at its base a somewhat rounded form. Its large masses
should be disposed in the centre of the group, while its
or third be added, and a second or third mass of light, care must be smaller members should be left as stragglers round its
taken that these subordinate actions and lights, neither each in par
ticular nor nil together come into any degree of competition with edge to give it lightness. If there are several groups or
the principal : they should merely make a part of that whole which pyramids, he prefers for them also an odd number. He
desires the principal figure to take his stand in the
would be imperfect without them." See illi Discourse.
• The relative position of the lights and darks in a picture de middle group. But if several figures of equal impor
termine its character. 1. If the extreme light and extreme dark tance to the story occur, let them, he says, be all placed
he placed at opposite corners of the picture, with a diagonal line
between them, this is an opportunity lor the greatest breadth. 2. near the centre of the work, and in the middle ground,
If the principal light be in the centre of the picture, it will have in order that by means of light and shadow they may
great brilliancy when in contact with a small portion of dark ; but receive relief and consequence from objects surrounding
in this arrangement there is less opportunity than when the light is them. In general, he adds, let the group form itself in
at one side lor a large breadth of shadow. 3. If amass or focus of a semicircle, either concave or convex, in order to give
shadow be placed m the centre, and light be carried round it by
means (in landscape, forexample) of sky, water, or light foreground, its central and principal figure every advantage of
the picture is a converse of the preceding, with less opportunity for relievo.*
breadth of light, but with strong effect for the central mass of
(304.) That when numerous figures are introduced Unityisd
shadow. 4. If a mass of shadow be carried across the niiilille of a into a composition, there must be great variety of colour, i^:^
picture, opportunity for great breadth and for repose is afforded. Confusion may be prevented and unity preserved by ^F^1
To these observations it may be added, that whenever light is re
peated for a union of the two sides of a picture, it should be a repeating the same colour in different parts of the work, y^^i
repetition of the same colour. Thus Cuyp, whose principal light is These colours, however, in their passage from high group,
often yellow, carries it into the dark part of the picture by means of lights into deep shadow must have great varieties both
yellow drapery, a cow, a sheep, or a few touches to represent bright in
tint and tone, and thus opportunity is afforded to the
golden reflexes from polished objects.
f The largest or principal light in which the principal figure or ingenious composer for a chain of harmonious inter
subject must appear, should generally occupy about an eighth or vals, t
even a fourth part of the picture, and should be situated not far
(305.) That in order to confer distinction upon an *Vwoi?c^>
from the centre of the canvass. When a multitude of small objects object it must by some means be made to stand apart, sites fa
are introduced into a picture, or when the general arrangement
consists of many figures, breadth of light and shade is impossible and in a state of isolation, if we may so express ourselves, """f*
unless many of them are united together of the same strength, so with regard to the objects which surround it in the pic- 00
as to form a mass of light or of dark. Salvator Rosa and Wouvcr- ture. This is effected by contrast, which we may defiue to '- '^
mans adopted for this purpose the artifice of introducing two or
three white horses, and Weeninx a swau. Nature, however, abounds be an abrupt transition from one kind of outline to another M t-,'„K.
totally different, or from bright light to deep shadow :
with much more probable expedients.
The second or third light, occupying another eighth of the sur or from one interval or tint or tone of colour to its oppo- fiuaew;
face, should be bestowed upon the figures or objects of secondary site. Thus in the case of outline, one sitting figure being <^"importance ; contributing nevertheless to the primary object of introduced into a group of standing figures, becomes
the picture. Accessory or subordinate objects are to be rendered
visible by reflexion only. "The same rules," says Sir Joshua Rey remarkable, or vice versa ; or a figure is made conspicu
nolds, (in his Notes upon Du Fresnoy,) " which have been given ous by an horizon at or near its feet ; or in a group of
in regard to the regulation of groups of figures, must be observed figures who all, with the exception of one only, look
in regard to the grouping of lights ; that there shall be a superiority steadfastly in the same direction, that one figure turn
of one over the re»t, that they shall be separated and varied in ing
in an opposite direction becomes distinguished.
their shapes, and that there should be at least three lights. The
secondary lights ought for the sake of harmony and union to be of Such is the form of the Saviour turning to his disciples
nearly equal brightness, though not of equal magnitude with the in the " Pasce oves" of Raffaelle. The figure, too, of
principal." Again he says, " We will suppose Titian's bunch of St. Peter kneeling, while it distinguishes that Apostle
grapes placed so as to receive a broad light and shadow ; here
though each individual grape on the light side of the bunch has from his brethren, contributes to elevate the fig-ure of
its light and shadow and reflection, yet altogether they make but Christ, and confer appropriate dignity. (Art. 279.)
one broad mass of light ; the slightest sketch, therefore, will have a
better effect where this breadth is preserved, than the most laborious
* Of a concave group (that is, having the concave of the semi
finishing where this breadth is lost or neglected."
" From the time of Cimabuc," says Mr. Craig, " to that of the circle towards the spectator) examples will tie found in such pictures
great Raffaelle, the light and shadow of pictures was very little as West's " Death of Wolfe," or the lower group of " The Trans
studied. The pictures of that period, however great in invention, figuration" by Raffaelle. Of a convex group an example is
composition, and drawing, were in their general appearance flat and seen in tho assemblage of the Apostles at the upper part of tne
uninteresting. The first principle which seems to have been per Cartoon of " Ananias." As light and shade determine the con
ceived by the early Italian masters, was that a light is made cavities or convexities of objects, without light and shade, the most
lighter by being opposed to a dark ; and for some time we find in intelligent outline would be but as a map or Hat surface. If, for
their works a constant association of some portion of dark with example, we take a bowl or cup, and examine the influence of light
every little bit of light, whatever be its place in the picture. Gior- and shade upon it, we find in the shading of Nature those princi
gione was perhaps the first who endeavoured to give simplicity to ples which artists have applied to many purposes in Painting. We
his pictures by the introduction of broad shadows and contracted perceive the near edge strongly defined by the light side coming in
lights. Some of his portraits are from this circumstance objects of contact with the shadow, which becomes darker as it descends mto
the most gratifying contemplation. Titian, who imit.ited his fellow- the cup. We have also the dark side brought firmly off the light,
student Giorgione, caught an idea of breadth from seeing his works, thus exhibiting to us the simplest and most effective means of
though he appears not to have understood the principle which pro giving a true representation of its character.
f " A pale yellow," says Mr. Burnet, " may terminate in a deep
duced them. The pictures of Titian have therefore great breadth
of light and dark; but it is often very nbnipt, and often scattered brown, yot a chain of communication be kept up ; or a pun: white
at random. Correggio was unquestionably the first Painter who may find repose and union in a pure black ; a bright red vibrate (to
made the success of his works to depend on light and shadow," use a term in Music) through a chord terminating in the gvutiot
echo of such a colour," ftc.
Lectures, p. 154.

PAINTING.
Painting.
The same principle of isolation may be pursued in
-^v~•»»/ the use of light and shadow.* The focus of light on
any leading or primary object,t creates u contrast in
proporlion to the darkness of the adjacent objects. (Art.
283.)
Again, this power of relief by contrast may be obtained
through the assistance of the local colours of objects.
(Art. 2S4, No. 2 and 4.)
And further, an object may be isolated, and drawn out
from others by the contrast of its warm colour with the
coldness of those other surrounding objects. (Art. 284,
No. 5. Also 296, 297, 299.) Thus the distance of a
landscape is often of use in giving prominency to a
portrait while a low horizon elevates and gives dignity
to the figure. Also, when the general tone of a picture
is warm with brownish shadows, blue drapery and cool
black will have greater force. Of this, Paul Veronese
and Rubens afford many examples. Claude has often
profited by this opposition of colour. In light pictures,
(Art. 294,) this opposition is extremely valuable to the
artist, who may thus give relief and distinctness without
injuring his breadth of light. He may place blues upon
a warm ground, reds upon a cool ground, bright yellows
upon cool grey, &C.J
* Some artists maintain, and justly, that every light, however
small, ought to have a focus, or one part lighter than another. As
we find this to be a general law in Nature, there can be no safer
ground to go upon. For the same reason we ought to have one por
tion of a dark more decided than the rest. If these two extremes are
brought in contact, we make them assist each other, one becoming
brighter and the other darker from the effect of contrast. If they
are placed at the opposite sides of the picture, we have greater
breadth and a more equal balance. (Art. -'J -I, '295.) Let us take
Koine head by Rembrandt for an example : we shall find the princi
pal light or focus in the upper part of the face which he often
surrounds, to render it more luminous, with a black bonnet or
hat, and even this is kept of a cold tone that it may give more
value to the complexion. Tbe light is then allowed to spread
downwards, and be repeated on the figure. He thus produces
union, and gives his light the appearance of diffusing rays of the
same hue with itself. If we follow him in the conduct of some of
his larger compositions, we find the same principle adopted, whether
they consist of many figures, such as the Hundred Guilder-print, or
of few, as the small Nativity in the National Gallery ; thus render
ing the most complicated compositions subservient to the simplest
principles of light and shade. A few experiments on a ground of
middle tint with a pencil filled with white, and another dipped in
black, will give the student an insight into all the changes capable
of being- produced on this principle. Sir Joshua informs us that
when at Venice, he took a blank leaf of his pocket-book, and
darkened it in the same gradation of light and shade as each pic
ture before him, leaving the white paper untouched to represent
light. After a few experiments with different blank leaves on dif
ferent pictures, he found every paper blotted nearly alike. Their
general practice appeared to be, to allow not above a quarter of the
picture for the light, including in this both tbe principal and
secondary lights ; another quarter to be as dark as possible, and the
remaining half kept in mezzotint or half shadow. Rubens appears
to admit rather more light than a quarter*; and Rembrandt much
less, scarce an eighth.
t Rembrandt, in his early practice of art, attempted to represent
flame by darkening every other part of the picture, but by this
means his flame became the only distinguished actor on the scene,
while living agents were but secundarily prominent. His next
expedient, therefore, was, to conceal the source of light, and to
throw its rays upon his principal personages, according to their im
portance in the picture. Accordingly, his picture of Christ raising
the daughter of Jairus is a sublime example of this effect. In this
composition, Rembrandt, by throwing his light upon a light object,
has the advantage of making reflexes from it upon other adjacent
objects. His shadows, caused by such reflexes, are sometimes, as in
Nature, strongly defined ; and for the sake of these shadows, we
observe him often introducing such objects as will serve the pur
pose.
J Rembrandt, when bis light is cool, makes his shadows warmer
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(306.) That a painted object in its opposition, for Of Crnnpsthe sake of relief, to the other parts of a picture, although l>1,'«».
it is thus contrasted with the rest in some respects, .^"p^T™"
must harmonize with them in others. As any object is •', s c0"~
■ i
.
,
. , . * J
sistency as
rendered more conspicuous by contrast with its opposite, harmoso it is rendered less and less prominent at every step Dicing with
of their near approach to similarity. This agreement *hc whole
may, like the opposition above mentioned, (Art. 305,) rlcturebe effected variously. In outline, a repetition of the
same lines in features, posture, or action, (Art. 264, 279,)
conduces to a balance between the different members of
a composition. Thus the regularity in the cartoon of
" Ananias and Sapphire" is remarkable. On each side
of the semicircle (Art. 303) in the lower group are
several figures, no one of whom, except Ananias and
Sapphiia, performs an action that is not repeated, while
the Apostles being elevated on a higher position, main
tain, although diminished by distance, a commanding
aspect in the picture ; and with all of them likewise the
lines of drapery and contour are repeated. An agree
able method also of doubling the lines in landscape is
often produced, as in the works of Cuyp, Rubens, and
Teniers, by placing the foreground figures, as well as the
middle ground, the distance and the clouds ail on one
side of the composition in such a manner that each
in relieving the other shall in some degree repeat its
contour. The strong light and darks of figures in a
landscape so composed tell with great force against a
background of houses, trees, mouutaius, &c. and these
again are prevented from being harsh, sharp, and cut
ting by mixing their edges with the clouds.*
Repetition, in chiaroscuro and in colour, tends like
wise to the same effect with repetition of lines. A quan
tity of light taken from the bright side of a picture, and
exchanged for a portion of dark from the side opposite
conduces to a balance.t And in a similar manner, a
the darker they become. Rubens, whose style was grounded on
the Venetian school, seems guided by the same opinion. " Begin,"
says Rubens, " by painting in your shadows lightly, taking care
that no white is suffered to glide into them ; it is the poison of a
picture, except in the lights ; if ever your shadows are corrupted by
the introduction of this baneful colour, your colours will no longer
be warm and transparent, but heavy and leady." Opie thus de
scribes, in his Lectures, C'orreggio's management of chiaroscuro.
" By classing his colours, and judiciously dividing them into few
and large masses of bright and obscure, gently rounding off his
light, and passing, by almost imperceptible degrees, through pellucid
demitints and warm reflexions, into broad, deep, and transparent
shade, he artfully connected the fiercest extremes of light and
shadow, harmonized the most intense opposition of colours, and
combined the greatest possible effect" (of contrast) " with the sweet
est and softest repose imaginable."
* "Mark in strongly," says a judicious artist, " those points in
the ground, which of necessity must be introduced from natural cir
cumstances, at the same time contriving your group, so that those
points become of the greatest consequence to the composition.'* A
richness of effect is produced either by such a combination of light
and shade as will give the appearance of doubling to the outline ;
or by relieving the outline by aground possessed of a variety of
strengths. A small portion of any group or figure, coming firmly
and sharply off its ground, is quite sufficient to give the appearance
of natural solidity to the whole.
f The arrangement of light and shade as relates to the tchote of
picture oucht never to be absent from the student's mind. " If a

no other way but by borrowing a portion of the one, and exchang
ing it for a portion of its opposite. Not only may this practice bo
made use of lor the harmony of the whole, but the light and the
shade will be thus rendered more intense by the force of opposition.
Whether the dark which is carried to the light side be very small or
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in colouring, the interval between any two tinU is ap- Of Cm
parently reduced, and the gradation consequently made
more soft and more harmonious by a third tint in contact with them, which differs more in tone from either
than they do from each other.* Correggio and Rem
brandt frequently relieved the dark side of their figures
by a still darker background.
(307.) That respecting the materials which are lobe
put into operation for Painting, the artist can acquire
little from any written description, but must perfectly
acquaint himself by practice alone with the peculiarities
(as well defects as excellences) of whatever vehicle he
uses. We shall, therefore, only here remark, in con
clusion, that the foregoing rules apply equally to all the
different vehicles and materials adopted in this Art:
whether oil colours, which from their great power of ex
pressing with perfect clearness the deepest gradations of
shadow, have been generally held in highest estimation;
or water-colours, which in this Country have been raised
to almost equal power, and brought to a perfection never
before known ; or, thirdly, crayon Painting by means
of coloured chalks ; or, fourthly, fresco Painting, (so
called from being performed on fresh plaster,) which
from its unrivalled brilliancy of effect, and its connection
with Architecture, was the favourite of the early Sehools
in Italy. To these several vehicles may be added
Mosaic, or the beautiful as well as durable representa
tion of Nature by small pieces of variously coloured
marble ; inlaying, or a somewhat similar operation in
wood ; enamel, or the process, on copper or gold, of
Painting with mineral colours dried and melted in by
fire ; together with contrivances by means of wax, called
encaustic Painting ; or by staining glass, an Art allied to
enamelling ; not to mention the successful competition
of the loom with the easel, in the still more ancient
devices of taprslry and embroidery. These several
materials for pictorial effect may be compared to the
several instruments used in Music, all vibrating in sepa
rate ways, under distinct and separate forms, and by
impulses suited to each ; all of them diversified in their
modes of operation, but all subservient to one system,
and all combining to answer by different means the
very large, or vice vertd, we have here the groundwork of some of peculiar ends and purposes of the Art which emp.oys
the most powerful and must natural effects in Paiuting." On Light them.
and S/trtde, p. 6.
* " If a diagonal line," says the same Writer, " be drawn across
the picture," (he alludes to the Bacchus and Ariadne of Titian,) and collected to a point by some object whose local colour conduces
" we find it composed of a mass of hot and a mass of cold colour, to that purpose. Thus the black portion of a female's dress (ia a
laid out upon the broadest scale, and aiding each other by the oppo Painting by Metiu, as described by Mr. Burnet) is brought, at its
sition." The greatest breadth, indeed, is (Art. 294) to be preserved darkest part, in contact with the brightest portion of her white dress.
in colouring by a division of the picture into hot and cold colours. This gives air to the deepest shades of the background, as well as
The contrast of warm hues with cold increases their richness, the greater firmness to the object so relieved.
* Any colour may in its tone so nearly resemble a primitive, as
aerial perspective is improved, and the foreground figures receive
solidity without the help of black shadows. " That a picture," ob to be mistaken for it, until the introduction or juxtaposition of that
serves the author just quoted, "should consist of hot and cold colours, primitive. Thus a green may be so nearly blue as to appear so till
is as indispensable, as that it should have light and shade. Which blue is present ; or so nearly yeHow, as to be taken for that primi
shall form the light, and which the shade, is entirely at the option tive till yellow is present. As the repetition of a colour in various
of the artist. It is, however, necessary that these colours should parts of a picture diffuses the light, and gives breadth of effect, so
occupy separate places in the balance of chiaroscuro, and that by also repetition destroys proportionally, at the same time, the power
any exchange of portions from the side warmth into that of cold, of that repeated hue to give singularity and prominency to the object
which it colours. A colour, therefore, will be often seen, in the
both extremes of the work may be harmoniously united.
f It frequently happens, that only one light appears in a single best Masters, not only tingle, but surrounded by others totally dif
head. This must be made to harmonize with the shadow either in ferent in tone, in order to increase its value. This peculiarity of
the background, or in the dress. Rembrandt, for this purpose, colour is of the utmost use as to bringing out soch points as the
painted Hie light of the dress the same culour as the shadowed side artist wishes to draw attention to. Not only does he thus obtain
for that one colour the greatest force that his palette can give it,
of the face.
| The dark forming the greatest mass of shadow in a picture is but he often brings all the rest into better agreement with one
often, before being brought into contact with extreme light, increased another.

Painting, balance of warm and cold colouring may he effected.'*
——
As therefore contrast or isolation is brought about by
abruptness, (Art. 306,) not only in placing a focus of
extreme light near to extreme dark, but also in placing
the repetition or focus of a cold colour among warm
tones, or of a warm tone among the cold colours of a
picture, so does this very act of repetition generate at
the same time a bond of union and a balance of power
throughout a composition between the properties of light
and warmth on the one hand, opposed to those of dark
ness and coldness on the other,t
Again, as the opposite to abruptness is insensible gra
dation, so when two opposing tones or tints have a
harsh effect in juxtaposition, their harshness may be
reduced by intermediate tones or tints, (Art. 284, No.
4, 5,) so as to produce a gradual and delicate succession
of harmonious intervals. (Art. 298.) Or, between two
colours of which the tones antagonize ; between, for
example, two primitives, as red and yellow, the disagree
ment may be in some measure abated by making each
of nearly the same tint or degree of strength. Thus,
the blue, No. 13, (plate xi. fig. 5,) will be found to
have less hostility to yellow, No. 7, if they be both taken
from the same tint, that is both taken from the circum
ference of the same circle, and have both of them two,
or four, or six, &c. degrees of strength.
Lastly, any excess (in form, in light and shade, or in
colouring) which has been unduly given to one object
over another may be reduced by the introduction of a
third object, which, acting as a foil to both, and showing
a much greater excess, makes the difference between
the two former objects less open to observation. Thus
in outline, the difference between any curve or straight
line, or between any two curves, may be made scarcely
perceivable by introducing a third line which has a
degree of curvature considerably greater. Also a line
very slightly curved may appear formal and lifeless,
(Art. 264,) till a line exactly straight is placed near it.
Again, in chiaroscuro, the interval between alight and a
shadow or between any two shadows may be made to
appear considerably smaller by the juxtaposition of a
third shadow of extreme and intense darkness.J Also,
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Note (A.)
The principles for drawing the boundaries of the shadow of
any surface may be contained in the three problems which we here
subjoin, and of which the mathematical reader will Bud the ele
ments very succinctly stated in the fourth section of Creswtll's
Perspective. We will endeavour to state them in the most popular
Some previous definitions, however, may be
■ 1 <m! for Def. 1. Right lines drawn from a luminous point to any point in
mil Per- the illumined object are called lines of rays, and a plane containing
"On,
jw0 gujjj |mes ;g called a plane of rays.
2. Rays that come from selt'-luruinous bodies (Optics, Art. 4)
upon other bodies non-luminous, we term primitive (or direct) rays.
(Optics, Art. 54.)
3. Rays from bodies not self-luminous, but that have received
primitive rays, are called derivative, or borrowed rays, or reflexes.
(See Da Vinci, Trallalo delta Piltura, cap. 75—87.)
4. An infinite multitude of rays (borrowed or primitive) from
any luminous body, being intercepted in their course by some
opaque body ; a certain number will be either absorbed or reflected.
Between this intercepted number and the remaining unimpeded
rays will be the boundary between light and shadow, which we will
term the limiting surface, or column of shadow.
5. Direct rays from the sun or moon, are termed parallel rays,
and will be represented by parallel lines.
6. Direct rays from small self-luminous bodies, sufficiently near
to the object which they illumine, are termed diverging rays, and
will be represented by right lines diverge/if spreading or diverging
from the luminous point. (Optics, Art. 136.)
7. Where two or more luminous bodies have their rays inter
cepted by the same opaque body, the respective limiting surfaces or
columns of shadow will intersect each other. The space included
between the planes or surfaces of intersection is styled dart shadow.
The remainder, from its lesser degree of intensity, is called pe
numbra, or half shadow. (Optics, Art. 34—36. Da Vinci, cap.
26.) Thus if we suppose a strong light to proceed from two bright
at B and D, (plate xii. fig. 1 ,) in front of the spectator, and
also through another bright cloud the sun near the horizon
over the spectator's left shoulder, with its rays vanishing at V,
there will be three shadows, viz. the shadow at p oni, caused by
the interception of the sun's light ; the shadow el mrb • ; and the
shadow eulwqc, caused by the interception of light from D and B.
Where any two of these columns of shadow intersect each other,
there will be a deeper shade in proportion to the brightness of each
intercepted light. And where all three of them intersect, as in the
area a b c, the shadow will be darkest. But this kind of effect is
seldom so distinguishable out of doors. It is most visible, and most
common in interior, or in in-door subjects, where the innumerable
changes and modifications of window-light, candle-light, lamp-light,
and fire-light, with their reflexes, cause inexhaustible varieties in the
position and intensity, as well as colour of shadows.
8. If from any given point a perpendicular line be drawn to any
plane, the point of contact where the perpendicular meets the plane
is called the teat of the given point Thus the seat of a candle on
a wall or table is found in the point of contact, where a perpendicular
from the centre of the light meets the wall or table. Also, the seat
of any point in an object casting a shndow is found on the plane
which receives the shadow, at the end of a perpendicular line from
that point For example, the point S', (plate x. fig. 3,) at the ex
tremity of the perpendicular L S* to the plane r w, is the seat of the
point L, as S is the seat of the same point L on the horizontal ground
or plane S G F. So also S (fig. 4) is the seat of the light on the
horizontal plane or ground ; a the seat of4 ; d the seat of e ; and e the
seat of o. Again, the point p(plate xii. fig. 5) is the seat of the plumb
line, and the point a, where the representation of a perpendicular
rm-ets a plane, is the seat on that plane of the point b, or of an
ofher point in the direction of a b, produced to any length.
also A (plate xii. fig. 1 ) the seat of T.
9. A plane perpendicular to the horizon, and which in its vanish
ing line contain* the vanishing point of the sun's rays, is called the
plane of altitude. Thus the plane EAT (plate xii. fig. 1 ) is a plane
of altitude vanishing in D O. which contains the vanishing point D
of the ray K T, and its parallels- Thus also the plane I A T is a plane
of altitude vanishing in B R where B is the vanishing point of the
ray I T. In these examples, the sun's place is at B and D in front
of the spectator. Again, U AT is a plane of altitude vanishing in
M H, which contains M, the vanishing point of the ray T U, which
comes from behind the spectator. Also, AT C is a plane of altitude
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vanishing in V L, which contains V, the vanishing point of tt-e n.». on
rayTC. Observe that T K A, T I A, TU A, and T C A, represent fata""*
the respective angles of the sun's altitude.
* v '
But the plane of altitude has no vanishing line when the sun is
in the plane of the picture, and has, consequently, his rays nil pa
rallel to that plane, and without any vanishing point. (Art. 36.) In
this case, any plane parallel to the plane of the picture will be a
plane of altitude. Thus the angle LTA, being the angle (plate
xii. fig. 4) of the sun's altitude, the plane A L T is a plane of alti
tude, since it contains the ray L T, and as many parallels to L T as
can be druwn crossing T A and L A.
Hi. The point where the vanishing line of the plane of altitude
cuts the horizontal line is called the vanishing point of horizontal
intersection. Thus tho points H, R, O, and L, (plate xii. fig. 1,)
the points e, a, and A, (fig. 2,) and the point L, (fig. 5,) are the
vanishing points of the intersection of the plane of altitude with the
plane of the horison. (Art. 145, 189.)
11. The point where the vanishing line of the plane of altitude
is intersected by the vanishing line of any plane containing any
line or lines of solar rays, is called the vanishing point of atlitudinal
intersection. This point is, in fact, the vanishing point of the sun's
rays. Through this point must pass the vanishing line of whatever
plane contains lines of solar or lunar rays. For example, the points
B, D, M, and V, (plate xii. fig. I,) and the points M, N, 0, P, Q,
and R, (fig 2,) and the point V, (fig. 5,) are vanishing points of
altitudinal intersection. And if in the plane D Im, (fig 1,) con
taining the rays D / and D mi, the line ml U- prolonged till it
meets at its vanishing point P, the vanishing line H L of its plane;
next, if P D be joined, the line P D will be the vanishing line of
the plane DL N, and must pass through D. In the same manner,
m r may be prolonged to show the vanishing line of the plane
m D r, and r A to show the vanishing line of r D A, &cPkobi.km I. To find on any plane receiving a shadow the teat Prob. I.
(Def. 8) of any given point tituated out of that plane.
The given point must be considered as belonging to some plane, as
L St> S*, (plate x. fig. 3,) making an angle with the given plane.
1. If the angle so made be a right angle, let the given plane be
S v G F, or r t> x *>, both perpendicular to the plane L S v S*.
First, find the liue of intersection, as v S, or v S*, (Art. 141,
187. ) which the plane containing the given puint L makes with the
plane receiving the shadow. To that intersection draw from L
(the given point) a perpendicular L S, or LS*. The extremity S
of that perpendicular will be the seat of L on the plane S v G t ;
and S* (the extremity of the perpendicular L S*) the seat of L on
the plain rvrw. In the same manner is found /, the seat of a
given point g that belongs to the plane g o m t, making right angles
with rvrw ; also (on the plane SfGF) n, the seat of r or f; p,
the seat of d or c ; z, the seat of a ; and o, the seat of h or g.
When these two planes making right angles with each other are
inclined to the picture, as the plane c a d e, (plate xii. fig. 3,) at
right angles with the plane a I ob, (supposed to receive the shadow,)
their vanishing lines must be found, in order to determine H the
vanishing point of their intersection a b. (Art. 145 ) Then find the
vanishing point of all perpendiculars (Art. 196) to the plane (here
supposed to be c ad e) receiving the shadow. If that vanishing
point be W, and L be the point given, a line from L to W will nit
the intersection b H in b, the required seat of L ; in the same manner
as b a (fig. 5) cuts the intersection c a, and determines a for the
seat of A on the plane receiving its shadow.
2. But if the angle made by the two planes with each other be
not a right angle ; let the given point be 0 (fig. 3) in the plane
alOA. In this case the intersections of both planes with the
plane of measure (Art. 145, 146, 132) must be found; viz. O D,
(which must be drawn through the given point O.) the intersection
of the plane a I O A, and SM, (in the plane cad e,) the intersection of
the plane of measure with cade. Find W, the vanishing point of all
perpendiciilnrs, (Art. 196,) to the plane ca de. JoinOW. The point
r, where this representation of the perpendicular cuts S M, is the re
quired seat of O upon the plane cade. In the same manner z will be
found on the same plane to be the seat of a point K in the plane K a.
Pnoni.EM II. Given the representation of any finite straight line, Prob. IL
to represent itt shadow canted by rays diverging (Def. 6J from a
given luminous point.
Find the seat (Def. 8, and Prob. I.) of thelight'and the seat ofthe
points at each extremity ofthe given straight line. Supposing the
given line to be a c, (plate x. fig. 3,) the seat of <i will lie z, and the
seat of c will be p. Then connect by other straight lines the seat S of
the light with the scats z and p of the two extremities ofthe given
straight line. Prolong these two counseling lines S i and S p till
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they meet at A ami C the two rays L a A and L c C, drawn from the
light through the two extremities a and c of the given straight line
ac. The points A and C of this meeting or intersection will represent
the shadows of those extremities, and a straight line A C hetween
them will represent the shadow of the given line n e.
In the same manner we find G1 the shadow of the point g cast
on the plane rex «*, having first determined the seats S4 anil /
(Proh. I.) on that plane. The line S* Gs, intersected by the ray
L G, gives the shadow G* of g. Thus also the respective shadows
of e, f, and A, as well as of b and i, are fouud to be K, F, and H,
B and D. So likewise the rays L A, (fig. 4,) L g, and L/, deter
mine the respective shadows of b, c, and o, by the prolongation of
S a, S </, and S e, to A, y, and /.
Cor. 1. To determine any shadow intercepted by any opaque
surface, find in all cases the several points where the respective rays
from the primitive or reflected light meet the intercepting surface.
Thus, as we have seen, at the point G8 the ray L G is intercepted
by the plane r r x w. And in a similar manner, the circular rim
of the candlestick (fig. 1) may have its shadow determined on the
cylindrical surface of the pillar, as well as on the book b c da. Let
a line through S, parallel to the vanishing line of its plane, (Art.
21, 64,) he drawn, and another parallel line for a diameter of the
rim. Rays L v and L to drawn from L through the extremities of
this diameter will determine - w, that of the shadow on the plane
beneath. Next, (taking C for the centre of the picture.) complete
the representation of the circle round S. (Art. 178— 181.) Or, if the
rim be of any other form, find the seats round S of the most remark
able points, and then the shadows, according to the process above de
tailed. Any number of radii from S, as Sa' and Sr, will cut the cir
cumference of the pillar, as at m and u. Draw through m and m lines
parallel to the axis of the cylinder. These lines will cut the rays L x
and L r in the points n and t. And in the same manner may be found
any number of points required for completing the shadow on the
cylindrical surface. The same process is applicable to a concave or
interior surface of a cylinder, as also to the plane surface of the
book bed.
Cor. 2. Observe that the same methods are available for deter
mining and circumscribing any portion of light, as we have adopted
for portions of shadow. If, instead of the rim of the candlestick,
a round hole in some opaque plane parallel to the plane at S were
placed under the light ; the same arraugement of hues would «ive
the delineation of a circular illuminated portiun of the plane below,
and of its interception on the pillar, &c. So on the other hand, the
four-sided figure c b d a (fig. 3) might be an opaque surface, and
then its shadow would be C B D A.
PROBLEM III- Given the sun's altitude and the angle, ifany, made
Prob. HI.
by the plane of altitude ( Def. 9) with the perspective plane to reprctent the shadow of any given point of which the seat (Def. 8, and
Prob. I.) Art* been determined, or the shadow of any line of which the
vanishing point is known.
Our expression " if any," alludes to the sun's rays when parallel
to the picture, in which case the plane of altitude can have no va
nishing line. (Art. G7.) The last problem referred especially to
divergent rays. (Def. 6.) The present refers only to shadows
caused by the interception of parallel raya. A few previous obser
vations may assist the learner.
Obs. 1. That the rays of the sun, on account of their distance,
are reckoned as being parallel to each other. Let the reader, how
ever, consult Optics, p. 415. sec. 39—43. for a general law. If a
light be smaller than the enlightened object, the shadow diverges ;
if equal to it, the shadow will be of the same magnitude ; if larger,
the shadow will be smaller and less diffused.
Obs. 2. That if any original straight line (Art. 16) be parallel in
sunlight to the plane which receives its shadow, the original shadow
of that line upon the plane will he parallel to the line itself. Con
sequently, the representation of the shadow of that line will pass
through the vanishing point of the original line. Thus, R K and T P
(plate xii. fig. 4) being parallel to the plane II w c, the shadows
A A and s p will be represented parallel to R K and T P. And thus
3/(fift- ') heing parallel to the ground plane, (Art. 41, and note to
Art. 17,) the shadow w q of gf will vanish with gf in the same
point B. (Art. 76.) Also ed (fig. 5) will be parallel to E D.
Obs. 3. That if the shadow of a body in sunshine be received on
a plane inclined to the ground plane, or he received on any surface
whatever, the column of air darkened by the obstructing body (Def.
4) must first be determined. After this, the intersection of the
representation of the inclined plane or other surface with the column
will represent the boundaries of the shadow.
Obs. 4. That a shadow cast on a plane perpendicular to the sun's
rays is composed of the seats on that plane (Def. 8) of all the points
in the body or object which casts the shadow.
Thus if L A (fig. 4) be the direction of the sun's rays perpen
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dicular to a plane containing TA, and the shadow of TL be required. T A will be that shadow, composed of all the seats of all the t
points in T L. So also, if T A (fig. I) be the direction of the solar V**
beams ; E A will be the shadow of E T ; U A of U T ; 1 A of 1 Tand C A of C T ; and the house at O will have no shallow.
'
Ohs. !). That shadows cast on a plane to which the rays, are pa
rallel will lie interminable. In such a case the lines of direction fur
the shadows have, when not parallel to the picture, tlw same vanish
ing point with the rays- (Art. 76.)
Ohs. 6. That in all shadows two things are to be considered :
the direction of the shadow, and its length. The length is deter
mined by lines of rays drawn to meet the lines of direction. Thus,
if A T (fig. 4) be the line of direction for the shadow of AL, a
ray LT through L will give the shadow of L at T. Or if A K,
(fig. I,) A U, A C, or A I, be the line of direction.thesludowufAT,
the ray T E, or T U, or T (J, or T I, may determine the pumti E,
U| &c. Secondly, the direction of shadow* is found by the mres
section of the plane receiving the shadow with the plane of rivs that
contains the line casting the shadow. Thus AT (fig. 4) is the
intersection of the ground plane with the plane of rays ALT. la
like manner A E, (fig. 1,) AU, A C, and A 1, are similar inters*,
tions on the ground plane made by their re>pective planes of rajs.
Obs. 7. That the several planes containing the sun's rays marie
classed according to the three cases mentioned in Art. 34. Kiikw
these planes of rays will be parallel, or perpendicular, ormc/wfrfto
the perspective plane. Let the student, placing himself in the sua.
shine, rema.k in what direction hisowu shadow falls. Suppose hhn
standing with the point S (fig. 2) between his feet and the verticil
line S V passing through his eye at e. Either this plane of altitude
containing the vertical line S V may be parallel to the picture, or
it may be perpendicular, as V D P o S ; or it may be inclined, as are
V R Q C, and V M M E.
Obs. 8. That if the luminary be in the zenith, emitting verficaJ
rays parallel to V S, it is evident that all the planes of ravs will be
parallel to the plane of the picture. The man's shadow on ahorizontal plane beneath will he no other than a horizontal seciiou dee
Obi. 4) of the thickest part of his person. All lines of rays on the
picture must here be parallel to Po. But imagine the suu (still in
this parallel plane) to be in the horizon as at sunrise or sunset
The lines of rays now will be parallel to II L in a direction tewdi
the spectator's right or left hand. Shadows cast on planes parallel
to the station plane will now be sections of the shadowing object,
(Obs. 4,) while shidows cast on the grouud plane or its parallelstill
be Obs.
interminable.
(Obs.the!S.)sun's rays are parallel to the perspective
9. That when
plane, in other words, when the sun is in the plane of the picturr,
(fig. 4.) the shadows of all lines parallel to the picture sdl Is
parallel to the vanishing line or base of whatever plane theore
cast upon. Thus T », the shadow of a portion of T P, is parallel to
H D ; j p, the shadow of the remainder of T P, is parallel to S 1).
So also R A, and A A, shadows of K R, are parallel to the ruiAaj
lines of their respective planes. And on the roof vanishing in «
the shadows en, ou, and ij, of lines parallel to the picture, art re
presented
to W to
D. apply Problem III. to the repreKoliton
. fa,„r»
It will beparallel
now proper
of shadows when the sun's rays are paral/clto the planeol thepter™. ^m
Given then the angle A T L (fig. 4) of the sun's altitude and »
point L, to find the shadow of the point L. Find its seat
and Prob. I.) at A. Draw through the scat A the intersection AT*
the plane of the rays with the ground plane, the latter being 'he F**
which here receives the shadow. (Art. 141, No. 1.) This
direction (Obs. 6 ) of the shadow. Lastly, through the given I™
L draw a line parallel to the given rays. Produce this line U; ')
till it cuts at T the line of direction. T is the shadow of A. Thus
may be found the shadow of any other point having A foritjsea.
In like manner z the seat of Y being found on the plane Hies,
to find the shadow of Y draw the vanishing line S I) ofthe pl»»
receiving the shadow. (Obs. 6.) Through H, the vanishing r™> «
the perpendicular Y z, draw a ray H S parallel to LT, i. r.muwj
at II the angle D II S of altitude. H S will be the vanishing l«
of the plane of rays containing \' z, (Art. 31,) «nd of all A"
parallel planes of rays. (Art. 65.) Next, from the vanishing poiM
S of the intersection of this plane with the plan* H dtt «J*«!
through z. A ray parallel to L T through Y will now giw« f« m
shadow
Y at the
where Ythat
y meets
S y.
„,
Cor. 1.of Thus
maypoint
be shown
the shadows
of the nan""
vanishing in H will be lines vanishing in S.
, .
Or the point of shadow y may be found by finding the
R w on the ground plane of a line K R containing Y. Wh"" ™
shadow is cut at h by the plane II dc s, change its direction to **•
(Obs. 2.) The ray Y y from Y will cut A * in the poiut y rsj"*
This latter method is sometimes the more convenient of the two.
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m'oh When, for instance, the shadow changes to a new plane dabc,
nti»r. where ij,ou, and en, to show the direction of the shadow, are
■V~/ drawn through the points j, u, and it, parallel to W D ; (Obs. 9 ;)
instead of drawing i x, or ex from x the intersecting point of H S
with W D, (Art. 145,) let rays 0 o, I i, £ .•. parallel to S H or LT,
be drawn through I, O, and £. These will give i for the shadow
of I ; o for that ofO, &c
Obs. 10. We have now seen that the representations of the
shadows of lines parallel to V S, (tig. 2,) or parallel to the picture,
will be parallel to the bases of whatever plane receives them. (Obs. 9.)
Thus represented on a horizontal plane, they would be parallel to
H L ; on a plane vanishing in P o, they would be parallel to P»;
on a plaue vanishing in R Q they would be parallel to R Q, &c.
ttlinLet us next observe (hat if the rays be perpendicular to the
picture, the line V S will be in the station plane. (Art. 17.) The
spectator, for example, with the sun just above the horizon, shining
directly at his back, (and in the station plane,) and giving rays
parallel to A a, will see his shadow along the line S o, in a direction
parallel as before (Obs. 8) to the solar beams. The lines, therefore,
both of the spectator's shadow, and of all other horizontal shadows,
will vanish, together with the lines of the rays, at a, the centre of the
vanishing line of the plane to the base of which they are perpendi
cular, (Art. 72,) namely, in the centre of the picture. (Art. 73.) The
lines of shadow, however, will in this case be interminable, (Obs. 5,)
since the sun has no altitude. But suppose the sun to continue
behind the spectator and in the station plane, and to be raised above
the horizon so as to make the angle of altitude A ef ; the plane of
altitude (or in this case station plane) will still vanish in the line
Pa o, (Art. 70,) but the vanishing point of the lines of rays will no
longer lie the same with that of the horizontal lines of shadow at a.
The altitudinal intersection (Def. 11) will now vanish at d; while
.he horizontal (Def. 10) continues to vanish at a as before. Hori
zontal lines of shadows (as well as all others not parallel to /./,
Obs. 5) will no longer be interminable. They will be denned and
determined by the lines of rays vanishing in d.
Suppose now the sun directly in front of the spectator with rays
again parallel to A a, and vanishing in a. The line of horizontal
shadow S p will again be interminable in an opposite direction. But
if the luminary rise to D (still in the station plane) the ray D p,
vanishing at P, will cut and define the spectator's horizontal shadow
at the point p ; and Tip o, or P e a will* be the angle of altitude.
Obs. 11. The phenomena caused by planes of rays inclined to the
Sicture come lastly to be considered. When the sun is in the
orizun, similar appearances to those we have noticed (Obs. 9 and
10) will take place. The lines of shadows, and the lines of rays
will vanish together at the same point, suppose b or c. If the
luminary, with rays vanishing in b, for example, be behind the
spectator, his shadow will take the direction S /. If the rays come
lowardt him, his shadow will take the direction S F ; and will in
either of these two cases be interminable. (Obs. 5.) But suppose
the sun's altitude over the spectator's left shoulder to be C y F ~
b cQ, and graduated on AQ at Q; and let CRQ be the plane of
altitude vauishing iu R Q. The interminable shadow in the direc
tion S / will now be cut short at y by the ray C y vanishing at Q.
Change the sun's place again, and suppose the altitude to be R * b
in front of the spectator, and a little to his right ; the ray R F
vanishing at R will determine S F for the horizontal shadow of S e.
The plane of altitude (Dei a) will be Re Q vanishing in R Q, but
having the vanishing point of altitudinal intersection (Def. 11)
above the horizontal line at R instead of below it, as before, at Q.
Tlie student may apply this observation to similar phenomena
when the sun is in any other plane of altitude, as for example, the
plane E M N vanishing in the line M N. In this example the rays
either proceed from behind the spectator, and pass over his right
shoulder to vanish in N, or they vanish at M not quite in front of
him, and towards his left hand.
L
We are now prepared for the application of Problem III. to the
representation of shadows caused by planes of rays inclined to the
picture.
Draw the horizontal line H L, (fig. I, or 2,) and at C, the centre
of the picture, raise either above or below H L a perpendicular equal
to the principal distance. (Art. 22, 28.) At X, (fig. 1,) its further
extremity, let an angle be made with CX equal to the complement
of the given angle made by the plane of altitude.
Obs. 12. The question now is, on which side of C X to make the
angle ; towards C L, or towards C II. The place of the sun decides
the question. If the sun be behind the spectator, and if the plane
of altitude (suppose C R / F, fig. 2) take the direction F / or C Q
over his left shoulder, then the angle (which must equal o S /) will
be made to the right of a, (fig. 2,) or of C. (Fig. I.) If from behind,
over his right shoulder, in the direction Si, (fig. I,) the angle i So
must be made to the left of a, or C, the centre of the figure. But
VOL. V.
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when the sun shines towards the spectator's face as from B or D,
(fig. 1,) or from M, (fig. 2,) or R the angle at X (fig. 1) must Painting;.
be made on the same side of C X with the sun.
Prolong now the line making at X the complement of the given
angle. The point where that line meets II L will be the centre, ai
R of the vanishing line B R of the plane, making the given angle,
viz. the plane of altitude. On either side of that centre, as R, raise
a perpendicular, as R x, to its vanishing line B R, equal to the direct
distance as It X, (Art. 131,) and at the further extremity x of this
perpendicular, construct the given angle B x R of the sun's altitude.
Construct it above H L, if the sun shines towards the eye or face of
the spectator; below, if shining at his back. (Obs. 11.) In this
manner are found the vanishing points H, R, O, L, (fig. 1,) c
and b. (fig. 2,) and L, (fig. 5,) vanishing points of horizontal intersection. (Def. 10.) Thus also the points M, B, D, V, (fig. 1,) N,
M,R, Q, (fig. 2,) and V, (fig. 5,) vanishing points of altitudinal in
tersection. (Def. 11.)
Obs. 13. "tYhen, however, the plane receiving the shadow is not
a horizontal plane, its vanishing line must be found, and the point
where that vauishing line cuts B R, (fig 1,) or the vanishing line
of the plane of altitude, is to be the point for showing the direction
of the shadow, and to be used as the points II, R, O, L, &c. of
horizontal intersection would be, if the receiving plane were hori
zontal.
Thus, in the vanishing line of the plane of altitude the two points,
as B and R, (fig. 1 ,) being found, let now T be the given point in
Prob. III. of which the shadow is to be represented : say, on the
ground plane. Find A its seat. (Prob. I.) Through A its seat,
and from the vanishing point R of horizontal intersection (that is
from the point where the two vanishing lines, CObs. 13, and Art. 145,)
that of the plaue of altitude, and that of the plane receiving the
shadow, cross each other) draw the line of direction, say R I. I is
the required representation of the shadow of the given point T.
By the same method are found, under any other aspect of the
sun, other shadows of T, as E, U, &c. In this manner also, the
four shadows of the house (fig. 1 ) are constructed, by ascertaining
first the shadows of the points (/, t, </,/, h,j; and then drawing
lines I m,mr, &c. for the limits of a column of shadow intercepted
by the ground plane.
Cor. 2. Any horizontal plane is a plane of measure for the angle
made by the plaue of altitude with the plane of the picture. (Com
pare Art. 142, 151, 152, 187.)
To find, lastly, the shadow of any line of which the vanishing
point is known.
Let the given line '.be * d. (Fig. 1.) Find the shadow / of some
point, as d, in the given line. Prolong k d to its given vanishing
point at y. Join y with the vanishing point, say D of the sun's,
rays, (via. of altitudinal intersection,)* y D will be the vanishing
line of a plane of rays containing the given line K d. Remark
where y D crosses the vanishing line of the plane which receive! the
thadoie ; viz. in this example, at P. Draw from P the intersection
/ m of the plane of rays m Id k. A ray from D through k will
determine m I for the shadow of k d required. (Def. 11.)
Obs. 14. We have yet to remark upon the method of construct
ing shadows for Prob. III. when either the line casting the shadowis parallel to the picture, or the plane receiving it is parallel to the
picture.
In the former case when the given line and the given plane are
parallel to each other, the direction of the shadow has been noticed.
(See Obs. 2.) Where, however, the given line and the given plane
are not parallel to each other, and the given line is parallel to the
picture, prolong the vanishing line of the given plane till it meets
that of the plane of altitude. The point of their contact is the
vanishing point of the line of direction (Obs. G) for ihe shadow.
Thus, L (fig. 5) is the vanishing point of the shadow P r of part of
the line PN, the latter line being parallel to the picture. When the
direction changes to another plane, (a given plane vanishing in A B,)
prolong A B till it meets L V, and again from the point where these
two vanishing lines meet, draw I m, for the new direction of the
shadow. Suppose, further, another plane vanishing in H O, to
receive the remainder of the shadow of P N. Prolong HO to
meet V L, and draw from m to their common point of contact the
line m n, of which the length is determined by (Obs. 6) the ray V N.
Obs. 15. When the given plane receiving the shadow is parallel
to the picture, and the given line which casts the shadow is not
parallel to the picture, prolong the given line to its vanishing point;
and join that point to the vanishing point of the sun's rays. Thus
will he found the vanishing line (Art. 31) of a plane of rays con
taining the given line ; and the direction of the required shadow
will be parallel to the line so found. For example, prolong N t (of
which the shadow is required on a plane parallel to the picture) to
its vanishing point C. Find z, its point of contact with the given
4 F
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Notes on plane. (Art. 43, el in/.) Join V C. (Art. 31.) A parallel z tj, to
Pitirinng. V C. or V W, {viz. to the vanishing line of a plane of rays contain
ing N z,) will be the direction (Ohs. 6) of the shadow of N *.
Another example is the line w v, vanishing on the line A B, some
where between H and B. Join its vanishing point to V, (Art. 31,)
and draw r u, parallel to the vanishing line so found, of a plane of
rays containing the given line t> u: Lastly, r u. determined by the
ray V in, (Obs. 6,) will be the shadow of v w.
Fig. 5 further exemplifies Prob. III. by the representation of
the shadows thrown ujioii three successive planes from the divisions
of a window frame. First, upon the ground plane; the shadows of
it, if h, ffce. perpendicular to the picture vanish with the lines them
selves in the centre C of the picture, (Obs. 2,) and have their lengths
(Obs. 6) determined by rays Vi, V /, V g, V A; while the parallels
to the picture in the direction ig, I A, Sic. have their shadows vanish
ing in L. (Obs. 14.) Secondly, on *J>e plane that vanishes in A B
the shadows of parallels to i /, and g A, vanish at the point where
V W, the vanishing line of their plane of rays, (Def. 1 ,) cuts A B, the
vanishing line of the plane receiving their shadow. (Obs. 14.)
Thirdly, on the plane in the distance, parallel to the picture, the
shadow of the line Ih at o, will be parallel to the line itself. (Obs. 2
and 14.)
Other examples are given in the foreground of fig. 5 which seem
to require no further observation here, anil which the student, after
the rules above given, may work out for himself, with the exception,
perhaps, of the following. The shadow of a plumb line is cast
upon a cylinder. Find p, the seat of any point in the plumb line
on the ground plane. (Prob. 1.) Draw p L and xj for the shadows
of the plumb bne on the ground plane and on a plane vanishing in
A B. (Obs. 14.) Construct a circular section of the cylinder |>er»
pendicular to the ground plane. Divide the section by a diameter
representing a parallel to the ground plane, and also by perjiendiculars crossing it between q and ». Draw q H, » H, and between
them draw the representations of any number of parallels crossing
p a. At the points where they cross p x rnise perpendiculars : as
also between q anil * on q s. Let these ]ierpeudiculars meet a like
number of parallels to > H on the upper surface of the cylinder.
The points thus found above p x will show the curve formed by the
shadow of the plumb line.
Note (B.)
The science of reflections has reference to three particulars.
1. the reflecting surface. 2. The object to lie reflected. 3. The
reflected image of the object. - Respecting the first of these partiallars, we have only space for some observations concerning polished
plane surfaces. Restarting the other two particulars we shall treat
of them as likewise forming portions of planes.
Obs. 16. The three plnuesthus distinguished will havea common
line of intersection, e a (plate x. fig. 5) or 4 a. (Plate xii. tig. 3.)
1. The reflecting plane, as c d e. (r ig. 2.)
2. The plane that contains the object to be reflected, as a I O 4,
(fig. 3,) or aide. (Plate x. fig. 5.)
3. The plane that contains the reflected image of the object, as
ag Ac, (fig. 5,) ornio 4. (Plate xii. fig. 3.)
Obs. 17. Their common line of intersection, when parallel to the
picture, as c o, p q, or r i, (plate x. fig. 5,) will be parallel to W X,
the vanishing line of their reflecting plane. (Art. 143 ) But when
not parallel to the picture, their intersection will vanish where the
three vanishing lines, or any two of them, cross each other. (Art.
145.) Thus the common intersection en, (fig. 5,) vanishes at C
where the vanishing lines W C X, (of the reflecting plane,) V C T,
(of the plane th«t contains the object to be reflected,) and HCR
(of the plane for constructing the reflection) cross each other.
Obs. 18 Upon the position of this line of intersection with respect
to the spectator, and also upon the position of the reflecting plane
depends chiefly the correct delineation of reflections. For
This line of intersection,"} parallel. (Obs. 20.) or
") .
as also the reflecting > perpendicular, (Otis. 24,) or > , plc"
plane may be either J incHneil, (Obs. 28,)
J
Obs. 19. If the reflecting plane be paratlel to the picture, the
images reflected will be merely a perspective representation of
that side of the objects to be reflected which is unseen by or
behind the spectator. We shall therefore in the two following
problems confine our attention to the other two positions of the
reflecting plane ; as perpendicular to, and as inclined to the picture.
Obs. 20. Pkohi.f.u IV. GirMr a reflecting plane perpendicular
Prob. IV.
In Ike picture, (as, for example, the surface of smooth water.) tofind
the reftrrtion of any given line.
Intersection
1 . Let the intertetlmn of the reflecting plane and of the plane conparallel.
tailting tla) object to l>e reflected be parallel, (Obs. 18,) as c o, (plate
x. fig 5,) lo the picture, and let the reflection be required of a line

c g, which is also parallel to the picture. Prolong r y at its extremity aVk» a
e, (c being the seat of y,) till ef equals eg. cf will be the reflection *M <
of eg. In the same manner is to be found ok, the reflection ut u x. "■""v*""'
Or, let it be required to find the reflection of g z, also a parallel
to the picture, but having another direction. Find c, the seat
(Def. 8, Prob. I.) of g, and o, the seat of z. Find also the reflectiua
cf and o * of eg and o z. Then join fh. The reflection ul ;i
will be/*.
Obs. 21. Let it next be required to find the reflection of the lint
in, (fig. 5,) perpendicular tu the picture. Find the points j and I,
by the method above stated, (Obs. 20,) and join j I, which will be
the reflection sought.
Or, let the reflection be required of x c, inclined to the picture.
Draw C m, which obtains m for the seat of x. (Prob. 1 . No 2.) Make
m n equal to m x. Then join n c. The reflection of cr wiU bees.
In like manner, oj reflects oi, o I reflects o «, 8tc.
Obs. 22. The angle of inclination here made by a plane with the
reflecting surface may be made eitherfrom or towards the spectator.
It is from the spectator when it lies beyond a plane passing thruogh
the line uf intersection, and perpendicular to the reflecting surface.
Thus the angle uoC (fig. 5) made by the plane c * with tt.e sur
face of the water, is an angle from the spectator ; because the plane
c b is beyond the plane c g z o, perpendicular to the water.
On the other hand, the angle of inclination made with the re
flecting surface is towardf the spectator when made on this tide of
the perpendicular plane. Thus the angle x cm, made by the plane
r o with the reflecting plane, is towards the spectator : x o being on
this side of eg t o.
Observe a separate example (on the intersection p q) of a reflection
with the angle towards the spectator; and another (on the intersec
tion r i) with the angle fn>m the spectator.
Ohs. 23. The vanishing line of the plane to be reflected, and mat
of the plane containing the reflection, will lie on difltrent odes of
W X, the vanishing line of the reflecting surface. If the vanishing
line, for example, of c o it (the plane to be reflected) crosses B A at
B: the other vanishing line of the plane cot (containing the
reflection) will cross II A at A. Remark also that the angle gradu
ated ut A must he of the same number of degrees as the angle
graduated at B. In other words, the central distance C A must
equal the central distance C B. (Art. 24, 1 48.) So also of the plane
x t'o c, reflected in the plane njo c, the vanishing line of the former
crossing at A must have a central distance A C equal to that of the
kvtter crossing at B on the opposite side of W X.
Obs. 24. The next division cf the problem refers to planet of bjtssssmi
wkick the intersection with the reflecting plane it perpendicular to petpesbsthe picture.
**
2. Let e a be the common intersection, (Obs. 17,) which being
given perpendicular to the picture, must vanish at C. (Art. 73.)
Make at C, upon the reflecting surface, and with its vanishing line
W X, any given angle of incidence V C W. Next, on the other Mils
of \V X, (beneath, as it were, or within the reflecting
make the angle of reflection W C R = V C W, the angle of inci
dence. V C, or V T, is the vanishing line otabdr, the plane t» at
reflected, and R H the vanishing line of g a e h, the plane containing
the image or reflection.
Obs. 25. The reflection here of lines parallel to the picture must
be drawn parallel to the vanishing Hue of the plane containing the
image. Thus, as e d is purallel to V T, so e h, the reflection of e d,
must be parallel also to the vanishing line of its plane, namely,
parallel to R H. Likewise, ag must be parallel to RE, just as a 6,
its prototype, is parallel to V T. Prolong, therefore, any portion of
d e, or of 4 i», till they touch the reflecting surface, and through the
point of contact e, or n, draw e It parallel to R H, and equal to e d;
and a g. another parallel, equal to a b. These will be the reflections
respectively of e d and a b.
Obs. 26. For the reflection of lines perpendicular to the picture,
as db; find / the seat of 4, (Prob. 1. Def. 8,) and make Ig (Obs.
24) equal to lb. g will reflect to the furthest extremity of 4 <£ la
the same manner, find A, the reflection of the nearest extremity'.
Draw g k. for the reflection of 4 d required.
Obs. 27. For the reflection of any other lines in the plane baea\
draw an occasional base or parallel to e d and V T through the (
lines, and let their vanishing points, be noted on VT, the
line of their plane. Next, find their dividing points, and bring each
line to its proper full length on the base. Prolong the base to meet
the line en of intersection, and draw through the point of contact a
corresponding base or parallel to e A and R H, on the plane vanish
ing in R H. For example, make C H 30° equal to C V 30*.
(Art. 82, 88 ) Thus may the reflection of the hexagon be obtained,
or of any other diagram.
Observe here, that the angle bal made by the plane ab de with
the reflecting plane is made towards the spectator. (Obs. 22.) An
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other example is added of a plane inclined from the spectator which
contains another diagram. Fur constructing the diagram consult
' Art. 98, and the 1st Hook of Kuclid, Prop. 47.
Ob*. 28. The concluding division of this problem refers to planes
of which the intersection with the reflecting plane is inclined to the
picture*
3. Let u r (plate ii. fig. 3) vanishing at P. and, consequently, in
clined to the picture, be the common intersection, and let PC be
the vanishing line; of the reflecting plane. Let here a similar pro
cess be pursued as with the intersection perpendicular to the picture,
(Obs. 24, ) only let the given angle of incidence, and, consequently,
of reflection, be made at P. It will be found that the plane gr
contains any reflected image of the plane br ; hr of a r; and fr
oS dr. The [Jane j r <• « is a portion of the reflecting surface per
pendicular to the picture.
Obs. 29. PftOHLKH V. Given a reflecting plane inclined to the
picture, (as, for example, a plane mirror or other polished plane
surface,) to find the reflection of any given line.
It will be necessary to consider this problem also in its reference
to the different positions of the common intersection. (Obs. IS.)
1. When the latter is inclined ; 2. when it is parallel to the picture.
The third case of a perpendicular intersection belongs exclusively
to the preceding problem, since all vanishing lines that pass through
the centre of the picture must belong to planes perpendicular to the
picture. (Art. 65. Also see below, Obs. 32 and 34.)
1. When the common intersection, as a A, (plate xii. fig 3,) is
inclined to the picture. Let H he its vanishing point ; H M the
vanishing Hue of the reflecting plane c de ; and MW the vanishing
line of the plane of measure. (Art. 146, 182.) It is required to find
the reflections (represented on the plane c d e) of the line L A, and
its plane La; of O b and its plane On; of K b and its plane K a ;
of N b and its plane No; and of F I, and its plane P a.
Obs. 30. To begin with the reflections of the plane L a perpen
dicular to the reflecting plane. Let Li be produced to its vanishing
point W, the vanishing point of all perpendiculars to any plane
vanishing in H M. (Art. 136.) The angle LAS or M b W re
presents the angle made by the plane L a with the reflecting plane,
viz. an angle of 90° as measured on the vanishing line of the plane
of measure, viz. 25° on one side of R, and 65° on the other side,
25 -+• 65 = 90. For determining the length of b I raise first the
direct distance at R, (Art. 130,) then draw an occasional base K C
(through A parallel to M W) of the plane of measure. On this
base mark off by means of the dividing point (Art. 85, 98) of
/ W (to be found between W and M) a portion, as N b, equal to
the original of L A, as seen at the distance of A. From A C take
off a portion equal to A N. A line from the same dividing point
will cut A W in / ; and A / will be the reflection of A L.
Obs. 31. In the vanishing line of the plane L / «, observe that
two points are found : H, the vanishing point of the common in
tersection with the reflecting plane ; and W, the vanishing point
of intersection with the plane of measure. Join H W. It will be
the vanishing line of the plane hi a, (Art. 31,) which contains
on one side of a A the objects to be reflected, and on the other their
reflected images.
Obs 32. For the reflexes of the planes O a aud K a inclined
towards the spectator, (Obs. 22.) let the plane O a make an angle
represented by S A O or M A D of 47° (»iz. 25 + 22 = 47) with
the reflecting plane. It is required to find the reflexion of O A.
For this purpose count the same number, 47, of degrees along the
vanishing line of measure on the side of M opposite to M 1 ). Add
47° to 23°, the number marked at M. (Art. 111.) The result will
be the vanishing point marked 72 (or 47 + 25 = 72) of the line
of reflexion A o.
Again, let the plane K a make with the reflecting plane an angle,
represented by K A S, of 69 degrees, namely 25 -J- 44 == 69. To
25 degrees marked at M add 44° marked nt the vanishing point
of K A. For the vanishing point of the reflection let 69 be added
to 25. 69 -4- 25 — 94. Out of this number, ninety are disposed
of in the parallel C E. The remaining four degrees must there
fore be reckoned along M W on the same side of R with the
vanishing point of K A. Subtract 4° borrowed from that side.
Consequently 90 — 4, or 86°, will be the number graduated on
R W produced for the vanishing point of A h, the reflection of
bK
Obs. 33. The lengths of the reflections A o and A h may be de
termined by drawing lines O W and K W, representing perpendi
culars to the reflecting plane. (Obs. 30.) O W will cut A a in o,
and K W will cut /< in /.-, and thus determine the lengths.
Obs. 34. Respecting the vanishing lines of the four planes O a
and its reflection o a ; K a aud its reflection ha: observe that they
pass through the two vanishing points analogous to those men
tioned in Obs. 31, namely, through H, the vanishing point of com
mon intersection, and through the other vanishing point (in M W)
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of intersection with the plane of measure. A straight line through Notes on
II aud D, for example, will be the vanishing line of the rectangle ""luting..
a 10b.
**mt*
Obs. 35. For the reflection of the remaining planes N a and
P<i inclined from the spectator. (Obs. 22.) Let the plane N a make
with the reflecting plane an angle of 65° represented by N A M.
Here it is evident that N A must coincide with K C. The 25°
marked at M being added to 65° will complete the right angle.
(25 + 65 = 90.) To find the reflexion of N A ; note the difference
between 25 and 65, or the point marked 40° on the other side of
R. This point ia the vanishing point of A n, the reflection of
AN.
Again, let the plane P a be reflected, making an angle of 21
degrees with the reflecting plane; namely, vanishing at a point
graduated 46°, between which number and 25° (marked at M)
there must be that difference. (Art. 111.) To find the reflection.
Deduct, on the opposite side of M, 21 degrees, (25 — 21 =4,)
aud A p vanishing at the point marked 4a will be the reflection
representing, by M A p, an angle equal to the angle of incidence,
or 2 1 degrees.
Obs. 36. The lengths of the reflections A n and A p are deter
mined as in Obs. 33, by representations of perpendiculars drawn to
W through N and P.
Obs. 37. Respecting the vanishing lines of the four planes No
and its reflection na; Pa and its reflection p a ; they are drawn
through II in the same manner as those in Obs. 33. Only observe
that the vanishing line of Na (drawn likewise through H) must be
parallel to K C, (Obs. 35,) and consequently will not cross M W, the
vanishing line of measure. The plane N a is, in fact, perpendicu
lar to any plane vanishing in H R (Art. 153.)
Obs. 38. Corollary. The above construction, supposing the
points O K L N P to be points in a curve, would suffice for deli
neating the reflection of the curve by a line through the correspond
ing points ohlnp. The reflection, for example, of any arch of a
bridge, might be obtained by adapting to Prob. I. an operation
similar to that just stated, and by making the reflecting plane or
c de, represent a smooth surface of water perpendicular to the picture,
and with H R for its vanishing line.
Obs. 39. The other remaining divisiou of this problem regards Intersectioa
the position of the common intersection as parallel (Obs. 29) to the j^*11^)^^
picture.
\***
2. Let c o (plate x. fig. 5) be the common intersection ; (Obs. 17 ;)
A the centre of the picture ; and W X the vanishing line of a
reflecting plane which is inclined to the picture. It is required to
find the reflection (as in Prob. IV. Obs. 20 and 21 ) of a line (as cy)
perpendicular to the reflecting plane ; or parallel, as yi; or in
clined, as x c.
Obs. 40. The reflection of c y is obtained in the same manner as
that of AL. (Obs. 30. plate xii. fig. 3.) Since A (plate x. fig. 5)
is given as the centre of the picture, the line c y will vanish in the
vanishing point of all perpendiculars to the plane that vanishes in
W X ; and its reflection c/(as a continuation of cy) will vanish in
the same point with cy.
Obs. 41. The reflection of yz may also be obtained as before,
(Obs. 20,) by first ascertaining the reflections of cy and o z, (Obs.
39,) and then joining by a line, as/A, the reflections f and k, of its
extremities y and z.
Obs. 42. The reflection x c (Obs. 39) inclined to the picture and
to the reflecting plane may also be obtained as before, (Obs. 21,) by
prolonging it to its vanishing point A ; and ascertaining its angle
as graduated on B A, the vanishing line of the plane of measure.
(Art. 82, 148.) Then on the otherside of WX reckon from C, the
centre of that vanishing line, towards B nn equal number of degrees
to those marked between A and C. If B be the point so found, join
B c, which produced to n will give c n for the reflection of ex.
Obs 43. From want of space we here use a diagram from plate
x. fig. 5, in illustration of these remarks, (Obs. 39,) instead of one
more geometrically correct. It must be plain to the geometrical
reader that yf, vanishing at some point in B A produced, cannot be
parallel to B. A. Our student, however, will not find it difficult,
nor we trust unprofitable, to reconstruct the diagram for him
self.
Obs. 44. An example for Prob. V. will be found (plate x. fig. 1,
No 6) in fig hp, which forms the reflection of the pyramid ft g hr:
(Art. 213 :) provided that the base ft g h of the pyramid coincides
with the reflecting plane which vanishes in a line drawn through V
parallel to g h.
Other examples may he drawn olso from plate x. (See fig. 1,
Nos. 5, 7, and 8 ) If da be (No. 5) be supposed the base of a
four-sided pyramid placed on a polished surfuce that vanishes in
H L, this will be an example for Prob. IV- and of A will he the
reflection of the pyramid. Also if a similar division be made of the
dodecahedron No. 7, (Art. 213,) its upper half with the apex a will
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Notes on be reflected by its lower half with the corresponding apex 6 .• spuJ»»intinf. poring the base of the upper half to vanish in P D for the vanishing
'^V^"/ fine of the reflecting plane. Again, let the dodecahedron (Art. 213)
No. 8 be similarly bisected ; and let the plane of its bisection (viz.
the reflecting plane) vanish in P D. The representation or its
lower half will, in like manner, represent the reflection of its upper
half.
Note (C.)
Light and Shade.—Obs. 45. If from any point of a reflex two
straight lines be drawn to the boundary of the enlightened surface
causing that reflex, and if a third line be drawn as a base to complete
the triangle, the degree of light at the reflex will be greater in pro
portion as the angles at the base approach nearer to an equality.
Let L (plate vii. fig. 7) be the sun's light passing through an
opening in the dome AKRXB: let Z V be a line drawn on an
enlightened surface : and suppose the light on K to be transmitted
between equal angles, or angles nearly equal. In this situation it
is evident (on account of the two triangles on the same base Z V)
that the reflex K will have a greater inequality between its angles
K Z V and K. V Z at the base, than the reflex R has between its
angles R Z V and R V Z. Consequently, the point R will receive
more light than the point K : and the reflex at X with the angles
at Z and V, equal to each other, will be most luminous. Also the
point R being nearer the enlightened body than K will be brighter.
(Da Vinci, cap. 80.)
Obs. 46. Reflexes when double are brighter than when single.
Let L, fur example, (fig. 6,) be a luminous body, L P and L U
direct reflexes ; P and U parts illumined by L : D and Q parts of (he
same bodies illumined by the reflexes ; L P G a simple reflex ; L P D
and LCD a double reflex ; the simple reflex G is formed by
the enlightened body P T, and the double reflex D by the two en
lightened bodies S T and T U. Hence additional brightness at D,
while any shadow of that double reflex will be so thin as to be
scarcely visible ; being found between the incident light, and that
of the reflex P D, U D. Da Vinci, cap. 83. (The teller G, al the
extremity of the parallel to A U through P, has been inadvertently
omitted in the plate.)
Obs. 47. Of various reflexes the most powerful comes from the
least distance. (Can. 78. 124.)
Obs. 48. The darkness of the ground receiving a reflex (whether
that darkness be made by the local colour of the ground, or from
its being in shade) causes a sensible difference in the brightness of
the reflex. If the reflex be cast ou a light or bright ground it will
not appear to impart much light, but when cast on a dark and shady
ground, will be more distinctly visible in proportion to the depth of
shade receiving it. (Cap. 82. 86.)
Colour.—Obs. 49. When a reflex from a coloured surface falls
on another surface of the same colour, the latter becomes more vivid.
Tbus in the folds of drapery the local colour is deeper and more vivid
where light is reflected by one part of a fold upon any other part.
The reflexes, in like manner, of the human skin, are of a deeper and
redder carnation, when in the vicinity of other carnations. (Cap. 81.
125.) The same appearances are given by reflexes from one object
upon any other separate object of the same colour. Suppose L
(plate vii. fig. 7) a light, Z V a body directly illuminated by it ; X
another body, out of the reach of L, and only receiving light from
Z V, which is supposed of a red colour. In this case the light com
municated from Z V, deriving its hue from the local colour of the
body, will tinge with red the opposite body X : so that if X were of
a red colour before, its reduess will now be heightened and rendered
much brighter than the red of Z V ; but supposing X to have been
yellow before, then a colour will result which partakes of both. (Cap.
117. 125.)
Obs. 50. Where different coloured reflexes having the same
degree of light are cast upon any colourless surface, the latter will
receive its deepest tin^e from the nearest reflex, and will receive
likewise various additional tints from the others proportioned to
their nearness. The object, therefore, reflecting its colour with the
greatest vigour upon an opposite body is that which has no colour
near it, but of its own kind ; and on the contrary of all reflexes, that
produced by the greatest number of objects of different colours will
be the most dim and confused. (Cap. 86. 124.) This phenomenon
may be thus illustrated. Let 'P (plate vii. fig. 6) lie a yellow
colour reflected upon the point D of the spherical interior B G D A,
and let the blue colour U have its reflex upon the same point D.
By the mixture of these two colours in D the reflex will be converted
into a green, if the ground be white. (Cap. 85.) For a white surface
is better disposed than any other for the reception of a coloured re
flex. (Cap. 123.)
,

Obs. 51. But variations in reflexes are caused not only hy the Scini
local colour of the reflecting surface, but also of the body receiving rW«
the reflex. These two local colours mingle and form a third. Thus v*
suppose the spherical interior B X R A be of a yellow colour, and
the object Z V blue, and let X be the point where a reflex sent from
Z V strikes upon B X R A, the point X in this case will become
green.
Obs. 52. All reflected colours, and colours of reflexes, are less
vivid than coloured surfaces which receive light from self-luminous
bodies ; in the same degree as the force of reflected rays must be
weaker than of original or primitive ray9. (Cap. 87.)
Obs. 53. A reflex from a dim or obscure body upon another of a
colourless obscure is scarcely perceptible ; while ou the contrary, a
reflex from the latter upon the former communicates very sensibly
both light and colour. (Ibid.)
Obs. 54. Shadow produces similar appearances. A coloured re
flex upon a shadowed surface is brighter and more distinguishable
in proportion to the depth of shadow. (Ibid.)
Note (D.)
" From the foundation of the Venetian school a mode of proceed
ing was adopted, which, though well calculated to give the Pointer
a greater promptness of execution, a more commanding dexterity of
hand, and a more chaste and lively colouring than is to be found ia
the artists uf the Roman or Florentine schools, was also the means
of introducing a want of correctness, and a neglect of purity in their
outline. Their method was to paint every thing without the prepa
ration of a drawing ; whereas the Roman and Florentine Painters
never introduced a figure of which they had not studied and prepared
a model or cartoon. Following the system of his countrymen, Titian
painted immediately from Nature ; and possessed of a correct eye,
attuned to the harmony of effect, he acquired a style of colouring
perfectly conformable to truth. Satisfied with this identify of imi
tation, he was little sensible of the select beauty of form, or the
adaptation of that characteristic expression, so essential to the higher
order of Historic Painting. In his works of that description, if we
look for the fidelity of the Historian, he will be found, like other
artists of his Country, little scrupulous in point of accuracy. He
neither presents us with the precise locality of the scene, the strict
propriety of the costume, nor the accessories best suited to the sub
ject, attributes so estimable in the works of those Painters who con
sulted the best models of antiquity.
Raffaellc and Titian, says Sir Joshua Reynolds, (in his eleventh
Discourse,) seem to have looked at Nature for different purposes;
they both had the power of extending their view to the whole ; bat
one looked only for the general effect as produced byform, the other
as produced by colour. We cannot, he adds, entirely refuse to Tiiiaa
the merit of attending to the general form of his object as well al
colour ; but his deficiency lay, a deficiency at least when he is com
pared with Raffaelle, in not possessing the power, like him, of cor
recting the form of his model by any general idea of beauty hi his
own mind. In his colouring, he was large and general, as in his
design he was minute and partial : in the one he was a genius, is
the other not much above a copier.
" As Titian," continues Mr. Northeote, "contented himself with a
faithful representation of Nature, his forms were fine when he found
them in his model. If, like Raffaelle. he had been inspired by a
genuine love of the beautiful, it might have led him to have courted
it in selected Nature, or in her more attractive charm* as found in
the polished graces of the antique. The purity of his design thus
united to the enchanting magic of his colouring, would have stamped
him the most accomplished master the Art has produced." Northeote,
Life of Titian, vol. it p. 60.
Note (E.)
" In Titian's pictures the tones are so subtly melted, as to leave,
no intimation of the colours which were oa his palette, and it is
perhaps in that respect that his system of colouring differs so essen
tially from that of Rubens, who was accustomed to place his colours
one near the other with a slight blending of the tints. He observed
that in Nature every object offered a particular surface or character,
transparent, opaque, rude, or polished ; and that these objects differed
in the strength of their tints and in the depth of their shadows. In
this diversity he discovered the generality and perfection of his Art.
In imitating Nature, he took, as Mengs observes, the principle foe
the whole. His fleshy tones, composed in Nature chiefly of denaitints, he represented totally by demitints, while he divested altogether
of demitints those parts in which few were discernible in Nature.
By these means he arrived at on indescribable perfection of coloui
ing." Ibid. p. 65.
HERALDRY.
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[eralJry. Heraldry, which, from its connection with Paintino, may be introduced in this portion of our Work,
finition, may be defined " The Art of blazoning and assign
ing Coat Armour ;" or, more diffusely, " The dieory
of classifying, adapting, and explaining certain con
ventional distinctions impressed on shields and mili
tary accoutrements." The definition of this artificial
Science is not a little important in the investigation of
its History. Inaccuracy in this respect has led to the
most discordant opinions regarding its origin. Not
to mention the famous Book of St. Albans, which
gravely informs us that the Angels are " in cote armoris
of knowledge," and the Pedigree of the Saxon Kings
in the College of Arms, London, which exemplifies the
bearings of Noah and Japhet,* the enthusiastic but
authoritative Gwillim removes the origin of his favour
ite Art only one generation lower, making it proceed
from " Osyris, surnamed Jupiter the Just, son to Cham,
the cursed son of Noah, called of the Gentiles Janus ;"t
whilst Mr. Hallam, following many respectable autho
rities, places the invention of armorial blazonry in the
XHth century. J Scarcely any two professed writers on
the subject are agreed on the precise point whence to
date their Histories. But this variation is not in reality
any argument of obscurity in the matter. Each author
has assumed an epoch in the History of Heraldry as
its original ; but, with the exception of those epochs,
the progress of the Art has been an imperceptible
transition from the simplest principles to its present
intricate and scientific construction. We shall not,
therefore, attempt to assign any exact period to its in
vention, but prefer tracing the Science of Arms from the
first rude emblems of warlike adventurers and inde
pendent settlements to the knightly cognizances of the
Court and the Tourney.
HISTORY OF THE SYSTEM.
I. Personal Heraldry.
itian
Jdry.

We cannot with Gwillim extract from Diodorus
Sicnlus the arms of Osiris, Hercules, Macedo, and
Anubis ; nevertheless, we think it highly probable that
significant devices on shields and military implements
were in early use among the Egyptians. The practice
of adorning the shield with some expressive device
must be almost as ancient as the weapon itself ; this,
the nature of Man warrants us to conclude ; but there
are some circumstances which might give the Egyp
tians an inclination to extend and improve a practice
founded in human propensity. The recent discoveries
in Hieroglyphics, while they have proved the existence of
a Hieroglyphical alphabet, have also, in part, confirmed
the popular opinion, and shown that many of the
Egyptian characters were truly symbolical. The high
antiquity of those symbols is admitted ; and it is quite
* That of Noah is azure, a rainbow proper ; of Japhet, azure, an
ark proper. But there seems to have been some disagreement
among these primitive Heralds, for the Book of Si. Alham gTavely
informs us, that " Jafet made first target, and therein he made a
ball, iu token of all the worlde."
+ Display of Heraldry, ch. i.
History of Middle Ages, vol. i. p. 146.
vot,. v.
5S9

incredible that, employed as they were in every variety History,
of appropriation, they should have been absent from V"*V^"
the decorations of the Egyptian hero ; while the early
civilization of Egypt will lead us to expect a propor
tional superiority in the ornamental Arts.
Among the earliest opinions respecting Heraldry, Jewish
we may here notice the celebrated tradition of the Heraldry.
Rabbins, respecting the Standards of the Hebrew Tribes.
That the Tribes of Judah, Ephraim, Dan, and Reuben,
were distinguished by peculiar ensigns is positively as
serted in the Pentateuch.* The Rabbinical writers
inform us that these were banners respectively charged
with the figures of a lion, an ox, an eagle grasping a
serpent, and a man. But this opinion has been re
jected for the soundest reasons. There are no traces
of any such distinctions either in the Bible or in any
authoritative History. The tendency of the Jews to
idolatry, and their late converse with animal objects of
adoration in Egypt, render it extremely improbable
that any thing of the kind should have been permitted.
The whole policy of the Jewish Law is so strongly op
posed to the very principles of Heraldic decoration,
that the History of that People is certainly the very
last wherein we might hope to collect materials for the
illustration of the present subject. We think that there
is much probability in the conjecture of many commen
tators, that the Standards of those Tribes bore simply
their several names ; especially as the Maccabees are
supposed to have borne in their banner the letters from
which they derived their name, ' 3 3 C, the initials of
mrp cnVxa yaa '£>, "Who among the gods is like
unto thee, O Lord ?"
Among the Greeks, however, with whom no similar Greek
obstacles subsisted, Heraldry had early attained a consi- Heraldry,
derable perfection ; to them, according to Herodotus,
the Art was derived from the Carians.f We use the
term Heraldry advisedly. The Art, it is true, had no
connection with those public functionaries from whom
it afterwards received its name, and who were as well
known and as distinctly recognised in the Heroic times
as in the days of Chivalry. It was not till the esta
blishment of Colleges of Arms (institutions subsequent
to the latest periods assigned for the origin of Heraldry)
that such a connection entirely subsisted. But the Art
of adorning military habiliments with expressive de
vices was in high advancement among the Greeks. If
the bearings of the Seven Chiefs who besieged Thebes,
so gorgeously blazoned by jEschylus and Euripides, be
traditional, the enthusiastic Heralds of the XVIIth
and earlier centuries would scarcely exaggerate the an
tiquity of their Art. But, without settling the question
of the existence of a Trojan war, which our sceptical
Age has mooted, we can scarcely deny to the Poems of
Homer and Hesiod a very considerable antiquity ; and
the shields of Achilles and Hercules, so elaborately
described by those Poets, prove that, in their time at
least, the Art had made important progress.J The
principles of ornament, however, adopted in these
* Numb. ch. ii pass.
+ Clio, clxxi.
f Sculis, quibus ad Trojam pugnatum ell, conlinebanlur imagines.
PUn. lib. wv. c. 3.
4 O
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Heraldry. s]1ie](iS) are much less methodical and appropriate than
"""»"'-' those which apply to the shields of the Antithebans ; a
circumstance which may lead us to conjecture that the
latter are the invention of the later Poets, who lived in
an improved condition of the Art. The transition from
these to the present refined theory of Heraldry is so
easy, that it will not be impertinent to state them.
According to ^schylus, Tydeus bore in his shield a
full moon, surrounded with stars ; Capaneus, a naked
man holding a lighted torch, with the motto I1PHSQ
nOAlX ; Eteocles, an armed man ascending a ladder
placed against a tower, with the motto OYA' AN APH2
M' EKBAAOI nVPrOMATON ; Hippomedon, Typhon,
vomiting smoke and fire, surrounded by serpents ; Parthenopeus, a sphinx, holding a man ; and Polynices,
Justice leading an armed man, with this motto :
KATASn rANAPA TONAE KAI nO.UN
E3EI riATPniAN AflMATliN T Eni2TPO*A2.
Euripides assigns somewhat different appointments to
his heroes. According to his enumeration, Parthenopreus
exhibited his mother Atalauta chasing the TEtolian boar ;
Hippomedon, the figure of Argus ; Tydeus, the figure
of Prometheus, holding in his right hand a torch ;
Polyncices, the horses of Glaucus ; Capaneus, a giant
bearing a city on his shoulders ; and Adrastus, a hydra
of 100 heads, carrying the Thebans otF their walls.
The shield of Amphiaraus, according to both authors,
had no device.* Without urging the argument from
tradition, and supposing the Poets had no authority
for their devices, beyond what fancy, aided by the cus
toms of their own time, suggested, (a supposition cer
tainly somewhat exceeding what might be fairly allowed)
we have here a proof of a very considerable advance in
Heraldry so early as 450 years before the Christian
Mm. A principal difference between this and the more
modern system appears to be, that, in the former, colour
is an unimportant circumstance, in the latter, essential.
The devices on ancient shields were, indeed, most com
monly expressed in relief on the metal ; although
Virgilt mentions the picli scuta Labici, concerning
whom our want of information is to be much regretted,
as the learned Poet most probably wrote from authentic
tradition. Another material distinction is the absence
in ancient Heraldry of every thing like ordinaries,
which form so extensive a department of the new. But
with respect to the hereditary property of Arms, this
has not always been observed even since the acknow
ledged existence of Heraldry, as may be seen in the
case of the last two Earls of Chester, the two Quincies,
Earls of Winchester, and the two Lacies, Earls of Lin
coln ; no positively hereditary bearings have been found
in England before Henry IH.'s time ; while in some
instances, something like hereditary devices may be
found among the Ancients, as we shall presently ob
serve. And the assumption of Arms for a peculiar
object is not confined to ancient Heraldry, since Stephen,
King of England, changed the leopards into Sagittaries,
on account of his landing when the Sun was in that Sign.
We have remarked here that the shield of Amphi
araus was blank. .lEschylus and Euripides concur in
representing this as the effect of his modesty, which

would not anticipate a precarious victory. Indeed the Hiiter,
emblems of all his companions in arms had reference v™v*' ,
to future glories. But, in some instances, heroes more
prudently appealed to Memory rather than Hope, and
where this was the practice, a maiden shield betokened
an undistinguished warrior. Thus the youthful Helenor is designated by Virgil parma inglorius alba ;*
and this sentiment is in strict accordance with the
usages and opinions of Chivalry.t The plain shield of
CamillaJ was an emblem of purity ; nor was this at all
at variance with the ideas received at a more advanced
period of the Art. But the instance which, above all
others, seems to approximate the characters of ancient
and modern Heraldry is to be found in the devices
granted by Alexander to his followers, with an espe
cial provision that the same should not be borne by any
other person throughout his Empire.
Nor was the Crest unknown to antiquity, and it Abob*
arose as naturally as the impress of the shield. A plain oea.
ridge of rough horsehair, which has been proved by
experience an excellent defence against sabre cuts, was
the first appendage to the helmet. This was afterwards
doubled, tripled, and even quadrupled whence the
Tpv(jxi\cla, quasi T/>i(fia\cta, as Grammarians say, although
this etymology may be disputed. Something was ne
cessary to unite this covering to the surface of the hel
met, and fancy and art soon contrived to make this
supplement ornamental and emblematical. Gems and
Statues furnish us abundantly with the forms of ani
mals, &c. used in this manner. Turnus is described by
Virgil as bearing for his Crest a Chima?ra;i| and Corvinus, in the Poem of Silius.^f exhibits on his helmet a
Crow. We may here observe more fully that the ar
morial bearings of the Ancients were occasionally here- Hf.-aSsj
ditary. This Crow was ostentans ales praavitte insignia t*arjEfspugnm ; the Story of Io appeared on the shield of her
descendant Turnus ;** the Swan's plume on the helmet
of Cupavo indicated his descent from Cycnus :ft and the
Hydra on the shield of Aventinus declared him the
progeny of Hercules.^) The family device was frequently
impressed on the hilt of the sword.§§ There is a much
litigated passage of Suetonius which seems to have
been very properly adduced by those who support the
antiquity of Heraldry. Vetera familiarum insignia,
says the Historian, speaking of Caligula, nobilusimo
cuique ademil ; Torqualo torquem ; Cincinnati crinem:
Cn. Pompeio, stirpis antiques, Magni cognomeii.\{\] Nisbet strangely explains away this direct and positive
language. " It imports no more," he observes, "than
that Caligula, being displeased with the grandeur of
these families, commanded to take from Iheir Images or
Statues, as from that of Torquatus, the collar or chain
that he took from one of the Gauls, and from that of
Cincinnatus the tuft of hair which that brave Roman
• Jin. ix. 548.
+ " A young knight would not, during his first enterprises, assursa
his family Arms, but he wore plain armour, and a tMicid witfcmt amy
device, till he had won renown.' '—Mills, Hittory of Chivalry, ch, sr.
t
PurBque interrita parma1.—J2n. xi. 711.
$
——
ift$i Jl wXA
TETPA*AA02 Qeituti >Jfi irtXAftrtri <r&n£.
Apull. Rood. si. 321.
|| Jin. vii. 785.
*" Amphiaraus, (as Pindarus the Theban Poet affirmeth,) in
% Silius Ital. v. 78.
his expedition to Thebes, bare in his shield a painted dragon."
** Jim. vii. 789.
Gwillim, sec 1. eh. i. Th's author is more loquacious than correct.
ft Ibid. X. 187.
Perhaps he alludes to Pyth. vtii. 66, where this emblem is assigned
It Ibid. vii. 657.
to Alcman.
}$ Ov. Jftf.vii.422. Senec. Hifpoi.
t Jim. vii. 796.
Illl Suet. CW.XXXV.
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Unldiy. had spoiled of one of the enemies of the Romans, and
m^^m^ likewise the epithet Great to be defaced in the inscription
of the Statue of Pompey ; the word Great makes it evi
dent that the other marks, the collar and hair, were not
hereditary ones as Arms, otherwise the author had ex
pressed himself thus, that Caligula caused the chain to
be taken from the Torquali, and the tuft of hair from
the Cincinnati, and not simply from Torquatut and
Cincinnatus."* To all this there is a very simple reply ;
the devices are expressly called familiarum insignia.
The persons mentioned were probably the heads of the
several families, who alone were accustomed to wear
them, and therefore alone could lose them. And that
cognomina were sometimes hereditary is a fact too no
torious to deserve insisting on. Not a syllable occurs
respecting Statues, which do not seem even alluded
to.t
i ImagiAs an instance of the existence of hereditary honours
among the ancient Romans, some authors adduce the
Jus Imaginum ; but this was in reality widely distinct
from hereditary armorial bearings, being only a per
mission to possess Statues of noble ancestors, and to
parade them on the occasion of a funeral. It answered
the modern purposes of Heraldry as an institution, but
it had nothing in common with the theory of family
devices.
We have seen then that there subsisted among the
Ancients the practice of adorning the shield with ap
propriate figures ; that they were acquainted with mot
toes and crests ; that, as all the inventions of modern He
raldry were not hereditary, so neither were all those of
ancient ingenuity merely personal ; but that colour was
an indifferent circumstance, ordinaries unknown, and
no peculiar phraseology in use for designating military
decorations.
rowni.
But among the Ancients a species of Heraldic distinc
tion existed which has been adopted by modern Heralds
without any variation except the addition of a number
of others, which are called Coronets. This was the
Crown. It was either a token of office or of merit. Its
various species we shall proceed to enumerate.
I. The Eastern Crown. A gold rim, surmounted
■with eight rays, five of which are visible in Heraldic
representations. This Crown is found, with trifling vari
ation, on the coins of ancient Eastern Princes, especially
those of Greek extraction. It also appears on some of
the coins of the Lower Empire. Although a Crown of
office with the Ancients, it has become in modern
Heraldry a Crown of honour, and is given to those
who have distinguished themselves in the East. The
Lions which support the Arms of the East India Com
pany wear this Crown.
II. The Triumphal Crown. This Crown was origi
nally a distinction of honour, being granted to Roman
citizens who had achieved any great exploit in the ser
vice of the Commonwealth. It is composed of hay,
bearing berries, and tied behind with a fascia. But
being allowed to Julius Caesar for the purpose of con
cealing his baldness, it was afterwards assumed by the
Roman Emperors, and became the Crown Imperial.
III. The Circlet, the orerfxivo? of the Greeks, and
corona of the Latins. A plain rim of gold, given to
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merit of various kinds. This is also sometimes found History,
as an insigne of Royalty.
v^^—».
IV. The Obsidional Crown. This was granted to the
successful defenders of besieged towns, or to those who
had performed any eminent exploit in defence of a
fortified place. It is composed of grass taken from the
scene of the hero's valour. It is rarely met with, and
has never, so far as we know, been adopted into modern
Heraldry.
V. The Civic Crown. A tribute from the State to
one who had saved the life of a citizen. It is of oak
leaves, acorned, and is justly considered an honour of
the very highest character.
VI. The Crown Vallary, (corona vallaris.) This was
given to the soldier who first entered the enemy's trench.
It is a plain rim surrounded by palisades in imitation
of those which guarded the entrenchments of the
Ancients.
VII. The Mural Crown, made in imitation of the
battlements of a wall, to commemorate the valour of
such as distinguished themselves in the attack of a city.
VIII. The Naval Crown was granted to those who
distinguished themselves by exploits at sea. It is a
rim adorned with alternate sterns and masts of ships.
It is (as might be expected) often found on the Arms of
Englishmen.
IX. The Celestial Crown, resembling the Eastern,
except that each ray terminates in a star. This Crown
was placed on the Statues of deified Emperors, &c. It
is preserved on hatchments and funeral escutcheons.
As this species of Heraldry, which consists of emble
matical distinctions granted by Princes and Govern
ments, appears never to have fallen into disuse, so it is
likely that the decorations of shields, and the fanciful
variations of crests, were preserved through the darkest
Ages, although with much less elegance of invention
and application, and great inferiority of execution. This
is, however, only a probability, as the subject of Heral
dry is enveloped in the darkness with which the Gothic
conquests invested every province of History. Beckman* affirms that regular Arms may be found on the
shields of Clothair, Dagobert, Pepin, &c. and Seldenf
mentions golden seals of the French Kings, and waxen
ones of their subjects, between A. d. 600 and 700 ; but
these authors give no authority. Edmondson, however,
thinks these assertions quite sufficient, considering the
dignity of the persons who make them. This is a very
unsafe confidence, especially in the History of Heraldry.
Never, perhaps, did an Art or practice exist which has
excited so much enthusiasm in proving its antiquity, or
so great a disregard of facts which invalidate that
opinion. Much stress has been laid on a passage
common to vEginhardus and Aimonius, Biographers of
Charlemagne, who say that Count Guy, to whom that
Prince had intrusted the conquest of Brittany, deli
vered up the arms of the several Chiefs who submitted,
with their names inscribed thereon : arma ducum qui
se dediderant inscriplis singulorum nominibus, detvlit.
But the word arma seems capable of a much simpler
interpretation than that which the Heralds advance,
and which would scarcely present itself to any but a
Heraldic mind. The passage in Joinville which de
rives the Arms of Arnold de Commenges, Viscount of
* Ancient and Modern Vie of Arms.
t See also Edmouiison, a Herald of uncommonly plilegmatic con Couzerans, from an ancestor who received them from
stitution, who, instead of carrying the origin of his profession to the
• ffolilia dignitatum, diss. vi. ch. ill.
antediluvian times, disputes and qualifies all these express testi
+ Til. of Hon. xi. 2.
monies.
4 O 2
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Heraldry. Charlemagne, has been proved an interpolation. Ed»v ' mondson busies himself about the shield delineated by
Uredius in his copy of the seal of Arnulf, Earl of
Flanders, (a. d. 94 1 ;) but the words of Uredius, who
spoke from actual inspection of the impression, are, quonam id symbolo imignitumfiteril, pr<e vetustate non ap
parel ; words which make it exceedingly doubtful whether
it bore acharge at all. All this, however, is merely negative
evidence; and when the causes and objects of Heraldry
are considered, it will be difficult to suppose that it was
ever entirely neglected ; and it is certain (as we shall
presently show) that the Knights who contended in
the Martial Games established by Henry the Fowler,
actually employed emblematical and hereditary dis
tinctions. But the prevalence of devices on the shields of
sovereign Princes, will at best only prove the existence
of a national Heraldry, which is undoubtedly ancient.
Bayems
In that very curious monument of antiquity the
Tapestry. Bayeux Tapestry, said to have been executed by the
Queen of William the Conqueror, assisted by the ladies
of her Court, the shields of the characters are chiefly
adorned with patterns of mosaic and diaper. The
four guards of Guy, Count of Ponthieu, are repre
sented, two bearing strange monsters, and the other
two, figures not very explicable, but which we have
delineated in fig. xi.xii. The emissaries of King William
bear a kind of wyvern. Montfaucon says, " these are
no armorial decorations." This is a matter of opinion
which we leave to the judgment of our Heraldic
readers.
Occasional glimmerings are, however, afforded, which
prove the Art to have been in existence before the 1st
Crusade. The seal of Robert of Friesland, Earl of
Flanders, of which Uredius gives a copy, appended to
an Instrument dated A. d. 1072, represents the Earl
bearing on his shield a lion. If Snorro Sturleson, the
author of the Northern History, is to be credited,
Magnus Berfetta, son of Olaf Kyrre, who became King
of Norway a. d. 1093, bore, when he invaded Ireland,
gyles, a lion or, on his shield and surcoat. If this be
true, we have here a complete instance of the improved
modern Heraldry. The 1st Crusade was proclaimed
Crusades, at the Council of Clermont, a. d. 1095. That this cir
cumstance gave a considerable impulse to the Art is
beyond a doubt. One of its principal features was the
assumption of a badge, the variation of which has pro
duced a large proportion of Heraldic images. And the
intercourse which it opened with the East, the land of
symbol and of allegory, contributed necessarily to
advance an object which it was, independently, well
calculated to serve.
French and
seems> however, beyond all doubt, that the earliest
Norman proficients in modern Heraldry were the French and
Heraldry. Normans. It is probable that mutual advantages re
sulted to both nations from the settlement of the latter
People in France. The rude system of the Northern
warrior became refined and artificial from his inter
course with the courteous cavalier of the South, to
whom he in return imparted new materials and new
ideas. We do not here speak of national, but of per
sonal emblems : for national Heraldry, in its most
proper sense, is of great antiquity. This, therefore,
will not be the place to notice the undoubtedly ancient
Arms of France, those of Edward the Confessor, and
of Normandy, which the Conqueror transferred to the
shield of England.
On the seals of the early Norman Monarchs of

England their equestrian figures are portrayed; but History,
the interior only of their shields being visible, nothing v »yW
can be determined as to their Heraldic bearings.* This,
perhaps, is not of so much moment to the question as is
generally supposed: for, if they bore any charge at all,
it would, in all probability, be that of Normandv : and
the existence of appropriate national devices at that
time we shall be enabled to prove beyond a doubt
But " in a splendid illuminated Genealogy of Queen
Elizabeth, deduced from Rollo Duke of Normandy,
remaining in George III.'s Library presented to the
British Museum, King William is represented bearing
on his left arm a red shield, charged with two golden
lions, and holding in his right hand a banner, barry of
ten, argent and azvre."\ " A MS. in the Harleian
Library, No. 1073. f'ol. 6. tells us that the charge on
the banner was borne as arms by Fulbert de Faloys
(Falaise) his maternal grandfather, and that William
himself did bear the same before the Conquest."! If
this be true, it settles some important points. 1. That
personal Heraldry was in use two generations before
William the Conqueror. 2. That it might be hereditary§
3. That it had attained the refinement of ordinaries.
Certain it is that the Conqueror's banner, as represented
on his seal, bears some resemblance to the barry of
Heraldry ; but if barry at all, it is barry of six; and
thus it is given in Bossewell's Works of Armorie, and
in the Harleian MS. quoted in the note to Willement's
Regal Heraldry already noticed : probably on the
authority of this identical seal. The device on the seal,
however, more nearly resembles three small parallel
pennons on one spear than any Heraldic charge what
ever. The banner of William Rufus on his seal ex
hibits what might be called paly. For this there cer
tainly appears no assignable reason from what would
now be called " Heraldic" considerations. The banner
of Stephen exhibits distinctly a cross. The shield of
Richard I. is the first which displays lions; but as here
we again cross the frontier of national Heraldry, we
shall repass for the present to take a more general view
of personal.
For the introduction of ordinaries, colours, and furs, Otfeuu.-.
which form so essential a branch of the modern Art, we edoEis
seem, indisputably, indebted to the ancient Germans. *B<1 fuI*
The words of Tacitus, scuta tantum lectistimis cohribut
distinguunt, || are very remarkable. They prove, l.That
the Germans were not in the habit of bearing devices on
their shields, as these would otherwise have been men
tioned ; probably through the want of a sufficient fcnow* " From the time immediately subsequent to the reign of our first
Henry, the fashion was altered ; and the persons on horseback re
presented on the counterpart of seals, appear either as carrying their
shields pendent nn their breasts, or bearing them on their right arm,
so that the convex side of the shield being turned towards the spec
tator, the charge thereon becomes visible. The ear/test instance of
the prevalence of the latter fashion of carrying shields, occurs in an
imprest of the seat of Stephen, Earl of Richmond, Anno 1 137, sdta
M therefigured holding on his right arm a shield charged tcilh seven
fteursde-lys." Edmondson. This is earlier than the instance ad
duced by Mr. Gough, the shield of Geoffrey de Maguaville, Kail of
Essex, in the Temple Church, who died in 1 144.
t Willement's Regal Heraldry, p. 2. note.
J Hid.
§ The Tabula Elicnsis, still preserved at FJv, said to be contem
porary with the Conqueror, represents the Norman Chiefs who
wen quartered on the Monks of Ely, and under each Chief are deli
neated his family Arms. If this lecture could be proved genuine,
such testimony would bo decisive. But this is mure than question
able. Fuller refers it to 1 306.
|| De Mor. Germ. vi.
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eraldry. ledge of Art. 2. That they bore on a shield more we find all persons prohibited from running in the lisfs History,
»v—■ ' colours than one : and it is evident that even the most who could not prove their " insignia gentilitia" for four V»v^^
barbarous people would have arranged these colours so generations ; and violations of these laws are threatened
as to produce a pleasing effect to the eye, which could with the forfeit of insignia gentilitia. And what these
only be attained by their distribution into mathematical could have been but a kind of family Arms, it is not
forms like those now called ordinaries. 3. The word easy to determine. Of these causes the Crusades are
lectissimis shows that this distribution and ornament justly considered the most important For those events
was a choice point with them ; which is further con created so intimate a connection between the nations
firmed by an assertion immediately preceding, that in of Europe, and so strong an expediency, not to say
other respects they did not affect ornament. Nulla necessity, for the distinctions of Heraldry, that the inter
culltis jactactio ; scuta tantum lectissimis coloribus dis- course which then arose established the Science on its
tinguunt. Whether these colours were selected for their present basis, and incorporated the local peculiarities of
beauty and scarcity, or whether as domestic and personal its use into a grand, general, and comprehensive system,
distinctions, is not easy to say ; but selected they cer which, with very slight variations, and those chiefly
tainly were, and selection implies an object and a very modern, is received throughout the whole of civilized
system. Nor less directly does the testimony ofTacitus Europe. Although we would scarcely say with Mr.
indicate the origin of Heraldic furs. Eligunt feras, et Dallaway, " the feodal system and armorial ensigns are
delracta velamina spargunt maculis pellibusque bellua- coeval,"* yet that system, which obtained so extensively,
ntm, quas exterior Oceanus aique ignotnm niare gignit* had no doubt a great influence in differencing Arms. The
Here we have, 1. The same circumstance of selection tenants of a fief would naturally adopt the same Arms
as in the colours ;—eligiint feras. 2. The origin of all with the lord, subject to such differences as should
•varied furs, as the ermjne, ermines, &c. Ernesti, on clear them of presumption, or be significant of their
this passage, explains the belhue to mean sables, and fealty.
During the reign of Henry III. Heraldry made
interprets exterior Oceanus, the Countries beyond the
Ocean; somewhat widely. Animals of the seal species rapid progress in England. It was then that Arms be
are most probably intended. The sagum of the Northern came settled and hereditary. The Art had its appro
nations was the rude sketch of the surcoat ; and pro priate devices and vocabulary ; and both were nearly as
bably produced ordinaries of its own. The difficulty of full as at the present day. This is evident from Les
procuring an entire dress of the same skin introduced Noms des Chevaliers en le Champ du Roy Henry III.
the expedient of disguising necessity by ornament, and a. d. 1220, a MS. in the Bodleian Library. To this
thus two or more furs were joined in an ornamental succeeds the exceedingly curious Roll of Karlaverock,
manner, at first simply, afterwards more artificially. lately edited in a sumptuous and accurate manner by
Thus, while the cross, the quarterly, the gyronny, the Mr. Nicolas. It is a contemporary Work, written in
cheeky, the frclly, &c. seem to be the most natural Norman-French verse, and recounts the names and
divisions of the shield ; the chief, the file, the divisions arms of the Knights w ho attended King Edward I. in
called party, appear to be those which would most his expedition into Scotland, a. d. 1300. The Arms are
naturally arise from the disposition of furs. The refine blazoned with great minuteness and accuracy. By
ment of which we have been speaking introduced the this time the Art was so far reduced to system, that it
distinctions embattled, engrailed, &c. Indeed, the intro had distinct Professors, whose duty was not only to be
duction of furs into the shield at all, probably, arose from the expositors of its principles, but also to invent and
appropriate coat-armours. The long and chivalrous
the device on the surcoat.
The gradual intermixture, therefore, of the Teutonic reign of Edward III. and his taste for Tournaments
nations with those Tribes which had been civilized by considerably advanced the interests of Heraldry ; while
the Romans, and the ultimate settlement of the Nor the love of dress and exhibitions which characterised
mans in France, produced, from the combination of his successor, had its influence in enlarging the province
military distinctions, the beautiful theory of chivalrous of (lie Art, at the expense, perhaps, of its significance
Heraldry, which arose by so nice gradntions that it is and purity. In the reign of Henry VI. the Book of
easier to trace its advancement than to assign its origin ; St. Albans, by Juliana Berners, Abbess there, proves
although even the former is not minutely practicable in that the Art had attained a most considerable refine
illiterate Ages. It is remarkable, however, that ordina ment.
At what time Heraldry first became connected with Heralds
ries enter little into national Heraldry. The chevron does
not enter it at all. They are only found in the Arms of the officers from whom it derived its name cannot with
small Provinces, which probably adopted those of their certainty be determined. The name appears Teutonic :
Rulers. And this is a ] owcrful, collateral argument in Herr all, aged sir, or lord. It is a translation of the
favour of the antiquity of national Heraldry ; since we term tderanus, a retired soldier, who waited on the
find it so little affected by an introduction which has Roman Emperors, and was by them employed in
messages and negotiations. The office is certainly of
insinuated itself into almost every family escutcheon.
The reproduction of Heraldry was not instantaneous, very high antiquity. Among the Greeks, Heralds were
nor was its progress uniform. Accelerating circum called KypvKci. Those of the Athenians affected to be
stances occasionally operated ; among which Tourna descended from Ceryx, son of Mercury ; those of Laments and Crusades are justly regarded prominent, i*da?mon, from Talthybius, Herald of Menelaus. But
although incorrectly assigned as causes where they were the term K^pvf was indefinitely applied to all. Their
simply stimulants. For in that most curious fragment duty was to keep order in public deliberations, to bear
ofantiquity, the Leges Haililudiales of Henry the Fowler, messages in time of War, to proclaim War and Peace,
* De Mor. Germ. xvii.
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Heraldry. Sacrifices and Festivals, and to be present at National
*»V^ Compacts. Their persons were held sacred and in
violable. They are also frequently represented as
assisting in dressing the victim for the table in Reli
gious Festivals, and as pouring out the wine on those
occasions. Their ensign of office was a sceptre, called
Ktjpiticiov, made of laurel or olive, round which two
serpents were entwined. Sometimes, however, they
bore an olive-branch covered with wool, and adorned
with fruits of the earth, called eipeauon). The tij/wf in
the Agamemnon of /Eschylus is crowned with olive ; but
this perhaps rather indicates the occasion than the office.
To the Greek
succeeded the Roman Fetiali*.
His duties are laid down in a law quoted by Cicero.
(de Legg. II. viii.) Foederum, pacts, belli, induciarum
oratores fetiales judices duo* ntnto. Bella disceptanlo.
Prodigia, portenla, ad Etruscos el haruspicex, si Senatus
jusserit, defemnio. Some other offices are perhaps
assigned them by the same law, which is evidently
corrupted. Their office was very ancient. Dionysius
refers the institution to Numa; and, considering the
general character of this Prince, the reference appears
probable. Livy introduces them in the reign of Tullus
Hostilius, in the affair of the Horatii and Curiatii,
where he narrates, with much solemnity and circum
stance, their ceremonies in confirming a national com
pact. The Jus Feliale attracted the peculiar attention
of Ancus, in whose time the Herald declared War by
proceeding to the hostile territory, wearing on his head
a wreath of wool, and casting over the frontier a spear,
or a bloody staff burnt at oue end. The Heralds of
the Romans were incorporated into a College. Some
suppose the Paler Patralus to have been a kind of King
of Arms ; but he rather seems to have been a tempo
rary officer, the acting Herald on public occasions. The
same circumstances which first rendered necessary the
office of a Herald, perpetuated the appointment to the
time of the early Tournaments. Heralds, in those en
tertainments, were absolutely indispensable for the
maintenance of order, the administration of oaths, and
the proclamation of the style of the combatants. As
the armorial Art became extensive and systematic, a
knowledge of its principles became requisite in these
functionaries ; and, ultimately, as the course of events
would lead us to expect, they attained an exclusive
control over that which at first they had reverentially
studied, and to promulgate authentically the laws of
that system of which they had once been the respectful
disciples.
The transition from the ancient to the modern func
tions of the Herald was as insensible as that from
ancient to modern Heraldry ; and nearly collateral.
The Nobility and Knights retained Heralds to proclaim
their style, &c. who soon became their authoritative
advisers on the subject of armorial distinctions, which,
as they increased in influential importance, demanded
the especial attention of a professional class. When
private individuals granted Anns, Heraldic advice was
indispensable. Hence came too the distinction of
Pursuivants, or Probationers for the Heraldic office ;
a distinction which still continues to obtain. But it is
in the reign of Edward III. that we find the first posi
tive evidence of their regular recognition by Govern
ment. That Prince created two Kings of Arms, Surroy
and Norroy, who took cognizance of Heraldic matters
This reading is very uncertain, and, as we think, improbable.

to the South and North of the Trent respectively.* Hkta;.
Richard II. laid the first foundation of a College of
Arms, by giving the Earl Marshal power to preside in the
Court of Chivalry, and to summon the Heralds to his
assistance. The Heralds there appeared as advocates,
having analogy to Barristers, as the Kings of Anns
might be said to have to Serjeants at Law, and the
Pursuivants to Law Students. The nature of the causes
tried in this Court, mostly referring to armorial bearings,
at once settled and enriched the system. But the first
regular Collegiate Heraldic Chapter was held at the
siege of Rouen, a. d. 1420. From that time the Heralds CoC^t j
became a Corporate Body, having their statutes and ob- Ami
servances ; and it remained only for Richard III. to
establish them in a permanent abode in London, and to
give their institution the seal of his patronage and
authority. They had already been incorporated in
France by Charles VI. a. d. 1406.
Although, on account of their natural attachment to
their benefactor, the Heralds suffered in the reign of
Henry VII., and were expelled from their College, tbe
office was not on that account disrespected ; on the con
trary, that Monarch Constantly retained about him one
individual of each Heraldic Order. But the Kings of
Arms were reduced to three, tlteir present number.
Henry VIII. augmented the revenues and privileges of
the Heralds, and during his reign we find them con
tinually employed in public duties and negotiations.
This Prince was partial to Heraldic honours, as little
costly to the Sovereign, and, in those days of chivalrous
sentiment, often more satisfactory to the wearer than
more solid distinctions. From this reign we may
chiefly date the custom of honourable augmentation,
which, while it has rendered the Art more complex,
has diminished its distinctness and peculiarity.
Heraldic Visitations of Counties, with a view to col- Hoi!£>e
lect information with respect to genealogies and here-VaStta
ditary coat-armour, had occasionally taken place from
the time of Henry IV. But in 1528 a regular Com
mission was granted for a general Visitation of the whole
Kingdom ; and from that time till the early part of the
XVIIIth century, the practice was renewed every twenty
or thirty years. This circumstance had an important
influence on Heraldry. Every wealthy person was
ashamed to have his genealogy recorded without appendent coat-armour ; and those symbols, which had,
formerly been the exclusive guerdon of knig-htly
prowess, were now at the purchase of merchandise and
trade. Hence were introduced a number of devices
unconnected with the Science, and not always strictly
harmonizing with its spirit, but significant of the origin,
and occupation of their wearers. Yet there can be no
doubt that much irregularity was hereby removed ;
although the rules to which practice was ordinarily re
called, differed in principle from those of purer Ages.
The intercourse also which the European nations in
general now began to maintain with Italy, and which
so powerfully affected the interests of Art, could not
be without operation on the kindred pursuits of Heral
dry ; an operation which, however advantageous to the
graphic province of the study, was highly prejudicial
to the theory, which it adulterated and defaced with
incongruous emblems.
Edward VI. reinstated the Heralds in an establi&h* Tbe whole History of Kings of Arms is involved in much ob
scurity : even this fact respecting them, which is one of tbe clcirc-ss,
has been controverted.
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Heraldry, quity. The necessity of some distinguishing ensign fn
war appears to have suggested the use of these sym
bols, by which the valour, policy, or tutelary divinity of
a State were in turn typified. The goat, which is made
by Daniel* the emblem of the Macedonian Empire,
was, it appears, the sign depicted on the Standard of
that people, or, as we should now speak, the Arms of
Macedonia. Justin, the abbreviator ofTrogus Pompeius,
informs us that Carenus, founder of the Empire of
Maccdon, when hesitating where to build his city, was
commanded by an Oracle to observe the track of some
goats :t and in commemoration of that circumstance,
he adopted the goat as the Device of his new settle
ment. The ancient Standard of Persia was, as we
learn from Xenophon, an eagle displayed on a shield. J
Whether the Device were sculptured in relief on the
shield after the Heraldic fashion, or represented as
standing upon it, is not quite clear. This eagle was
the Royal Badge of Persia from the time of Cyrus the
Great§ to that of Artaxerxes Longimanus; perhaps
longer. An eagle was also the Arms (if we may so
speak) of Rome. The owl, the bird consecrated to
Minerva, tutelary Goddess of Athens, was the adopted
emblem of that State, and appears on the Athenian
coins and medals. Covinth bore a Pegasus ; Tyre, a
palm tree; Antioch, a ram and a star; Nicomedia, a
trireme and two turrets ; Chios, a Sphinx. Further
enumeration is unnecessary. But the universal pre
valence of National Heraldry is evident from this
circumstance, that the Turks and Persians, who have
no personal Heraldry, as the Art is at present under
stood, possess what may be most strictly termed Na
tional Arms : those of the Turkish Empire being, in
terms of modern blazonry, azure, an increscent argent;
and those of Persia, argent, a sun orient, proper, behind
alion couchant, or. But the flags of these nations differ;
for the Turkish flag is vert, three incrcscents argent,
and the Persian, or, three decrescents argent. The
crescent has been probably derived to the Turks from
their Scythian ancestors ; but the ancient bearing
of Byzantium was a crescent. Many are of opinion
that the lunatee peltee, ascribed by Virgil || to the Ama
zons, were charged with crescents ; but it is very pos
sible they were rather made in that form.
We may have appeared to some readers to have
transgressed the laws of just arrangement, in employ
ing terms of Art without a previous definition of them.
But, as the History of our subject seems entitled to
consideration before we enter on its detail and appli
cation, we are sometimes compelled to forestal in
formation which the reader, if he does not already
possess it, must seek under our definitions.
History of
The Arms of France are undoubtedly of great antithe Arms of quity. We have seen what evidence there is for their
France,
existence during the Merovingian and Carlovingian dy
nasties. They were, certainly, the same Device thrice
repeated ; although what that Device originally was,
cannot be determined. The discordance of opinions
on this subject, however, is evidence of the early use of
these Arms. And this belief derives confirmation from
* Dan. ch. viii. ver. 5.
f Just. vu. 1.
J r* {iaeiXiiBt ffviu-utt Igan ttpafut, utrot rittt %piff*i iiri tiAtaj,
Iri jju'Mi iutriTa/tltm. De Cyii Exped. Kb. i. tubfinemq V tLvrif T6 vnpun airs; %£vtrt; iirt iogartt fiaugS AtuTtru/iirof.
tut) vuf Si in tStc t» etift.uoi ng lligrwr jSariAu liapirtt. De Cyri
built, lib. vii. circa init.
|| Mn. L 490. and xi. 660.

a similar discordance on the subject of their cotottrf} & KkboI
circumstance, we know, indifferent in ancient Heraldry, Jle-i-T
but in modern integral and essential. Paulus Emilias v^v"*"'
blazons the Arms of France, argent, three diadems,
gules ;* " others say they bear three toads sable in a
field vert ;"t which, if ever they did, it must have been
before the existence of the present rules ; as this would
now be false Heraldry, for reasons which will be here
after specified. M. de Foncemagne, in a Treatise on
this subject in the Mimoires de VAcademie des Inscrip
tions, vol. xx. cites, beside the above opinions, other
testimonies, respectively stating that the Arms of Franc*
were crescents, water-flags, bees, lilies, and spear-heads.
The flexir-de-lys became the settled Arms of France in
the reign of Louis VII. : it is said that they are tie
flowers which grow on the sides of the river Lys,
(Iris pseudacorus. Linn.) which separated Artois and
France from Flanders after the marriage of Philip
Augustus with Isabella of Hainault. But it is some
what curious that when the nalure of the devices be
came determinate, their number, which had ever been
constant, became indefinite. In the reign of our
Richard II., however, we find them borne generally,
azure, three fleurs-de-lys, or, a change effected by
Charles VI., but not always attended to subsequently.
There is an ingenious argument used to prove the
Jlcur-de4ys a lily, which may find credit with sucli as
are not sufficiently incredulous to disbelieve the Salic
constitutions. The motto of France is Ncqite laborant
neque nerd; in allusion, of course, to lilies; which
lilies, of course also, must have been adopted to typify
the impossibility of female sway in France !
The Arms of Mecklenburg claim even an earlier Mtcfcorigin, and, considering the undoubted use of Devices of log.
this kind by ancient States, and the similar original of
many, the legend concerning them is not improbable.
We are told that Artyrius, King of the Heruli, having
started as a soldier of fortune under Alexander of
Macedon, sailed in a ship bearing for its device, or
sign, a bull's head ; and that, ultimately, settling in
the States of Mecklenburg, he assumed this as his cog
nizance. Hence the Arms of Mecklenburg are at pre
sent, or, a bull's head gardant, sable, horned and ringed
through the nose argent, and ducally crowned gulet.
We may observe, that these are also the Arms of Ros
tock, except that the bull is not gardant.
A like traditional legend obtains concerning the Gaira^
Arms of Russia, Germany, and Poland, the last now ^"j^,
lost, the second merged in those of Austria. It is
said that the eagles taken from the three legions of
Varus destroyed by the Germans, fell respectively into
the hands of the native Germans and their Sarmatian
and Sclavonian auxiliaries ; which nations, accordingly,
adopted each of them an eagle for their ensign. J
The Arms of England reach beyond any assignable Bsgiiai
date after the conversion of the Saxons. Each Hep
tarchy is supposed to have had its peculiar ensign ; but
the most prevalent was a cross, used probably in com
memoration of their conversion. To this cross, Edgar
• Ap. Gwillim, ch. i.
f Rid.
j Cuspinian's version of the story somewhat differs. Tret feffiones obtruncata;, tigna, el aquila; dute a Oermanit raptte, quag
hodie pottidemut. Kon enim biccpt est aquila, quad imperittnn
vutgut credit ; ted dues timul, quorum aitera alteram expansit aJit
oblegit. Tertinm signifier legionit 111. abshdit, paludeque demmH\
ne in hottium mantis venirel. Alioqui HI. huberemut aquits*. t»
insignibut imperii. Fit.Augutt
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Heraldry. ;s said to have added four martlets, and Edward the
Confessor one. The Arms were blazoned in the time
of Richard II., (who impaled them with the then re
ceived Arms of England,) azure, a cross flory, between
five martlets, or. These Arms were never used by the
Norman Princes, and rarely by succeeding Sovereigns,
never without the Arms of Normandy, which were now
become those of England. Yet they were not allowed
to be borne by a subject ; witness the Trials of Thomas
Duke of Norfolk, and his son Henry Earl of Surrey,
in the reign of Henry VIII., for High Treason, where a
principal part of the accusation was the assumption of
these Arms.
The lion and the cross are very prevalent in National
Heraldry, and this interesting portion of Heraldic
History will derive considerable light from the expla
nation of those symbols. The former was naturally
adopted in a rude state of Society, where courage and
military superiority are always the first, if not the only,
virtues. The latter as naturally became the favourite
Device of those nations who had been recently con
verted to Christianity or had distinguished themselves
in the Holy wars. Constantine set the example by
mingling his labarum with the eagles of Julius and
Augustus. The fanciful varieties, both in number and
position, which we find in these emblems, are to be
attributed to the necessity of international distinctions.
And the same may be said of colour, when this circum
stance came to hold an essential office in the shield.
When, in the Crusades, the armies of whole nations
bore the cross, it was necessary to distinguish them by
some variation of form or colour, and this, we know, did
accordingly take place. This remark on lions and
crosses will explain the origin of many national Arms
•without further observation ; as those of Scotland,*
of Normandy, afterwards adopted for England, of
■the late Republic of Venice, of the Republic of Geneva,
•of Denmark, of Norway, of Sardinia, besides a variety
of inferior States. Crowns and swords, for a similar
reason, would naturally be favourite emblems, as the
ensigns of power and force ; and their positions, num
bers, and colours would be affected by the same circum
stances as other devices. Hence we may explain the
Arms of Sweden, of Saxony, and several others. It is
curious that all these emblems (with the very natural
exception of the sword) are to be found in the Arms of
the Universities of Cambridge and Oxford. The cross,
Gospel, and lions in the former are significant of boldly
contending for the Faith ; the crowns and Psalter in the
latter have a like allusion to the supremacy of Religion.
Three principal Devices have been assigned for Ire
land ; all, doubtless, of high antiquity. A harp, a
shamrock, and a hart issuant from a castle. The first
of these has been retained as the Arms, the last is some
times used as the crest. The second appears in the
Badges of the Order of St. Patrick. The adoption of
the two former may be easily explained from national
characteristics ; the latter is not so easily accounted for.
Other Arms have been assigned for Ireland ; for which
• The tressure flory is said to have been added tothe A rms of Scot
land by Charlemagne, on the occasion of his League with Achai'us.
The sentiment symbolized by this addition was, that the lilies of
France should always protect the lion of Scotland. It is unneces«ary to insist much on the exact degree of credibility which belongs
to this story; but it aflbrds no bad idea of the significance of
Heraldic emblems.
VOL. V.

see a very comprehensive note in Willement's Regal Blazonry.
Heraldry, p. 8 1 .
^_v_^
National Arms are. in some instances, like personal, L™n Casexpressions of a name. Thus the lions of Leon and
"o^"18
the castles of Castile are evidently mere pictured words.
But the Arms of the United Provinces are, perhaps, the
most eloquent of all, wherein a lion grasps in his paw
seven arrows. The allusion is too obvious and beautiful
to need explanation.
III. Arms of Bodies Corporate.
The origin and history of the Arms of Bodies Cor
porate very much resemble those of nations, as nations
are only larger Societies. Crosses, lions, swords, and
crowns abound in all. Some represent the character of
the Society, as those of Guilds and Companies. Some
the local situation, as those of Cities ; some have an
affinity with the name ; and some are honourable grants.
The dagger in the Arms of the City of London is of the
latter nature, being added in honour of Sir William of
Walworth, Lord Mayor, who killed the rebel Tyler.
The Arms of the Cinque Ports afford a curious combina
tion : lions terminating in ships ; thus uniting a favour
ite with a significant device, and implying, apparently,
that the strength of that confederacy is in its shipping.
Principles of the System.
Such is the History of that curious and interesting
theory, the present refined principles of which we pro
ceed to deliver. These may be divided into I. Blazonry,
and II. Marshalling.
I. Blazonry is the art of expressing in due and sig I. Blazonry,
nificant language, a coat of Anns^ so that its colours and
forms may be as obvious in description as in actual
delineation.
Although the terms " coat of Arms," and " coal
armour," are commonly applied by Heralds to personal
and family Devices, from the circumstance of these being
embroidered on the surcoat, or covering of the armour,
yet as the same were also depicted on the shield, on
which they could be more evidently exhibited, the shield
has always been selected as the most convenient vehicle
of the Arms ; and the form of the shield usually adopted
is a modification of that which was used by the Nor
mans. Fig. 1 is the true Norman shield ; the others are
the modification of which we speak, ordinarily in use in
the times of the Lancaster and York dynasties, and
more convenient, on the score of amplitude, for the exhi
bition of Arms. Every shield has its distinguishing p0ints 0f
points ; and as the shield never varies so considerably as the shield,
to render their positions importantly different, fig. 1
will afford a clear notion of the theory " In the en
thusiastic Ages of Chivalry, every object which related to
the profession of arms was exalted and dignified. The
armour was so closely united with the body, that it
seemed to make a part of it ; and an insult offered to it
would have been resented with as much warmth of
revenge as if the warrior himself had been treacherously
wounded. Hence it arose that the shield was consi
dered as the man himself; and its parts were deno
minated accordingly."* Thus the side towards the left
hand is called the dexter side, and that towards the right
hand the sinister side. The upper part is called the
chief (chef, head.) The points in the chief are A, der• Encyc. Land. Art. Heraldry.
4 H

598

HERALDRY.

Heraldry, ter chief; B, middle chief; C, sinister chief; D is the
Siy^ honour point, representing the breast by its highest chi
valrous virtue; E is called the fens point, bisecting the
straight line which joins the middle chief and extremity of
the shield. It is so called from the fess, which it also
bisects, and which represents the scarf or belt (fascia)
worn round the middle ; P is the nombril (navel)
point; G, the dexter base ; H, the middle base; and I,
the sinister base.
Field.
Having determined the points of the escutcheon, the
student's next care is to determine the field, by which
name Heralds designate the tincture or combination of
tinctures forming the ground on which the Device is deli
neated. These are of three descriptions, metals, colours,
and furs. They are all equally expressed by colours
in painting ; but in engraving and sculpture, an in
genious mode of distinguishing them was invented by
Silvestro di Santa Petra, an author of the XVIIth cen
tury, by the position of lines, which is now universally
adopted.
Mutals.
Fig. 2 exhibits the metals. That on the dexter side
Or.
is Or, (Fr. or,) gold. It is represented in colouring
by liquid gold, gamboge, chrome, or king's yellow ;
shading, burnt sienna : in engraving by a sprinkling of
equidistant dots. Or alone is said to have been for
merly the Arms of Arragon. That on the dexter side is
Argent
argent, (Fr. argent, silver,) expressed in colouring by a
white, and in engraving and sculpture by a plain surface.
Shading, Indian ink or lamp black.
Colours.
Fig. 8 is an escutcheon containing the colours. Du
Cauge is of opinion, that all the tinctures were originally
furs ;* and though this belief has met with little coun
tenance from modern Heralds, much may be said in
its favour. From what has been cited from Tacitus, it
appears that the Northern warriors used garments of
fur; and the surcoat often supplied a field to the
escutcheon. Besides, those shields which were not
composed of metal were generally covered with skins ;
and even those which were so, had, not unfrequently, a
guarding of the same material. In our enumeration,
therefore, of the tinctures we should deem it unjust to
the question to suppress what may be advanced in
support of this opinion.
Gules.
No. 1 is gules, red, expressed in colouring by ver
milion ; shading, lake ; in engraving by vertical lines.
It is generally derived from the French gueule, the
mouth of an animal. But Du Cange assigns a mHch
more probable etymology. He quotes from St. Ber
nard (Ep. 42.) the following passage, Horreanl et
murium rubricatas pellicular, quas Gu\as vocant, manibus circumdare sacratis. And Brunon, a still earlier
■writer, thus mentions these sorts of furs in bis History
of the War of Saxony :\ Unus ex Mis cujusdam nobitis
crusinam gulis ornatam quasi furtim prmcidit. Cru* First Dinertation on Joinville's Chronicle,
f Re: German. Fteher, torn. i. p. 135,

sina is a Saxon word for a fur dress. Somncr, in his Biuonr
Glossary, gives Crusene, tunica e ferinis pelUbus. he U^/*
Reel us de Molicus, in his MS. Paternoster, has these
lines :
Hmichei, manteatuc, chappes {ounces,
De Sobe/inet engouk-us.
From these authorities the derivation of the word gukt
is tolerably clear ; and scarcely less dear is it that the
gules was originally a fur. According to Gwilbm,
Eumenius de la Brect, a Knight who accompanied
Edward I. in his Scottish expedition, bore this colour
alone as his Arms.
No. 2 is azure, sky blue, from the French osur, Am,
" in colours by verditer, smalt, or ultramarine ;
indigo; and in engraving by horizontal lines.
No. 3 is sable, black, expressed in colouring by lamp Sable;
or ivory black ; shading, same with gum ; and in en
graving by vertical and horizontal lines. It is com
monly derived from the French sable, gravel ; but tie
inapplicability of the derivation has been evident to
those who have made and approved it. It seems
almost obvious that this tincture was originally the
fur of the sable. And to this effect is the express tes
timony of Spelman, (Aspilog. p. 76.) Seepenumeri
pelles queeda?n quibus alias ad honorem et insignia induebantur proceres, eolorem clypeis tubvunutra.nl, armellinorum et zebellinorum.
No. 4 is vert, green, (Fr. verd, anciently vert,) yert
expressed in colouring by a mixture of verditer and
gamboge ; shading, gamboge and indigo ; and in en
graving by diagonal lines from the dexter to the sinister
side of the escutcheon.
No. 5 is purpure, from the French pourpre, purple, Paijjrt.
in colouring by royal purple ; shading,
with gum ; and in engraving by diagonal lines
from the sinister to the dexter side of the escutcheon.
This colour so seldom eaters coats that some Heralds
have denied it a place among the Heraldic tincuires.
This circumstance Du Cange attributes to its derivation
from a fur called pourpre, of a coarse and humble kind,
and seldom worn by Knights or distinguished persons.
No. 6 is murry, or sanguine, a colour scarcely ever
used in England, but occasionally met with in foreign
Arms, and by some ascribed to the Arms of Wales. It
is a dark red, expressed in engraving by apposite dia
gonal lines, and is reckoned one of the staiitaadot
dishonourable colours ; as is also
No. 7, fenny, tawny, or brusk, a colour compounded Tenij.
of red and yellow, and expressed in engraving' by dia
gonal and horizontal lines.
These are the usual terms of the Heraldic colours.
But invention, which is the very essence- of this theory,
has uat limited itself to these. The annexed Table,
borrowed from the very valuable Essay on this i
in the Encyclopedia LondinensU, is a
view of the various denominations by which the
Heraldic colours have 1
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Signs
of Ele Seasons
Co Stones Pla P/o Aletals Latin ^WireTtme Aget. T'-mytrs Virtues. Plotters. .YumIt.
oia- ofthe Months. Days
Names. lours.
Week. ments. and
Karnes. tiuus.
nets. nets
of Day.
Zodiac
Ado Blithe. Forti Helio 1.3
July. Sunday Light. Noon. lescence.
Leo.
OB. Yellow Topaz SoL Q Gold. Aureus. 0.
tude. trope.
AR.
GENT. White. Pear!. Lima. J> Silver. Argentus Ar. Cancer. June.
Aries March
and
and
GULES. Red. Rub/. Mars. f? Iron. Ruber. 3Scorpio. October.
April
Sap Jnpi- % Tin. Casru- Ai.-b. Tanras
and
and
AZURE. Blue. phire.
leus.
ter.
Libra- September.
Gemini May
Cop
and
and
VERT. Green. Erne*
raid. Venus.
per. Viridis. Vt. Virgo.
August.
Sagitta November
Ame Mer
Quick PnrpuPURand and
PURE. Purple thyst. cury. 9 silver. reus. Pur. rius
Pisces. February.
Capri December
Dia Saturn
SABLE. Black. mond.
Lead. Niger. S. corn and and
Aquarius( January.

"urs.
ermine.

tBm

minois.
"*

None of these ore in any credit except the Planets
and Jewels; the former being attributed to the coatarmour of Princes, the latter to that of the Nobility.
But even this practice is by no means general, and is
not sanctioned by the adoption of the College of Arms.
In the coats of traitors or defamed persons, it is usual to
blazon by the natural metals and colours, as gold,
silver, red, &c.
Figures 4 and 5 contain the furs. No. 1 is ermine.
It represents the skin of that animal, (Mus Armaiius,)
which is perfectly white,* spotted with tails of the same
creature, which are black. The ermine is a fur of great
dignity, being generally used in the robes of Royalty
and Nobility. Its beauty and rarity have procured it
high estimation ; and some writers consider it an em
blem of purity, the ermine being reported to prefer
death to soiling its delicate fur. Each row of spots is
Heraldically termed a timber, and the lower parts of
spots are termed muschetors. Ermine alone is the coatarmour of the Dukedom of Brittany.
No. 2 is called ermines. It is the inversion of
ermine. Here the fur is black spotted with white.
The exact application of the word is not clear.
No. 3 is pean. It resembles the last, except that for
white we have gold. The word is perhaps derived
from the French paon, a Peacock, the glitter of whose
plumage it somewhat resembles.
No. 4 is erminois. It is the same as the ermine,
except that the white is exchanged for gold. It signi
fies erminelike, a character which it aptly sustains.
No. 5 is vair. It is always white and blue, unless
otherwise specified in blazon. The pattern, somewhat
resembling wine glasses, has led some etymologists to
derive the term from the French verre; but it is much
more probably derived from the Latin varius. It is
supposed to represent the skin of a small spotted squir
rel. Vair of gold and blue is the coat armour of the
* We say white, black, &e, not argent, table, &o, as we observe
to have been done by some approved writers ; for we are now dis
cussing the subject of furs, which cannot be composed of metals or
colours. Even Gwillim, who has occasionally fallen into this
unheraldlike practice, has himself condemned it, speaking of the
white liuing of mantlings :—"Being a doubling, it is no offence,
saith Christine de Pia, to call it white, because therein it is to be
understood onely as a furre of skin." cap. iv, sec. 1.

Monday. Water. Morning Infancy. Phlegmatic. Hope.

Lily.

a. IS

Man Choleric. Charity. Rose.
Tuesday Fire. Autumn. hood.

10

Thurs
day.

Blazonry.

Air. Summer. Child
hood. Sanguine Justice. Blue Bell 4.9

Friday. Lib. Spring. Youth. Bilious. Strength. TheField 6.11
Wed Thun
der Evening. Old Age. Serious. Temper7
■ ance. Iris.
nesday. bolt.
Satur Earth. Winter
and Decre Melan Pro- Scabiosa 5.8
day.
Night. pitude. choly. dence.

French family of De Roehfort, and vair of ermine and
red is that of the Greslies of Derbyshire. A large kind Beffroy.
of vair is by some Heralds called beffroy, and the family
of Bauffremont bears beffroy gold and red. When the Countercups are set point to point, as in No. 8, the bearing is vair.
called Counter-vair.
No. 6 represents a fur to which many names have Potency,
been given, vairy cuppy, vairy tassy, meire, potentcounterpoient, and potency. Vairy appears to be de
rived through varie from varialus, as vair from varius.
Cuppy and tassy are from the French coupe and tasse,
each word signifying a cup, which the pattern very slen
derly imitates. The original of meire is not so plain.
Potent is the old name for a crutch, ou account of the
power which it gives to its owner; and certainly the pat
tern of this fur very much resembles the heads of
crutches.
No. 7 is erminites, a fur only differing from ermine Erminites
in respect of the side hairs of the timberings, which are
red instead of black.
When more colours than two are combined in the Vairy.
pattern of vair, then results the fur called vairy. It is
derived from the French varie. It is said that ancient
Heralds made no distinction between vair and vairy,
but blazoned them both vair, and then enumerated the
colours. Whenever the distinction arose, it was cer
tainly beneficial, as it simplified the language of bla
zonry by a very pertinent discrimination. When the
colours are white, red, gold, and black, it will suffice to
blazon vairy only ; where they differ from this arrange
ment, the difference must be specified. But this fur is
very unusual.
These are the only names applied to fields; except
those compound coats, &c., which will hereafter be
noticed. Natural objects, in addition to these, are de
nominated proper, when they are represented in the
colours which belong to them ; the same is the case with
chimerical objects when represented in conventional
colours.
After the statement of the field, the next point of bla- Charge,
zonry is the definition ofthe charge, or object delineated on
the field. All the stores of Science, Nature, and Imagina
tion have been laid under contribution to furnish forth this
department of the Art. We shall not, however, imitate
4h8
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Heraldry, some writers on this subject, who crowd their Work* with
—the blazon of a great number of charges, unnecessary,
because untecfinical. Many charges must be obvious, as
soon as mentioned, to the mere unheraldic reader,
because they are unconnected with the language of the
Art. Thus it would be unnecessary to notice the Arms
of Milveton, which are azure, three millstones argent,
enough having been already said to make such coatarmour as perfectly apparent to the mind, as its repre
sentation could make it to the eye. We shall prefer to
confine ourselves to such charges as are either strictly
the production and property of Heraldry, or which have
become connected with its language from the mode of
their position on the escutcheon. It is to be observed,
in respect of charges in general, that metal must never
be laid upon metal, colour upon colour, or fur upon fur.
Thus azure, a swan gules, would be false armoury.
This rule is not entirely without exceptions, but they are
so few, or so slightly authenticated, that they do not
affect its general validity. But if the Heraldic colour
of a charge be proper, then it may be laid on a homo
geneous metal or tincture. Thus sable, a heart proper,
is admissible, (see fig. 21,) though the proper colour of
the heart be the same with the Heraldic gules. But
though not unclassical, such instances are rare. Charges
Counter- are said to be counlerchanged when the field is of two
changed. metals or tinctures, and the parts of the charge are of the
Adumopposite metal or tincture. And they are said to be
brated.
umbrated or adumbrated, when they are simply shaded
on the field without any difference of colour.*
When the field is gritty, i. e. contains equal propor
tions of metal and tincture, the charge may be of either ;
and, in all cases, if a charge intervene between any point
of the field and any point of another charge, the latter
may be homogeneous with the field.
In colouring, the sides and base of the shield are
generally supposed to lie in the plane of the paper, and
the middle chief somewhat above it. The charge is
supposed to be in high relief, with the light falling from
the dexter chief. In blazoning, the field is mentioned
first, afterwards the charge. Sometimes a charge itself
is charged : in which case the charge nearest the field
should be mentioned first. But where several charges
lie in the same plane, they must be mentioned in the most
compendious order, whatever that may be ; for concise
ness is a very material quality in blazonry. Ceteris
parihus, the charge nearest the fess point should be men
tioned first. " You must use no iteration," (says Gwillim,)
"or repetition of words in blazoning of one coat, especially
of any of these four words, viz. of, or, and, with. For the
doubling of any of these is counted a great fault, inso
much as the offender herein is deemed unworthy to
blazon a coat armour." Despite the anathema of this
venerable authority, it will not always be possible to pre
serve this rule consistently with perspicuity. But it may
serve for general observation.
OhmkaThe simplest description of Heraldic charges are the
s
ordinaries. An ordinary is a portion of the escutcheon
comprised within straight or other lines. It should
• " There be certan nobuls and gentilmen in Englonde the wich
bere shadys diverse in theyr arms, as lyon, antlop and other. And
men say that suche personys as beere theyr umbrated armys had
there progenitoris beryng the same not umbrated but hole. But the
possessions and the patrimony's descendid to other men. Then the
nevoys or kynsmen levyng in goode lioopeand trustyng to have the
possessions of their progeuitoris, beer their arms umbrated, all
oder differs aforesaid leving."—Book of St. Albam.

comprise at least one-fifth of the whole shield : other- BUioay,
wise it would be called a subordinary. But this distine- Vy«
tion is neither very generally employed, very regularly
defined, nor very intrinsically important. Beside the
straight line, most usually employed as the boundary of
the ordinary, the following deviations are in use.
XII. Ingrailed, from the French engreler, from gr&e,
hail. It represents the notches made by hailstones.
XIII. Invected, the reverse of ingrailed. Ab invehendo ; quod invehuntur puncla figurte.
XIV. IVavy, or Undy, representing the surface of
the sea. If the ordinary has two sides the elevations
and depressions are alternately opposite : which rule
holds in most of these variations.
XV. Nebuly, from the Latin nebula, a cloud, which
this variation somewhat resembles.
XVI. Raguly, (ragged, or rugged,) imitative of the
trunk of a tree with its branches lopped. A tree so
represented is said in Heraldry to be raguled.
XVII. Rayonny, from the French rayon, a ray.
XVIII. Indented, from in, and dens, a tooth. It re
sembles closely the teeth of a saw. It is also called
enrased, viury, len tally, and serrated.
XIX. Dancetty is a row of points, arranged like
those in indented, but larger, and never exceeding three.
Its derivation is the same as the former, but through (he
French denche.
XX. Embattled, or Crenelly, representing the battle
ments of a fortress. The French verb creneler signifies
to notch, or embattle. When the battlements are alter
nate to each other, the ordinary is said to be counterembattled; when opposite, it is called brelated, (but
tressed.)
XXI. Battled embattled is where one row of battle
ments stands on another.
XXII. Palissy, or Urdy, is an imitation of the palilading of a trench.
XXIII. Angled is the same as embattled, but on a
larger scale. It presents only one right angle.
XXIV. Bevelled differs from angled in the direction
of the angle, which is acute.
XXV. Etcartely differs from angled by presentingonly one rampart instead of one angle.
XXVI. Nowy, (na?ui\) composed of knots. This
variation is very seldom used.
XXVII. Dovetail, a term which is self-expressive.
XXVIII. Potency, a series of crutch heads. The
meaning of the term has been already explained.
When an ordinary has two sides, and is only variated
on one, if that one be the upper side, the ordinary is
said to be superingraikd, superinvecled, &c. ; but if it
be the under, then it is said to be subingrailed, tubinvecled, &c. If the ordinary be generally curved, it is
said to be arrondy, (arrondi, rounded, Fr.) or arcky ;
if one side of the ordinary be curved inward, it is called
invex, concave, or champain ; when outward, chapourned, or convex.
The first and simplest ordinary appears to be the pale. Pale.
This ordinary is bounded by two vertical lines, at equal
distances from the sides of the escutcheon, of which it
encloses one-third. When it is charged, the practice is
to make it a little wider ; but Gwillim condemns the
theory : " the content of the Pale must not be inlarged,
whether it be charged or not."* It seldom bears more
than three charges. The word is obviously derived from
* Diiplay, ch. v. tec. 2.
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crnldry. palut, a stake, (whence palisade,) which the ordinary
■^z—■■ ' entirely resembles. Palis, a marsh, and the pallium
of the Priest, it in no respect accords with. The motto
which accompanies the arms of Beauvais in Picardy,
(Fig. 6 exemplifying the Pa'e,) " Palus lit hie semper
constant et jirma manebo," seems to be quite decisive.
let
The diminutives of the pale are the pallet (pallelle,
small pale, Fr.) and the endorse. The pallet is onehalf of the pale, when borne by itself ; sometimes, how
ever, as many as three pallets are borne on the shield ;
when the content of the ordinary is, of course, dimi
nished. Of this we have an example in fig. 7. Or,
three pallets wavy, gules, for the City of Mechlin.
lone.
The endorse, or verget, contains one-eighth of the
pale. The most usual bearing of this ordinary is to
gether with the pale, an endorse being on each side.
And this is evidently the derivation of the word, (ire
dorso,) implying that the pale is backedhy the endorses.
Leigh affirms, indeed, that the endorse cannot be other
wise borne ; for which he is reprehended by Feme, who
adduces the example of the Arms of Flanders and
Tyrol, borne in the Arms of Philip, husband of our
Mary I. But as these Arms are painted on a window
of the library at Lambeth Palace, they contain no
endorse at all. We shall give an instance of an endorse
borne singly. The pallet and endorse are never
charged. They are seldom composed of furs, and never
of vair. Fig. 8 is the Arms of Bellasius, a Norman
Chief, sent by William I. to conquer the Isle of Ely.
From him the Bellasis family descend, and quarter his
Arms with their more recent bearings. The Arms are
blazoned, argent, a pale engrailed, endorsed, sable.
Fig. 9 is an instance of the endorse singly borne,
and is besides a rare and curious piece of blazonry. It
represents the Arms of Sublet de Noyers, a French
family. Azure., on a pale walled argent, an endorse
sable.
TFrom this ordinary is derived the term paly, applied
to vertical equidistant lines, the spaces between being
filled with alternate heterogeneous tinctures. The
metal usually takes precedence, although this is not
uniformly the case. The several spaces are called pieces,
and the coat is denominated from the number ofpieces.
Fig. 10 is paly of eight pieces, (or, as it is sometimes
expressed, paly ofeight,) or and gules, for the Kingdom of
Arragon. All the divisions are supposed to lie in the
plane of the escutcheon, and must not, therefore, be
shaded.
f per
When a coat is bisected by a vertical line, and the
fields comprised in the halves differ, it is said to be
party {parti, Fr. divided) per pale ; or simply, per pale ;
thus fig. 2 is party per pale, (or, per pale,) or and
argent. This bearing was anciently called bebally. It
is to be observed, however, that " partys" seldom consist
of homogeneous tinctures, viz. colour and colour, metal
and metal, &c. ; ermine and ermines are sometimes
found. And if each division comprise a separate coat,
lothe coats are said to be impaled. In both cases the
plane is supposed to be the same. Party per pale, argent
and /rules, is the bearing of Waldegrave.
nm.
When any charge of greater length than breadth
lies in the direction of the pale, it is said to lie in pale,
palewise, or paleways. Thus fig. 11, the Arms of" the
championship of England, are blazoned, argent, a
sword sable, erect palewise. And the same term is ap
plied to any number of charges not very long, in the
same field, arranged in the direction of the pale. The
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Arms of the See of Bristol (fig. 12) are sable, three Bhuom
crowns palewise, or.
v_~v_
The derivation of the fess (fascia) has been already Fess.
alluded to. It represents a military belt or girdle passing
straight round the middle of the body. It is bounded
by two horizontal lines, equally distant from the fess
point, or centre of the escutcheon, of which it contain!*
one-third. Gulet, a fess argent, (fig. 13,) are the Arms of
the Electorate of Austria. The fess is sometimes couped,
(coupe, Fr. cut,) not reaching to the sides of the escut
cheon, as in fig. 14, the Arms of the family of Stratford.
Gules, a fess couped, or, between three trestles, proper.
This is also called a fess humelly. When more than
one is borne in a shield, they are termed copper cakes.
The diminutives of the fess are the bar, the closet, Bar.
and the barulet. The first of these contains the fifth
part of the field. If there be but one of these in the
escutcheon, it must occupy the place of the fess ; if two,
they must be so placed that the field may be exactly
divided into five equal parts, as in fig. 15, the Arms of
Harcourt, gules, two bars, or. The derivation of the
word bar is obvious.
The closet contains half the bar. It appears to be Closet,
derived from claudo, to shut, and to represent a bar
used to shut or close gates or doors, (claustrum.) Five
closets may be used in one field. Or, perhaps, from the
fess being sometimes enclosed by two of them, quod
claudunt latus fasciee. Fig. 16, azure, four closets, or,
is the Arms of the city of Salisbury.
The barulet contains one-fourth of the bar. It is Barulet.
generally used with the fess, one on each side of that
ordinary, in which case the fess is said to be cotised.
Some restrict this office to the closet, and, perhaps, more
properly. The derivation of the term cotise will be
given presently. Sometimes they are found in groups
of two each, when they are called bars gemelles, and
the two are reckoned one bar. Fig. 17 exhibits this
ordinary in the Arms of Barry, of which family is Lord
Barrymore, viz. argent, three bars gemelles, gules.
Indeed, the terms closet and barulet are scarcely ever
employed, but the word bar uniformly used instead.
When the field is divided by horizontal lines into Barry,
four, six, eight, ten, or twelve equal parts, the interme
diate spaces being filled with alternate tinctures, the
bearing is called barry, and denominated, like paly,
from the number of spaces. Barry should not be
shaded, for a similar reason. Barry of eight, argent and
gules, are the Arms of the Kingdom of Hungary. See
fig. 18.
When a coat is divided by a horizontal line passing p^y pe,
through the fess point, it is said to be per fess, or party fess.
perfess. This bearing was anciently termed countertreviled. Fig. 19, per fess, sable and argent, represents
the Arms of the Canton of Friburg in Swisserland.
When a charge, having length, covers the fess point Fesswise.
in an horizontal position, it is said to lie in fess, fess
wise, orfessways, as in fig. 20, the Arms of the University
of Oxford, azure, a book expanded fesswise, argent,
having seven labels on the dexter side, bearing seals or,
and inscribed Dominus illuminalio mea, between three
crowns of the third. The same expressions are applied
to any number of charges lying in the same direction.
When several charges having length are ranged one Barwise.
above another horizontally, they are said to be placed
barwise.
When the fess is removed to the upper part of the Chief,
escutcheon, it is called a chief, for a reason already
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Heraldry, assigned. Tins ordinary, in latter times especially, is
^—i■V""/ one of honourable augmentation. Fig. 21, the Arms
of the Friars of St. Augustine, is argent, on a chief
sable, a heart inflamed at the top, proper. The chief is
sometimes surmounted by another, which, of course, is
smaller.
The chief has one diminutive, the fillet; its size is
Fillet.
one-fourth of the chief, of which it occupies the lowest
part. Fig. 22, the Arms of Cape, table, a chief or,
in the nether part thereof a fillet argent.
Party per
When a straight line coincident with the direction of
chief.
the base of a chief divides the escutcheon, it is said to
be party per chief. Party per chief, gules and or, are
the Arms of Camoyse. See fig. 23.
In chief.
Charges in the situation of the chief are said to be in
chief. Thus, in fig. 20, the uppermost crowns are said
to be in chief, and the other in base.
There is sometimes found a bearing, of which we
Combinations uf the have given an instance in fig. 24, the Arms of the
la and
Girdlers of London, and which is ordinarily blazoned
pale
c
less.
thus : party per fess, azure and or, on a pale counterchanged, between two gridirons of the second in
chief, the handles erect, another in like manner. But
as the supposed pale is never sliaded, and as no reason
can be assigned for this, it seems more correct to blazon
the coat, paly of three, azure and or, per fess counterchanged, three gridirons of the second.
Quarterly.
When the shield is party per pale and fess both, it is
said to be divided quarterly ; and each of the divisions
Quarter. is called a quarter. Fig. 4 and 5 are divided quarterly.
The first of these would be blazoned, quarterly, first, er
mine, second, ermines, third, erminois, fourth, pean.
When the coat is simply parted into two colours, per pale
and fess, it is usual to blazon, quarterly, naming the two
tinctures, that in the dexter chief first, as in the Arms of
Stanhope, quarterly, ermine and gules. A quarter is
sometimes borne by itselfon the dexter chief, as in the Arms
of Stanton, vair, argent and sable, a quarter gules. (Fig.
25.) It is held to be a very honourable bearing. It is
generally charged with a portion of National Arms,
granted in consequence of some service : and some
Heralds have held that it should not be granted to a
person of lower dignity than a Baron. When the bear
ings of several families are marshalled in the same
escutcheon, in compartments formed by horizontal and
vertical lines, they are said to be quartered, and the
Quarterings compartments are termed quarlerings. The laws of
these quarterings will be noticed when we come to treat
of marshalling.*
Canton.
The quarter has a diminutive called the canton.
This term in French signifies a corner. The proportion
of the canton to the field is not determined, only it must
not occupy one-fourth. This, like the quarter, is a very
honourable bearing, and is supposed to represent the
banner given by the Sovereign to the Knight banneret.
The Arms of Shirley, fig. 26, are paly of six, or and
azure, a canton ermine. Sometimes the canton is borne
in the sinister chief, and then it must be specified, a
canton sinister.
Cheeky.
When the divisions produced by several vertical and
horizontal liuesare filled alternately w ith heterogeneous
tinctures, the result is termed cheeky, from echec, Fr.
* "If you are to draw a coat which is blazoned or charged with
three similar figures two and one, besides the quarter; as for example,
argent, three torteauxes, a quarter uzure ; yet, although in the blazon
you mention three, you must show but two in the drawing, the
third being supposed to be under the quarter." Kdmqndson.

Fig. 27. Cheeky, argent and gules, is the Arms of BLuan
Croatia, ensigned with the crown of the Kingdom of
Hungary. But two rows of this by themselves are
termed countercompony, and one row company. When
one whole shield is cheeky of nine, it is called by some
Heraldic writers a cross perforated ; but this is a very
incorrect expression, since the cross is an ordinary,
whereas the whole of this bearing is in the plane of the
escutcheon. This bearing, or and azure, forms the Arms
of the Republic of Geneva,
When the straight lines drawn palewise and fesswise Crra.
enclose the fifth of the shield, (or the third if charged,)
they form an ordinary which is called a crow. When
this cross is gules, it is called the cross of St. George.
Argent, a St. George's cross, was impaled by Charles I.
with the Arms of England, and was employed afterw ards
as the Arms of the Commonwealth. The same is now
the bearing of the Republic of Genoa, which is sur
mounted with the crown of Corsica. See it in fig. 2S.
The cross and some other ordinaries are subject to Voiiag.
what is termed voiding; the inner part being taken
out, and nothing left but a narrow border. When the
extremities of an ordinary not bounded by the escutcheon,
are also removed, the ordinary is said to be voided
throughout. Heralds very justly condemn the expres
sion " voided of the field," as it cannot really be voided
of any thing else ; and if the colour be different, they
consider such the colour of the ordinary, and the other
the border, and call it fimbriated. Yet the expression
voidie du champ occurs in the Roll of Karlaveroclv .
Crosses are sometimes pierced. That is, a portion of Here;,
the ordinary is abstracted from the middle. There are
three kinds of piercing : round, or simple piercing,
when the part removed is circular ; lozengeways, when
it is in the form of a lozenge ; and quadrate piercing,
when it is square.
A cross plain, or couped, is where the ends of the Rjin.
ordinary do not quite reach the circumference of the
escutcheon. Gules, a plain cross, argent, was the coatarmour of the Order of Knights Templars. See fig. 29.
This cross is sometimes sharpened at each end to a AiguisT,
point, when it is termed aiguiscy, (aigu, Fr.) or urdy.
Argent, a cross aiguiscy, voided, table, is the Arms of
Dukenfield, Bart. See fig. 30.
Sometimes the boundary line is curved, whence it is CediT.
called elechy ; some call this mascly. See fig. 39, which
we shall presently explain.
A cross Calvary is a plain cross, the bar somewhat Calnrr.
elevated, and the whole raised on three griects, i. e. steps.
In such a manner are the crucifixes set at the entrance
of towns in Countries professing the Romish Religion ;
from which circumstance this cross undoubtedly derives
its name. It is sometimes found without steps, when it
is termed a long orpassion cross. It is exemplified in fig.
31, the Arms of the old Bishopric of Dunkeld, argent, &
cross Calvary, sable, between two passion nails, gules.
The patriarchal cross is plain, but has two bars, the Viisari
upper smaller than the lower. It is the insigne of Pa
triarchs or Archbishops. It is not used by English
Archbishops, but it generally forms part of the exterior
decorations of the armorial bearings of Cardinals. The
Arms of the Province of Lithuania are gules, a cavalier
armed cap-a-pie", argent, mounted on a barded courser
of the second, holding in his right hand a sword erect
of the same, garnished or, and bearing on his left arm
a shield azure, ensigned with a patriarchal cross of the
second. Fig. 32.
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Heraldry. A. cross Lorrain has the lower bar nearer the base, as
—
in fig. 33, argent, a cross Lorrain, gules, the Arms of
Unain. Hersfeld, quartered by the Prince of Hesse Cassel.
Troakfe
A crosslet, or cross crosslet, is a cross crossed towards
each end. See fig. 34, the Arms of Taddington, or, a
cross crosslet, gules. Such a cross between four plain
crosses is called a Jerusalem cross. Argent, a Jerusalem
cross, or, was the Arms of the Christian Kingdom of
Jerusalem. This is what would be called false Heraldry,
although this bearing was sanctioned by ancient pre
scription. Some make the centre cross potent.
Joteni
A cross potent is one which terminates in crutch heads.
The derivation of this word has been already explained.
An example will occur presently.
Vunpony. A cross crampony is where the ends resemble crampirons. Azure, a cross crampony, or, are the Arms of Bul
wark. See fig. 35.
-imbeau.
A cross lambeau is exemplified in fig. 36, gules, a
cross lambeau, argent, for Rudetzker.
)<mbleA cross double parted is exemplified in fig. 37, azure,
"teil.
a cross double parted, argent, name, Doubler.
'otency.
A cross potency is a figure more easily drawn than
described. See fig. 38. Argent, a cross potency, gules.
'ommy.
The cross pommy terminates in circles ; from the re
semblance of which to apples (pommes) it derives its
name. Fig. 39, azure, a cross pommy, argent, is the
ancient coat-armour of the Kings of Navarre, which
Inigo Ximenes professed to have adopted at the sugges
tion of an Angel, who commanded him to make war on
the Moors with abannerof this bearing. An ordinary,
adorned with circles of this kind, is also called pommetty.
Thus, fig 40, the bearing of the Count of Thoulouse, is
gules, a cross clechy pometty, voided, or.
jtonny.
A cross botonny is so called from the resemblance of
its ends to buds, (quasi boutonnie, Fr.) It is exempli
fied in the Arms of Winwood, fig. 41, argent, a cross
botonny, sable.
dine.
The cross moline terminates in representations of the
ends of the fer-de-moulin, or milrind. Argent, across
moline, sable, fig. 42, is the Arms of Dr. Alnwick,
founder of the Philosophy School, Oxford.
:ercly.
When the extremities curve very considerably, it is
termed recercly, or anchored. See fig. 43, gides, three
crosses recercly voided, argent, a chief vairy, ermine and
ermines, the Arms of Verney.
ry, or
The cross flory differs from the moline in having
<">cy. three points at each end, instead of two. The term
flory is sometimes applied to a very different cross, being
plain, with afleur-de-lys at each end. It may be better
to call the present cross patoncy (_& palendo) than flory,
because, whatever name we may assign to this bearing,
such a cross as that last mentioned would necessarily be
called flory, as we shall, in our progress, have occasion
to observe. But it should rather be blazoned, couped
and flory at each end. Some make the extremities of
the patoncy cross more erect, and distinguish between
it and the flory cross. We give an example of this
latter in fig. 44, the Arms of Bolton Priory, Yorkshire,
gules, a cross patoncy, vair.
or
The cross paty, like the former, has its name from
Tm
the breadth of its arms. It is exemplified in fig. 45,
the Arms of the See of Lichfield and Coventry. Per
pale, gules and argent, a cross potent, quadrated in the
centre,* counterchanged, between four crosses paty, the
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two in the dexter pale or, those in the sinister of the Blazonry,
first. This cross is sometimes called formy.
v—v^L>
A cross of this kind reaching to the circumference of Finny,
the shield is called a cross flrmy. Argent, a cross paty
firmy, sable, is the Arms of the city of Constance. See
fig. 46.
A cross terminating every way like a cross paty is Crosslet
called a crosslet paty. Argent, a crosslet paty, sable, is Pa,ythe bearing of Crossfall. See fig. 47.
There are also crosses paty concave and paty convex.
Argent, a cross paty convex, gules, is the bearing of
Wandley ; and gules, a cross paty concave, or, is that of
Honstein. See figs. 48 and 49. The paty and other
crosses are sometimes rebated, i. e. lose their angular
parts.
The cross of Malta, little differing from the cross Maltese.
paty, except that the ends have double points, is rarely
to be found in English arms. It is part of the insignia
of the Knights of Malta, whence it derives its name.
It is found in no English military Order, except that of
the Bath, the jewel of which, in this form, is given in
fig. 50.
The cross avellane is derived from avellana, the hazel- Avellane.
nut, which it somewhat resembles.
The paternoster is a cross formed of beads.
Paternoster
A cross is said to be fltchy when the lower limb is Fitchy.
sharply pointed, as if to stick (fixer) in the ground.
(We shall give an example under the bend.) And it is
said to be filched in the foot, when a point is added at Fitched.
the bottom of the lower limb. Crosses borne as stan
dards in the Crusades, and on other solemn occasions,
were sometimes pointed at the end for the purpose of
pitching when the army encamped. The traditional
Arms of Edmund Ironside, King of England, fig. 51,
are or, a cross paty, fitched in the foot, azure.
A cross is said to be degraded when the ordinary is Degraded,
bounded by steps (degres) towards the circumference
of the escutcheon, as in fig. 52, the Arms of Wyntworth,
argent, a crosslet degraded, sable.
When the field is covered with numerous little equi- Crusilly.
distant crosses, it is said to be crusilly.
When several charges are disposed in the form of a Crosswise,
cross, or when two charges having length are placed
vertically and horizontally, they are said to be placed
crosswise.*
The bend is an ordinary bounded by parallel lines, Bend,
equally distant from the line joining the dexter chief
and sinister base. It contains the fifth part of the
escutcheon uncharged, and the third charged. Its name
may be derived from its bended position ; but, more pro
bably, from the French bande, since all its diminutives,
except the cost, have names derived from the same idea.
Fig. 52* is the Arms of the noble family of Howard,
Duke of Norfolk, hereditary Earl Marshal of England,
gules, a bend, argent, charged with an escutcheon of
Scotland in the dexter chief, between six crosslets fitchy
of the second.
We scarcely know whether the bendlet should be con- Bendlet

* The reader, in the course of his Heraldic studies, will discover
that we have here set down only the principal crosses. To attempt
the description of all would be impossible in this Essay, and we
question whether this has ever been done. Juliana Berners, at
least, authoress of the Book of St. Albant, gave up the idea in de
spair. " Now," says she, ■ I turne ageyne to the signe of the cros,
and ask a question. How many crosses be borne iu armys ? to the
* V7hen the centre is formed like a circle the cross is said to be wich question, under a certein nowmbur, I dare not answere, fur
crossis i.NNUiiEKABVM. are borne now daily."
stowed; when like a square, quadrated.
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Heraldry. Bidered a diminutive of the bend. Gwillim is of the
negative opinion, despite its name and general resem
blance. The reason why Heralds have hesitated on this
point is, that the bendlet, although occupying nearly
the relative position of the bend, does never exactly
occupy it ; the upper side being in the exact corner
of the escutcheon, and passing through the fess point.
The bendlet, according to .Gwillim, whose authority we
follow on the litigated point of the content of the di
minutives of the bend, should never occupy above onesixth of the field. Fig. 53 is the Arms of Lord Byron,
argent, three bendlets enhansed,* gules.
An ordinary containing one-half the bend is called a
Garter.
garter.
The fourth of the bend is called a cotise, or cost, from
Cotise.
costa, a rib. This ordinary is generally found in com
pany with the bend, one on each side ; whence the name.
" When one of these is borne alone, then shall you term
it in blazon a cost ; but if they be borne by couples in
any coat, (which is never, saith Leigh, but when a bend
is placed between two of them,) then you may name
them colises."-\ Also a bend thus situated is said to be
cotised. See fig. 54, the Arms of Fortescue, azure, a
bend ingrailed, argent, cotised, or.
The riband contains the eighth of the bend ; and it
Riband.
may be remarked concerning its name, that it unites the
derivations of the bend and the cotise. Fig. 55 is bla
zoned argent, a bend traverse, sable. Name, Travers.
When the whole field consists of alternate spaces of
Bendy.
heterogeneous tincture, bounded by equidistant lines in
the direction of the bend, it is called bendy. See fig. 56,
bendy of ten, sable, and argent, the bearing of the Duchy
of Angouleme.
When the escutcheon is bisected by a line in the
Party
.Tarty per
direction of the bend, it is called per bend, or party per
bend.
bend. Anciently, this bearing was called lentully. Fig.
57, party per bend, embattled, argent and gules, is the
bearing of the famous Philosopher Boyle, and of the
Earls of Shannon, and Cork and Ossory, in Ireland.
When a charge having length lies in the direction of
Bendwise.
the bend, or when more charges than one are arranged
in this direction, the charge or charges are said to be
bendwise, or bendways, or in bend. An example will
occur, fig. 66.
When the field is divided into spaces filled alternately
Combina
tion of the with heterogeneous tinctures, by lines in the direction of
pale and the pale and bend, it is said to be paly bendy. Paly bendy,
bend.
Paly-bendy. argent and azure, are the Arms of Bavaria. See fig. 5S.
When lines drawn bendwise and barwise enclose
Combina
tions of the alternate spaces of metal and colour, the bearing is
fess and termed barry bendy. Gules, a fess barry bendy, argent
bend.
and azure, is borne by Husberg. See fig. 59.
Barry
If a line drawn from the dexter chief to the fess point
bendy.
meet another drawn through that point fesswise to the
Gyruu.
dexter side of the escutcheon, the enclosed space forms
the ordinary which is called the gyron. We derive its
formation in this manner, because when a gyron is borne
by itself, it is always made thus, unless otherwise spe
cified. But every ordinary enclosed by the circum-

forence of the escutcheon and by two lines meeting in Blao-jj.
the fess point, is called a gyron. Argent, a gyron, gules,
is the bearing of Gyronell. Fig. 60.
Hence is derived the term gyronny, which is applied Gynuv.
where the whole field is divided by lines crossing each
other in the fess point, and the spaces filled with alter
nate tinctures, not homogeneous. It is denominated
from the number of spaces or pieces. Gyronny of six
and gyronny of eight are those in greatest requisition;
the word seems to be derived a, gyrando, which appears
more clearly from the gyronny than the gyron. Gy
ronny is by early armourists called contrary coned.
Gyronny of six, azure and or, are the Arms of Ambery ;
of eight, or and sable, those of Campbell. See fig. 61, 62.
The bend sinister, although only differing from the Bairn
common bend in its position, which is from sinister chiefto.
to dexter base, is considered by armourists as a separate
ordinary, on account of the difference in its subdivisions.
Gules, a bend sinister, argeni, is the bearing of Bar
ber. Fig. 63.
The scarp is a diminutive containing one-half of the Sart.
bend (e'eharpe, a scarf, Fr. which it considerably re
sembles.)
The baston, or batune, as it is sometimes corruptly Bfcta.
called, (baston. Norm. Fr., a truncheon,) contains onefourth of the bend sinister, but never reaches quite to
the circumference of the escutcheon. Of the use of this
ordinary we shall speak in treating of marshalling.
Meantime an example of it will be found in fig. 64,
the Anns of the noble family of Fitzroy, Duke of
Grafton. Quarterly first and fourth, quarterly again,
first and fourth France, second and third England,
second Scotland, third Ireland ; over all a baston
compony of six, gules and argent. The baston is the
insigne of a marshal ; two are placed behind the shield,
sable, tipped or, and they lie in opposite directions; the
sinister direction being no longer essential. This may
be seen in fig. 52* the Arms of the Earl Marshal.
When the escutcheon is bisected by a line in the di-pB-jut
rection of the bend sinister, the coat is blazoned per
bend sinister, or party per bend sinister. See an ei-*8ample in fig. 65, the Arms of the Canton of Zurich, per
bend sinister, argeni and azure.
The expression in bend sinister is applied when any la fetal
charge having length is disposed in this manner ; or iinisaa.
when any number of charges are so arranged. Fig. 66,
the Arms of the Episcopal See of Winchester, are sv/et,
two keys endorsed in bend, the uppermost argeni, the
other or, and a sword in bend sinister, interposed be
tween them, of the second, hiked of the third.
The two bends in combination form an ordinary, Coca*
which is called a saltire, d saliendo, because it seems to tkotf
leap across the escutcheon. The Arms of the See of
Bath and Wells (fig. 67) are azure, & saltire quarterly
quartered,* or and argent. When a saltire is cut off Sate ht|
by horizontal lines at chief and base, it is called kx- B<0"
melly.
Charges having length, placed in the direction of the
saltire, are said to lie in saltire, saltirewise, or saltireways. Thus the Arms of the See of London (fig. 6S)
• An ordinary is said to be enframed when it is placed above its are blazoned gules, two swords saltirewise, argent,
proper position in the escutcheon. In the example the lower side hilted or. The same expression applies to any number
of the lowest bendlet passes through the fess point instead of the of charges arranged in this direction.
higher. It is, however, called a bendlet, because the side passes
exactly through this point. And the other ordinaries being the
they M
same in capacity, receive the same name. We may add that the
* This expression applies to
diminutives of the bend are much controverted,
bisected by straight Hues crossing each other, and the
spaces are filled with different tinctures.
\ Gwill ch, iv, sec 2.
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A crosslet in saltire is called a St. Julian's cross.
Argent, a St. Julian's cross, sable, are the Arms of
Julian. When the coat is divided by two lines in the
direction of the saltire, and the alternate spaces are
rilled with tinctures not homogeneous, it is blazoned
Parly per per sallire, or party per saltire. The same is someB"ire"
times called gyronny offour.
Lozengy.
When the field or charge is divided by many lines
drawn saltirewise into spaces filled with alternate
tinctures not homogeneous, it is called lozengy,
(lozengy, argent and gules, fig. 69, is the Arms of
the Prince of Monaco,) and each of the compart'.oienge. ments is termed a lozenge, (lauringia, from its shape,)
which is often borne as a separate ordinary, and is
always the form of the escutcheon which contains the
bearings of unmarried females. The lozenge is not
limited to any particular capacity. Edmondson makes
the width of the lozenge three-quarters of its height ;
but on this authors differ. When a lozenge reaches
every way to the circumference of the escutcheon, it is
called a grand lozenge, or a lozenge throughout. See
fig. 70, the Arms of the Count of Graffen Egg ; gules, a
grand lozenge argent.
llisde.
A lozenge voided is called a mascle, (macula, the
mesh of a net, which this ordinary exactly resembles.)
But Edmondson says, " according to the sentiments of
all authors, it should be an exact square." Who these
authors are it is not so easy to specify. See fig. 71, the
Arms of the city of Rouen, gules, nine mascles, three,
three, and three, or. Lozengy voided is called mascally.
'ret
A-fret is a mascle interlaced with a saltire. The term
seems to be derived from freius, the ordinary repre
senting sticks supported by each other. See fig. 72,
argent, a fret, sable, the Arms of Vernon. Sometimes
vve find a fret of eight pieces.
retry.
When the field or charge is covered with bendlets
dexter and sinister interlaced at equal distances, after
the manner of the fret, but exceeding eight pieces, the
bearing is called frctty. Fig. 73, argent, fretty, azure,
is the bearing of De Montier Aullier. It is astonishing
thatetymologists should here have thought of thefretting
of water over the stones of a brook. The derivation is
obviously from the fret, and its etymology ultimately the
same. When charges appear between the frets, the
bearing is called diaper.
(ted.
Charges alternately crossing each other are said to
be fretted. Azure, three trouts fretted in triangle, testea-la-queue, argent, are the Arms of Troutbeck, quartered
by the Talbots of Grafton. See them, fig. 74.
3.
The lozenge somewhat elongated takes the name of
a. fusil, from fusee, the old Norman word for a spindle,
which its form resembles. Azure, five fusils in fess, or,
arc the Arms of the Abbey of Salley. Fig. 75.
HyWhen a shield or charge is divided into fusils of
two tinctures alternately, it is called fusilly, and
further denominated from the direction of the fusils.
If they lie palewise, it is called fusilly only; if barwise,
fusilly barry ; if bendwisc,/u.«'% bendy. Fusilly and
ermine on a chief of the first, three lilies argent, is
the Arms of Magdalen College, Oxford. Fig. 70.
•c.
The lozenge pierced is called a rustre. See fig. 77,
azure, three rustres, argent, the Arms of Lebaret.
ron.
The chevron may be considered as the progeny of
the saltire, as consisting of the lower half of that ordi
nary brought to a point on the upper side. Some assign
to this ordinary one-fifth, and some one-third, of the
vol. v.
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escutcheon. The latter may always be asstinjed when Blazonry,
the ordinary is charged. Chevron, in French, signifies ^•v"""'
the support of a slanting roof formed by one rafter
lying against the other, which is precisely the shape of
the ordinary. The chevron is always shaded on the two
lower sides, not on one lower and one upper. Many
examples of this ordinary will occur as we proceed.
Concerning the locality of this ordinary, great is the
contest among armorists. The grave and decorous
Gwillim* is excited to almost unbecoming warmth by
those " common disorderers of these tokens of honour,"
" the common painters," who have ventured to depress
the vertex of the chevron from the middle chief to the
honour point. But notwithstanding this venerable
authority, the practice of Heralds has been to follow this
corrupt example. Yet is the chevron found in various
situations. Sometimes a fess occurs between two of
them. Sometimes it stands on one side of the escut
cheon, in which case it is called tourny, and denominated
from the side. Or, a chevron tourny, sinister, gules, is
the bearing of Tournay, see fig. 78 : the same bearing
is sometimes called a chevron couched, counter-turned, or
counter-pointed. Sometimes we find them interlaced, or
braced, as in the Arms of Fitzhugh, fig. 79, azure, three
chevrons interlaced, a chief, or. The chevron is beside Chevron
subject to couping and voiding, and to an operation removed,
called removing, which will be better understood by a
representation than a definition. See fig. 80, a chevron
removed, a chief, argent, the Arms of Wolfsthall.
Another form of this ordinary is called debrused, or
fracled. See fig. 81, azure, a chevron debrused,
argent, name, Winterfall. Fig. 82 presents a form which
is also called a chevron removed. Perhaps it would be
more correct to call it removed one joint. When the
middle part of the chevron is wholly taken away, it is
said to be disjointed. See fig. 83, gules, a chevron
disjointed, or, name, Discord.
An ordinary containing one-half the chevron, but Chevroael.
having the same shape, is called a chevronel. The Arms
of Clare (fig. 84) are or, three chevronels, gules.
An ordinary containing one-quarter of the chevron Couple
is called a couple close, which always is found in com- dose,
pany with the chevron, one on each side, which in
that case is said to be cotised. Edmondson, however,
calls all diminutives of the chevron chevronels, and
only applies the term couple-close when the ordinaries
are placed in pairs ; but in this he is not generally fol
lowed.
When the escutcheon is parted by two lines in the Party per
direction of the chevron, meeting in or a little above chevron,
the fess point, the coat is said to be per chevron, or party
per chevron. Party per chevron, sable and argent, are
the Arms of Aston. See fig. 85.
When the field or charge is divided into parallel ChevTonny.
spaces in the form of chevrons, occupied with alternate
metal, &c. not homogeneous, such bearing is called
chevron?iy, and is further denominated from the number
of its pieces, as paly, barry, &c. Chevronny of eight,
argent and vert, is the bearing of Chevronney. Fig. 86.
When charges assume the form of the chevron, they Chevron
are said to be placed in chevron, cltevronwise, or chevron- wiseways. Argent, a heart, gules, pierced by two swords
chevronwise, azure, is the bearing of Pearson. Fig. 87.
When the bends and pale terminate where they meet,
they form the ordinary called the pall, from its resem* Cb. vi. see, 2.
4i
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Heraldry, blance to the pallium of patriarchs and archbishops.
Some call it the pairle, from the French, after the Latin
Combina pergula. And it may be well to distinguish it from the
tion of the actual pall, which, as we shall have occasion to olraerve,
bends and
the pale. sometimes occurs in coat-armour. Fig. 88, or, a pairle,
gules, is the Arms of Pauling.
Pall, or
We may here conveniently notice the ordinary called
pairle.
the pile, which is commonly enclosed by two lines drawn
Pile.
from the upper side of the escutcheon meeting in a | oint ;
and this we ought to do in this place according to the
opinion of those who consider it the natural offspring of
the saltire, as being the space enclosed in chief by the
boundary lines of that ordinary. To this opinion, how
ever, we do not subscribe ; as the pile always reaches
below the fess point, while the point of intersection of
the upper lines of the saltire falls always above it. Be
side which circumstance the position itself of the pile
varies in a manner to destroy all analogy between it
and the saltire, or rather the space in chief of the saltire.
We prefer, therefore, to consider it an independent
ordinary. It seems singular that its etymology should
ever have been questioned. It is so exactly a represen
tation of a pile on which bridges, &c. are built, that
nothing can be more so. Fig. 89, the Arms of Chandos,
are argent, a pile, gules.
"When there is but one pile in the field it must
contain the third part (of the escutcheon) at the chief."*
Such is Gwillim's rule. But.practice does not univer
sally confirm it. When several piles are borne in one
coat, they must converge towards the base, unless other
wise specified. See fig. 90, argent, three piles, gules,
for Gildsbrough. Fig. 91 is blazoned, argent, a triple
pile in base per bend sinister, vert, flory, sable.
When the shield is parted by zig-zag lines into more
Pily.
than three spaces, the bearing is said to be pily. This
is a very uncommon bearing. It is called barry pily, or
bendy pily, when in direction of the bar or bend ;
but when in direction of the pale, pily only. But when
there are only three spaces or pieces, it is called party
Party per per pile ; and the words traverse, inverse, per bend, &c.
pile.
are added, according to the position of the lines. Per
pile traverse, argent and gules, are the Arms of Rathlow.
Fig. 92. Per pile inverse, or, gules, and sable, those of
Meinstorff. Fig. 93.
When several small charges are arranged in the form
Pilewise.
of an inverted pyramid, or when charges having length
meet in the base and widen at the chief, they are said to
be borne in pile, pileioays, or pilewise. When three
charges alone are borne, and no specification is made,
they are always understood to be borne pilewise.
Bordure.
We have now discharged the consideration of the
great ordinaries, and those which are either their dimi
nutives or derivatives. The next object which appears
to claim our attention is the bordure or border, whose
name sufficiently conveys its description. It occupies
one-fifth of the escutcheon. Edmondson and some other
writers of authority do not allow the bordure to be
shaded, which would deprive it of the nature of an or
dinary altogether, which is a charge, and reduce it to a
mere division of the shield. But as it is generally re
garded as an ordinary, it ought, on that account, to be
shaded. The bordure, if of fur, formerly was blazoned
" per/lew of ermine, ermines, &c." or whatever the fur
might happen to be ; if charged with beasts, it was blaaoned " enurny {en orne, Fr.) of lions, &c ;" if with
* Gwil. ch. vi. sec. 2.

birds, " enaluron, (en orle, Fr. in a border,) of Blcwj,
eagles, &c. ;" ifof plants, verdoy, of roses, &c. ; and if of
other inanimate objects, " entoyry (entourt, surrounded)
of crosslets," &c. But these useless distinctions have
now given way to the usual mode of blaaonry. When
the bordure is simply adumbrated, the arms must be
blazoned as in fig. 94, the Arms of Magdeburg; per fess,
vert and argent, each imbordured.
A border running parallel with the sides of the escut- Treses,
cheon, containing al>out one-quarter of the bordure, is
called a tressure. It is generally double, and some
times triple, and it is most usually_/?ory-courc<er/?ory,
i. e. ornamented with Jlntrs-de-lys* alternately arranged
in opposite directions. This bearing makes a part of die
Arms of Scotland, and, as it is pretended, was a present
of honour from Charlemagne to Achaius, then King of
that Country. Several Scottish coats have the tressure,
particularly that of the Royal House of Stuart, which
occurs in fig. 95 : or, a fess cheeky, argent and
within a double tressure, flory-counterflory, gulet.
We do not here mention the orle, which son
sider a diminutive of the bordure, because we
regard it as referable to the inescutdheon, which we shall
presently notice.
A subordinate, but strictly independent, ordinary is Flssdi
the flanch, which is contained by the circumference of
a semicircle and the side of the escutcheon. Two of
these are always borne together. They have diminu
tives contained by ellipses of different eccentricity and
respectively called flasques and voiders ; but concerning fT»-f--5
these armorists are not agreed, some making the
flasque the principal ordinary, and the flanch the deri
vative. The distinction, however, is now obsolete, and
all figures of this kind are known by the common term
offlanch. Or, two flanches, gules, were the Arms of Lancrofl Priory, Cumberland. Fig. 96.
An escutcheon placed upon the fess point is called an loao
inescutcheonA " This ordinary containeth the fifth part C^J3,
of the field," saith Leigh, " but his demonstration denoteth the third part." So observes Gwillim ; and per
haps the best way of reconciling this contradiction will
be to allow this ordinary, like some others, the third
part when charged, and the fifth part otherwise. It is
evident that this ordinary must not encroach too much
on the escutcheon, as then the remainder would become
a bordure. Some Heralds call all escutcheons borne as
arms inescutcheous ; but the ancient practice was cer
tainly to restrict this term to an escutcheon borne on the
fess poiut.
An ineseutcheon voided is called an orle, (orula, O^*Latin, little border,) which contains the halfof a bordure.
An orle is sometimes borne double, or triple, that is,
one or more orles within another. Gides, an orle, argent,
is the Arms of the family of Baliol ; hence of Hanoi
College, Oxford. Fig. 97.
Charges disposed in the form of an orle, are said to
be in orle.
These are the bearings usually comprehended under
the name of ordinaries. To these may be added the
file, lambeau, or label, (by which last name it
* The flcur-dc-iy is a bearing so well known, as scarcely to need
description. Yet we shuuld not have deviated from our urik-rlv ar
rangement by introducing it in this place, cxcipt from necessity.
The tressure has every right to be considered a variety of the bor
dure ; and the fleur-de-Jyg is its usual <
t Of whatever form the escutcheon is, 1
follows it.
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commonly blazoned,) a figure consisting of one piece
reaching' across the shield, and several at right lines
to it, which are called points. This figure is by some
writers excluded from the honours of an ordinary, and
considered only as a family distinction. But Gvvillim
has produced several coats in which it is undoubtedly a
bearing; as for example, fig. 98, that of Liskirk, or, three
labels, barwise, gules, the first of five points, the second
of four, and the third of three. The abatements we re
serve to the division on marshalling. We shall now
advance to the discussion of those bearings which are
called common charges, first briefly noticing those known
by the name of Roundels and Gtittes.
A roundel is a circle, supposed to be emblematic of a
blow sustained in the shield. Foreign Heralds call all
roundels indiscriminately tourteaux, but this name in
English Heraldry is restricted to the red roundel. The
roundels are denominated as follows :
Gold. Bezant, from Byzantinus, (sc. numrnus,) the
gold coin of Byzantium.
White. Plate, from the Spanish plala, silver.
Red. Tourteau, Fr. a kind of cake.*
Blue. Hurt, a flower of a blue colour.
Green. Pomme, Fr. an apples.
Black. Pellet, Ogress, or Gunstone. The first of
these terms is most in use.
Purple. Golpe, which some (si Diis placet) derive
from the verb to gulp.
The orange-coloured roundel naturally takes the
name of that fruit ; and the " sanguine" is termed guze,
from gueuse, Fr. a mass of heated metal ; it represents
a heated cannon ball. The last two are very rarely
used.
The above names are always employed by English
Heralds, who never blazon " a roundel or," &c. but
always, " a bezant," &c. ; except only in counterchanges, where this mode of blazon would be awkward
and prolix. Thus the Arms of Abtot, Earl of Worces
ter in William Rufus's time, fig. 99, are, according
to Gwillim, " per pale, or and gules, three roundels
counterchanged." And where the roundel is of fur, or of
equal tinctures ; as, a roundel ermine, a roundel cheeky,
&c. Some represent the bezant and plate flat, and the
Other roundels spherical. But as the lower roundel
in this coat must partake of gold and red, in order that
the three may be arranged pilewise, (see under pilewise,')
it is obvious that this rule must be violated here.
A roundel barry wavy of six, argent and azure, is
called a fountain, of which natural object it is a rude
representation. This roundel is always represented flat.
When the field or charge is strewed with equidistant
roundels, it is said to be bezaniy, platy, pommetly,
hurty, pelletty, semy of torteaux, semy ofgolpes, semy of
oranges, semy of guzes, according to the nature of the
roundel.
Guilts are devices resembling drops, from goutle,
Fr. a drop. They are most generally borne at equal
distances, scattered over the whole shield or charge,
■which thence is said to be gutty, with the following dis
tinctions.
• It is said that a Spanish Prince, being about to engage the
Moors, encouraged his men to cat a quantity of cakes, by telling
them, that as many cakes as each man ate, so many Moors he would
kill in the battle. After the victory, the various Chiefs, in memory
of the occurrence, assumed in their bearings as many cakes as they
had respectively eaten. This tradition is applied to explain the fre
quency of tourteaux in the arms of the Andalusian nobility.
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If the drops be of go)d, the object is denominated gully d'or.
Blaionrr.
white
d'eau.
. _T_*
red
de tang,
~ *
blue
delarmet.
black
de poix.
green
cThuilc d'olive.
An illustrative example will be found in fig. 100, the
Arms of the Penitents of St. Francis, sable, gutty d'eau,
in chief a dove with wings expansed descending, argent.
Next to the ordinaries come to be considered the com- Comio!*
mon charges, under which name is comprehended every cHAiiara.
other species of charge. We shall class them into ani
mate and inanimate.
1. Animate charges are 1. celestial ; 2. terrestrial ; 3. Animate,
chimerical. All animate charges are represented moving
towards the dexter side of the escutcheon, unless other
wise specified ; if they respect the sinister side, they are
said to be contourny.
1. Celestial animate charges are angels and cheru- Celestial,
bira. The vulgar representation of an angel, an human
figure with wings, is too well known to make any parti
cularizing necessary.
A cherub is an infant face between two or more wings.
Fig. 101, table, a chevron between three cherubim, or, is
the bearing of Chal loner.
2. There are some terms which indifferently apply to Terrestrial,
all kinds of terrestrial creatures ; such as couped, where
the charge is abruptly terminated in a straight line ; an
expression which we have already seen applied to ordi
naries ; erased, where the charge terminates in three
parts ; demy, where the couped upper half of the crea
ture is represented ; gardant, when the full face is exhi
bited ; regardant, when turned back over the shoulders.
The human figure, as might be expected, enters Man>
largely into Heraldry ; not, however, so technically, as
to render it necessary to give many examples. Man is
said to be crined of the colour of his hair.
The most remarkable human figure which is the strict
property of Heraldry, is what is called a Prester John,
viz. a Patriarch seated, bearing in his mouth a drawn
sword fesswise, his dexter hand erect, the fourth and
fifth finger bent ; his sinister holding a book expansed.*
Azure, a Prester John, proper, are the Arms of the See
of Chichester. Fig. 102. The Prester John appears to
be the Evangelist John, who calls himself, tear' cfoxr/"»
in his two last Epistles, o irpeafivrepos ; and the sword is
the representation of " the sword of the Spirit, which is
the word of God."
A human arm bent back is said to be embowed whea
the elbow is to the dexter side ; when to the sinister,
counter embowed ; a hand extended, with the palm pre
sented, apa u my. If armed, the arm is called vambraced.
(fivant-bras.)
Fig. 103 presents a bearing somewhat fantastical,
which is blazoned thus: gules, three legs armed, proper,
conjoined in fess at the upper part of the thigh, flexed
in triangle, garnished and spurred, or. This is the bear
ing of the Isle of Man.
Beasts are said to be passant when represented as Beasts.
passing or walking by ; rampant, when rearing ; saliant,
when springing forward; sejant, when sitting; statant,
when standing; current, when running; com hant,\ when
* No Heraldic figure is more variously represented than the Pres
ter John. Our representation is taken from an authoritative draw
ing in the College of Arms.
t Beasts of prey are said to be cnuehant; beasts of chuse, lodged.
The same distinction obtains respectively between the terms tatiant
and tpringing, pattanl and tripping. '
4i2
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Heraldry, lying ; dormant, when sleeping ; nascent, when rising
*_»- ._' out of the midst of any ordinary, &c. ; issuant, when
from the top or bottom. The lion on the crown of Scot
land, in a sejant gardant position, is said to be assis.
(seated.) They are called dismembered, when their
heads, tails, and feet are separated from their bodies.
When rampant in opposite directions, front to front, they
are termed combatant; when back to back, addorsy.
When two animals are represented side to side, as in
fig. 104, but moving in opposite directions, they are said
to be countertripping, counterpassant, countersaliant,
&c. as the case may happen. The example is blazoned,
sable, two hinds, countertripping, argent. Beasts are
also called debruised, when a charge is placed over them.
They are said to be armed and laugued of the colour of
their claws and tongue ;* queued, of their tails ; unguled,
of their hoofs ; armed, of their horns, except deer, which
are attired. When the head only is presented without
any part of the neck, it is said to be cabossed. (cabeca,
Span, head.) Fig. 105, the Arms of Mackenzie, are
azure, a slag's head cabossed, or.
A deer statant gardant is said to be at gaze.
Lions are said to be coicard, when the tail is brought
down between the legs ; defamed, when the tail is alto
gether taken away ; baillony, when they bear a baston
in the mouth. If more than one appear in a coat,
they are called lioncels; but this distinction is now little
observed. The whole foreleg of the lion is called a
gamb. (jambe, leg, Fr.) If the lower joint only be
represented, it is called a paw.
An extraordinary bearing is noticed by Gwillim,
(chap. xv. sec. 3 ) which we have copied, fig. 106. It
is thus blazoned by him ; " the field is Mars, (gules,) a
incorporated lion, issuing out of the three corners of the
escutcheon, all meeting under one head in the fess point,
sol, (or,) armed and langued, Jupiter (az.)" For whose
Arms this blazon is intended, we are not informed. Ed
mund, Earl of Lancaster, brother of Edward I., and one
of the ancestors of the Earl of Totness in Gwillim's time,
is mentioned by him as bearing Arms not very dissimilar
from these.
A holy lamb is a Iamb passant, proper, his head sur
rounded with a glory, or, and supporting in his sinister
ungule a staff, argent, ending in a cross, ensigned with
a flag of the third, charged with a cross, gules. The
Arms of the Middle Temple, London, are argent, on a
cross of England, a holy lamb. Fig. 107.
Birds.
Birds are said to be memberedofthe colour oftheir bills
and talons, except they be of prey, when they are said to
be armed. And their bills and talons are called mem
bers. Their wings are displayed, when open ; erect,
when extending upwards ; inverted, when downwards ;
close, when closed. When the wings are displayed, and
the bird's body lies in fess or bend, it is said to be volant
in fess or bend. So argent, a heron volant in fess, azure,
between three escallops sable, is the bearing of Herondon. Fig. 108. The swan and other heavy birds, open
ing their wings to fly, are termed rousant. When they
look behind them, they, as well as beasts, are called
regirdant.
Birds are sometimes displayed, which is a kind of
bearing better explained by an example than by any de
finition. Our example shall be the Arms of the town of
Bedford, fig. 109, argent, an eagle displayed, wings
* Lioni are always armed and langued yula, except the 6eld or
charge be gultt ; in which case azure is substituted. And all beasts
azure am armed guki, and. vice terwj,

inverted, azure, ensigned with a triple tower of the BUicaj
first.
^
Sometimes Heraldry superadds to Nature, as in the
escutcheon of Russia, fig. 110. Or, an eagle with two
heads displayed, sable, each ducally crowned of the
field, the whole imperially crowned, beaked and membered, gules. In the dexter foot a sceptre erect, in the
sinister a mound proper, on the breast an escutcheon,
gules, charged with a cavalier slaying a dragon, argent.
A peacock with his tail displayed is said to lie in Ins
pride, and a pelican feeding her young is in her piety.
The cock is said to be crested of the colour of his comb,
and jollopped of that of his wattles. The Cornish chough
is represented as a raven membered and beaked, gules.
If the word bird alone be used in blazon, the form
must be that of a blackbird ; but the colour as blazoned.
If more eagles than one appear in the shield, they are
properly called eaglets. But this minutia is often over
looked. Two wings conjoined, inverted, are said to be
in lure. See the Arms of Seymour, fig. Ill, azure,
two wings conjoined in lure, or.
When three ostrich feathers are borne together, they
are called a plume ; if they exceed three, they must be
blazoned a plume of feathers. Rows of feathers are
called heights ; or they may be blazoned a double,
triple, eye. plume.
A swan's head should always be blazoned a swan's
neck ; a mode of expression never applied to any other
bird.
The cassowary is Heraldically termed an emetc.
Jiio.
Fishes, when in pale, are said to be hauriant ; when
in fess, naiant. When a whale or dolphin is borne, it
is necessary to particularize whether it is embotced or ex
tended. Azure, & dolphin cmbovoed, hauriant, or, is a
coat always borne quarterly with the Arms of France,
by the Dauphin. It will be found in fig. 112. Gules,
three bars, wavy, or; in chief, three escallops of the se
cond, over all a dolphin, azure, are the Anns of the town
of Poole. Fig. 113.
Other fishes are sometimes embowed, when two occur
in the escutcheon. If they turn towards each other, tbey
are said to be respecting ; if in an opposite direction, en
dorsed. The Arms of Colston are, argent, an anchor in
pale, inverted, the flukes in the mouths of two dolphins
respecting, sable. Fig. 114. Gules, two pikes hauriant, en
dorsed, or, are the Arms of the dominion of Phiert. They
are ensigned with the crown of Wurtemberg. Fig. 113.
Serpents, and animals of the genus anguis generally, Angus,
are said to be nowed, when they are repeatedly twisted
in knots.
3. Chimerical figures, or monsters, are usually pre- Ckkersi
posterous combinations of real animals.
ngore.
Those compounded with the human form are, the
Sagittary, the Man-tiger, the Sphinx, the Harpy, the
Triton, and the Mermaid.
The Sagittary is well known as the representation of
the zodiacal sign of that name. It represents a Centaur,
or creature of which the upper half is human, and the
lower the body of a horse, holding an arrow on n bended
bow. The instance which we shall select is rather cu
rious, being the Arms of Stephen, King of England,
adopted by him in consequence of his lauding in Eng
land when the sun was in the sign Sagittarius. He
changed the heads of the leopards into human bodies,
the leopard supplying the place of the horse, thus mak
ing the Arms of England, gules, three leopard-sagittaries in pale, passant regardant, or. Fig. 116.
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The Man*tiger is a chimerical animal, having the face
of a man, the mane of a lion, the body of a tiger, and
two straight horns. Or, a man-tiger, gules, armed of the
field, is the bearing of Helter. See fig. 117.
The Sphinx is an emblematical object of Egyptian
superstition, having the head and breasts of a woman,
the body of a lion, and two broad plumed wings. If
these are omitted, it is called a sphinx sans wings. It
has been added to the Arms of officers who signalized
themselves in the war with the French in Egypt. The
crest of Asgill, fig. 118, is a Sphinx sans wings.
The Harpy is an animal having the upper part of a
woman, and the lower parts and wings of a bird ; Virgineee volucrum fades, as the whole idea is happily con
veyed by Virgil. Fig. 119 expresses the armorial bear
ings of the city of Nuremberg, azure, a Harpy displayed,
crined, crowned, and armed, or.
The Triton is an animal uniting the upper part of a
man with the lower of a fish. See fig. 120, the bearing
of Sir Isaac Heard, impaled with that of his office, Gar
ter King of Arms, and ensigned with the crown of a
King of Arms. The whole is blazoned thus : argent, a
cross, gules ; on a chief azure, a ducal coronet, or, sur
rounded by the garter, between a lion of England and a
fleur-de-lys of France ; the whole impaled with a Triton,
crowned, grasping in his right hand a trident, and in his
left the mast of a ship; all in the sea, proper. On a
chief azure, an estoile argent.
The Mermaid is the female of the last monster.
Dainit in piscem mutterformosa tuperne.
She is generally represented bearing a mirror and a
comb.
Monstrous beasts are the unicorn, the Pegasus, the
antelope, the tiger, the musimon, the dragon, the gry
phon, the salamander, and the opinicus.
The Unicorn is a horse, tailed like a lion, and having
one straight horn issuant from his forehead. He is the
present sinister supporter of the Arms of the United
Kingdom of Great Britain and Ireland. See him in fig.
121, argent, an unicorn, sable, name, Harling.
The Pegasus is none other than the winged horse
known by this name to antiquity. We have given a re
presentation of him in fig. 122, azure, a. Pegasus volant,
argent, being the Anns of the Honourable Society of the
Inner Temple, London.
The Antelope, though bearing the name of a creature
well known in zoology, is chimerical in Heraldry. The
Heraldic antelope has the body of a wolf, the tail of a
lion, and a tusk on its nose, like that of the rhinoceros.
The Heraldic tiger only differs from this beast by having
on its head two serrated horns, and being hoofed like a
deer. If its horns project straightforward, it is called
an ibex. Argent, an antelope, gules, attired and unguled,
or, is the Arms of Antilupe. Fig. 123.
The Musimon is an animal supposed to be generated
between the goat and the sheep. See fig. 124, the Arms
of Arnold, gules, a musimon, argent.
The Dragon is a quadruped having the tail of a ser
pent, with a pair of ribbed wings. Herein he differs
from the Spaxwv of antiquity, whence he derives his name.
The opaKwv was merely a large serpent. Dragons are the
supporters of the Arms of the City of London. A dragon
with seven heads is called a hydra. Or, a dragon passant,
gules, is the Arms of the Empire of China. See fig. 125.
The Gryphon is an animal having the head, the wings,
the talons of the eagle in front, and the hinder
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parts of a lion. The fpvijr of the Ancients, whence this Blazonry.
creature has his name, was a bird. The gryphon, when v--*v"*^
rampant, with wings erect, is said to be segreant, or sergreant, probably from surgo ; and sable, a gryphon sergreant, or, is the Arms of the Honourable Society of
Gray's Inn, London. Fig. 126.
The Salamander is an animal somewhat resembling a
lizard, and always represented in flames. See fig. 127,
azure, a salamander, proper, the Arms of Cennino.
The Opinicus has the head and wings of an eagle, the
body of a lion, and the tail of a camel. It is the crest
of the Company of Barber-surgeons of London. See
fig. 128.
Any animal may be Heraldically converted into a
marine monster, by changing the lower part of the
body into the tail of a fish. Thus are formed the sea
horse, sea-lion, &c. Heraldically called horse poisson, lion
poisson, &c.
Monstrous birds are the allerion, the martlet, the
cannet, the phoenix, the wyvem, and the cockatrice.
The Allerion is an eagle sans beak and feet.
The Martlet is a corruption of the French marlinelle,
the small martin ; it resembles a martin without legs.
The French have again corrupted our word into merlette, which would seem to signify a little blackbird. The
martlet is a very ancient bearing, and is interesting to
the Englishman from the share which it sustains in the
Arms of our Saxon Kings : those of Edward the Con
fessor (fig. 129) are blazoned azure, a cross flory, be
tween five martlets, in orle, or.
The Cannet is a duck sans beak and feet.
The Phwnix is a well-known creation of ancient ima
gination. It is represented like an eagle, with gaudy
plumage, unless the colour be expressed, and sitting on
a blazing nest. A phoenix on a ducal coronet is the
crest of Seymour. Fig. 130.
The Wyvem is a two-legged dragon ; as a winged
biped, he may deserve to be classed among the chime
rical birds. Fig. 131 is the ancient bearing of the
Vandals, quartered in the ancient Arms of Denmark and
Norway : gules, a wyvem with wings displayed and
tail nowed, or. The escutcheon is ensigned with the
crown of Denmark.
The Cockatrice has the head and feet of a cock, with
the wings and tail of a dragon. When the tail is ter
minated by the head of a dragon, he is called a basilisk.
Argent, a cockatrice, sable, crested and jelloped, gules,
is the bearing of Langley. Fig. 132.
Charges decorated with the heads of serpents are
termed gringolly ; of lions, leonced; of eagles, aquilated ; of peacocks, pavonated, &c. See the Arms of
Kaer, fig. 133, gules, a plain cross, ermine, gringolly,
proper.
Of inanimate charges, we consider vegetable produc- Inanimate,
tions as first deserving notice, from the intermediate Vegetables,
situation which they occupy between the rest of the
inanimate world and animals.
Trees and flowers are subject to couping as well as
animals. They arc besides blasted, when leafless ; era
dicated, when the roots appear ; slipped, when irregu
larly broken off; pendent, if drooping ; frvcted, if bear
ing fruit; accrued, if full grown. A wheatsheaf is called
a garb.
Heraldic flowers, i. c. such flowers as have a purely
Heraldic representation, are the rose, the fleur-de-lys,
the trefoil, the quaterfoil, the cinkfoil, the narcissus, and
the double quaterfoil.
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Heraldry-.
Of the Heraldic rote, we have given a representation
«—v—^ in fig. 134, the Anns of Christ Church, Oxford. Sable,
on a cross engrailed, argent, a lio» passant, gules, be
tween four leopards' heads, azure ; on a chief, or, a rose,
gules, barded vert, between two Cornish choughs,
proper*
Of the fleur-de-lys, we have given some account
before. Our example for this will of course be the Arms
of France, azure, three fleur-de-lys, or, as represented in
fig. 135. Any charge ornamented with fleur-de-lys (not
used as charges) is called flory.
The remaining flowers represent different species
of grass, having respectively three, four, five, six, and
eight leaves. Examples occur in the following escut
cheons.
Fig. 1 36. The trefoil. Gules, on a bend argent, three
trefoils within a bordure, vert, the bearing of Doc
tors' Commons, being the arms of Dr. Harvey, the
founder.
Fig. 137. The quaterfoil. Gules, five quaterfoils
in saltire, or. Name, Palmer.
Fig. 139. The cinkfoil. Or, a chevron between
three cinkfoils, gules, for All Souls' College, Oxford.
Fig. 1 3!>. The narcissus. Argent, a narcissus, gules.
Name, Sextill.
CombinaThere is a curious combination of animal and plant
MimaU and exnibiten in the Arms of the See of Hereford, fig. 140,
plants.
gules, three leopards' heads reversed, jessant as many
fleur-de-lys, or.
Celestial
Of all objects not possessing life the heavenly bodies
bodies.
will first claim our notice.
The sun is represented as a circle rayonny, contain
ing a human face. He is usually or ; and when this
is the case, he is said to be in his splendour ; when lie
is sable, he is in his detriment. We shall give a repre#
sentation of a Heraldic sun in a singular coat shortly to
be noticed.
The full moon, or moon in her complement,'\s a circle
containing a female face, and surrounded with "rectili
near rays. When argent, it is only necessary to say
proper, or leave the colour unmentioned. When sable,
the moon is said to be in her detriment. We shall ex
hibit her in the coat just mentioned.
An increscent is a horned moon, the horns being to
the dexter of the escutcheon. Fig. 141, azure, an in
crescent, argent, is the Arms of the Turkish Empire.
A crescent is the same, the horns being towards the
chief. See fig. 142, the Arms of Tutbury Monastery,
azure, a saltire vair of gold and red, between four cres
cents, argent.
A decrescent is the same, having the horns to the
sinister. See fig. 143, azure, a decrescent, proper. Name,
Delaluna.
An estoile, or Heraldic star, has its points all wavy ; if
they vary from six, the number must be specified. This
charge, together with the Heraldic sun and moon, is
curiously exemplified in the bearing ofJohn de Fontibns,
sixth Bishop of Ely. His Arms appear in fig. 144.
They are blazoned azure, in chief, the sun in his splen
dour, the moon in her complement; in base, the 7
stars, 1, 2, 1, 2, 1, or:
A mullet is supposed to represent a
* The author of the Synopiit of Heraldry observes, "in this c
example, you have all the common colours in Heraldry, and ac
dents either of lines, or things charged with or interposed, by ordi
naries or ordinary charges."

has sometimes six, but most generally five points, all
plain ; when a mullet alone is mentioned it has always
five points. Fig. 145, gules, on a chief, argent, two mul
lets, sable, is the Arms of the great Lord Chancellor
Bacon, Baron Verulam and Viscount St. Alban's. A
very similar bearing, viz. argent, on a chief, gules, two
mullets pierced, or, is the Arms of St. John, Lord Bolingbroke.
A thunderbolt is a fantastical imitation of the ancient
representation of this object. Sable, a thunderbolt, or,
the pretended Arms of Scythia. Fig. 146.
Of precious stones the only one which is strictly Pitooa
Heraldic is the escarbuncle or carbuncle, which is borne <
generally of eight rays, as in tig. 147, gules, a chief,
argent, over all an escarbuncle of eight rays, or. This is
the hearing of the Plantagenet family, in their repre
sentative Geoffrey, Earl ofAnjou, father of Henry U. of
England.
Artificial charges are,
1. Ecclesiastical. The sacerdotal pall, or pallium.
We have an instance in fig. 148, the Arms of the See of
Canterbury : azure, a staff in pale, or, bearing on its
top a cross paty, argent, surmounted of a sacerdotal pall
of the last, charged with four other like crosses fitchy,
sable, edged and fringed of the second. Of mitres,
crosiers, &c. we shall treat separately.
2. Honourable. This head would embrace all
coronets, insignia, &c, but these will be treated sepa
rately. We shall therefore only notice one which is
more especially confined to the escutcheon, viz. the
annulet, a plain ring as in fig. 149. The Arms of the
Oerman Empire, now those of Austria, are or, on an
eagle with two heads displayed, sable, each head within
an annulet, argent, grasping with the dexter claw two
swords, with the sinister a mound, an escutcheon bear
ing gules, a fess argent, impaled with ■rules, a tower
argent.
3. Military. Heraldry having taken its rise entirely
from military distinctions, is necessarily rich in military
emblems ; and its wealth has been especially augmented
by the tournaments. Helmets, considered as distinc
tions of rank, will fall most properly under the division of
marshalling.* But those military implements which occur
as peculiar bearings on the escutcheon, may well be con
sidered here. The chaplet somewhat resembles the
crowns which have been already delineated. Fig. 150,
argent, three chaplets, vert, are the Arms of Richardson.
The morion (quasi Morian, or Moorish, being used by
that people) is a steel cap, represented in fig. 151, the
Arms of Brudenell, argent, achevron, gules, between three
morions, azure. The Heraldic morion differs considerably
from the article of defensive armour generally so called.
The tilting staff, used in jousts and martial exercises,
contributes, with its parts, to the resources of Heraldry.
It exactly resembles a lance, except that it terminates in
what is termed a cronel, or coronal. We give a repre
sentation of one, after Gwillim, with the references. A
is the bur, or rest for the hand. B, the place of the
hand. C is the vamplet, a movable guard to the faaad.
D is the cronel. Fig. 152.
Fig. 153 is blazoned thus: argent, a chevron be
tween three rests, gules, for Arthur of Clopton. The
hearing is supposed to represent the rests into which
the tilting staves were fixed ; but they are bv some
called clarions.
* It may be worth observing, that when " a helmet" only is
mentioned m blazon, it is always un esquire's.
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A pheon is supposed to be the iron head (femim) of
' a javelin or arrow. It is a common bearing in armory.
See fig. 154, or, a pheon, azure, for Sidney.
A sweep, or balista, is not, in strictness, exclusively
Heraldic, yet from the rarity of its delineation, we may
be allowed to exemplify it in the arms of Magnal),
fig. 1 55, argent, a sweep, azure, charged with a stoue,
or. When a 6Word bears any charge on its point,
it is said to be enjiled with it ; and when any military
instrument is spotted with blood, it is said to be imbrued.
4. Pertaining to the Arts liberal. The billet, sup
posed to be the representation of a folded letter. It is
a long, rectangular parallelogram, placed paleways on
the escutcheon. When the number of billets in a coat
exceeds ten, the coat is called biUeiy. See representation
in fig. 156, the Arms of the Kingdom of the Netherlands,
azure, billety, a lion rampant, or.
5. Pertaining to clot/dng. Under this head we may
class the manch, (mancke, Ft. sleeve,) a device of not
uufrequent occurrence. It represents a flowing sleeve.
See fig. 157, Uie Arms of Hastings, or, a manch, gules.
A shoe, called by the Irish a brogue, is sometimes
found in armory, as in fig. 159, the Arms of Arthur of
Ireland, gules, a chevron between three brogues, or.
6. Miscellaneous.
These we shall class alphabetically, simply referring
the reader to the examples in the plates, as many of
these devices cannot be clearly defined.
Fig. 159. Gules, three arches, argent, masoned, sable ;
the capitals and bases or. Name, Arches.
Fig. 160. Or, three barnacles, gules. Name, Barnack.
The barnacle is supposed to be an instrument for hold
ing and curbing horses.
Fig. 161. Sable, three fire beacons, or, inflamed, pro
per. Name, Dawntry.
Fig. 162. Gules, three birdbolts, argent. Name,
Boltlesham. The birdbolt is represented diversely, as we
have shown in this example ; but one mode only ought
to be exhibited in drawing the Arms.
Fig. 163. Azure, on a chevron, between three managebits, argent, three bosses, sable, the Arms of the Lorimers of London.
Fig. 164. Argent, three boterols, gules, the Arms of
the Duchy of Angria. They are surmounted by the
electoral bonnet. The boterol is the tag of a scabbard.
Fig. 165. Gules, a Katharine wheel, or, the Arms of
Katharine Hall, Cambridge.
Fig. 166. Gules, three chessrooks, argent. Name,
Walsingham.
Fig. 167. Acrampet; the badge of Delawar. It has
the same signification as the boterol.
Fig. 168. Argent, a heart, proper, within a fetterlock,
sable, on a chief, azure, three boars' heads of the field.
Name, Lockhart. An ancestor of this family carried
the heart of Robert Bruce to Palestine; whence the
bearing.
Fig. 169. Sable, a chevron between three fleams,
argent, the Arms of the Surgeons of London. The
fleam is an old kind of lancet.
Fig. 170. Per pale, gules and azure, a fleece, or,
looped and ringed ; in chief, a lion passant gardant,
between two fleur-de-lys of the second. Or the latter
part may be blazoned, a lion of England between two
fleur-de-lys of France. The Arms of the town of Tavi
stock.
Fig. 171. A gurges, proper. Name, Gorges. Water
Is Heraldicafly represented by equal alternate spaces of
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azure and argent. The spiral form indicates a whirlpool. Blazonry.
It is enough, therefore, to blazon this proper; if the
colours were any other they should be particularized.
Fig. 172. Azure, on a chevron between three hat
bands, or, three merillons, sable, the Arms of the hatband
makers of London.
Fig. 173. Argent, a hayfork between three mullets,
sable, the Arms of Burton-Conyngham, Marquess of
Conyngham.
Fig. 174. Gules, a chevron between three Bowen's
knots, argent. Name, Bowen.
Fig. 175. Dacre's knot. The badge of Dacre.
Fig. 176. Harrington's knot. The badge of Har
rington.
Fig. 177. Lacys knot. The badge of Lacy.
Fig. 178. Gules, a tower, argent, masoned, sable,
between two Stafford knots in chief, and a lion passant
gajdant in base, or, the Arms of the town of Stafford.
Fig. 179. Argent, a cardinal's hat, gules, the strings
in truelove. These Arms are sometimes assigned to
Sclavonia. But others are sometimes used.
Fig. 180. (fakes knot. The crest of Wake.
Pig. 181. Gules, a. lure, argent. The Arms of Warre.
The lure was thrown up in the air to attract the hawk
Fig. 182. Argent, a lymphad, sable, the Arms of the
Earldom of the Isle of Arran. The lymphad is a small
coasting vessel.
Fig. 183. Argent,*, chevron between three milrinds,
sable. Name, James, of Surrey. Three ordinary re
presentations of the inilrind are here given, although
one only ought to be preserved in drawing the Arms.
Fig. 184. Per pale, azure and gules, two Palmers'
staffs in saltire, or, the Arms of the Priory of New
Nantwich. Two representations are here given of the
Palmer's staff, although one only should be preserved in
delineating the Arms.
Fig. 185. Or, papillone, gules. Name Grimball.
Fig. 186. Azure, three jiennyyard pence, proper.
Name, Spence.
Fig. 187. Gules, a portcullis, argent, nailed and
pointed, azure, the arms of the Borough of Harwich.
Fig. 188. Azure, on a bend, gules, two garbs, or, on
a chief, sable, a Tau, argent, the Arms of Thavies Inn,
London.
Fig. 189. Argent, treilly, gules, nailed, or. Name,
Bardonenche.
Fig. 190. Sable, on a bend between two turrets,
argent, three pheons, gules. On a chief, or, a lion
passant gardant, between two lozenges, azure. Name,
Johnson.
Fig. 191. Argent, a cross engrailed, gules, between
four water bougels, sable. Name, Bourchier. Four
varieties of this charge are given in the example for the
sake of illustration ; but one only should be employed in
the drawing. That in the dexter base is the most
usual.
Fig. 192. Argent, a wreath, or torse, argent and sable,
garnished with four hawks' bells, or. Name, Jocelyn.
Fig. 193. Argent, a fess wreathy, azure and gules.
Name, Carmichael.
We have now, we believe, offered the reader a suffi
cient number of rules and examples in blazonry to
enable him to blazon any escutcheon which may present
itself. It is true that we have not crowded our plates
with " glaziers' nippers," " hempbreaks," " woolcarders,"
&c. although those, and many similar implements, are
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"are discriminated from each other by nine several HioU.
modes. 1. Change of the tincture of the field. 2. Of
the essential figures. 3. By dividing the field by various ^v*'
partition lines. 4. By altering the position of the
figures. 5. By diminishing their number. 6. By in
creasing them. 7. By adding others to the principal.
8. By quartering. 9. By transposing." But all these
variations took place according to no settled rules. Id
illustration of this remark we may observe, that of the
five sons of Arnold, Count of Arescot, the first bore his
paternal arms,
or, three fleur-de-lys, sable.
The second gules
argent.
The third
argent
gules.
The fourth argent
sable.
The fifth
gules
or.
The present mode of differencing Houses is by what Mirboi
are called marks of filiation or cadency. These are
small charges, but placed in the most conspicuous situa
tion of the shield, and of whatever metal, colour, or fur,
may be best adapted for discovering them to the eye.
The eldest son bears a label of three points. Some an
cient Heralds assign him a label of five points in the
life of his grandfather, and one of three afterwards.
But this practice is seldom employed at present ; and
the eldest son frequently never takes up his difference
at all. The second son bears for his difference a cres
cent ; the third, a mullet ; the fourth, a martlet ; the
fifth, an annulet ; the sixth, a fleur-de-lys ; the seventh,
a rose ; the eighth, a cross moline ; the ninth, a double
quaterfbil. The second House, or second sons family,
bear, respectively, the eldest a crescent ensigned with a
label; the second, the same ensigned with a crescent ;
the third, the same ensigned with a mullet, &c. and so
throughout. The third House bear respectively, the
eldest a mullet ensigned with a label ; the second, the
same ensigned with a crescent, &c. &c. in like manner.
These distinctions never belong to females, except in
the Royal Family, where the whole system of brisures
differs. The Royal Family do not bear the Royal Armsof
right ; they must be granted by the King, and regis
tered in the College of Arms. Hence the frequency of
bordures and other differences, formerly attached to the
Royal Arms; and hence, too, the vacillation of modern
differences in this family. All the brisures of the Royal
Family are labels, which extend to females. Those of
the present family, which we have engraved, were settled
in the last reign, and can readily be blazoned by the
student from what has been already delivered.
When these brisures were invented is not easy to
say. It is evident, however, that they were in
use in the time of Edward I., as appears from that
truly curious document, the Roll ofKarlaverock, wherein
it is asserted that Maurice de Berkeley bore a label
because his father was alive.
E Morien de Berielee,
Ki compaignitfu de cele alee,
Baniere de vermeiile cum sane,
Croisiil/ie o un chievron blane,
Ou un label de asur avoit
Force que ces peres vivoit.
The Book of St. Albans says : " ther be vj differences
in armys. ij for the excellent and iiij for the nobles.
Labell and emborduryng for lordis. Jemews, moleltys,
flowre delyce and quyntfoyles for thee nobles."
Females bear their paternal Arms on a lozenge, before AEai
marriage ; afterwards they bear them impaled •with
* By marks of cadency, Mr. Dallaway here intends what we call those of the husband on the sinister side, which, is called
dijjferencei.
Impalement per Baron et Femme. Widow s bear the

Heraldry, occasionally borne in Arms. Such devices undergo no
' change in the crucible of Heraldry ; it is not, therefore,
necessary to notice them here. Ignorance of their form
is not Heraldic but technical ignorance ; and as the
adoptive power of Heraldry is literally infinite, it would
be impossible to trace her footsteps universally.
II. MarWe are now, therefore, ready to enter on that branch
•hailing. 0f the system which is called Marshalling. As blazonry
teaches the description of coat armour, so Marshalling is
concerned with the arrangement of it. Blazonry fur
nishes the nomenclature, Marshalling the rationale, of
Heraldry. Degrees ofrank and affinity are distinguished
by this department of the theory ; and while the family
coat remains unaltered, Marshalling discovers whether
its peculiar owner is single or married, what is his dis
tance from the inheritance, what is his rank in the state,
and what honours or disgraces he has received. To
Marshalling, therefore, Heraldry is indebted for most of
its interest, and all its utility.
Arms in general are divided into perfect and imperfect.
Perfect are, 1. Abstract, or warranted by regular descent
2. Terminal, belonging to brethren of the right line.
3. Collateral, borne by brethren of the heir male. 4.
Fixal, in third degree by right line of male heirs. Im
perfect are, 1. Granted by the King with a lordship.
2. The gift of the King derived by a Herald. 3. The
ensign of a Saracen won in field. 4. Heir female of
elder branch. 5. Arms of bastardy.
In treating this subject we shall discourse, I. On
family distinctions. II. On those of rank. III. On
those of honour. IV. On abatements. V. On ensigns.
Family dis- I. The most simple family distinctions are those which
Unctions. are technically termed differences.
Differences. Ordinaries appear to have been anciently used as
differences. But no traces of this practice reducible to
any regularity are to be met with. The bordure was
formerly extensively employed in differencing the mem
bers of a family. The eldest son bore the Arms alone ;
the other members added a bordure, ensigned with some
expressive Device. But these Devices were not of
general application, and were only intelligible to those
previously acquainted with them. Whereas the differ
ences now in use, are, under the same circumstances,
always the same ; except only in the Royal Family.
Bordures were formerly especially in use in the Royal
Family: partly fordifFerencingcollateral branches, and not
unfrequently illegitimate descendants. For the latter pur
pose, bordures compony were commonly used. Hamlin
Plantagenet, natural brother of Henry II., bore for dif
ference a bordure, gules, enurny of six lioncels passant, or.
Henry Fitzroy, Duke of Richmond and Somerset, ille
gitimate son of Henry VIII., bore a bordure quarterly,
perflew of ermine and countercompony, or and azure.
The present Duke of Beaufort, who is descended from a
natural son of Henry Beaufort, Duke of Somerset,
grandson of John of Gaunt, bears round the Arms of
that Prince a bordure compony, argent and azure ; and
the present Duke of Richmond, descendant of a natural
son of Charles II., bears round the Arms of that Monarch
a bordure compony, gules and argent ; the latter spaces
being ensigned with roses of the first. " A chevron is
never to be seen in the armorial ensigns of Kings and
Princes, nor as a brisure in the arms oftheir descendants."
(Peacham apud Nisbet.)
" Marks of cadency,"* says Mr. Dallaway, (sec. 7.)
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Arms of their husbands, impaled with their own, as
when married, on a lozenge. When a widower mar
ries, he marshals his own coat between the coats of his
wives ; his former wife's on the dexter. A most remark
able example is given by Gwillim in the Arms of Sir
Gervase Clifton, who married seven times : the Arms of
his wives are marshalled in seven compartments, four
on the dexter, and three on the sinister side of his own
coat.
In cases where the husband or wife enjoys some
peculiar distinction, as when the husband is an Arch
bishop, Bishop, King ofArms, or Knight ofsome military
order, or where the husband is of rank inferior to the
wife, his escutcheon is placed on the dexter side ; con
taining, if a Bishop, or Kingof Arms, the Arms of his See
or office impaled with his own ; if otherwise, his own
Arms, decorated with his peculiar additions, if any ; on
the sinister the wife's escutcheon is placed, containing
the Arms of her husband impaled with her own, and
bearing her peculiar distinctions, if such there be.
Where the wife was of noble blood, and the husband
a commoner, it was formerly sometimes customary to
marshal the wife's Arms to the dexter ; but this is now
obsolete.
Formerly, the husband and wife's Arms were impaled
by dimidiation ; that is, the dexter half of the hus
band's coat was impaled-with the sinister of the wife's.
Jig. 1 93 represents the seal of Margaret, second Queen
of Edward I., which affords a specimen of this speciesof
conjunction. In France this custom prevailed up to the
time of the Revolution ; but in England, it has been long
since discontinued for the soundest reasons. In many
cases it would have the effect of totally changing the
Arms, and, in most, it would render those of each party
unintelligible. For instance, the Arms of Stanhope are
quarterly, ermine and gules; those of Waldegrave, are
parly per pale, argent and gules; the impalement of
these coats per baron et femme, would destroy every
vestige of both, leaving a new perfect coat, gules, a
quarter ermine. Cantons and quarters would perish in
the bearing of the female ; many Heraldic animals
would become equivocal ; and where Arms were quar
tered, some of the coats would be totally lost. But
before Heraldry had become systematized, such alter
ations were not deemed important, as conjunctions
apparently more incongruous were sometimes made.
Henry II., whose Arms were gules, two leopards passant
gardant, in pale, or, on his marriage with Eleanor of
Aquitain, whose Arms were gules, a leopard passant
gardant or, united the two bearings into gules, three
leopards passant gardant, in pale, or. And Philip the
Bold, Duke of Burgundy, bore his own Arms dimidiated,
and those of his wife in full.
The bordure and tressure may be considered the only
cases in which the early practice is not entirely repealed ;
when these ordinaries are impaled, they are cut off on
the side of the impalement.
Where the wife is an heiress or coheiress, her Arms
are borne on an inescutcheon over those of her husband.
In this case the inescutcheon takes the name of an
escutcheon of pretence. But this arrangement is not
allowed until the death of her father. In some ancient
coats we find the Arms of the husband and wife quar
terly, and even those of the wife in the first quarter.
This is where a man receives a barony or any feudal
tenure in right of his wife. And the same thing takes
place wherever a surname is added, Thus the present
VOL. V.
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Duke of Marlborough, whose original name was Spen- Marshalcer, having taken the name of Churchill, bears the coats
llnB«
of Churchill and Spencer quarterly.
v*v^",/
Where the father can place his wife's Arms on an
escutcheon of pretence, the children may quarter them
with the paternal coat ; and from a series of descents of
this description arises that abundance of quarterings
which may be noticed in the shields of some noble
families.
When there are only two coats to be quartered, the
first in precedence or dignity occupies the first and third
quarter ; and the other quarters are supplied by the
latter. If the number of coats be odd, the last quarter
is generally supplied by the leading bearing, although
foreign Heralds sometimes make a point in the base of
the shield, which reduces the quartering to an odd
number. This mode of marshalling enters into the
Arms of Hanover, which form part of the bearings of
the British Sovereign, where Brunswick, Luneburg,
and Saxony are thus arranged.
• When a widower marries, having no male issue by
his late wife, his male issue by the second wife become,
of course, his heirs ; but a daughter by the former wife
is heir to the mother ; to indicate which she bears her
maternal Arms, with all their quarterings, if any there
be, with her paternal Arms on a canton. These rules
afford a sufficiently clew outline of the general system
of expressing alliances. Its refinements may be studied
in " rules for the dewe quarteringe of Armes," a MS.
in the Herald's College attributed to Glow, " the most
diligent and skilful of his contemporaries," as he is
called by Mr. Dallaway, who has published the " rules"
in his Inquiries into the Origin and Progress of the
Science of Heraldry in England, sec. 7.
These rules, however, do not apply to the reigning
posterity of Sovereign Princes. The Sovereign, in as
suming the National bearing, foregoes his private Arms.
The quarterings of National Arms are regulated purely
by National causes. The Sovereign's consort bears her
Arms on a shield to the sinister of her husband's. But
they are never quartered by succeeding Monarchs, as the
effect of such a permission would be eventually to
destroy international distinctions.'
When a State consists of a number ofunited States, it
is usual for the Prince to quarter their Arms in the order
of their importance. When England and Scotland
were first united, the Arms of those two Countries were
impaled in the first quarter of the shield of Great
Britain ; an unusual, but significant arrangement, by
which a marriage between the nations were implied.
This distribution is now discontinued, and the Arms of
Scotland form one of the quarterings of the shield of
Great Britian. But where a Prince governs several
independent nations, it is usual to put the Arms of the
less considerable on escutcheons of pretence, ensigned
with their proper crown or other emblem of Sove
reignty. Thus the King of Great Britain, when Elector
of Hanover, bore the Arms of Hanover on an escut
cheon of pretence, surmounted of the electoral bonnet ;
and now as King of Hanover, he bears the same, but
surmounted of the crown royal. This rule, however,
has not been always minutely observed ; as the Arms of
Ireland before the Union, were not marshalled on an
escutcheon of pretence, but formed, as they do now, one
of the regular quarterings of the whole national escut
cheon ; and the same may be said of some continental
bearings. " Arms of special concession are those of
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Heraldry, the Sovereign, or parts of them which cannot be
- i-t-i ' granted by Heralds without a warrant from the Sovereign.
And, secondly, such Arms take place before all other sorts
of Arms. And, thirdly, Heralds are to record them in
their registers, and to pass them on all solemnities."*
Hatchments Hatchments and funeral escutcheons enter so much
and funeral into the province of Heraldry that it will be necessary
escutcheons, to notice them here. A funeral achievement.t vulgarly
called hatchment, is a square piece of board or other
material, the border of which is painted black, and
which is suspended from one of its corners against the
front of the house of a deceased person, where, after
remaining one year, it is usually removed into the
Parish church. The centre is filled up with the Arms
of the deceased, painted according to rules hereafter to
be set down. A funeral escutcheon is an oblong piece
of cloth, similarly bordered, and hung lengthways on
horses and funeral decorations. The centre is also
occupied with the Arms of the deceased, and is subject
to the same rules as the hatchment, which follow.
If the deceased be a bachelor, maid, widow, or
widower, the whole ground is painted black. If a
husband, the dexter half of the ground is painted black ;
if a wife, the sinister.
If the second wife of a widower, or second husband
of a widow, then those parts of the ground which lie
round the Arms of the deceased are painted black, and
the rest white.
The black ground never touches the Arms of an office;
because that is not in its nature mortal.
A little white space is also sometimes left for the crest
when it is of any dark colour. When the deceased is
the last of the family, the death's head supplies the
crest.
Distinctions 2. All ranks are not minutely distinguished by
of rank.
Heraldic symbols. We shall give, however, the degrees
of precedency as established in England, specifying as
we proceed, those which are particularly noticed by
Heraldry. But as crowns, coronets, and helmets are
among the most prominent distinctions of rank, it may
be useful first to say a few words on the manner of
arranging them.
As the crest should always be placed on the helmet,
either on a wreath, small ducal coronet, or chapeau,
which are considered as making part of the crest ; so,
where a helmet and coronet are to be used together, the
helmet should always be placed uppermost; but in the
cases of the Monarch and Prince of Wales, who
crowns, the crown is placed uppermost, and the
situated above it, without any intervening object. The
crests of the rest of the Royal Family are placed on small
Prince's coronets without caps, instead of wreaths. All
helmets maybe adorned with what are called mantlings
or lambrequins. The terms are commonly used indis
criminately, but are not synonymous in their original ac
ceptation. The mantling was originally a flowing piece
of cloth encompassing the back of the helmet; the lam
brequin represents the same cloth considerably hacked
in encounters, and fluttering in all directions. The
latter is most usually employed by modern Heraldry
painters. It was formerly the custom to represent all

lambrequins gules, doubled (i. e. lined) white,* except
those of the Sovereign, which were or, doubled ermine. hi.;
But the College of Arms have lately decided in Chapter
that the two first tinctures named in the blazon of the
escutcheon should form those of the lambrequins ; the
metal always being inside. But if a fur be one of the
two first tinctures, then the colour predominating in the
fur is to stand instead of the fur itself. In the case of a
field vair, the lambrequins should be argent and azurt;
and, in general, where equal tinctures compose the field,
the lambrequins should exhibit those tinctures. The
same rules apply to the composition of the wreath;
which should always begin with metal, and end with
colour.t
There is a kind of mantling much in use with coachpainters, which, though supported by the authority of
Edmondson, we cannot but deem unclassical. This
mantling embraces the whole achievement, and if
belouging to the Sovereign, is of gold lined with ermine;
if to a Peer, crimson velvet lined in like manner ; if to a
Commoner, the same lined with white satin. At Edmond
son's suggestion some of the Peerage agreed to adopt the
following distinctions in their mantlings, corresponding
to those adopted on their Coronation robes; a Baron was
to have two timbers of ermine ; a Viscount, two and
a half ; an Earl, three ; a Marquess three and a half; Ac
If two or more crests are to be placed on the same
escutcheon (which is allowable where Arms are
tered) they must be set on suitable helmets ; the
rule and practice are observed when a
several independent Monarchies. In these cases, if the
number of helmets be even, the dexter half must be
turned to the sinister, and vice versa ; if odd, the centre
helmet must be affronty', or full faced, and the others
as before. In the last case, the helmet of the family, or
leading dignity, occupies the centre ; and those of nearest
dignity are marshalled nearest, dexter and sinister alter
nately ; otherwise the dexter is the place of honour, and
the inferior crests are marshalled to the sinister.
The following are commonly received as the degrees Pien&uv
of precedency among men.
of as.
1. The King. His armorial ensigns as Sovereign are
the crown of the United Kingdom ; and a full feced
helmet of six bars, all of gold, damasked gules between
the bars. It is not usual, but Heraldic and allowable,
to marshal behind the Arms of the Sovereign the
different sceptres to which he is entitled. The
in Arms is that with which the
i performed. That of Edward the
was supposed to be preserved in Westminster Abbey
until the time of Charles I. The crown then used was
sold by the rebels. At the Restoration a new crown
was made, consisting of a rim of jewelled gold, resting
on a border of ermine. On this rim arose four crosses
paty, and four fleur-de-lys alternately from the crosses.
From each cross ascended a richlyjewelled arch, and at
the intersection of these arches was affixed a pedestal
supporting a mound, on which stood a cross of gold
richly ornamented with precious stones. The cap

* White in the interior of mantlings was not blazoned aryrmtt
not being taken for a metal, but a fur ; the skin of the lrtirit Sea
Gwillim, sec. 1. rh. iii. but the modern system has changed tba
* Nisbet, Ettay on Armoury, p. 146.
nature of the blazon.
_ + The word achievement, separately taken, signifies a whole armo
f Yet fur was certainly used in doublings formerly ; witness that
rial bearing ; es-utcheon, helmet, crest, supporters, &c. &c. The very
instance adduced by Gwillim, ch. v. sec 6. "I
■word hatchment, however, has been restricted by custom to au find remarkable
in the church of Gravenest, in the county of Bedford, ia *
achievement painted for funeral purposes.
window, a mantle sable, doubled verrey," [vair, or vairy.]
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Baldiy. within the crown is of purple velvet, lined with white
■s/W taffeta, and turned up with ermine. The King and
Princes use a full-faced helmet of gold, with six bars,
and damasked with crimson.
2. The Prince of Wales. He is distinguished by a
coronet, differing only from the imperial crown in being
closed with two arches only, springing from opposite
crosses. He also bears as a badge a plume of feathers
surrounded by an open coronet of alternate fleur-de-lys
and crosses, and bound by a riband, bearing the motto
Jchdien; in commemoration of the capture of John,
King of Bohemia, who bore this device, by Edward the
Black Prince, at the battle of Crecy. The Prince of
Wales bears also a mark of filiation, as assigned by the
King, over the Royal arms.
8. Princes of the Blood according to seniority. Their
coronets resemble that of the Prince of Wales, except
that they are not closed.
4. The King's brothers.
5. The King's uncles.
6. The King's grandsons.
7. The King's brothers' or sisters' sons.
8. Husbands of Princesses.
'AH these (except the latter, who use their paternal
distinction) use a coronet of four alternate crosses paty,
and four strawberry leaves.
9. The Archbishop of Canterbury, Lord Primate of
all England. He impales the Arms of his See with his
own. He bears a mitre, as represented in fig. 147,
but not surrounded with a ducal coronet, as some
writers pretend. The crosier, a kind of sceptre or
lituus, terminating in a curve resembling a shepherd's
crook, and emblematical of his pastoral charge, is not
necessary to the delineation of Episcopal Arms, but is
frequently found at the back of the Bishop's shield, as
in fig. 147, as also the Bishop's staff.
10. The Lord High Chancellor, or Lord Keeper of
the Great Seal. He bears behind his shield in saltire
two maces of England, as in fig. 144.
11. The Archbishop of York, Primate of England.
As the Archbishop of Canterbury.
12. Lord High Treasurer.
13. Lord President of the Privy Council.
14. Lord Privy Seal.
15. Lord High Constable.
16. Earl Marshal. He bears behind his escutcheon
two hastens in saltire, as in fig. 52.
, 17. Lord High Admiral.
18. Lord Steward of the Household.
19. Lord Chamberlain of the Household.
The last five take precedence of all of their degree ;
t. e. if Dukes, they precede all Dukes ; if Marquesses,
all Marquesses, &c.
20. Dukes according to their patents. The ducal
coronet is ornamented with eight strawberry leaves, five
of which are seen in Heraldic drawings. Crests are
sometimes placed on what is called a ducal coronet, in
stead of on a wreath ; in this case the strawberry leaves
are supposed to be four in number, and three are
visible in the drawing. See the coronet in fig. 52.
Dukes, and all Peers, are entitled to a steel helmet in
profile, with bars of gold, damasked crimson.
21. Marquesses according to their patents. The
Marquess's coronet is adorned with four alternate straw
berry leaves, and as many pearls. In drawings, three
of the former, and two of the latter, are exhibited. See
fig. 172.
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22. Dukes' eldest sons.
Marshal.
23. Earls according to their patents. Earls are not ^Ssupposed to have always used their present coronets. N*v^"
The most ancient instance of an Earl using a coronet at
all is, according to Sandford, John of Eltham, Earl of
Cornwall, on whose monument in Westminster Abbey
it is represented, composed of greater and lesser leaves.
But the present Earl's coronet is ornamented with eight
pearls, raised on pyramidal slips of gold, alternating
with eight strawberry leaves. See it in fig. 131. Before
the introduction of the coronet, the inferior Nobility wore
a chapeau, or cap ofmaintenance, represented in the Arms
of Abtet, Earl of Worcester, fig. 99.
24. Marquesses' eldest sons.
25. Dukes' younger sons.
26. Viscounts according to their patents. The Vis
count's coronet is adorned with sixteen pearls, nine of
which appear. This canon we lay down on the autho
rity of the Earl Marshal's order at the Coronation of
George III. The usual representation, however, con
tains seven pearls only. We have shown it in the Arms
of Lord Bacon, but this is an anachronism. Fig. 144.
27. Earls' eldest sons.
28. Marquesses' younger sons.
29. The Bishop of London. His Heraldic distinc
tions as the Archbishop of Canterbury.
30. The Bishop of Durham. His mitre is surrounded
by a ducal coronet, in token that he is a Prince Palatine.
He impales the Arms of his See.
31. The Bishop of Winchester. He is Prelate of the
Order of the Garter. He therefore wears the distinctions
of that Order. His Arms, impaled with those of his See,
are surrounded by the Garter, which is of blue, bearing
in gold the motto Honi soil qui mal y pense.
32. Bishops according to priority of consecration.
The Bishop's distinctions are as those of the Archbishop
of Canterbury. If a Bishop be principal Secretary of
State, he takes precedence of all other Bishops, unless
they hold a more elevated station in the Royal service.
33. Barons according to their patents. Till the time
of Charles II. the Barons wore a plain cap of crimson
velvet faced with ermine. Since, they have borne a
coronet, ornamented with six pearls, four of which ap
pear in drawings. If a Baron be principal Secretary of
State, he takes precedence of other Barons, unless they
hold higher situations.
34. Speaker of the House of Commons.
35. Viscounts' eldest sons.
36. Earls' younger sons.
37. Barons' eldest sons.
38. Knights of the Garter. See their distinctions
under the Bishop of Winchester. All Knights what
soever are entitled to bear a steel helmet, open, with
out bars, and damasked crimson. See fig. 153.
39. Privy Councillors.
40. Chancellor of the Exchequer.
41. Chancellor of the Duchy of Lancaster.
42. Lord Chief Justice of the King's Bench.
43. Vice Chancellor
44. Master of the Rolls.
45. Lord Chief Justice of the Common Pleas.
46. Lord Chief Baron of the Exchequer.
47. Judges and Barons of the Exchequer, of the
degree of the Coif, by seniority.
48. Bannerets made by the King in person. This
was the highest rank in ancient Chivalry. The ordinary
Knight, a Knight Bachelor, (bas-chevalier,) bore in the
4*2
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Heraldry, field a pennon, or long streaming flag, on the end of
^■v— his lance. On occasions of remarkable prowess, the
Monarch summoned the Knight to his side, and, cut
ting off the long streaming part of the pennon, con
verted it into a square flag, or banner, which the Knight
ever after bore, and was termed a Knight Banneret.
49. Viscounts' younger sons.
50. Barons' younger sons.
51. Baronets. Baronets bear, as Knights, an open hel
met of steel, without bars, damasked crimson. English
and Irish Baronets also bear in the dexter or middle
chief, or at the fess point, a small escutcheon, argent, ensigned with a sinister hand erect, apaumy, gules. See
fig. 29. This is called the badge of Ulster. Baronets
were created by James I. during the troubles in Ire
land, when the Province of Ulster was, more especially,
in a state of insubordination. They offered their lives,
property, &c. for the defence of the Kingdom. Ori
ginally their number was but 200, but since it has been
unlimited. Baronets were also created by Charles I.
in pursuance of his father's plan, in order to encourage
the colonization of the Province of Nova Scotia ; these
Baronets bear what is called the badge of Nova Scotia,
viz. an escutcheon, borne as by the Baronets of England
and Ireland, argent, a saltire azure, surmounted by an
inescutcheon of Scotland, royally crowned.
52. Bannerets not made by the King in person.
53. Knights Grand Crosses of the Bath. They bear
their arms encircled with a red riband, bearing in gold
the motto, Tria juncta in uno. The collar and jewel
of the Order may be added. See 38.
54. Knights Commanders of the Bath. See 38.
55. Knights Bachelors. See 38.
56. Companions of the Bath.
57. Eldest sons of the younger sons of Peers.
58. Baronets' eldest sons.
59. Knights of the Garter's eldest sons.
60. Bannerets' eldest sons.
61. Knights of the Bath's eldest sons.
62. Knights' eldest sons.
63. Baronets' younger sons.
64. Esquires of the King's body. All Esquires use
a helmet of steel in profile with the visor closed. See
fig. 113.
65. Gentlemen of the Privy Chamber.
66. Esquires of the Knights of the Bath. See 64.
67. Esquires by creation. See 64.
68. Esquires by office. Kings of Arms, Heralds,
and Pursuivants are Esquires by office. If an inferior
Heraldic officer be a Knight, the superior still takes
precedence. The costume of these officers is a tabard
of the Arms of the Sovereign ; that of the Kings is made
of embroidered velvet ; that of the Heralds, of satin ;
that of the Pursuivants, of sarcenet. The Kings wear a
crown, as represented in fig. 110, composed of a circlet
of sixteen acanthus leaves, oak leaves, or feathers, (for
respecting what they are, authors differ,) nine of which
are visible in painting. Round it is inscribed Miserere
tnei, Deus, secundum magnam misericordiam luam.
Both Kings and Heralds wear a collar of SS ; on this
are two portcullises of silver gilt for the Kings, and of
plain silver for the Heralds. On the breast is sus
pended the Union Badge, and on the back the White
Horse of Hanover. The Pursuivants have no collars.
Each King has Arms of office, which always consist of
argent, a St. George's cross, but the chiefs vary in the
following manner ; Garter, azure, within a Garter of the

Order, between a lion of England and a fleur-de-lys of ManW
France, a ducal coronet, or. Clarenceux, gules, a lion
of England crowned, or. Norroy, per pale, azure and ' "%"»-'
gules, a lion of England crowned between a fleur-delys and a key, or. See 64.
69. Younger sons of Knights of the Garter.
70. Younger sons of Bannerets.
71. Younger sons of Knights of the Bath.
72. Younger sons of Knights Bachelors.
73. Gentlemen entitled to bear arms.
The degrees of Precedency among females are as fol- Preoiiaj
lows:
ofnwi
1. The Queen. Her crown is that of the King.
And in general it may be observed, that the coronets of
females are those of the corresponding dignity among
men. Helmets never accompany female bearings.
2. The Princess of Wales.
3. King's daughters.
4. Wives of the King's sons.
5. Wives of the King's brothers.
6. Wives of the King's uncles.
7. The King's grandaughters.
8. Wives of the eldest sons of Royal Dukes.
9. Daughters of Royal Dukes.
10. Wives of the King's brothers' or sisters' sons.
11. Duchesses.
12. Marchionesses.
13. Wives of the eldest sons of Dukes.
14. Daughters of Dukes.
15. Countesses.
16. Wives of the eldestsons of Marquesses.
17. Daughters of Marquesses.
18. Wives of the younger sons of Dukes.
19. Viscountesses.
20. Wives of the eldest sons of Earls.
21. Daughters of Earls.
22. Wives of the younger sons of Marquesses.
23. Baronesses.
24. Wives of the eldest sons of Viscounts.
25. Daughters of Viscounts.
26. Wives of the younger sons of Earls.
27. Wives of the eldest sons of Barons.
28. Daughters of Barons.
29. Maids of Honour.
30. Wives of the younger sons of Viscounts.
31. Wives of the younger sons of Barons.
32. Wives of Baronets.
33. Wives of Knights of the Garter.
34. Wives of Bannerets.
35. Wives of Knights of the Bath.
36. Wives of Knights Bachelors.
37. Wives of the eldest sons of the younger sons of
Peers.
38. Wives of the eldest sons of Baronets.
39. Daughters of Baronets.
40. Wives of the eldest sons of Knights of the Garter.
41. Daughters of Knights of the Garter.
42. Wives of the eldest sons of Bannerets.
43. Daughters of Bannerets.
44. Wives of the eldest sons of Knights of the Bath.
45. Daughters of Knights of the Bath.
46. Wives of the eldest sons of Knights Bachelors.
47. Daughters of Knights Bachelors.
48. Wives of the younger sons of Baronets.
49. Daughters of Knights.
50. Wives of the Esquires of the King's body.
51. Wives of the Esquires to the Knights of the Bath.
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52. Wives of Esquires by creation.
53. Wives of Esquires by office,
54. Wives of the younger sons of Knights of the
Garter.
55. Wives of the younger sons of Bannerets.
56. Wives of the younger sons of Knights of the Bath.
57. Wives of the younger sons of Knights Bachelors.
58. Wives of Gentlemen entitled to bear arms.
59. Daughters of Esquires entitled to bear arms.
60. Daughters of Gentlemen entitled to bear arms.
3. The crowns mentioned in the early Historical
part of this Essay are distinctions still in use. Their
application has been already noticed. They are mar
shalled above the helmet, coronet, &c. but usually below
the crest.
tine
The Arms of the Sovereign, or part thereof, are
■ of sometimes allowed to be borne as marks of peculiar
oxa' favour. Richard II. is said to be the first who granted
Arms of augmentation. Ordinaries, too, are added, of
which the most usual are the chief and the canton.
These ordinaries are generally ensigned with some sig
nificant device, or a portion of the Royal Arms as before.
Thus Lord Nelson's paternal coat was augmented by
a chief wavy argent, bearing a palm-tree between a
ship at sea and a castle, all proper; the Arms of Thomas
Lord Roos, created in 1525 Earl of Rutland, which
were originally, or, two bars, azure, a chief gules, were
thus altered : or, two bars, azure, a chief quarterly, first
and fourth, two fleur-de-Iys of France, second and third,
a lion of England ; and the Arms of John Churchill,
Baron of Eymouth in Scotland, (sable, a lion rampant,
argent.) were augmented by James II. with a canton
argent, charged with a cross of St. George.
Henry VIII. was, in the highest degree, lavish of
Heraldic distinctions. On Ann Boleyn he conferred the
Anns of the Earls of Lancaster, of Angoulfime, and
Guienne, which she quartered with those of the alli
ances of her own family ; but her family coat itself was
dropped. To Jane Seymour he gave a coat of augmen
tation, or, on a pile, gules, between six fleur-de-lys,
azure, three lions of England, which is quartered by
the Seymours, Dukes of Somerset, to the present day.
To Katharine Howard he assigned two whole coats, to
be quartered with her own, viz. I. azure, three fleur-deIys, in pale, or, on two flanches ermine, as many roses
gules; and II. azure, two lions passant gardant, between
four demi-fleur-de-lys, or. Lastly, to Katharine Parr
he granted the following coat, to be quartered with her
proper one : argent, on a pile, between six roses, gules,
three others of the field.
4. While we are on the subject of Marshalling, we
may be expected to notice what Menestrier calls sotlises
Anglaises; abatements, or symbols of disgrace intro
duced into Arms. In this respect we fear we are too
open to the sarcastic Frenchman's assaults. Abatements,
of course, are never used, except in a case which we
shall presently mention ; and in this, if they are follies,
they are shared by our continental neighbours.
Abatements must always be tawny or murry, except
only bastons. As it would be impossible or invidious
to present the reader with real coats containing these
abatements, we must give them separately.
Fig. 195 is a delf, or quadrant spot. If this bearing
be repeated in the escutcheon, or be of metal, or
charged, it is not to be taken for an abatement. This
is the sign of a revoked challenge.
Fig. 196 is an escutcheon reversed. It belongs to
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him who uncourteously treats a lady, or deserts his MarshalSovereign's banner.
b.ng.
Fig. 197 is a point dexter parted, and belongs to a v"-*V"
boaster.
Fig. 198 is a. point in point ; the designation of one
who behaves slothfully in the field.
Fig. 199 is a point champain. It belongs to one
who kills a prisoner of war.
Fig. 200 is a gore sinister. It is given to effeminate
persons.
Fig. 201 represents two gussets, dexter and sinister.
Both are abatements ; the former for voluptuousness,
the latter for intoxication.
The plain point, assigned for lying, is exemplified in
fig. 3, where it forms the lowest division of the escut
cheon.
The baston, already noticed, is the abatement of a
bastard, and the only abatement used.* It is, moreover,
hereditary, and can only be removed by the King. A
bastard maybear his mother's Arms without this abate
ment ; but if he bear his father's, he must add it. The
illegitimate descendants of some of our Kings have
thought fit to incur this blemish for the sake of retain
ing the Royal Arms ; an instance of which we have in
the family of Fitzroy, Duke of Grafton, whose coat will
be found in fig. 64. The baston must not be borne of
metal, except by the descendants of Kings.
A traitor's coat is represented reversed, and is not
blazoned by the technical, but proper names of the tinc
tures, except where such tinctures are themselves tech
nical.
5. Ensigns are either national or personal. The anti- Ensign*
quity of the former has been already shown ; and they
still retain some peculiarities of ancient Heraldry. They
are, for the most part, different altogether from the Arms
of the Country which they represent ; except what are
called " Standards," which are usually the same. The
ensigns of the Norman Monarchs appear to have been
wholly different from the National bearing and from each
other. Argent, a cross, gules, was, at an early period,
borne in the English army, and considered hence the
National banner. In nothing is the Heraldry of Na
tional ensigns more decidedly distinguished from that of
National escutcheons, than in the particular tha,t while
ordinaries rarely enter the latter, they are as rarely
absent from the former. This circumstance also draws
a wide distinction between the ancient and modern
Heraldry of ensigns ; and we may observe, as another
distinction of this department of modern Heraldry, that
colour, as in the escutcheon, so in the banner, is an
essential feature. Yet the rules which prescribe the
different combinations of colours and metals in ordinary
modern Heraldry, have no application in the theory of
ensigns.
The largest species ofensign is the Standard, commonly Standard,
of a square form, but now somewhat oblong. It was
generally used by Sovereign Princes, or by the Com
manders of armies. The Gonfanon, as used anciently, Gonfanon.
did not, according to Dr. Meyrick, resemble the species
of ensign commonly termed by that name in modern
Heraldry, but " was fixed in a frame made to turn like
* " All the bastardis of all cotarmuris shall here a fosse, sum call
hit a baston ofoon of the iiii dignites of culouris, except the bastarde
of the tixiales, and the bastarde of the brethyrae of the cheve Mode :
where theritaunce is deparded to evych brothir e like moch, theys
bastardis shall add more bagy to his armys, or take away a bagy of
arrays."—Book of Si. Albani.
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a modern ship's vane, with two or three streamers or
' tails. The object of the Gonfanon was principally to
render great people more conspicuous to their followers,
and to terrify the horses of their adversaries ; hence the
Gonfanon became a mark of dignity." These Gonfanons
appearto have differed little from the Penuon. We have
given some representations of ensigns called by ancient
Pennon. writers Gonfanons and Pennons. Yet that there was
tome difference is evident from the language of Wace :
Li barons ourent gonfanons,
La chevaliers ourent penons.
The difference was, perhaps, rather in the charge than
the form. Indeed, the Gonfanon appears to have an
ciently sustained the office of the banner, to indicate the
presence of some important person ; while the Pennon
was borne by every ordinary Knight, as well as by the
more powerful feudal dignitaries.
A writer in the Retrospective Review, to whose obser
vations this department (if our Treatise is greatly indebted,
observes, " When the English army was composed of
tenants in capite of the Crown, with their followers, it
appears that such tenants were entitled to lead them
under a banner of their Arms ; but the precise number
of men so furnished, which conferred this privilege,
has not been ascertained. Judging, however, from the
Siege of Karlaverock, it would seem that early in the
XlVth century there was a banner to every twenty-five
or thirty men at arms."*
" When the tenant in capite was unable to attend in
person from sickness, or from being otherwise engaged
in the King's service, he nevertheless sent the quota of
men at arms and archers, for which, by the tenure of his
lands, he was engaged ; and his banner was committed
to the charge of a deputy of equal rank to his own.
Thus at Karlaverock, the Bishop of Durham, being pre
vented from attending by some public duty which detained
him in England, he sent one hundred and sixty of his
at arms with his banner, which, it is worthy ot
was simply that of his paternal Arms, without
any reference to those of his See ; which tends also to
prove that in the field he was considered merely as a
temporal Baron."t
" The most curious fact on the subject which is esta
blished by the Poem is with respect to the banner of an
Earl ; for it is evident that it was considered to belong
to the dignity rather than to the individual. Ralph de
Monthermer, the Earl of Gloucester in right of his wife,
Joan, daughter of King Edward I., and widow of Gil
bert de Clare, Earl of Gloucester, by which title he was
repeatedly summoned to Parliament, led his followers
on that occasion under the banner of Clare, the Earl
of Gloucester, whilst he was himself vested in asurcoat
of his paternal Arms, which he also bore on his shield."
" The fact is the more worthy of attention, because it
corroborates the opinion that he possessed the dignities
of Earl of Gloucester and Hereford solely in right of
his wife ; for on her death in 1307 he ceased to enjoy
them, and they were assumed by Gilbert de Clare, her
son by her first husband; Monthermer being sum
moned to the very next Parliament as a Baron only. "J
Banners.
Corporations and Fraternities, secular and religious,
* Retrospective Review, Second Series, Oct. 1827.
t Ibid.
J

had also their respective Banners ; which, on
occasions, were paraded in the field.
The Banner was not only displayed on a staff, but
was also appended to the trumpets of the owner. II
was borne, too, by Heralds, when acting on the part of
the Prince or Chief to whom it belonged.
Beside this Banner, a Knight might have what was
called his Standard, which differed wholly from the
species of flag now known by that name ; since, while
the modern Standard universally displays the Arms, the
early one always bore the badge or cognizance. The
Standard was somewhat longer than a Banner, but not
so deep. Both Standard and Banner led 100 men.
The Pennon, like the Banner, contained armorial
bearings ; every Knight having the command of 100
men was allowed to bear one of these. We have
already spoken of the manner of
i The Guidon, or, as some write it,
the ensign of an esquire or
50 men. It bore no Arms,
zance, or Device.
The Pennoncell might be used by any individual It
bore the cognizance, or " avowry," i. e. the name of the
tutelar saint of the bearer.
This interesting department of Heraldry has in this
Country almost wholly fallen into decay. At the funeral
of Lord Nelson great attention was paid to ensigns, as
well as to every other branch of the study; but at that
of the late Duke of York the utmost disregard of the
subject prevailed.
We here conclude our summary of this curious and
not unprofitable theory. Prejudices, founded on gene
rous and noble sentiments, but now fast decaying before
opinions, which, if less prejudiced, are less honourably
grounded, have exalted, it must be allowed, the pursuits
of Heraldry to a very exaggerated and unmerited dig
nity ; but there are extremes in this as in all
and the contempt which the elegant fabric of
is fated to experience at the hands of utilii
equally discreditable to modern taste
knowledge. Heraldry is, at least, a
structure ; and, if material utility must be the
of Good, Heraldry, even here, may advance her preten
sions. For if the maintenance of a high spirit of
honour, attachment to existing institutions, and the pre
servation of those gradations to which Society is in
debted for all its symmetry and solidity, be objects of
importance, Heraldry has valuably contributed to alL
Heraldry, too, was chief handmaid of the ornamental
Arts in dark and barbarous Ages : and whatever may
be said of the pedantry of early Heralds, who crowded
their Treatises with information wholly alien from their
subject, yet this alone is good evider
as such, was expected to be a man of
inasmuch as his very Science led him to treat of
almost universal. Heraldry, too, has been the
of determining genealogies and
very remote conclusions : its use in
both as regards customs and facts, must be allowed to
be considerable ; and its study, therefore, can never be
unworthy the Historian, the Biographer, and the man
of Letters ; while the Philosopher may well be required
to tolerate what has proved in many instances of essen
tial value to Society.
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Origin of the Art of Coinage.
Prior to the invention of stamped money, commerce
was carried on by the exchange of commodities, and the
little metal employed probably consisted of pieces cut
without regard to shape but regulated by weight ; for
all large, and even for small sums recourse was, conse
quently, had to scales, and, if we take into consideration
the diversity of weights existing in Countries apart from
each other, we shall readily perceive the inconvenience
attending this original barter. On the earliest Grecian
Coins a variety of types appear which are derived, as we
shall shortly explain, from circumstances connected with
the Country ; it will not then be unreasonable to sup
pose that each City having adopted some particular
emblem, affixed it to the pieces of metal there struck, at
once designating the City to which they belonged, and
indicating in a manner their value. This stamping of
pieces of metal was, in fact, a public testimony that they
were of the weight required, and might pass in traffic
without trial by scales. It will be obvious, that it was
sufficient to affix the stamp on one side only of the Coin,
but a difficulty arose as to the means of effecting this ;
if the metal were laid on an even surface, the dye
containing the device placed upon it, and the hammer
resorted to, the pieces would in all probability be dis
placed during the operation, and the impression would
thus be rendered imperfect. At the present day, the
piece of metal, or planchet as it is termed, is placed
within a steel collar corresponding with it in size ; but
this being a contrivance unknown to the Ancients, the
method they adopted may be thus explained. Deep
grooves, generally two in number, were cut out of the
surface of one extremity of a bar of metal or a pun
cheon, by which means projections were formed and the
planchet was then laid thereon ; in this manner, after a
single blow of a hammer, the metal would be partially
secured and retained in its place until the operation of
striking was completed. From the great relief given to
the early Coins, the type could only be brought out by
repeated blows, and their extreme thickness and glo
bosity leads us to suspect they were, in the first in
stance, of a spherical form. The Coins produced after
the manner we have just described, would bear on one
of the sides the type of the City rudely executed, and on
the other several deep indentations made by the fixed
puncheon ; these depressions most frequently partook
of a quadrilateral form, and were four in number ; h
after the lapse of a few years, when the Coins were
racterised by a greater degree of neatness, the rev<
represented a square divided into four equal parts.
The lines, which at first were of considerable breadth,
insensibly disappear, and about the year 500 b. c. but
one slight depression of a square form remained occu
pying the field of the Coin ; this compartment served for
the introduction of a second symbol, and instances
occur in which the former divisions are slightly indicated
on the surface.
We have as yet noticed but one variety of indenta
tions on the reverses ; for although about 500 b. c. the
indented square prevailed throughout Greece, nume619

rous modifications were employed before the dye as
sumed this simple character. Instances occur of Coins Fabric of
moat
in which the dye is circular, but divided like the pre the
ancient
ceding into four parts ; others there are, also, in which Coins.
the bounding figure is square, but the cavities are tri
angular, from the cross linos running diagonally.
The Coins of some Cities of Asia Minor present a sin
gular variety ; in these the surface on which the metal
was placed had angular pieces cut out, not the deep Plate II.
grooves noticed above; as it is difficult to convey in F'£>- ,0words an idea of this modification, we have given a XiUMinor
representation of the form of the end of the instrument coeval with
by which, possibly, it was effected. The difference intheLydian
the appearance of the Coin thus formed will be, that Kingdom,
instead of the area being divided as before by bands, the *8'
separation is effected by an angle of each department being
considerably depressed. The improvements resulting
from this variety in the dye may be easily conceived ; in the
course of time it was found unnecessary to give so great
a depth to the depressions, which therefore gradually
became less apparent, and about the year 460 b. c, but
four slight triangular indentations are seen, disposed
like the sails of a windmill. There are a few Coins in
which the triangular parts are given in relief, possibly
suggested by the preceding variety, and admirably
adapted for fixing the planchet during the operation of
forming the type. The depressions were by no means
limited to four, although that number is by far the most
frequent ; on the Persian Coins denominated Darics but
one indentation appears, of an irregular form, and on
ancient Coins ascribed to the city of Ephesus there are FlS- 12>
two ; on early Coins of Dyrrachium and Corcyra three
cavities may be seen, on those of Egina they are, with
scarcely an exception, five in number, and in those of 5***|
Sicily yet more numerous. Two varieties, more complicated, occur of BoRotia and Thebes ; on a few Coins of
these Cities the square is divided both by transverse and
diagonal lines, thereby forming the triangular depres
sions before alluded to.
The first attempt at the introduction of types on both
faces of the Coins, appears in the insertion of some small
object in one of the compartments. On Coins of Egina
a Dolphin is common ; and in a few of Syracuse, the
square divided into four parts may be recognised, and
in the centre a circular cavity is reserved containing a
Fig. 2.
head of Proserpine.
Such are the combinations in early Coinage which
possess chief interest, and these are as many as our
limits will permit us to detail. There are a few Cities on
the Coins of which the progressive stages of the Art may
be traced, as is the case with those of Chios ; some Cities
also retained to themselves a peculiar modification;
thus in the colonies constituting Magna Gracia, a
singular method was practised, but one equally effec
tual for securing the planchet ; the Coins of Metapontum, Tarentum, Crotona, Sybaris, and Posidonia, are
hollowed on the reverse with the obverse in relief with Coins of
the same object : these Coins, termed incused, we may ~^Jj
presume to have been struck at the period during which
the simple square dye prevailed in Grada Propria.
One advantage gained by this method was, that these
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Coins required a smaller quantity of metal j the pieces
exceed in their diameter the ordinary dimensions of
Greek Coins, but are extremely thin.
The Cities of Maronea, Abdera, Acanthus, Amphipolis, and /Enos, situated on the coasts of Macedon and
( ^ Thrace, near to their junction, have commonly on their
mk oma. comg-a double square, a peculiarity which being found
to exist on Coins of the Macedonian King, Alexander I.,
determines their age. (500 b. c.) On the reverses of these
Kg. 4.
Coins the divided square appears, considerably reduced
in size, around it the name of the City is inscribed, and
there is a second square beyond. The divisions of the
inner square were afterwards omitted when some device
was introduced, and in a short time the inner square
was altogether dispensed with.
Having in the preceding remarks shown the possibility
of effecting a chronological arrangement of these curious
Coins by a careful examination of the indented marks, it
may be proper to state, that the interpretation we have
assigned to them is not altogether in accordance with
the opinions hitherto received. In hazarding these con
jectures we would by no means insist that the various
figures certainly originated in the manner we have de
scribed, but we think the supposition consistent through
out, and neither forced nor improbable.
PART I.—Ancient Coins.
fCivic.
Grecian . (Monarchic
Roman Asses.
/Consular J(Coins
of the Families.
(
Roman.
Imperial l ~
(Provinces.
Roman
( Grecian.''{Coloaies&Mimicipia.
Medallions [Roman.
I Grecian.
{European.
Asiatic.
African.
Sect. I.— Grecian Coins.
I. Grecian The Coins of the Greek Cities may be subdivided into
Civic Coins, those 1 . ofGraecia Propria, and the Islands ; 2. ofthe Greek
Colonies ; and 3. of the Greek Cities in Asia. The first
two divisions embrace Coins from the invention of the
Art of striking them until the subjugation of the Country
by the Romans. The third division is of minor import
ance, comprehending the Coins of Cities founded by
Alexander the Great while prosecuting his conquests in
the East. This class terminates with the Augustan
Age, and includes many Cities of Asia Minor, Arabia,
Palestine, Syria, and Mesopotamia.
Era of
No chronological arrangement of the early Coinage
Grecian Gf the Grecian States can at present be effected, but we
Civic Coins, are> nevertheless, induced to offer some hints for the con
sideration of the student on their probable era ; viewing
them in connection with the Coins of the ancient King
doms of Lydia and Persia. The subject has indeed
seldom been more than imperfectly touched upon ; and
we conceive much valuable information connected with
the chronology of Ancient Greece, the progress of the
Art of Sculpture, and comparative wealth of the several
States, might be obtained, if this inquiry were more fully
pursued. We shall confine our remarks to a few Coins
on which there remain grounds for reasonable conjecture
as to their era ; such are those of Egina, of Mace

donia, and of Gra:cia Magna, but we hare first to notice Offteru
the Coinage of the Asiatic Countries.
Cr,i<;^
The Lydians occupied a portion of Asia Minor,
lying between the rivers Thermus and Menander, and
are the nation recorded to have first stamped the metal
used in commerce.* Upon reviewing the annals of the
Lydian Kingdom, we shall find their History, at the
commencement of the VHIth century b. c, involved
in obscurity, and intermixed with fable ; at that period
also the surrounding nations enjoyed independence.
Upon examining the Coins ascribed to this Country, we
will venture to say that the rudest among them cannot puje n.
claim a higher antiquity than many of acknowledged Kg. I&
Grecian workmanship, which we shall show in the
sequel to have been struck about 600 8. c. Under
Croesus, 560 b. c, Lydia was incorporated with the Per
sian Empire, and as we must assign the year 700 b. t.
as the earliest date for the practice of the Art of Coinage,
we may consider the Lydian Coins as having been struck
during this interval. It may be remembered that
throughout the Poems of Homer, who flourished, ac
cording to Newton, 870 b. c, no passage is found from
which we can infer the existence of stamped money, an
omission which could scarcely have occurred if Coins had
been in his days a medium of commerce.
The earliest of the Persian Coins in existence are the p^jj.
pieces denominated Darics, and commonly referred to Fig. 1>
Darius I., who ascended the throne 521 b. c. Upon a
careful inspection of them, they will be found scarcely
reconcilable with this date, being of extreme rudeness,
whereas the Greeks of Asia Minor had, at the period
in question, arrived at some proficiency in the Art. We
may then conjecture that they were issued by order of
Darius, a King of the Medes, who, upon a partial
conquest of Lydia, 544 b. c, caused the money of that
Country to be recoined for his own use.f
For the epoch of the institution of Coinage in Grccia 6™*
Propria, antiquaries usually adduce a passage in the PnP*
Arundelian Marbles, relating that Phidon, a Prince of
the Argives, established a Mint in the Island of Egina,
869 b. c. The Coins struck by him bear the marks ofI^*L
high antiquity, and as they are found to this day in great ^
numbers, must have circulated extensively. The date
assigned for these Coins will be perceived to be quite at
variance with the generally received opinion that the
Lydian Coinage is the most ancient. To free ourselves
from this embarrassment we may observe, that a Prince,
also bearing the name of Phidon, is reported to have
flourished nearly three centuries later than the former,
while the events recorded of their lives perfectly coincide ;
a circumstance so improbable, that Sir Isaac Newton
without hesitation rejects the first name as fictitious, and
fixes the date of Phidon at 584 b. c. We heartily
concur in the opinion entertained by this great Philoso
pher, and we conceive that we shall not greatly err, if
we place the earliest Coins of Egina as struck about 600
B. C. This conclusion will guide us in ascertaining the
era of many Coins of the neighbouring Cities and Islands,
as Thebes, Melos, &c.
Coins of great antiquity are found of many Cities efV*"^'**
Macedon and Thrace, bordering on the coast of the
Egean Sea. A knowledge of the circumstances which
gave rise to a Coinage in this distant region, will acquaint
us also with the period oftheir fabrication. The founda• Herodotus, i. 94.
f Newton, Chronologff Balyionivn and ifedes.
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Kumi*- tion of the Kingdom of Macedon is commonly ascribed by
matici. Chronologers to Caranaus, a relative of Phidon ; a cir
cumstance which will justify the supposition of a Mint
having been established in that Country, in imitation of
the one in Egina : this conjecture receives additional
strength, if we might not say confirmation, from the
weights used in both Countries being found to be the
same.
We have lastly to notice, the introduction of Coinage
lagna
in Magna Groecia ; an inquiry attended with more diffi
culty than the preceding, from the various nations who
inhabited its coast, and the several periods of their mi
gration. Whentreatingof the Monarchic Coinage weshall
have occasion to speak of the Coins of the early Princes of
Syracuse, and as the subject will throw some light upon
the Civic Coinage of the surrounding Country, the
reader is referred to that section. It will answer our
present purpose to observe, that but few Sicilian Coins
appear to have been struck until 500 b. c.
ymbols on Our next inquiry relates to the symbols of the Greek
ra'cian Coinage, and the causes which gave rise to a few of the
most interesting. They will fall under three heads ; viz.
I. Peculiar symbols adopted by the early Greek
Cities.
II. The Deities and their attributes.
III. Symbols used in common by Greek Cities.
I. The greater number of the symbols included in the
1st division fell into disuse about 400 b. c, and after
the lapse of about a century, the practice of introducing
the heads of the Deities became general throughout
Greece. The symbols included under the first class
take their rise from local traditions and fabulous History,
from the productions of the climate, and from distin
guished characters and edifices of celebrity.
rmbols
Argos. —Under the reign of Gelanor, an early Prince
rived
of Argos, Danaus, an Egyptian, sought to deprive him
>:n local
iditions of the Kingdom. A day was appointed for a public
fi :..'.]; assembly to decide on their respective claims, on the
tsILstory. eve of which a bull and a wolf, from the neighbouring
mountains, fought under the walls of the City : the
Argives assimilated the bull to Gelanor, and the wolf
to Danaus ; and the wolf proving victorious, the crown
was awarded to the Egyptian Prince. In commemo
ration of this event, the Argives stamped on their Coins
the device of the forepart of a wolf.
Byzantium.—It is related of Philip II. of Macedon,
that meditating an attack on this City on a cloudy night,
the moon suddenly shone forth, and discovered the ap
proach of his army in sufficient time to enable the in
habitants to repulse him : the moon was ever after
venerated as the preserver of Byzantium, and the event
recorded by the symbol of a crescent. The Turks when
they took possession of Constantinople in the XVth cen
tury, perceiving the type in many parts of the City, and
ignorantly suspicious of lurking magic, thought to propi
tiate its unknown powers by the adoption of the symbol.*
Clazomme.—A tradition long prevailed that a winged
boar appeared in the territory, and laid waste a great
extent of country ;t the inhabitants affixed, in conse
quence of this circumstance, a representation of the
monster on their Coins.
Corinth.—According to fabulous History, the hero
Bellerophon discovered the horse Pegasus, prior to his
engaging, the Chimera by a fountain situated at the
* Hiitoria Byzantina, i. 7.
t /Elian. De Naln^d Animalium, xii. 33.
VOL. V.
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foot of the citadel of Corinth ; hence that animal forms Symbols on
the symbol on their Coins.
Grecian
Ephesus.—Philostratus relates that the Athenians, Coins,
about to plant a colony on the coast of Asia Minor, v—">'""■»■''
were directed in their course to the spot on which this
City was afterwards founded, by a swarm of bees, which
preceded the vessel. Hence we have the origin of the
symbol of a bee on Ephesian Coins.
Gorlyna.—The symbol is thatof Europa, recording the
fable ofJupiter havingconducted the daughter of thePhrenician King Agenor across the sea to the Island of Crete.
Heracleia.—There were not less than 100 Cities of
this name, all of them founded in honour of Hercules.
The symbols on the remaining Coins of a few of these
Cities represent Hercules strangling the Nemaan Lion.
Stymphalus is memorable for being the spot at which
Hercules destroyed the voracious birds Htymphalides,
which fed upon human flesh. The hero is depicted in
the act of discharging an arrow : the objects at which
he aims are necessarily excluded.
Ilium.—The fate of ancient Troy is recorded on
Coins of this City by the figure of /Eneas bearing his
father Anchises on his shoulders, and attended by the
young Ascanius.
Lesbos, Chios, Lampsacus, and Thasos were famed Symbol*
for their excellent wines, and, in consequence, among <ler'ved
the devices, heads of Bacchus and Silenus freouentlv frun?
...
,
;
appear ; also
ivy-leaves, grapes, amphora,
a variety
of*„ productions
0f the
drinking vessels, and the panther, an animal consecrated climate.
to Bacchus, may be seen.
Cyrene.—The symbol is the plant silphium, peculiar
to the Country.
Melapontum and Leontinum.—The country surround
ing these Cities was remarkable for its great fertility, •
so much so that, in Leontinum, corn was reix>rted
to grow wild. The symbol adopted by the former City
was an ear of barley; by the latter, a lion's head, sur
rounded by grains of barley.
The devices on the Coins of many Cities lead to the
origin ot their names, these being derived from their
productions, their fancied resemblance to some familiar
object, &c. The most remarkable of this kind are the
following.
Agrigentum, called by the Greeks Agragas, from
Kpayuiv, a crab. This animal is the type of the City,
which was named after the river near which it was
founded.
Clides, from KXelt ncXtiSos, a key, the device adopted
from the Island being assimilated in form to that object.
Cardia, from Kuptia, a heart, the symbol which may
sometimes be seen on the Coins of that City.
Melos, from M/yXow, a melon, a common symbol on
the early Coins of Melos, either from the fruit abound
ing in the Island, or its fancied resemblance to it in
form. The meaning of this word is doubtful, the com
mon construction given being that of apple ; but the
fruit represented on the Coin does not perfectly resemble
either that or the melon.
Rhodes, from 'Pocov, a rose ; it may, perhaps, also
be translated the flowers of the pomegranate, the inva
riable type of the city.
Selinus, from SeWov, parsley. A leaf of this herb
is the common type of the City, which received its name
from a neighbouring stream, so called from the plant
being found in large quantities on its banks.
Side, (Pamphylia,) from 2<'ty, a pomegranate, the
type of the City.
4 L

r
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Of the Cities which contend for the honour of giving
birth to Homer, Smyrna and Chios have the fairest
claim : on the Coins of the former the bust of the Poet
Distin
forms a common device ; on those of the latter he is re
guished
characters presented at fall length with his Poems in his hands.
Sappho appears on Coins of her native City Mytilene in
and edi
Lesbos, Lycurguson Coins of Laceda?mon, and Aja\,the
fices of
celebrity. son of Oileus, forms the constant type on those of Opus,
the Capital of part of Locris, and birth-place of the hero.
Crete was famed for its labyrinth, situated near the
ancient Capital Cnossus, which constitutes the chief
symbol on the Coins of the City. For the City of Rhodes,
a radiated head of Apollo affords the type of the obverse,
which there are some grounds for believing to have
been copied from the celebrated Colossus. The splendid
City of Ephesus was memorable through successive
Ages for the Temple erected to Diana, that Goddess
being worshipped therewith peculiar honours; repre
sentations of the porch of this Temple arc given on Coins
struck during the Imperial Ages of Rome : they differ
slightly from each other, as the edifice was frequently
rebuilt. On Imperial Coins of the Island of Cnidus, the
celebrated statue of Venus by Praxiteles is represented.
Symbols of II. The lid division of symbols on Grecian Coins
Deities.
consists of the Deities and their attributes; these would
naturally be suggested as the devices most appropriate
upon the discontinuance of the indented square, and
while the obverse sufficed to contain the type of the City.
The chief Greek Deities appearing on the Civic Coins
arc the following.
Jupiter. The attributes an Eagle and Thunderbolt.
On Coins of Epirus and Thessaly, the head of the Deity
is crowned with oak-leaves : he had a celebrated Temple
at Dodona, in the former Country, near which City was
a grove of oaks, the leaves whereof were said to be
endowed with the gift of prophecy.
Crete was the birth-place of Jupiter, his head is there
fore common on Coins of the Cities in that Island. On
Coins of Cyrene he is represented in the character of
Jupiter Amnion, as on those of the Egyptian Princes.
Juno.—Peacock. The head of Juno is common to
Grecian Coins ; the Peacock may be seen on a few Coins
of the Island of Samos, famed for its Temple erected to
that Goddess, a representation of which is given on Coins
struck in the Imperial Ages.
plate t
Pallas.— Owl and Pegasus. The head appearing on
Fig. 7.
the obverse of the silver Coins of Athens (the City conse
crated to the Goddess) is invariably that of Pallas, and
is conjectured to be copied from the celebrated statue of
Phidias. On Coins of Ilium, the Trojan Pallas forms a
common type.
Neptune.—Trident, Dolphin, and Seahorse. The
City of Posidonia, (Uoaeicun', Neptune,) in the Country
of Lucania, was founded in honour of that Deity ; the
coins are incused, (a character we have noticed as pecu
liar to the early Coins of Magna Gra;cia,) and bear for
their type, without exception, a figure of the God.*
Trcezene, a City"of Argos, and the birth-place of the hero
Theseus, acquired celebrity from its Temple erected to
Neptune ; a Trident was, in consequence, affixed on the
Coins.
Apollo.—Tripod and Lyre. We have spoken of a
head of Apnllo on the Coins of Rhodes., supposed to be
taken from the Colossus. The Cities of Chalcis in
* A Coin of this City, delineated on an enlarged scale, may be
seen in plate ii. fig. 4, illustrating the Essay oa Sculpture.

Eubcea, Mytilene, and Colophon, bear the type of a kre Smtnia
on the reverses of their Coins ; they were all famed for Bm°
the worship of Apollo.
Cm
Venus. —A Dove. Cnidus, a City famed for its Temple V""V""1
to Vemis, bears on its Coins a head of the Goddess. The
symbol on the Coins of the Cities of Sicyon, and the
Islands Seriphus and Siphnos is a dove, possibly bearing
an allusion to the worship paid to Venus.
Diana.—A Hind. This animal is common on Coins
of Ephesus, and on those of the City of Perga, in Pamphylia, memorable like the former for its Temple te
Diana ; a figure of the Goddess is given. Syracuse and
Massilia had also Temples to Diana, and her effigy is of
frequent occurrence on their Coins.
Ceres and Proserpine. —Ears of Barley, Torches, fp.
The City of Eleusis, famed for its mysteries, offers on
its Coins a representation of Ceres drawn in a car hj
serpents. Ears of barley are introduced cm Coins ofaB
the Cities of importance in the Island of Sicily, w-herethe
above Deities formed the chief objects of worship.
Hercules.—A Lion, Club, Bow and Arrows. We
have already mentioned the Cities of Heracleia as pre
senting the device of Hercules strangling the Nemsan
lion. Thebes was the birth-place of the hero, his head
was in consequence sometimes introduced on the Coins
of that City ; he is represented also, on a few of them,
strangling the serpents. Hercules was one of the chief
Deities of the Tyrians, and his head forms a constant
device on their Coins ; lastly, on Coins of the Island of
Thasos he appears shooting with his arrows: that Island
was noted for a Temple to the Demigod.*
Bacchns.—Amphoree, Grapes, Vine-leaves. Thebes
gave birth to Bacchus, as well as to Hercules ; hence
when heads are given on the Coins (which does not fre
quently occur) they are of one or other of these Deities.
Amphoree are the most common devices on Boeotian and
Theban Coins.
Pan.—A Goat. The animal may be seen on Coins
of Macedonia, and on those of Arcadia ; the God ap
pears reclining on Mount Olympus.
Mercury.—An Antelope. This is the sole device on
Coins of the City of /Enos, in Thrace.
in. The Hid and last division includes a variety of Sjokk.
symbols appearing in common on Coins which have "Ot^r^,
appropriated to themselves any peculiar device. The
greater number of them are emblematical of warfare,
(the symbols which would naturally suggest themselves
to nations inured from infancy to the use of arms,) and
may be referred to the Northern and less Civilized States
of Greece.
A Horse is the symbol common to Macedonia and V\sk I
the chief Cities of Thessaly, viz. Larissa, Pharsalus, and Fl5 ■■
Tricca ; the inhabitants of those regions acquired cele
brity for their skill in the training and management of
this animal, whereof the habitual use probably gave rise
to the Fable of the Centaurs.
A Shield of an oval form is the type of Bceotia, appear- Fig. i
ing with scarcely an exception on Coins of tie Cities
Thebes, Plattea, Tanagra, and Thespis. On Coins of a
few Macedonian Kings also we meet with a circular
shield, variously ornamented. In addition to these de
vices we may notice frequent representations of fVarrivrs,
Helmets, Clubs, Spears, and other implements of battle.
Lastly, we have the Gties situated on the sea-coast, and
distinguished by their commerce, such as those of Asia
* Herodotus, ii. 44.
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Minor, Phoenicia, and Griecia Magna. The symbols
adopted by these consist chiefly of Vessels, Prows, Rud
ders, Tridenis ; a variety of fish, as the Dolphin, Crab,
&c. ; and in a few instances Shells.
The conquests of Alexander and his Government in
Lsiatic
'■oms of Asia, gave rise to the establishment of numerous Grecian
: : Villi! IT Cities throughout Asia Minor, Syria, and Palestine.
nJ his
His General, Seleucus, founded no fewer than 134
uccessors. Towns,
of which Antiochia, Seleucia, Apamea, and Laodicea were the chief. The devices commonly affixed
on the Coins of these places were the heads of the
Deities and their attributes. The Coins of this division
are, as we might conjecture, infinitely more numerous
than the preceding, but from the sameness of the devices
they afford little interest.
*j»endson We shall conclude the subject of Civic Coins by some
irtriau account of the characters constituting the Legend. The
<H03'
inscriptions of the greatest simplicity were those of the
early Republics ; for as Kingdoms became powerful, de
praved by luxury, and verging to decay, so their Legends
became diffuse, being filled with expressions of adulation
calculated to nurse the ambition and flatter the vanity of
Princes. While Coinage was limited to a few Grecian
States, and each appropriated to itself a device, it will be
obvious that it was superfluous to insert the name of the
City, and hence the greater number are destitute of cha
racters, if we omit the occasional insertion of the initial
letters in the compartments formed on the reverses. But
when Coining became general throughout Greece, and
symbols of the Deities were substituted and promiscu
ously employed, it was then found requisite to inscribe
the names either at length or in an abridged form.*
On Coins of Abydos, in Mysia, the single initial letter
first occurs ; we have afterwards AB, also ABY, and
sometimes the entire name, ABYAIQN, in the genitive
case, money being understood. On Athenian Coins
ate I.
AGE is commonly inscribed on the early Coins, and after
wards AeilNAIQN. Thebes is expressed by GE, Sy
g.3.
it. 2.
racuse by 2YPA, and so on. It may be remarked also
that on the earliest Coins, particularly those of Greecia
Magna, the characters are frequently placed in retro
grade order.
inograms In order that these characters should occupy less room
on the Coin, and not interfere with the device, mono
grams were introduced ; these are figures comprising a
portion of the name, in which the characters are so
interlaced that a limb of one applies to many. By
this ingenious method an entire name might be brought
within a space of little more extent than that which was
previously occupied hy an individual character. The
following will serve as illustrations :
X Aehaia. [A] Panorraus.
Heracleia. y\ Leontinum.
Grecian The Civic Coins about the Age of Alexander the Great
archie
have been stated to bear for their devices, heads of the
s.
chief Deities, and the attributes peculiar to them. The
Coins which now demand attention differ from the Civic
in presenting the portraits of Princes (there are, how
ever, many exceptions) in lieu of the heads of Deities ;
the reverses mainly consist of figures of Deities who
formed the chief object of worship in the particular City
in which the Coin was struck, and were, probably, copied
from statues erected to their honour.
The period of History which these Coins serve to elu* For some of the forms in which the names appear on ancient
Coins, see 4bbkeviation9, in our Mitce/luneout Division,
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cidate is that which has received the denomination of Grecian
the Grecian Empire, commencing with Alexander the Monarchic
Great, and closing with the extinction of the dynasty of Colnsthe Lagidae, in the Augustan Age. Independently of ^■"v"""'
the Kingdoms included in this Empire, a few Coins exist
of the Kings of Epirus, also a series of the Syracusan
Princes.
The Coins of the Grecian Empire may be divided into Divisions of
those of the four Kingdoms established upon the final Monarchic
division of Alexander's dominions, viz. the Kingdoms Coln3,
of Macedou, Thrace and the Western parts of Asia
Minor, Syria, and Egypt; also the portions of these
which were subsequently formed into distinct dynasties.
Under this second division we have the Countries of Ar
menia, (divided into the Greater and the Lesser,) Parthia, Bactriana, Judaea, Commagene, and Osroene, or
Edessa, in Mesopotamia.
Macedon.—The Coins of this Kingdom claim our first
attention ; for omitting those which bear the head of Gelo,
first King of Syracuse, (referred by some antiquaries to
the reign of that Prince,) they precede by upwards of a
century the Coins of any other race of Grecian Princes.
As this series is of considerable extent, and slightly
varied in its character according to the periods in which
the Coins were struck, we may divide it, into three
classes : the first of these commences 500 b. c. with
Alexander I. and closes with Amyntas, the father of
Philip II. ; under the second division will fall the Coins
of Philip II. and Alexander the Great; and the third
includes those of the remaining Princes, until the final
subjection of the Country to the Romans.
I. This division is chiefly interesting from including
many pieces bearing the rude indentations peculiar to the
early Coinage. As these have already been described in
treating of the Civic Coins, further detail is needless.
The Coins of Alexander I. are in silver, and of great
rarity, as are also those of his immediate successors ; the s' '
most common type on the early, and indeed late Coins
of the series is a Horse with or without a rider, and
upon the introduction of symbols on both sides of the
Coins, a head of the young Hercules clothed in the lion's
skin. Hercules was a Deity highly honoured in Mace
donia, as the inhabitants deduced their descent from
him.
II. We have just observed that the Coins of the first Coins of
class were indicative of the infancy of the Art among the
Greeks, and it is remarkable that it attained to consider- Ael t!ie
able excellence in little more than a century from the Great,
discontinuance of the indented square. Many Coins of
this division are indeed of the best style of Grecian
workmanship, and as the Princes to whom they refer
are among the most distinguished in History, they merit
some attention. Numerous as are these Coins, it is re
markable that they offer but little variety in their devices,
it is also doubtful if any Coins of Thilip were struck in
copper; the reverses of those in gold and silver bear
symbols commemorative of his victories in the Olympic
Games ; the head appearing on his silver Coins is inva- Fig. 9.
riably that of Jupiter, a Deity whose worship was very
ancient in Macedon. The gold Coins of Alexander the
Great bear a head of Pallas, (a favourite Deity of that
Prince,) also figures of Victory, in allusion to his exten
sive conquests. On the silver Coins a figure of Jupiter is
represented, a symbol which afterwards became common
to Coins of the Grecian Empire. The God appears seated,
bearing in his right hand an eagle or a figure of Victorv, and in his left a sceptre ; the figure was probably
8
4l 2
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copied from the renowned Statue by Phidias, at Olympia. On the obverse of the Coins with this device,
we have a head of the young Hercules clothed in the
lion's skin ; these symbols were affixed to Alexander's
Coins in consequence of his tracing his descent from the
last-mentioned Deity, and from his earnest desire to be
regarded as the son of Jupiter. The bronze Coins of
Alexander are unimportant, as they are of inferior exe
cution, and the symbol consists but of a repetition of the
devices just named. It may be remarked that none of
the Coins struck during the life-time of that Prince are
known to preserve his portrait, although the practice of
introducing the heads of Princes was not uncommon in
his Age. Visconti has with much pains endeavoured to
prove that his features are preserved on a few Coins
under the character of the young Hercules, but the
result of his observations is unsatisfactory.*
III. The Coins of Philip V. abound in Cabinets; they
are greatly diversified in their symbols, and many in
silver are of very good workmanship.
The copper Coins of the Greek Empire are seldom
Copper
Coins of deserving of much attention ; inferior in their execution
the Greek to those in silver, they offer devices but slightly differing
Kings.
from the Civic Coins, viz. the heads of Deities and their
attributes ; the greater number of the Coins after Alex
ander the Great are of this kind, and consequently of
little esteem.
Thrace and part of Asia Minor formerly constituted
the chief possessions of Lysimachus, in the division of
Alexander's dominions ; the Eastern portion, however,
of the latter Country fell to the lot of Seleucus. Soon
after the death of Lysimachus, Thrace was overrun by
the Gauls, and Asia Minor was formed into several in
dependent Kingdoms.
Thrace.—The silver Coins of Lysimachus are very
numerous, and bear the portrait of the King ; the horn
behind the ear is symbolical of power and strength, and
was assumed by a few of the Generals of Alexander, the
supposed son of Jupiter Ammon. The gold Coins of
this Prince resemble the silver ; the copper are unim
portant.
At the fall of the Greek Empire, the Gallic Chiefs,
who held possession of the Country, struck Coins ; they
are all of copper, indifferently executed ; and in lieu of
the ordinary symbols on the reverses, they bear the
portraits of the Roman Emperors in token of allegiance.
This series extends to the reign of Caligula.
Asia Minor.—Caria is the most ancient Kingdom in
this territory of which a series of Monarchic Coins is
preserved ; on the obverse are heads of Apollo, resem
bling those on the Coins of Rhodes ; the type of the
reverse is a figure of Jupiter Labradeus, (so named
from his bearing an hatchet :t) Jupiter was the chief
Deity of the Carians, and had a splendid Temple at
Halicarnassus, the ancient Capital and Royal seat. This
series extends to the Age of Alexander.
Mysia, or Pergamus.—Philetaerus, the Prince who
founded this dynasty, appears, from the Coins, to have
had his name used in common by the race, a practice
by no means unfrequent in the East : the portraits on
the numerous Coins usually ascribed to him, exhibit too
great a diversity of character to authorize a supposition
that they were intended for the same individual. On

* Iconographie Grcctpu, Roil de Maddoine.
\ Plutarch, Quatt. Grtecce.

the reverse, a figure of Pallas Is 1
holding in her right hand a laurel crown ; this type Mwrola
alludes to the solemn Games instituted in honour of that ^oa.
Goddess, at Pergamus, by Phileta?rus, and observed by v—
the succeeding Princes. The copper Coins of this series
are few in number, and little worthy of notice.
Bithynia.—The silver Coins of this race of Princes
represent their portraits boldly executed, and on their
reverses a figure of Jupiter. He had a Temple at
Nictea, the Capital, and is represented with his right
hand extended, bearing a laurel crown, the reward of
the victors in the Games instituted in his honour.
Cappadocia.—A very complete series of the Coins of
the late Princes of this Country is preserved, inscribed
with the years of their reigns, as indeed are many Coins
of the Bithynian Kings. Pallas bearing a figure of
Victory is the type of the reverse.
Pontug.—But a few Coins remain of the Princes of
this Country ; indeed, until Mithridates the Great, its
History is little known. The series is not characterised
by any peculiar device ; the Coins of Mithridates are
numerous, and possess great beauty ; the symbol is
commonly a Hind, encircled by an ivy wreath ; and oc
casionally Pegasus, a type of the City Aniisus, is substi
tuted.
Bospkorus.—In connection with Pontus we may
notice this remote region, governed from an early period
by Kings whose names alone remain. The utility at
ancient Coins to the Historian is in few instances more
remarkably shown than in the Coins of this Kingdom, as
those of a race of Princes scarcely mentioned in History,
are preserved entire for upwards of three centuries ; and
from the dates being given with each, we are enabled to
ascertain the precise year of the accession of many at
them. Several of these Coins are composed of the
mixed metals denominated electnim and potin ; the
former compounded of gold and silver, and the latter,
silver debased with copper. The execution ofthese Coins
is very indifferent ; indeed those of the last five reigns
scarcely preserve the form of the human countenance :
the series extends from Augustus down to Constantine
the Great, and on the reverses the heads of the Roman
Emperors, to whom they acknowledged allegiance, com
monly appear.
Egypt.—If we omit the Coins of the Seleucidae, those
of the descendants ofAlexander's General, Ptolemy, who
fixed themselves at Alexandria, form the most beautiful
monarchic series extant. They acquire additional in
terest from preserving portraits of the Queens; many
are unrivalled in execution, and the gold Coins, both for
size and number, exceed those of any other Kingdom.
The devices are but of two kinds, an Eagle ou a thunder- ^'
bolt and a Cornucopia ; the introduction of the first
symbol is conceived to have originated either from
Ptolemy I. deducing his descent from Jupiter, or from
his life having been preserved by an eagle, when ex
posed in his infancy in the woods : the cornucopia, on
the Coins of the Queens, was probably emblematical of
their deification, the symbol being given to the propi
tious Deities. The copper Coins of the Egyptian Kings
are destitute of portraits, the head of Jupiter Ammou
forming the sole type of the obverse : on the silver
Coins the year of the Prince's reign is frequently in
scribed, prefixed by a character resembling the English
letter L. In this series are a few gold Coins highly
interesting from the portraits they transmit, and w hich
give them the character of Medals ; the

NUMISMATICS.
Nuttiif allude to represent on one of the sides the portraits of
matics. Ptolemy I. and Berenice, and on the other those of the
"■"V"'' Hd Ptolemy (Philadelphus) and Arsinoe.
Syria.—A few gold Coins exist of the early Kings of
Syria, but all are of extreme rarity ; the series in silver
possesses great beauty, and is preserved entire of nearly
all the Kings, (twenty-six in number :) from the diver
sity of character these exhibit, and from the resemblances
which may be traced in branches of the same family,
there is every reason to believe that the likenesses are
correct. On the reverses of the above Coins we meet
with figures of the Deities who formed the chief ob
jects of worship : the first in importance is Apollo ;
he is represented on the Cortina, a seat of a conical
form, placed over the spot whence the gale of inspira
tion was conceived to arise : this device appears on the
Coins of Seleucus I., the reputed son of the God. With
Antiochus IV. we have the type of Jupiter, closely re
sembling the figure on Coins of Alexander the Great ; the
adoption of this symbol arose from a celebrated Temple,
erected to Jupiter in Antioch, having been embellished
by this Prince, who also caused a Statue of the God,
copied from that at Olympia, to be placed therein. On
Coins of succeeding Princes, Pallas and other Deities
appear.
Armenia.—The few Coins which remain of this ex
tensive region are indicative of the rude state of the
Art ; and the Princes to whom they refer are scarcely
known in History.
Parlhia.—The Coins of the Parthian Kings differ in
their general appearance from all of the preceding,
yet they possess little variety among themselves ; the
series extends throughout nearly five centuries, and
from the changes they underwent during this period,
we may consider them as consisting of three kinds.
I. This division includes the reigns of twelve Princes,
and extends to about fifty years before the Chris
tian Era ; the Coins are small in size, and have for the
type of the reverse the King seated, holding in his hand
ite I.
a bow. The portraits, which manifest a progressive im> **• provement in the execution of the Coins, are rendered
interesting from the pains bestowed in the delinea
tion of costume. The figure on the reverse is en
compassed by a Legend of some length, as in addition
to the name Arsaces, common to the race, a surname
is occasionally introduced, serving to distinguish the
Princes, the epithet <1>IAEAAHN, or friend to the
Greeks, and the pompous title " King of Kings." II.
The greater number of these are of a large size and
of superior workmanship ; some variety is also given
to the device of the reverse, in which a female ap
pears presenting a crown to the Monarch. III.
The third class includes the Coins of the last few reigns,
which are only remarkable for their extreme bar
barism. This series is in silver, with the exception
of those forming the last division, where copper is
mixed in such large proportion with the silver, as to
constitute the metal called by the French potin ; dates
appear on late Coins of this dynasty, (commencing
from the era of the Seleucidee 312 b. c.,) and they
furnish the only means of appropriating with certainty
the Coins of many of the Kings.
Bactriana.—The discovery of Coins of a few Princes
who reigned over this distant Country, the most remote
of Alexander's conquests, has enabled antiquaries to
ascertain, in some degree, the order of succession of
the Kings ; and little as we are acquainted with their
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History, there is much reason to believe that the King- Grecian
dom at one period had attained great power. The Monarchic
Coins are unquestionably the work of Greek artists.
Coin*.
Judeea.—The earliest known Coins of this Country ™ ^""""^
were struck during the dominion of the Maccabees,
and the greater number may be referred to Simon
Maccabeus, his name being inscribed thereon in Sama
ritan characters. The symbols of most frequent occur
rence are Vine-leaves and Palm-branches, and to the
Coins of Princes of a later date, Cornucopia?. Coins
remain of the three Herods and two Agrippas ; they
are of copper, and bear dates like the Egyptian.
Commagene.—These Coins are of copper, and consist,
with scarcely an exception, of those of Antiochus IV.,
his Queen, and their sons. The sign Capricomus is a
common type, being that under which the Emperor
Augustus was born ; this symbol, as will be hereafter
shown, is common to the Coins of that Emperor, and
was probably introduced on this occasion from Antio
chus IV. having acquired the territory through his in
fluence.
Edcssa.—The Coins of the obscnre race of Princes
who reigned over a part of Mesopotamia, of which
Edessa was the Capital, are, like those of the preceding
Countries, in copper, and of rude workmanship. The
order in the succession of the Princes can be ascertained
only from the heads of the Roman Emperors occupying
their reverses, the name Abgarus being common to theKings, and, with but one exception, the only one intro
duced in the Legend.
Syracuse and Epirus.—The Coins of these Kingdoms,
which we have delayed noticing hitherto, as they do not
fall under the Greek Empire, are here taken in connec
tion, because many of the latter Country, to all appear
ance, are the fabrication of Sicilian artists. The Coins
of the Syracusan Kings differ but little in their general
character from those of the other Grecian States ; they
are greatly diversified, and for beauty of execution rival
any extant : the symbol of most frequent occurrence is
that of a Victory guiding a chariot, a device commemo
rative of the solemn Games instituted in honour of
Ceres and Proserpine. Much contrariety of opinion
prevails respecting the era of the supposed Coins of
Gelo, the first King of Syracuse : (elected 494 b. c.) the
reader will remember that we stated the invention of the
Art of Coinage to have taken place in Sicily but a short
time prior to the above date ; presuming, however, that
it may have originated 600 b. c, little improvement
could be looked for in the course of a century, whereas
many Coins of the Prince above-named are of the finest
workmanship. It is also highly improbable that a period
of two centuries should elapse without any Coins being
preserved of the numerous individuals who held the
reins ofpower. Another circumstance will seem greatly
to favour the supposition that they were struck in the
Hid century b. c, (in which case they may be referred
to the reign of Hiero II.) We allude to the portraits
appearing in the obverses. It is very doubtful if por
traits were introduced on Coins much before the Age of
Alexander, at least out of Macedon, and had they been
impressed on Syracusan Coins so early as Gelo, there
would have remained, in all probability, heads of Agathocles, Phintias, and especially of Pyrrhus, who passed
a considerable time in the Island ; but none such have
been found, the portraits commencing not earlier than
Hiero II. The early wealth and prosperity of Sicily
is one of the arguments advanced in favour of the older
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date, but it should be remembered that although Coins,
finely wrought, have rarely appeared in any but wealthy
Countries, nevertheless, instances are by no means un
common of Countries proverbial for their early riches,
which did not practise the Art of Coinage until the
decline of their power. A few silver Coins have been
referred to Dionysius, but their authenticity is much
doubted ; they are inscribed with Phoenician charac
ters, and consequently were struck by the Carthaginians.
The Sicilian Monarchic Coins are of various metals and
sizes, and of Hiero II. there are a few fine Medallions :
this series of Coins closes with the Siege of Syracuse by
Marcellus, 212 b. c. The Coins of Epirus commence
with Alexander I., a Prince contemporary with Alex
ander the Great, but with whose History we are little
acquainted ; the gold Coins which exist of this Monarch
are conceived to have been struck in Magna Grsecia,
whither he went to aid the Tarentines in their wars
with Rome. The Coins of Pyrrhus exist in various
metals, and offer many pleasing devices.
The remainder of the Monarchic Coins comprise
those of a few Princes who reigned in Galatia, Cilicia,
Paphlagonia, Heraclea in Pontus, and in Illyria and
the adjoining territory.
Value of
Little, if any, information can be obtained, at the
Grecian
present
day, respecting the actual value of money
Coins.
among the Ancients ; we propose, therefore, to treat
only of the relative value of the pieces when in circu
lation, by placing upon the chief Coin that value, which
it may be conjectured to have borne when struck. This
estimate may be elf'ected with considerable accuracy,
from the passages remaining in ancient writers who
have touched upon the subject, but more especially by
the aid of existing Coins. A knowledge of this subject
is in a degree requisite in order to understand the terms
frequently made use of in Historical works; it must
create additional interest in surveying the Coins, which
will be augmented as we find a resemblance existing
between the weight now employed and such as were
then in use.
Silver was used at an early period by the Greeks,
being found to be the metal best adapted for the pur
poses of Coining. The Coins of this metal being the
most abundant, their value can be more accurately de
fined than that of others ; they are, therefore, first
entitled to consideration.
Silver.
In a former paragraph we remarked that weight was
the grand standard of Grecian Coinage, adopted prior
to the invention of stamped money, and ever afterwards
retained ; hence the terms in use to designate the weights
were likewise applicable to the Coins themselves. Thus,
Drachma was applied to a piece of metal weighing the
eighth part of an ounce, as at the present day ; it
retained this appellation after being impressed with a
device, and it became the leading denomination of
Grecian Coins.
All large sums among the Greeks were referred to
Computa
tion of
so many Minm and Talents. The Mina is supposed to
large sums have been the pound weight of the Country to which
amon£ the it belonged, and was equivalent to the Roman Libra
Greeks.
or Pondus, (hence the term pound,) and to our pound
Troy. Eight Drachma: were assigned to the Uncia,
(ounce,) and twelve ounces, or 96 Drackm<e, to the
pound ; but as it has been customary in all Ages to make
an addition to any large sum, the Grecians caused 1 00
Drachma: to be given to the Mina ; 60 Mina;, or 6000
Drachma:, thereby constituting the Talent. The ideal

value commonly assigned to the Drachma is 9d., thus V»W
allowing l'-2:2b for the Talent ;* the Mina, or Pound, Cwr
varied considerably in Countries remote from each c™i
other; but as it invariably contained 100 Drathmie,
the diversity of weight prevailed among these last. The
Talent, or standard in general use throughout Greece,
is that by which many of the early Coins of Asia Minor
were regulated, and being afterwards employed at
Athens, was designated the Attic Talent. Next in im
portance to this was the Eginetan Talent, so called from
its originating in the Island Egina ; it was employed in
Macedon also, and a few Cities of Gratia Propria.
The standard which regulated the Sicilian Coinage dif
fered from both the preceding, and has not been satis
factorily explained : the Attic Drachma weighed 66
grains, that of Egina upwards of 1 00 grains.
There was also a second Talent occasionally used it
Athens, denominated the Great Attic Talent, from con
taining 80 Minm.
The Drachma in Bize is intermediate between onr
Sixpence and Shilling; and those of the Greek Cities
and Kings are common. The Coins of the Cappadccian
Princes, and many of those of the Syrian and Parthian '='
dynasties, are of this kind.
Didrachma: are found which may be referred to the
Attic standard ; those, however, of the Island of Egina ^3'
are abundant, and some are occasionally met with of
those Countries which are mentioned as having adopted
the standard of that Island.
The Tetradrachma is the largest Grecian silver Coin,
and is equivalent, as the name implies, to four Drachma.
Those of many Cities are common, of the Kings abun
dant. The large silver Coins of the Kingdoms of Asia Fis>". >■
Minor, Egypt, and Syria, are Ttlradrachma-. Neither
these Coins nor the preceding agree in their sizes, as
they are regulated solely by weight ; frequently the
diameter of the Coin is inconsiderable, in which case
the apparent deficiency is compensated by a proportionate
increase of thickness.
The Tridrachtna of the Attic standard, nearly equal
to the Didraehma of Egina, is a division sometimes
spoken of, but as no pieces have yet reached us which
we can feel authorized in pronouncing to be of this
kind, it is therefore doubtful if there were any struck.
The leading denomination in the silver Coinage, in
ferior in value to the Drachma, is the Obolut, forming*
sixth part ; it is a very small Coin, weighing but eleven
grains, and is not of frequent occurrence.
The Triobolus, or Hemi-drachma, as it is usually
termed, is much more common than the preceding
Coin ; in weight and value it is precisely half of the
Drachma.
The terms Diobolus and Tctrobolus are applied to
small silver Coins, as their weights with reference to the
Obolus would seem to authorize the appellations.
The Obolus contains eight copper Coins denominated
Chalci, and its half and quarter being struck in siJrer
were respectively designated Teirachalcos and Dichalcos.
The Dichalcos is the smallest division of silver money
which has been preserved ; it scarcely exceeds in its
dimensions one quarter of our silver penny, and is
about five grains and a half in weight.
Such are the parts of the Drachma deserving notice ;
the reader is, however, cautioned against placing any
* See the Table.
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great reliance on the application of the above terms to
the small silver Coins, should they be found even of
' the required weight ; the Athenian silver Coinage
abounds of all sizes, and the great assistance afforded
by them in ascertaining the constituent parts of the
Drachma will in some measure compensate for the in
difference of their execution and the poverty of their
devices.
We now proceed to the gold Coinage of Greece,
which is less intricate than the silver, the parts being
less numerous and admitting of fewer variations in size.
The leading denomination in this Coinage is the
Didrachma, called Xpyaous, from the metal, and Philippus from having been first coined by Philip of Macedon. Silver, we are informed, at first, bore to gold the
proportion of 12 to 1, and afterwards that of 10 to 1,
at which standard it continued ; hence the Didrachma
weighing double the Drachma, or 132 grains, was
valued at twenty silver Drachma;, or 15*. sterling.
In the Coinage of the Kings, exclusive of Macedon,
the gold Coins of the Syrian Princes, and the few which
remain of the Kings of Asia Minor, are Didrachmee.
Next in size to the Didrachma is the Tetradrachma,
according in weight with the chief silver Coin of that
name. These are extremely scarce ; a few exist of
Alexander the Great.
The gold Coins of the Egyptian Kings are equivalent
to eight Drachma;, or four Xpvao?; they are, however,
adapted to a standard with which we are unacquainted,
and form no compound of the Attic Drachma ; they
exist of two or three sizes, the smaller ones by their
weights being evidently relative parts of the chief Coin.
Octodrachmat of gold are to be met with of two or
three Kings, but they are generally regarded as for
geries.
Drachma; in gold exist of a few Cities, and also of the
Kings Hiero II. of Syracuse and Pyrrhus ; the Hemidrachmm also are not uncommon ; they are found in the
Kingdom of Macedon, both of Philip and Alexander
the Great.
Independently of this enumeration, a variety of gold
Coins, yet smaller in size, abound, which are not in con
formity to the Attic standard ; the remarks on the small
silver Coinage are equally applicable in this place.
The copper Coins of Gratia Propria, during several
centuries, do not much exceed the silver Drachma in
size, and are probably the Chalci we have had occasion
to allude to. The variety of accounts handed down by
Historians, some of whom assign four Chalci to the
Obolus, others six, and a few even ten, has contributed
to involve the subject of copper Coinage in great ob
scurity ; and so much disparity prevails among the
Coins themselves, as to render the prospect of a satis
factory explanation of them, at this distant period,
almost hopeless. This disagreement among Historians
may be in some measure ascribed to the proportionate
value of copper to silver varying at different periods :
eight Chalci seem to have been most commonly allotted
to the Obolus, a number which admitted most readily
of divisibility, and hence the quarter of the Obolus
received the appellation of Dichalcus.
Upon the decline of the Greek Empire, about a cen
tury after the Age of Alexander, smaller copper Coins
were found necessary ; hence the Chalcus was sub
divided into a variety of parts, receiving the general
denomination of Lepta, the Coin which, according to
St. Mark, was cast by the Widow into the Treasury.
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(xl. 42.) Copper Coins are found of all the Cities of Vllu« of
note, and many of them considerably under the size of ^J^"1
the Chalcus; those of Athens are reducible into four v
,' ■
sizes, but any attempt at classing the Coins of the other
States in this metal would be fruitless. When the
Chalcus consisted of eight Lepta its parts received ap
pellations indicative of their relative value to that Coin,
and thus we have the Di-lcplon and Tetra-lepton, or
Hemi-chalcus.
As the dynasties constituting the Greek Empire fell Late Coinn
by right of conquest under the power of Rome, the of the GreCoins of this last nation became the model upon which ci.an ^m
those of Greece were formed ; such was also the dimi- pire'
nution in the sizes of the silver Coins that the Obolus
was struck in brass, and the Chalci substituted in their
room. There are many brass Coins of the Island of
Chios on which the value is directly specified, as
Obolus, Dicludcus, &c.
The annexed Table exhibits the proportionate value
of the Grecian Coins, reduced to the Attic standard, and
will serve as an illustration of the foregoing passages;
the sizes of the chief Coins may be found by reference1
to the plates.
Mode of Computation.
Dbachma .

£. 1. 4.
0 0 9

100

3 15 0

6000

Tuls-

CO

225 0 0
Gold Coins.
(5 Silver Drachma) ,

Hemi-drachma....
Ttrai>roL-%otjfflvt.

0 3 9

. . (10 SUrer Drachma), . ...

Drachms.
2 'Hpt-%gvrovt.

0 T 6
0

..(20 Silver Drachma'),.
4

3
StdtCT j'} !!}''. >.'.f.

8

4

0

a Tetra-drachma .
Silver Coins, &c.

Chalcus.

Weight. Value.
grs. ». d.
2* 0 0* U i

Di-chalcns

.'>) 0 ft

Hemi-obolos
Obolus

, ii o H

•

Di-obolas .
Hemi-drachma
Tri-obolus.
Tetrobolus. .
24

22 0 3
33 0 4*
. 44 0 6
66 0 9

Didrachma
132 1 6
„ Terra-drachma 26« 3 0
Stater Argenteiu.

Metals em
ployed in
It will be found that Gold was not introduced into Grecian
Gratia Propria or its Colonies, as a medium of com- Coinage.
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merce, till the most flourishing periods of their His the Generals of Alexander, of Magna Grtecia, and of Eir!jC«o
tory. This observation, which will not apply to either Asia Minor, is remarkable for beauty.
ofRc*.
Roman or Modern Coinage, is worthy of notice in this
place, inasmuch as the institution of a Coinage in gold
Sect. II.—Roman Coins.
in any Grecian City is indicative of its having attained
to great opulence. In Asia Minor gold abounded at
From numerous circumstances connected with situs- dunes
an early period ; it is therefore no wonder that this tion and early History, the Coins of Rome differ in
metal was there resorted to while the Art was in its many points from those of Greece ; among the distinc- C"M?t
infancy, which Art, it will be remembered, originated tions, we may notice the exceedingly large size of the
in Lydia, at Cyzicus, Phocrea, Ephesus, Clazomene, copper Coins struck in the early period of the Common
and other wealthy Cities. In Magna Grsecia and wealth, the little variety which prevailed in the devices
Macedon, gold came into use about the Age of anterior to the reign of Augustus, the greater superiority
Philip II. ; the chief Cities in which it was issued in the execution of the copper Coins in the Imperial
in the former Country were, in Sicily, Syracuse, Pa- Ages, and lastly, the accuracy with which the sizes
normus, and Agrigentum, in Italy, Tarentum, Meta- were adjusted. It will not be difficult to trace the
pontum, and the towns of the Bruttii. In the Greek causes which gave rise to these distinctions. The me
Empire, Macedon, we may observe, rose into power tals gold and silver were unknown to the Romans in
with Philip II., and declined after the Age of Alexander the early period of their History ; indeed, mines of silver
the Great, after which period little gold was struck, are to this day rarely to be met with in Italy, while the
copper Coins chiefly abounding. The dynasty of the commerce carried on with the adjoining States was too
Lagida;, whose Country enjoyed a long season of pros trifling to admit of an importation of that metal : cop
perity, have left a fine series of gold Coins. Syria was per, on the contrary, abounded ; it became therefore
most powerful under the early Kings, and these are the requisite to coin it of all sizes. It will be obvious that
only Princes of whom Coins in this metal have been had Coins been struck in Greece of copper equivalent in
found : the gold struck in Asia Minor was coined by value to the silver Drachma, they would have been of
the Generals of Alexander and a few powerful Princes, several inches in diameter, and of this kind are the
as Antigonus, Demetrius, Nicomedes, and Mithridates Roman pieces. We have noticed the manner in which
the Great. A careful examination of Grecian Coins the early Grecian Coins were struck ; a contrary prac
will convince us that independently of the great body of tice was adopted in Rome, viz. that of casting them, as
Historical matter which they comprise, and the numerous indeed the former method could not have been put in
passages in ancient writers they elucidate in the most sa practice with pieces of very large dimensions: when the
tisfactory manner, they also hold no mean rank among wealth of Rome was afterwards augmented by foreign
the remains of ancient Art. Numismatical writers conquests, and the copper Coins were reduced in size,
have not omitted to notice this circumstance, and the by the introduction of silver into the Mint, the practice
high encomiums which they have bestowed upon them, of casting was discontinued.
may have led to an opinion that antiquaries, in their
The symbols first affixed on the Roman Coins were, Kitm ;
enthusiasm, may have imagined to themselves beauties as we shall shortly see, similar in their nature to those
which in reality do not exist. The difficulty of obtain which appeared on the Coins of the surrounding Xa- rSa'Miing access to Cabinets, and the inaccurate representa tions, among whom were many powerful Cities, each
tions which have from time to time appeared in printed of which appropriated to itself some peculiar de
Works on the subject, might indeed warrant this suppo vices. In the lapse of time these Cities became subject
sition , but an attentive inspection of the originals will to Rome, and adopted her emblems, but these are little
lead the student to confess that, for boldness of relief, free diversified while her conquests were limited to Italy.
dom and spirit of execution, and correctness of design, When speaking of the superiority in workmanship of
they have rarely been surpassed. We must not expect the copper Coins of the Empire, we should observe that
to meet with Coins finished with the beauty and deli they were for the most part formed of the compound
cacy of ancient Gems, neither shall we find that great metal brass, which, it would seem, was at that period
degree of neatness characteristic of modern current held in great esteem : these Coins surpass in execution
Coin. To have rendered the margins even, and of a those of copper, as from their larger size they afforded
perfect form, could have been effected by a very simple the engraver greater scope for exertion of his skill.
This difference between the Roman and Grecian
process, but all attempts of the kind cither escaped the
notice of the Ancients, or were considered as objects of Coins will oblige us to pursue a different course in our
treatment of them. It will be requisite to consider the
little concern.
Workman
We have little hesitation in asserting that Grecian value of the early Consular Coins apart from the Impe
ship of
Coins afford a just criterion of the state of the Arts at rial, and also to specify the value in the outset, since
Grecian.
the periods in which they were struck ; there are, how not only are the devices few in number, but a practice
Coins.
ever, some exceptions. We should naturally look to long prevailed of designating the pieces of different
Athens for the most beautiful specimens of Coinage, value by these devices, notwithstanding such pieces were
since that State brought the Art of Sculpture to an un regulated by weight, and impressed with characters de
paralleled degree of excellence ; it will, therefore, ex noting their value.
There are sufficient grounds for believing the Romans Icite surprise when we state, that the Athenian Coins are
invariably of indifferent execution. In Athens, Coins, to have borrowed the Art of Coinage from their neigh- J^*"1
it is evident, were regarded merely as objects of com bours the Etruscans, Umbrians, and other adjoining
merce ; encouragement was held forth by the State for States ; the Etruscans were powerful and opulent long
works of magnitude, Temples, and other public edifices, before the building of Rome; sufficient monuments
but the art of cJie-engraving was little esteemed. On exist to this day which prove them to have been a highly
the contrary, the Coinage of the Greek Kings, especially polished Nation, and to them probably all the earliest
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Italian Coins may be referred. Herodotus relates* that a
Colony of Lydians planted themselves at an early period
in Unibria , whence it has been inferred that the Ro
mans, through the medium of the Umbrians, were, as
well as the Greeks, indebted to Lydia for the invention of
the Art. We are not, however, warranted in this conjec
ture, as it seems very doubtful if the Art was known in
Asia Minor until long after the period of the above-named
migration. The Cities in that part of Italy of which
numerous Coins are extant are Volaterra, in Etruria ;
Tuder, in Umbria; and Hatria, or Hadria, the City
which subsequently gave name to the sea on the coast
of which it was founded : many Coins likewise exist of
the Cities Populonia and Teate, situated in the Countries
above named, but they are of later date. The sym
bols appearing on these Coins, executed in the most
wretched style of Art, are very various, and as they seem
in no way connected with the Cities themselves, any de
tailed account of them will be superfluous : the common
devices are Cattle, (hence the origin of the term pecunia,
from pecus,) a variety of Animals, Fish, Anchors, Wheels,
Bones, &c. The names of the Cities are generally given
in characters peculiar to the Country, and slightly re
sembling the Phujnician ; there are also certain marks
indicative of their value. The chief pieces in circulation
were rude masses of copper, most frequently of a circular
form, of several inches in diameter, and weighing about
a pound ; the pound was divided into twelve ounces,
and each of the smaller denominations contained a cer
tain number of ounces, the precise number being desig
nated by points or dots.
Coinage, as we are informed by Pliny,t was instituted
at Rome under the reign of Servius Tullius, 550 b. c.,or
according to Newton, 467 b. c. This Coinage consisted
of the As Libralis, (from as or ess, brass,) or As of a
pound weight, and, after a short period, of its parts,
each of them receiving a name expressive of its value
with reference to the chief Coin. They will arrange
themselves as follows :
As Libralis .... containing 12 oz. its character L or I.
Semii, half of the As
6
S.
Trims, one-third ditto
4
••••
Quadrans, one-quarter ditto 3
■•■
Sextans, one-sixth ditto. .. . 2
Uncia, one-twelfth ditto ... 1
.
The symbols at this period were very similar to those
on the Coins of Etruria, Umbria, &c, but in a few years
heads of the chief Deities were introduced. It will be
remembered that the Grecian Civic Coinage underwent
a somewhat similar change when the indentations were
no longer needed ; the Deities would indeed naturally
suggest themselves as the most appropriate emblems.
The Gods of the Romans derived their origin from the
early Kings of Italy : first in order is Janus, who was
succeeded by Saturn, for a period indeed they reigned
conjointly; the third Prince was Picus, also called Jupi
ter, after whom came Faunus, or Mercury : these were
regarded as Deities, were especially honoured at Rome,
and upon the extension of her conquests became incor
porated with those of Greece.
>1« on When, after the lapse of half a century or more, the
1
States in the vicinity of Rome declined in power, their
Coinage insensibly disappeared, while that of Rome as
sumed a character of its own ; and the As and its parts
* i. 94.
VOL. V.
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each had devices appropriated exclusively to them. Roman
Hence we have the Goddess Roma (accoutred like the Consular
Grecian Pallas) as the first instance on record of the Coins.
personification of a City, a practice afterwards carried
to a great extent, as we shall perceive when the Impe
rial Coins fall under consideration. The following are
the symbols at the period in question :
As, head of Janus.
Quadrans, head of Hercules.
Semis .... J upiter.
Sextans
Mercury.
Triens .... Minerva. Uncia
Roma
The double face given to Janus has not been satis Symbols
factorily explained ; he was often confounded with the
Saturn, or Time, and was probably represented under this
form as presiding over time past and future. The prow
of a galley, which is the common, and for a considerable
period constituted the sole, type on the reverses of the
As and its parts, was adopted in commemoration of
Saturn, who came by sea to the shores of Latium, in
structed the rude inhabitants in agriculture, and was
associated by Janus in the Government of the Country.
Such was the character of the early Roman Coinage ; Diminution
the changes it subsequently experienced, and the progres in the size
sive stages of improvement which it underwent, were the of the As.
fruits of time, the result of circumstances and of political
emergency. A constant diminution is observable in the
sizes of Coins in proportion to the political advancement
ofthe Country which employs them ; for as a Nation rises
into importance, its demands necessarily augment, and
the readiest method which presents itself of meeting the
exigencies of the State consists in reducing the size of
the chief Coin in circulation, yet assigning to it a value
equivalent to that which it had borne before such a
reduction took place. Upon the commencement of
hostilities with the Carthaginians, from the expenses
attending a war in a foreign Country, the As, as Pliny
informs us, did not exceed two ounces in weight ; its
parts had, of course, decreased in like proportion. This
diminution may also be ascribed to the introduction
about that period of silver into the Mint ; and as the
Roman As and its divisions, recognised by the devices
above specified, have been found of all sizes intermediate
between the pound and two-ounce weights, we may fairly
presume the reduction to have been gradual.
At the period during which the As was three and Compounds
four ounces in weight, and previously to the coining of of the As.
silver, an inconvenience appears to have arisen from the
want of Coin above the value of the As ; hence pieces of
larger denominations were struck, weighing double,
treble, and quadruple of the As, and designated by the
terms Dupondivs, or Bissas, Tripondivs, or Tressis,
and Quadrussis. These Coins are not of frequent occur
rence, and may be distinguished from the As and its
parts of an early date (some of which equal them in
weight) by the characters impressed upon them ; all the
reverses bear the symbol of the prow, and the obverses
the head of Pallas, or possibly Roma ; for they are often
confounded by the ablest antiquaries. The As, we have
stated, bore the character I, to denote its value of one
pound, and this mark it retained when reduced to a
few ounces in weight ; the relative value of the Bissas
was expressed by two of these strokes, the Trcssii by
three, and so on. The inconvenience which must have
arisen from the size of these Coins, was probably the
cause that so few were issued from the Mint ; but, not
withstanding this circumstance, two or three pieces are
known to exist equivalent in value to ten Asses ; they
4M
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Nuniis- are of the same date with the preceding, of about six
inches in diameter, and are impressed with the numeral
X denoting their value.
The As libella, as it was termed in its diminished
Further di
minution of form, experienced a further reduction to one ounce in
the As.
weight during the lid Punic War, and again about
175 B. c, when it did not exceed half an ounce ; at this
standard i' remained until the close of the Common
wealth. These successive changes had so much ope
rated to diminish the parts of the As in size and value,
that they were frequently discontinued, and with the last
reduction the Sextans and Uncia altogether ceased.
Coins ofthe Soon after the introduction of silver into the Coinage,
Families. a practice became general of affixing the names of the
chief families in Rome (probably intended as a com
pliment from the Mint-master) in the field of the Coins :
they are consequently distinguished by the appellation
of Family Coins; the name of the City also formed part
of the Legend.
From the peculiarities which characterise the Roman
Arrange
ment of the copper Coins, and the fluctuations they experienced in
Roman
value, we may regard them as consisting of three kinds;
the first of these extends from the reign of Servius
Tullius until about 400 b. c. The Coins during this
period are unwieldy pieces of metal, excessively rude in
their fabric, and bearing a variety of devices, the em
blems of the Etruscan and Umbrian Cities being used
in common with those of Rome. The next division
extends to 250 b. c, or about the middle of the 1st
Punic War ; these are of improved execution, and the
types few in number, one device being appropriated to
the As, and to each of its parts. The third and last
kind extends to the Augustan Age ; they are consider
ably reduced in size, of superior workmanship, and are
greatly diversified in their symbols.
We now arrive at the silver Coinage of Rome, first
Institution
of a Coin introduced in the Capital 266 b. c. The form in which
age of
silver first appeared, was that of the Denarius, so
silver.
termed from its value of ten Asses. These therefore
supplied the place of the Decusses, or large copper Coins
above alluded to. The earliest of these Coins weigh
Plate I.
about ninety grains, and represent on the obverse the
Fig. 17.
double-faced head of Janus, on the reverse Jupiter in
his car, hurling his thunderbolts ; these pieces were,
however, soon dropped, and replaced by the Denarius
of sixty-six grains, the Qiiinarius, or its half, of five Asses,
and the Sestertius, a word employed by the Romans to
express two parts of an integer and half of the third ;
Fig. 20. thus in the present instance it formed one-quarter of
Fig. 21.
Fig. 22. the Denarius, containing two Asses and a half. The
symbols affixed to the obverses of all these Coins
were heads of the Goddess Roma, with wings on the
helmet, (which distinguishes it from the head of Pal
las,) and the upper part terminating in the head of
a griffin. For the reverses two devices prevailed ; the
first of these were the twins Castor and Pollux, the
other a Car of Victory. The Demigods Castor and
Pollux were greatly honoured at Rome, and had their
Temples in the city ; this worship had its rise from a
tradition that in the infancy of the Republic they aided
the Romans in a battle with the Etruscans fought
Fig. 22. at the lake Regiha. They are represented on horse
back precisely resembling each other ; the stars placed
over their heads imply their deification. The Car,
Fig. 19. guided by a figure of Victory, is a more common sym
bol ; it is sometimes drawn by two and sometimes by
four horses ; hence the

and Quadrati. The characters constituting the Legend Remweie for a considerable time limited to the name of the Coast
City, and the marks indicative of value ; the Denarim Ca'&
bore tne numeral X, which was afterwards converted v"*"vW
into a star, and subsequently disappeared ; the Quinarius bore the Roman character V ; and lastly, the Ses
tertius IIS, to denote its value of two Asses and a half;
the two lines were afterwards, united thus US. In a
short time the names of the families were placed on the
reverse, as on copper Coins of the same period .
A considerable time elapsed before these devices fell Symbols a
into disuse, but foreign conquests and the consequent fclta^
influx of Grecian Coins at length enlarged their num
ber ; in lieu of the head of Roma we find representa
tions of the chief Grecian Deities, who now became
incorporated with those of the Eternal City ; and thus
are seen the effigies of Venus, Diana, Mars, Apollo,
Ceres, Bacchus, &c., which, as they are generally accom
panied by their attributes, may readily be recognised.
On the reverses of the Denarii numerous emblematical
and historical figures appear, but as the variety among
these is almost endless, we shall not attempt an. eoruMrat ion of them ; it will be requisite for us to enter at
some length into the symbols of the Imperial Coins, to
which, as they nearly resemble many of the above, the
reader is referred. One class of devices remains to
be noticed, vi2. the heads of Generals and Consuls,
which at a late period supplanted those of the Deities.
These representations were affixed by their defendants
and by the Mint-masters, being either dictated by flat
tery, or designed to record their most important ser
vices while in office, in which case the events themselves
were depicted on the reverse.
The silver Coins of the Republic may, like the cop- An»
per.be distinguished into three classes; the first, in- ^f^^
eluding the Coins bearing the heads of the Goddess ^q^,.
Roma, the Car of Victory, and the Twins. Some idea
may be formed of the number of these, when, if Pinkerton be tolerably correct in his computation, they
comprise ten-twelfths of the silver Coins. Those of the
second division bear the heads of the chief Deities, and
a variety of emblematical and historical figures ; and the
last, including but a very small number, is distinguished
by the portraits of the Generals, Consuls, &C. with reverse*
like the preceding. In order to convey some notion
of the immense number of Family Coins known to
exist, it will be sufficient to state that they have been
found inscribed with the names of nearly two hundred
families, and, in a few instances, one hundred and fifty
varieties to a single family. At the time in which an
alteration was effected in the symbols, and heads of dis
tinguished characters were introduced, their names
were inserted in the Legend together with the office
they held in the State, whether that of Consul or Pro
consul, Quasstor, Imperator, or Triumvir.
A Coinage of gold was instituted at Rome sixty years Irfntsc
after the introduction- of silver, and the pieces issued^?6'
were of three kinds; viz. the SerupHlum* weighing one- *-us'^"
third of the Denarius, a Coin of double this weight,
and the third equalling the weight ofthe Denarius, then
of sixty grains. The head of Mare and an Eagle are the
devices appearing on all these Coins ; the name of the p^i.
city ROM A is also inserted, and characters denoting y^. :i
their weight, and their value with reference to the Sesteriius. As these three Coins are rarely to be met with **•
* Plin. xxxiii. 3.
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Nurai* in Cabinets, they are introduced in Plate I., Where the
maiia. marks alluded to will be seen ; the first of the two cha—
racters on the largest piece corresponds with the Roman
numeral L. It will be proper in this plaoe to remark
that many antiquaries are averse from classing these
with Roman Coins ; but notwithstanding, as in their
workmanship they resemble the Coins of Magna Gratia,
as they perfectly accord with the accounts transmitted
to us by Pliny of the earliest gold Coins of the Re
public, there can be little doriht in whioK at..*.-—
Delong. 1'he whole ot Magna Graecia had been long
subject to Rome, the brightest period of its Coinage
had passed away, and the most skilful of the die-eugravers probably centred in the Capital : the name of
Roma likewise appearing seems to be conclusive.
■ CoinThis new Coinage, from the few pieces which have
ofGold, been discovered, must have been speedily dropped, and,
judging from the distinct character of that which suc
ceeded, it would seem that a considerable period elapsed
before gold again circulated as the medium of com
merce. The chief gold Coin afterwards issued was the
Aureus, named from the metal, as the Greek Chrusos
and Chalcos ; together with the Aureus there appeared
likewise its half, denominated Quinarius, Semissh, and
Semi-Aureus. Quinarius was so called from being of the
same dimensions as the silver Coin of that name, but
k is surely misapplied. The Aureus is of twice the
weight of the Denarius, though equalling; it in size;
the date of its appearance at Rome is unknown ; as,
however, both this Coin and its half, especially the
latter, are of great scarcity under the Commonwealth,
and as, moreover, they are impressed with symbols
similar to those on the late Denarii, we shall not
greatly err in referring the earliest of them to about
100 b. c.
oration
A material alteration took place in the value of the
be value Denarius at a late period of the Commonwealth, which
he De- affected all the Coins of inferior value. This change
Pinkerton conjectures to have occurred 176 b. c. ; the
Denarius, which had hitherto consisted of ten Asses,
(as indeed its name implies,) was ordered to pass for
sixteen ; the Quinarius, in consequence, was rated at
eight, and the Sestertius at four Assaria ; the names
were nevertheless retained, an inconsistency scarcely to
be avoided, and which has prevailed with the Coinage
of almost every Country. A few Denarii are impressed
with the numeral XVI. on the obverse, which may
possibly have had reference to their change in value,
but on which no reliance can be placed, as various
numbers were from time to time inscribed. It is re
markable that the issue of the Sestertius in brass, after
having long circulated in the form of a small silver
Coin, should have escaped the observation of Medallists
until within the last few years. Pinkerton, in his
Essay* has pointed out, in a very satisfactory manner,
the changes it underwent, before it came to be con
sidered as the leading Coin, and that by which all
large sums among the Romans were estimated. The
Sestertius does not appear to have been struck in brass
immediately upon the alteration in the value of the
Denarius, as tew of them have been found before the
Augustan Age ; the Sestertius may have circulated in
silver during the Commonwealth at the value of four
until, from the decreasing value of that metal, it
experienced such a diminution in size as to be
f on Medah, sec. 7.
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productive of great inconvenience. The symbols on the
Quinarius and Sestertius, upon their first appearance,
perfectly resembled those of the Denarii ; but they
were subsequently varied; a head of Jupiter and a
figure of Victory constituted the types of the former
piece, whence they were denominated Victoriati, and a
head of Mercury, with the Caduceus, those of the Ses
tertius : these last are of great scarcity, probably owing
to their diminutive size.
" ' . ,
. ,
t .i
-v.
uui remarks upon the Imperial General
Coinage, we shall briefly notice the changes to whieh survey of
the class of Coins just described became subject ; but ^f^"^
enough has been said to show that they are of them- mgn^alth.
selves capable of bringing us acquainted with the gra
dual increase of the Roman power, from the period
when its territory comprised but a few miles in extent,
to that at which it aspired at universal dominion. Thus
if we examine the most ancient Roman Coins, those
reported to have been fabricated under the reign of
Servius Tullius, we find them to be of the most barbarous
execution, with the devices scarcely intelligible : they
were evidently the fabrication of a rude, unpolished
nation, which totally disregarded the cultivation of the
Arts. We learn from History that Rome was for
many centuries but a warlike city, its inhabitants in
considerable, and tne existence of the State itself pre
carious. The Coins just mentioned bear not the slightest
Tesemblance to those of Greece, whence we infer that
hitherto no intercourse had subsisted between the two
Nations ; on the other hand, they closely resemble the
Coins of Etrurian Cities and the adjoining States, by
which we learn that Rome was in communication, and
perhaps alliance, with them. After the lapse of a few
years, we find the symbols adopted by the neighbouring
Nations fall into disuse ; from which circumstance we
may conclude that either they subsisted under the pro
tection of Rome, or were annihilated by her in her con
quests. The progressive stages of their decline, might,
we conceive, be ascertained with some accuracy, were
greater attention bestowed on this curious class of Coins,
but from their general rudeness, and the uncouth repre
sentations they bear, they are too frequently disregarded.
If the diminution in the size of the Coins can be proved
to have been gradual, their weights would enable us to
ascertain their respective eras, though unfortunately,
from their long continuance underground, and from
accidental injuries, they are seldom found in a perfect
state, and much is consequently left to conjecture. To
return to the present view of our subject, the gradual
reduction in the size of the Coins indicates a propor
tionate increase in the wealth and power of Rome ; and
upon arriving at the 1st Punic War, we may reasonably
infer from the Coins, that a communication now sub
sisted with some foreign power,—a new metal is intro
duced in the Coinage, and the execution of it is con
siderably improved. This last circumstance was probably
caused by the conquest of Sitily and the Southern part
of Italy, Countries in which the Art had long attained
to maturity. If we descend to a yet later period, that
at which Greece was formed into a Roman Province,
we shall find, on \iewing the Coinage, an infinite variety
in the devices, while the execution in gold and silver is
far superior to all that had yet appeared ; we are thereby
informed that their commerce was greatly extended, and
that the conquest of Greece had caused an influx oi
works of Art from that Country, and probably of the
artists themselves.
M2
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The following Tables, exhibiting the fluctuations in
value of the Coins of the Commonwealth at different
periods of its History, are introduced to elucidate the
preceding remarks :

Symbols re
lating to

(•Sacrifices.
(Religious cere-J Consecrations.
moiiies • • • ] Instruments of Sacrifice.
(.Miscellaneous.

The Religion
of the Ro
mans

About 300 b. c.
Uncia.

Roe
Imperil

Deities.
•Moral Virtues, and
other Allegorical
subjects.
PersoiiificaUivisious ui roc
World, Countries,
Provinces. Cities
and Rivers.
f Representations of the several forms observed by
I the Romans in conducting their i
[implements of warfare.
Heathen My
thology

Trirna.
Qnadran
Semis.
YVar
Dupundivs.
li Treasii.

About 200 b. c.
WtxgU. Value.
ox. gra. fl. rf.
...10 0 H

As.
Dupondios .

SO

01

0 15

02

0 30

04

Dknakius .

0 60

08

6J berapaiam .

0 20

31

0 40

68

Sestertius
Qtiinarias

50

20 13,

150 75 I 60 30 20
Copper.

Silver.

Tremissis
U Semiuitf

«a

0 60 10 0

Gold.

The Imperial Coins of Rome form the most complete,
and, we may perhaps say, the most interesting series
extant; from the great diversity of the symbols a
classification of them is attended with much difficulty,
yet as there are no other means of acquiring a know
ledge of them, we shall resort to that method of arrange
ment, which, in the present case, will be somewhat ela
borate.
All the symbols may be arranged under four heads,
Arrangemcnt of the as shown in the annexed Table ; in which, also, the
symbols, various subdivisions of the classes are specified. It is
almost needless to observe, that the Deities, Moral Vir
tues, &c. are too numerous to be specified in the Table.
The same order will be preserved in the observations
which follow, explanatory of the various modes in which
the effigies, ceremonies, &c. are delineated on the re-

H.
Imperial
Coins.

• The Quadrwrit and Deautit are of very rare occurrence. The
weights are not inserted in this Table, as they cannot be ascertained
with any precision ; the At at this period was of from two to three
ounces.
The Quincunx, containing five ounces, was sometimes coined.
+ The parts of the At as before, The terms Semistit and Tretntms are introduced with reference to the Aureus, struck some time
after.

,

f Chariot races.
/ Combats with wild beasts.
[Km
Buildings appropriated to religious
Embellish'
relating to warfare.
ofthe<
—
the Games.
City.
• of a
The representations of Sacrifices, in which a Priest is l.Sreki
seen offering up a victim in front of a Temple, and at- reliies
tended by his inferior officers, are highly interesting, as Beo*41
they afford a great insight into the manner of conduct
ing these ceremonies. The Consecrations are variously
depicted ; they allude to a practice very prevalent at
Rome, that of deifying the Emperors and Empresses
after their death. An Eagle, as the bird of Jupiter,
generally expressed the deification of an Emperor, and
a Peacock, the bird of Juno, that of an Empress ; over
the figures Consecratio is inscribed. The other devices
which denoted a deification were the Funeral Pile
and the Therua, or divine chariot ; the former of these
was constructed on a very magnificent scale, adorned
with hangings, and upon it the Emperor was burned in
effigy : the latter represented the chariot in which the
Gods were carried in the religious processions. The
Instruments of sacrifice consisted of Altars and Tripods,
the last being designed for liquid offerings, and those
which were conducted without the Temples ; they are
frequently placed on Coins, to denote the piety of the
Emperor, in which case they are accompanied by the
Legend Pietas. Instruments of sacrifice are frequently
placed on the reverse for the same purpose. The in
struments commonly introduced were an axe for slaying Fair II
the victim, vessels containing the holy water for sprin- Fi$. ~
kling the offering, a Patera, or kind of plate, on which
were placed the portions consecrated to the Gods, and,
lastly, the Accerra, or censer.
The Deities are represented at full length, accom- Fir=^
panied by their attributes : thus Venus bears the apple, tk*^**
Ceres, torches, Isis the sistrum, and Mars a trophy on
his shoulder ; this last figure is conceived to have been
designed for Romulus. Jupiter Capitolinus is repre
sented seated within his Temple ; in his right hand he
bears a sceptre, and in his left hand the thunderbolt.
Vesta is represented veiled, after the manner of her own
Virgins ; in one hand she bears a sceptre, indicative of
her divinity, and in the other the Palladium ; a small
figure of Pallas, on which, according to tradition, the
fate of Troy depended, and which, upon the destruction
of that city, was secured by ./Eneas, brought to Rome, and
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<uml» consigned to the care of the Vestals. The Goddess Roma
latics. js nf vory frequent occurrence on Imperial Coins, in which
she is represented seated on a pile of arms, to denote
n
her achievements in war ; she is armed after the manner
of Pallas; in her right hand is sometimes a globe, as
the emblem of universal dominion, and at other times a
figure of Victory ; a sceptre is occasionally found in her
left hand, but more commonly a sword,
ral virAmong the Moral and Allegorical Figures, Hope,
i end Piety, Peace, and Eternity are chiefly deserving of
goncal notice. Hope, the most common personification, is re
presented holding her dress with her left hand, that it
may not impede her in her march, it being characteristic
for Hope to press forward to the attainment of her object,
as it is of Fear to recede ; in her right hand she bears
the bud of a flower. Piety is always represented veiled,
as was the practice with females when engaged in the
performance of any religious rite ; she appears casting
incense on an altar from a censer, which she bears in
her left hand. Under this personification we may
sometimes trace the origin of our modern representa
tion of Charity, the figure of Piety being frequently
attended by children, to imply that Piety to our Creator
is best shown in our good deeds to one another. When
the above attributes are omitted, the Stork, from the
legendary attachment of that bird to her offspring,
is introduced as symbolical of the duty of children
;. 3to their parents. Peace is a common personification,
and is similar to the modern representation of it ; the
cornucopia is, with scarcely an exception, placed in her
hands, and in addition, we have the trite emblem of
the olive branch. Eternity occurs less frequently, and
is variously depicted : sometimes she is veiled, and bears
a sceptre ; a globe is frequently placed in one hand,
surmounted by a Phoenix, with the head encircled by
rays, it being the offspring of the Sun. Eternity is
also figured bearing in her hands the Sun and Moon.
The attributes of a few of the Deities and Moral Virtues
are not unfrequently placed alone on the field of the
Coin ; wherever this occurs, they may, in most cases, be
understood to bear the same signification as when asso
ciated with the figures : a cornucopia, for example, de
notes the plenty which prevailed during the particular
Emperor's reign ; two of them, perhaps, signify an
extraordinary plenty. The caduceus standing alone
forms a common reverse, and is a symbol of Peace. We
may also mention the Virtues Concord and Fidelity,
represented under the form of two hands joined. The
good-will which existed between the Emperor and his
people was represented by the former taking the hand
of one of his chief officers. It was not unusual to
combine two or more symbols of this kind on a single
reverse ; the Romans, indeed, frequently indulged in
this kind of Poetical imagery ; the practice prevailed
chiefly in the Augustan Age, and thus upon Peace being
established between Augustus and M. Antony, a Coin
was struck, on which appear two cornucopia?, sup
ported by hands joined, and between them a caduceus.
Augustus was born under the sign Capricornus, which
he therefore represented on his Coins ; he employed a
Globe to signify possession of the world, and a Rudder
to denote rule ; all of these types appear united on the
Coins of that Emperor,
s of
We next proceed to the figures of different Countries.
Europe was represented by Europa and the Bull ; for
™- Asia a portion of a vessel was introduced, that being
the quarter of the Globe in which Navigation was said
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to have been first practised ; Africa offers a very complete Roman
personification, she appears in a helmet formed by the Imperial
proboscis of an elephant, in one hand a scorpion is ^°"w- ^
placed, and in the other a cornucopia ; a bull is
y
sometimes introduced to denote that Agriculture formed
the chief employment of the natives. The ibis denoted
Egypt, and the camel Arabia ; to Spain was assigned
an olive branch, and a bow and arrows to Parthia.
Among the Provinces, the personifications of Judaea and
Britannia are remarkable. Upon the destruction of
Jerusalem by Titus, 70 a. d., numerous Coins were
struck, on the reverses of which the Genius of the City
appears bewailing the calamity which has befallen it ;
she is veiled, expressive, in this instance, of distress,
and seated on the ground, an attitude implying cap
tivity ; behind the figure a palm tree is introduced, it
being the growth of the Country ; also a Hebrew
captive with his hands tied. In the personification of
our own Island, as it has been preserved on a small
number of Imperial Coins, we have the origin of the
Britannia affixed on the modern current Coin. The
figure sometimes bears in her hand a Roman standard,
denoting that the Country was a Province of the Em
pire ; she sometimes appears armed, (as on our existing
copper money,) indicative of the warlike disposition of
the natives. There is also a Coin on which the figure
of Britamfia is seated on a {ijlobe, with waves rolling
at her feet. As the above Coins are possessed of more
than ordinary interest, the reader is refeired to Pinkerton's Essay on Medals, in which will be found en
gravings of six out of ten, all that in his time were
known to exist. There are frequent allusions on
Roman Coins to the victories obtained over the early
Britons, which are represented by a Triumphal Arch,
with the legend Britannia. In the last division of this
class are the Rivers : the Tiber is recognised by the in
troduction of the twins suckled by the wolf. It is worthy
of observation, that the Romans have invariably re
presented the River Gods in a reclining attitude. The
Nile holds a cornucopia in his hand ; he is some
times represented reclining on an urn, from which
water is issuing, and the mouth of it partly concealed
by drapery. Two animals usually accompany this per
sonification, the Crocodile and the Hippopotamus.
Figures of the Provinces are not common until after Origin of
the Augustan Age ; the circumstances which gave rise the figures
to their adoption are various, as upon a new Province of'hePro.
vinctis oil
being annexed to the Empire, upon the Emperor re- Roman
covering one which had been overrun by the Barba- Coins,
rians through the indolence and apathy of his prede
cessors, and also upon an Emperor visiting Provinces
remote from the Capital, or making the circuit of his
dominions. Reverses thus engraved, therefore, cease
with the decline of the Empire, when the Barbarians of
the North had so firmly established themselves on the
frontiers, that all attempts to repel them were ineffec
tual. The most considerable of Trajan's conquests
were the formation of Dacia into a Roman Province,
and the reduction of Armenia, Mesopotamia, and Par
thia : all which acquisitions we're severally recorded on
his Coins. The Emperor Hadrian made a complete
circuit of his dominions, and his Coins have been found
inscribed with the names of no fewer than twenty Pro
vinces. The Emperors Claudius, Hadrian, Antoninus
Pius, Septimius Severus, and Commodus, who carried
their arms into Britain, have had that conquest recorded
on their Coins, by the figure of Britannia as above
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Numia- described. Pope has delineated in very polished and
matics. harmonious verse this system of Coinage.
*
Ambition aigh'd, she found it vain to trust
The faithless column, and the crumbling bust ;
Convinc'd, she now contracts her vast design ;
And all her triumphs shrink into a Coin. .
A narrow orb each crowded conquest keeps ;
Beneath her Palm here sad Jud&a weeps ;
Now scantier limits the proud Arch confine,
And scarce are seen the prostrate Nile and Rhine.
A small Euphrates through the piece is rolTd :
And little Eagles wave their wings in gold.
2. Symbols Various circumstances connected with War, each
relating to accompanied by an appropriate Legend, are frequently
war.
represented on Roman Coins. The Emperor is some
times seen haranguing his soldiers ; the Legend Adlocutio illustrating the device. The departure of an ex
pedition was always attended with great pomp, prayers
and sacrifices being offered up for its success ; this cir
cumstance is recorded on the Coins, with Expeditio for
the Legend. The expedition is also occasionally repre
sented crossing a river either by vessels or a bridge,
when the Legend Trojectus is introduced ; and lastly,
we have the return and triumphal entry of the Emperor
or General, who appears in a chariot attended by Vic
tory ; the Legends accompanying this device are Triumphus or Victoria. The reception of the Emperor at the
several stations was expressed by the Legends Adventus
and Profe.ctus accompanying the device : in the latter
case the Emperor is attended by one or more of his
chief officers ; and in the former by the Genius of the
City, at an altar, offering up a sacrifice in gratitude for
his safe arrival.
The implements of warfare consist of Standards,
Shields, Cuirasses, and Trophies; Heaps of arms also
appear as tokens of victory. Victory also is fre
quently seen recording on a shield the conquests of
the Generals or Emperor. A Warrior is often the
type of the reverse, also the Roman Eagle, and Laurel
branches. The Crowns represented on Coins are of two
kinds ; the Rostral Crown, which rarely occurs, and the
Oaken or Civic Crown, common on Coins of Augustus,
and within which the words Ob cites zervatos are in
scribed. This Crown, it will be remembered, was
awarded to such as had saved the life of a Roman
citizen ; and though we are not to take this in the literal
sense, when applied to the Emperor, he may neverthe
less be considered as entitled to that honour, by having
established Peace throughout his dominions.
3. Symbols The number of devices relating to Games is very inconrelating to siderable, and they were, for the most part, affixed to the
the Games. Coins of those Emperors who were addicted to those Fes
tivities. Naumachiae are occasionally representations.
4. Symbols Temples are depicted on the Coins of nearly all the
relating to Emperors. Those of Jupiter Capitol in us and Janus are
the embel of common occurrence ; the latter being a small, square
lishment shrine, just sufficiently capacious to contain a Statue of
ofthe City.
the God. On the Coins ofAugustus appear the Temples
erected by that Emperor in honour of Apollo, Juno,
Plate II. Mars, and Julius Ca?sar ; generally the porch only of the
Temples is represented, and within it is placed a small
Pig. 1
Statue of the Deity. Triumphal Arches are very com
mon devices, and in the event of a foreign conquest
were immediately affixed on the Coins ; they are in
scribed with the name of the conquered Nation, and
adorned with trophies. The Column of Antoninus
Pius, now standing, is a common type on his Coins.
The Rostral Column appears on Coins of Augustus, in

honour of the Battle of Actium. Equestrian Statues,
erected to many of the Emperors by the Senate and
Roman People, in consideration of their sen-ices to the Can
State, are delineated on the reverses of several Coins. wvw
Representations of the Theatres, Amphitheatres, and
Circuses are preserved on a few Imperial Coins, but they
are by no means common. The Forum of Trajan is
found on one of his Coins ; and Basilica, Baths, Ports,
Bridges, and Aqueducts were occasionally introduced.
Having concluded our summary of the devices, (in
which enumeration all that merit the attention of the
general reader have been specified,) we shall proceed
to notice the Legends, of much greater extent on Roman
than on Grecian Coins.
We have already enumerated several of these in our 1^4 a
description of the symbols ; and, indeed, the characters Rome
on the reverses of the Coins are little more than expla- Csai
natory of the type ; thus the Allegorical figures, though
they may be readily known from being accompanied by
their attributes, have their names introduced : the same
may be observed to be the case with the figures of the
Provinces. In the Legends accompanying these last, we
perceive the Roman Tongue to be admirably adapted for
recording events, where brevity of expression is impor
tant ; the following examples are remarkable for their
comprehensiveness : Judeea capia, Saltu Generis hitmam. Gaudiutn Reipublicte. Asia subacla. Telius
slabilila. Roma renascens. But what is now to engage
our attention, is the characters inscribed on the ob
verses, to which the portraits of the Emperor or Em
presses were affixed. Upon the first inspection of a
Roman Imperial Coin, we are apt to imagine that the
Legends cannot be deciphered without much difficulty;
and, indeed, it must be granted that great confusion
prevails from the numerous abbreviations, and the
deficiency of stops. In order to convey to our readers
a clear idea of their nature, we propose to analyze, if Piatt U.
we may so express ourselves, the Legend of au Imperial f^-^
Coin ; and we select for that purpose one of the Em
peror Titus. It will be perceived, on examination, that
the titles conferred on the early Emperors were used
in common by their successors ; and these being, there
fore, once understood, a large portion of the Legend of
almost any Imperial Coin will be known. When the
characters encircle the device, they form what is dcno-Fuji.
minated the Legend ; when they occupy the field of the
Coin, they constitute an Inscription; and when occupy
ing the lower extremity of the piece, and separated from
the area by an horizontal line, they are termed the
Exergue : (c*f ip^S, out of the work :) the date on the
reverse of our English copper Coins generally occupies
this station. Before proceeding to examine the Coin
we have selected, we will briefly specify the titles com
monly annexed to the Tiirone, and whence they dented
their origin. The title Imperator, or Emperor, was
under the Roman Commonwealth a military distinction,
answering in some measure to General with us ; it wa*
subsequently conferred upon Octavius by the Senate, to
denote the supreme power in the State, and came into
general use with his successors. This title was expressed
on the Coins simply by the three first characters,
IMP. About the Age of Constantine the Great it
fell into disuse, that of Dominus Nosier being substi
tuted ; the initials D. N. are all that appear on the
Coins. The appellation of Ctssar originated in the
Julian family, in consequence of one of them having
had in his possession an elephant, which animal in the
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Cumis- Punic Tongue Is expressed by that 'word. It was assumed
aarics. by all the descendants of that family, and after so long
a period 6eemed in a manner inseparable from the
Throne. The title Augustus was conferred by the
Senate on the young Octavius, at his express desire : it
wus borne in his honour by all the successors to the
Empire, as was also that of Augusta by the Empresses,
and it was expressed on Coins by the three first letters,
AUG. The power, equivalent to that of a Tribune,
which was conferred on Augustus, was expressed on
his Coins by the words TribunitiCt Potestate, or more
generally in the abbreviated forms TRID. POT. and
Iw an- TR. P. The election to the above office was annual,
eil to and as the Emperors (except in one or two instances)
Throne. were elected immediately on their accession, wherever
numerals are annexed they denote the year of the
Prince's reign. The glorious title, Pater Patriee, or
Father of his Country, expressed by the initials P. P.,
was accorded with great propriety to the Emperor
Titus ; the distinction, it must be confessed, was rarely
merited by his successors, but being calculated to flatter
their vanity was seldom omitted. Among other epithets,
equally misapplied in aftertimes, was that of Pius,
originating with the first Antoninus, one of the most
perfect characters to be found in History. The office
of High Priest, or Superintendent of the Pontiffs, was
assumed both by Julius and Octavius upon their coming
into power ; it is frequently inscribed on their Coins,
and, like the preceding titles, was retained by their suc
cessors. It was expressed by PONTIFEX MAXIMUS, though commonly abbreviated, as PONT. MAX.,
and P. M. The office of Consul, assumed by the Em
perors, was signified by the three letters COS. If we
now inspect the Coin of Titus, represented in Plate II.,
many of the above titles will be found inserted in the
Legend ; the following is the order of the characters,
the names and titles being given at full length. Im3.
peraior Titus. Ciesar Vespasianus Augustus. Pontifer Maximns. Tribunilia Poteslate. Pater Patriw.
Consul VIII. The letters S. C, Senatus Consulto,
1. 3. 5. affixed invariably to the Imperial Coins in first and
second brass, denote that they were struck by a decree
of the Senate ; to that Body was decreed the power of
striking brass Coins, and to the Emperor those of gold
and silver. The above characters consequently never
appear on the Coins in these latter metals.
i'recian Upon the dissolution of the Greek Empire, the several
-'rial Countries were formed into Roman Provinces ; over
a.
each of these a Governor was appointed, and a Coinage
instituted in the chief Cities. These Coins are inscribed
with Greek characters ; they class notwithstanding with
those of Rome, from being struck in Countries subject
to that Empire, and from bearing heads of the Emperors
on the obverses : in point of execution, the Coins of this
class are very inferior to those which were issued from
the Capital.
The Imperial Greek Coins divide themselves accord
ing to the forms of government instituted by the Ro
mans in their conquests; and thus we have Provinces,
Colonies, and Municipia, or Free Cities. These are all
the workmanship of inferior artists, and exhibit great
sameness in the devices, which are for the most part
included in the enumeration of the symbols on Imperial
Coins. The types commonly consist of the Temples of
the Deities in the respective Cities, which, from their
great variety, are not deficient in interest. The Legends,
as we stated, are in Greek, and often literally trans
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lated from the Roman; as AYTOKPATQP, for Em- Grecian
peror; 2EBA2T02, Augustus; KAI2AP, Caesar, &c. Imperii
Among the Legends peculiar to this class, we may Coins,
mention the names of Magistrates, and the title NEQ- V"""V~'/
K0PO2, applied to certain Cities, implying their
appointment to the guardianship of the shrine of some
celebrated Deity : a distinction much coveted, as the
Temples greatly contributed to the wealth and impor
tance of many States. As these Coins, not only of the
chief Cities, but also of many Towns of inferior note, are
abundant, and as the Provinces at that time included
nearly all the civilized parts of the Globe, their number
is almost infinite: they commence in the reign of the
Emperor Augustus, and terminate with that of Gallienus, about 250 a. d. As an enumeration of the
Cities which struck Coins would occupy too much space,
and, moreover, be devoid of interest, we shall specify
the most considerable of the Provinces in which they
occur. Proceeding in an Easterly direction, we arrive
at Maesia, Thrace, and Macedonia, where they are of
common occurrence ; a few are to be met of Cities in
the Peloponnesus, the Islands of the -Egean Sea,
and those adjoining the Ionian coast. Of the Cities of
Asia Minor they are found in great abundance ; in the
district of Phrygia no fewer than fifty Cities obtained
the privilege of striking Coins ; in Lydia they have been
found of about thirty Cities ; in Cilicia twenty and ; so
on of the other Provinces, Bithynia, Cappadocia, Pamphylia, Galatia, &c. Imperial Greek Coins are com
mon of many Cities of Phoenicia, at that period divided
into Commagene, Palestine, and Cccle-Syria. These
Coins are chiefly of copper, the silver which exist being
confined to the leading Cities, as AHtioch, Tarsns, Tyre,
Sidon, &c.
The Greek Coins of the City of Alexandria, struck in Imperial
the Imperial Age, from their number and extent, (they Cmmofthe
City of
reach to Constantine,) have a distinct place allotted to Alexandria.
them in a Cabinet. In their fabric they are greatly in
ferior to the Roman Coins; and those of Copper are
thick and uncouth in their form, with the characters at
times barely legible. The symbols are slightly varied
from those of the preceding class, by the introduction
of numerous devices characteristic of the Country ; as
heads of Jupiter Ammon, Isis, and the God Canopus ;
also animals of worship and plants,—among the former,
the sphinx and serpent prevail, and among the latter,
the lotus and wheat-ear.
Coins of the Colonies, like those of the Provinces,
extend to the reign of Gallienus ; this form of govern- Coins,
ment prevailed chiefly in the Augustan Age, but the
number of the Cities is inconsiderable. Spain is the
chief repository for the Colonial Coins, and those of the
Municipia or Free Cities, governed by their own laws ;
in that Country there are found Coins of about thirty
Colonies, all of which were planted in the reign of
Augustus. As few of the Cities were permitted by suc
ceeding Emperors to strike their Coins, and as the pri
vilege was altogether denied them by Caligula, the pieces
are not many in number ; they abound chiefly of the
Cities Carthago Nova, afterwards Carthagena, Ca?sarea
Augusta, corrupted into Saragossa, Bilbilis, Turiaso,
and Emerita, the present Merida. The remaining
Colonies whose Coins remain, were scattered through
out the Empire, and are as follows : Nemausus, in
Gaul, (the only Colony permitted to strike silver Coins,)
Panormus, Carthage, and Corinth ; Philippi and Pella,
in Macedonia; Parium, Alexandria, Troas, and Ico-
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Numis- nium, in Asia Minor ; Tyre and Sidon ; Ptolemais,
rnatics. Caesarea, and Damascus ; also a few Cities in the territory of Edessa. The type affixed to the early Colonial
Coins, was that of a team of oxen, and subsequently
banners appear ; of these it may be remarked, that
when standing alone they signify the Colony to be drawn
from one Legion ; but where several are introduced,
they indicate the Colony to have been drawn from as
many Legions as there are banners.
III. Medal- Medallions are all that remain to be noticed among
lions.
tjle Imperial Coins ; they were struck both at Rome
and in the Provinces, and hence are divided into Ro
man and Grecian. The term Medallion is applied to
those productions of the Mint which, in gold, exceed
the size of the Aureus, in silver, of the Denarius, and in
copper, of the first or large brass. Doubts have long pre
vailed among antiquaries as to the purposes for which
they were designed ; they are generally conceived to have
been struck upon similar occasions to those on which
Medals are coined among ourselves ; upon an accession to
the throne, in commemoration of any important victory,
or as specimens of workmanship. There are, however,
a few circumstances which favour the supposition that
they were intended for circulation as money. Pinkerton speaks of gold Medallions being found equivalent
in weight to two, three, and sometimes four Aurei ;
also some in silver to a like number of Denarii ; thus
making them analogous to the Greek Tetradrachnue.
The small ness of the number of existing Medallions by
no means weakens this supposition ; as at the present day
the Two-guinea pieces, silver Crowns, and copper Two
penny pieces are by no means common, and might in
a future Age, with equal propriety, rank as Medals.
Medallions are at all times accounted rare, but those
struck in the Grecian territories are the most numerous,
and are distinguished from the Roman by their thin
ness and inferiority of workmanship. A gold Medallion
exists of Augustus Caesar and one also of Doinitian, but
few in any of the metals appear prior to the reigns of
Hadrian and Antoninus ; those in brass are considerably
the largest, many of them being several inches in dia
meter. The Provinces in which they chiefly abound,
particularly those of silver, are Asia Minor and Syria,
including the opulent Cities of Ephesus, Smyrna, Thyatira, Pergamus, Cyzieus, Magnesia, Caesarea, Sardis,
Antioch, Tyre, Sidon, &c.
Value of
As in a former section we detailed the value and de"rhOC
'
nommations
of tne Roman
Coins
to the under
Augustan
pena oins.
faete relnains
but little
to down
be noticed
this
head. For the period of two centuries the Coins bore
nearly the same value as at the close of the Common
wealth, experiencing, however, a gradual diminution in
their sizes ; but at the decline of the Empire, from the
leading Coin being so materially reduced in size, it was
found necessary, from time to time, to issue pieces of
greater value. The amendment of the Coinage engaged
the attention of many Emperors, but our knowledge on
the subject is very confined. The confusion of sizes,
occasioned by the new Coinage, prevailed to such an
extent as to render it impossible, upon reference to the
Coins, to point out the denominations specified by His
torians ; the results indeed are so unsatisfactory that we
shall merely offer some few remarks, which will enable
us to trace the changes which the chief Coins in each
Brass and metal underwent. Since the brass Coinage is that of
orqier.
chief importance, we commence with the Sestertius. This
Coin, the reader will recall to mind, was equivalent in

value to four Assaria and two Dupondii; and that four Value rf
of them were included in the Denarius. The copper
Coins being found of several sizes, are distinguished "P™**
into first, second, and third brass. The first, or large v m ^.
brass, includes the Sestertius; this Coin appears about
jj
the reign of Augustus, and extends without intermission Fig. 1,1
to that of Postumus. In the reign of Alexander Severus
it had sustained a loss of one-sixth in weight ; with Trajanus Decius it was reduced to one-half, and finally it
did not exceed a third of its original size. The second, Fig. 5.
or middle brass as it is termed, approximates in size to
our Halfpenny, and includes the Dupondii and Assaria.
The Dupondius accompanies the Sestertius in the several
stages of its decline, and closes together with it ; the
As, also, at that period, did not exceed the size of the
early Denarius, and, together with its parts, was num
bered with the third brass. The third, or small bras,
comprises all the parts of the As, and consequently
admits of great diversity in size. The Dupondii and
Assaria were of equal dimensions though differing in
their value, the latter being but one-half of the former ;
this circumstance is thus explained. In a former page
we noticed that brass was highly esteemed at Rome,
much more so than copper, it is therefore conceived
that, as Imperial Coins of the middle size exist in
both metals, brass was used for coining the Du
pondii, and copper for the Assaria. Pinkerton states
that the Sestertii and Dupondii were of brass, and
the As and its parts of copper, a metal but half the
value of the former. This ingenious explanation is
correct in many points, but we cannot agree with the
author in considering it as conclusive ; for upon ex
amining the Coins in question, we frequently meet
with Sestertii unquestionably of copper ; neither are
there sufficient grounds for pronouncing all of tbe
second size existing in brass to be the Dupondii men
tioned by Pliny and other writers. Under the reign
of the Emperor Gallienus, the chief copper Coins were
the Assaria; these, from their diminished size, came to
be numbered at sixty to the Denarius, and in the Age
of Constantine they scarcely exceeded twenty grains in
weight. With the Emperor Diocletian a new Coin ap
peared, denominated the Follis ; this remained the chief
copper Coin under the Lower Empire, and from the
writers of that Age we learn that it was variously sub
divided. The types of the reverses consisted simply of
Greek characters, supposed to express the number of
Noumia (the smallest copper Coin then in circulation)
which they contained ; thus the Follis bore the letter V,
to denote forty Noumia, its half K for twenty, and the
quarter I for ten. Our knowledge, however, of these
Coins is too imperfect to admit of our placing any great
reliance upon this computation.
The silver Coins in the Age of Augustus were of two Hfr*
kinds, the Denarius, containing sixteen Assaria, and the SflreQuinarius, or its half; these pieces gradually decreased,
and in the reign of Caracalla were struck of two sizes ;
the new Coin was denominated Argenlcus, and raised in
value to one-third of the current Denarius, containing
consequently twenty-four Asses, or Assaria. The common
Denarius, which now went by the name of Minulus,
ceased to be struck in the reign of Gallienus, the Argenteus supplying its place ; the terms Argenteus and
Denarius were then but different names for the same
Coin, which at that time contained the surprising number
of sixty Assaria.
Constantine the Great effected a material alteration
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in the silver Coinage, by the introduction of the Milliarensis, which he caused to pass for twenty-four Fol/es.
Denarii were struck so late as the reign of Heraclius, when they did not exceed ten grains in weight;
upon the first appearance of that Coin (the parent of
our silver Penny) it exceeded ninety grains in weight,
and under Augustus it had fallen to sixty grains at a
medium.
The Aureus, the chief gold Coin under the Common
wealth, and the Semi-aureus constituted the sole pieces
in gold for nearly three centuries ; at the expira
tion of that period, Aurei were struck of several sizes,
and new Coins issued of one-third and of double their
weight ; the former being denominated Trienles. Until
the reign of Alexander Severus, the Aureus passed
current for twenty-five silver Denarii; the weight ori
ginally given to this Coin was about 120 grains; it
now fluctuated between eighty and ninety grains. ConStantine the Great accommodated the Aureus to his new
silver Coinage, and gave it the name of Solidus; this
piece remained the chief gold Coin until the fall of the
Eastern Empire, and for a time Semisses and Tremisses
were struck. The Semi-aureus of gold is at all times
a very scarce Coin, but was more especially so under
the reigns of the early Emperors.
The following Table of Roman Coinage exhibits the
weights and value, as established about the Age of
Augustus :
Weight. Valut.
TerunciuB.
oz. £. s. d.
Quadrant.
Sembella
0* 0 0 01
Semit.
o; 0 0 0*
As or LfbfLLA,.
Assarium.
Dupondius
0i 0 0 1
Sestertins
1
0 0 3
2 Ifumnus.
(rrs.
30 0 0 4
Quinarin*
■•■
1G
Victoriatul.
3 DFvjjr.'i
60 0 0 8
on 'I 15 'Sumi-r
ISemissis (15 Denarii), .. .
0 10 0
480
120
M
1920 960 480 240

2 Ai'ia r- (30 Denarii)

10 0

Before quitting the Roman Coins, we shall, in ac
cordance with our plan, consider the light in which
they are to be regarded as works of ancient Art. The
inspection of the Imperial Coins will, we feel confident,
be productive of the highest satisfaction ; but we must
bear in mind that Rome herself in works of Art
cannot sustain competition with Greece. The period
at which the Roman Coins stand preeminent for the
excellency of their workmanship, may be placed in
the Age of the Antonini. We mentioned that patron
age was extended to the Arts by Augustus Cresar, as
may indeed be inferred from his Coins ; (especially those
in gold and silver;) no material improvement is evinced
in the Coinage under the reign of his immediate suc
cessors, probably owing to the turbulent state of the
times ; but a superiority is decidedly manifested as we
descend to the reigns of Vespasian and Titus, after
* The minor divisions of the As were
VOL. V.

struck.
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which period they gradually increase in beauty of fabric, Workmanuntil they attain their greatest excellence at the epoch ■•»!' of
above-named. We may date the decline of the Art R"mu» Irr>as commencing about the Age of Commodus ; there P"i*,CoiB»
are, it is true, instances of Coins, in the century
"v*""""
which succeeded, rivalling in their execution those of the
best Ages of the Empire, but they are of rare ocurrence. For the fifty years antecedent to the extinction
of the Western Empire, the Coins are of the worst
possible fabric, equalling, in the barbarism of their work
manship, those of the Dark Ages ; and, indeed, the
Coinage of the Princes who immediately preceded is
but little superior.
No fewer than three hundred portraits are preserved Portraits on
in the series of Roman Imperial Coins; for not only Human,
are the Emperors depicted, but also the Empresses Lo"lsand the several branches of the Imperial family.
Among the many examples which might be adduced,
we select those of Augustus and Trajan. Independently
of the Coins of Augustus, we meet with those of his
Empress Livia, of their daughter Julia, and son-in-law
Agrippa ; a few also occur of the grandsons of the
Emperor, namely Cains and Lucius Ca?sar. Besides
the Coins of Trajan we meet with those of his father
Trajan, of his Empress Plotina, of her sister Marciana,
and niece Matidia. The Roman Emperors commonly
appear either with radiated or laurel crowns, but never
with the diadem, as the Greek Princes. In a late
period of the Empire, helmets were introduced, and the
bust of the Emperor was clothed in armour. End
less variety prevails in the head-dresses of the Em
presses.
An opinion, we believe, has gained ground, that no
reliance can be placed upon the representations handed
down to us in these minor productions of ancient .Art;
we can only account for the prevalence of this notion
from the portraits occasionally to be found in Historical
Works, and presumed to be accurate delineations of the
Coins. It must be confessed that far the greater num
ber of those which have appeared in Numismatic
Works, in which at least accuracy would be looked for,
are entirely disgraceful to them. The heads of the
twelve Cffisars are of common occurrence, botli in the
form of engraved plates and of casts; these, we admit,
do generally retain the distinguishing features of the
Emperors, but upon comparing them with the Coins,
they will be found to fall considerably short of that
marked expression, that admirable discrimination of
character, prevalent throughout the series. Among the
instances which might be adduced in favour of strength
of resemblance, we may mention the perfect accordance
in character of the Coins, however numerous, of the
same Prince during the better Ages of the Empire;
and again, the perfect agreement of these with the
remaining busts of these Emperors; and here, in pass
ing, an instance of the practical utility of the study
of Numismatics presents itself. Marbles frequently
exist without any inscription which can inform us for
whom they were designed : Coins, on the other hand,
being invariably accompanied by a Legend, have
effectually enabled antiquaries to adjudge the heads to
their respective Emperors. One more observation will
close our remarks on the portraiture. Were the Legend
of an Imperial Coin totally obliterated, and only the
head entire, but a little knowledge of Coins will enable
the student to pronounce for whom it was designed ;
and we will venture to say that the inspection of a
4N
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Numis- Coin would be attended with a similar result, in the the attention of some learned antiquaries,) we shall Camd
matics. hands of a skilful Medallist, if not only the Legend, not hazard any further conjectures on them, but proceed BirhcM
to the third division. III. The race of Princes denomibut a considerable portion of the head, were effaced.
nated Sassanid«, came into possession of Parthia a. a. * "V*-'
226. That Kingdom was not entirely destroyed until
the Age of Mohammed, but the Coins do not extend
Sect. III.—Coins of Barbarian Nations.
later than the IVth century ; these are nearly all of
silver, and materially differ in their character from any of
Barbarian Coins are those inscribed with characters the preceding; the relief of the object is inconsiderable,
differing from the Greek and Roman ; there are, how and the Coins are extremely thin ; they possess, how
ever, many Coins wholly destitute of Legends, and ever, a correspondent increase in their diameter. The
a few on which Roman characters appear, which, with Legends are inscribed in the Persian Tongue, aud the
great propriety, may be ranked among them. The portraits of the Princes are rendered curious by the
following will be the order under which we shall consider singularity of the costume, which is depicted with
great care. The symbols of the reverses are of two
them :
kinds ; the first consists simply of an Altar burning,
(bearing an allusion to the invisible Deity of the Per
lLydia.
f Numiilia
rEtruria.
sians,) there being at that period no Temples, but only
a- ter.
*H"Eurore' tean altar kept constantly burning in the open air : this
vPhceaicia.
(.Carthage.
I Britain.
worship afterwards declined into that of the Sun and
Fire. The second device was also an altar, on one side
Lydia.—We commence with this Country, being of which appears the Monarch, aud on the other the
that in which pieces of metal were first stamped with Chief of the Magi. The finest Coins of the series were
symbols, and used as the representatives of property. struck when the Kingdom was in its greatest power, aud
The nature of the Lydian Coinage has been already are remarkable for their neatness and high finishing;
described ; it consisted of rude lumps of metal, deeply but after the lapse of a century or more they greatly
indented on one of the sides, by the puncheon on which decline in execution.
Judeea.—The Hebrew Coins were struck under
the metal was placed in order to receive the impression.
Rate II. The symbols consisted of figures of men and animals, the dominion of the Family of the Maccabees, and
^■g' 10,
rudely executed, and many of the Coins are formed of chiefly in the time of Simon, High Priest, 150 b. c.
the metal Electrum, a compound of gold and silver : they They are nearly all of copper, and invariably rude
in their execution. The Legends are inscribed in
are totally destitute of characters.
Persia.—The Coins of this Country may be sub Samaritan characters, and the symbols all of which
divided into three classes : the first extending from the are characteristic of the Nation, possess some variety ; pijfeli
reign of Darius to the Age of Alexander the Great ; the thus we have sprigs of plants, supposed to represent Fig. li
second including a few which were struck from that Aaron's rod, Temples, sacramental cups, censers, and
Prince's reign until the full establishment of the Par tabernacles. Palm-branches and vine-leaves form also
thian Monarchy; and the last comprising the Coins of common devices.
Phoenicia.—Distinguished as were the Phoenicians
the Sassanida;, successors to the Parthian Kings. I. The
Coins of Darius, as we before remarked, may probably at an early period for their commerce, they do not
be referred to the Prince of the same name, sometimes appear to have instituted a Coinage prior to the Age of
called Astyages, a King of the Medes. On the reverses of Alexander the Great; weight being employed in lieu of
these Coins, which are of gold, several rude indenta it among them as well as the Carthaginians. The Coins
tions appear, without an approach to any regular form ; of the Greek Cities in Phoenicia are not comprehended
the Coins are generally of an oval shape, and bear for in this class, which comprises only those either without
Fig. 12.
their type an Archer, attired in the Persian costume, and Legends or bearing Phoenician characters. Among the
holding in his hand a bow : the scarcity of these pieces, devices we may notice the turretted head of Cybele,and
whicli at one period must have abounded, was caused by figures of Astarte, the Sidonian Goddess ; the most
their being recoined by succeeding Princes. The symbol common reverse is a vessel, as the emblem of commerce ;
of the Archer gave rise to a bon mot, related by Plutarch palm-trees (0o»Wes) are also common, indeed they were
in his Life of Agesilaus ; when that Prince was forced so abundant in Phoenicia as, according to some writers,
to retire from an invasion of Persia by the largesses to have given name to the Country. The greater number
which Artaxerxes distributed among the enemies of of the above Coins have been referred to the Cities Tyre
Sparta, the Spartans spread a report that he was defeated and Sidon.
Numidia and Mauritania.—Juba I. was King of
by thirty thousand archers. II. The second class com
prises a considerable number of Coins, but they lose both Countries, he espoused the cause of Pompey, and
much of their interest from the great uncertainty which being defeated, put a period to his existence ; his soa
exists as to their date ; they are found in all the Juba II. was educated at the Court of Augustus, and
metals, and class with the Persian, the greater number received from that Emperor the territory of Numidia.
of their devices being characteristic in that nation ; The series of Coins commences with Juba I., of whom
as, however, several of them bear the type of a vessel, they are numerous in silver, but little variety prevails
and are moreover inscribed with Phoenician characters, in the devices, a Temple forming the common reverse.
there are grounds for believing them to have been Many copper Coins likewise are ascribed to this Prince,
struck by Phoenician Cities dependent on Persia. From but they are unaccompanied by his portrait. The sym
our present imperfect knowledge of this class of Coins, bols on the Coins of Juba II. are Bometimes Roman
and the prospect that ere long this uncertainty will, in and sometimes Numidian ; among the former we may
some measure, be removed, (for they are now engaging notice curule-chairs, cornucopia:, and the sign Capri-
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S'umis- cornus, taken from Coins of his protector Augustus.
romtiea. The Numidian symbols are the lion, elephant, and
palm-tree, which are all found on the Coins of that
Prince. Juba II. espoused an Egyptian Princess, Cleo
patra, of whom likewise there are Coins, bearing for
their types the sistrum and lotus plant.
Carthage.—The Punic Coins are frequently con
founded with the Phoenician ; they were probably
struck at the time of the 1st Punic War, during which
the Nation had attained its greatest power. The Car
thaginians trafficked for many Ages in gold and silver,
but they do not appear to have instituted a Coinage prior
to the above period : indeed, it is uncertain whether a
Mint was ever established at Carthage, and whether the
money may not have been the produce of her Colonies.
Many of these were planted on the coasts of Spain and
Sicily ; a few of the Coins struck in the last-named
Island are deservedly admired for the beauty of their
workmanship, but they were the fabrication of Greek
artists. The Legends, when they appear, are in Phoe
nician characters, and the types of the reverses usually
three in number ; the most common is a horse, of
which a head only is sometimes represented, at other
times the forepart of the animal, but more frequently
the entire figure : the type is said to have originated
from a tradition that a horse's head was discovered in
digging the foundations of the City. A palm-tree is
another very common device, and is most frequently in
troduced in connection with the preceding ; the tree
was common to the rivers of Northern Africa, and may,
in the present instance, have served to denote that the
Carthaginians were of Phoenician extraction. Lastly,
we may notice the lion, a symbol common to Numidia ; the types on the obverses of those struck in Sicily
consisted of heads of Ceres, the chief Goddess of the
Island.
Spain.—This Country was divided by the Romans
into BaHica, Tarracouensis, and Lusitania, the present
Portugal ; Btetiea was peopled long- before the rest,
being advantageously situated for commerce. The Colo
nies first planted here were by the Phoenicians, and of
these Gades, now Cadiz, was the most considerable ; the
Greeks next established themselves on the coast, but
none of their Colonies rose to eminence : the Cartha
ginians succeeded to the Greeks, planting CarthagoNova, the present Carthagena, and numerous other
Colonies. The Coins, as we should expect, partake of
the character of those of the several Nations by whom
the Country was inhabited, and appear inscribed with
Phoenician, Greek, and Roman Legends ; a few also
are to be met with bearing Celtic characters, being
struck by a Tribe who settled in the interior of the
Peninsula near the Iberus, and were thence denominated
Celtiberi. The symbols common to Coins of these Cities,
consist of a horse, from that animal abounding in the
Country ; ears of barley, emblematical of the fertility of
the soil ; (the South-Eastern portion ;) an olive-branch,
as olives were cultivated there in great abundance ;
and lastly, fish, appearing on Coins of the seaport
towns. A few heads, likewise, appear on the Coins of
Cities removed from the coast, and are chiefly those of
Barbaric Chiefs and of Hercules : that Deity was espe
cially honoured in Spain, it being the Country reported
to have been traversed by the Hero, and that in which
one of his Columns was planted.
Gaul.—The early Coins of this region are scarcely
•worthy of notice, indeed, little intercourse subsisted
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between it and the Southern Countries, prior to its Coins of
reduction by Julius Csesar. This Country became Barbarian
known to the Greeks by theestablishmeut of the Colony Katl0"sMassilia, (now Marseilles,) which also gave rise to the V— ,"L "*
formation of numerous Greek settlements along the
coast: the Coins of these Cities can scarcely bear the name
of Gallic, and have, in consequence, been classed with
those of Greece. Gold, it would appear, was found in
great abundance in many parts of the Country, and
formed a chief article of commerce ; the early Coins,
struck about half a century or more before the Chris
tian Era, are common in this metal, being in appear
ance rude lumps of gold, with types of such Barbarian
workmanship as to be frequently unintelligible. The
devices consist of heads of Chiefs, with their names
inscribed in Roman characters ; and of horsemen, or
simply a horse running : the Gauls were noted for
their skill in training these animals, which, moreover,
abounded in the Country.
Britain.—Julius Caesar, in his Commentaries, when
noticing the manners and customs of the inhabitants of
Britain, has stated, that they made use of iron rings of a
prescribed weight for money, and that copper was coined
as a superior metal :* their knowledge of the Art was
probably derived from their intercourse with the
Northern coasts of Gaul, as we find the Coins of both
Countries frequently resemble each other. The first
stamping of money in our Island is conjectured to
have taken place at a period subsequent to the second
invasion of Julius Cajsar ;t and we afterwards meet
with the Coins of a few Generals, to which succeed those
of Cunobelin. On the Coins of that Prince much has
been said and written ; we do not, however, purpose en
tering upon the discussion, even if our limits permitted,
since little information of a satisfactory nature is to be
gained. Cunobelin reigned over a considerable extent
of country lying to the North of the Thames, and inha
bited by the Trinobantes ; two Cities are stated as
having been the Capitals of his vast Kingdom, Verulam, (St. Alban's,) the most ancient, and Camulodunum. (Colchester.) The reign of Cunobelin extended
to the Age of Caligula. His Coins abound in all the
metals, and are so diversified in their general character
and types that they can with difficulty be ascribed to the
reign of a single Prince. The portraits on the ob
verses differ materially from each other, and many of
the devices are obviously taken from Roman Coins.
The ancient Coinage of Britain terminated with this
Prince, for in the reign of Claudius, the Island was
brought under complete subjection, and an edict passed,
ordaining that all the Coins struck in it should be im
pressed with the effigy, name, &c. of the Emperor ;
whereupon Roman Mints were established in the chief
Cities, and the Coins were numbered among those of
the Empire. A horse and ears of barley form the most Plate II.
common devices on the Coins of Cunobelin, and for the Fig. 14.
Legends, besides the name of the Prince, we meet with
the characters VER and CAMU, being the commence
ment of the names of the ancient Cities above specified.
* De Bel/o Gallico, v. 12.
f Kuding, Annals of Ihe Coinage of Britain, Sfc.
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NUMISMATICS.
PART II.—MoDBttN Coins.
Sect. I.—Character vf Modern Coins.

Coins are rendered interesting chiefly from their de
vices, and, in proportion as these are diversified, so will
they prove valuable documents to the Historian ; the Le
gends next deserve notice, and we then proceed to exa
mine their fabric, proportionate value, &c. First, then,
as regards the symbols ; these we have shown are of
exceeding great variety both on the Grecian and
Roman Coins ; our limits have only admitted of a selec
tion from among them, but there are many others
equally worthy attention. They afford a considerable
insight into the Heathen Mythology, portraying the
Deities chiefly worshipped throughout the Grecian
States, and the personifications in use with the Romans ;
they, also, not unfrequently, acquaint us with the man
ners and customs of the Nations to which they belong;
the costume is carefully depicted, and a numerous and
Symbols on very complete series of portraits is preserved. If we now
the Coins of turn our attention to Modern Coins, the devices affixed
theMuldle t0 thcm> from the extinction of the Western Empire
until the XHth century, will be found to consist in
little more than a cross ; a device, it is true, diversified
and ornamented after every possible manner, but from
which no characteristic information can be acquired :
it was a type adopted by the Eastern Emperors on
their Coins to denote their conversion to Christianity,
and afterwards used for a similar purpose by the
Gothic Sovereigns. The Arms of a Country were intro
duced in conjunction with the cross in the XHth cen
tury, when the latter symbol gradually fell into disuse ;
and the remaining devices, which from time to time
appear, are, with but few exceptions, little connected
with the varying History of Nations. The brevity
and comprehensiveness of the Legends on Ancient
Coins is well deserving of attention ; no more words
being introduced than are absolutely requisite to con
vey the intended meaning, while we are frequently
surprised to find how much information is embodied in
the few characters employed : ditfuseness, on the other
hand, is a leading defect with Modern Medals, if not
with Coins; a confusionoftenexisting between the Legend
and the device, and a multitude of characters being em
ployed to express a thought comparatively trifling. The
Legends. Legends on the Coins of the Middle Ages are distin
guished by the insertion of the names of the Mint-masters
in connection with those of the Cities in which the Mints
were established ; for it will be proper to observe that all
the towns of note, throughout the European Kingdoms,
had their respective Mints ; (in England they existed to
the number of fifty or more ;) over each of these a Mintmaster or superintendent was appointed, who being re
sponsible for the purity of the metal, &c, was under
the necessity of inserting his name in the Legend.
In this division of our subject, we shall no longer
take into consideration the proportionate value of the
Coins ; (those of our own Country excepted ;) indeed,
any attempt of the kind would be attended with con
siderable labour, and all interest would be destroyed, from
the impracticability of tracing the various changes they
underwent. Throughout the Middle Ages the silver
Penny was the only Coin of importance, being struck
Metals cm- upon the model of the Roman Denarius ; very little
ployed.
gold was employed in the mintage, and the introduc
tion of copper is of extremely recent date.

The fabric of Modern Coins is as little deserving of Moir
notice as the other qualities we have named respecting Coisstiu
them; and, omitting those of the last few centuries, *»Q>»sthey must be acknowledged to be greatly inferior in t y
their worVmanship to the Coins of the two great repo- ^""""^
sitories of ancient Art, Greece and Rome.
Portraits appear on Modern as well as Ancient Coins ; Woifeo.
but such was the state to which the Arts were reduced
in the Dark Ages, that frequently no discrimination °fn"jfj!
character is apparent in the representations of" the Aju
Princes handed down to us. The relief of the Coins is
also inconsiderable, and the pieces are extremely thin;
a peculiarity by no means consequent on the practice
of employment of the hammer to obtain the impression,
since a similar method was adopted by the Greeks and
Romans, while their Coins are of quite an opposite
character. The preceding remarks relate cliiefly to
Coins struck prior to the XVlh century.
The Coins of the modern Asiatic Kingdoms are nu- Main
merous, but as they materially differ from those ofConuaf
Europe, we think it desirable to consider them apart ;
they will, in consequence, close the present section.
It is difficult, if not impossible, to fix upon any pre
cise era as forming the boundary of Ancient and Modern
History; one period there must be in which the events
will seem equally entitled to fall under either division.
Of the several epochs named by Historians as termi- tm»
nating the annals of the Ancient World, there are two signrfw
more especially deserving attention—the extinction of 'k"*the Western Empire 476 a. d., and the Age of Charle- J'
magne, crowned Emperor of Rome 800 a. d. We
therefore purpose, in the first place, to take a short
survey of the Coinage of the European Countries from
the Vth century of the Christian Era to the death of
Charlemagne.
Spain.—The Coins commence in this Countrv with
Liuvn, Prince of the Visigoths, a. d. 576, and are nearly
complete of his successors, down to Roderic the Great,
when the Gothic Monarchy became extinct in Spain.
These Coins are chiefly in gold, and are found of" two
sizes, being struck upon the model of the TrienUs and
Semixses of tlie Lower Empire. The symbols consist
of the heads of the Princes, executed in a most wretched
style, and a variety of crosses ; the latter device vras
taken from the Coins of the Lower Empire, and affixed
in order to denote the conversion of the Princes to
Christianity : in a few instances, portraits appear on
both sides of the Coins. The characters on the Coins
struck in the Dark Ages, and especially at this early
period, are so mishapen, differ in many instances so
materially from the present mode of representation,
and are so erroneously placed, that the inspection of a
considerable number is requisite before the Legends can
be deciphered with facility. The reverses bearing the
crosses above alluded to, have for their Legends the
names of the Cities in which they were struck, followed
generally by the word PIVS ; an epithet applied in
common to the Byzantine Emperors, and in this instance
to be regarded as a continuation of the Legend on the
obverse. The Cities whose names appear are Ispsli,
(Seville,) Emerita, (Merida,) Corduba, (Cordova,) Csesarea Augusta, (Saragossa,) Toledo, and a tew others
in Andalusia and the Southern districts.
France.—The first series is that'of the Merovingian
Kings, and commences with Clovis 490 a. d. ; this nice
became extinct with Pepin, the grandfather of Charle
magne. These Coins are of gold, they were struck
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Kami*, upon the model of the Roman Coins, and in many
matics. respects resemble the preceding. The title Dominus
Nosier, expressed by the initials D. N., is frequently
prefixed to the names of these Princes, as upon Ro
man Coins ; a globe is also commonly annexed to the
cross on the reverse, and enclosed within a circle.
Among the chief towns, the names of which are in
scribed in the Legends, we may notice Parisiis, (Paris,)
Aurelian, (Orleans,) Colonia, (Cologne,) &c. ; they are
usually preceded by the characters CIV, abbreviated for
Civitas.
Italy.—r-The Coins of this Country which we last de
scribed, were the series of Emperors closing with the
deposition of Romulus Augustulus by the Heruli, 476
a. d. The Ostrgooths shortly after acquired the domi
nion of Italy ; their Coins are preserved down to Teias,
who was vanquished by Justinian, but they are of in
different workmanship, and in many respects resemble
the Coins of the late Emperors. On one of the sides,
the name of the Prince, expressed by a monogram or at
full length, is inserted, and enclosed by a laurel wreath ;
the other side bears a portrait of the reigning Emperor
at Constantinople, to whom allegiance was acknow
ledged. Upon Italy being again annexed to the Empire,
Viceroys were appointed by the Eastern Emperors, who
fixed their seat at Ravenna, and issued Coins; they
have, however, nothing remarkable to distinguish them.
The Country afterwards fell under the power of tTie
Lombards, and notwithstanding they maintained pos
session of it for nearly two centuries, no Coins of their
Mouarchs appear, those of the Eastern Empire probably
sufficing.
Britain.—Roman Coins were current in our Island
until the arrival of the Saxons and the formation of the
Heptarchy : of the seven Kingdoms of which it was
constituted, the Coins of five remain ; namely, Kent,
East Anglia, West Saxony, or Wessex, Mercia, and
Northumbria. The Archbishops of York and Canter
bury, likewise, exercised the privilege of Coining, and
many of their pieces remain. The early Saxon Coins
were the Scealta and Styca ; this last was of copper,
very small in size, and its circulation confined to the
Kingdom of Northumbria. The following is the order
of the Kingdoms, and the names of the Princes with
whom the Coins commence. Kent with Ethelbert, 561
A. d. ; Northumbria, Eegfrith, 670 a. d. ; East Angles,
Beonna, 690 a. d. ; Mercia, Eadbald, 716 a. d. ; and
West Saxony, or Wessex, Beorhtric, 754 a. d. The
Sceattee were the earliest productions of the Mint, and
are distinguished from the Penny by their being of in
ferior weight and dimensions. They were struck in
the Pagan times, the crosses seldom appearing; birds
formed the common symbols ; we meet also with re
presentations of Romulus and Remus, and sundry
marks, probably designed for letters. Portraits of the
Monarchs were subsequently introduced, when the de
vice of the cross also appears on the reverses. The
SlyceB are remarkable for being the only copper Coins
struck in England before the reign of Elizabeth ; they
bear the type of a cross, contained within a circle, and
the names of the Princes, Mint-masters, and chief
Cities. Saxon Pennies appeared in the Kingdom of
Kent 750 a. d., and are found of nearly all the Princes
from that period ; they offer a great variety in their
types, the diversity being occasioned chiefly by the
manner in which the characters are disposed ; they are
sometimes disposed in two or three rows, separated by
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transverse lines ; at other times they fall within the
compartments made by the cross, and the variety of
forms assumed by this type are not without some
degree of elegance. The title REX is annexed to the
names of the Princes, and in the instances of Egbert,
and a few other Kings, SAXONVM is added; the
names of the Mint-masters are commonly succeeded
by those of the towns in which the pieces were struck :
the most considerable of which, at that period, were
Canterbury, York, Durham, Bristol, Dover, and Lei
cester.
The whole of the North-Eastern parts of Europe
were then possessed by wandering Tribes of Barba
rians ; the Coins of the Eastern Empire differ from Coins of
the Roman Coins last mentioned only in their inferior the Eastern
workmanship, and in the poverty of the devices. A Empire,
considerable number of these are of gold, that metal
being common at Constantinople at the decline of the
Empire; a very complete series of Coins of the Empe
rors may indeed be formed in this metal, while that in
silver and copper is frequently defective.
Having taken this hasty sketch of Modern Coins
down to the Age of Charlemagne, we shall proceed in
the same order with the remaining series.
Spain.—To the series of Coins of the Gothic Princes Modern
succeed those of the Arabians or Saracens, who pos Coins from
Age of
sessed themselves of all the powerful Cities in the South, the
Charle
and after a short time fixed their seat of Empire at magne.
Cordova : their Coins will be noticed with those of the
Asiatic Princes. At the close of the Xth century the
Caliphat. was split into a number of independent States,
as Toledo, Seville, Murcia, Saragossa, &c, at which
time the Coins of the Christian States, which gradually
rose into power, commence. No Work having been
published on the modern Spanish Coins, we are unable
to offer any account of them.
France.—The French Monarchy is distinguished by
three races of Princes : the first of these was the Mero
vingian, extending to Pepin, the Coins of which have
been already described ; to this succeeds the race of the
Carlovingian Kings, so named from the Emperor Char
lemagne. Coins of this race are to be found struck in
all the Cities of importance throughout France, and
strongly evince the state of barbarism which prevailed :
the Kingdom had rapidly declined since the time of
Clovis, it rose into power with Charlemagne, but fell to Coins of
Charle
pieces under his weak posterity. Portraits seldom, if magne.
ever, appear on this series, which consists chiefly of
silver Pennies ; and in rudeness of fabric they exceed
all other Coins of the same period. The names of the
first two Princes occupy one side of their Coins, in sepa
rate lines, and in characters of the rudest class ; the
field of the reverse is occupied by the initials R. F. (Rex
Francontm.) Coins of Charlemagne also occur, struck
at Rome, and superior in fabric to the above ; the letters
contained in the name of the City are placed at each ex
tremity of a cross in the field of the Coin, and encircled
by the Legend CAROLVS IP: the monogram expresses
the title Imperator.
At the close of the Xth century, Hugh Capet seized
upon the crown, and commenced the third, or Capetian
race. The Coins are now of improved execution, but
from the sameness and poverty of the devices for some
centuries, they merit little attention. The types con
sist almost solely of crosses, and the badge of France,
the fleur-de-lis ; this last device sometimes occupies the
entire field ; it is also commonly affixed to each of the

642

NUMISMATICS.

Numis. extremities of the cross, and introduced upon every posraatics. sible occasion. In the early part of the Xlllth century,
^""V^^ the Gros, or Great-piece, (whence our Groat,) came into
circulation, and was so named from its size when com
pared with the Penny ; soon after, pieces of several de
nominations were issued, as the Liard, Maille, Obole,
Blanc, Teston, &c. ; and about a. d. 1300, Coins of gold
were struck, appearing in the form of the Florin. The
gold Coins are very numerous ; those of frequent occur
rence are the Chaixe, Lion, and Ecu a la Couronne :
each of them was named after the devices it bore.
Our limits will not permit us to notice at greater
length the Coinage of this Nation, as we are anxious to
reserve as much space as possible for that of our own
Country.
Germany.—The Coinage of this Country consists of
that of many independent States, and commenced soon
after the Age of Charlemagne ; no Work of which we
are aware has as yet appeared upon the subject. The
series of the Emperors is believed to be complete, and
the Coins of the powerful Cities seated on the Rhine are
very numerous.
Italy.—We shall take in their order the Coins of
each great division of Italy, viz. Lombardy, the States
of the Church, and Naples, in each of which they long
consisted only of silver Pennies, bearing the type of a
cross. Among the independent Lombard Cities of
which Coins are preserved, we may mention Milan,
Mantua, Pavia, Venice, Lucca, Florence, and Genoa.
Without dwelling upon each separately, we shall briefly
remark on their general character ; the States which
struck Coins soon after the Age of Charlemagne, in
scribed them with the names of the Emperor of the
West on the reverse, to whom nominally they owed
allegiance ; the name of the City appears crossing the
field of the Coin. The devices differ from those on
the other European Coins, by representations of the
Lombardy. Patron Saints ; thus we have St. Ambrose for Milan,
St. Mark for Venice, and on the Coins of Florence St
John the Baptist; the Coins of the City of Mantua, the
birth-place of Virgil, bear the name of that Poet for the
Legend. The Florins, so named from being struck at
Florence in the middle of the Xlllth century, are re
markable for being (he first gold issued in Europe after
the extinction of the Western Empire ; (that of France
and Spain, during the Gothic Monarchy, excepted ;)
they bear for their device the flower of the lily, and
were immediately imitated by other European Powers.
They appeared in England in the reign of Edward III.
States of
In the Papal dominions, Hadrian I. was the earliest
the Church. Pontiff who obtained leave from Charlemagne to coin
money, and some of his pieces are preserved ; few
portraits are found until a late period, the names of the
Popes and of the Emperors of the West constituting the
Legends : they are also sometimes expressed by mono
grams, placed in the field of the Coin. On one of the
sides we read for the Legend SCS (Sanctus) PETRVS,
and the name of the city ROMA or the word PI VS in
the centre ; the letters forming these words are placed
at the extremities of a cross, after the manner noticed
above, in the Coins of Charlemagne struck at Rome.
Such was the character of the Papal Coins until the
close of the XIV th century, when a great change
appears in the devices ; these consisting of figures
of the Popes, seated, in their robes, with the symbols of
the cross-keys, surmounted by a mitre, for the reverse.
The territory of Naples was possessed, in the Age of

Charlemagne, by the powerful Dukes of Beneventum, Modea
tributary to that Prince ; a few of the Coins struck by Couafiuc
them are to be met with in Cabinets, but they possess Ck*-*1*little interest. At the close of the IXth century, the . °^>'
Saracens from Africa rendered themselves masters of ^^""^
Sicily and Naples, of which they retained possession Napfci.
until expelled by the Normans. The Normans, the
most distinguished of the Crusaders, commenced their
sovereignty with Roger the Great, and in the Xllth
century, being dispossessed of the Country, it was an
nexed to the Empire. A series of Coins exists of the
Norman Princes ; they are of copper, small in size, and
bear the names of the Princes in Arabian characters :
they are found in great numbers, but are generally un
interesting.
Britain.—The Coins of the British Princes are very
complete, from the first chief Monarch Egbert unul
the Conquest, and they nearly resemble the last Coins
which we noticed of this Country. During this period,
the silver Penny continued the sole Coin, the cross the
ordinary type, and the names of the Monneyers, or
Mint-masters, and of the Towns forming the Legends.
On the Coins of Alfred are rude attempts at his por,
trait ; the reverses of a few of them are curious ; those
which were struck at London have frequently for the
device a monogram of that City. Under the reign of
Canute, the Mints were more numerous than at any
former or subsequent period ; his head appears on the
obverse of his Coins, crowned, and enclosed by a circle,
constituted of four arches ; the following is the Legend,
+ CNVT REX ANGLORVM. The cross still
forms the type of the reverses, and some idea may be
formed of the number of modifications of which it is sus
ceptible, when we mention that on the Coins of Edward
the Confessor only no fewer than 500 varieties occur.
Denmark, Sweden, Russia, &c.—These Countries,
forming the whole of the North-Eastern part of Europe,
were parted off in numerous Duchies long before and
after Charlemagne. Bohemia and Poland also were
governed by Dukes from the Xth century, and Coins of
both Countries remain. As few of these Nations are
distinguished in History until a late period, the Coinage
is generally of recent date ; it was formed upon the
model of that of the other European States, and there
fore will not need a particular account Crosses were
sometimes placed on both sides of the Coins, and fre
quently the initial of the name of the Prince occupies
the area of the obverse. About the Xlllth century
the Arms of the Countries were adopted for the symbols,
at which time also pieces of several denominations were
struck.
Eastern Empire.—Coins are preserved of all the
Princes down to the extinction of the Empire, but to
wards its close, the execution is of the very worst class.
The devices, as we might suppose, are more varied in
this series of Coins than in that of any other Country ;
among them we observe the cross, figures of V iclory,
representations of our Saviour, and of the Virgin and
Child ; the reverses are frequently occupied by inscrip
tions.
The most remarkable difference between Asiatic and Coiss J
European
Coins
consists
in both theThe
obverse
reverse being
occupied
by characters.
practiceand
of *^ i
placing inscriptions on the Coins, took its rise from the
precept of Mohammed forbidding the representation of
any living creature.
Arabia.—The Arabian Caliphs are distinguished into
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two races ; the first of these, the Ommiades, succeeded
the Persian Kings, the Sassanida?, and fixed their seat at
Damascus ; the second, the Abassidse, resided at Bagdat.
The Coins commence with the third or fourth Prince of
the first race, and are brought down to the extinction of
the Caliphat ; the characters are in the Arabic Tongue,
and the symbols, if the sentences may be so termed, are
of three kinds : the first, a passage from the Koran, de
claring the Unity of the Godhead ; the second declaring
the Divine mission of the Prophet ; and the last, con
sisting of parts of the two preceding. These sentences
are variously disposed on the Coins, but generally the
first two occupy the area on one of the sides, while
round, and constituting the Legend, the name of the
city (Damascus or Bagdat) and the year in which
the piece was struck are inserted. The other side is
chiefly occupied by the names and titles of the Caliph.
The Coins of the Arabian Caliphs who reigned in Spain
partake of the same character as the above, and were
stnick either at Cordova or Seville.
Atia Minor.—The Turks were the first Nation of im
portance who acquired an increase of dominion upon
the decline of the Caliphat ; they are distinguished into
three powerful races : one of these resided at Ispahan,
holding in tutelage the Caliphs of Bagdat ; a second
fixed themselves in the South-Eastern parts of Persia;
and the third and most powerful, was a Tribe denomi
nated the Seljuk Turks, who established their seat at
Iconium, in Asia Minor, and subsequently removed to
Nica>a, in Bithynia. Very few Coins remain of the
former two races ; of the third, however, there are many
extant ; on these the characters are disposed in the
form of a square, and the passages from the Koran are
omitted : the Legends consist of the names of the Prince,
the places in which the Coins were struck, and the year.
A symbol common to the Coins of one of the Princes is
a representation of the Sun in the constellation Leo,
•which is remarkable as it constitutes the present Arms
of Persia. The prevalence of Judicial Astrology at the
period may have occasioned the introduction of the de
vice, the Sign being probably that under which the
Sultan was born : the Legend accompanying this type
is the name of the Arabian Caliph resident at Bagdat,
to whom these Princes nominally owed allegiance.
Egypt.—While the Saracens were declining in power
in the East, the Egyptians rendered themselves inde
pendent, and were governed by a race of Princes, deno
minated the Fatimite Caliphs, until the conquest of the
Country and its incorporation with Syria by the great
Saladin. On the Coins of these Princes the characters
are disposed in a triple range of concentric circles, and
the spaces thus formed are occupied by the second and
third symbols, as on Arabian Coins, a passage in praise of
Ali, the successor of Mohammed, the titles of the Caliph,
a sentence containing an exhortation to a belief in the
Unity of the Godhead, the name of the Prince, the City
in which the Coin was struck, and the year. The above
Coins are of gold ; a few exist of the Ayubite dynasty,
also founded by Saladin.
The irruption of the Mogul Tartars in the Xllth cen
tury subverted the Caliphat of Bagdat, the Ayubite
dynasty, and partially that of the Seljuk Turks. Of
the Sufi, or Persian race of Kings, a scries of Coins
remains, extending down to a late period.
India.—The series most complete are that of the
Sultans of Hindustan, who fixed their scat at Delhi, and
superseded the ancient Hindu Government, and also
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that of the Princes appointed by them, who reigned for English
two centuries at Bengal.
Coinage.
Turkey.—The Ottoman Turks issued Coins ; but v— v
omitting those of the last century, they are rude and
uninteresting, generally of a very small size, and contain
only the names of the Princes, and the dates.
China.—A few of the Coins of this remarkable Nation
may be traced as far back as the commencement of the
Vlllth century ; they are of copper, and are found but
of two or three sizes. A perforation appears in the
centre to facilitate stringing them, and until the XVIIth
century, no device or inscription is seen on the reverses ;
on the other side various Chinese characters surround
the square aperture, containing the titles of the Empe
ror, the place of Mintage, and words implying current
Coin.

Sect. II.—English Coinage.
The Modern Coins of England are not of a kind Perfection
calculated to throw much light upon its History, but of the Eng.
they are entitled to distinction as being the most com- hsh series,
plete modern series extant. France ranks after Eng
land in the perfection of its series ; it is, however,
deficient in that of many Kings, whereas with us the
Coins but of two Princes since the Conquest are
wanting, Richard L and John ; of the former, however,
some exist struck in France, and of the latter some in
Ireland.
The Coins struck prior to the reign of Charles II. are
denominated " hammered money," from their devices
being impressed by blows of a hammer; and this simple
form during the early period of our History will account
for the great number of Mints which existed. The pro- Early mecess of Coining with the hammer was as follows : the thod of
metal after being melted, and the requisite alloy given for Coining,
the purpose of hardening it, was beaten on anvils into
large square plates down to the required thickness ; these
plates were next cut into narrow slips, and afterwards into
small squares, when the operation ofshaping commenced;
this consisted in removing the corners with scissors, and
by means of a hammer approximating them to a circular
form. The pieces were afterwards weighed, those which
were found to exceed the standard were filed, and in
this state they obtained the appellation of plunchets, and
were ready to receive the impression. The dies were
engraved upon two puncheons, one of which was sta
tionary and received the planchet, while the other being
held above it, the impression was effected sometimes at
a single blow of the hammer.
Recourse was first had to the power of the screw for
the purposes of Coining, about the middle of the XVlth
century, and it was introduced by Antoine Bruchei
during the reign of Henry II. of France. It was used
in that Kingdom for about thirty years, but from the
expense attending it, compared with the former method,
it was laid aside. The screw-press was not again re
sorted to until the year 1645, when by an edict of
Louis XIV. its use was finally established : its revival
at that period may be ascribed to the great number of
Medals struck under that Prince's reign ; for although it
had been discontinued for the current Coin, it had
always been resorted to for the Medals. The mill, or Introduescrew-press was introduced into England by a French- tion of the
man, in the reign of Elizabeth, and employed in our mlU-
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Ncrmis- Mint for about ten years ; at a subsequent period, Briot,
matics. an ingenious French artist, unable <o prevail upon his
*«^y«»/ Government to revive the use of it came to England,
and was favourably received. His machine was occa
sionally employed during the Commonwealth, but not
for a continuance until the reign of Charles II. Briot,
appointed chief engraver to the Mint, was succeeded in
that office by Thomas Simon, an artist of great talent
and ingenuity, who has left many admirable specimens
of die-engraving. The operations of the Mint were
now conducted on a very superior scale. The devices
were, for the first time, engraved in relief on the pun
cheons, and stamped upon pieces of metal prepared for
the purpose ; these were termed matrices, and, in fact,
constituted the dies. This method was adopted to coun
teract the delays occasioned by the breaking of the dies,
owing to the pressure they received ; as by means of
the puncheon they could be renewed at pleasure. The
metal after being melted was cast into bars of two or
three inches in breadth, and the thin plates were ob
tained by the bars passing through the laminating or
flattening mill. This machine consists of a pair of
iron rollers, of considerable magnitude, which are
kept revolving ; as the bars pass through these, the
metal becomes expanded in every direction, and by a
succession of these machines, varying in their size, it
is reduced to the required thickness. The plates of
metal furnished by this operation are next taken to the
cutting-out press ; the chief feature in this machine is a
species of steel trepan, adjusted to the dimensions of the
Coins, by which thus the planchets are formed. After
the pieces of metal are cleaned and weighed, nothing
further remains but to affix the impression. In order
to counteract the fraudulent practice of filing and clip
Lettering ping, Thomas Simon introduced letters on the edges of
on the
the large silver Coins, as the Crown and Half-crown, as
cilires.
may be seen to this day on the former piece. The in
strument by which this was effected is very ingenious in
its construction, and so simple in its operation as to
throw off the Coins at the rate of sixty and seventy per
minute. Graining succeeded to lettering the edges,
and is at the present day effected at the same instant with
the impression ; the inner surface of the collar which
receives the planchet being prepared for the purpose.
The advantages possessed by the screw-press consist in
the increase of power ; so that the impression is ob
tained at a single blow, and much time consequently
saved, also, as one firm and uniform pressure is given
to the die, the most delicate strokes can be brought
out : one defect yet remained, that of the machine being
put in motion by human strength, and this in later years
has been remedied by the substitution of steam.
The silver
xye commence with the silver Coinage of England, as
-of"eI"Sand
Dem!?
tne for
most
anc>ent
a"d the
for names
the sakeofof
perspicuity
8 an • we shall,
each
metal,J give
those
Princes
only under whose reigns any new piece was introduced,
or any material alteration brought about in that which
was then current.
William I.—The Silver Penny was a Coin well known
throughout the Middle Ages, during which, as we have
before stated, it was (with one or two exceptions) the
sole piece. These Coins were struck upon the model of
the Roman Denarius, and they now constitute the most
lengthened sequence, ancient or modern, known ; they
commence with Egbert, and having been struck in the
last reign, the series extends for upwards of a thousand
years.

The Coins of William I. or II., for they cannot be Eijfei
distinguished, resemble in their devices and fabric those Coiiagt
immediately preceding the Conquest ; thus they offer v — v
rude attempts at the portraits of the Kings for the types
of the obverse, accompanied by the Legend PILLEL.M *'
REX, and on the reverse an almost endless variety of
crosses, encircled by the names of the Mint-masters and
chief towns.
Henry III.—The device of the Penny was slightly
varied during this reign ; hitherto the portrait of the
Monarch had been commonly represented in profile, for
which the full face was now substituted. The crosses
on the reverse had, as we have before remarked, been
greatly diversified, and were contained within a cirvle ; % 1.'.
they were now formed of double lines extending to the
margin of the Coin, also in each angle of the cross pel
lets were inserted, but whether for any express object,
or merely dictated by fancy, is unknown. The device of
the cross, terminating in the circumference of the Coin,
and dividing its area into four equal parts, prevailed until
the reign of Charles II. On a few Coins of this Prince
the Roman numerals III. are placed after the name.
Edward I.—The Coins introduced during this reign
were the Halfpenny and Farthing, precisely resembling
the Penny in their devices ; the former were coined
down to the reign of Charles I., and the Farthings so
late as that of Mary, though scarcely of one quarter
their original size, from the decreasing value of silver.
The divisions on the surface of the Pennies formed by
the arms of the cross, occasioned their being separated
into halves and quarters, and in this state they were
circulated in common with the new pieces. In Ireland
there were Halfpennies struck as early as the reign of
King John ; they represent, as do also the Pennies, the
head of the Prince enclosed within a triangle.
Edward III.—The Groat now made its appearance,
taking its name from the French Gros, a large piece,
and was valued at four Silver Pennies ; the Half-great
was also struck. The Legends of this new piece differ
from those on the preceding Coins ; the obverse exhi
bits a full face of the Monarch crowned and enclosed by
a circle formed of nine arches, the points of union ter
minating in the fleur-de-lis. The reverse bears the
name of the City, (commonly that of London,) tliose of
the Mint-masters being discontinued under Edward I. ;
around the margin is the sentence POSVI DEUM
ADJVTOREM MEVM, inscribed on Coins so late
as the reign of Edward VI.
Henry VII.—It was under this reign that the Testoon or Shilling, valued at twelve pence, was first struck :
the former appellation was taken from a French Coin, so
named from its bearing the head (teste) of the Monarch.
The word Tester is to this day employed in the North
of England to designate the Shilling. The denomina
tion Shilling is of uncertain origin ; it was employed as
a division of money in the period of the Saxon Hep
tarchy. The Royal arms were introduced on Coins for HeriiAc
the first time in this reign, the cross dividing the
escutcheon into four compartments. The obverse of iocei
the Shilling represented the head of the King in profile,
*
crowned, and encircled by the Legend HENRIC. VII.
DI. GRA. REX. ANGL. Z. H. (et Hiberniee :) this
is the first instance that occurs since the reign of Henry
III. of Roman numerals appearing on English Coins,
and their omission in the intervening reigns, particularly
those of the Edwards, frequently renders, it impossible
to ascertain to which of the Princes they belong.
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NumisHenry VIII.—On the Farthings of HenryVI II. a portmatics. cullis appears, to distinguish them from the Halfpenny,
v"—"V^,/ as from their diminutive size they were frequently con
founded : the Shilling also of this Prince differs from that
of his predecessor, by the emblem of a double rose sur
mounted by a crown. Our Kings had up to this period
styled themselves, on their Coins, " Lords of Ireland ;"
Henry VIII. first assumed the title of King of that
Country.
Edward VI.—Several important additions were made
to the silver Coinage in the reign of this Prince, the
most considerable of which were the Crown and Halfcrown, named after some Coins struck on the Continent,
which bore for their device a crown. The type on the
obverse of the Crown piece represented the King on
horseback completely armed, and the horse richly calate II. parisoned ; the Legends and type ofthe reverse resembled
'ig. 18. those of the Shilling. The Half-crown also bore the
type of the King on horseback,—a symbol which was
retained so late as the reign of Charles I., when por
traits of the Sovereigns were substituted. The remain
ing new Coins struck in this reign were the Sixpence
and Threepence, on each of which the devices of the
Shilling were repeated. The Roman numeral XII. and
VI. were also impressed on the obverses to denote their
value. In this reign the ordinary escutcheon divided by
the cross, gave way for one of an oval form, richly gar
nished, and bearing the quartered arms of France and
England ; the device was accompanied by the Legend
TIMOR DOMINI FONS EST VITiE.
Elizabeth.—Two minor divisions of the silver Money
were introduced by this Queen ; namely, Three-half
penny and Three-farthing pieces : as, however, they
could be dispensed with, and tended only to breed a con
fusion with the smaller denominations, they soon dis
appeared.
Charles I.—A few silver Coins were struck in this
reign, and denominated, from their value, Twentyshilling and Ten-shilling pieces ; they were, however,
soon called in, probably being inconvenient from their
great size : the devices on these new pieces nearly
resembled those of the Crown.
Commonwealth.—A new type appears on the Crown
of the Commonwealth and of Cromwell, accompanied by
an English Legend ; they are generally of indifferent
execution, and represent on one side St. George's cross
in a shield between a palm and a laurel branch, and for
the Legend, THE COMMONWEALTH OF ENG
LAND. On the other side the above cross is repeated,
accompanied by a second shield containing the harp ;
the device being designed to express the union of Englaud and Ireland : the sentence GOD WITH US forms
the Legend.
Charles II.—The devices on the Crown of the Com
monwealth were discontinued at the Restoration, and a
new variety introduced consisting of four escutcheons
with the arms of England, France, and Ireland : this
type finally gave place to that of St. George. The Le
gend DECUS ET TUTAMEN, on the edge, was in
troduced during this reign.
Soon after the reign of Elizabeth, the escutcheon was
affixed on the reverses of all the small Coins from the
Groat downwards, and subsequently gave way to the
admission of ciphers. The Pennies of Charles II. bear
• lie initial of his name ; two of them appear with the
Twopenny piece, three with the Threepenny, and so on.
The Groats of this Prince contain the four ciphers, sur
;
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mounted by crowns, and the badges of the respective English
Countries, the rose, flcur de lis, harp, and thistle in- Coinage,
sertcd between them. On the small silver Coins of
■"»■'
James II., Roman numerals express the value, and with
William III. the modern figures.
Henry III.—A Coinage of gold was instituted in the Th? B°W
reign of this Prince, but from the few pieces which were y0"V1B)jof
struck, the introduction of the metal in our Mint is
commonly referred by antiquaries to the reign of
Edward III. The Coins of Henry III., alluded to
above, were denominated Gold Pennies; probably from
their accordance in size with silver Coins of that name,
which they also perfectly resembled in the device of the
reverse. But two of these Coins are at present known
to exist. Their current value was Is. 8d., but this
forming no part of the larger denominations, they were
soon called in : the want, indeed, of a gold Coinage could
have been but little felt at the time, as a term of ninety
years elapsed before the metal was again resorted to.
Edward III.—The reign of this Prince forms a re
markable era in the History of our money. We noticed
the Groat, in the silver Coinage, as having come into
circulation with this Monarch, and we shall presently
have to speak of the introduction of the Noble, one of
the most remarkable of our gold Coins : our first atten
tion is, however, due to the Florin. The Florin was
first coined in England in the year 1344, and was
accompanied by its Half and Quarter. This piece was
issued in imitation of the gold Coins struck at Florence ;
none have yet been found, but two or three Quarterflorins are preserved in Cabinets, and the Half-florin
was discovered a few years since. The symbol on the
obverse is a lion, two of which it is said were affixed to
the Florin. Crosses richly ornamented form the types
of the reverses. The Florin was ordered to pass for
6s., but from being overrated in proportion to the silver
Coins, it ceased in a short time to be struck. The
Noble was issued, together with its Half and Quarter,
in the same year as the Florin, and is said to have taken
its name from the purity or nobility of the metal : it
was valued at 6s. Sd., and its parts in proportion. The
obverse of this Coin represents the King standing in a
vessel, asserting the dominion of the sea ; he bears in
his right hand a sword, and in his left a shield, contain
ing the quartered arms of France and England. This
symbol is conceived to have been impressed on the Coins
to commemorate a victory obtained by Edward over the Plate II,
French fleet. The Legend of the obverse is taken from Fig. 16. J
the silver Coins. The reverse represents a cross richly
ornamented ; and in a small compartment in the
centre, is the initial of the Prince's name. Each of
the angular spaces formed by the cross is occupied by
a lion surmounted by a crown, and the arms of the cross
are terminated by fleurs-de-lis. The whole is contained
within a circle formed of eight arches, with trefoils in the
outer angles, and encompassed by the Legend IHESVS
AVTEM TRANSIENS PER MEDIVM ILLORVM IBAT. This sentence, from the Gospel of St.
Matthew, was worn as a charm or amulet, and considered
as a preservative against the perils of war. The Noble
ceased in the reign of Henry VIII. The reverses of
those of Henry IV. differed from the preceding in bear
ing the type of an expanded rose as the badge of the
House of Lancaster : this emblem gave rise to their being
denominated Ros,e.-nobles.
Henry VI.—The Noble was now raised to the value
of Sj. Ad. and a new Coin introduced, namely, the .%
4o
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Angel, valued at 6*. 8(2., the former value of the Noble,
and hence it was denominated the Noble Angel. This
new Coin received the appellation of Angel from the
type of the obverse representing the Archangel St.
Michael, with his left foot placed upon the dragon,
which he pierces through the mouth with a spear. The
reverse bears the type of a sliip, partially
that of the Noble ; a cross is substituted for the
and a shield, with the arms as before, is placed on
of the vessel. The Legend is as follows, PER. CRVCEM TVAM SALVA NOS XPE REDEMPT. The
Angel extended to the reign of Charles I. ; and shortly
after its appearance, Half-angeU or Angelels were issued,
and circulated down to the reign of James I.
Henry VII.—The gold Coinage at this period of our
History becomes perplexing, from the many alterations
which the pieces underwent in value ; the Noble, which
in the time of Henry VI. had circulated at 8$. 4aL, now
rose to 10*. and received the name of Ryal,—a word
corrupted from Royal, the name given to a French Coin
bearing the device of the King in his Royal robes. Henry
VII. caused pieces of double the value of the Noble or
Ryal to be struck, which from their device were de
nominated Sovereigns, and passed for twenty shillings.
This Double Ryal is the parent of our present Sove
reign, and was equal in size to the Crown-piece, but
proportionably thin ; on the obverse the King appears
in his royal robes, seated on his throne, with the sceptre
in his right hand, and the orb and cross in his left. A
variety of ornaments are introduced too inconsiderable
to be detailed. The reverse of the Sovereign represents
an expanded double rose, to signify the union of the
Houses of York and Lancaster ; the central space is
occupied by an escutcheon, and the Legend which en
circles the device is similar to those on the silver Coins.
The type of the double rose is given on Coins down to
the reign of James I. Henry VII. also issued Double
Sovereigns, differing only from the above in the increase
of thickness ; but very few were struck, on which account
they are usually regarded as pattern pieces.
Henry Fill.—In the early part of this reign a greater
variety prevailed in the gold Coinage than at auy former
or subsequent period. The pieces underwent likewise
a material change in their value : the Noble was raised
from 10s. to lis. 3d., and the Sovereign consequently
was valued at £\. 2s. 6d. ; the Angel, which had until
now retained its value of 6s. 8d., rose to Is. 6d. ; and a
Coin was struck of the former value of the Angel, de
nominated the George Noble. The type of St. George
overcoming the dragon appeared now, for the first time,
on this new Coin, which, however, ceased to be struck
shortly after its appearance. After the lapse of a few
years, a complete change occurred in the Coins of this
metal : the Noble and its parts were no longer struck ;
the Double Ryal received the appellation of Pound
Sovereign, and was ordered to pass for 20s. ; the Angel
rose in value from 7*. 6d. to 8*., and the Quarter Angel
was first struck ; lastly, to supply the places of the Half
and Quarter Noble, Crowns and Half-crowns were
struck in gold. Crowns were struck in this metal down
to the reign of George III. Those of Henry VIII.
bore the devices of a double rose and an escutcheon, each
surmounted by the Imperial crown : hence their appel
lation. The Legend, HENRIC. VIII. RVTILANS
ROSA SINE SPINA, accompanied the symbol ofthe
and in the area the initials of the names of the
his Queens were at ditferent times inserted.

James I.—We pass over the intermediate reigns, as
the chaiiges which took place were confined to altera
tions in the value of the Coins, and a few trifling vane- '
ties in the devices ; an attention to which, in this brief
sketch, might lead to confusion without affording in
terest to our readers. The Coins of gold in the reign
of this Prince were but of three kinds \ the Unite, ano
ther name for the Pound Sovereign, constituted the
chief Coin, and received its name from the union of
the two crowns in the person of this Monarch ; on the
obverse ts a bust of the King, an the reverse the royal
shield of aims under a crown. The Crowns, of gold
retained their value of bs., but their devices wen
altered, and had reference to the Union ; on one
of the sides appears a rose and on the other a thistle,
each surmounted by tile Imperial crown ; they were in
consequence designated Thistle Crows. The Angel
is now of rare occurrence, but the want of it was feat
felt from the introduction of Double Crowns, valued at
10*., and two of which constituted the Unite.
Charles I.—The Unite now took the name of Guinea,
from the metal of which it was struck being procured
by the African Company from the coast of Guinea ; the
value first assigned it was that of 20*., from which it
gradually increased to 30*., but in the end fell to 21*.,
at which it has since remained. The Double Crown
now formed the Half-Guinea. Two and Fice Guinea
pieces also were issued, the former being equal in size
to the Crown piece. All of these Coins bore, on the
reverse, devices nearly similar to those impressed en the
Crowns in silver.
George III.—Besides the Guinea and its Half, Quar
ter-Guineas were struck in the early part of this reign ;
but they were soon called in. The Two and Five
Guinea pieces continued in circulation, and Seven Shil
ling pieces issued for the first time ; but, from creating a
confusion with the Half-Guinea, they gradually dis
appeared.
In the year 1815, all of the above were called in, and
the Sovereign and Half-Sovereign substituted in their
room.
The Coins of least value which have circulated is The cg^w
England from the epoch of the Conquest, are the
'
Halfpenny and Farthing ; but these being struck in E3S-iJsilver so late as the reigns of Mary and Elizabeth, will
account for a Coinage of copper having been so long ex
cluded from our Mint. Owing to the gradual decrease
in the value of silver, the ports of the Penny bad so
much declined in size, that they were continually liable
to be lost, and for this evil a remedy was sought by re
course to a metal of inferior value. Snelhng divides
copper Coinage into four parts, an arrangemeut which
will answer our present purpose. Under the first
division will be included the Tokens in lead, tin, and
copper ; the second, the copper Coinage instituted by
Royal authority ; the third, the town Farthings, and
tokens of private tradesmen ; and the fourth and last,
all the pieces issued from the Mint, in copper, after the
second institution by Royal authority of a Coinage of
that metal. Class I. Tokens in lead, tin, and cop
per appeared in the reigns of Henry VIII. and Ehzabeth, and are far from numerous. The Farthings of
silver ceasing to be struck in the reign of the latter, it
was found requisite that some Coins should be substi
tuted for them. A memorial was in i
up, proposing an alloy of silver and i
expressed herself i
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KuTni». Coinage of copper and to any debasement ; the scheme
nxica. in consequence fell to the ground. The pattern pieces
~\~J struck on that occasion, on the obverse represent a bust
of the Queen, and sometimes a rose surmounted by a
crown ; on the reverse is a monogram, occupying the
field, in which the characters of her name are inge
niously interwoven. The Legend, THE PLEDGE—
OF A HALFPENNY, is separated, one half appear
ing on each face. Class II. In the following reign the
want of pieces of the above value was so generally felt,
that tradesmen took upon themselves to strike tokens
in copper and other metals ; a process which, being
justly regarded as an infringement on the Royal Prero
gative, led at length to an authorized copper Coinage.
This Coinage consisted solely of Farthings, chiefly struck
during the reigns of James I. and Charles I. ; the
obverse represents two sceptres crossed, surmounted by
a crown ; the type of the reverse is a harp,—as it was
designed to send them to Ireland had they been re
fused in this Country. Class III. The above Coinage
was from some causes discontinued, and the distracted
period of the Commonwealth succeeding, did not admit
of attention to its revival. Hence private tradesmen
> resumed to themselves the privilege of striking their own
pieces; and to such an extent did this system (almost
peculiar to England) prevail, that no fewer than 3000
persons are reported to have issued their own Tokens.
These pieces offer an infinite variety in their devices.
Class IV. This last division commences in the reign of
Charles II., when a Coinage of Halfpennies and Far
things of copper was issued by Royal proclamation.
They bore, now for the first time, the device of Bri
tannia, slightly differing from the figure on the current
Coin. It was not until the reign of George III, that
pieces of the value of a Penny and Twopence were
coined.
We have now specified all the devices of importance
to be found on British Coins, and when compared with
those which have formed the subject of the preceding
sections, their number will be found to be extremely
limited. It has been frequently regretted, and we think
not without reason, that a greater diversity has not pre
vailed among the symbols. Pope has observed :
O when shall Britain, conscious of her claim,
Stand emulous of Greek and Roman fame?
In living Medals see her wars enroll'd,
And vauquish'd realms supply recording gold ?
.IT8 P_Lan 'n tne re'on °f Queen Anne, Dean Swift delivered to
thc imrement die Lord Treasurer a plan for the improvement of
British British Coins ; in which he proposes, " that they should
bear devices and inscriptions alluding to the most re
markable parts of her Majesty's reign." " By this
means," he continues, " Medals that are at present only
a dead treasure, or mere curiosities, would be of use in
the ordinary commerce of life ; and, at the same time,
perpetuate the greatness of her Majesty's reign, reward
the labours of her subjects, keep alive in the people a
gratitude for public services, and excite the emulation of
posterity. To these gracious pui poses nothing can so
greatly contribute as Medals of this kind, which are of
undoubted authority, of necessary use and observation,
not perishable by Time, nor confined to any certain
place, properties not to be found in books, statues, pic
tures, buildings, and other monuments of illustrious
actions." The scheme failed, like many others of a
similar kind ; all that was effected was the striking
" number of Coins, chiefly pattern pieces, the cele-
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brated Farthings of Queen Anne. These Coins have British
been justly esteemed for their workmanship, but they Coinage.
are, with a few exceptions, by no means rare ; and the
greater number of them bearing only a figure of Bri Farthings
tannia for the type of the reverse, are little deserving of of Queen
notice.* Had the plan suggested by Swift been put in Anne.
practice, it would at once have ennobled our Coinage,
and have elevated it far above the rank of a mere medium
of commerce.
The introduction of Heraldic ensigns, which we stated Armorial
took place about the XlVth century, has prevailed in bearings.
the Coinage of almost every European Power; and
though symbols of that kind may be introduced with
propriety, they have effectually led to the exclusion of
all attempts at variety of design. The execution of the
English Coins, at the present day, is equal if not supe
rior to that of the Coins of every other nation.
The introduction of the Mill effected a material m>- Workman
provement in the appearance of our Coinage ; and while ship of
under the direction of Thomas Simon it attained to English.
great excellence. The Coins also of Queen Anne and Coins.
of George I. are entitled to much praise. During the
two succeeding reigns, the Arts generally were in de
cline, but they revived with George III. The thinness
of our early Coins precluded the power of giving any
considerable relief to the portraits, which constitutes
one of the chief beauties of ancient Coins. And even
now, in order to obviate the loss of metal occasioned
by friction, the relief is kept extremely low. Greater
attention, however, is bestowed on the detail ; and, for
neatness of fabric and delicacy of execution, the recent
Coinage seems scarcely to be capable of improvement.
The earliest Coins struck in Scotland have been re Coinage of
ferred to Alexander I. a. d. 1007, from which date Scotland.
down to David II. they continued of the same size and
value as those of England, receiving thence all their
improvements. The chief Towns appearing on the Coins
of the above-named period are ED and EDENEBV,
(Edinburgh,) PERT, (Perth,) ROCESBV, (Rox
burgh,) BEREWIC. (Berwick.) Halfpennies and
Farthings also were coined; with David II. the Groat
and Half-groat, and in the XVIth century the remain
ing denominations of silver Coins. Gold circulated in
Scotland about thirty years later than in England, and
the Coins struck received the appellation of St. Andrews
Lions, and Unicorns, from the devices which they bore.
A Coinage of copper existed in Scotland at an earlier
period than in England ; a currency also was established
of Billon money, or copper washed with silver.
The Danes struck Coins in Ireland in the VHIth Coinage I
and IXth centuries on the model of those of England ; Ireland.
but so barbarous is their workmanship that the human
countenance can scarcely be discerned, and in lieu of
letters only strokes, U J III, appear. The Coins of the
Irish Kings were struck in Dublin, bat those of British
Monarchs abound, also struck in that City,which resemble
in many respects the Coins of England down to the reign
of Henry VIII. Under that Prince, the badge of the
harp was first assumed for Irish Coins. On the pieces
struck from the reign of John to that of Henry V., the
heads of Kings appear enclosed by triangles ; and after
the last-named Prince, they are distinguished by the
; of the Irish Cities which they bear. In the time
* One of Queen Anne's Farthings, dated 1714, was current.
The two bearing Britannia tinder a Portal, and Peace with a Cat
are rare ; that with Bella el Pace, 1713, is
4O 2
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Nnmis- of Elizabeth, Coins in copper as well as in the other
matin, metals were issued for Ireland ; but upon the abolition
-v —^ of the Mint, in the year 1640, no more gold and silver
was struck.
Sect. 3.—Medals, &c. &c.
The terms Coin and Medal, though materially dif
fering in their signification, are frequently confounded ;
Pinkerton, notwithstanding lie has made the dis
tinction, has neglected to observe it throughout his
Essay ; but it is important they should be discriminated.
Coin is applied to such productions of the Mint as were
intended for currency as money ; Medal to such as were
struck in commemoration of events or in honour of
individuals. The misapplication of the terms has pro
bably arisen from the number of Numismatical Works
which have appeared in the French tongue, and in
which Medaille is employed in both senses.
The remarks offered upon the subject of modern
European Coinage, are applicable in many instances to
Medals also ; such as an absence of character in the
portraits, and a forgctfulncss of the manners of the
Time and Country in their devices. Among the pecu
liarities which distinguish the modern from the ancient
Medals, may be mentioned the introduction of portraits
of illustrious characters. It is remarkable, that while
busts are found of many of the ancient Poets, Histo
rians, and Philosophers of celebrity, their portraits never
occur on Medals. On the other hand, no sooner had
the Art of Die Engraving revived, than it became ap
plied to the purpose of transmitting to posterity the
portraits of distinguished individuals. Another distinc
tion worthy of notice is, that modern Medals have fre
quently been employed as vehicles of Political satire ;
a practice which prevailed chiefly in the Low Countries.
There is reason to believe that Satire, which has now
quitted Medals for Prints, was not altogether unknown
to the Roman Mint ; it is certain, however, that it was
but rarely practised.
Many of the early Medals, though defective in design,
are pleasing from the boldness of the parts, simplicity of
the forms, and force of relief; in the course of time we
find greater attention bestowed on the detail and general
appearance, their chief merit consisting in a display of
the minuteness of Art. Among the symbols we fre
quently meet with the delineation of edifices of celebrity,
of which perspective representations are given. The
buildings represented on Roman Coins, on the other
hand, are simple elevations. The personages of the
Heathen Mythology are frequently introduced on Mo
dern Medals, in connection with the events they com
memorate ; a glaring impropriety, which is rendered
more apparent when we remember that these symbols,
occurring on ancient Medals, strongly illustrate the
manners of the Age.
The Legends on Modern Medals have been oddly
divided by one writer into the Impious, Poetical, Jin
gling, Intricate, and Amusing, to which Pinkerton
adds, Long Legends. We cannot find room to insert
specimens of these strange varieties.
The first Medal struck in England is of Henry VIII. ;
it is in gold, and bears his portrait, and an inscription
on the reverse. With Edward VI. the Coronation
Medals commence, and from that reign Medals exist of
all our Monarchs bearing symbols of a political nature.
Those of the Commonwealth and Charles II. were ex
ecuted by Simon, and have been engraved by Vertue.

On the Medals of Queen Anne the splendid achieve- Mate
ments of Marlborough are recorded, and shortly after Me&i
Dassier, a Genevese, executed the Medals of the v^v^
Kings of England and of many illustrious characters.
Scotch Medals have been found of an earlier date than
the English, one existing of David II. ; it was struck
in the XIV th century, is of gold, and formed upon
the model of the Nobles of Edward III. The Medals
of Mary are numerous, and the most interesting of the
series.
The Papal Medals are the earliest, and at the same
time most complete Modern series which exists ; they
commence with Paul II., 1464 ; there are, indeed,
Medals to be found of Popes many centuries previously,
but they were struck by the successors of the above.
The common types on the reverses of these Medals are
the cross keys and mitre ; the obverse bears the head
of the Pope, with or without the mitre. A few of the
Popes, as Julius II. and Leo X., were so fortunate as
to have the Historical devices on their Medals designed
by the distinguished Painters of the Age, as RafFaelle,
Julio Romano, and others. Medals abound of many
of the Italian States, especially of Florence and Tus
cany ; a fine series is extant of the Medici family also.
The most remarkable of the French Medals are those
of Louis XIV., forming a complete History of his life.
The German Medals appear with Frederick III., 1453,
and are numerous of the separate States as well as of
the Emperors. Medals begin in Holland, 1566, and
are rendered chiefly conspicuous by the maps and plans
delineated thereon, devices which, though they exhibit
poverty in design, are nevertheless curious and useful.
The Spanish Medals commence with Consalvo, about
the year 1500. There are other series appertaining to
Denmark, Sweden, and Hungary.
It is highly important that a person desirous of col- Distixlsj
lectiug Coins, should be enabled to detect the forgeries'*^ ^
of modern times, as we regret to say they prevail to a ^J^T
very great extent. This knowledge can be acquired only caa,
by a careful examination of Coins known to be false
with such as are accounted genuine. The hints given in
books, a few of which we shall subjoin, may be read
with advantage preparatory to such an exercise, but of
themselves they can contribute little to security. The
means by which the Medallist is enabled to detect true
from counterfeit Coins are so various, and depend upon
such minute peculiarities, as not to admit of being
suitably expressed in words.
No sooner had a taste for collecting Coins mani/esfed
itself than attempts were made to impose upon the
ignorant ; and the individuals engaged in these forgeries,
so far from regarding the practice dishonourable, claimed
to themselves especial merit for their skill in accurate
imitation. Many of the European Countries have pro
duced individuals who have acquired celebrity by this
disgraceful practice : the most celebrated were two Italian
brothers, the Cavini of Padua ; their pieces are desig
nated Paduans, and exhibit extraordinary skill. Carlcran practised the same trade in Holland, Dervieu of
Florence confined himself to Medallions, and Cogoroier
forged the Thirty Tyrants in brass. Pinkerton divides
counterfeit Coins into six classes. They are as follows :
I. Modern imitations of ancient Coins, which have ac
quired value from being fabricated by artists of emi
nence. II. Coins cast from the preceding. III. Coins
cast from the antique. IV. Ancient Coins retouched,
and the obverses and reverses altered. V. Coins im
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S'umis. pressed with new devices and soldered. VI. Counterfeit
mitics. Coins which have clefts filed in them, and those which
m*mm' are plated.
The forgeries have been chiefly directed to perfecting
the different series known to bear a high value ; the Im
perial Medallions and series in first brass, are consequently
the classes in which they most abound. Forged Coins,
from being cast, generally do not exhibit the same degree
of sharpness as those which are genuine, the projections
are more rounded, and those portions of the objects
which unite with the ground arc less strongly marked.
The surface of the metal being corroded is no criterion
of the genuineness of a Coin, as by an ingenious applica
tion of acids the effects of Time can be given with great
nicety.
Directions forforming Cabinets.
Cabinets of Coins, as Pinkerton observes, may be
considered as of three kinds : the first of these may be
termed the Complete Cabinet, including the Coins of
every Nation both ancient and modern ; in the second
the completion of one series is aimed at ; and the third
consists of an assemblage of specimens selected from the
leading classes.
The complete Cabinet, from the great expense attend
ing it, is rarely formed by individuals but reserved for
scientific and learned Institutions. As the directions for
the formation of this Cabinet will apply, however, in
part, to the remaining two, and as it should form their
basis, we shall lay down the method we conceive the
most desirable.
In the classification of Coins, an alphabetical arrange
ment was formerly rendered subservient to every other,
with a complete disregard of time and place. A system
more accordant with truth, is that in which the alphabetical
order is made secondary and introduced only to facilitate
reference.
The Coins of the Greek Cities and Free States take
the lead, observing the following order with the Coun
tries :
Ei'itoi'K.
Asia.
The Countries of Asia Minor.
Gaul.
Ionian and Carian Isles.
Britain.
Armenia.
Italy.
Commagene.
Sicily.
Syria.
Sicilian Isles.
Seleucis.
Coele Syria.
Mopsia.
Phoenicia.
Thrace.
Macedon.
Jndam.
Thessaly.
Edessa.
Illyria.
Parthia.
Epirus.
Persia.
Corcyra.
Africa.
The States of Northern Greece. ■ffigyprpa,
EuboBa, Crete.
Cyrenaica.
Zeugitania.
Egina, Cephallenia,
Zacynthus, Ithaca.
Numidia.
The Peloponnesus.
and
Isles of the Egean Sea.
Mauritania.
The Coins of the Cities in each Country may be dis
posed alphabetically, the gold taking precedence of the
silver, and the silver of the copper. The Coins of the
Greek Princes class with the respective Countries.
The Roman Coins will succeed in the following
order:
Roman Asses, arranged in sets.
Coins of the Roman Families in alphabetical order.
Imperial gold coins ; Imperial silver Coins.
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Imperial first brass ; second brass; third brass.
Imperial Minimi, including the Quinarii of gold
and silver, and the smallest of the copper Coins.
Imperial Medallions of all metals.
Imperial Greek Coins; Colonial Coins.
Coins of the Emperors struck at Alexandria, generally
in base metal.
Lastly, Coins of a few Gothic Princes, of the early
Eastern Nations, &c.
In the Modern department, the Countries are arranged
chronologically, with the exception, however, of Eng
land, the Coins of which, from the great perfection of
the series and the interest thereunto attached, may, at
least in an English Cabinet, take precedence of the rest.
When the Coins of any one Kingdom are very numerous,
they may be classed according to their dimensions, in
which case it will be found, that the Modern silver Coins
fall under three sizes : thus we have the Penny, which
for many Ages constituted the sole Coin ; the Groat, a
Coin of some importance for a considerable period and
existing to this day ; and, lastly, the Crown-piece from
the commencement of the XVIth century.
The Cabinets formed in England are chiefly of the
second kind, in which the collector has had in view the
perfecting of a single class, whether Greek, Roman, or
English Coins, the last in all probability very naturally
being the most extensive. When the scries of Imperial
Coins in first brass cannot be perfected, from the exces
sive rarity of those of a few Emperors, the second brass
may be substituted ; also the small brass resorted to in
order to complete a series in the middle size. The same
may be done in the Roman gold and silver Coins, other
wise it would frequently be impossible to form a sequence.
When the Imperial Coins are not numerous in a Ca
binet, they may be classed with the Roman Imperial,
and follow in the order of the Emperors.
The third Cabinet or Casket of Coins, as it may be
termed, will, from its variety, prove more generally in
teresting than the two preceding; an attentive examina
tion into the above arrangement will suggest the best
method of disposing of the Coins, but much must of ne
cessity be left to the judgment and fancy of the collector.
Numismatical Writers.
A full and accurate description of Grecian and Roman
Coins will be found in the Doctrina nummontm velerum of Eckhel ; the Work is extended to eight quarto
volumes, and is without question the most complete of
its kind. The writings of Patin, Jobert, and Pinkerton
take the lead among the elementary productions ; the
Essay of the last, though occasionally deficient in accu
racy and perspicuity, forms on the whole the best intro
duction to a knowledge of the study that has yet ap
peared. The Grecian Coins are detailed in the Works
of Goltzius, Magnan, Gessner, Frcelich, and Pellerin,
some of which are little more than extended Catalogues
of Coins. Vaillaht has written at considerable length
on the Monarchic Coins, as well as the authors just men
tioned ; a very good general knowledge of this class of
Coins mayalso be obtained by a perusal ofL'Tconographie
Grecque, by E. Q. Visconti. A small Work entitled
Numismalique dti Voyage du Jeune Anacharsis, by
Dumersan, gives a concise account of the most important
of the Grecian Civic Coins, and is beautifully illustrated.
In the division of Roman Coins, Vaillant and Morel
have each left excellent Works on the Coins of the
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Families ; for those of the Empire that of Vaillant is the
chief, and it is brought down to the extinction of the
Western Empire ; for the remaining Coins, Banduri
may be consulted. Addison's Dialogues on the Useful
ness of Ancient Medals treats only on the Coins of the
Emperors in first brass, and contains many excellent
remark upon the utility of the study at large.
A complete History of the Coinage of England is
afforded by Ruding's Annals of the Coinage of Britain;
it is accompanied by a Volume of Plates executed with
great care, and containing representations of all the
pieces that have issued from our Mint. Snelling's
Tables have long been popular : they form a good cata
logue of English Coins, and are valuable to the col

A Table, exhibiting the Comparative Value of the c/tief
Gold Coins of Modern Countries reduced to the standard
of England.

lector as a Work of reference, but the preceding Work N"ra>
offers every information on the subject that can be desired. For Scotch and Irish Coins, Anderson and flrSi
Simon take the lead ; for the French, Bouterone and
Le Clerc; for the Papal Coins, Floravantes ; Argelati
for those of the Italian States, and Florez for the
! «nd proportion of the Ancient Coins have
formed the subject of a Treatise by Arbuthnot, and the
Tables which it contains, notwithstanding their great
inaccuracy, have been frequently transcribed : we have
endeavoured to rectify these errors in the Tables above
given for the Greek and Roman Coins, but
Work of the kind is much wanted.

A Table, exhibiting the Comparative Value of the chief Sitter I
Coins of Modern Countries, computed at the rate of bi. 2d. \
per ounce, standard.

Nitmi oT Coins.
Sovereign
20 Shillings
♦Piece of 20 Francs (Kapo<«">)
10&W<zVr,or Florin Piece]
Netherlands.
Holland ....
Ryder
1 4 Florins or Guild*.
Pistole (Christian d'or)
| Denmark ...
Half- Imperial
Russia
5 Rubles
<Sov tujn
[Austria
Max tCor
Bavaria
7Florins 8Crcutzers
Carotin
1 OFlorius 42Creutz
Wirteniburg tPislole
Brunswick . 'Pistole
I
Westphalia •Pistole
10 Thalers
0 16 3}
Saxony . . . •Do. (Auguste d'or) . . f
Hauoter . . . Do. (George d'or)
•Pistole (Frederick) ....
Prussia
Hungary . . .
Milan .... •Pistole, or Doppia ....
20 Lires
Switzerland
Piedmont . Pistole, Do
20 Lires
(Geneva)
Parma .... Double Pistole
40 Lires
Tuscany . . . Ruspone of Etxuria . . ,
40 Lirei
Italy
Rome
Scudo of the Republic ,
(Rome)
•Ounce
Sicily
CO Tari
Switzerland .... Pistole ofthe Helvetic Re
public
24 Livres
Spain . . .
* Double Pistole,wcDoubloon<
111;; Sicily
•Half Joannese
Portugal.
G400 Rees
Spain
Turkey .
Sequin ......
) The number of")
Portugal . . .
Messeir ....
( Piastres vary j
Turkey
Yernieebesliltk
United States
I United States •Eagle
10 Dollars
3 6)
t
India
I India
Mohur (Bombay)
*Do.
(Company
15 Rupees
*Do.
(Madras)
Star Pagoda
4 Rupees
England. .
France . . .

* These have their Doubles, Halves, &c. in proportion.
Note. The Ducal, varying by the above computation from 9s. 2d.
to 9s. i\d., circulates throughout Germany, Switzerland, and most
of the Northern European Countries, as Denmark, Sweden, and Russia :
it has also its Double and Half. This Coin is also common among the
Italian States, where it passes under the came of Sequin ; in Venice it
is termed Chequin, or Zecchino.

a
Crown (ij in proportion)
4
Franc (\ in prop., ahio 2 and I
Franc pieces)
1 00 Centimes
I
Florin (30, 12, 8,&e. Stiver pieces 100 Cents, or " 1
in prop.)
•
' 901
63 Stivers constitute the Duca-\
toon, 50 the Rix-<toll.ir.
Krone, or Crown, ] of Rijksdaltr
4 Marks
Rix-tlottar in prop.)
Ruble {\ and \ in prop.)
100 Copers
I
Gulden ( Florin) J in prop
24 c
3
Thaler or Dollar ($ and J in prop.)
The Thaler is the measure of]
value throughout the German
States.
«
Krone
Palagim, or Crown (^ in prop.) .
This Coin varies in each of the
Cantons.
Seudo, or Crown (J in prop ) .. lOPaoli, or 5 Lira' *
The Scudo is the chief silver
Coin of this Country, but is sub
ject to great variation in the several
States.
30 Taria
Scudo (^ in prop.)
Piastre, or Dollar
10 Riak
<
S
Crusado (4, i, fee.)
480 Rees
40 Paras
Piastre (4 and J)
Dollar (J in prop.)
Rupee

100
16

Note. For the Spanish, Portuguese, and Dutch sett]
nent and in the West Indies, see the Coins of the

l
4
9}
«

JJ
11

*

1
I

< i
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POETRY.
The difficulty of giving a clear and succinct definition
of the Art of Poetry is proportioned to the almost
istin- universal nature of its subjects. In common with the
•ed
studies of Theology, Ethics, Oratory, History, and of
other Legislation,
so far as it is connected with the broad
Principles of Ethics, it is obviously distinguished from
those Seieaces conversant either with the Physical wants,
or the speculative curiosity of Mankind, its proper field
being our Moral, Social, and Rellective nature. Again,
it differs from the rest of the Sciences thus conversant
with a common material, as professing neither the office of
persuasion nor of instruction. Its province, in the em
ployment of the common medium of Language, is imitative and expressive, and its end is Pleasure ; of a
refined and intellectual nature it is true, and capable of
promoting the highest Moral ends, but still exclusively
Pleasure, as in the kindred Arts of Music and Pointing.
It is certain that Historical Truth, Moral instruction, or
Oratorical persuasion, may be embodied in Poetry ; but
thus also do History, Ethics, and Rhetoric iu their turn
appeal to the Imagination by those graces and ornaments
which belong more peculiarly to Poetry. It is the
respective end sought by each Science, which must deter
mine both its nature and the rules defining its peculiar
excellences.
That Pleasure is the exclusive end of Poetry, does not
>ject
necessarily compromise either its dignity or usefulness.
ure, of As Mental Pleasure is the indication and the test of
con- ttie formation of those Moral habits on which it is
e to attendant,
an Art productive of this result from the
representation of Moral sentiments, and the actions
arising from them, must be guided by those rules which
determine their merit. It will be in fact found, that
with very few exceptions, Poetry has adapted itself to the
highest tone of Morality prevalent in the Country or
Age wherein it has flourished. Mankind are obviously
more Moral in theory than in practice, reprobating the
imaginary picture of vices even to which themselves
are prone, and delighting in the highest imaginary
model of such virtues as themselves possess in a minor
degree ; and the fallacy of the vicious man arises not so
much from a denial of the Principles of Right and
Wrong, as from a refusal to adapt them to his own case.
Thus the difference between a man's real Moral merit,
and his own conception of it, will generally measure the
superiority of the tone of popular Poetry over the existing
standard of average Morality, regard being had to the
spirit and Religious creed of the Age. The Greek and
Roman Poets accordingly dwell strongly on Justice,
Patriotism, Reverence to the Gods, to old age, to the
Laws of our Country, in short on all those duties which
cement the Social compact. The Scalds, on the con
trary, so for as we can judge from the relics of their rude
rhymes, strove to give the most exalted tone to what
were considered as the highest virtues among a Nation
of Pirates, whose very Gods were fabled as living in a
perpetual state of battle and mutual destruction, to be
brought to a more perfect crisis by the coming of Lok.
Their precepts are inhuman, simply because public
opinion then recognised Moral excellence as consisting in
qualities the very reverse of humanity. Here we see
Poetry adapting itself respectively to the highest, and to
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the most dangerously brutalized degree of the light of Poetry.
Nature, but in both instances inculcating the loftiest
Principles of Ethics which its hearers had derived from
that light. In spite therefore of the denunciations of
Plato against Poets, as corrupters of his imaginary Re
public, it may be safely affirmed that their province is
rather to second the efforts of the Moralist and Legis
lator, and that when the tone of National Poetry is cor
rupt, it is only a proof that the existing standard of
Morality is so also in a double degree.
Her track, where'er the Goddess roves,
Glory pursue, and generous Shame,
Tl»' unconquerable Mind, and Freedom's holy flame.*
Nor again can it be properly said that Truth is one of How f»r
to
the objects of Poetry, further than as that probability, amenable
the laws of
which the Poet is bound not to violate, is founded on a
general induction from facts as they really take place in
the Moral or Visible World. The subject of his Art is not
that which is in any particular instance, but that which
generally may be. In no case does he attempt to assert
or prove any specific matter of fact ; and even iu Didac
tic and Reflective Poetry, which may be considered as a
mixed branch, he seldom aims at more than to shadow
out pleasurably certain general Principles. The most
perfect Tragedy or Epic Poem may not necessarily con
tain a word of Truth in it, any more than the dreams
which madmen often form with the most ingenious co
herency on an assumed hypothesis ; and in both cases
there is a sound basis consisting in the experience which
the Mind has acquired as to the connection of causes
and circumstances. Thus, assume that Ulysses was a per
son really existing, of the rank and character described by
Homer, and meeting with the persons and adventures
exhibited in the Odyssey, and every thing which he does
and says is admirably consistent with the inductive view
of Human Nature which the reader's previous experience
enables him to take. Again, the wildest dreams of
Poetry cannot come home to the fancy with much plea
sure, unless they are founded on something analogous to
Truth and Experience, or to some home-bred prejudice
or recollection which has impressed itself previously on
the Mind with the force of reality. The Fairies in the
Midsummer Night's Dream act and speak in a manner
exactly conformable to the notions which superstition has
gravely promulgated of such half-human elves, and
which the playful legends of the ingle-nook and the
greenwood tree made " familiar as household words" to
the imaginations of our ancestors. Nay even in the
marvellously original creation of the monster Caliban, it
is the Metaphysical Truth which renders palatable a fic
tion which our sober judgments directly pronounce im
possible. Once suppose a Being compounded of Demon
and Savage, and according to the distinct ideas existing
in our Minds respecting these, their actions and language
would mingle just in the proportion exhibited in the
character of " the poisonous slave, got by the Devil him
self." Suppose also a spark of Divine benevolence
infused into a Spirit moulded from the essence of wild
flowers and zephyrs, tempering and humanizing the
Fairy sportiveness which we should associate with such
* Gray, Progreu of Poety.
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Poetry, a compound, and we have a Being answering to the
Familiar Spirit Ariel, whose lineaments and passions
the Poet has, with great judgment, indicated in a less
distinct manner than those of his grosser counterpart.
Thus is Poetry amenable to Truth as an ultimate, though
not an immediate test ; and therefore cannot be said to
profess or absolutely to violate it.
Not on'y
The definition of Poetry recognised by the Ancients,
imitative as an Art imitative of Human manners, is obviously too
butexpres- extensive to meet our modern ideas, inasmuch as it
"ve*
equally applies to Prose fiction, an important branch
of Literature almost peculiar to modern times.. Nor
again does it seem sufficiently extensive to include those
many varieties of metrical composition, equally common
to ancient and present times, which cannot be called
imitative in any other sense than Oratory or spontaneous
Language can be so denominated ; where, for instance,
some Moral Truth is inculcated by the Poet, or some
feeling congenial to the Mind of his readers is expressed
by him in his own person. These are the sole elements of
composition in Goldsmith's Poem of The Traveller, full
as it is of dignity, high feeling, and a Poetical spirit which
never flags. And to instance a still higher style of com
position, Milton's Hymn to tht Deity, though introduced
as a part of his imitative fiction, is a composition com
plete in itself, as the exalted expression of a Religious
feeling adapted to all times and situations, and is rather
expressive of the sensations which the grand phenomena
of Nature are adapted to create in a well-constituted
Mind, than imitative of the objects which it invokes. It
is equally perfect without the assumption of any person
or circumstance, though placed with great dignity and
propriety in the mouth of Adam during his state of in
nocence.
The same distinction may be laid down as to Elegy
and Satire, and also as to Lyrical Poetry when not
mingled with the legends and narrative descriptions in
which Pindar delights ; in short, as to all branches of
composition in which the Poet addresses the reader in
his own proper character, and without the intervention of
any fictitious personages or things. Here the office of
Poetry may be styled chiefly expressive, and no further
imitative than as it employs sounds and metre adapted
to strengthen the image of the thing described. It is
most completely imitative in that branch which seems to
have dwelt more peculiarly on the mind of Aristotle in
forming his definition, viz.—the Drama ; where the imi
tation is strengthened by the additional aid of vocal utter
ance, personification, painting, and expressive music.
As distiiiThe distinction of Poetical fiction from Imaginative
(rtiished
Prose is obvious enough, although the bounds which
from I ma- djvjde their departments are but small, and consist
Prose
chiefly in circumstances belonging rather to manner
than to matter, connected with Poetry rather as inse
parable accidents than as essential parts. We mean
that metrical form which is the only visible sign distin
guishing indifferent Poetry from Prose, while it is a
necessary feature in that of a superior sort; as well
as those ornaments of figure and diction which increase
the force of metrical composition, but in Prose would
seem bombastic and extravagant.
Fulgaret nunc terriftcoa, aonitumpue, metumque
Miacebanl operi, ftummiique tcquucibua iras.

tic Prose ; which in respect to its matter and its end, has Paty
every feature in common with Poetry as an inventive and w
imitative Art, and admits mostly of the same rules as a
test of its excellence.
It should appear then that we may define Poetry as Defeat
an Art aiming at Moral and Intellectual Pleasure as its offset;,
sole object, and promoting that Pleasure through the
medium of metrical language, by the imitation of such
things or events as afFect the feelings and imagination,
or by the expression of the sensations which they produce.
Its origin, as inseparably connected with Metre, Orijbtf
appears to us to have arisen from causes intimately isHefca!
allied with Human Nature even in the rudest stages of ^
Society. It is in public that mankind instinctively seek
to give vent to those emotions which arise from common
subjects of interest ; such as the worship of the Deity,
the commemoration of public benefactors, or of political
events ; a victory, or a reverse. In small and rude
States contending for very existence, such causes of
emotion would be most intensely felt. Every individual
in an assembled crowd would seek to join in the eipression of gratitude or deprecation to his Divinity, of
honour to his chieftain, or of defiance to the common
enemy ; and that in a manner expressive of his sympa
thy with those around him. The most discordant shout
bears thus as distinct a meaning as a war-cry, or the
solemn assent to the supplication of the Priest, of which
we have preserved a remnant in our Christian worship.
These were probably the earliest modes in which the
voice, the natural organ of emotion, sought to express
itself in a great assembly ; accompanied, perhaps, on
some occasions by such rough and primitive instruments
of Music as were known to earlier times. Nothing
possesses in itself so imposing an effect on the imagina
tion as a mighty and overpowering sound, such as that
of thunder or a stormy sea ; and when expressive of the
unanimous feeling of the Many, the Moral grandeur
superadded thereby renders it doubly animating. The
observance of this effect, and the improvement of the
rude drum or horn into instruments harmonizing with
the natural modulations of the human voice, would natu
rally lead inventive spirits to devise some means by
which human and artificial sound could be so blended
as to express more copiously and connectedly the com
mon feelings of large assemblies. It is obvious that
this end could not be effected without something in the
shape of Metrical arrangement, analogous to those means
by which multitudes must learn to execute any common
bodily movement in concert, and without confusion, and
adapted to assist the retentive powers of the Memory
and the ear. Thus, probably, rude war-cries and shouts
of victory were gradually blended into Triumphal cho
ruses, and the Religious responses of the populace be
came connected Hymns ; the Bard or Priest acting as the
Coryphaeus, and regulating the voices of the singers as
the file-leaders would arrange the march of an army. In
progress of time, the success and popularity of these first
rude invocations to Gods and Heroes would naturally
lead their composers to enlarge gradually the sphere of
their efforts, according to their different bents of Mind.
The legends relative to Heroes of elder date, and the
fabled adventures and transmigrations of their Gods,
would afford a wide field for the first attempts at Nar
rative Poetry, to some of this privileged class ; others of
Of these we shall treat in their place, as connected with a more meditative turn would, like Orpheus, embody
the external parts of Poetry, belonging us they do to the precepts of Ethics and Legislation in a form adapted to
Art in every branch, and distinguishing it from Roman impress itself on the Memory, and, as it were, cause-
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Poetry, crated by its connection with Divine subjects ; while
"V " ■ ' those of a more enthusiastic and mystical frame of Mind
would proclaim through the same medium the results of
their auguries and fancied inspirations, to a people pre
pared to listen and flatter them in their belief of Divine
revelation. Hence was it in all likelihood, that the names
of Poet and Prophet became synonymous in the Classic
Languages, by a sort of ancient prescription. Nay, it
should seem that, even in the worship of the true God,
the same correspondence in name and vocation prevailed,
if, as has been conjectured with apparent truth, the
Schools of the Hebrew Prophets were Institutions for
the instruction of youths in the studies of Eloquence and
Sacred Poetry, as chosen vessels upon some one of whom
the Divine gift of Prophecy might descend for some
special purpose.
railual
The Art of Song being thus familiarized among ManteiMion of Icirid as the expression of the greater and more sublime
isu jects. em0(jong 0f tjje Mind> would in process of time be gra
dually applied to other subjects of engrossing interest.
The love of our Country, of fame, of woman, of kindred,
of sylvan nature, or of manly sports ; all passionate re- .
trospects to the past, or anticipations of the future ; these
form the continual day-dreams of ardent Minds when
not engaged in positive action. It is partly from the de
sire to mark the eras of Life and Thought formed by such
feelings as these, and partly from the shrinking sensa
tion with which the extinction of that Life and Thought
is contemplated, that almost in every stage of Society,
Mankind have sought to embody in as lasting a shape
as possible, the records of their ruling emotions. The
same yearning after human sympathy and posthumous
identity which prompts the shipwrecked seaman, or the
captive, to trace their names on their dungeon-wall or
solitary rock, or the traveller to inscribe a record of his
adventures in the mountain hospice ; which even, uncon
sciously to himself, impelled the misanthrope Timon to
utter his last defiance to Mankind in his Epitaph ; —in
spires the Poet with the desire to perpetuate his own
feelings and recollections, and to rescue from oblivion
the name of his friend, his mistress, or his benefactor ;
blending as it does with the hope and stimulus of post
humous fame.
The Bridegroom may forget the Bride
Was made his wedded wife yestreen ;
The Monarch may forget the crown
That on his head an hour hath been ;
The mother may forget the child
That smiles sae sweetly on her knee ;
But I'll remember thee, Glencairn,
And a' that thou hast done for me !
»,
Burnt.
Some of the noblest instances of this tone of feeling
are to be found in the Odes of Pindar, where the some
what vain-glorious tone of the Poet is redeemed and
borne out by the passionate desire of immortality which
breathes in every word, and his manly confidence in the
dignity of an Art destined to confer that immortality on
the actions of the Wise, the Valiant, and the Just.
is |7 th «''JkfUrijUt
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In the system of Heathen Polytheism, also, there was Festered by
hardly a spot which had not its Local Genius, and scarcely 'hpPulya Principle of Human Nature which was not embodied JJ^'auin the imaginary shape of some one God or Goddess, cient».
Hence the pride felt in an Art difficult of acquirement
in its first technical steps, was additionally flattered by
the supposition of a Divine influence felt through every
branch of it ; and the ardour ofcomposition (a feeling so
peculiar that it was honoured with a distinct name,
Awcn, among the Welsh Bards) was readily imagined
by the Heathens to arise from this influence. Thus the
invocation of the Muse, which nothing short of the
genius of Milton can in modern times make otherwise
than a trite and solemn farce, bears in the mouth of
Homer the semblance of fervour and truth.
The early prevalence of Satiric Poetry, which should Origin of
seem at first more congenial to periods of higher refine- Satire,
ment, may be traced according to the records left us, to
the natural rivalry between the professors of an admired
and highly privileged Art, a rivalry which in modern
times is kept within bounds by public opinion and good
breeding ; but which in a rude state of Society would
break into open feud. Among the Welsh Bards, who in
addition to their national temperament, often combined
the character of Warrior with that of Poet and Histo
rian, it is recorded in some instances to have ended in
single combat and death. The early Wits of Greece,
such as Archilochus, Hipponax, and others of the Iambic
School, not being bound by the Gothic law of honour,
seem to have resorted to the more safe and characteristic
weapon of the pen, and in one case, it is said, with
equally fatal effect.* Nor were they probably backward
in turning to more general account a method of annoy
ance, whose efficacy they had proved on the persons of
their rivals.
Our preceding observations on the Origin of Poetry
in general, will, if correct, apply to the Epic, the Didac
tic, the Elegiac, and indeed to all the leading branches
of the Art. Among the Greeks, to whom it is needless
to say that we are indebted for the most perfect early
specimens of all its essential departments, the Public
Games and National institutions contributed to draw
forth Poetic genius in every branch, more peculiarly in
the Epic, Heroic, and Lyrical. It should seem that the
public taste had been to a great degree developed in these
respects, before the Drama received much improvement Improve-'
from its rude and primitive state. If the early records ™enm°f ,ha
which we possess on this subject are interpreted by simple ramacommon sense, they strip it of the fictitious importance
which some are disposed to annex to it. From the
name and history of both its branches, we know that
the prize given to the successful candidate in the one
was the most carrion of domestic animals, and that the
other probably consisted of a string of such local jests as
might be more favourably received at the joyous seasons
of the vintage and the harvest-home. Thespis himself
and his contemporaries, declaiming from a cart, and
* The suicide of Lycombes was imputed to mortification causi d
by the Iambics of Archilochus, when disappointed of the band of
bis daughter.
4p

654
Poetry*

Compo
nents of
Poetical
Genius.

POETRY.

painted with lees of wine, appear very much on a footing
with the itinerant buffoons who still exhibit their red and
party-coloured visages on similar occasions ; and even
the second character, introduced by them to complete
their interludes, was probably of no higher caste than
the Clown or Merryman, who is to serve as the butt of
his principal's wit, and hardly on a footing with Arlequin,
Jocrisse, Sganarelle, and the joculators by prescription
on the stage of the modern Continent. The lively pos
tures and gesticulations, however, which are natural to
Southern people, and the obvious advantages of Dia
logue and personification even in their rudest form, must
soon have naturally suggested to jEschylus and the real
founders of Tragedy, the possibility of applying success
fully such aids to graver subjects. Thus is it the privi
lege of Genius to avail itself of materials at first sight
discordant with its object.
It is not, however, so much our purpose to define or
minutely to descant on the different styles of Poetry, as
to state to the best of our power the general Principles
applicable to the Art in all its branches, by an adherence
to which its end as a source of intellectual pleasure will
be obtained.
That Fancy and Judgment are respectively the
moving and the regulating powers of the Poet's Mind,
it is unnecessary to demonstrate. The former strikes
out the material, or draws it by a sort of Chemical attrac
tion from every source within its ken ; the latter directs
its use. Most persons, even the most illiterate, can
generally describe with accuracy and strong feeling any
thing which has interested themselves individually, so as
to convey a very lively impression of it to the Minds of
others. Here, however, the powers of the World in
general stop short. A man is not a portrait-painter
because he can convey in person a more faithful impres
sion of his own features than can be given by the pencil
of a Lawrence or a Reynolds. To transmit to the Minds
of others a clear conception of circumstances, and cha
racters foreign alike to the personal experience of the
author and reader, to invest the meagre outlines of His
tory, and the abstract creations of Fable, with colouring,
speech, and motion,—to place familiar ideas in a new,
striking, and dignified point of view,—to give a faith
ful image of some uncommon combination of passions
and motives,—to draw the veil from before those mani
festations of the real man, which the restraints of So
ciety seldom allow to be witnessed,—this is the privilege
of real genius alone ; a power only to be matched by
that of the fabled Dervise, who could infuse his spirit
into dead matter, and personate the bearing, actions,
and thoughts of its original tenant. It may be safely
asserted that this power, when it once exists, implies a
facility in all the less difficult attainments of the Art.
Judgment and Experience are necessary to control its
exercise, and Study to enlarge its field, but they cannot
impart the faculty itself. It should seem to consist in a
certain Metaphysical instinct, analogous to the wonder
ful powers of animals in accomplishing their own limited
objects ; bearing the same reference to the effects of
Study, as the instinct of the Bee does to the Science of
the Architect, and probably accompanied by great sen
sitiveness of organs and feelings, enabling the Poet to
conceive and retain simple impressions in the clearest
and liveliest manner. This natural gift, if accompanied
by a meditative turn of Mind, a keen relish of the beau
ties of simple Nature, an acuteness in distinguishing
essential properties from accidental in the Moral and

1 World, and an impartial spirit of candour and (U,
good faith in entering into the different motives of J/'
Mankind by turns, is, as far as we can judge, thatwhich '""
constitutes a really great Poet, as distinct from the aids
which may be acquired by Study and Experience. Hornet
and Shakspeare appear to have been the persons most
distinguished for this gift of mother-wit; the latter,
indeed, in a high and remarkable degree. How he
soared from the Visible World to more subtle andimmaterial conceptions, is intelligibly shadowed out in the
passage from his Works which has been too often quoted
and repeated to need any repetition ; and in spite of the
day-dreams of the more mystical and fanciful Critics,
who would refine away common sense, we conceive that
there is nothing implied in such a process beyond those
acute powers of conception and intellect which we haw
attempted to analyze. It is true that there are many
points relative to the nature of Mind, and to its connec
tion with Matter, which if fully explained, might throw
a light on the subject of Poetical genius and invention.
Such are the association of ideas, the state of the Mind
during dreams, the recurrence, at long intervals of time,
of particular trains of thought, bringing back the visible
form and colouring of spots forgotten, and passia;
vividly for an instant like a momentary gleam of sun
shine on a distant object in a landscape; these, however,
are rather to be explained by Psychologists, lo whom
they have long served as stumbling blocks. It is per
haps sufficient for our own purpose to assert that there
is no subject of Poetry which has not its basis either in
the passions of Mankind, or in the impressions conveyed
to their different organs by the visible and tangible
creation around them. These materials, it is true, will
be more various and abundant in proportion to the
acuteness of different Minds and temperaments, and for
the same reason will be handled with different degrees
of power and selection ; but in any case they must re
main in substance the same.
Much also of what is called Poetic 1
be traced to the natural causes of l
the acquired pleasure superadded by these totl
from a natural bias in favour of the subject
and the facility which they confer in the exercise of liis
and all other Arts. And without entering into any
fanciful question as to the supposed analogies between
words and things, it is obvious that a greater clearness
of thought is both acquired and communicated by prac
tice in Poetical diction, and study of the indefinable
shades between one synonyme and another, answering
to the different ways in which the same thing may affw'
the feelings and associations. On this part of the subject,
it is our purpose to remark, when we treat of W^>%
the importance of which in Poetry is perhaps rendered
more forcible, by the consideration that even in real 1*
and business, the impressions of things depend on the
most minute differences between words. The mo*
fatal misunderstandings and contests have arisen ra
real fact, from the injudicious use of synoymes in t*
discussion of points of political jealousy or prira"
honour. Much more necessary, therefore, is their study,
when the impression of the moment is the only result
sought.
A strong and vivid Memory is of necessity implied ra
the Poetical temperament above described. Perhaps,
however, its importance is felt in nothing more thani ra
retaining a lively impression of those feelings of clul '
hood, which when brought back to the Mind of tbe
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grown man, present, as it were, a Fairy vista of pure
' Poetry. In childhood, when passed under circurastunees
favourable to the Mind and the Body, the former creates
its own Paradise in a manner which has occasioned the
beautiful, though somewhat fanciful, speculation of
Wordsworth, summed up with
Heaven lies around us in our infancy.
Without adopting the entire theory of this amiable and
original author, it may fairly be asserted, that our own
early recollections, and the formation of ideas in the Minds
of children are not more beneath the study of a real
Poet, than the process of blowing air bubbles was incon
clusive in establishing a point in the discoveries of a New
ton. Ifwe could convey to our own imaginations the exact
impressions formed in the mind of a lively child, basking
in apparent idleness on a green bank in June, amid the
hum of bees and the song of birds, they might be found
to contain much of the real substance of what we admire
when expressed by Spenser or Theocritus. The percep
tions of all outward objects, and the feelings immediately
resultiug from them, possess at that age a clearness, a
strength, and a simplicity, akin to that mood in which
we most readily resign ourselves to Poetical illusions ;
and the perfect leisure from more serious thoughts and
projects then enjoyed, leads to a hundred vague and
undefinable musings, which, if they could be caught
and treasured up for future years, would form an in
exhaustible fund from which to refresh the imagination,
but which are generally effaced by the discipline of
active or argumentative life.
Next, as to the subjects properly adapted for the ex
ercise of the Poetical talent. These, if we may be
allowed somewhat to extend the definition of Aristotle,
are exclusively Human fortunes, actions, and passions,
of a sort familiar to the reader : as well as those imagi
nary circumstances bearing a recognised resemblance to
them, and those Moral and Physical causes which in
fluence them immediately. For from sources directly
or indirectly connected with our own mental habits must
be derived, in every case, the Pleasure which it is the
office of Poetry to afford. When this Pleasure is not
felt, the fault must arise either from the nature of the sub
ject, or from the defective mode of treating it. It is pro
bable that were the highest powers of Poetry exhausted
on such subjects as the Monkish dogma of the Imma
culate conception, or the demonstration of Euclid's
XLVIIth Problem, they would fail in producing any
effect ; for although both subjects have respectively in
fluenced Human life for Evil and Good, they possess
nothing in themselves to affect the Moral and Sensitive
parts of our natures. Again, the subject of the Universe,
as appealing to our highest conceptions of the Sublime
and Beautiful, and our loftiest feelings of veneration
and gratitude, presents a task to be grasped, like the
bow of Ulysses, only by a master hand of the first order,
and that with a nicety of judgment which genius does
not always possess. Milton, accordingly, in the Hymn
already quoted, which perhaps may be said to exceed all
Human Poetry in true grandeur, has embodied all these
feelings and conceptions in comparatively a few lines,
taking his station like the Archangel between Heaven
and Earth, above all associations exclusively Human. If,
on the contrary, we may guess from obscure tradition,
it should seem that the long Poem of Empedocles on
the same subject led by its ill success to his suicide,
probably because his superior Physical knowledge led
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him to load and mystify his theme with details fitter for Poetry,
a Scientific Work in Prose.
>»»>v—i
Again, in the treatment of those subjects recognised
by our definition as fitted for Poetry, regard must be
had to the influence of climate, habits, hereditary asso
ciations, and all those circumstances which contribute
to form as it were the mental idiosyncrasy of the reader.
The skilful versification of Sir William Jones and Influence of
other Oriental translators has been exerted in vain to National
awaken any interest in the ingenious conceits and lemPer»voluptuous images which form the essence of Persian ment*
Poetry, and which, if we may judge from their effects
on a cultivated and imaginative People, were probably
treated in a masterly manner by their Bards. And even
the favourite legends of Classic authors, familiar as they
are in most cases to our early recollections, are in some
respects a sealed book. The stories of Atys, of Adonis,
of Pentheus, and the BaccliBC, which education and
Religious prejudice appear to have rendered fascinating
and even affecting subjects to the Greeks, convey no sort
of interest to a modern reader. How then, it may be
asked, do we derive that interest from sources appa
rently no less foreign to our daily habits and ideas, and
as totally unconnected with our own History? The an
swer is plain. The Argonautic expedition exactly recalls
the adventures, on field and flood, of the " mighty and
unconquered Goths," the Vikingr and the Berserkir,
who with all their ferocity and lawlessness, claim a con
siderable share in our ancestry. The Siege of Troy in
almost every respect touches on our chivalrous associa
tions, as well as on the home-felt passions common to
every Age and climate. Hector, Diomede, Patroclus,
and Sarpedon, in no wise differ from the true Knights
of Charlemagne or the Round Table,
Sweet in manners, fair in favour,
Mild in temper, fierce in fight.
And even Achilles himself, both in his faults and his
virtues, bears a strong likeness to the fiery and impe
rious Norman Baron, or the Grandee of the days of
Don Pelayo. The labours of Hercules and Theseus
are precisely those of good Knights-errant, and Soyron
and Polyphemus are in every particular the discourteous
Giants of a Fairy Tale.
As to the interest which arises from Imaginary Beings, Interest in
unconnected as they may seem at first with Human for- Iraag'n&T .
tunes and feelings, the question is in some degree ^S8'
answered already with reference to Shakspeare, whose
forcible conceptions of the Immaterial, and whose intuitive
knowledge of all the links of Thought and Association,
are acknowledged as unrivalled. His Fairies were,
long before the reign of Elizabeth, installed by house
hold superstition as the Dryads and Penates of our
Island ; and even Ariel and Caliban seem founded on
the traditionary conceptions of the friendly Broumie and
the malignant Duergar. Nor is it too much to assert
that in every instance, the Poet, even when launching
into the remotest flights of fancy, in order to attain the
end of his Art, must adhere to those subjects which
directly or indirectly come home to the " business and
bosoms" of his readers.
It must be granted that the Pleasure communicated How 6k*
by Poetry arises in a subordinate degree, but no incon- ™0en15;,Jralta'
siderable one, from the skilful imitation of things not (mlJ1 of
necessarily interesting in themselves. Hence the whole poetical
merit of the Art has by some been conceived to exist in Pleasure.
4 p-2
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the Principle of correct imitation through the medium
of language ; substituting, as it were, a part for the
■whole. Imitation of any sort, indeed, is a Principle
implanted in our nature for the purposes of Social life,
and of Mental and Moral improvement : observable in
the earliest stages of infancy, and secretly felt and acted
on in all the stages of Human life. Added to which,
the Pleasure felt originally in an end attainable by cer
tain means, communicates itself by association to those
means, whether they accomplish the end or not. As
the Soldier delights in the sight and handling of good
weapons, the Student in the very smell of scarce and
old editions, and the Musician in dull and complicated
harmonies, so will the practised Critic derive a Pleasure
from the mere skiliiil mechanism of Poetry, whether ap
plied or not to a subject in itself interesting. Indepen
dent of which, the perception of a difficulty surmounted
constitutes a source of pleasure to Minds which have
tried the same experiment, and can appreciate success in
it. Not that Poetry can be said in this respect to stand
on so advantageous a footing as Painting, an Art
to which it is justly considered to bear a strong kindred
analogy. For in the latter case, the desire of acquisi
tion, as well as the Physical sense of sight, is gratified
by the possession of a work of Art agreeable from its
colouring, and constituting an exclusive property : and
to represent even a mean object with tolerable fidelity,
argues a degree of skill attainable only by practice. But,
on the contrary, Verse indifferently constructed on an
ordinary subject is little more than the exercise of the
gill of Language, which we acquire in early childhood,
and differs but little from the manner in which a clown
would express the same thing in his ordinary prose : nor
can any property exist in a production which, if it be
worth it, may be carried away equally in the Minds of
all. As to the mere imitation of sounds, a humbler
department sometimes tempting to minor Poets, no one
can expect to vie in this respect with the juggler or ven
triloquist.
Imitation a It is perhaps in Comic subjects that mere faithful
mainsourcu imitation is most successful. Here it is sufficient to
interest'0 suSges* circumstances which appeal to those habits of trite
jocularity so characteristic of large and crowded societies.
The predisposition to ridicule exists so strongly in Man
kind when assembled in large bodies, that a mere stupid
catch-word has in many instances unaccountably made
the fortune of a buffoon, and the entertainment of a
whole metropolis. Hence it is obvious how by judi
cious imitation, a Poet may in such cases afford a mine of
higher amusement, to the Minds of those who are pre
pared by every-day habit to catch at and enlarge upon
his slight allusions. The recognition-scene in Beppo,
for instance, simply and gravely states a series of ordi
nary facts and conversation, without any ostensible at
tempt at humour, but put in such a manner as to suggest
the ludicrous and secret embarrassment of all parties ;
the effect consequently is irresistible. Of the same
description is Horace's inimitable scene in the Via
Sacra. A simple story is accurately told, but in such
a style as to awaken the utmost degree of ludicrous con
tempt for the tormentor, and of fretful sympathy with
the Poet interrupted in his reverie.
Not suffi
In graver Poetry, however, mere imitation seldom
cient in
pleases without some merit or dignity inherent in the
serious
subject itself. Virgil's commonest descriptions in the
Poetry.
Georgics are pregnant either with rural beauty, or with
those grand and fabulous allusions into which his ima
Poetry.

gination seems to break loose on every occasion, kin- p
dling as it were withi every isuccessive line.
'
J**1
Oili ardua cervix
Argulumque caput, Sfc.
Talii Anujcltri domitui Po/lncit habenit
Cyllarut, et quorum Graii mrminire Poet*,
Martil equi bijuget, et magni currui Achilla.
TaJit et iptejubam cervice. effudit equina
Conjugii adventu pernix Saturnut, el alltm
Pelton hinmtu fugient imp/evil acuto.
Admitting, however, that the mere skilful mechanism
of Poetry may afford a source of gratification in itself pais"
as an imitative Art, distinct from its subject; and premising that it always ought to be studied as a means l1*"''
of giving due effect to that subject, we will next consider
the sources of higher Pleasure which the Art has in view.
These appear to be, 1st, Sympathy, either with the Poet j t_
himself, as expressing a feeling in his own person, or fy.
with the subject of that feeling as described by him.
Hence our interest in descriptions of the different pas
sions to which Mankind are subject, on a more particular
discussion of which it is our purpose to enter hereafter.
2. The sense of the Sublime and Beautiful. Howoikfo
this arises from external objects creating either awe or fa »;
pleasure, has been fully and luminously discussed by^3^
Burke. The impressions caused by such objects as
simply described in themselves, cannot be said to have
any reference to the Passions, if in the latter be implied
a desire or an avoidance of some ulterior result. When,
however, blended in a Story, they may excite sympathy
by their connection with the feelings and fortunes of the
persons experiencing their influence, as well as awake
their own peculiar and independent effect, thus exciting
both the Passions and the Imagination.
It may be doubted whether in all cases Fear, or at
least the pleasurable modification of it, which constitutes
the sense of the Sublime in Burke's acceptation, be a
necessary ingredient. For instance, nothing can be
a more sublime object than the Sun in a Spring morn
ing, awakening all the powers of vegetation, and the
hopes and exertions of countless millions of animated
Beings ; or than the Nile in full flood, enriching whole
Nations by its overflow : both of them destined to last
till the commencement of Eternity, as the mighty age*
of the Author of all Good. In these instances, the ad
miration felt is both Physical, in reference to the po*«
displayed on so stupendous a scale, and Moral, in the
contemplation of the beneficence of purpose; but Ffu
has no share in the impression produced by such objects.
On the contrary, when we behold a Thunderstorm, »
Cataract, or a Comet, the impression of the Sublime
which such objects create may be defined as Awe, rather
than Admiration. These feelings, therefore, mav «
considered as different varieties of the effect produced*
the Mind by the demonstration of vast power, or in othet
words, the sense of the Sublime.
Admiration, as applied thus to Physical objects,™1
generally be found to imply some sense of the BeautM
as well as of the Sublime. Analogous to this, or rather
perhaps similar, is our sense of the pure Moral Sublime ,
viz. the impression produced by great Human powers
of any sort, devoted to just and beneficent purposes.
The very names of Alfred, Timoleon, or Washington,
if judiciously introduced in Poetry, bring with them a
thousand visions of Moral Beauty and Power, whi*
never can pall on the Imagination of Mankind- ( "
the contrary, the contemplation of such characters a*
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Poetry. Imagination to the Soul, or sensitive part of the Mind,
< m y » ' and impressed with more or less vividness, according to
our degree of approbation arising from (he justness of
the cause, and the due proportion which the effect, as
expressed by the conduct of the person with whom we
sympathize, appears in our eyes to bear to that cause.
It is needless to remark that the Sympathy thus felt
with those persons with whom we meet in real life, is in
every respect precisely the same with that which the Poet
creates in favour of imaginary characters. We will
proceed to consider the different Passions as the
of it ; as well as to separate from them those
or habits of the Mind, which are often inaccurately in
cluded under one common name.
GeneralDe- jf we conceive the term Passion aright, it implies
finition of neither a permanent habit of any sort, nor a conviction
the Pasof the Understanding ; but rather an affection of the
Heart, or sensitive part of the Soul, arising from a spe
cific reason, and generally pursuing a specific end.
Thus Anger arises from the perception of some parti
cular injury, and seeks some particular retribution ; Pity
is produced by the contemplation of a specific calamity,
which it impels us to relieve, and Terror by the show of
some particular danger from which we instinctively fly.
On the contrary, Hope may rather be considered as a plea
surable affection of the Intellect, than of the Feelings ;
Friendship, Ambition, and Melancholy, rather as habits
predisposing us to the constant influence of certain
kindred Passions, than as Passions in themselves ; and
the directly opposite feelings of Scorn and Admiration,
as the verdict of our Moral and Thinking nature, jus
tifying the exercise of the feelings by which they are
accompanied almost inseparably. As to Laughter,
though an involuntary and generally pleasant affection
of the feelings, and arising always from a specific cause,
it certainly cannot be styled a Passion, and in fact has
hitherto so completely baffled definition, that we shall
not attempt the task. It may be perhaps styled a titillalion of the Understanding, excited by any unexpected
incongruity, as a cough or a sneeze is caused by an
obstruction of the bodily organs : and neither of neces
sity implying Scorn, Pleasure, or any other distinct pur
pose. Although, as we have stated, it be in most cases
pleasurable, it has no reference to any thing which we
covet as a good, or avoid as an evil, joy and Sorrow
may rather be considered as general characteristics be
longing to all the different Passions, and synonymous to
mental Pain and Pleasure, than as Passions in themselves.
Classifica
In attempting a classification of those affections more
tion of
properly included under the name, it is obvious that the
them.
social and the resentful Passions, in the first place, stand
directly opposed to one another. A general tendency to
both should seem naturally implanted in the Mind of
Man, so as equally to balance his own character and
interests with the considerations due to others. Again
there is another class of Passions founded on self-esteem,
which may be considered as cooperating with either one or
the other of these opposite Principles . We mean Triu mph
and Emulation, on the one hand, and their opposites,
Shame and Remorse, on the other. And in fact so nearly
are the Passions of the former class connected with the
resentful Passions, that in most instances they originate
them, when frustrated in their gratification ; while on the
contrary Shame and Remorse have an equal tendency
in restoring the due balance of the social Passions,
operating as they do as a corrective of selfishness.
Terror, and Love in its mixed sense, approach per-

haps most nearly to merely Physical impulses. But P«ty
when the former is felt for another individual, and the v*'
latter implies disinterested good will, they become social
and generons Passions. And in general this rule may
be laid down in reference to the Passions, that in propor
tion as they are connected with motives not merely selfish,
so are they fitted to excite the sympathy of the reader, proTided they are not disproportioned to their exciting
cause.
Anger and Indignation are the only Passions of the Eaesf:
resentful sort adapted to create any sympathy with the >
person suffering them ; and the former only as it
approaches in any degree to the quality of the latter.
For however loosely these terms are confounded in com
mon conversation, Anger is a Passion purely selfish.
Indignation is soaial and generous, inasmuch as, though
impelling the Mind to precisely the same actions, and
accompanied by the same outward marks, it proceeds
from the sense of an injury done to others. To render
Anger therefore touching and interesting, it must be re
presented as awakened by the sufferer's perception 01
justice outraged in his own person, and the apprehension
of the loss of honour in the eyes of Society as judges ot
his actions. And in reul fact, the sense of self-humilia
tion, or of disgrace is, as is justly remarked by Aristotle,
a stronger ingredient in Anger than the loss of any
more tangible advantage. Hence this Passion js in any
case more creative of Sympathy than the rest of those
which belong to self-love. To define it mare accurately,
it seems a painful desire of redress, not merely general,
or consisting in any misfortune to the real or fancied
injurer, but such redress as shall exactly apply to the
point wherein the injury consists, and shall be avowedly
exacted by the injured party :
Orwxavnf tiVtwi, c'v I' l>W/ tvpiir audits
XjMpiivs, St cLoirrn 'Aj^iwi «v3ir irtruf.
I forg'd the letter, &c.
/ hated, / despised, and I destroyed.
Revenge (as exemplified in the above passage from
the Drama to which the Passion gives its name) is in
reality only a more prolonged and bitter state of Anger,
soured by the delay of the desired redress ; and from its
calculating and insidious nature, rather productive of
detestation than of sympathy. It is, however, equally
personal in the reparation which it seeks, and equally
desirous that such reparation should be avowed and
particular. Accordingly Zanga reserves himself for the
moment when his Revenge can not only strike home,
but speak out. The anonymous and secret malice of
cowards proceeds exactly from a similar feeling, deprived
of its full gratification by the conflicting motive of fear.
Such appear to be the different degrees in the scale of
resentment. The scene in the 1st Book of the Iliad,
from which we have recently quoted, contains one of the
noblest instances of the Passion, as dignified by circum
stance and motive. The Anger of Achilles vents itself
on the instant in an open and gallant defiance of his
Suzerain in the plenitude of his power, without calcula
tion of consequences. Seeing nothing but his wounded
honour, and spuming away the ostensible cause of the
quarrel as beneath the notice of a Chieftain, he proudly
anticipates the future shame and confusion of his adver
sary in a taunt which evidently arises less from vain
glory, than from the reaction of his Soul to restore its
own self-esteem.
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In Mr. Lockhart's admirable translation of Legendary
' Spanish Ballads, a Work by no means so well known as
it deserves to be, the Passion of Indignation is placed in
its most touching and generous form, in the person of Ber
nardo del Carpio, a National hero in equal estimation with
theCid. The warrior is described as coming to the Court
of King Alphonso, whose life he had saved at Roncesvalles, avowedly for the purpose—" the lying King to
beard," with the breach of his word of honour in the
murder of the Count de Saldanha, Bernardo's father.
His demeanour while marching at the head of his twenty
chosen Knights, is marked by a solemn and stern grief,
which nothing but his bold purpose can alleviate. When
received with curses and taunts by the suspicious King,
he answers by a short summary of his services and their
perfidious reward ; and replies to the menaces of Al
phonso by abjuring his allegiance sword in hand. We
will commence our quotation with a part of the " Fuul," as an introduction to the scene before .
He stoops him o'er his father's shroud,
His lips salute the bier ;
He communes with the corn
As if none else we
His right hand doth his sword uasheath,
His left doth pluck his beard ;
And while his liegemen held their breath,
These were the words they heard ;
Go up, go up, thou blessed ghost
Into the arms of God ;
Go, fear not lest revenge be lost,
When Carpio's blood hath tlow'd ;
The steel that drank the blood of France,
The arm thy foe that shielded.
Still, father, thirsts that burning lance,
And stiU thy son can wield it.
A curse upon thee, said the King,
Who com'st unbid to me,
But what from traitor's blood should spring,
Save traitors like to thee ?
The life of King Alphonso
1 sav'd at Koncesval,
Your words, Lord Kiug, are l
Abundant for it all.
Your horse was down, your hope was flown,
I saw the faulchion shine,
That soon had drunk your royal blood
Had I not ventur'd mine.
But memory soon of service done
Deserteth the ingrate,
And ye've thank'd the son for life i
By the father's bloody fate.
The King that swerveth from his word
Hath stain'd his purple black ;
No Spanish Lord will draw the sword
la liar's back ;
But noble vengeance shall be mine,
An open hate I'll show ;
The King hath injur'd Carpio's line,
And Bernard is his foe.
Seize, seize him ! loud the King doth scream,
There are a thousand here,
Let his foul blood this instant stream ;
What, caitifTs, do ye fear ?
Seize, seize the traitor ! but not one
To move a finger dareth ;
Bernardo standeth by the throne,
And calm his sword he bareth.

He drew the faulchion from its sheath,
Poetry.
And held it up on high;
* m n ■
And all the hall was still as death ;
Said Bernard, Here am I,
And here's the sword that owns no lord
Excepting Heaven and me ;
Fain would I know who dares his point,
King, Coude, or Grandee."
The Passion of Hatred, as Aristotle has defined it in Hatred,
opposition to Anger, a deep, inactive, settled desire of
evil or destruction to a particular person, without any
defined purpose, or longing after personal retribution,
is, as we conceive, of very rare occurrence in real life.
In this detestable and unmitigated form, it is plainly
unsuited to the purpose of Poetry ; as, on the one hand
it is totally repulsive of sympathy, and on the other,
from its quiescent nature, can neither serve as an active
engine for forwarding the plot, nor for a means of
creating terror.
Jealousy may be considered rather as a mixed Pas- Jealousy,
sion, although as to its operation and results, it classes
most nearly with the resentful class of feelings. Strictly
speaking, the term is capable of two meanings, inasas it either implies the more or less vague apprem of a mortal injury in Love or Ambition, or the
of that injury as having occurred. As relating to
Ambition, it seldom can be so treated as to inspire sym
pathy, and is employed rather as a component in those
characters with whom the hero of the story has to con
tend. For here its operation is exclusively selfish. Not
so of necessity, where the cause of Jealousy relates to
Love. It is in the power of the Poet to create a strong
sympathy for the jealous person, if he describes him as
Othello, " of a constant, loving, noble nature ;" his eyes
either gradually opened to real infidelity, or blinded, as
in the case of the Moor, by skilful and treacherous machi
nations. Here, and in all the instances in which this
branch of Jealousy has been rendered touching, the
reader is made to perceive that it is not so much the
object of a sexual aud selfish Passion that is regretted
by the hero, as the pain of finding his unlimited affec
tion and confidence returned by treachery, and the Being
proved unworthy, on whom he had centered those feel
ings. The deceit practised on him makes no difference
in the reader's sympathy with the revulsion experienced
by a generous mind, and the sense of injustice naturally
felt. But to preserve this sympathy unimpaired, the
Dramatist has judiciously made nothing to arise from
the active impulses of Othello's suspicion, and every thing
from the art of Iago. Self-creating Jealousy is totally
unfit to establish any interest for the party by whom it
is felt; for although in real life it is a common and
grievous calamity, it is confessedly peculiar to weak
servile dispositions.
It is difficult to distinguish Envy from the branch of Entry.
Jealousy applicable to Ambition ; unless indeed it may
be said to be more malignant as well as more passive,
and less accompanied by Hope, Enterprise, or Rivalry ;
a sort of impotent instinct, as it were, unconnected with
any definite project. It is needless to say, that this is a
feeling utterly incapable of creating sympathy under any
circumstances, and only to be interwoven in those cha
racters destined to forward certain parts of the under
plot, inasmuch as it implies a want of power inconsistent
with the energies of a principal villain.
The character of those Passions to which we have
hitherto adverted is decidedly painful, although they are
directed to the attainment of a pleasure more or less
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Poetry. vague or practicable. That of the gentler or more
Social Passions is, in most instances, pleasurable ; and
in all, somewhat tempered by pleasure.
Love, in its sense of ardent and disinterested good-will,
Love, in i
general
is the noblest and the most comprehensive of all the
Social Passions. Its branches may be distinguished
thus : Gratitude, or Love occasioned by benefits re
ceived. Benevolence, or the good-will extending itself
to all creatures capable of pleasure or pain ; and thirdly,
Social Love, either of Country, parents, friends, rela
tives, or mistress. It is obvious that many of the
branches of Social Love may be partly compounded of
Gratitude, or that modification of it arising from the
interchange of benefits : and that the Love of the Deity
consists in the pure and overpowering sense of Gratitude
to an incomprehensible Being whom we only can feel
and behold through the medium of his benefits.
Pity and Regret may be considered as Passions
Pity anil
Regret.
equally Social ; and although rather modifications of
Sorrow from causes connected with Benevolence, Friend
ship, or Natural affection, are in every stage attended
with a certain generous and satisfactory expansion of
the Mind, and in some stages, with a feeling somewhat
allied to pleasure. We speak not of Regret when
combined with Remorse, in which state it frequently
exists, and as such, is calculated to excite the most pro
found sympathy. Pity again may be defined as rather
existing in the mind of the reader when excited by cir
cumstances of sorrow, than felt as a sympathy with an
imaginary personage, as in the case of Anger or Terror.
To resume the subject of Love, it appears that no
branch of it requires definition or distinction, save that
which in common parlance is called by the name. It is
clear how well fitted for the purposes of Poetry, and
how productive of sympathy, as well as .abounding in
Moral beauty and sublimity, are the varieties of Love
in a General and Social sense, which are comprised under
Patriotism, Natural affection, Gratitude, and Friend
ship, and how many of the finest episodes of Poetry are
founded on the heroism which these naturally produce.
With respect, however, to Sexual Love, (there being
Love hetweeu the no other precise term by which to designate the feeling,)
Sexes.
it is plainly alloyed more or less, even in its purest
shape, with a degree of selfish and animal desire. Yet
since, as experience teaches us, none of the higher
Social Passions are more influential in producing noble
and disinterested actions, none also are more fit to
become dignified subjects of Poetry, and to create sym
pathy, than that more refined branch of it, which we
may style the Sponsal and Heroic. Such, for instance,
as is exemplified in the touching episodes of Orpheus,
Harmon, Alcestis, and a thousand others of ancient and
modern invention, where the Passion is clothed with
all the tenderness which characterises the relation of the
sexes, and at the same time made triumphant over
danger, death, and fate.
It was probably this higher degree of the honest and
intelligible earthly Passion, and not any Metaphysical
vision, which the Ancients contemplated under the
name of Venus Urania, or, as we may fairly translate it,
Heroic Love : and, indeed, their experience in their
own Literature might well warrant the distinction.
Amative The lowest form under which the mere mundane Passion
Poetry.
is exhibited, is in the incestuous and beastly episodes of
Ovid ; and less disgustingly, though more weakly, in
the whole mass of that Poetry which passes under the
name of the Amative and Pastoral. In the latter style,

now happily exploded, It is easily perceived how Utterly Pair,
devoid of interest and sympathy mere Love becomes, —W
when stripped of nobler accompaniments. Damon or
Strephon, complaining of a richer or more comely rival,
and with nothing to plead but the waste of intense
desire and tuneful wind, excites no higher species of
compassion than would his favourite bull, if expelled
from his walk by some other horned Tarquin ofthe vil
lage ; for the nature of the disappointment is precisely
the same in man and beast. Accordingly the Poet rinds
it a necessary part of his practice to assist the Lover with
the always ready sympathy of Pan and the Dryads, the
leaves, the flowers, and the faithful dog, and such other
frigid tritenesses.
The contrary extreme in style is of modern growth, Lore, h
and apparently derived from those Troubadours, who te^ed l?
were admitted as assessors in the Provencal Courts of^^
Love, held gravely by Queens and Princesses. The1
deification of the Fair sex was certainly graced and
redeemed from much of its absurdity, by the loyal and
heroic actions to which it appears at first sight to have
instigated the hardy Barons and Chevaliers of the Dark
Ages ; bearing, as it does, a tinge of the Religious
veneration in which Tacitus describes women to have
been held by the ancient Germans. But, as in many
other cases where the means afford the real satisfaction,
and the ostensible end is but secondary, so it is pro
bable that, in many instances, the name and sanction of
a mistress was assumed, to justify the indulgence of a
high-flown spirit of Knight-errantry. Nothing there
fore could be more cold anil meagre, when abstracted
from the stirring legends of flood and field, Cross and
Crescent, Paladin and Paynim, than such Love as
this. The Euphuistic aud Metaphysical School of
Amatory Poets, who may be said, perhaps, to have com
menced with Petrarch, and ended with Cowley, adhered
perseveringly to the same warped and absurd view of
the Passion, when the circumstances which dignified it
were past by. If we may be allowed the metaphor,
they stripped the Gothic Cupid of the Baronial armour
which had dignified his puny form, and plastered the
forked stick which remained, with an ingenious coat of
tinsel, while they mounted it on an eminence even loftier
than before. It is needless to say, that Modern taste,
particularly as exemplified in our Popular Romances,
is in this respect improved into the right medium. The
style of the Ancients, and their conception of Love, is
in general perhaps too nearly allied to the sensual,
though many instances to be found in the Greek Poets
prove that they abounded with loftier views of the sub
ject. Among those of the Latin School, Virgil perhaps
stands alone in what we may call the mixed mode. The
episode of Dido, though not in every respect accordant
with our notions of delicacy, abounds in all the higher
and more pathetic Passions of Tragedy. The character
of the hero, as drawn from his own unconscious narra
tive, appears to warrant her devotion. Like Desdemona,
She loves him for the dangers he has past
And the mulla viri virtus, mullusque gentis
judiciously thrown in by the Poet as the first commence
ment of her Passion.
The Works of Catullus, and others of his class,
however abounding in Poetical genius, display the
merely grosser part of the sentiment, and stand in almost
a ridiculous contrast to the Euphuistic School,
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Poetry, there much apparent chance that either offensive ex^^r^ treme will again become popular among cultivated
True Love, readers. The true medium, by the adoption of which
the Passion can be made to awaken sympathy, appears
to us to consist in this. In the first place, either a
requital, or the fair chance of a requital, should be
shown, as a sufficient cause is necessary to warrant
sympathy in the spectator. Next, a tone of warmth is
required to give it life and reality ; but this, to speak
by analogy, should be the vivifying warmth of the Sun,
imparting vigour and solidity to the oak which is de
stined to stand a thousand storms, not the gross kitchen
fire of Eumaeus, melting away the substance of the hog
•who roasts passively before it, nor the cold light of
the Moon, the presiding Genius of Metaphysical and
fanciful Love.
'iry.
To resume the subject of Pity, a Passion which has
"been pronounced akin to Love, we recognise the justness
of Aristotle's rule, that it can only apply to undeserved
suffering ; for even in those real or imaginary cases
where guilt is punished, the portion of Pity which may
be felt proceeds from an involuntary impression that the
punishment exceeds the demerit. In real life our senses
are still more struck by the sight of the actual suffering,
and our sense of the crime remains for the time in abey
ance ; but as this cannot be equally the case in fiction,
Pity can only be created here for objects more or less
undeserving of sorrow.
The Pity of practical life is so frequently alloyed by
officiousness, curiosity, and even by the baser motives of
triumph and self-congratulation, that it passes with
many persons as the synonyme for Contempt, and is
even more deprecated than aversion. Nevertheless,
when pure, it is a sympathy equally " honoured in the
giving and receiving," even towards an Alfred or an
Aristides. It is heightened in reality, and of course is
capable of being additionally heightened in fiction, by
the firmness and heroism of the party under affliction,
as well as by his previous deserts. CEdipus at Colonus,
though a beggar and an outcast, appears in the hands
of Sophocles with much more real pathos and dignity,
weary of life, purified by misfortune, and viewing with
the steady eye of prophecy the destiny he has come to
encounter, than CEdipus on the throne.
It may be remarked also of the Tragedy bearing
the latter name, (more perfect perhaps in its gradual
and concise developement than any Play, ancient or
modern,) that the attention of the spectator is judiciously
diverted from dwelling too minutely on the crime when
discovered, by the punishment which the guilty, or
rather the ill-fated parlies instantly inflict on them
selves. The self-retribution exceeds the guilt of the
unconscious crime, and at the same time argues a strong
sense of piety and honour in those inflicting it, and thus
the full measure of Pity is preserved even under circum
stances of a revolting nature.
Jotes
The circumstance of ignominious punishment unac.ry.
companied by death, even when undeserved, is obviously
unfit to create Poetic sympathy, though nothing can
really be more bitter, and more strictly pitiable. But this
no one can apply in imagination to his own case with
out a feeling of shame and disgust ; and no one has
therefore learned to contemplate it as a familiar subject
of sympathy. Wallace, with the fatal^ cord round his
neck, though in the situation of the lowest criminal, is a
sublime and touching object; but had Wallace been
whipped and dismissed, the punishment, though a
VOL. V.
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thousand times greater to a hero, would have precluded Poetry,
the sort of Pity felt for a hero's misfortunes.
^V"'"'
Nor again ought pitiable circumstances to be of tod
hopeless or horrible a sort. It should seem, that as the
only pleasure felt in the exercise of compassion arises
from the alleviation which the spectator proposes to
afford, or the reader foresees, and imagines himself
affording; so in either case, when the misfortune ex
ceeds the possibility of aid, we give it up in despair,
and wish to divest our minds of the impression. Thus
far of those branches of misfortune which Aristotle com
prises under the name of to /itapov, are improper for the
subject of Poetry.
That Madness should be, as it is, a powerful source Madness as
of pathos, may seem inconsistent with the preceding a subject of
remarks, as well as with the view which we have taken, '™3r'
in accordance with Adam Smith, of the nature of Sym
pathy. The difficulty may perhaps be solved thus.
Were a faithful picture afforded of the ravings of an
incurable Madman, alleviated by no lucid intervals, and
varied by no recollections of his former state, it would
exactly come under the predicament of the /uapov, and
excite no interest. All Poets of judgment, therefore,
in the treatment of this subject, have chosen those mixed
and common cases, in which the patient retains suffi
cient consciousness to lament over the wreck of himself,
and foresee the coming paroxysm of his disorder ; or
where, in his wildest frenzies, he is still haunted with
the distinct and bitter sense of the exciting cause. The
instances to which we allude are those of Lear and
Orestes ; in both of whom there remains sufficient of
sanity to enable the spectator to invest himself with their
feelings. And no situation can be productive of more
touching sympathy, than that of
Love watching madness with unalterable mien,
the patience and devotion of such characters as Cordelia,
Electra, the faithful Pylades, and the noble Kent ; their
painful recollections of what the sufferer was, their shud
dering perception of what he is, and their unwearied
efforts to alleviate his situation.
To afford the Passion of Pity its free and natural Concentreexercise in the mind of the reader, it ought to be con- tiouof Pity,
centrated on one object at a time, and that object should
be characterised in a manner which may make it familiar
to the imagination. Otherwise, as in fact takes place in
real life, the sensation of Pity is weakened by diffusion
among a number of individuals. We cannot illustrate
this truth better than by employing the analogy of
Historical Painting, in reference to the different ways in
which the Massacre of the Innocents has been treated.
The majority of Painters have exhibited their powers of
grouping and contrast by encumbering the foreground
with great masses of figures in every attitude, which,
though they undoubtedly display the technical powers
of the Art, perplex the eye and the Mind, and leave
no leading object of compassion for either to rest
upon. A modern French Painter, with a juster con
ception of the master feeling connected with this subject,
has thrown the tumult of pursuit and massacre into dis
tant perspective, and directed the eye exclusively to a
young female cowering with her infant under the shelter
of a ruined wall in the fore-ground, and listening with the
most intense expression of horror to the footsteps of a
murderer who is seen in the middle distance approaching
the very spot. To instance a parallel example in the
Drama, the simple plots of Antigone or Alccstis, turning
4 <J
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Poetry, on the fate of one touching character, create infinitely
-s/-^ more sympathy than the mass of incidents and calamities
crowded together in the Phtenissce,o. Drama nevertheless
abounding in Tragic dignity and spirit, and second to
no extant Work of Euripides.
Regret
Regret naturally comes next in the order of Social
Passions, as compounded equally of Love and Pity ; or
consisting perhaps in the sense of privation of an object
of Love ; a Social pain exactly in the degree in which
Love is a Social pleasure. As its nature is to dwell on
minute and trivial circumstances connected with its
object, great judgment is therefore required in the Poetical
selection of these, so as not to lower the dignity of the
Passion in preserving its natural tone. In the expres
sion of Regret also, as indeed of every other Passion, a
degree of moderation and apparent self-command should
be visible in the real or imaginary mourner ; and the
merits of the dead should rather be dwelt on, than the
keenness of his own grief, in order to justify the cause
of it to the reader and spectator. The Aineid perhaps
contains no passage of greater Epic dignity and feeling,
than that in which /Eneas bids a last farewell to the
bier of Pallas. In the studied military pomp of the
■whole ceremonial,
solatia luetus
Exiyua inyentis, miscro sed debita palri,—
and in the set and solemn invocation to the young hero's
shade,
Sali e trternum mini, maxime Palla,
JEltrnumque late,—
there is a still stronger pathos than in his first burst of
regret at beholding the body. We witness the deep
feeling and deeper self-command of a stern and sage
Leader, repressing such acts and expressions of sorrow
as might unman him on the brink of action, and in
dulging the proud consolation of blending his youthful
friend with the memory of Hector, Sarpedon, and his
other departed comrades in a hundred fights.
To our apprehension indeed, " the tears of bearded
men," when judiciously introduced, are a more powerful
source of sympathy than those of women and young
persons, to whose circumstances such expressions of
emotion are more suitable. There is a stronger con
trast, and, as it were, a greater force from previous
compression, in the grief of a stern aud powerful mind,
bursting forth in spite of a degree of restraint propor
tioned to the magnitude of the cause : and in the cir
cumstances under which alone such grief can appear
natural, there is usually nothing of the every-day sel
fishness of sorrow. In the last Book of the Iliad, it is
true Achilles weeps as bitterly as a woman or child, but
iiis tears are shed in the solitude of his tent, and under
circumstances which redeem them. The hero, sleepless
after the fatigue of gigantic feats of strength and daring,
and inconsolable amid the applause and gratitude of
leagued Nations, sees and feels nothing but the depth
of his own abandonment; and (which shows the highest
judgment in the Poet) his sorrow arises not from the
mere trivial and endearing recollections of Social life,
but from the thought of the tried fidelity of his com
rade in danger and privation, and their companionship
in noble achievements.
Hi* ix'offa. roXtrrwet rvy tlrZ tttu raVtv a\yi*
A*5ji£, rt WTflXi/*i#f, rcXiyir/x rl xti/iareL nlttn*
The same train of thought is admirably touched in
Don Ferdinand's Lamentfor his Brother, a smaller Poem

by an Authoress, perhaps unrivalled in giving a chiva]. p«,7
rous grace to the tenderer feelings.
^
In the desert, in the battle,
In the ocean-tempest's wrath,
We stood together side, by side,
One hope was ours, one path. "
Thou hast wrapt me in thy soldier's cloak,
Thou hast fene'd mc with thy breast,
Thou hast watch'd beside my couch of pain,
Oh, bravest heart, and best 1
As Regret forms the basis ofElegiacPoetry.it may&sraJ
be as well to comprise in this place the lew remarks which ^"fwe are led to make on that branch of the Art The
desire to rescue the virtues of a friend from oblivion is so
powerful and natural, that it has impelled many writers
into eulogies destructive of the sympathy ofthe reader by
their fulsomeness, however sincere, and out of character
with the sacred repose of the grave. The mourner
loses his character as such by becoming an ambitious
Orator ; and we safely leave him to the consolations of
the sort of secondary egotism which he has evinced. If
any thing, on the contrary, be sure to excite the sym
pathy of Beings who feel themselves rolling along like
atoms in the tide of eternity, it is a short mention, and
little more, of name and date, as the modest appeal from
the utter forgetfulness of the tomb, in behalf of those
who once lived, suffered, and enjoyed like themselves;
and if the occasion can warrant any posthumous praise,
it should be covertly implied in some short and pithy
expression of deep grief, which never can be out of
place. Lest we should appear to confound the subjects
of Elegy and Epitaph,* be it remarked, that the pur
pose and leading sentiment of both being in every case
the same, the same rules, with a very trifling latitude,
apply to both. In the expression of the bitter and
enduring grief which "sorroweth without hope" in
contemplating an everlasting separation, the Ancients,
to whom such feelings wer« natural, will probably
never be excelled. There is a brevity, and a solemn
simplicity in the "Xpijore, x"7pf," the "fAeti \hm?
—and many of those monumental inscriptions which
they have left us, contrasting singularly with the
stiff emblazonries of arms, acid the enumeration of &
hundred real or imaginary virtues, which perpetuate
the bad and worldly taste of the last two Centuries, and
make the memory of many art obscure and respectable
person absurd. If we may be allowed a fanciful allu
sion, it seems that the tone of such tributes should be
in keeping with the solemn devotional strain of the D<
Pro/undis; an appeal, as it were, from the power of the
grave to Him who saith, " I am the resurrection and
the life." The short and touching N. M. Import
pace, or Orate pro animd, of foreign churches, th*
simple text on a village grave, breathing humble Reli
gious confidence, and the defaced effigy of the Crusader
folding his hands in prayer, and as it were bowing his
MARIANNjE SConjugi nunquam satis plorandm
Inane hoc, tamen u/hmum
Amoris consecrat testimonium
Mwitus, hen ! superstes.
The above Epitaph, inscribed on a plain marble tablet in a vJlaf?
church near Bath, is one of the few in which the Latin Lang"1?
has been employed with the brief and profound pathos of a™*3'
sepulchral inscriptions. As a parallel instance in Elegy, vt
mention the well-known six lines consecrated by Bishop Lo*ln IJ
his daughter's memory.
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mailed strength to the Power that made him ; all these,
different as they may be in their outward character,
appear to us appropriate symbols of the calm unearthly
mnod which gives to Elegy or Epitaph its most powerful
effect in a Christian Country.
A loftier tone may be allowed in the commemoration
of those public services which appeal to the gratitude of
posterity ; though even here, the true impression con
veyed to the mind of the passer-by should be the hope
that the soul of the Patriot, Hero, or Statesman may
the rather find rest in behalf of the services rendered to
his Country, and of the greater temptations to which his
commanding situation has exposed him. Yet in such
cases the virtue of brevity is as necessary, though for
different reasons, as in the memorials of private affection.
Not a word was inscribed on the Colossal Lion placed
upon the plain of PlaUea. The same noble conception
was adopted in that cut out of the solid rock in Swisserland, to the memory of the Cent Suisscs, marked only
by the shield of France, and the inscription
HclvetiorumJidei et virtutu
A feeling exactly similar prevails in the Epitaph at
tributed to Simonides, on Leonidas and his three
hundred warriors ; a soldier-like distich, to which
invention and imagination could have added nothing
which would not have derogated from its Laconic
dignity.
fl h7v\ ayytikev Auxtleuf&avlots ort rn$t
t fr,{j.K9l <ri>t'U'.v:t.
Thus the mere name of Washington, Nelson, or
Sobieski, would speak volumes to the recollections of
the passer-by, without the addition even of a word or a
date. Even the rough stone ofLiltzeu* is more eloquent
than the most elaborate inscription.
We have now to speak of those Passions which are
founded on the sense of self-esteem and the reverse, and
which are connected with those of the Social sort, as
cooperative with them, or the contrary.
Both Pride and Vanity are terms loosely used, as im
plying either the pleasurable sense of self-esteem resulting
from a comparison of ourselves with others in trifling or
in great things, or the earnest desire to obtain such ad
vantages as may justify that sense in the eyes of others :
a desire which, when seconded by action, assumes the
name of Ambition ; and which, although used in refer
ence both to important and to trivial objects, is usually
applied to the former. The term Pride is also more
commonly used to denote the calm consciousness, well
or ill founded, of great advantages, as that of Vanity
applies to smaller distinctions, and a more restless and
agitative state of mind. The former is a defensive,
the latter an aggressive mode of self-esteem. As, how
ever, it is difficult to draw the exact line between the
two Passions, and as Ambition seems to denote a
permanent habit of the Mind, we may be allowed to
simplify the subject by calling the general desire of
distinction, Emulation, and the sense of its gratifica
tion, Triumph. Neither of these Passions, though use
ful in producing incidents, and imparting a sort of
stage effect to particular conjunctures of the story, are
in themselves productive of sympathy, as being exclu* A rude boundary-stone, close to which Gustavus Adolphus fell,
is pointed out with religious veneration by the peasantry on the
j l.nu of Liitzen, and known by a peculiar name.

sivcly selfish, and in their nature apt to exceed the
bounds of moderation, as in Theocritus's picture of the
delighted clown :
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K*tt« Adxa»of tu viifti i
When indeed the emulation is of a dignified nature,
and exerted in a generous manner, it may well become
the object of sympathy ; but in that case it is not so
much the feeling itself with which we sympathize, as
those higher impulses which purify, control, or excite
it ; as in the single combats of Chivalry, fought accord
ing to all honourable rules of war and courtesy, for the
glory of Liege or Mistress ; or in the challenge between
Glaucus and Sarpedon, the termination ofwhich furnishes
so agreeable an episode in the Iliad. A similar rule applies
to Triumph. In the Legend of Bernardo del Carpio
already quoted, the hero, whose Triumph is certainly
most complete, claims the sympathy of the reader as a
son and a warrior, asserting the honour of his dead
father and himself at the risk of his life, and branding
the ungrateful Monarch with infamy in the face of his
Court. But here, again, the feelings with which our
sympathy moves in accordance, are the sense of filial
devotion and of honourable resentment, not the mere
sense of Triumph, which in fact is obviously a secondary
object with the chieftain himself.
The sensation of Scorn, in its purest and most un- Scorn, of
mixed sense, we conceive to be more a calm mental ^Satirical
impression than a Passion ; unmingled as it is with
any pleasurable sense of triumph or comparison, and in
itself implying no ulterior desire or object. The most
complete instance of it is embodied in Goethe's wonderful
conception of Mephistopheles, the only real and unmixed
Evil Spirit in the History of Poetry. The Demon
appears to sit on a lofty and cold eminence, like the
Genius of a glacier, looking with a freezing glance at
the Passions and projects of the human atoms moving
below him, and " grinning a ghastly smile" to see their
bones whitening in the crevices of his domain. To
take a more familiar instance, the feeling with which
the Ox in iEsop's Fable is supposed to regard the
emulous Frog, is a Scorn the more intense, because
it is indolent and impassive, condescending to no com
parison, and accompanied neither by Resentment nor
Triumph.
The discriminating knowledge and application of true
Scorn appears to have been one of the secrets of the
power and dignity of the ancient Satirists. On the
contrary, much of the effect of more recent Sati
rical works is weakened by the mixture of more
contentious elements. The demonstration of the per
sonal feelings of Anger, Jealousy, and Triumph, causes
much of Churchill's powerful venom to recoil upon
himself, or fall harmlessly to the ground. Again, in
Lord Byron's Satire, English Bards and Scots Reviewers,
the mortified and exasperated air which the author can
not conceal in any part of its course, is the reverse of that
apparent sense of contemptuous superiority, in which the
bitterest sting of Satire consists. He flourishes a horse
whip, as it were, furiously in the face of the world, leap
ing and shouting at the anticipated success of every hit.
Instead of calling to the reader, " Ned, prythee come out
ofthat fat room, and lend me a hand to laugh a little ;" he
cries, " Gregory, stand by me, and remember thy swash
ing blow ;" an appeai effective only when addressed to
a partisan.
4 q2
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The Dunciad of Pope, on the contrary, is marked
throughout by a careless consciousness of power exerted
for his own sport, like that of a cat tormenting a mouse,
which must have been doubly galling to those whom he
assailed. He seems like the very Genius of Scorn de
scending from his eminence, to relax himself with the
exercise of the knout, rather than an angry mortal, fight
ing his way vigorously, like Byron, through a crowd ;
or like Churchill, shovelling mud at all who oppose him.
In the scale of those who have succeeded in embodying
the true and genuine conception of the feeling in ques
tion, Juvenal may be said to represent the Penseroso,
and Pope the Allegro.
Scorn, as
As adapted, however, for Narrative and Dramatic
embodied in purposes, Scorn assumes a more mixed and active form,
Narrative
and may fairly be called a Passion. It is obvious that
Poetry.
the mere expression of that calm impassive contempt
wliich imparts to Satire its bitterest sting, contributes in
no way to the furtherance of a plot ; and that for this
purpose it must be combined with action and event.
Nor can this in any way take place, excepting in the
shape of Anger or Indignation ; that is, Resentment for
Scorn done to ourselves or to others. In the overt acts
therefore to which these Passions are made to give rise,
Scorn may be considered as the secondary emotion,
whose expression by word or deed tends to gratify the
leading one of Resentment.
There is perhaps no passage in Poetry more expres
sive of the most sovereign degree of resentful Scorn,
than the reply of Angiolina to Michael Steno, in the
Doge of Venice. Yet even here the mixture of personal
feeling in an insulted and high-minded woman, (ex
pressed perhaps rather too wordily,) which is necessary
to give a natural effect to her words, imparts a quality
to the Passion in question very distinct from that of the
pure Contempt which it has been our study to point out
as the essence of Satire. Admiration, which in different
ways is the converse both ofself-esteem and of Scorn, is,
as we have stated, rather in its general sense an affection
of the Understanding than of the heart ; inasmuch as it
may arise from the contemplation of any wonderful
scientific or mechanical work, or even any remarkable
feat of strength and agility, the success of which may
not interest us. As a source of Poetical pleasure, it
resolves itself either into the sense of the Physical and
Moral sublime of which we have treated, or into the
Social Passion of disinterested Gratitude excited in some
one or more imaginary personages by the great and
worthy deeds of another. In the latter form, though
eminently fitted to excite the sympathy of the reader, it
addresses itself directly to his Mind without requiring
the medium of any character with whom to sympathize,
and without alteration of its quality. Though one of
the most exalted of the Social Passions, it is that which
has least to do with the conduct and developenient of a
Narrative Poem, being rather known as a final effect
than as a cause.
•
Shame and
Shame and Remorse, though in their nature resulting
Remorse, from culpable or humiliating circumstances, are in them
selves Passions more indicative of the Social and Moral
nature of Man, than those to which they stand opposed
i.
as negations of self-esteem ; and when judiciously
•v
treated, excite a more complete sympathy. While
Emulation and Triumph are founded in selfishness,
these, on the contrary, are the results of the operation of
conscience. Though in many cases they are combined,
and very similar in their workings, Remorse may be

defined as a pain more approaching to Pity, and accom- fab
panied with the desire of reparation to an individual' v»vw
while Shame, on the contrary, is the painful sense of
that which has forfeited the esteem of ourselves, or of the
World in general ; as exemplified by the respective feel
ings of Alexander on the murder of Clytus, and of the
survivor of the three hundred Spartans, when devotin»
himself at Plat sea. Both these are instances of the self,
reproach of noble minds, operating from different causes,
and equally productive in both cases of sympathy. And
Shame may be said to mingle itself with Remorse in
the degree in which the individual has forfeited his selfesteem by the act of injury in question.
In the motto prefixed to Coleridge's Drama of
Remorse, the Poet defines clearly that which we con
sider as the only true form of the Passion, while it
the same time he assumes as the basis of his plot a
feeling more allied to the intolerable sense of Shame in
a haughty spirit, gradually exasperated into resentment
against the innocent cause of that Shame. The cha
racter of Ordonio, though powerfully drawn, is perhaps
too bold an attempt to embody an anomaly in Human
Nature, such as rarely occurs, and from its uncommon
and antisocial tendency, the object of no sympathy.
We may contrast with this false Remorse the mutual
self-abasement of two honourable minds, which is ren
dered so touching in the reconciliation of Pierre and
Jaffier upon the scaffold ; the one humbled to tie dust
by the sense of his former treachery, the other haunted
in his last moments by the self-recoiling Shame of " the
filthy blow his Passion dealt," and anxious not only to
testify his own forgiveness, but to soothe his friend's
sense of personal indignity. The sympathy of the
spectator is here of a higher nature, knowing them both
as men of haughty spirits, from whom neither Fear nor
selfish feeling could have extorted one word of depreca
tion.
Though deep Remorse may evince itself in a general
ferocity and recklessness of character, (and so far the
character of Ordonio seems natural,) we still doubt
whether it be consistent with ill-will towards the injured
person. In fact, the vulgar dogma that men hate those
whom they have injured, applies to morbid Pride, or the
abjectFear ofretaliation, and not to the sense of Remorse,
in its proper meaning. It may even be doubted whether
in all real cases, Remorse does not mingle with regret
for the dead, suggesting all forgotten instances of slight
omissions or unkindness. And in the grief of Admetus,
Orpheus, or Achilles, as the subjects of ancient (able,
there is blended a strong tinge of this self-reproaching
Passion, arising from causes distinct enough to justify
it, yet not sufficiently culpable to abate the readers
sympathy. Thus also the allusion to the death of Maja
Howard, in Childe Harold, derives a greater grace aw
pathos from the slight glance at a repented family feud'
Yet one I would select from that proud throng,
Partly because they blcud me with his line,
And partly that I did his sire some wrong,
And partly that bright names will hallow song.
We have dwelt more largely on the causes and the
operation of the different Passions, as well as on their
distinctive marks, because, either as felt or acted upon,
they contain the History of Human existence, and of all
the causes which influence it for good and evil, as well as
the substance of all the genuine materials for Poet"
For without Human Action and Passion, the contempla
tion of the most sublime and beautiful Physical objects
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soon grows tedious and uninteresting ; or rather their
■> influence is only felt through the medium of the pain or
pleasure which forms the basis of Human Passions.
Milton's description of Paradise derives its principal
charm from the tenancy of our first parents, in company
with whom, as it were, the reader expatiates over its
hill and valley, fountain and fresh shade,
Made vocal by their song.
The magnificent picture of a storm which occurs in
the Georgics, addresses itself to the Imagination as con
nected with the awe and peril of Man, and the vengeance
of the fabled Jupiter ; without which vivifying circum
stances, all else would, in fact, be on a footing with the
phenomena of an uninhabited planet.
Ipte Pater, medid nimborum in node, corutca
JFulmina molitur dextrd, quo maxima motu
Terra tremit ; Jugere ferce, et morialia corda
Per gentes humitts strayit pavor ; Vieflagranti
Aut Atho, ant Rhodopen, nut alia Ceraunia tela
Dejicit ; ingeminant Austri, et dennssimus imber /
Nunc netnora ingenti vento, nunc littora plangunt.
We have already enumerated the three ways in which
the Passions become the sources of Poetical pleasure ;
either as productive of sympathy in the reader, or as a
source of Moral grandeur, or, thirdly, as furnishing, by
their effects, those vicissitudes and obstructions in the
course of the plot, which when overcome, give a greater
zest to our sense of Poetical justice, and which our
Imagination delights to triumph over by anticipation.
It is needless to enlarge on the union of Sensibility and
Invention, of Moral tact and Metaphysical accuracy,
which is required to exhibit on an extensive scale, the
reciprocal workings of these main-springs of the Human
Mind, balanced and selected in such a manner as to form
a grand and harmonious whole, which may impress
itself on the Imagination with the force of reality.
Hence the rare attainment of excellence in the Epic or
Tragic styles of Poetry.
The expression of one or two insulated Passions has
often been successfully embodied in shorter pieces, where
the Poet has copied faithfully the prevailing mood of his
own Mind ; but this faculty, compared with the masterpower to which we have alluded, is as the operations of a
small detached force, as contrasted with the combinations
of an extensive campaign, or the melody of a single
instrument in comparison with the perfect and wellarranged harmony of a whole orchestra.
We have endeavoured to trace a few main lines of
separation and distinction in a field which is nearly
boundless, comprising, as it does, (he sum and substance
of all which gives Poetry its true vivifying spirit. The most
leading of these differences appears to lie between the
selfish and the Social Passions, as repelling or exciting
the sympathy of the reader and spectator in the pro
portion in which the Principle of self predominates oris
forgotten ; and as usually tending to produce evil or
good, according to that proportion, though not univer
sally so. Thus, as a general rule, Envy is a more
mischievous Passion to Society than Anger arising from
a justifiable cause. But the latter, even when its con
sequences are dangerous or pernicious, is calculated to
excite some degree of the sympathy which the former,
though powerless and suppressed, cannot command ; the
one being totally selfish, the other so far social as it is
founded on the supposed loss of the esteem of our
fellow-men. Thus also Ambition, when confined to
the selfish desire of aggrandizement, excites no sym
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pathy ; when felt, as by the Olympic athletes, in the Poetry
character of sons, lovers, or townsmen, it assumes a
shape modified by other generous and Social Passions,
and therefore highly interesting ; though in the first
instance, Society may reap practical good, and in the
latter, contusions and deaths may be the only result.
It is hardly necessary to remark, that whether the
Passion described be of the interesting or the repulsive
sort, it must be in a manner toned down to that level
which may meet the perceptions of readers in general,
and preserve the laws of unity and keeping in the
imaginary character to which it is attributed. Yet no
thing is more common than the species of egotism which
leads a writer to assign an undue preponderance to that
Passion which his own mental habits best enable him to
comprehend and enlarge on. Hence either the leading
character is an exaggerated caricature, like a creature
overbalanced by one disproportionate limb, or a tinge of
sameness is imparted to the whole texture of the plot
and the Dramatis Personee.
Another snare is apt to arise from the ambition to
create some novel and striking combination of Passions,
such as may in reality arise at particular crises of events.
Here the Poet, from the superior facilities afforded by
Language, has certainly the advantage over the Painter,
whose Art is limited to outward marks of Passion, and
can embrace only one particular moment of time. In
the same proportion, however, greater is the danger of
the former being misled into incongruities, while he
studies to avoid triteness,
et variat inducere plumas
Undique collectis membrit, ut turpiter atrum
Detinat in piscem mu/ier formosa superne.
It is, for instance, a very common fallacy to imagine
that Passions which take place in the orderof cause and
effect, are simultaneous; as for instance Fear and
Anger, the latter being a very common reaction of the
former, but superseding it as soon as itself exists.
The effects or workings of a Passion ought also never
to be described by the person who is supposed to feel it,
but should appear rather through the medium of in
voluntary words or actions : for it stands to reason that
the Mind has not leisure to feel intensely and speculate
acutely on the same subject and at the same moment.
The forced and unnatural effect of Seneca's Dramas
does not, perhaps, so much arise from the incongruity of
the sentiments which the characters express, as from
their reflective loquacity, " in the very tempest, heat,
and as it were whirlwind of their Passion." Their chief
object appears to verify and note down a series of
phrenological experiments upon themselves, as minutely
and absurdly aslo is described by jEschylus expatiating
on her fit of epilepsy at the moment of its access, instead
of leaving the office to the friendly Nereids :
it o-y'.Liv Qipfnai, Xvffrvf
TlrtvfiMri ftot^ym, y\*rrtit az^KTns'
BeXlf« Xtyot terming' u>.n
~2.Tvym% T^if Kvptariv arfii.
The English taste, at the end of the XVIth and be
ginning of the XVIIth century, was replete with this sort
of frigid Metaphysics, which for a long time were con
sidered the finest and most courtly style of writing.
In no case indeed ought Passion ever to be made
rhetorical, although in many its natural effect is to be
highly eloquent. Euripides, than whom uo writer per-
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Poetry, haps has shown himself a more consummate master of
^—-\^«~/ the Passions, still appears to labour under a constant
temptation to forensic etfect. His controversy between
Eteocles and Polynices, for instance, meeting as they do
under feelings of furious excitement, is conducted as
gravely and methodically as in a Court of law; its set
phrase destroying much of the efFect of the thought and
eloquence to which a more natural form of delivery
would have done justice. The appeal of Hecuba to
Ulysses, in behalf of her daughter Polyxena, is however
free from this generally pervading fault. Here, the
avowed and studied purpose of the captive Queen is per
suasion, and the silence of Ulysses, inflexibly calm, gives
greater leisure for all the arguments which her pas
sionate anxiety seems naturally to suggest," varied some
times by indignant reproach, and sometimes by touch
ing supplication.
Soliloquies. It is obvious that a Poet is in danger of falling into
the error in question, in the use of those Soliloquies
which are necessary in many cases to instruct the spec
tator as to the secret feelings and purposes of the speaker.
As little use as possible should be made of these, save
as meditative preludes or sequels to those displays of
Passion which are elicited by the contact of other cha
racters. It may be indeed in some cases consistent
with Truth and Nature, that a strongly stifled emotion,
like the vindictive exultation ofZanga, should burst out
in the first moment of solitude ; but the general and
proper character of a Soliloquy is repose and reflection ;
and the acknowledged want of Truth in the mode of its
expression suggests the expediency of confining it to
that province in which its use is indispensable. We do
not mean to apply these remarks to the mixed mode of
Soliloquy, or rather Monologue, where the person
addresses a conscious or even an unconscious object of
the feeling which predominates, as in the eminently
pathetic addresses of Medea to her children,
"0. rixm, rtxvec,
fti* in, *. r. X.
and of Electra to the urn of Orestes. For here there
is a visible object of address, whose reality sustains at
once the Passion of the speaker, and the sympathy of the
spectator. Though the audience know Orestes to be
alive and prosperous, yet the passionate regret of his
sister conjures up, as it were, to their eyes the involun
tary image of his spirit listening to her words ; and un
conscious, as the children are, of their situation, an anticipative sympathy in their fate mingles itself with the
impression made by their mother's mental sufferings.
In the above remarks, our purpose has been rather to
point out deductions which naturally arise from the
failures of different writers, than to suggest those rules
for the treatment of the several Passions, which tact and
experience alone can acquire in a field comprehending
the universal nature of Man, and embracing all objects
from which he is capable of deriving either pleasure or
pain.
Character
Character, as delineated in Poetry, may be considered
chiefly
in intimate connection with the Passions, since it is, in fact,
compound- a combination of two or more of them in different dePassiona £rees' or wn'cn is 'he same thing, of the habits induced
by their constant prevalence, modified by accidental cir
cumstances. It is just as rare to find two Characters
exactly corresponding, as to see two faces exactly simi
lar, since the slightest excess or diminution of one of
the component parts will, in either case, alter the general
bearing and proportion of the whole, and produce a new

individual variety. It is certain that in almost every v^,
case some master Passion, or habit inveterately indulged v-w
forms, as it were, the basis or groond-colour of a Cha
racter, giving to all the remaining parts a quality and
tone resembling that of the prevailing tint in a Paintine.
But as its influence is often latent, or at least less pro!
minent than some other characteristic which takes its
source from it, superficial observers are often guiltv of
the mistake of assuming the latter as the primary source
of action ; confounding as it were the back-eddy with
the course of the main stream which acts upon it, or
the apparent motion of the Sun with the real revolution
of the Earth which seems stationary. Hence the many
seeming inconsistencies of Character which perplex the.
World in general in the observation of real life, and the
blunders often made by writers who ventare out of their
depth in attempting to embody some new mental combi
nation from their own partial views.
The connection of the Passions with each other as
cause and effect, and the laws both of their duration,
and mutual reaction, is matter of deep and necessary
study for the writer who aspires to any thing like origi
nality in the description ofCharacter. Hence, from lime
immemorial, second and third-rate Poets have taken
refuge in certain hereditary xoiva elcij, (like the "pert
noble," and other established forms of the French stage,)
which remain but little altered by use and transmission,
and one sample of which as accurately represents the
rest of its class, as Rosencrantz might Guildenstero, ot
the " brave Gyas" might the "brave Cloanthus." The
ordinary description of tyrants, Turks, heroes, rivals,
cruel fathers, assassins, lovers, and courtiers, all un
doubtedly more or less laudable and indispensable in the
conduct of a plot, perform their devoir with the unifor
mity of well-drilled troops, and it must seriously be
owned, with a much more agreeable efFect than the halftrained and disproportioned personages, created, as it
were, like Frankenstein's monster, from the ill-sorted
shreds and patches of humanity, who are sometimes
substituted for them by imprudent coveters of origi
nality.
_,.
A striking proof of that difficulty of comprehending^
the main thread of a Character, to which we have alluded,
exists, if we are not mistaken, in Horace's summary of im.
the mental features of Achilles :
/mpiger, iracundtis, inexorabilit, aeer,
Jura neget tibi nata, nihil non arrogct armit.
The character described in these lines, which certainly
portray somewhat of the hero's outward demeanour, and
which from their concise and elegant Latinity, are ?^
nerally quoted as a perfect abridgement of Homers
conception, might suit equally well with Ferragus or
Ascapart, Rodomonte or Ragnar Lodbrog, or my
other fierce and strong Barbarian. Now the old M*°_
nian, with the instinct of master genius, has in his hi*
Book prefixed, as it were, the key of Achilles's character
to what he prepares to say of his future conduct:
Mqr(£,
p irtKlt yi fwvitmittr *r(f Jaw,
Conscious that he is foredoomed to an early death,
the fiery young Prince is the more morbidly alive to
glory which is to immortalize his span of manhood, and
the more jealous of the slightest slur upon his honour.
Hence also the melancholy and sensitive cast of suMi
which characterises even his ghost, in the interview wit
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Ulysses in the Shades, and which shows itself in the
intensity of his one only friendship. The stain on his
honour, accordingly, and the death of Patroclus, produce
in different ways a degree of reckless fury, which Horace
has mistaken for the habitual character of the hero. But
instead of disclaiming Human or Divine laws, we see
him, in the 1st Book of the Iliad, convening the Chiefs
to take measures for appeasing the anger of the Gods,
and guaranteeing the safety of Calchas, their interpreter,
at his own risk. On every occasion not connected with
the sense of his own personal insult, he is eminently
just, and strictly courteous; not only receiving the dele
gated Chiefs with the respectful deference due to heroes
grown grey in arms, but even calming the tempest of
his first indignation, to welcome the heralds who are
come to take away his mistress, with the observance
merited by their sacred persons.
Xaittri JMfaflUfj Adit ayytXoif rt6i xo) ivfyZi,
rArrn JV, aCri pti Cptftti Waunti.
His wrath is therefore aggravated by the violation of
those laws which he respects and practises in his own
person.
In the interview with Priam, which may perhaps be
said to stand on an eminence of pathos never since
equalled, it is evident that the old man has unconsciously
touched the master-string in the mind of Achilles, the
foreknowledge that he is never to behold that father to
■whom Priam augurs his return with success and glory.
For the first time, the fate of the conquered Hector
flashes on him as precisely his own, and the aged King
presents himself by anticipation, in the person of the
disconsolate Peleus. The hero weeps like a child, and
relents in a manner which might appear unnatural to
those who do not comprehend the real princely propor
tions and pith of the Character conceived by Homer,
of
We do not scruple to assert that for want of the tact
and master-power of conception possessed by Homer,
his rival Virgil has failed on the whole in his delineation
of the Trojan leader. Undoubtedly many passages of
the Character and conduct of jCneas are marked by great
power and dignity. As a calm and veteran Leader, the
tried comrade of Hector and Sarpedon, he is always
himself; and throughout the whole of the lid Book, in
■which Virgil has filled up the outlines of established
fable, he appears as a warrior, a husband, and a father,
in the most graceful and natural light. And, in fact,
the final tale of Troy therein detailed may be said almost
to exceed any thing in Homer, as a piece of vivid and
heroic Narrative Poetry. On a view, however, of the
■whole JEneid, the character of the hero appears, as
it were, purpurcis assutum pannis ; compounded of
remnants of the Royal pall, which do not connect into
a consistent garb. The first and most natural con
ception entertained by Virgil was probably that of a sage
and magnanimous Chieftain, disciplined by suffering
and experience, and alike master of himself and his
purpose; calm, thoughtful, and humane, and schooling
a naturally ardent temper by the rules of piety and
virtue. Now, in some of the most important crises of
his hero's career, Virgil has evidently been misled by the
imitative ambition of copying Achilles, a character com
pletely different in age and peculiar circumstances ; and
accordingly, a mixture of impulse and premeditation
seems blended in more than one of his actions, which
conveys the idea of a dull, middle-aged actor rehearsing
the part of the Homeric Chief. The son of Peleus,
boiling wilh the reaction of a long and inglorious self-
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restraint from arms, and unconscious of sleep or food Poetry,
since the death of Patroclus, plunges into the battle like v—v—«
a wolf bereaved of its young. He taunts the victims
who fall before him, as if unable sufficiently to wreak
the bitterness of his first fury, which impels him to com
mit the indignity on the body ot Hector, destined by the
latter for his friend. All this would have been horrible
and disgusting in cold blood. But the pious ^Eneas,
while fighting with the skill and caution of a veteran,
coolly congratulates his dying foes and himself, that they
have the honour of falling by his hand. After an inter
val of some days has composed his grief for Pallas, he
murders the disabled Turnus in the act of appealing to
his filial piety, diverted from his nearly matured pur
pose of mercy by an accidental sight. His sense of duty
and Religion, which has never suggested a legal repara
tion to the honour of Dido, appears for the first time
when the Gods command him to abandon her ; and if
any compunctious visitings disturb the calm satisfaction
with which he celebrates the Funeral Games in the next
Book,
Cingent maternel lempora myrto,
they seem to remain a secret to the Poet himself. The
hero's continence appears to extend merely to useless
grief, and his revenge to operate after mature delibera
tion, amid the full honours of conquest. Thus the Cha
racter is only agreeable when viewed in the detached
parts unconnected with those of which we speak. That
of Achilles, amid all his excesses, is natural, consistent,
compunctious, and royal, exhibiting both the Knightly
faults and virtues which a Roman critic was incapable
of fully understanding.
That which the Ancients denominated " Manners," Manners
appears to correspond with what we have enlarged upon directly
under the name of Character ; or perhaps may be called the w jjn Action
developement of different Characters by contact, drawing anj rjha- •
forth and exhibiting those Passions which are their com- racier,
ponent parts, and which influence the event of the story,
while they afford an imitative picture of Human life.
Sentiments also, of which Aristotle speaks as a separate
cause of the actions of men, should seem to be (so far
as regards Poetry) the expression by speech or action,
of the components of different Characters. Even when
these are dissembled, they conform to this rule, inasmuch
as they mark the leading feature of the speaker's mind
to be falsehood or treachery. Nor can we see that, in
reference to any narrative or Dramatic Poem, the actions
of men can be separated from their Manners. It is true
that the action itself interests the Mind as forming a
part in the chain of adventure and vicissitude, which
we have already accounted for as forming a separate
branch of pleasure to the reader ; but the correct descrip
tion of the Passions which influence the actor, through
the medium of those Manners which are their outward
sign, is as inseparable from the action, as warmth and
motion are from animal life ; and with the prevailing
tone of these must the particular action be consistently
squared, or a link in the chain of illusion is broken.
As no idea of Character can be given save by action, or
speech, (which is in fact a mode of action,) so does
action present no probable or distinct whole to the Mind,
excepting as deducible from the Character which origi
nates it.
It would be needless to add that the Manners of any
imaginary person should be consistent with the respec
tive age, sex, circumstances, and habits, as well as inter
nally so wilh each other. The abundant directions of
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Aristotle and Horace on this head are merely abstracts
of that which experience and observation alone can
acquire.
Fortunes of In every Poem of action and narrative, whether
the Hero of Tragic, Comic, Epic, or Romantic, (which may be con
a Story.
sidered as a minor branch of Epic,) the main thread of
interest must consist in the fortunes of some leading
Medium of person. When these fortunes are the subject of Tragedy,
character in the special sense in which the term was understood
best adapt
ed to Tra by the Greeks, we recognise the justice of Aristotle's
observation, that such Character should be neither emi
gedy.
nently virtuous nor vicious. For as the office of
Tragedy is to excite Terror and Pity without violating
our notions of Moral right, the former emotion cannot
be produced without some resemblance between the
sufferer and ourselves, nor the latter by the retributive
justice which we desire to see realized. The punish
ment of a monster like Polymestor, however grateful to
this sense of justice, excites neither Pity nor Terror for
this reason ; nor indeed is he represented as more than
a secondary personage in the Drama of Hecuba. Again,
a Character eminently perfect, when made the subject of
calamity, does not come home, in the eyes of the specta
tors, to that common nature which must be the basis of
perfect sympathy, while at the same time the Poet ap
pears wilfully to violate their notions of right, in select
ing such a person for the football of fortune. It is
therefore more expedient, as well as more consonant
with the practice of the best Tragedians, that Characters
of this sort should be employed rather as the grand
agents in some important crisis of the plot, than as the
subjects of the catastrophe. It is consistent with their
impassive dignity to cut the Gordian knot, but not to
struggle amid its involvements. Thus in the (Edipus
Coloneus, Theseus cannot be called the hero of the
Drama, though his power and justice interpose in a
manner which most materially influences its fortunes.
" There remains then for the choice of the Poet,"
observes Aristotle, as the principal character of a
Tragedy, a person neither transcendently just and vir
tuous, nor yet involved in misfortune by deliberate vice
or villainy, but rather by some act of human frailty ;
and this person should also be of high fame and flourish
ing prosperity." It is obvious that this rule was not
adopted in all its branches, even in the subjects of the
Ancient Drama. To the fabled Histories of CEdipus,
Agamemnon, Ajax, Orestes, Medea, and many others
of the like sort, it exactly applies. Not so to those of
Iphigenia, Hecuba, Alcestis, or Hippolytus ; for in none
of these instances are the sufferings of the hero or
heroine caused by any fault of their own, and in two of
them, the final event is a happy one. But it may be
remarked at the same time, that their virtues are of that
familiar sort which do not break the link of sympathy
between the sufferer and the spectator.
That the hero should be of known and distinguished
Character, is a point so evidently essential, that Aristotle
has not given his reasons for requiring it. It is plain
that in real life the fortunes of great or eminent persons
excite more interest and curiosity than those of the un
known, in proportion to their intrinsic claims on atten
tion, and that the large scale on which, by association
of ideas, their actions seem to move, is better adapted to
" the gorgeous pall of Tragedy," than that of private
life ; as the spacious dimensions ofa Theatrical Scene are
more conducive to grandeur of effect than those of a
Miniature Painting. They enjoy also a place in our
Poetry.

memory already established and recognised ; and where p*
their misfortunes are matter of Historical orLeeendar? wL
fact, the Dramatist may excite a more painful interests'
no expense of Poetical justice. The fate of Phocion or
De Witt, for instance, if the Characters were imarinm
would exasperate us against the Poet who inflicted ii'
whereas, known and familiar as the facts already are to
us, a Tragedy founded on them would seem a sort of
Historical obsequy to the Good and Great, and an appeal
to the justice of posterity against their murderers. It
may be further remarked also, on this head, that the
spirit of the Ancient Drama, like that of the ori°insl
" Mysteries" of our own Stage, was interwoven with the
Religious and Moral habits of the People, and that the
instruction which their Tragedians had mainly in vim,
was more forcibly inculcated by showing that the Hero,
King, or Demigod, was equally amenable with the peasant
to Divine Justice and the laws of Fate, and equally
susceptible of Human calamities.
The modern Dramatists who have most strictly tad
judiciously adhered to Aristotle's rules for the selection
and treatment of Tragic character, are perhaps Alfieri
and Schiller, both of whom indeed may be said to more
in the trammels of study and discipline with the freedom
of master genius. Their personifications of Saul, of
Polynices, of Wallenstein, and Mary Stuart, present
exactly the medium between Vice and Virtue most con
ducive to the promotion of sympathy; their names
possess the requisite Historic dignity, and the /aro^ms
or Change of fortune which is the necessary ground
work of Tragedy, is consistent with their actual circum
stances.
It does not seem to have been indispensable, is we
have already remarked, in ancient Tragedy, that its final
catastrophe should be unfortunate, since many wellknown subjects both of Terror and Pity existed, in which
a happy conclusion was matter of Historic truth, and
could not be violated with success. A still greater lati
tude is prescriptive!)- allowed in the Heroic Dram,
which may be considered as the more modern and
popular form of Tragedy. But here loo it is proved bj
experience, that the thread of interest can only be main
tained by the Historical dignity of the characters, and
the magnitude of the plot. Where these are deficient,
a meagre, doubting, and unsubstantial effect is produced
on the mind of the spectator, who is not prepared by
early association in favour of the personages described.
The nature of the Domestic Drama, which is a more
peculiarly modern offset from the ancient Tragic School,
of course excludes the requisites in question. Bui
here (as in the Fatal Marriage, the Gamester, and the
best specimens of the modern German School) the rule
of the " Poetics" is for good reasons followed as strictly
as is consonant with the nature of the materials. Tht
want of Historical dignity is compensated by the addi
tional depth of the catastrophe, as promotive of Pity
and Terror ; and the characters of the principal persons,
as well as their fortunes, are adapted to display both the
ifiapTia and the fierd/Saois of Aristotle in a prominent
view. If indeed his rules for the conduct of TragwJ
were not known to some of the writers in question, tM
instinctive conformity with them which we perceive
observed, tends the more to establish the good sense and
foresight
of theremarks
critic. naturally lead us to the subject ol, F
The above
Plot, or Fable, the skilful combination of which ws J"
considered by Aristotle as the highest triumph of tw
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Dramatic Art, inasmuch as, in his own words, " Tra
gedy is not an imitation of men, but of actions, and
a piece defective in every requisite save a proper
fable and contexture of incidents, is as superior to
fine writing strung together at random, as the outline
of a figure is to brilliant colours spread at random."
i»f of the If we may interpret the careless and masterly brevity
aRMUaii'j of the Philosopher according to our own ideas, we
wer*'
conceive the fine writing alluded to, as implying the
highest degree of poetical excellence of a merely di
dactic, descriptive, or expressive sort. It is probable,
and indeed warranted by whatever lights we possess on
the subject, that no Poem of this description, possess
ing any claims to superior excellence, existed in the days
of Aristotle.
The martial and agitative genius of a community of
small independent States struggling against each other
for existence, would naturally lead their best Poets to ex
emplify every thing by action, nor would the patience of
their hearers have been proof against disquisitions unen
livened in this manner. In fact, the Odes of Pindar
and Tyrta?us, to which, of course, Aristotle could not
have alluded in a depreciating spirit, are in a manner
pregnant throughout with a spirit of heroic action,
although they do not involve any regular story.
To follow up, however, his comparison, we conceive
that the knowledge of all the separate materials of
Poetry which give life to a plot, is as necessarily implied
in the masterly construction of that plot, as the science
of correctly drawing the different parts of the body is
implied in the faculty of making a correct outline of the
whole. It is almost a truism to assert that no artist
can compose a whole work, without a thorough know
ledge of the component parts. Even the architect,
whose materials are furnished to his hand, must study
them individually, in order to ascertain their fitness in
relation to one another, as well as to the general effect ;
whereas the Poet has the additional task of supplying
every thing from his own invention, as well as of putting
it together.
We conceive that the converse of this position, though
perhaps not equally obvious, may be almost as safely
assumed ; that is to say, that the Poet or Dramatist who
possesses a discriminating knowledge of the component
parts of his plot, will never be at a loss in the arrange
ment of the whole. A perfect acquaintance with all the
master passions of the human mind, in reference to the
circumstances which respectively draw them forth, the
action and language fitted to express them naturally,
their combinations or mutual relations to each other, and
their fitness or unfitness for the purposes of Poetry,
almost necessarily implies the faculty of combining
events in such a manner as may display their operation
on an extensive scale.
» for
In relation to the Fable, or Plot, of Tragedy, the fol
lowing
rules, drawn from the Poetics of Aristotle, are
Ttion of
sanctioned by the approbation of the best Critics, and
Ot
the practice of the most successful Dramatists of all
succeeding Ages.
>lution.
1. The Action represented should be single and entire,
y uf
on a scale sufficiently large and extended to admit of the
/uTa/Sitcrif, viz. a change of fortune from happiness to
sorrow, or from sorrow to happiness. The incidents
which are to produce this change, or revolution, must
also be so connected, that if any one of them be taken
away, the whole Plot will be destroyed or changed. Nor
should any episode, or separate adventure, be introvol. v.
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duced, which does not directly bear on the main Plot, Poetry.
and forward its interest.
It may be here remarked, that Shakspeare, whenever
he was left to the choice which his own genius sug
gested, conformed instinctively to these rules, although
they hardly could have been revived and recognised in
the Dramatic practice of his day. Nothing can be more
strictly correct than the connection of events in Lear,
Macbeth, and the other works which may be said to
occupy the first class among his Tragedies ; and it may
therefore be presumed that his more peculiarly Historical
Dramas were formed according to some suggested plan,
consistent with the temper of the times, in which the
Poet was obliged to sacrifice his own better judgment
to the desire of popularity.
2. To resume the Aristotelic canon, the Discovery is Discovery,
as important a Dramatic feature as the Revolution, and
comes in a manner under the same class with it, con
sisting as it does in a change from unknown to known,
influencing the catastrophe of the Plot. It is not, how
ever, so indispensable as the Revolution, nor, in fact,
are either the one or the other absolutely necessary com
ponents of a Drama. In the (Edipus Tyrannus, for
instance, both the Revolution and Discovery come into
play, and in perfect union with each other ; but in the
(Edipus Coloncus, the' Hecuba, and Troades, neither one
nor the other of these material features are employed in
producing the catastrophe, or enhancing the interest.
These latter Dramas may be said to meet Aristotle's Simple and
definition of a simple Fable, as the Tyrannus is perhaps Complicatthe most perfect specimen of the complicated Fable. But ec* Fable,
as a general rule, the former branch of composition
must be pronounced decidedly inferior to the latter,
inasmuch as it lacks two of the most important features
of Dramatic and agitative interest. It is true that many
Dramas constructed on the basis of a simple Fable redeem
their defective plan by the union of other circumstances
of Poetical merit : but these circumstances are equally
effective without relation to their Dramatic nature, and
must be very striking indeed to relieve the heaviness of
the Plot as a whole. The deficiency or bad management
of the Revolution or Discovery, or of both, is that which
is generally implied in the familiar phrase that " the
Play reads well, but will not act."
The species of Revolution to which Aristotle awards What spethe preference, is a change from good to evil fortune. cl^s <?f Re*
A happy event, although more generally agreeable to the |^s" loa IS
audience, from their sense of Poetical justice, and their
abhorrence of unmerited suffering, he pronounces to be
more allied to the nature of Comedy, and less promotive
of those emotions of Pity and Terror which should be the
leading objects of the pure Tragic style, as distinct from
the Heroic Drama. It will be generally found that the
judgment of the great Critic is confirmed by the per
manent popularity of what are familiarly styled deep
Tragedies. For the matter of solid interest involved in
these does not so soon wear out by repetition, as the
agitative and inquisitive sympathy which, once gratified
by a happy event, cannot return again with the same force.
The Unities of Time and Place, to which both the Unities of
Greek Dramatists and those of the classic French School Time and
adhered with such rigour, appear now to be in a great P'**6measure exploded by the consent of the World, and the
dictates of common sense as applied to the laws of
Imagination. In recalling the recollection of some pe
culiar course of events which have formed a passage of
connected and absorbing interest in the history of our4u
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selves or others, or in looking forward to fancied future
scenes similarly connected, it is plain that the Human
Mind passes with a rapid facility through all the essen
tial links of that interest, abstracting all that is material
in the thread of its speculations or reminiscences from the
accidents of Time and Place ; but preserving that Unity
of action which is indispensable in every well-digested
story. The laws of Nature will, therefore, be the safest
guide to the Dramatist in the arrangement of his Plot
with due reference to those established congruities which
ought not wantonly to be violated, and which, in fact,
will be found, in some degree, to preserve themselves
wherever a strong and uninterrupted interest is kept up,
and a perfect illusion created. A chain of circumstances
can hardly dwell on the recollection as a combined
whole, without implying so much of limitation as to
Time and Place, as may correspond with the Unity of
Action. And, at all events, the interposition of a week,
or a month, between one Act of the Drama and another,
and the corresponding change of scene, is not a greater
fraud on the Imagination, than the necessary presence
of the audience, before whom the most private and con
fidential conversations of the actors take place.
How far'
From the obvious difference between narrative and
Epic
Poetry
is^suWect
h> ,personification, Epic Poetry has always claimed a more
the rules of extensive latitude than the Drama in the respects alluded
Tragic Plot, to, a latitude, indeed, answering to its wider range of
events. The Unities of Time and Place cannot in this
instance be strictly enforced under any pretence ; but
the Unity of Action, founded as it is on a natural and
not an artificial principle, can be as little dispensed with
as in the Drama. An Epic Poem is neither the history
of one man's life, nor of the unconnected actions of
many men within a limited space of time, but a narra
tive of circumstances combining towards one and one
only main result ; so that even those parts which are
denominated episodes, may contribute to such result in
the manner of contrast, embellishment, or furthering
Cause. The fall of Man, the triumph of Achilles, the
rewards of the respective wanderings and dangers of the
Chiefs of Ithaca and Troy, thus form severally the lead
ing features of the four standard Epics which stand on
an exclusive eminence. Nor does any episode occur in
these, which does not strictly conspire to the main event
of the story.
The Revolution and Discovery are features as mate
rial in the Epic as in the Tragic style, although not abso
lutely indispensable, and their management is the same
in both cases. The emotions of Terror and Pity, which
are the great bases of Tragic interest, are also most
essential features of the Epic Poem, although combined
with others equally important.
Comedy
In the construction of the Comic Drama, the same
considered n^gg
t0 tne mere management of Plot apply, as in
to thesT108 TraSedy' although the end sought is wholly different,
rules.
consisting not in the excitement of Terror or Pity, but in
a familiar and ludicrous imitation of human manners.
It is necessary that a certain Unity of Action should
always exist in a Comedy, as implied in the nature of a
regular Plot; although it is not so indispensable as in
Tragedy. In the latter case, the subordinate occur
rences and characters are chiefly interesting as they tend
to the developement of that final catastrophe on which
the mind is intent, and influence the fortunes of the
principal personage : in the former, these are in them
selves a principal source of pleasure to the audience,
and the interest taken in the final event is comparatively

weak. The same difference exists as between a race ia p«*,
which every faculty is wound up to the rapid attainment
of the goal, and a leisurely walk undertaken with an
equally definite purpose, but diversified with occasional
digressions, to catch butterflies, or jest with passere by.
Hence, in Comedy, the attention is more equally di
vided among the different characters with whom the
foreground is, as it were, filled, all contributing their
share of the amusement which is elicited by contact
with familiar life; as in the Dramas of Moliere.Farquhar, and Sheridan, as well as in the Merry Wvoa of
fPindsor.
The Unities of Time and Place, although as easily to
be dispensed with in Comedy as in Tragedy, are perhaps
more readily preserved in the former, because the events
thereof are on a smaller and more domestic scale, and if
not taking place within the supposed limits of a private
house, at least extend not beyond those of a confined
circle of acquaintance. The effects of the Revolution and
the Discovery, if indeed it be allowable to use these grave
Tragic terms in reference to more familiar subjects, ue
equally striking here as in the more serious Drama.
The School for Scandal and the Rivals, abounding as
they do in wit, humour, and character, still derive much
additional interest and amusement from the judicious
management of these principal hinges of the Plot
The real Hero of pure Comedy, as of pure Tragedy, is Ceia
properly the person* on whose head the catastrophe is 'P*1
made to fall, consisting generally in some calamity of a "!*'
ludicrous rather than of a destructive nature, and per
fectly in union with the spectator's wishes and sense of
Poetical justice. It is true that as a concession to esta
blished custom, and a means of maintaining the thread
of the story, a couple of lovers are necessarily introduced
in most Comedies, whose final union is the ostensible
business of the catastrophe. It seldom, however, happens
that these personages possess the same spirit and chantter as Lydia and Absolute in the play of the Rizali;
and the male in particular is generally doomed to the
rank of an indispensable biped, such as Fentos,
Frankly, or Heartfree, the rou faineant, as it were, of
the scenes in which Falstaff, Ranger, and SirJohn Brutf
figure as the master spirits. It may here be remarked, in
reference to the last-named character, that wide as may be
the latitude of a branch of Literature devoted to familiar
life, Comedy has a certain degree of decent digmW
to keep up, and although not professing the sustained
tone of Tragedy, is equally bound not to encroach on the
limits of the /uapov, (the disgustingly mean and sormd-)
In this respect, Shakspeare has shown a good taste little
to be expected from the rude Age in which he lived."
is not our purpose to add any thing in the way of dis
sertation to the volumes which have been written on his
unique conception of the portly Knight of East Clieap.
Suffice it to say, in relation to our present point, W
Falstaff, with all his real grossness and knavery, b ren
dered by the art of the Poet as superior to tbe best*1
herd which wallow in the Augean stalls of Vaobrajfc,
Wycherly, and Etherege, as " Hyperion to a Satyr.
So imbued is he with the spirit of buoyant and kindly
drollery, that bis worst actions seem as it were petformed rather for the joke's sake, and in due discharge
of the semi-historic part which he fills in reference 10
Prince Hal, than from roguish or vicious motives :
• As, for instance, Monsieur Jourdain, or the luckless De ftw
aucnac.
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does Lis example appear more practically dangerous than
^ that of Harlequin or Polichinelle, those never-dying
functionaries of the minor stage of Coined)'. Still less
has Shakspeare violated the rules of propriety in the
general class of his ludicrous characters. There is no
thing coarse or revolting either in the harmless absurdi
ties of Sir Hugh Evans and Sir Andrew Ague-Cheek,
or in the more latent foibles of the grave Malvolio ; no
personage, in short, of this class is introduced for the
spectator's amusement, whom he resents to behold " eat
ing a posset this night at Page's house," or joining in
any other manner in the festivities accompanying the con
clusion of the Drama. Whereas the consummation
devoutly to be wished in those Comedies of later date,
which may be said to compose the anti-fanatical School,
is that the whole Dramatis Persona? may be sent as
ribalds and strumpets to the House of Correction, under
the jurisdiction of the abused Alderman Fondlewife, or
some such disciple of Barebones and Hugh Peters.
We have made no allusion to the Comedies of Aristo
phanes, both because the genius and writings of this ex
traordinary man have undergone the exclusive examina
tion of abler criticism, and because the discussion belongs
more to the History of the times than that of the regular
Drama. Instead of the author, dependent on the appro
bation of his audience, and coming forward in every
fresh instance with the modest anxiety,
Poputo ut placerent, quas feeisietfubulat,
Aristophanes appears to have been the licensed Terra
Filiu$, and Dictator in the Province of National and
Political Satire, among a People as wayward, gifted, and
whimsical as his own Muse. The private history of all
Ages shows that tyrants have cheerfully tolerated from
their jesters those biting gibes which they would have
punished with death if uttered by a Minister or Coun
cillor ; and on this footing Aristophanes seems to have
stood with the most capricious and savage of all tyrants,
the ^.ijfioi ; a footing more gratifying to his self-esteem
as an influential member of the Commonwealth, than
could have been the success of any effort in the more
regular Dramatic line, of which a few elegant specimens
remain in the fragments of Menander. In fact, the Birds,
the IVasps, and most of the other daring extravaganzas
of the same pen, differ as widely in essence and purpose
from the bene morula fabula, which the Ancients con
sidered as the province of Comedy, as the Life of Pantagruel does from a Romance, or Knickerbocker's History
of New York from a^real narrative.
In remarking on the subject of Comedy, we have been
induced to draw our instances rather from the Modern
than the Ancient School of Dramatic Art, inasmuch as
the former, if not indeed decidedly the superior of the two
in every respect, is at least belter adapted to exemplify
those conceptions of the ludicrous which are familiar with
the reader's associations, and to present a happy medium
between the different styles of Plautus and Terence.
The pure Latinity aud the well-bred tone of the latter,
as well as the arrangement of his Plots, entitle him to a
degree of merit which would be more duly ascertained
were we in possession of the Works pf his supposed ori
ginal, Menander ; and his delicacy and propriety as a
familiar Heathen Moralist cannot be too highly praised.
But when contrasted either with Aristophanes or Sheri
dan, or Shakspeare when in a merry mood, the Roman
Dramatist must be utterly acquitted of the fact of ever
baving promoted that laughter which our modern ideas
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of Comedy require as an additional relish to the plea
sure derived from instruction and good taste. His
scenes remind us of a table laid with the utmost neat
ness in a saloon of elegant proportions, but presenting
an abstemious banquet of white bread and spring-water,
affording little temptation to more than a moderate in
dulgence, although pure and good of their kind.
We need hardly advert to the anomalous performances,
many of them not deficient in talent, attraction, and
occasional humour, which the French have whimsically
characterised by the term of Com'edie Larmoyanle, and
which at one time almost monopolized the English
Stage. To submit these to the rules of regular criticism,
would be departing too widely from the proper subject
of Poetry, which nevertheless, in reference to the Comic
Art, we have considered as connected with a branch of
works not couched in metrical language. Those Co
medies indeed in which this more classical form has been
adopted, may still be considered as less depending on
the peculiar aids of Poetry, than any other species of
verse ; as the point of a jest or familiar allusion is lost
by amplification or figurative language, and the i
of imaginary dialogue in this case disappears,
kept up in words and forms of speech closely resci
those of real life. Nay even in the most
branch of Comic Poetry,* as embodied in narrative or
reflection, and therefore not necessarily restricted to the
same limits as dialogue, additional humour and quaintness is given by a close imitation of colloquial idioms,
with no further alteration than the metrical arrange
ment of words.
In treating of so boundless a subject as the Art of Comparison
Poetry in general, we have been compelled to restrict of Imitative
ourselves to those more rearular and denned branches of!"**1
":<
imitative
it, which may properly be named imitative, and which Poetry.
are distinguished by a narrative or Dramatic Plot. The
essential matter which gives to Poetry its dignity, spirit,
and interest, the different sources of which we have else
where attempted to define, is precisely the same in those
more numerous departments which may be styled gene
rally, the Descriptive, Expressive, and Didactic ; and al
though concentrated more effectively to a point by a judi
ciously arranged Plot, the expected catastrophe of which
may keep curiosity awake, it does not necessarily abate
any portion of its quality when independent of such Plot.
The Georgics, as well as the more modern Poems of the
Seasons, the Temple of Fame, and Childe Harold,
abound with every Poetical excellence which can exist
apart from incident and character. Dryden's well-known
Ode on Alexander s Feast, and his Absalom and Achitophel, evince, by their different styles of merit, a power
still more extensive, and evidently equal to the highest
flights of Epic song, had the Poet's leisure and circum
stances admitted of its cultivation. These latter, indeed,
may be classed as specimens of Imitative Poetry, al
though the one or two circumstances which form their
groundwork hardly deserve the name of incidents.
Having touched on the characteristics of some of the
principal branches of Poetry in reference to the Passions
with which they are chiefly connected, we shall not dis
cuss them more particularly. On the subject, however,
of Sacred Poesy, the most dignified and important of
all, a few remarks may not be misplaced, with a view to
account if possible for the reasons why it has not re* As for

Beppo, and the Works of Wolcott anU Col4 it 2
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Poetry,
^■"■vCauses of
the neglect
of Devo-

ceived an improvement commensurate with that bestowed
upon other metrical works of genius.
We shall perhaps be anticipated in the obvious remark, that the expression of Christian devotion can be
no other than revolting to the taste ofthe irreligious and
profligate,
and dull to that of the mere decent moralist.
Poetry,
To enumerate the proportion which such persons bear
to the number whose habits enable them to relish medi
tative and devotional subjects, would be a task at once
painful and thankless in an Essay of the present descrip
tion. But this is not all. The peculiar doctrines of
Christianity, grounded as they are on the sound basis of
the Reason and the Affections, still contain many points
too mysterious to be made clear to the Imagination, and
unparalleled by any thing with which that faculty is
usually conversant. That which is reserved by God to
baffle the pride of Metaphysical speculation, is little likely
to be seen plainly by an intuitive process of the Mind.
Again, a peculiar class of Christians, whose motives can
not but be respected, and whose powers must in some in
stances be acknowledged by all serious minds, have
adopted a tone of thought and phraseology on sacred sub
jects, too much coloured by the influence of ill health or
despondency.* We speak not of the nauseous fami
liarity or the exclusive arrogance of sectarian Hymns,
as any stigma on those to whose minds they may con
vey sincere and pious impressions : but rather of one or
two instances where men of a high imaginative cast of
thought have rather chosen to dwell on the awful
denunciations of Scripture, and to bewilder them
selves with speculations on the unrevealed joys of
Heaven, than to illustrate the practical beauty of a
Religion " whose ways are pleasantness, and her paths
peace." Milton, a stern and Religious Republican rather
than an enthusiast, is as little chargeable with such
bad judgment, as with the principles of the FifthMonarchy-men. But the same gloomy fanaticism,
whose disgusting profanations were formerly acted in
our high places, while its fiat forbad the peasant from
those innocent and cheerful commemorations of sacred
seasons for which a precedent may be found in the
Passover, has not confined its mischief to the fatal
reaction of morals by which the times of Charles II.
were distinguished. Still subsisting as it does, although
in a form more sincere and respectable, it has tainted,
by a similar reaction, the sources of that wholesome
and exalted pleasure which the imagination should na
turally derive from Religious subjects, when not warped
by vicious habits ; and has imposed the bar of false shame
upon the social confidence of Christian men in reference
to the most important object of their " business and
bosoms." If considered with the eye of Truth and Rea
son, as proceeding from the Author of all good gifts and
affections, the true Christian spirit far exceeds the visions
which fabulous Writers have formed of the Golden Age,
Real view ^' 's
sollnd and comprehensive basis of all that is
of the aub- cordial, courteous, and generous in domestic and social
ject.
life, of plain and honest dignity of character in the
peasant, of honour and integrity in the man of active
business, and oftrue courage, candour, patience, and disin* We particularly allude to Pollok's Courte of Time ; a Work
whose dignity and force of Fancy constitute it a leading feature in
modern Literature. Its faults, the most offensive of which is the
uncalled-for attack on the British Hierarchy, may find palliation in
the youth, the zeal, and the peculiar circumstances of the author, .
now unfortunately no more. He seems to have imbibed too strongly
the austere spirit uf the Scottish Covenuuters.

teresledness in the Statesman or Patriot of all the noble rtai
qualities, in short, with which it pleased the Creator to w^L
endow, by some special light of Nature, such men as
Phocion, Aristides, or Germanicus.
It would be better judged, therefore, if men of Imigj.
nation would attempt to familiarize the mind with Religion under such wholesome and exalted views as these
rather than encroach, by their minatory clauses, on the
severe responsibilities of the Divine. If the intention of
Poetry be to give pleasure without violating Truth, and
to draw that pleasure from familiar sources of Fancv
its province does not extend necessarily to every thin*
consistent with that Truth. The Poet who makes the
intenscness and eternity of hell-torments his favourite
theme from a mistaken sense of duty, might equally
plead the excuse of Truth in describing the agonizing
details of a surgical operation; ignorant that there are
many things instinctively shunned by men, which are
not therefore the more fitting subjects for Poetry.f
One of the best models of devotional verse maybe
found in the well-known volume of the Christian Far.
The author, a Divine of sound piety and original laste,
has perhaps approached as nearly to the limits of mysti
cism as is consistent with good judgment, and too near
to please volatile readers. Seldom, however, is any
train of thought introduced, which is not familiar lo the
associations of serious minds ; and most are finely
illustrated by some familiar image drawn from the
beauties of Nature, the charities of domestic life, or the
sacred occurrences of the Gospel History. This fami
liarity, however, does not extend beyond the bounds of
sound judgment and Religious propriety. The reader is
as it were invited to share in a sacrifice culled from the
choice productions of the vi sible World, and placed at
the feet of the altar; not to 1 ift presumptuously the veil
which conceals the Holy of Holies.
It is evident that Psalmody, from its very natare, Wr
ought to rest on a still broader and more common basis.
As a species of sacred composition professedly intended
to be " said or sung" by largje congregations,* it should
be couched in that simple and grand form, which ma?
meet the most obtuse capacity, and the lowest degree of
Religious advancement. The one and only model to be
adhered to in this department, is bequeathed to us in
those Odes of the Sacred Psalmist evidently intended far
* Soumit avfi raped 3 ta voionli tainte,
Je aniris Dieu, cher Abner, rt it n'ai point ifmire cmx*l'.
f See our previous remarks on rl fumfif, p. 661, as extended t>
subjects capable of neither hope nor alleviation.
I It is lamentable to think that so effective and essential i put
of the Church Service should have fallen into such general dm*
At present, it is either an exclusive mystery practised by conceited
knots of village worthies, or an office contemptuously delegated**
yelling charity-children. The Dissenters are wiser in their g«*B'
tion as to the duty of " praising God with the best member uV;
have," and " singing praises lustily with a good courage "trttia
which it might not be inexpedient for our own orthodox MinisleHf
expatiate largely and specially to their congregations. The opuaoa
expressed in Burney's History of Mutic, that the sound of ous'
voices, however rough and ill-tuned, cannot create a general *™
of discord, has never been a paradox to any person of » **5
musical ear, and furnishes in part an answer to the practical ifr
culties urged on this subject in support of indolence and false shw*.
We understand that the present Bishop of Down and Connor, J
Prelate well known in early life for his Poetical talent, and stall*
for the promotion of Psalmody, has given to the World specimen1"
this style of translation. But as yet no authoriied selection («!»»
ought fairly to include certain parts of Steruhold, and even Tat*;
has superseded the present versions.
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Poetry, the public service of the Temple. Composed as these
— ' were by one who united the chosen gift of inspiration
with the character of Monarch, Warrior, and Sage, they
breathe as it were the united voice of a mighty multi
tude like the company of Saints and Elders in the Re
velations, even through the inadequate medium of prose
translation ; and they present an inexhaustible fund of
sublime and solid matter, which, although transcending all
imitation, might amply reward the efforts of the most
Poetical translators. Unfortunately the only authorized
metrical versions ofthe Psalms exist in a shape calculated
to scandalize all hearers of moderate taste and education.
The faults of Sternhold, much as it has been the
practice to depreciate his translation, may be in some
degree palliated by the obsolete nature of his diction ;
and in fact hardly extend further than the extreme of a
rough and ycomanlike simplicity, which for the sake of
our forefathers we may be inclined to tolerate with in
dulgence. In several instances, particularly the 100th
Psalm, Sternhold can hardly be improved upon as the
sober lyrist of a country church. In the 18th Psalm
he rises, by a strange sort of intuition, into a strain of
sublimity worthy his original. In no case, however,
does he convey any train of association so inconsistent
with his subject as the tripping pastoral strain* intended
by Merrick as a paraphrase of "The Lord is my Shep
herd ;"-or as the nauseous winnings of Tate and Brady,
which still continue a by-word and a jest on our admi
rable Church service.f
The immeasurable superiority of David's Psalms, as
might be expected, shows in a disadvantageous light of
contrast any thing which the invention of Man has de
vised as a substitute for them in their peculiar depart. ment. Hence the greater part of what are styled Hymns,
although commendable as the expression of devout feeling,
appear tainted, in comparison, with a littleness of con
ception, and a fulsome familiarity, adapted rather to the
■worship of sectarian tabernacles. Dryden's translation
of Veni Creator Spirilus, and the noble conventual
strain of Dies Tree, are indeed happy exceptions. It may
be remarked also, that the one or two Hymns adapted by
our Liturgy to particular Festivals, if not possessing any
Poetical merit, are couched at least in a tone of devout
simplicity which cannot offend the nicest judgment.
The Christmas Hymn, " While shepherds watch'd their
flocks by night," is perfect in its way as a mere metrical
arrangement of the narrative of Scripture, and better
adapted to commemorate an event so transcendent, than
any of those little ambitious attempts at Poetry, which
are often substituted. To those who have heard it sung
on the night of Christmas Eve by the rudest village
choir, according to a good old custom} somewhat fallen
*

Lo ! my Shepherd's hand divine !
Want shall never more be mine.
And again, in his pillage from Addison :
To the streams, that toft and tlow
Through the verdant landtcape flow.
t The 121st Psalm, and one or two others, certainly constitute
exceptions to the general context of the ill-fated Laureate and his
assistant. The merit, however, in these cases, consists in having
adopted the plain old English style of Sternhold.
, \
lieu pietat I heu pritca Jidet 1
Though we neither affect to deprecate modern refinement, nor
consider our ancestors of the last century as better or wiser than the
present generation, it is impossible not to regret the decline of that
cheerful and genial petite morale of the Church of England, which
prevailed in the days of Addison ; expressed by the Yule-clog, the
Christmas Carol, the Baron of beef which feasted the poor iu the
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into disuse, the effect is very striking and peculiar. The Poetry,
plaintive and flowing tune to which the words are adapted,
the hour, the occasion, and the condition of life of the
singers, produce an illusion perfectly in character with
the associations then presenting themselves to the most
unimaginative Christian mind.
In the Epic and Dramatic style of Sacred Poetry, Imitative
there are few instances of success. The events of the Sacred
New Testament are of so exclusively hallowed a nature, "^''T^
as to impose a restraint on the Imagination of wellregulated minds ; a restraint which, perhaps, may have
contributed to the failure of Milton in his Paradise Re
gained. Those, however, connected with the History of
the Jewish Theocracy do not present the same diffi
culty, and considered in a merely human point of view,
exhibit an extraordinary series of incidents and charac
ters abounding in all the higher ingredients of Poetry.
Those circumstances, nevertheless, which are in them
selves the strongest living testimony to Scriptural Truth,
have, by a natural effect of association, contributed to
debase these ingredients in the eyes of those whose ima
gination outruns their judgment. Accustomed from
their infancy to associate the name of Jew with habits of
sordid traffic, and the peculiarity of countenance, which
possibly may be a modern feature of the Divine dispen
sation for obvious purposes, the undiscriminating are
apt to confound the Patriots and Heroes of Holy Writ
with their obscure descendants. Yet even when ab
stracted from all idea of the sacred cause which dignified
their exploits, the names of Judas and of Eleazar may
at least parallel those of Decius or of Wallace,* and the
lamentation of a brother in arms over the faithful and
princely Jonathan, may challenge a competition with any
eulogy of Bard over true Knight. Nor do we conceive
(speaking rather in simple truth than in levity) that any
fabulous legend of the Round Table can exceed the true
tale of David's three " mighty men of valour," breaking
in their loyalty through an armed host to bring their
Sovereign a draught of water ; or that David's noble
refusal to drink the price of his subject's blood.t may not
match the memorable episode of the British Knight and
Lord of the Manor's kitchen, and that worthy personage himself,
marshalling his family and guests in their best attire into the well,
hollied pew ; customs at which the modern fanatic would frown,
and the infidel sneer.
Hac inttat luput, hie canit urget.
* " Eleazar also, sumamed Savaran, perceiving that one of the
beasts, armed with royal harness, was higher than all the rest, and
supposing that the king was upon him, put himself in jeopardy, to
the end that he might deliver his people, and get him a perpetual
name. Wherefore he ran upon him courageously through the
midst of the battle, slaying to the right hand and the lift, so that
they were divided from him on both sides. Which done, he crept
under the elephant, and thrust him under, and slew him, whereupon
the elephant fell down upon him, and there he died." Maccakeet,
book i. ch. vi.
f If the one fatal crime of David be put out of the question, his
character is distinguished by those frank and magnanimous fea
tures, which are considered the marks of the true King, when ex
emplified in such men as Francis I. or Henry IV. of France. His
dignity is rather increased than lowered, when we riad of his
dancing before the Ark of the Lord at the head of his People, a
condescension not understood in its proper sense by the proud
daughter of Saul. There is something in this trait truly manly
nnd royal, as a triumph over false pride, and in keeping with the
feast given by him to the whole nation, when the ceremony was
concluded. As a public act of homage joyfully performed by tho
Father of his People, its effect must have been incalculable on the
minds of the Israelites.
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Poetry, the Wounded Soldier. Yet it cannot be disguised, that
w^-^.' such heroic annals as these, as well as the records of the
wisdom and magnificence of the Monarch whose name
is even now as a magic spell to Oriental nations, and
the combination of sublime words and circumstances
attendant on his consecration of the Temple, are often
recollected as nothing more than the dull task of child
hood,—the actions of a stiffnecked people marked by
the finger of Divine reprobation.
It is possible that the mistaken associations to which
we allude, may have been strengthened by the unclassical terminations of Hebrew names, and the affected use
of them by the Puritans in their baptisms. And even to
minds superior to such trivial circumstances, the most
memorable actions in Holy Writ may present them
selves as the special effects of an overruling Pro
vidence, rather than as implying any individual power
or character in the performers : a point on which it
is difficult, as in the instance of David's heroic en
counter with the Giant of Gath, to draw the line be
tween primary and secondary causes. To others also,
fully alive to the dignity and beauty of the Sacred
Writings, it may have seemed inexpedient to allow their
imaginations to wander on subjects connected more or
less with points of Faith. Be this as it may, the fact
unwillingly presents itself, that the Scriptures have in
most instances remained a sealed book to the Poet in
search of materials for his Art.
We need not quote the Works of Milton, the Saul of
Alfieri, and the Atkalie of Racine, as proofs how these
difficulties, if they indeed exist, may be surmounted by
powerful minds. The Drama of Samson Agonisles, in
particular, although departing in no point from the
minuteness of sacred tradition, conveys the idea of a
colossal image carved from a rock in the true style of
classical grandeur and repose. Nor does the accus
tomed vigour of Lord Byron appear to desert him in
his Hebrew Melodies, the solitary tribute of his genius
to sacred subjects.
We have been tempted rather to exceed our usual
limits in the discussion of the dignity and capabilities
of Biblical themes for Poetry, considering the general
exercise of the Art as at all times an important link of
sympathy and communication among civilized nations,
peculiarly adapted to commemorate those feelings and
recollections which they possess in common. The greatest
triumph of the Muse of Euripides was to find that the re
citation of his verses had softened the minds of national
euemies towards captives of the same blood and lan
guage. Thus those men of genius in all Christian
Countries who know how to unite the wisdom of the
serpent with the harmlessness of the dove in their treat
ment of sacred subjects, eschewing at once sectarian
rancour, doctrinal discussion, and ill-judged familiarity,
may become most powerful coadjutors to the professed
Divine and Moralist, in drawing closer those bonds of
union among the worshippers of the true God, which
constitute the true essence of humanity and the law of
nations. Those whose differences of creed forbid their
meeting in a common place of worship, may recognise
in the Poetry of Milton or Klopstock, the cementing
principles of a Religion first proclaimed by the memo
rable words, " Glory to God in the highest ; on Earth
peace ; good will towards men."
Having hitherto confined ourselves to the discussion
of the subject-matter of Poetry, it remains for us to
speak of the causes calculated to give it a due effect ; of

whatever, in short, is comprehended under the terms of p,*.
diction, arrangement, ornament, and taste.
\J~?
The judicious selection of those circumstances in the Sdtaii
treatment of any given subject, which shall illustrate it Pm*»]»
in the most Poetical and striking manner, is one of those
points where rule ends and genius begins; as well with
reference to the actions and words of imaginary charac
ters, as to the positions of still or animated Nature
under which they take place, serving as it were the
purpose of a background in harmony with the leading
features of the picture. Thus the time of day, and the
cheerful sunshine, conspire to give a more striking
interest to the fate of Ugo, in the execution scene which
terminates Parisina; quitting as he does the bright
scenes of Nature in the prime of youth and strength.
Thus also in the noble lyric known by the homely name
of Hosier's Ghost, the appeal of the departed Spirits is
rendered more touching by introducing them as hovering
over the scene where their lives were ingloriomly cast
away. It may be remarked also, that writers of an
inferior grade, when tasked beyond the powers of their
genius by some appalling conjuncture of their Plot, fly
to the ready melo-dramatic resource of a thunderstorm,
a meteor, or an earthquake ; as an indifferent musician
will sometimes wind up his performance with an accom
paniment con strepito.
To resume our subject, the ivap^ua, or clearness of ClunssJ
conception, on which the Anci ents laid such stress, can Omf-inever be kept too strongly in view. As tbemtod of the
reader cannot take in above a certain quantity of ideas
without fatigue and confusio>n, it is the object of a
masterly Poet to select one or two circumstances, which
imply or represent a variety of" others, equally probable
and connected with the subject, but not equally vivid or
forcible. Tims Shakspeare has by a few words pre
sented the most perfect picture of kingly bearing and
masculine beauty, where an inferior Poet would have
wasted as many verses in desscribing the shape of the
monarch's features, the mould of his limbs, and iln
colour of his hair and eyes :
Hyperion's curls, the front of Jove himself.
An eye like Mars, to threaten and command.
A station like the herald Mnr.ry,
New-lighted on a heuven-kissiug hill.
It is in fact the concentrated abundance of a fine
Imagination that thus vents itself in " thoughts that
breathe, and words that burn."* Familiar as a Poetof
real genius must be with a cloud of images and circsmstances illustrative of the subject of his contemplation,
he is able to view it at once in all its bearings, as «a
architect studies the general effect of an edifice, or ass
commander draughts his best disciplined troops to a
chosen point of action ; and to select those leading
features which harmonize at the first glance into a
graceful whole. By a parity of reasoning, the laborious
♦ Dante has with a single stroke of his pen, in the line
In yuisa di Inn quando si posa,
conveyed the moat perfect image of the mien, the countenance, oi
almost of the previous history, of an indignant spirit, a w*j*
pride and suffering had worn themselves to melancholy »!»">)'•
This is a true exemplification of " the Poet's eye," as the tolli)»i»S
passage is of the true Poetical feeling briefly expressed :
He sleeps not where his fathers sleep ;
But who hath a grave mure proud ?
For the Syrian wilds his record keep,
And a banner is his shruuu.
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minuteness with which some writers multiply trivial
circumstances, may be judged to arise from an habitual
poverty of conception, and a consciousness of deficiency
which renders them anxious to say every thing which
can be said, in the hope that something at least may
strike their hearers. To preserve our analogy, they
appear in the situation of an unskilful General, em
barrassed by the conduct of new-raised levies, and hoping
that numbers may balance want of discipline. By dint of
painful thought, many ideas occur to them perhaps for
the first time, not mellowed down by previous familiarity
to that state in which their spirit and flavour can be ex
tracted. In contrast with writers of the intuitive grasp
of mind to which we have alluded, they resemble, as it
were, the stationary dwellers on a mountain, who can
describe accurately every dingle and crevice on its face,
without ever having taken a full view of its height and
proportions.
Ovid, whose greatest merit lies perhaps in the liveliness
and accuracy of his descriptions, is nevertheless a writer
of this petty microscopic class. He seems to have been
peculiarly ignorant of the difference between expressing
a whole and a number of parts, and of the power of
concentration which is even indicated by the analogy of
Nature. A clap of thunder divided into a hundred
paltry reports, or a cataract drawn off into a hundred
small streams, loses both its effect and its nature ; and
in the same manner is the momentum of a circumstance,
in itself striking, weakened on the mind of the reader
by minuteness and verbosity. Thus the transformation
of Niobe loses much of its force in the Metamorphoses,
from the repetition of a number of circumstances of a
nature similar to each other :
Ipsa quoque interius cum duro lingua palato
Congelat ; et vena; desistuni poue moveri ;
Aecjiecti cervix, nec brachia reddere gestus,
Nec pel ire potest.
It should ever be recollected, (a fact of which Ovid
and similar writers appear little aware,) that the Imagi
nation of all readers capable in any degree of relishing
the beauties of Poetry, is in active exercise during its
perusal, and is as jealous of the performance of its own
office without superfluous aid, as the mouth is of the
privilege of masticating its own food. The sense of
satisfaction in learning and inferring somewhat, which is
considered by Aristotle as a distinct pleasure in itself, is
disappointed by the officious suggestion of those ideas
which a Poet of genius and judgment leaves unex
pressed, well knowing that he has touched the one
master-string to which they all correspond. More
peculiarly, when the mind of the Teader is hurrying on
to any crisis of eventful interest, is it necessary to keep
pace with the rapidity of his thoughts, instead of
pausing on minute particulars.
It must be confessed, that in these cases " the good
Homer" not nnfrequently betrays that " occasional
drowsiness" which ancient Critics have attributed to him.
The fault may be the more venial, when considered as
the effect of the genius of an Age when the success of
battles depended rather on individual strength and dex
terity, than on combined manoeuvres, and when most of
his audience, from a natural fellow-feeling, hung in the
same suspense on the event of every thrust and parry of
his imaginary champions, as on the final catastrophe of
a tale. Hence his battles become in many instances a
tedious detail of single combats, during which, as on a
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Dramatic Stage, the whole din of war appears to the Poetry.
Imagination to " suffer a syncope and pause" contrary t^v"»
to Truth and Nature.
It may be doubted, indeed, whether a merely general
picture of the battles with which the greater part of the
Iliad is necessarily filled, would have been sufficient to
form a body of matter without the introduction of the
details of particular deeds; and possibly too these very
details may have been intentionally spun out by the
Poet, to form as it were a laborious contrast of the toil
and tug of war preceding the reappearance of his Hero,
to the decisive rapidity with which Achilles, when once
in arms, overthrows every obstacle, striking terror by his
very look. At all events it is plain that Homer, when
ever he pleases, is as thorough a master of the art of
blending his masses of action with fine general effect, as
of every other power constituting the true Poet. The
muster of the Myrmidons, " rushing to the battle like
thirsty wolves to a spring," and the defence of the ram
parts by Polypaetes and Leonteus, animated by a rapid
succession of the most powerful similies, may be men
tioned among a hundred other instances of this spirit
stirring faculty.
As it can hardly be considered beneath the dignity of Example*,
our subject to instance that which has been praised both
by Addison and Sir Philip Sidney, we would allude to
the ancient Ballad* of Chevy Chase, as eminent, among
its other merits, for its uninterrupted flow of martial
action, and the admirable keeping which it preserves be
tween the individual deeds of the leaders and the m61e"e
of their bands. The excitement of the whole moving
scene never seems to flag for a moment ; the words of
the Chieftains are as brief and ardent as the sparks of
fire struck from their weapons, and are uttered with the
decisive quickness of real action ; and each exploit in
succession assumes a momentary prominency amid the
general mass, like the occasional blast of a trumpet,
enhanced in its effect by the accompanying din of battle
which it overpowers. The bard never pauses in his full
career, till the conclusion of the contest reminds him to
sum up the mutual losses, and pay the tribute of honour
to the fallen. Thus the contrast is rendered more strik
ing, when the battle seems to cease for a moment on the
deaths of the respective leaders, in a manner critically
well-judged. The reader is placed exactly in the pro
bable position of the combatants, sorrowfully arrested
for an instant by the spectacle of two noble Knights
dying with sentiments of honour in their mouths. His
* The term of " Ballad" is very indefinite in its general accep
tation, including classes of composition wholly different in them
selves, of which the only common characteristics are brevity of
metre, and simplicity and perspicuity of language. Hotter'* Ghost,
to which we have already alluded, is, in fact, a Lyric Ode of great
beauty, and produced in its day a singular political effect. Chevy
Chase, the Bailie of Sempach, and the more finished productions of
Sir Walter Scott's school, may be styled Heroic Legends, in com
mon wilh Murmion, or the tag. VVolfe's Tribute lo Sir John
Moore (eminent for feeling and for vivid imagery) is of the nature
of a warlike requiem. As specimens of the Ballad proper, adapted
practically for the voice, the Irish Melodies are preeminent, wher
ever the author abstains from seditious allusions, and from those
laborious refinements which the simplicity of song rejects. Oneindispensable requisite in the real Ballad is, that the thoughts
should convey themselves clearly to the mind before the correspond
ing bar of the music has passed from the ear. On the w hole, we
know nothing in this ]>ecuUar class of composition superior to the
simple strain of O'Keeffe :
Oh the moment was sad when my love and I parted,
M i vourneen delish Eileen cge, &c
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attention is then fixed on the deliberate purpose of the
English archer to avenge the death of Percy, and he finds
no tediousness in the description of the tough yew, the
cloth-yard arrow, the strong pull, and the deadly aim,
which are to overtake the retreating foe: on whom how
ever, when once fallen, the Poet, with excellent judg
ment, wastes no more words in expressing how he
gnashed his teeth, bit the dust, and the like common
places, but instantly resumes the general thread of his
subject.
The Vlth Canto of Marmion is a distinguished in
stance of a similar good taste, founded on Truth and
correct analogy. For the very position which would
convey to a real spectator the most absorbing impression
of interest in the fortunes of a hard-fought field like that
of Flodden, would be precisely that in which the Poet
has placed Clara and Fitz-Eustace ; far enough removed
from the battle to command a leading view of all its
fluctuations, and sufficiently near to mark the particular
exploits and dangers of their own band. Thus, fixing
the reader's point of sight according to the most accurate
laws of Poetical perspective, he presents a general glance
at the contest, boundless as the ocean in a storm, yet
diversified and grouped by the leading features of the
banners, the crests, and the war cries, which respectively
mark the points in which the most daring knights are
engaged, and the fight is most obstinate. An inferior
Poet would have plunged the reader into the midst of
the m61t$e, to have shown his own Homeric accuracy in
describing individual thrusts and wounds; thereby
anticipating his Imagination in unnecessary particulars,*
and leaving it unfilled by any grand general idea. But
in this, as in many other similar instances occurring in
his Prose Works, of a nature to be judged according to
the rules of Poetry, Sir Walter Scott has judiciously
followed the precepts of Burke and Bacon, " that infi
nity is a principal source of the sublime,"—and " that
the office of Poetry is to accommodate the shews of
things to the desires of the mind." According to the
primary law of sympathy, the reader places himself in
the situation of the imaginary spectators, made more
anxious by the degree of personal risk which they incur;
and brooking no trivial interruption from the main
objects of interest, his fancy is awake to the slightest
circumstance showing how the tide of battle flows round
the important land-marks on which his eye is fixed ; the
royal standard of King James, the lion of Howard, or
the falcon-banner of Marmion. Thus the gradual
wavering and the final fall of this banner are watched
with a more lively interest at a distance from which sight
is not lost of the general contest, and the sudden appear
ance of the warrior's masterless horse,
Blood-shot his eyes, his nostrils spread,
The loose rein dangling from his head,
Housings and saddle bloody-red,
* As for instance, (tuppotilit tupponendit,)
Fierce Marmion's arm, invincible in fight,
Through border legions first let iu the light ;
Stout Haliburton bites the bloody ground,
And Pringle's heir gasps with a mortal wound,
Scott, Laidlaw, Kerr, lie stretch'd upon the plain,
And Ramsay speeds to Orcua' dark domain ;
But ah ! while rag'd the warrior far and wide,
The lance of Home transfix'd his mailed side,
While Gordon's axe, with matchless strength addrest,
Dash'd on his helm, and raz'd his falcon crest ;
He falls, he bleeds ; to ruthless foes a prey,
In dust and gore the groaning hero lny :
and thus at the rate of mille vertut ttant ptde in him.

is more sudden and startling, than if the deed of tie M.
borderer, who bore him from his saddle, had beendis- v-7
tinctly described. The latter incident also worb up the ^
situation of Clara to the most anxious pitch, when
Eustace, maddening at the sight,
A look and sign to Clara cast,
To mark he would return in haste,
Then plung'd into the fight
Of the poverty of Virgil's conceptions of character, as
compared with Homer, we have already commented.
It is, therefore, but justice to express our admiration of
the perspicuity, dignity, and good keeping, with which
he manages his external circumstances, preserving, like
a skilful painter, the due proportion between his salient
and retiring points. In the dubious twilight under
which ..Eneas and the Sibyl enter the portal of the
Shades,
Quale per incerlam Lunam, tub luce maligna
Kit iter in tytvit, ubi caelum condidtt umbri
Jupiter, et rebut nox abttulit atra colorem,
the shadowy images of evil Genii are blended in a
manner more sublime and fearful (like Milton's image
of Death) from their very indistinctness; and at the
same time more perspicuous in relation to the general
group, than had their several features been more clearly
expressed. Nothing can be a finer instance of that
bewildering obscurity, which ranks with infinity as a
source of the sublime. Again, the momentary glance
which /Eneas takes of the entrance to the penal regions,
presents images of horror m ore distinct, relieved by the
fiery light of Phlegethon from the abyss where the rebel
Titans are howling and clanking their chains:
Retpicit JEneat tubito, et tub rape tinitlrS
JMaenia lata videt, triplici circumdnta muro,
Qua rapidus fiammit amtbit torquenlibusnmmi
Tartareut Phlegethon, tor-qnetgue tonanlia sola.
Porta adverta, tngent, tofidoque adnmantc columns,
Fit ut nulla virum, non ij>ti extcindere fern
Calicola valeant, ttat ferrea turrit ad aurat,
Titiphoneque tedent, palfd tuccincta eruenla,
Vettibulum intomnit tervat noctttque dieique.
Hinc exaudiri aemitus, et ttrva tonare
Verbera ; turn ttridor fern, tracteeque eaten*.
Conttitit JEneat, ttrepitumque txterrilut haunt.
It is fitting to remark, that the terrific grandeur of this
and similar passages in the Vlth book of the SkU
unmatched save by Milton as pictures of exleroal
images, could not have been thus concentrated save b) J
Philosophical and perfect acquaintance with the rules ■
that eWpiycto, in which we conceive Aristotle to haw
implied a tact analogous to that of the painter* in his
management of light, shade, and grouping, and w*
confined to the mere perspicuous disposition of circusstances. In fact, so intimately connected is the ptw£r
of which we speak with all the higher qualifications ol
Poetry, that it is impossible to discuss its effect without
adverting to examples in which these also are displayed.
The continuity of circumstances, for instance, so fell
preserved in Chevy Chase, is admirably adapted to meet
that agitative sympathy of the Understanding to which
we have alluded as a principal source of Poetical pleasure,
and which when once wound up to its full pitch, resents
the interruption of those minute particulars or irrelevant
words and reflections, which obstruct the full career ol
action.
* As for instance, Rembrandt, whose general effect is rtngM I*
the eye at the first instant, from his vouderful knowledge °f d""
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Poetry. " It is evident nevertheless that occasions occur in
—^——' Poems of continuous Epic action, best expressed by the
:ircumVirgilian phrase of the cardines return, on which more
a" when" circumstant'al details may be fitly introduced ; when for
»tproper, instance some great and spirit-stirring deed, pregnant
' with important consequences, is on the eve of taking
place. These details, however, should be special pre
paratives towards the event for which the Poet pauses to
collect his powers, and the reader his attention, resem
bling as it were the gradual gathering of thunder
clouds in the horizon, indicative of the approaching
storm. An event of any magnitude is sufficient to
justify greater minuteness of description in the intro
ductory details, from which, if they be well managed, it
derives additional dignity in its turn ; while the suspense
and curiosity of the reader are prolonged, and his concep
tion of the circumstances of the crisis at hand rendered
more clear. Thus in the Siege of Corinth, every pre
parative calculated to add an imposing terror to the
Moslem attack is sedulously enlarged on in the forty-five
lines composing the twenty-second stanza :
■
The trump, and the drum,
And the mournful sound of the barbarous horn,
And the flap of the banners, that Hit as they're borne,
And the neigh of the steed, and the multitude's hum,
And the clash, and the shout, " They come, they come 1"
Meantime, lest these accumulated details should prove
tedious, the attention of the reader is fixed on the ex
pected discharge of the culverin, which is to act as the
signal of assault to the overwhelming force which they
have depicted ; and which winds up the stanza with the
effect of an electrical shock.
Silence—hark to the signal :—fire !
Homer has thus deliberately multiplied all the con
comitants to the final appearance of his hero in arms
which a grand and imaginative mind could suggest to
swell the pomp of the event. The amnesty between the
rival Chiefs, ratified by the stately eloquence of Agamemuon, the richest gifts and the most solemn sacrifices,
—the arrival of the divine arms, from the glare of which
the hardy Myrmidons shrink in dismay, while Achilles
joyously views them with the gaze of an eagle on the
sun,—the strength with which he shakes and poises a
spear which no other Greek could lift, shaped for his
father by the Centaur Chiron from the trunk of a moun
tain tree—his crest floating
Like the red star, that from his flaming hair
Shakes down diseases, pestilence, and war.
—and the rush of the marsl.\illed host like a deluge to
the field of battle,—all these lofty details are concen
trated on one point, and finally wound up to a climax
by the dauntless defiance of evil omens, uttered by the
hero, which sounds like the trumpets' signal for the
onset;
So let it be !
Portents and prodigies are lost on me ;
I know my fate, to die, to see no more
My much-lov'd parents, and my native shore ;
Knough ; when heav'n ordains, I gink in night ;
Now perish Troy !
He said, and rush'd to fight.
It must be owned that the elaborate description of the
Vulcanian shield, which precedes the XlXth book of
the Iliad, is somewhat tedious. Yet in this, and the
methodical descriptions invariably given by Homer of the
arming of his knights, it is probable that he *' accom
modated the show s of things to the desires of the mind,"
with reference to the propensities of his Age, as already
vol. v.
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adverted to. The same exciting curiosity with which Poetry,
the modern reader glances over the general features of ^——
the Moslem host preparing for the storm of Corinth,
would, in a period when every man was occasionally a
soldier, centre itself in the examination of the armour of
proof worn by the Chief on whom the fortune of the day
depended, and watch every movement as the prelude to
the important deeds which he was about to perform.
Or it may be, that Homer purposely intended to refresh
the minds of his readers by the contrast of a lively pic
ture of the varied details of social life, (like an agreeable
landscape painted on the drop scene which is to draw
up and discover the final denouement of a Drama,) till
his XlXth Book should burst on their imaginations with
redoubled sublimity and interest.
With the character and purpose of the Odyssey, these Exemplidetails of every-day life (for which the Poem has been fiedinthe
ignorantly censured) are completely in unison. By a Odyssey,
happy comparison, this Poem has been likened to a still
Summer evening, a sequel, as it were, to the meridian
heat, and toil, and splendour of the Iliad, and answering
to the evening of life which one of the most renowned
Chiefs of that Epic Poem has now approached in the
course of years. Thus the reader's imagination is kept
fixed on those vivid pictures of primitive hospitality and
good faith, of patriarchal justice and serene old age, of
conjugal and filial affection, of simple habits of life, of
rustic fidelity and rural ease, which naturally fill the
mind of the Chieftain, as connected with the home to
which the event of the Poem is to restore him, after an
eventful life of battles and wanderings. Hence the
details of the smooth stones on which the Pylian Elders
and their Sovereign administered justice under the open
face of Heaven ; of the simple occupations and familiar
sports of Nausicae and her handmaidens : of the horti
culture of the venerable Laertes, and even of the swinepens and humble cares of Eumaius, are in strict cha
racter with the design and plot of the Odyssey ; of which,
perhaps, more than of any other Classical Work to which
the student returns to refresh his recollections, it may
be said,
Htec decies repctita placebit.
Nor are there wanting the romantic attractions of
Antres vast, and deserts wild,
And men whose heads do grow beneath their shoulders ;
the atrocities of Polyphemus, the spells of Circe and the
Syrens, and the perils of Scylla. But these the Poet has,
with infinite judgment, toned down, as it were, and
blended with the back ground, through the medium of the
hero's own narrative at the cheerful board of Alcinous ;
that so the sympathy of the reader may rejoice with
Ulysses over the memory of past sufferings, and anti
cipate the satisfaction with which he will recount the
tale of wonders in Ithaca, rather than be excited by the
actual occurrence of these to a degree inconsistent with
the tranquil keeping of the Poem.
The Episode of the Temple of Mars, in Palamon InPalamon
and A rcite, is as remarkable for its descriptive force alM''*TC''e*
and admirable selection of circumstances, as for the
manner in which, like the XlXth book of the Iliad,
it works the reader's imagination up, by a well-employed
delay, to the final event, the fortunes of the day depend
ing on the answer of the Oracle. The blasting influence
of the warlike Deity, extending to the very air and ve
getation, the gates of adamant hewn by the God him
self, and yielding only to the fury of the whirlwind, the
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massive walls illuminated only by a spectral Northern
light disclosing dimly a shadowy crowd of murderous and
appalling images, and " the rattling tempest" continually
raging in the cold mountainous region, afford Drydcu a
subject in which he has excelled himself as the inter
preter of our glorious old Chaucer.
Our remarks on the keeping and selection of Poetical
images have necessarily led us, as will be perceived,
into considerations conuected with their more general
bearing on the character and conduct of a plot, as the
rules relative to both cases appear to rest on correspond
ent principles.
Relation of Those embellishments of style classed under the names
Allegory of Allegory, Metaphor, and Simile, are obviously redu
and Meta cible to one head, as founded on analogy, and dependent
phor to
on the correctness of that analogy for their whole force
Simile.
and beauty, as illustrations of the relation of two objects
of our contemplation, or more, by the discovery of the
same relation between a similar number of objects of a
different class ; a discovery agreeable at once to the
Judgment and the Imagination, according to its accuracy
and novelty. The origimil and most simple form of this
analogy naturally suggests itself as embodied in the
Simile, which stands in relation to Metaphor and Alle
gory as a plainly expressed syllogism does to the ellip
tical form of the enthymeme, and the combined chain
of a process of reasoning. For instance, Homer plainly
states the four terms, or more, of his analogy, in sub
stance thus. " As two young oaks, on the top of a
mountain, resist the tempest, so did PolypaMes and
Leonteus, in their exposed situation, resist the brunt of
the Trojan charge." Here the analogy of the Simile,
consisting of six terms, is kept up with accuracy, and
yet with no apparent labour, the respective relations of
things suggesting themselves to the reader at a glance.
The dignity of the young Lapilhav is also preserved, and
even augmented by an assimilation with natural objects
of power and sublimity, all graphically true to the sub
ject which they illustrate, and sufficiently brief in their
expression to leave something to the Imagination ; as
the strength and beauty of these mighty forest trees, the
sway of their limbs against the storm, like the arms of
warriors repelling a host ; the howling and whistling of
the wind in contact with their branches, like the shouts
and cries of the triumphant Trojans in their onset ; and
the fixed attitude of the two redoubtable Chiefs, like
hardy oaks, on a post from which they must be torn up
lifeless ere they yield a span of ground. One such instance
as this is sufficient to show that a really perfect Simile
will bear the minutest examination in more relations
than that which the Poet may have expressed. On the
contrary, the comparisons (in different parts) of the
groans of Agamemnon, and the ease and copiousness of
Ulysses's eloquence, to a fall of snow, (which illustra
tion seems to have met with peculiar favour in Homer's
eyes.) seem to us in both instances defective, inasmuch
as they apparently consist of only two terms each—as
thus, " Agamemnon's groans came as quick as the suc
cessive flakes of snow descend ;" "The words of Ulysses
fell as softly and copiously as a fall of snow." In this
second instance, the relation between the first and
second term is somewhat improved by the union of two
liuks of similitude instead of one. But there seems no
more ingenuity displayed in either case, than in saying
that Agamemnon was as brave as a lion, or Ulysses
wary as a fox, facts appealing neither to the Judgment
nor to the Imagination.
Poetry.

It is rather singular that Virgil, whose general dig- p^,
nity and good taste are unquestioned, should in two
instances have linked mean associations with characters
of note and consequence, by an ill-advised selection of
Similes. The comparison of Amata, flying about the
palace under the excitement of warring passions, to a
whipping-top scourged by contending boys into full whirl
and hum, is undoubtedly most true to the eye, as well
as accurately perfect in the relation of its several terms.
It would have been invaluable in a Comedy or Satiric
Poem, as a picture of a furious scold irritated to the top
of her bent ; but for this very reason it is just as im
proper when applied to the description of a motherqueen frantic at an ill-omened crisis impending over her
Royal House.
A far more mean and wretched instance is found in
the following Simile, illustrative, as it appears to us, of
nothing but the hour of the night at which Vulcan arose,
and hardly possible to arrange under four distinct terms,
save by the assistance of the Cyclops and the female
slaves.
■
Cum firrxtna primum
Cut to/rrarr colu vitam ienmque Mtnervi,
Jmpoiitum ctncrem et topttol nacitnt tgneg,
Noclem addem open fttmulanque ad lumma loit/ft)
Exercft penso, caitwn ut servare citbite
Conjugis, et pottct parvot educere natos,
Haud seem Ignipottns, SfC.
which final hand secus appears to clench this unfortu
nate passage as a Simile to identify Vulcan with the
careful semstress. Some critics have remarked on the
affecting beauty of this image of the poor woman's
anxious toils, not perceiving that were this even the case,
a directly contrary train of association is required, when
the vigorous labours of a God are the subject. It cer
tainly requires a liberal share of undoubting classical
prejudice, to discover any th ing more affecting in the
description, than the circumstances of an idle husband,
sleeping off his panem et Circenses, a frugal and restless
housewife, stinting her half-starved maids in their natu
ral sleep, to feed his idleness, and the necessities of his
squalid brood ; in short, a combination of such rircnmstances as embitter the curse of Adam in low suburban
life. And this in illustration of the munificence of the
son of Jove, rising like a giant refreshed with sleep, to
employ the strength of the brawny Immortals who forged
thunderbolts like toys, upon armour which is to decide
the fate of a Kingdom, and the fortunes of a Goddessborn Chief.
It is difficulty to draw the exact distinction between
Simile and Metaphor as applied to Poetry ; in fact, w
we have already shown, there is no virtual difference
between them, a Metaphor being only a Simile abbrevi
ated in its expression, when the application and relauoa
of the terms are obvious. Thus the rebuke of thePhilosopher Anaxajroras to Pericles, as quoted by Aristotle
in relation to this very subject, is capable of eitenaon
into the four terms or more of a Simile, but more deli
cately and pointedly worded than had the whole been
expressed : " Those who make use of a lamp, Vtritte,
take care to supply it with oil."
It is, perhaps, not always necessary that the four
terms should be distinctly implied. As an instance,
where the beauty of the image is not impaired by a cer
tain degree of this indistinctness, we may mention tne
short Psalm, " Behold how good and pleasant a thing it
is," &c. which Lowth has so beautifully translated urto
Horatian metre.
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It is hardly necessary to remark, that the use of the
' Simile is not adapted to the terse contentious character
of conversation or argument, in which, however, the use
of the Metaphor is often powerfully effective. And the
slightest knowledge of etymology shows us that the
greater part of prose words employed on every subject,
save the visible and tangible objects before us, are, in
truth, Metaphors in themselves, and implying a relation
of four terms. But these considerations are rather
applicable to the subject of Rhetoric and Language in
general.
Allegory may rather be considered as a prolonged
Simile, or a series of Similes aptly fitted together, than
as any thing distinct in itself. Its first origin may be
naturally traced from the aspirations of imaginative
minds, in the darkness of Heathenism, to realize in some
distinct image their abstract conceptions of the mighty
powers of Nature, and the still mightier and more mys
terious faculties of the Soul, which even the light of
Nature represented to them as " made in the image of
God." Thus, the sublime fiction of Pallas springing
in full armour from the brain of Jupiter, implied that
perfect wisdom emanates from the intelligence of the
First Cause, from whom also the qualities of strength,
skill, beauty, courage, and the physical blessings of light
and warmth, were derived in the imaginary personifica
tions of Hercules, Mercury, Mars, Venus, Apollo, and
Vulcan, the children of the same omnipotent ruler. Thus
also the Legend of the Python slain by the arrows of
Apollo, is held to refer to some pestilential marsh dried
up by the rays of the Sun ; and it is probable, that many
other mythological stories, the key to which is now lost,
were rather personifications of the workings of certain
mental and natural powers, than the mere sports of
fancy. The same inference will probably apply to the
tedious extravagancies of the Brahminical Mythology,
and the wild Runic fictions of the Scalds.
Hence, in time, the patent of Poetical creation was
extended to Dryads, Oreads, River Gods, and other alle
gorical symbols of the secondary causes operating on the
face of Nature. Thus far, indeed, the sources of Poetical
pleasure were augmented and enriched, and the inherent
love of sylvan beauty dignified.
But when, in later Ages, the same privilege was ex
tended to Sciences* and abstract qualities, as well as to
Provinces and Cities, an unmeaning medley was created,
meriting the just sarcasm of Petronius, " that in his
days it was easier to find a God than a man." It must
be acknowledged that Claudian, who was particularly
addicted to this species of ornament, excelled in its ma
nagement as much as was consistent with the nature of
his materials. Some of his personifications of Towns
and Countries are introduced in a brief and characteristic
manner which assists the reader's conceptions of the
circumstances represented by the Allegory, and places
them in a clear point of view. In a long-continued
Allegory, however, the Poet runs great dangers, and
must labour with great attention if he would avoid the
fault of mixed Metaphor, or the absurdity of confounding
the abstract with the tangible.t This Spenser has tole*
Mustabut tacito Medicina timore. Lucretius.
+ In spite of the good example set by Westmacott, in rejecting
the
ready
aid
Fames and Britanuias
in hisinmonumental
group to
■the memory ofof Abercrombie,
(an example
one or two instances
liappily followed,) the most atrocious instances of the fault in ques
tion are perpetrated still, according to onier and measurement, at the

rably well avoided, and it would have been well had Poetry.
Dryden looked more to the example of the latter, when
V""-/
he represented a Hind talking polemics between her
mouthful* of grass, in his well-known apologue relating
to the Catholic Church. But perhaps it is not far from
the truth to conjecture that, in nine instances out of ten,
the Poetry of Spenser is read merely for the sake of its
scattered beauties, and that there are few works of equal
merit, which can be so patiently laid aside at the hours
of meals and rest, as the Faerie Queene, a Poem which
all agree in praising. The causes of this (at least in
our own view of the question) are natural, and appli
cable a fortiori to the mass of symbolical dulness
which, as in the last century, was dragged into action to
serve any given purpose of flattery with the least por
tion of imagination.
It is clear enough that in a continued Allegory, Causes of
the personages must necessarily walk, talk, and conduct th_? dlu*
themselves in a manner addressed either to the sympa- prolonged
thies of the reader, or his sense of the beautiful and Allegory,
sublime. Now although mankind are ready enough to
surrender themselves to the Poet's illusion in favour of
persons and circumstances, the like of which they can
easily conceive to have existed and happened in real life,
they are cautious in bestowing either interest or admira
tion upon things entirely siii generis, and owing their
existence only to the professed labour of an ingenious
brain. The same effect is produced, as if a large auto
maton could be so managed, by the help of ventriloquism
and machinery, as to give a perfect representation of the
part of Lear or Othello on the stage. The feeling of
wonder at the ingenuity of the trick would entirely su
persede any sympathy (if such indeed could exist for a
moment in sober earnest) with the parental or conjugal
feelings of the doll. The Pilgrim's Progress is almost
the only successful instance of a continued Allegory
kept up in prose, in which form perhaps this mode of
writing conveys less of tedium to the reader. But here,
independent of the skill and good management in the
conduct of Banyan's symbolic fiction, other merits pre
sent themselves, the discussion of which is foreign to our
present matter. The Vision of Mirza, which possesses
more of the true Poetical spirit than any professed
Poetry by Addison, and may be pronounced in every
respect perfect, cannot be considered as a continued and
palpable Allegory of the class which we have described.
Its outlines are touched with the lightness and delicacy
which a visionary subject demands.
The instruction and amusement afforded by well- Causes of
chosen Fables, such as those of Gay, is universally
acknowledged : and since these may, strictly speaking, be ^"Fables,
classed as Allegories, it appears necessary to explain
the reasons why they produce an effect so contrary to
that of such frigid fictions. The fact is this, that the
symbolical picture of human actions is here represented
not by abstract phantoms, but by real, tangible creatures,
capable of pain and pleasure of the same sort, in many
instances, which we ourselves experience, and approach
ing in their instincts so nearly to the reason of Man, as to
create an involuntary idea of their responsibility. Thus,
cost of the public. Tims (speaking from recollection) a "lying
General is supported and comforted by the joint efforts of Britannia
in Roman armour, and a light-infantry man in Tull regimentals,
while Hercules stands by totally naked, and evidently doubting whe
ther his own appearance is either decorous, or required for any pos
sible reason.
4 s2
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Poetry, for instance, the bite of a dog creates a momentary rcv-"-v^»»' sentment against the animal, uufelt by the person who
is equally hurt by falling against a stone. And whether
such conclusions be warranted in strict reasoning or not,
it is impossible to divest the imagination of the idea that
the elephant is susceptible both of praise and remorse,
that the monkey has a truly human delight in mischief,
that a high-fed horse exerts himself in company from a
feeling of emulation, and that the master-dog in a coun
try town enjoys precisely the same kind of self-import
ance as the beadle. Thus no very difficult task is im
posed on the fancy, in imagining brutes endowed with
the power of expressing to each other their simple pains,
pleasures, and perceptions, arising from such circum
stances as they are commonly conversant with, and
forming an abundant class of parallels to the analogous
relations of Society. By this means an independent
interest is created in the animal symbol itself, as for
./Esop's poor hound, lashed in his old age for the failure
of his well-tried speed and scent. Bui to preserve this
interest, as well as to avoid absurdity, the truth of animal
habits and character must be observed. Cocks and
hens must not neglect their barley-corns to talk po
lemics, like Dryden's Hind and Panther ; and though
the grave Roman Historian assures us that an ox spoke
at some momentous crisis, he has not the hardihood to
add that he gave any political advice.
Of HyperOf Hyperbole, Apostrophe, and such little semihole,
rhetorical aids to diction, it is necessary to say little
more but that they are the constant resource of bad
Poets, and. save in the case of the joint productions of
Dryden and Lee, cautiously employed by men of genius.
But Lee was mad, and Dryden was driven by necessity
to suit the false taste of the times. It is obvious that no
Hyperbole is implied in such marvels as are consistent
" with the plot of a Poem ; for suppose Ajax and Achilles
men of gigantic strength, and their feats are in keeping.
Occasionally, perhaps, when the Poet's breast appears
to labour with some mighty conception, such hyperboli
cal flights as the following (describing the forging of
jEneas's armour) may even add grace to the context,
though the limits between the tangible and ideal are
somewhat confounded.
Fulgorm nunc terri/icos, Sonitumqur, Metumqut,
Miiccbant opcri, Jlammisqttc tcquacibut iras.

would probably have himself adopted, had he treated
subjects of a nature not suited to that heroic couplet J^J
which he curried to the utmost pitch of perfection.
The choice of Comic Metres evidently depends on the ^ 4i
whim and fashion of the moment, and cannot be jjravelv n!n'r,ii.
defined by any rule, when we recollect the peculiarlv 'BK
apt effect of Swift's Lilliputian Ode to Gulliver, pointed ^
as it is by the trisyllabic verses adopted. But in regard
to Metres appropriated to serious subjects, it may
be doubted whether any more particular rule can be
assigned, save that the length of each verse should be
sufficient to admit of a full and musical cadence, and
not extend beyond those limits which preserve its grace
and compactness.
How little, after all, the effect of true Poetry depends
upon the choice of any Metre possessing the proper re
quisites, may be inferred from the fact, that the fame
rhythm has been adopted, with the slightest possible
variation, in Moore's Last Rose of Summer, in Anstey's
Bath Guide, and in the following noble burst oflmagi nation occurring in the Deformed Transformed.
But the chase hath no glory,
Her hero no star,
9ince Nimrod, the founder
Of empire and chase,
Who made the woods wonder
And quake for their race.
When the Lion was young
In the pride of his might,
Then 'twas sport for the strong
To embrace him in fight ;
To go forth, with a pine
For a spear, 'gainst the Mammoth,
Or strike through the ravine
At the foaming Behemoth ;
When Man was in stature
Like towers of our time,
The first-born of Nature,
And like her, sublime !
The greater part of what may be observed on ti«o(J>
subject of Epithets, relates to the consideration otto
words in general, with regard to their Poetical fitness.
In their own peculiar capacity, as connected with the
matter of the context, they are a means afforded by the
structure of Language, of blending the idea of the thing
described with another distinct idea of quality, action,
time, magnitude, or relation, which the adjective or par
ticiple in question concisely suggests by a single word.
Thus far, but with great modesty and caution, they may
be used in simple Prose, as well as in Poetry and tbe
more animated departments of Rhetoric. To the la*'
branches of style, a still more enlarged use of Epithet
may be permitted for the purposes of contrast, climax, or
amplification, and in all those indefinable cases where
it may be necessary to give more strength and distinct
ness to an idea partly or wholly implied in the substan
tive with which the Epithet would connect it. No" "
such Epithet be far-letched or obscure, it embarrasses the
rapidity of thought in the reader, which ought to k«p
pace with the Poet's words, and which it is its proper
business to assist. If not exclusively relating to the cir
cumstance, passion, or action described, it breaks uie
train of that thought by something wholly irrelevant."*
though generally true, repugnant to that occasion.
if Homer should say " the friendly Patroclus, or «
duteous Achilles, rushed on the foe.") If merely
echo of an idea* fully and vividly implied in the vert),

It is difficult to say by what other means Virgil could
have expressed the supernatural qualities of Vulcan's gift.
On the origin of Metre we have already offered such
conjectures as appear to us most probable, nor is it our
intention to enter analytically on those more minute
discussions which may be better found elsewhere. As
far as regards a general and practical view of the matter,
it may be affirmed, that the respective fitness of different
kinds of Metre to their usual subjects, depends very
much on arbitrary and accidental causes, and that as
long as the laws of mental association subsist, established
precedent ought not to be departed from without some
very substantial reason. It must be acknowledged that
during the last century, the writers of our own Country
adhered somewhat too rigorously to the canons of
rhythm and cadence founded by Pope, and that the pre
sent School of English Poetry have successfully departed
from a style which had become almost burlesqued by
repeated abuses. But both Byron and Scott have
strictly adhered to precedent, in reviving Metres exist
* As if the Poet should say, " the fierce tiger," " the hV
ing before the times of Pope, and which that great man sun," " the sylvan forest," or " the godlike Jove."
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substantive, or any other part of the sentence, it lowers
-1 the whole context into dull tautology. Thus the use
of Epithets in Poetry demands almost as much caution
and judgment as in Prose. As an instance of a long
passage, where not a single Epithet is introduced with
out adding some distinct idea of force and grandeur to
the imagery, we may refer to the fifty-four lines conclud
ing the Hd book of the Georgics.
llle eliam exlincto miseratus Casare Romam
Cum caput obscura nitidum ferruginc tcxit,
Impiaque eeternam timncrunt scecuta noctem. 8fC
The passage in question may indeed be set in the same
rank with the lines quoted by us as the description of
the portal of Erebus ; as equally remarkable for its
selection of grand and striking images, and the display
which its metre and cadences afford of the powers of the
Latin hexameter.
In no respect, perhaps, is the Greek Language so re
markable, as in the facilities which its structure affords
of expressing complicated ideas by single and expressive
words ; more peculiarly as regards the privilege of
forming compound Epithets enjoyed by their Poets: a
privilege exercised to no extent in any modern Language
of any note, save in the German, which by its flexibility
In this respect, its noble Teutonic cadences, and its
abundance, may be said to approach more nearly to the
Greek than any of them, in spite of its apparent rough
ness. Our own Language, though more abounding in
pithy and hereditary compounds of the sort in question,
than the French, Italian, or Spanish, has still often
baffled the Poet's efforts to add to their number, as in
the case of Campbell's expression, " the wolf-scaring
faggot." The awkwardness of this word arises from
the want of generality in the term " wolf." When a
new compound is in this manner attempted, one of its
parts ought to be inclusive of several classes of things,*
or equally applicable to them : while the other serves to
particularize the meaning, and thus a far-fetched and
forced appearance is in a great degree avoided. Hence
the same author's term of" battle-blade" is more allow
able. We are recalled to the subject of Greek Epithets
by the recollection of a forcible line in Gerlmde. of
Wyoming, in which an image of terror is amplified by
contrast and negation—
Red is the cup they drink—but not with wine !
This, though reminding us of the successful use of the
same imposing figure of Language by iEschylus, sug
gests also the concise manner in which the latter would
have glanced at the
AiTetff i{»^»,"AOINON.
Thus the very dust before the walls of Thebes, becomes,
in the hand of the Poet, a messenger of dread,
"AjatwJff, ir't *'■:;, irv/ii; ayytXse.
The same rules which apply to adjectives may be equally laid
down as to adverbs, which in fact are only a different technical form
of expressing quality, magnitude, &c. &e.
* Thus <rtXhi, ft'tyx;, and words of the like general import, are the
bases of whole hosts of Greek compounds. It is evident, however,
that the Greeks claimed a peculiar exemption from the rule in ques
tion, (which we state as in our opinion warranted by general induc
tion.) The phrase of jEschylus, /3»« wiJiairXoaTira-a,-, perfect as it
is in sound and sense in the first chorus or the 'hsri M enfias,
does not, to the best of our recollection, occur in any other Greek
Classic of note, and was probably coined in the fervour of composi
tion.
t As a deprecation to the manes of the fierce old Bard, we beg to
acknowledge our forgery.
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The choice of words in general, as adapted to the use Poetry,
of Poetry, may be considered in relation both to their ^— «■'
sound and their import. It is almost superfluous to Choice of
observe, that in this respect, as in every other connected wulJswith Poetry or Prose, perspicuity is the first duty of a
writer who respects the patience of his readers, and
desires to escape the imputation of either not under
standing his own meaning, or wishing to hide its weak
ness by the favourite resource of the Sophists,* mystifi
cation.
It is evident, from the pleasure afforded by instru- Connection
mental Music, as well as the attention with which many of s",m<1
persons listen to harmonious passages of a Language with Sense,
which they do not understand, that any striking com
bination of sounds has a distinct character of its own,
and a power of suggesting a train of ideas correspond
ing with itself in the mind of the hearer. Hence nothing
is more common than to find songs written expressly to
suit favourite airs, which were originally composed as
mere instrumental performances. It is therefore not
beneath the attention of the Poet to cultivate in this
respect the indispensable gift of a correct ear, and to
shun, both as regards the structure of his verse, or the
choice of individual words, any discord which the sense
does not render unavoidable. In many cases an appro
priate force is imparted to Poetical diction, by accommo
dating the sound to the sense, more especially when
some vivid object of the external senses is to be de
scribed. The safest means of effecting this end, per
haps, consist in adapting the structure and breaks of the
metre to the expression sought. Thus Virgil has with
out the help of any unusual word, hurled down a tower
with stupendous force :
Aggressiferro circum• convellimus allis
Scdibus, imp'tlunutqitc.
The stone of Sisyphus, again, in the hands of Homer,
seems to grate back from the summit of the hill, and
gallop in thunder to the bottom, chiefly by his artful
disposition of cadences ; but perhaps in some degree
from the appropriate sound of particular words. The
passage is too familiar to need a quotation. When,
however, it may seem expedient to adopt these minute
verbal aids to their full extent, great caution is necessary
to avoid the semblance of what is familiarly called
" trick and jingle."t Even Mason, in his splendid
* See their well-known precept of £jt#T«£a».
t Biirger, with tile true honesty of the Deutsche Biedermann, has
avowedly used interjections coined by himself to express the ring of
a bell, and the tramp of the spectre horse, in his Ballad of Leonora*
Vnd /torch i nnd horch ! den Pfortenring
Ganz lose, leise, klingliiigling !
Again,
Vnd lutrre, hurre, hop hop hop !
(ting'sfort in sausendem Galopp.
The precedent is rather dangerous, and only set by this author in
one or two instances of his Ballad metres. But it may be doubted
whether such a bold-faced innovation on the rules of Language be
not more graceful than the covert artifices to which wo allude, when
carried too far. It is possible that Burger, whom from some cir
cumstances in his Works we should guess to have been familiar with
our Language, may have read Stanihurst's Virgil ; and in this case
In; has afforded a very softened Ukiuess of the " rouoce robblu
hobble," and
Loud rub-a-dub tabering with {rapping rip-rap of /Etna,
which M&ssitiger ridicules in his Virgin-Martyr.
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Druidical Ode in Cctractacui, has not escaped this fault.
The " apt alliteration's artful aid," is too prominent in
several lines, but more particularly in the following,
I spied the sparkling ofhis spear.
In the selection of these words he could hardly have
carried his zeal and accuracy so far is to copy purposely
the precedent of the Welsh Bards, who substituted alli
teration for rhyme : and his imagery certainly does not
require the aid of quackery on this or any other ground.
Experience, however, teaches us, that the effect of
words on the Imagi nation depends not so much on their
sound, as on the habitual associations with which
chance, education, or use has connected them. Thus,
as far as mere cadence and euphony are concerned, the
respectable patronymics of Hayward, Price, Stunt, and
Meux, are precisely similar to those of Howard, Bruce,
Blount, and Vaux. History has, however, connected
deeds of knightly and heroic achievement with men who
chanced to bear the latter class of names, which conse
quently shine to an English ear with undiminished
dignity by the side of such gallant trisyllables as Gon
zalez,* Wallensteiu, or Colonna.t Nor again can these
foreign names claim any natural superiority of sound
over " Barbara," " Camestres," or " Baraliplon," the
butts of scoffers at the Schools. The fact is, that they
cannot be heard without instantly recalling a host of
romantic recollections of the days when they served as a
spell to armies and nations.
The same rule may be applied to all words in regard
to their fitness for the uses of Poetry. It will in the
first place be readily allowed, that Aristotle has argued
rightly in his contemptuous refutation of the hypercritic
Ariphrades.J as to the propriety of such words and collo
cations of words in metre, as are unfitted for ordinary
conversation. We might perhaps add, that it is as in
consistent to reject such aid in a form of diction pur
posely cast in a different form from Prose, as to perform
a part on the Tragic stage in an ordinary hat and coat.
But as it is equally true that numbers of words used
in the most familiar converse, are also perfectly Poetical,
we will assign to the best of our power the reasons
accounting for this obvious fact, as well as a few
general rules to be observed in avoiding the suggestion
of mean and prosaic associations ; premising, that even
if words are not positively the medium through which
many persons think and argue during their lives, they
are at least, when not mere particles or links of mean
ing, each the index to some point of knowledge, or im
pression of the feelings, and in some instances, the key
to long trains of thought.
1. A word of very extensive and generic import,
when used in its simple sense, and implying nothing in
itself mean, is as it were the common property of prose
and verse, and can hardly, under any circumstances,
be positively prosaical. Thus " kill,"§ though it is
used by poulterers and pig-butchers, creates no idea

inconsistent with Poetry, though for the reason stated, rW
" slay" is somewhat better, as being equally perspicuous J, '
and less common. But supposing a character to speak
under the influence of intense passion, the more homely
term would be the most fitting, provided it were not
actually mean.
2. Those modified expressions which good breeding
renders necessary in Society, should for that very reasorj
be rejected in Poetry, as tending to lower and qualify
its bold, decisive meaning. Thus " plain," as applied to
person, is not so Poetical as the phrase" hideous," which
Force of
association
may express the sensation created by a monster ot
as relative
demon. A witch may be Poetically called an" ugly old
to words.
woman," but not a" plain elderly female." In short, no
word should be used in serious Poetry, which can recall
the ordinary chit-chat of the drawing-room, or, still
worse, the pathos of newspaper eloquence.
3. For the same reason, all terms peculiar to familiar
relations or occurrences of life should he equally avoided.
Thus the word " handsome" in its primary meaning, as
well as its secondary, suggests agreeable ideas as to the
liberal conduct of a man in business, or his personal
advantages in a ball-room, but is not on that account
Poetical. The term " beautiful," though occasionally
applied in both senses, is more proper for verse on
account of its generality. Thus also all terms relating
to trade, commerce, profession, or mechanical operations
of any sort, when not very comprehensive, must be
rejected. The phrase used by Dr. Johnson,
whom to beds of pain
Arthritic tyranny consigns,
is not redeemed by its high sound from associations with
the desk of the pedant and the dissecting-room of the
surgeon ; in fact, it seems just the ambitious attempt
which an ingenious young apothecary would make to
celebrate, like Lucian, The TriumphtofUwGmi'm'w
most sonorous manner. Besides the word is unintelli
gible, save to a Surgeon or a Grammarian. Thephrase
in Hamlet, of
Rule!) as to
the choice
The fat weed that rots on Lethe's wharf,]
of words in
reminds
us
involuntarily of barges and coal-sacks, on the
Poetry.
point of that solemn disclosure which the Royal Ghostis
about to make. The line also occurring in someversiou
of Horace, "done into English by an eminent hand,
unfortunately blends with the climax of the image re
presented by the original, the idea of a joint-stool giving
way under the hero of the stanza,
He unconcern'd could hear the mighty cracl.
But, perhaps, these apparent absurdities* are only
occasioned by the gradual alteration of the shades of
Language produced by time. A still more unlucky in
stance is to be found in a Poem in which the language
usually matches the conceptions. It is obviously caused
by the author's ignorance of vernacular English : a defect,
however, which ought to have rendered him cautious as
to the coinage of new words.
And as his thievish fancy seem'd to hear
* Count Fernan Gonzalei of Castile, second only to the Cid in
The nightman's foot approach, starting alarm'd,
his deeds against the Moors, according to Spanish Legends.
And in his old, decrepit, wither'd hand
+ The redoubted Prospero.
That palsy shook, grasping the yellow earth
X '' Ariphrades, too, ridicules the Tragedians for using such ex
pressions in Poetry as no one would use in Prose, as %uu.irui airs,
To make it sure.
PoUok's Course of Tuxt, book ui.
instead of a* oivuaTmt, &c. Now it is exadly because they are not
commonly used, that such expressions impart dignity to the diction.
Of thin however ht was ignorant." Arist 1'otl.
* The same may be observed of the apparent homeliness and ri§ So of the words man, beast, pity, fear, auger, hatred, jealousy, garity
of the translations of Homer by Hobbea and Chapman, hoi!"
&c. &c.
—■ of unboubted talent.
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No person, save the most grossly dull and ignorant, the Commonwealth. In the mouth of the meanest citi- Poetry,
■"v^-*" is likely to use any word in serious Poetry, approaching zens they were pronounced with the consciousness that >— _
in the slightest degree to what is styled a "catch word," he was a Countryman of Cincinnati)*, and an inheritor
*' slang expression," or " cant term." But, in fact, such of the Institutes of Numa Pompilins. Thus, also, in our
words are almost equally unfit for the most trivial de own Language, the terms of " Knight, Sultan, and Muscription of Comic Poetry above the level of the ballads suhnan," are less Poetical than their synonymes of
sung at fairs. It must be borne in mind that the Science Paladin, Soldan, and Paynim, inasmuch as the latter
of cant terms was origiually invented by common cheats words suggest the relation in which these personages
and robbers, as a means of keeping their consultations were placed, at a period from which we date the origin
secret. At present, in all its different shapes, it furnishes of our National Chivalry.
We have already remarked on the effect of well- Use of
to persons of defective powers a technical substitute for
humour and knowledge of the world, which often de chosen proper names in this point of view, as distinct proper
ceives the inexperienced. When, however, its phrases from any advantages which they may derive from aiau^tare tested by the ordeal of verse, their baldness becomes euphony. The names of places marked by any grand
too conspicuous to be tolerated. And it may be ob Historical event, bring to the recollection at a glance, the
served, that the most humorous Poems* of our present separate actions of a number of distinguished persons,
day are couched in the purest English, adapted to give while the name of a great man similarly suggests the
history of his individual deeds. The same pregnant
greater pungency to the allusions by its terse gravity.
4. The employment of words of studied simplicity, import may sometimes be conveyed in a mere epithet.
and of such as are far-fetched and high-sounding in pro It has been remarked by travellers in Norway, that the
portion to the sense, are faults equally to-be deprecated. phrase Gamtle Norge* seems to awaken in the natives
Whether as regards the arrangement of his periods, or a degree of warmth and veneration, which a stranger,
the choice of his phrases, the Poet who aspires to carry however partial to his own Country, can hardly com
his readers along with him ought, at least, to appear to prehend : that when pronounced at their convivial meet
be thinking of his subject, and not of himself. Any thing ings, it seems to embody the essence of all which they
bearing the semblance of affectation destroys the im love and prize. The reason should seem to be this,
pression of truth, vigour, and earnestness, which should that the national pride of a Norwegian is exclusively
be produced by the fervour of composition. More par connected with the Ancient History of his Country, as the
ticularly ill-timed and offensive are words of the kind to Temple of the Northern Mythology, and the hive from
which we allude, when put into the mouths of imaginary which issued the most princely and unconquerable
speakers, and therefore professing to be an imitation of Tribes of modern Europe. Feeling that his native qua
something actually uttered by another.
lities are still undebased by slavery or luxury, and con
scious that the name of his Country is a blank in
Tis the fire-shoxcer of ruin, all dreadfully driven,
Modern History, he delights to contemplate it in a rela
From his eyry, that beacons the darkness of heaven.
Lochiets Warning.
tion identifying himself as the Countryman of Rollo,
the kinsman of Tancred and Guiscard.
Now Cassandra, amid her wildest ravings in the Aga andThe
effect of a mere selection of well-known chival
memnon of jEschylus, does not abuse the privilege of
second sight in order to coin new language, but contents rous names, may be remarked in the following passage
herself with dark allegorical allusions, and such strong from Sir Walter Scott's Lord of the Isles :
Strong Egremont for air must gasp,
verbal metaphors, as give force and dignity to her pro
Beauch.unp undue* his visor-clasp,
phecies. When indeed a metaphor can be conveyed in
And
.Montague must quit his spear,
one strong word, which instantaneously suggests the
Ami sinks thy falchion, bold De Veret
four terms of the comparison, as a " cleaving" curse, an
The blows of Berkeley fall less fast,
And gallant Pembroke's bugle-blast
" eating" sore, this concentration of meaning has a
Hath lost its lively tone ;
highly Poetical effect.
Sinks, Argentine, thy battle-word,
A similar concentration of meaning is afforded by
Aud Percy's shout was fainter heard,
words, which suggest certain trains of thought con
u My merry men, fight on !"
nected with National prepossessions, early partialities,
or such accidents as have become by habit a part of the Thus, also, Horace has called up a train of agreeable
reader's nature. It may be truly said, indeed, that and varied classical images by the mere enumeration of
most words convey by association more than the idea names of places distinguished by Historical or Mytholo
■which they simply express, and that many in the com gical fame :
Landabunt alii claram Rhodon out Mitylenen,
monest use suggest the complicated relations between
Aut Ephesttm, bimartsve Corin'Ai
two or more persons or things. But the terms of which
Mctnia, re/ Bticcho Thebat, vet Apolhne Delphos
we are speaking stand as a sort of Historical indices of
Jnsignet, aut Thetmla Tempe.
many circumstances which nothing less than a long
Stint qmbus unum opus c.f/ intacta3 Palladis arcem
Carmine perpetuo celebrare, ei
narrative can clearly describe ; and are untranslatable
Undique decerpra? J'rondi pr<rponere olivam.
from the Language in which they were couched, as well
P/urimui, in Jutiunis honorem
as unintelligible to those who have acquired only the
Aptum dicil equis Argot, ditesque Mycenas.
verbal mastery of it. Thus, with the Romans, the
Me nec tarn patient Laceda*mon,
Nec tarn Laritsec percustit campus opima?,
words patrii lares, priscafides, and gravitas, suggested
Quam domus, 8fc. 4*-.
certain hereditary things and qualities consecrated by
a thousand glorious recollections of the virtuous days of
In the due selection and use of this class of words,
nothing more is required than a certain degree of good
* A better instance cannot be quoted in a minor way, than the
jeu iTetprit entitled Tkt Ball-room Be/It, attributed, we believe,
* Old Norway.
to Mr. I'raed.
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Poetry. taste and judgment, nor can they be considered in any
higher point of view than as mere condiments to the
solid subject-matter of Poetry. In Oratory, their un
restricted employment is still more obviously offensive.
The allusions which they convey may aptly wind up a
peroration for which the hearer's mind is prepared by
argument, but become mere catchwords when substi
tuted for that argument.
It should seem a prevailing belief, that in National
Whether
there lie Poetry, as well as in National prosperity, there is a cer
periods of tain fixed period of progress and decline, a culminating
progress point as it were, up to which, as in the Augustan Age
aud decay
in National of Rome, the Art of Song is gradually improved and
Poetry.
developed, and beyond which no efforts of individual
genius can rescue it from degradation.
This opinion we conceive to be greatly founded on
accident and association of ideas. As long as a Lan
guage is spoken in its original purity among a people
whose moral character is not brutalized by oppression,
or corrupted by luxury, so long a fair field lies open to
Poetry and Literature in general. Meantime the coin
cidence of two or three remarkable men may lend a
reputation to a particular period of time, which is re
flected on those smaller competitors in the same depart
ment, whom their example may have drawn forth, as
well as on those of anterior date, on whose efforts they
have improved. The external circumstances most likely
to produce as well as to illustrate such an era of Litera
ture, should seem to consist in some great and favour
able political change of affairs, from the excitation of
which the public mind is beginning to subside, or from
some gradual progress of important events, which may
stimulate without utterly absorbing its attention. A state
of uninterrupted war, or of profound prosperity, are
equally unfavourable to the developement of imaginative
genius ; the latter perhaps in the higher degree of the
two. Refinement, when arrived at its height, is apt to
engender a sickly and self-indulgent spirit tending to
smother those nobler passions which form the material
of true Poetry. The arts of conversation and policy,
whose tendency it is to teach Language as much to con
ceal, as to express, the real thoughts of Man, pervert
that Language from the character of truth and nature
which it originally bore ; and by engrafting it with fo
reign or artificial phrases, render it incurably prosaic.
At the same time many small Poets arise, whose tem
porary reputation, obtained by conformity to the fashion
of the day, either damps original genius, or tempts it
into the beaten track. Such are the causes which appear
to us as influencing the decline of National Poetry, when
a Country has reached its zenith of luxury and pros
perity, previously to which, its fluctuations seem greatly
to depend on accident.
It is maintained by some, that the progress and dif

fusion of Knowledge has in itself a tendency to destroy ft**
all food for the Imagination, by correcting the errors of
Fable and Tradition ; that the wonders ofFingaTsCave,^!
when explained by the theory of basaltic fusion, and the
legends of Fairies and Enchanters, when disproved by Jjj?
the light of Reason, lose the dignity which attaches to the IWj"
ignolum pro mirifico, and act as powerlessly on the
Fancy as a phantasmagoria exhibited at noon-day. We
rather conceive, on the contrary, that in proportion as
such matters have lost their hold on the serious Belief of
mankind, they have gained it over the Imagination.
When they really were part and parcel of popular cre
dence, they probably excited too vital an interest to be
treated otherwise than as subjects of grave discussion,
as would in the present day be the case with any newlydiscovered phenomena in Australia or the North Sea.
Now, however, they are mellowed down by time, like old
wine, to a slate more conducive to enjoyment than when
they retained their first crude strength and body. The
playful interest with which a modern reader surrenders
himself (as when perusing the Bridal of Trhmah)\<i
delusions which after all do not exceed the privileged
bounds of fiction, is directed, not only to such delusions
in themselves, but also to the impressions produced on
those to whose business and bosoms they came home.
With a feeling allied to that with which he recalls the
recollections of his own infancy, he thus appears to com
mune with the Spirits of his ancestors in some pleasant
laud of dreams; considering their traditions Jess as the
History of facts than as the History of the minds ofthose
who believed them as such.
From similar reasons, events of any great magnitude Open
beco.ne by a natural process more adapted to the par-?''1'*
pose of Poetry when the strong interest which they
occasion has subsided. The extraordinary and rapid w,f . .
political changes, for instance, which many of the pre
sent generation have beheld for the last forty years, still
preseut themselves to the mind's eye in detached masses,
foreshortened as it were by their nearness, and tinged wiiu
the local colouring of our passions and prejudices.
Many centuries hence, when only the leading feature
remain, softened down by the mist of time, their nw!nitude and relative proportions, as compared with His
tory in general, will assume a clearer and more intelli
gible outline, better adapted to the workings of «:
Imagination, as a mountain of predominant height i>
beheld to the greatest advantage at a considerable dis
tance. Thus it is that Time, which ripens by s,w
degrees the secret stores of the Earth into precious metals,
continues also to prepare new matter for the Poetical
efforts of future Ages, confuting the doctrine that in lau
gination, as in matter of fact, " there is nothing w*
under the sun."

MUSIC.
Music. Thk art of combining sounds agreeable to the ear was
.»«v—■ among the earliest of the Sciences ; with the Ancients
the term had a much more extensive signification than
it now carries with us. Under the term Music were
comprehended not only that Science to which it is at
present confined, and also the accomplishments of Dan
cing, and of Acting, but even Poetry and the w hole circle
of Sciences. According to Hesyehius, the Athenians
understood the term in this latter sense, and a modern
Musician would have us believe that in Music is to be
discovered the governing principle of all the proportions,
not less than the foundation itself of all the Sciences.
I origin.
The origin of Music must from its nature have been
remote: this, however, is not the place for examining
the claims of Mercury lo the invention of the lyre ; nor
whether the Greeks were indebted to Cadmus, when he
eloped from Phoenicia with Hermione, or Hannonia,
which would fabulously establish the knowledge of it in
that Country ; nor whether Ainphion, as Plutarch states,
was the person to whom they were obliged for its in
vention. Neither is it of consequence here to inquire
into the claims on that head of Apollo, Chiron, Demodocus, Hermes, Orpheus, and others ; nor even that of
Tamiris, the reputed inventor of Instrumental Music.
These, or the greater part of them, preceded Homer.
Others, such as Lasus, Melnippides, Philoxenus, Timotheus, Phryncus, Epigonius, Lysander, Simmicus, and
Diodorus, have the reputation of having brought it to a
considerable degree of perfection. It may almost be
assumed that Vocal Music preceded that of instruments,
and it is most probable that the natural elevations or
depressions of the human voice in expressing the differ
ent passions of the mind, as well as the attention which
would be naturally directed to the modulated song of
the bird creation, would indicate the facility of so regu
lating the human voice as to suggest the elements of
Melody. A portion of the song of the blackbird consists
of true diatonic intervals, and may be thus expressed :

EE
The note of the cuckoo is well known to be

Cu - cu
Cu - cu
Cu - cu.
A love of protracted and inflected sound differing from
that of Speech is implanted in mankind throughout the
Globe. Hence the progression would seem likely to
the Music of wind instruments, which Lucretius has
beautifully described in the following lines :
At liquidat avium voca imilarier ore
Anti fmi mu/to, quam Uvia carmina can/u
Concflcbrarc Hominet jMMtM/j aureuquejuvarc :
Et Zephyri cava per caiamorum tibila primum
Agreitcii docutre cavat injtare cicutas.
Lib. v. r. 1378.
VOL. V.

The next step in the progress of the Science would
be to Musical sounds produced by the aid of strings :
this, Vitruvius, in his Treatise on Architecture, has called
to his aid even for the purpose of ascertaining the
proper tension of the ropes used in the catapultae and
balistoe. Instruments of percussion, such as drums and
some other military instruments, would find their type
in numberless hollow and even solid sonorous bodies in
Nature which emit sounds, and those frequently far from
disagreeable, on being struck by another solid body.
Could we implicitly rely on the statements of the
early writers, either the Music of the present Age has
degenerated in an immeasurable degree, or the senses
and passions of Man have altogether changed. Aristotle,
who appears to have written mainly with the view of
combating the doctrines of Plato, nevertheless agrees
entirely with him in respect of the influence of Music
on mankind. Polybius tells us that the Arcadians, who
inhabited a cold and inhospitable Country, could only be
civilized through the medium of Music ; and further, that
the inhabitants of Cynetus, who neglected the cultivation
of that Science, surpassed in cruelty all the rest of the
Greeks. Athenajus assures us that the promulgation of
laws both human and divine, the knowledge of all that
related to the Gods, to heroes, and to the deeds of illus
trious men were written in verse, and publicly sung with
an accompaniment of instruments ; a practice of which,
as we learn from the Scriptures, was conformable to that
of the Israelites from the earliest period of their History.
Sensibly, however, as even to this day some are alFecled
by the powers of the Science, the time seems passed
when a Timotheus could excite the passions of another
Alexander by employing the Phrygian, and allay them
by the use of the Lydian mode. It cannot, indeed, be
denied that the national Music of every Country has a
direct influence on the passions of its inhabitants ; than
which a stronger instance cannot be adduced than that
it was forbidden, under penalty of death, among the
Swiss mercenaries employed on foreign service, to
sing or play the celebrated Ram des Vachcs, because
of the melancholy it always produced, a circumstance
which must be familiar to our Musical readers. Nor
are other Countries without those melodies which are
capable of raising and depressing the spirit of their
inhabitants. " What," says Burney, " the ancient Music
really was it is not easy to determine, and the whole is
now become matter of faith ; but of this we are certain ;
that it was something with which mankind was extremely
delighted; for not only the Poets, but the Historians
and Philosophers of the best Ages of Greece and Rome
are as diffuse in its praises, as of those Arts concerning
which sufficient remains are come down to us to evince
the truth of their panegyrics."
Egyptian Music.
However rude and artless the first attempts in Music KgjiAian.
must have been, and little as was the probability of its hav
ing been perfected by the first cultivators, yet we are told
by the ancient Poets and Historians that by them its mira6S5
4t
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Music, culous powers were most successfully exerciser!, though
Egyptian, jt js n0{ an eaSy matter to determine who they might
"v-"*"' have been. Herodotus, in his Euterpe, speaks of the
Egyptians and Phrygians in regard to their respective
antiquity ; but neither concerning the Phrygians, nor
the Phoenicians, undoubtedly a most ancient race, can
more than conjecture be now offered ; we shall proceed
therefore at once to a succinct account of the Music of
the Egyptians, whose monuments still present to the
traveller indisputable proofs of their Religion and Arts.
It would be vain to attempt its History from a higher
source.
Though Diodorus Siculus has asserted that Music
was prohibited by the Egyptians, as not only useless
but even noxious from its tendency to make Man effe
minate, we must oppose to his assertion the account
of Plato, who travelled in Egypt in order to become
acquainted with its Arts and Sciences. It is, moreover,
observable that Herodotus, also a traveller in Egypt
more than three hundred years before Diodorus, says,
that it was used in their festivals and Religious ceremo
nies. Diodorus, indeed, contradicts himself, inasmuch as
he tells us that Music and the Musical instruments were
the inventions of the Egyptian Deities, Osiris, Isis, Orus,
and Hermes, and that all the great Poets and Musi
cians of Greece visited that Country to improve them
selves in the Arts. Strabo says, that the Egyptian
children were taught letters, the songs appointed by
the law, and a species of Music directed by the Govern
ment exclusive of all others. It should not be forgot
ten also that the Greeks, who had a propensity to claim
the merit of every important invention, confess that the
greater part of their Musical instruments were of Egyp
tian origin. Such are the triangular lyre, the monaulos,
or single flute, the cymbal, or drum, and the sistrum,
an instrument almost universally found on the monu
ments of the Egyptians. Every person acquainted with
History will remember that among the Egyptians all
professions were hereditary. The same practice existed
with the Hebrews ; and we are told by Herodotus,
that the Lacedaemonians, who were by origin Dorians,
so far pursued the system of their progenitors, that their
Musicians were all of one family, and that their Priests,
like those of Egypt, were initiated in Physic, Music, and
Religion.
On the well-known Guglia Rotta. at Rome, which
was placed by Augustus in the Campus Martins, after
he had reduced Egypt to a Roman Province, among
other Hieroglyphics is to be seen a Musical instrument

of two strings, having a neck very similar to the calascione, still in use in the Kingdom of Naples. This
species of instrument, therefore, must be considered of
very high antiquity, and it is to be observed, that being
furnished with a neck it was capable of producing many
notes ; inasmuch as if its strings were tuned in fourths,
we have a series of sounds termed a heptachord by the
Ancients. If, like those of the calascione, they were
tuned in fifths, we have an octave, or two disjunct tetrachords, a power which, from all the remains of Greek

sculpture, does not appear to have existed till a compa- tUt
ratively late period ; indeed, Montfaucon, who examined into,
the representations of nearly five hundred ancient. lyres, '•v*'
harps, and citharae, asserts that he had not found anv in
which a contrivance was apparent for shortening string
by a neck and finger board during the time of the per
formance. It appears, therefore, that the mode of ex
tending a scale and of producing many sounds from few
strings by the simplest means, was known to the Egyp
tians. It would exceed our limits to attempt fixing a
date for the instrument thus alluded to. The literature
of Egypt may evpn at this late period receive elucidation
from the extraordinary and brilliant efforts of a Champollion. We shall here merely observe, that though
more remote periods have been generally assigned to
the monuments of the Egyptians than modern travellers
and antiquaries have proved were due to them, yet the
specimen in question is of sufficiently early date to afford
ample room for speculation.
One of the secondary Gods of Egypt, who received &!»
divine honours for his extraordinary talent, was the
Mercury surnamed Trismegistus : to him is attributed
the formation of a regular Language, and many other
matters important to mankind. Apollodorus attributes
to him the invention of the lyre. The tale appears aad
doubtless is a pleasant fable : Mercury, as he walked
along the banks of the Nile, after an inundation,
which had deposited a great number of dead animals
on its banks, struck his foot against the shell of a tor
toise, whose cartilages by desiccation had become sono
rous, the points of their original insertion in the shell
remaining still fixed. This is said to have suggested
the earliest idea of the lyre, which undoubtedly was first
constructed in the form of a tortoise. To the first in
strument of this sort three strings appear to have been
given. The ancient writers on Music have suppose!
that the three sounds of these strings were E, F, andG,
but Boethius makes the number of strings four, and
says they were tuned thus, E, A, B, e ; though this mode
of tuning is generally supposed to have been the inven
tion of Pythagoras, and at all events appears to have
been introduced into Greece by that Philosopher.
To the dichord and trichord, which may be satisfy-'"torily traced from Egypt, a claim is made by many for
the addition of the monaulos, or single flute, which wa
crooked, and bore the Egyptian name of photinx. In
form resembling a bull's horn, it is seen in numberless
remains of ancient sculpture. Apuleius, in speaking of
the mysteries of Isis, describes the crooked flute as hfU
by the performer with the crook turned towards his
right ear. That the Egyptians possessed the use o!
many instruments, other than those above recited, »
clear from the original representations of them that have
reached us, and particularly from those found oa the
walls of the celebrated tomb of Osymandyas at Thebes
whose stupendous remains have been described as eiceeding more than half a mile in length. This sepalchre has been assigned to a period full two thousand
years before Christ.
But the most convincing proofs of the progress and ':
successful cultivation of Music among the Egyptian
are to be found in the sepulchres of the Kings of Thebes,
in which we find four varieties of the harp, the smalle-1
with four strings, and the largest with thirivfiah*
strings, according to the representations by Denon. the
action of the figures playing on two of these harp
indicate very considerable execution on the instrument- .
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and if the figures moreover be used as a scale by which
the instruments may be measured, it would appear
' that they were superior in size to those used in the
present day. Among the representations in these re
mains we also find an instrument very similar to the
Spanish guitar, except that the neck is longer. Dr.
Burney has ventured some conjectures on the tuning
this harp, on the authority of representations furnished
him by the celebrated Bruce, but on these no reliance
can be placed. Bruce gives but thirteen strings to the
same harp on which Denon has bestowed no less than
twenty-seven. And the form of the frame in the drawing
by the former bears so small an appearance of Egyptian
workmanship, that we must rather rely on the informa
tion and drawing of the French traveller.
The Arts whose origin and perfection are to be
found in this nation at a very early period, doubtless
flourished whilst it was free, or at least under its
own Kings. But after Psammenitus, the last of them,
who was conquered by Cambyses 525 years before
Christ, it was subjected to a foreign yoke. Its Arts and
Sciences then disappeared, or rather seemed not exclu
sively to belong to it. However much the Ptolemies may
have appeared to patronize them, and especially Music,
yet under their sway, the Arts were those of Greece, from
which Country their professors were imported. Under
these Sovereigns, who invited artists and learned men
from all quarters to the City of Alexandria, Music was
doubtless much esteemed and cultivated. Athenaeus, in
his description of a feast of Bacchus, celebrated by Pto
lemy Philadelphus, describes the band as consisting of
six hundred Musicians, among whom were three hun
dred performers on the lyre. The seventh Ptolemy
having put to death a great number of the inhabitants
of Alexandria, and banished such others as were at
tached to his brother, whose crown he had usurped,
filled his dominions with Grammarians, Philosophers,
Geometricians, Physicians, Painters, Musicians, and
others of that class, so that the Arts again flourished
in Egypt ; and so great, according to Athenajus, was at
that period the taste for Music among its people that
there was scarcely even a labourer in the vicinity of
Alexandria who was not master of the lyre and the flute.
The father of Cleopatra, who was the last of the
Ptolemies, took the title of Auletes, or flute-player, from
his passion for -that instrument. He thought so much
of his talent on it that he established Musical competi
tions in his Palace, and disputed the palm with the
greatest Musicians of the Age. Such was the state of
Music in Egypt up to the ruin of Cleopatra's fortunes,
an event which at once terminated the Empire of the
Egyptians and their History.
Hebrew Music.
Burney observes with much truth, that notwithstand
ing the great labours of the early Fathers of the Church,
notwithstanding the learning and diligence of number
less translators of and commentators on the Holy Scrip
tures, little can be gleaned for a History of Jewish
Music save what is found in the Scriptures themselves.
The great antiquity of the Hebrews, and the little com
munication which they had with other nations, renders
it next to impossible to expect any illustration of it from
contemporary foreign writers.
The translators of the Bible have been very confused
with respect to the Musical Instruments of the Jews,
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for in about twenty times in which «p occurs in the Mugic
Hebrew Bible, it is as often translated timbrel as tabret, a Hebrew,
matter not a little perplexing; so again the word hoi, which
Harmer, from its signifying a vessel made of a goat
skin, conjectures to have been a species of bagpipe, is
by our translators rendered by the word viol in Isaiah,
ch. v. ver. 12, and in four other places, whilst its
common translation is psaltery. To Jubal, sixth de
scendant from Cain, is attached the reputation of being
" the father of all such as handle the harp and organ."
The original "U3 seems to have been a species of harp,
but the word 33J7, here translated organ, from its mean
ing to be set or joined upon another, was probably a
number of pipes joined together resembling the common
Pan's pipes, which is known to be an instrument of re
mote antiquity. Till upwards of six hundred years after
the Deluge, the Scriptures do not record the practice of
Music, but in Genesis, ch. xxxi. vocal and instrumental
Music are mentioned, when Laban says to Jacob,
" Wherefore didst thou flee away secretly, and steal away
from me, and didst not tell me, that I might have sent
thee away with mirth and with songs, with tabret and
with harp?"
Next in order occurs the Song of Moses after pass
ing the Red Sea, and the assistance on this occasion
of Miriam the Prophetess, who " took a timbrel in
her hand, and all the women went out after her with
timbrels and with dances.'' During the period of the
administration of Moses, no other Musical instruments
are mentioned than trumpets and timbrels, and the latter
only in the passage in which Miriam is concerned. The
trumpets of rams' horns at the siege of Jericho, were
most likely nothing more than signals for the assailants
to march and shout, and by clamour to terrify the enemy.
About fifty years after the Song of Deborah and Barak,
we find the unfortunate offspring of Jephtha proceeding
to meet her father after his victory over the Ammonites
(Judges, ch. xi. ver. 34.) with timbrels and with dances ;
from which period until Saul was chosen King, about
1095 before Christ, the Bible has no reference to Mu
sical instruments except the trumpet on military occa
sions. At the time at which Samuel anointed Saul, and
on many subsequent occasions, there seems to have been
a union of Music with prophecy. " David, with the
Captains of the host, separated to the service of the sons
of Asaph, and of Heman, and of Jeduthun, who should
prophesy with harps, with psalteries, and with cymbals."
Again, when the Kings of Israel, Judah, and Edom,
with their armies were in danger of perishing in the
wilderness with thirst, Elisha, the son of Shaphat, com
mands a minstrel to be brought to him : " And it came
to pass, when the minstrel played, that the hand of the
Lord came upon him. And he said, Thus saith the
Lord," &c.
According to Eusebius, David whithersoever he went David,
carried his harp with him, to console him in his afflic
tion, and to sing the praises of God. In this writer's
preface to the Psalms he asserts that David, as head of
the Prophets, was generally in the tabernacle with his
lyre, with the other prophets and singers, and that each
of them prophesied and sung his canticle as inspiration
excited him. It will occur to every one that among the
Hebrews Music was employed to relieve insanity.
When Saul was afflicted he sent Messengers to Jesse
to send his son, saying, " Let David, I pray thee, stand
before me, for he hath found favour in my sight. And
it came to pass, when the evil spirit from God was
4t 2

6S8

MUSIC.

Music, upon Saul, that David took a harp, and played with
Hebrew, his hand : so Saul was refreshed, and was well, and the
"-^■^r^ evil spirit departed from him." Burney, in reference to
the circumstance of David being met, in returning from
the field of battle after his victory over Goliath, by the
women of all the cities of Israel " singing and dancing
with tabrets, with joy, and with instruments of music,"
remarks on the passage, " and the women answered one
another as they played, and said," &c, that this is an
indubitable proof of a chant in dialogue, or for two choirs,
being in early use, and that it probably gave rise to the
manner of chanting the Psalms in the Cathedral Ser
vice. Women, it appears, were allowed the privilege of
singing in the public ceremonies, and in 1 Chronicles,
ch. xxv. ver. 5, in enumerating the Musical establishments
for Religious purposes, we find that "God gave to Ileman
fourteen sons and three daughters. And all these were
under the hands of their father for song in the house of
the Lord, with cymbals, psalteries, and harps." Again,
verse 7, " So the number of them, with their brethren, that
were instructed in the songs of the Lord, even all that
were cunning, was two hundred fourscore and eight."
The reign of David may be considered the Augustan
Age, if it may be so termed, of Music among the Jews.
He himself appears to have been an enthusiastic per
former, and in the eyes of his Queen, Michal, to have so
far outstepped the bounds of decency in dancing and
playing before the ark, that she came out to meet him
with the following ironical reproach. " How glorious
was the King of Israel to-day, who uncovered himself
to-day in the eyes of the handmaids of his servants, as
one of the vain fellows shamelessly uncovereth himself!"
In the same chapter, 2 Samuel, ch. vi. ver. 5, we have the
following curious notice of the materials of which some
of the Jewish instruments at that time were composed :
Instru
"And David, and all the house of Israel, played before the
ment* of fir Lordon all manner of instruments made offir wood, even
wood.
on harps, and on psalteries, and on timbrels, and on cor
nets, and on cymbals." The word CTtffna, according to
Celsius, means the cedar tree; if it be so, the elasticity of
it is nearly as great as that of fir, and, therefore, it is as pro
per for Musical instruments. From this passage itissufficienfly manifest, that some of the instruments of this
nation had sounding-boards or bellies of this material.
Upon the quality of this wood the perfection of many in
struments, indeed of all stringed instruments among
the Moderns, depends ; such are the harp, lute, guitar,
piano-forte, and violin, whose bellies are constantly made
of fir.
Profession
As in Egypt professions were hereditary, so among
of Music the Hebrews the profession of Priest and Musician
hereditary. was hereditary in the Tribe of Levi. " And the sons
of Aaron, the Priests, shall blow with the trumpets;
and they shall be to you for an ordinance for ever
throughout your generations." During the period of
Moses, whether in peace or war, none but Priests blew
the trumpets,; so in Joshua's time, as well at the siege of
Jericho, as on all other occasions, the blowing of trum
pets was confined to the Priesthood ; and on David's regu
lation of the Music of the nation so far as the service of
Religion was concerned, not only the select establish
ment of singing men and singing women, but all the
four thousand performers upon instruments, were of the
families of Priests and Levites.
Josephus, book vii. chapter xii., says, that after David
brought the nation to a state of profound tranquillity,
he employed himself in composing odes and hymns of

various measures in honour of God, some trimeters, and »•
Others pentameters. In another passage he says, the £m
kinds of instruments he prepared, to the sound of which ^V*
he taught the Levites to execute the praises of the
Deity, were a ten-stringed harp touched with a quill,
(plectrum,) a psaltery of twelve strings played upon
with the fingers, besides large cymbals of brass.
It has been supposed, with apparent probability, that tat.
the spoils brought from Jerusalem, and among Ihem^i
Musical instruments, by the Emperor Titus, have beea
faithfully represented in the sculpture on his Arch at
Rome. Among these are particularly the silver trum
pets, and the horns supposed to represent the Shawms
so often mentioned in Scripture, called in Hebrew
Keranim, or Sacred Trumpets. The Arch of Titus is,
however, known to have been erected after the death of
the Emperor; and the instruments are not of uncommon
form. The trumpets are long, straight tubes, and '.he
horns such as frequently occur in ancient sculpture;
representations of them may be seen in Blanchini, Bartholinus, Montfaucon, Padre Martini, and others, lo
which we refer the reader.
Neither the ancient nor modern Jews appear to have Maui
had a set of Musical characters; so that the melodies {mc<'used in their Religious ceremonies are mere matters
of tradition, and subject to the alterations of those
through whom they have been transmitted. Some
learned men have considered the Hebrew vowel points
in the nature of Musical characters, a conjecture which
was confirmed to Dr. Burney by a learned Jew whom
he consulted on the subject, who told him that the
points still served two purposes;—"In reading the
Prophets they merely mark accentuation, but in singing
them, they regulate the melody, not only as to long and
short, but high and low notes." Since the destruction
of Jerusalem, Music, as well instrumental as vocal, has
been banished from the Synagogue. It has been consi
dered contrary to their law as delivered by one of the Pro
phets, to sing or rejoice until the coming of the Messiah;
silence and repentance being prescribed till that period.
The German Jews are not rigorously observant of this
ordinance. Part-singing is allowed in the Synagogue
by them, and in that at Prague an organ is to be heard.
In Padre Martini's Estro Poetico Armonico, are some
specimens of Hebrew Chants, sung in his time in dif
ferent Synagogues in Europe; but so differently are they
performed indifferent places, that if tradition has recorded
them faithfully, it would be difficult to say to wlucli
antiquity can be assigned.
Greek Music.
Of the ancient systems of Music that most com-fe*
pletely described is Grecian, and the earliest Treatise
that has reached us on the subject is by Aristosenus,
the disciple of Plato. The Greeks, however, were not
the inventors of their own system, as Nicomachus has
the honesty to confess. The invention of the lyre andot
the Art of singing they attributed to the Egyptian ^er_
cury, and their first Musical theory was imported into
Greece by Pythagoras, who, after the manner of to
Egyptian Priests, imparted it to his scholars as an in
violable secret. Jamblicus, in his life of Tythagoras,
ch. xxiii., intimates that to the people it was known onty
in the shape of a symbolical language. Hence it a
not survive the Sect by which it was cultivated. ThougQ
it has been declared by Jamblicus to be lost, modern
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Musicians, and among them the Abbe* Roussier and
Rameau, have not despaired of unfolding its principles.
The former, a person of gTeat learning, had not suf
ficient Musical education to make his theory agree
with experience, whilst the latter had not sufficient learn
ing to suit his to the history which has been transmitted
by ancient authors.
But before attempting to give our readers the opi
nions which we entertain on the Music of the Grecians,
it will be right to lay before them some general view of
its history, which with them, as well as with other na
tions, is at its beginning mixed up with mythology and
fable. Padre Martini, and after him Dr. Rurney, have
done little more than give us, relative to the early period,
what they find in the Greek Classics, leaving the reader
to separate Fable from History : in short, the latter has
only abridged what he found in the former. In truth,
the learned Martini has so exhausted the subject that
little has been left for succeeding writers.
Cadmus, the son of Agenor, brought with him
amongst the Phoenicians whom he introduced into
Greece, a race who were called Curetes; these men were
accompanied by the Arts and Sciences of Phoenicia, in
which they were skilled. They spread in Phrygia, and
were there named Corybantes ; in Crete, where they
were called Dactyli ; they settled also at Rhodes, in
Samothrace, and in other parts. Cadmus espoused in
Sainothrace Harmonia, sister of Jasius and Dardanus,
who was so skilled in Music, that the Greeks honoured
the Art itself with her name. Diodorus Siculus de
scribes the ceremony of their nuptials, as having been
attended by the Gods, and that Mercury was present
with his lyre, Minerva with her flute, Electra, the mo
ther of the bride, celebrated the rites of Cybele, dancing
to the sound of drums and cymbals ; Apollo was there
also with his lyre, which was accompanied with flutes by
the Muses. Diodorus lived too remotely from the event
which he describes to give his account any credibility,
were it even divested of fable ; it is not, however, im
probable that the marriage of Cadmus with Harmonia
was marked by such Dramatic and Musical performances
as the Age alforded.
fl.ltO.
To Minerva is assigned the invention of the flute
with several holes, apparently, and perhaps really, a
much more ingenious invention than the flute of Pan, or
Pan's pipes, which consisted of several tubes of different
lengths. Hyginus relates that Minerva having excited
the laughter of Juno and Venus whilst playing the flute,
examined afterwards her reflected image in a fountain,
and perceiving the grimace and contortions it produced
in the face, threw her flute into the water, and thence
forward confined her Musical performances to the lyre.
Lucian has amused himself with the quantity of em
ployment which the Greeks gave to Mercury, among
the rest of his feats was the invention of the sevenstringed lyre; this, however, must have been that of the
Egyptian Mercury, as we have above mentioned. Apollo
also seems Egyptian in his origin ; his Musical contest
with Pan is familiar to every one, and in the judgment
of Midas we discover the fictitious revenge of some
neglected Poet of Phrygia. Marsyas, another competitor
with Apollo on the flute, did not escape without the loss
of his skin. Fortunio Liceti* considers this tale alle
gorical, and thus explains it. Previously to the use of
the lyre, the flute was the favourite instrument, and
• Hierog. c. 109.
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enriched all the best performers on it. As soon, how
ever, as the people became familiar with the former, the Greek,
latter sank into disuse, and as the coinage of that period, V"™"V^'/
according to Pollux, was made of leather, Apollo may
be said to have Jie.eced Marsyas. The Pythoness at
Delphi pronounced her oracles in verse, and Plutarch
says, that her voice was accompanied with the flute. In
the suite of the five Priests attendant on the chief Py
thoness, were a great number of Musicians, instrumental
performers, choirs of young people of both sexes, who
danced and sang at the feasts of Apollo to the sound of
flutes and lyres.
In their origin the Muses were merely a troop ofTheMusei
singers and Musicians in the service of Osiris, or the
great Egyptian Bacchus, and under the direction of
his son Orus. The Greeks converted them into the
daughters of Jupiter and Mnemosyne. If it be con
tended that they were the daughters of Pierus, King of
Thrace, it is answered, that the lady Musicians of Osiris
had been previously known in Thrace under the name
of Muses, and that the daughters of Pierus, who imitated
them, became thus distinguished by the same appellation.
Bacchus is too celebrated in Musical History to be Bacchus,
neglected in this place. Diodorus says, that he was the
inventor of theatrical representations, and of Schools of
Music, in which those who distinguished themselves ob
tained an exemption from military service. Hence, he
says, that at a later period these Companies of Musicians
have enjoyed many privileges. Certain it appears that
the Dithyrambi, from which dramatic pieces originated,
were as ancient as the worship of Bacchus, and there is
scarcely room for doubt that the celebration of his mys
teries were the groundwork of the splendour and illu
sion of the Theatre. Thus in Rome, as well as Athens,
those who appeared on the stage singing, dancing, and
reciting poetry for the amusement of the audience, went
by the name of the Servants of Bacchus. Pausanias
mentions a place in Athens sacred to the singing Bac
chus. Hence it may be concluded that Bacchus was
considered by the Athenians the God of song as well as
of wine. In short, in all the orgia, processions, triumphs,
and solemnities instituted by the Ancients in honour of
that God, Music was especially used. The number of
bassi rilievi in which Musicians accompany him with
the lyre and flute, and Fauns and Satyrs with tambourins, cymbals, and horns, sufficiently prove the fact.
Among the inferior Divinities Pan seems to hold Pan.
the first rank as a Musician. The Egyptians, however,
it must be observed, classed Pan among the superior
Divinities. He is said to be the inventor of the syrinx,
or pipes, which bear his name. The story of his pur
suit of the Nymph Syrinx, which led to the invention
of the instrument, and bestowed on it its Classical
name, is too well known to be repeated here. Lucian
represents Pan as the companion and counsellor of Bac
chus. Shepherd, Musician, dancer, hunter, and warrior,
Bacchus appears never to have been happy without him.
He it was who superintended Bacchanals : but above all
things, his touch and breathing of the flute enchanted
the jolly God. After Pan come the Satyrs, whom, says
Pausanias, the Ancients called Sileni, doubtless in rela
tion to Silenus, the preceptor of Bacchus ; Silenus has
also the reputation of having been a good Musician,
and the inventor of several Musical instruments. He,
like Marsyas, had the boldness to challenge Apollo, but
unlike him came off with a whole skin.
The Sirens, who were celebrated singers on the coast The !
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Music of Sicily, were placed amongst the terrestrial Divinities.
Greek. Such was the enchantment produced by their sinking,
N—"V"™"/ that the Argonauts could escape them only by listening
to the songs of Orpheus. They are said to have chal
lenged, nnd to have been defeated in song by the Muses.
Sicily was always notorious for its luxury and looseness
of morals, and the whole story seems aUegorically to
relate that good sense and morality triumphed over
immorality and dissipation.
Early celeSuch was the state of Music in the primitive times of
bratedMu- Greece under the government of the Gods and Demisiciaas.
Gods ; a period of simplicity and innocence in which all
those who invented and taught mankind the useful Arts
were deified after death, and regarded as the protectors
of the Arts which they had introduced. We possess
some little knowledge of the state of the Arts in these
Heroic Ages ; but. as it would be difficult to speak with
certainty on the Music of so remote a time, we shall do
little more than record a catalogue of its celebrated
Musicians, separating as much as possible their History
from Fable and Allegory. All the principal early
Musicians, Amphion, Chiron, Orpheus, and Linus, were
equally Poets and real benefactors of mankind. On
this subject the laborious and learned compilations of
Fabricius and Burrette may be consulted by those who
desire to know pretty nearly all that has been written on
the subject ; a very short abridgement will be sufficient
Amphion. in this place. Amphion, the twin brother of Zethus, is
the only Theban Musician whose name has reached us,
his reputation, however, rests on but slender founda
tion. He had dethroned Lai'us, father of the unfor
tunate GCdipus, and Homer merely says, that in order
to secure his usurped crown, he built a wall round
Thebes, having seven gates and fortified with strong
towers. He mentions not a word of his miraculous
skill in Music, nor of his having constructed these walls
by his talent in striking the lyre. Pausauias, and after
him Pliny, seem to think that his Musical reputation was
gained by his alliance with the family of Tantalus, whose
daughter Niobe he married. Both agree that he acquired
the Art in Lydia, and that having brought it into
Greece, he was esteemed the inventor of the Lydian mode.
Chiron.
Chiron, called by Plutarch the wise Centaur, was
accounted the son of Saturn and Philyra. He was
born in Thessaly among the Centaurs, that is, among
those early Greeks who had the address to break and
ride the horse. He was the inventor of Medicine,
Botany, and Surgery. Dwelling in a cavern at the foot
of Mount Pelion, his science and skill made it the most
celebrated and frequented School in Greece. Xenophon
furnishes an ample list of his pupils, to which Plutarch
adds Hercules, who he says in the School of Chiron
learned Music, Medicine, and Law. Diodorus, however,
assigns the credit of this scholar to Linus ; be this as it
may, it indicates that ancient writers considered the qua
lification of Music necessary to their Heroes, nor could
there be a greater reproach to a person in those olden
times, than to say of him, Necfides rfidicit, ntc natare.
But of all the pupils of the Centaur, none did him
so much honour as Achilles. Apollodorus relates that
a considerable portion of his time was occupied by Music,
and that he employed it for the purpose of exciting him
to great deeds, as well as to repress the impetuosity of
his character. One of the paintings discovered at Hereulaneum represents Chiron teaching his scholar the
Lyre.
After Chiron, Linus and Orpheus appear to have

been the chief Poets and Musicians of Greece, bit
which was the master which the scholar of the other
we have now no means of deciding. The authorities pre' w
ponderate in favour of the priority of Linus. Diodoruj." Una.
indeed, asserts positively that Cadmus taught the Greeks
the use of letters, and that Linus instructed them in
Poetry and Music. In another passage, he says that it
was Linus who added the string Lichanw to the lyre.
Some of the Ancients give him Hercules as a pupil.
The story goes, that he succeeded so ill with that scholar
who was dull and obstinate, as to be provoked to strike
him, which go exasperated the hero, that he seized his
master's instrument, and knocked out his brains with it.
Of Orpheus, whether before or after Linns, it may he OijIhb.
affirmed the name is as illustrious as any which appears
in the Grecian History. During the Argonautic expe
dition, which he accompanied, his reputation was esta
blished, and by the aid of his Musical abilities he was
not only useful in keeping up the spirits of his compa
nions, but rendered impotent the charms of the Sirens
as we have above mentioned. With Music it is said he
united the sublime Sciences, and was the first of the
Grecians who planted them in his native Country.
According to Pausanias he was the imitator of none, for
before him, says that author, there was no other performer
except on the flute. We shall not here dwell on the won
ders his lyre achieved ; to all are known the stories of his
power over Cerberus, the Furies, and the Gods of
Tartarus, and the beautiful fable of his endeavours to
restore to Earth a beloved wife. The lyre which pos
sessed such magic power, which softened the cruelty of
savage beasts, and made trees and rocks attentive, was
but an instrument of seven strings, of which the first
Mercury invented four, in succeeding times two bad
been added, the seventh, which completed the second
tetrachord, was superadded by Orpheus himself.
Obloquiiur numeria teplem ditcrimina votim, Virg^
One may perhaps attribute these miraculous effects oa
the rude people who listened to him to the novelty of
the Art, to the beauty and imagery of the Poetry, aad
to the extreme sensibility of the hearers more than to
the perfection of the instrument The death of Orpheus
appears to have been not less unhappy than that of
Linus. The most likely account seems, that having «cited the jealousy of the Thracian women by the power
his talents exercised over their husbands, they lay io
for him in the woods, and there murdered him, ha"11?
previously hardened themselves by excess for the toomissiou of the crime. Plutarch remarks, that in his
time the Thracians were in the habit of reproaching
their wives with this barbarity. Fable concludes this
tragedy by dropping his lyre into the Hebrus, down
which it was carried to the sea, borne on to Lesbos,
and there deposited in the Temple of Apllo. Lucian
states that this instrument was a considerable time
afterwards purchased by Neanthus, son of the Tyrant
Pythacus, who was silly enough to believe that he U*
only to touch it to induce the rocks and trees to toho*
him, instead of which the sounds he produced from it
were so hideous, that the dogs of his neighbourhood
seized him and tore him in pieces.
After the expedition of the Argonautee, of which ^s
Orpheus in his youth shared the dangers, the most me
morable epoch in the Grecian history is the siege ol
Troy, of which Homer is the only Historian as well as
Poet. He has preserved the names of several M"a*
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cians, and they are Ihe only memorial we have of
tne Art in Greece, during the long period extending
from the time of Orpheus to the celebration of the
Olympic Games. The instruments mentioned by Homer
in the Iliad ami Odyssey, are the lyre, the flute, and
the syrinx or pipes of Pan. The lyre is always called
<f>vp/tt*{!;, mOnpa, or yehvt, Aristophanes being the
earliest Greek Poet who calls it \vpa. The instruments
above mentioned were from that period employed in
sacrifices and religious ceremonies. Homer mentions
the trumpet as used in war, buttthis instrument, though
common in his time, was probably unknown to the
Greeks at the siege of Troy. Music appears to have Been
inseparable from the banquets and public ceremonies
which he describes, there are none in which Music and
Poetry are not mentioned. He speaks of Music as
used in private life, for he describes Achilles and Paris
consoling themselves with the lyre ; the first on the fatal
affront which he avenged by withdrawing himself from
the army, the latter for the disgrace he had incurred in
flying from the field. Among the Musical Poets named
iresias. in his Works occurs Teiresias, a name celebrated in Gre
cian History, who in recompense for the loss of his eyes
was endowed with the gift of Prophecy. According to
the ancient practice he united Music, Poetry, and Pro
phecy with the sacerdotal function : he was the person
consulted by Ulysses in obedience to the command of
amyris. Circe. Thamyris is by Homer called KtOapiairji, one
who sang to the. lyre. Plutarch, in his Dialogue on
Music, says that he was born in Thrace, the Country of
Orpheus, and that his voice, in sweetness and quality,
surpassed those of all the Poets of his time. It appears
that he had a contention with the Muses as to skill,
and the punishment for his boldness was blindness,
loss of voice, and of the power of touching the lyre,
and Homer notices the story in his Catalogue of the
ships, Iliad, book ii. v. 594. Diodorus says that Tha
myris was the pupil of Linus ; Suidas, however, main
tains that he was eighth in order of the Epic Poets who
preceded Homer. Clemens of Alexandria makes him the
inventor of the Dorian mode, but this would seem to
have been in use before his time, having been imported
nodocus. to Greece by the Egyptians. With Homer, Demodocus
seems to have been in the highest esteem as a Poet and
Musician. At the Palace of Alcinous he announces his
arrival through the medium of a herald, and seats him
on a splendid throne. In short, the VHIth Book of the
Odyssey is so filled with the praises of this personage,
that some have thought the Poet was painting the pic
ture of himself. The remaining Musician whom Homer
nios. has celebrated is Phemius. Eustathius supposes him to
have been the particular friend of Homer, and his in
structor. If so, the master will live longer by the eulogium of his pupil than by his own proper merits, which
have not reached us. The singing of the Poetry, not less
than the verses themselves, seem to have been improvvised, and to have resembled the effusions nearer our own
time of the Celtie Bards and the Scalds of Iceland and
■Scandinavia. The Poets were strollers, but respect for
*heir talents insured them a warm reception from the
Palace to the lowest hut in which they sought an asylum,
ni*.
Hyagnis and Olympus, celebrated in History, were
before Homer's time. The former, a Phrygian by birth
according to the Arundelian Marbles, flourished 1506
years before Christ. He wa« the inventor ofthe Phrygian
flute and mocfc, of the airs or nomes which were sung in
honour of the Mother of the Gods, of Bacchus, Pan,
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and the other Divinities of the Country. The latter is Music,
frequently mentioned by the Greek writers. Two great GreekMusicians bore this name ; the earliest, who was a native ^T"
of Mysia, was the most celebrated, and was a pupil of ymI,us•
Marsyas. He added to the power of Music by the in
troduction of the ancient enharmonic system. He is
celebrated by Plato, Aristotle, and Plutarch for his
Musical and Poetical talent, as a person whose melodies
remained even to their several times. Burney has well
observed, that Beligion is the only medium by which
Music can be perpetuated. And it may be presumed that
the airs which were common in Temples at the time of
Plutarch, were to him, in point of relative antiquity, what
the Gregorian tones of the Roman Catholics are to them
in the present day. Plato describes the Music of Olympus
as animating ; Aristotle as filling the soul with enthusi
asm ; Plutarch says, that for simplicity and effect no Music
then in use surpassed it. He further mentions its powers
over Alexander, and that to his talent for Music he
joined that of Poetry. His elegies and plaintive airs
accompanied by the flute, appear to have been so moving
and pathetic, that Aristophanes, at the beginning of his
Comedy of the Knights, in which he introduces two
Generals, Demosthenes and Nicias, as valets complaining
of their master, puts into their mouths the words, " Let
us weep and lament, like two flutes playing an air of
Olympus."
After Hesiod and Homer, the next Poet and Musician Thaletas,
was Thaletas of Crete. He superadded the accomplish
ments of Philosopher and Politician to his other talent,
so that Lycurgus passed into Crete to avail himself of
his advice in founding his Government. His Odes,
according to Plutarch, enforced maxims of harmony and
concord, to which the sweetness of his voice and melody
gave additional force. Plato, Porpyhry, Athenaeus, and
the Scholiast on Pindar speak of his talents, and men
tion melodies of his composition. There was another
Thaletas, also of Crete, who flourished long after the
time of Lycurgus, reputed to have cured the Lacedae
monians of the Plague by his performance on the lyre,
and whom Plutarch makes a contemporary of Solon.
Archilochus is esteemed the inventor of dramatic Arehilomelody of song, applied to declamation, with us called chus.
recitative. According to Plutarch he adapted his Music
to his Iambic verses in two different ways. Some he
recited with an accompaniment at the end of the pas
sage ; others with the voice as it proceeded and in the
same melody. The latter method was in the end adopted
by the Tragic Poets. If Plutarch may be considered a
competent witness, none of the Poets of antiquity con
tributed so much as Archilochus to the progress of
Poetry and Music. Herodotus makes him contemporary
with Candaules and Gyges, Kings of Lydia, 724 a. c,
but modern Chronologists assign him a later period.
He was born at Paros, one of the Cyclades. We do not
intend to bestow any observations on the strange events
in the life of Archilochus, his Musical career is all thsi
concerns us. Plutarch attributes to him the rhythmical
arrangement of Iambic trimeters, the sudden transition
from one rhythm to another of a different genus, and
the method of accompaniment to them on the lyre. Me
lody was at that period strictly regulated by the measure
of the verse, the varying structure of which necessarily
required variety of melody. Heroic or hexameter verse
seems exclusively to have been practised by the ancient
Poets and Musicians ; they were unacquainted with the me
thod of passing from one rhythm to another which Lyric

put
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Music. Poetry required. If Archilochus, therefore, was the
Greek, inventor of this mixture, he is entitled to be considered
v"^v^""'' the inventor of Lyric Poetry, a species quite distinct from
all Poetry that preceded him. He is generally reckoned
among the first conquerors of the Pythian Games. His
Hymn in honour of Hercules obtained the applause of
all Greece ; on singing it at the Olympic Games, he re
ceived the crown ; and such was the estimation in which
it was held, that it was the practice to sing it thereafter
in honour of those successful competitors who were not
fortunate enough to have any Poet to write and com
pose for them on the occasion.
Tyrtxim.
Tyrtffius, the Athenian General, was a Musician, and
History has recorded him as celebrated for, the compo
sition no less than the execution of his airs and military
melodies. Notwithstanding the austerity of their man
ners, the Lacedaemonians acknowledged the power of
Music solar as to call in Tyrtceus to their aid, and their
victories are attributed to his Musical exertions at the
head of their army. They rewarded'him with the rights
of citizenship, and to the latest period of the Republic
were accustomed to use in war the Music which he had
introduced among them.
Terpander.
Terpander, whose date and birthplace are unsettled,
was, according to the concurrent testimony of the An
cients, another celebrated Musician. The Arundelian
marbles indicate his existence (571 a. c. Some have
assigned to him the addition of three strings to the
lyre, which previously possessed but four. Be that as
it may, it seems that he was the first who introduced
them to the Lacedaemonians, and thus gave great
offence; they were, one would suppose, little better than
Savages, for through the Ephori, they fined him for the
inuovation. Plutarch, who mentions this circumstance
in his Dialogue on Music, says, that Terpander quelled
a disturbance among this people by the persuasive
sounds of his voice and lyre. The circumstances appear
to contradict each other, but they may be reconciled by
the supposition of his having, after a time, overcome the
prejudices of so rude a nation. Terpander was not less
celebrated for his instrumental talent on the flute and
lyre than for his compositions, inasmuch as from the mar
bles before cited, as well as from the testimony of Athennjus, it appears that he obtained the first Musical prize
at the Carnian games instituted at Sparta to deprecate
the anger of Apollo for the murder of Carnus, one of
his Priests, which the Dorians had perpetrated. In
short, if we may rely on Plutarch, no other testimony
in favour of Terpander is required than the simple
statement that his name was on the records of the Py
thian Games as the successful competitor in four suc
cessive contests.
Grecian
In the Grecian Games, Music occupied a considerable
Games.
portion of the ceremonies : independent of the combats
being accompanied by the sound of instruments, and of
the competition in dramatic exhibitions, wherein the
dialogue was sung and accompanied by the orchestra,
there were especial prizes for Music. We will glance at
these Gaines as connected with the Science.
Olympic
P°r a considerable time Music was subordinate to the
Games.
other exercises at the Olympic Games. It was not until
the XCVHth Olympiad, that a prize was awarded to
the best player on the trumpet, an instrument which,
till then used only as a signal for troops, had been
brought to a state of considerable perfection. Burney
observes, that it was probably used in accompanying the
voice, and equally so that it was the first among the

ancient instruments upon which a solo was performed. M\«.
Prizes were adjudged in these Games also to the fluie Gmi
and the lyre, and used to be contested for down to the *-v>»
abolition of the Games themselves.
The Pythian Games, instituted to record the victory ofPrfe
Apollo over the serpent Python, were, according to Pau- G«»
sanias, in their origin merely Poetical and Lyrical com
petitions. The prize was adjudged to the best composer
and singer of a Hymn in praise of Apollo. Eleutherus
is recorded among the earliest victors as having been
successful for the prize by the power and sweetness of his
voice, although the Hymn he sang was the composition
of another. Hesiod is said to have been unqualified to
compete, because he could not accompany himself on
the lyre. Homer also was told by the Oracle that he was
an unqualified person, because his blindness and infir
mities disabled him in too great a degree from singing and
playing on the lyre together. After the Crissajan, or Sacred
war, the Games were celebrated in the second year of
each Olympiad. At this period, 591 years before Christ,
two other prizes were added to those already named, one
for those who sang the best to a flute accompaniment,
the other for those who without singing played on the
instrument with most feeling and taste. Here begins
the separation of Music from Poetry, till then indissolubly united. Sacailas of Argos is handed down as the
first victor on the flute alone. In the VHIth Pytliiad,
559 years before Christ, a crown was decreed to the best
perlbrmer on a stringed instrument without the voice.
The prize in all the Pythic contests was a crown or
wreath of laurel, in memory of the plant into which
Daphne had been transformed ; at a later period it was
interspersed with the apple, a fruit consecrated to Apollo.
Strabo, in speaking of the different sorts of coutests estt
blished iu the Pythian Games, mentions a peculiar spe
cies of composition sung iu the manner ofa Hymulothe
honour of Apollo, and accompanied by instruments, it
was called the Pythian Nome, or Cantata, (Xs/utftV
9ik6<i,) and was a very long piece consisting of live
parts, all containing allusions to the victory of the God
over the serpent. The first part, called the prelude,
described the preparation for the combat ; the second,
the onset, or beginning of the contest; the third, tae
heat of battle ; the fourth, the song of victory, or the
insults of Apollo over Python, consisting of iambics
and dactyls; and the fifth and last, the hissing of the
dying monster. Pausanias relates, that this cantata or
nome was invented by Sacadas, a Poet as well as Musi-Saia
cian, and performed first by him at Delphi. Of Ibis
Sacadas, we have the testimony of Pausanias and Plu
tarch, that Pindar thought highly of him, and, in some
Works now lost, paid a tribute of praise to his Lync
and Elegiac Poems. The following are the principal
Musical Poets who obtained celebrity at the Pythian
Games. Alcman, a native of Sardis, flourished 67UAte»
years before Christ. It is said that in his youth he
was a slave at Sparta, but that his good disposition and
genius acquired for him. his freedom as well as a distin
guished rank among the Lyric Poets. He played wM>
consummate art on the lyre, and excelled in singing hi
Poetry to a flute accompaniment, in the composition of
Music for dancing, and, above all, in strains of love and
gallantry. He was one of those great Musicians v\m
the Lacedaemonians called to their assistance on stale
occasions, to animate the troops, and guide them n>
their evolutions. Alcasus, born at Mytilene, flourished, Al**
according to the Chronicle of Eusebius, in the XLI\th
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Olympiad, or 604 years before the Christian Era. He
abandoned military glory for that which he obtained in
the service of the Muses, after having, like Archilochus
before him and Horace after him, fled from a field of
battle in which he lost his buckler and his honour. He
excelled equally in Poetry and Music, and composed
Odes. Hymns, and Epigrams. His Poetry, sometimes
threatening tyrants, sometimes in the plaintive strain of
a lover, was, according to Quinctiliari, chaste, concise,
magnificent, and sententious, and approaching so near
the standard of Homer, that Horace has bestowed on
him a golden plectrum.
El If itmaniem pleniut aurco,
Alcac pledro.
Alcanis was contemporary and native of the same Coun
try with Sappho. That Poetess, whose adventures, and the
fragments of whose Poetry are too well known to require
particular mention here, is recorded by Aristoxenus and '
Plutarch to have been the inventress of a new Musical
system, called the Mixolydian Mode. The Lydian was the
highest in respect of scale of the five original Modes, and
its lowest note, or added (irpooXajifiavo/j.evov') string,
seems to have corresponded with our F 8 on the fourth
line in the bass or F clef. The Mixolydian, invented by
Sappho, is usually considered to have been a half note
higher. This Mode afterwards received the addition of a
minor third above, taking thence the name of the Hypermixolydian, and thence the fourth above, with the appel
lation of the Hyperlvdian Mode. Plato, in the Hid Book
of his Republic, complains of the extent of the scale used,
and wishes Music to be restrained within more moderate
limits than those employed by Sappho. But we shall here
after have to speak a little more at large on this subject,
when we consider the origin of the Ecclesiastical tones.
Towards the beginning of the Vlth Century before
Christ, Mimnermus, according to Plutarch, became
celebrated for a nome on the flute, called Cradias, at
that time in common use at Athens at the procession of
ihe expiatory victims. This Mimnermus was a Lyric Poet
and Musician of Smyrna, and contemporary with Solon.
To him Athenajus attributes the invention of the penta
meter verse, and his Elegies were in so great esteem
among the Ancients that Horace prefers them to those of
Callimachus. But few fragments of them remain.
ichonis. Next in chronological order is Stesichorus, a Sicilian,
and native of Himera. His original name, Tisias, was
abandoned in consequence of the alterations introduced
in the dithyrambic chorus. Simonides flourished almut
the same period ; he was born at Ceos, one of the Cyclades, about 538 years before our era, and died at the
advanced age of ninety. Pliny attributes to him the ad
dition of an eighth string to the lyre, but the Learned are
not agreed on this subject.
Pindar, whom to name is to secure attention, was born
at Thebes, in Bceotia, about 520 years before Christ.
His father, a Professor of the flute, gave him his first
Musical instruction. He was afterwards placed under the
care of Myrtis, a woman distinguished for her Lyric
Poetry. Under a course of instruction with her, he found
Corinna, to whom, Plutarch says, the young Pindar was
more indebted for his progress than to their joint mis
tress herself. He was afterwards the pupil of Simonides,
then well stricken in years. Pindar distinguished him
self in all his contests in Music and Poetry, then so
common in Greece. He competed with Myrtis and
Corinna, of whom the former may be said to have been
his Musical mother, and the latter his sister in the same
vol. v.
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Art. The former he excelled, but the latter was five Music,
times successful against him. Pausanias hints that the Greekpersonal attractions of Corinna, of whose Works no frag- v—
ment is known to us, had some influence on the arbitra
tors. His only pieces that have reached us are compo
sitions in honour of the conquerors at the Olympic,
Pythian, Nemaean, and Isthmian Games. He died when
eighty-six years old, and his fellow-citizens erected in the
Hippodrome at Thebes a monument to his memory,
which existed in the time of Pausanias. Alexander,
when he took that city, respected his house and descend
ants. The Lacedaemonians paid similar tokens of respect
when they ravaged Bceotia and burned its Capital ; and
in so great esteem did his memory continue, that Plutarch
says, in his time the best parts of the sacred victims
were reserved for the use of his descendants.
Music had now arrived at an extraordinary pilch of High OSperfection. All the cities of Greece, not excepting Sparta *"-'m. *J*
itself, were led by its charms ; and Plutarch informs us, in Greece"1
his Life of the Spartan Lysander, that the Musician Aristonoiis, six times a successful competitor as a Citharasdist
in the Pythian Gaines, flattered that Chief by telling him
that if he ever gained another victory, he would be
content to be proclaimed his disciple and servant. This
compliment was paid alter Lysander had taken the city
of Athens, beaten down her walls, and burned the fleet
in her harbour to the sound of flutes, in the XCIVth
Olympiad, 404 years before Christ.
We receive from ancient authors incontestable proofs
of Musical contests in the Games down to the epoch of
their abolition, after the establishment of the Christian
Religion. It is sufficient to mention the laurel won by
Nero at the Pythian Games, sixty-six years after the
Christian Era, and the two Pythian victories, amongst
a number of others recorded in the Arundelian Marbles
gained by C. Ant. Septimius Publius, a flute-player in
the time of the Emperor Seplimius Severus. Wc will
conclude by observing that the Pythian Games in honour
of Apollo were celebrated at Miletus in Ionia, at Magne
sia, Sida, Perga, and Thessalonica, as well as at Delphi,
and that in each of these places Music and Poetry were
the subjects of principal contest.
The Nemaean Games received their name fromNemsea, Nemaean
a vil lage of Arcadia, and were of so great antiquity that the ""n™Ancients themselves are not agreed upon their origin.
According to some, they were instituted in honour of Archemorus by the Seven Chiefs againstThebes ; others say
they were founded by Hercules to compliment Jupiter
after the tictory over the Nemaean Lion. The display was
very similar to that in the Olympic Games, and certain
it is, on the authority of Plutarch, that Music was one of
the Arts in highest esteem. In his Life of Philcpamcn
he records, that he entered the Theatre, alter the cele
brated victory of Mantinaea, during the Nemu?an Games,
whilst they were contending for the Musical Prize. The
Musician Pylades, of Megalopolis, began to sing to the Pyladet.
lyre an air composed by Timotheus, the words of which
appeared so applicable to Philopcemen, that all eyes were
fixed on him, and the song was interrupted by public
applause and acclamation.
Timotheus, another celebrated Poetic Musician, was Timothcui.
born at Miletus, 446 years before Christ. He excelled
not only in lyrics and dithyrambics, but also in the art
of playing on the lyre. According to Pausanias, he
added four strings to the seven already in use on that
instrument, though Suidas says, that even before his
time it had nine, and that he added only the tenth and
4u
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Music eleventh. Be this as it may, it appears his improveOicelc. roents gave great offence at Sparta, and he was ordered
V^oyw' to detach from his instruments the additional strings
and revert to the original number. He was, moreover,
banished the city for his refinements. We have men
tioned in a former page a similar treatment ofTerpander
by these unmusical Spartans. The Lacedaemonians
appear, however, to have admitted the use of the enhar
monic genus on account of its simplicity, but to have
disapproved of the chromatic as too difficult and refined :
a fact affording proof of the existence of two species
among them, whereof the more ancient appears to have
heen remarkable for its simplicity and dignity. Timotheus died at Macedon, at the age of ninety-two years,
and before the birth of Alexander the Great. He is not
to be confounded with the celebrated flute-player, who
by his Art raised the passions of that Monarch, and as
easily allayed them, He was a native of Thebes.
Isthmian
The Isthmian Games received their name from the
Games.
Isthmus of Corinth whereon they were celebrated. In
these, as in the former. Music and Poetry bore a prin
cipal part. But in respect to the History of the Art
which is the subject of this Essay, they present little
that is remarkable. We cannot, however, close the
History of Greek Music without some allusion to the
Fanathe- celebrated Panathenaic Games of Athens. There were
nsea.
two festivals bearing that name, and of so great antiquity
as to be carried back to the time of Orpheus. The greater
Panathenaea were celebrated every five years, the lesser
every three years, though some authors say the latter were
solemnized yearly. Among the prizes distributed were
especially those for Poetry and Music. The tale that
these Games were originally founded by Pericles, however
his taste and love for the Arts might justify such a con
jecture, is sufficiently contradicted by the testimony of
Plutarch, who examined the registers of their celebration,
and carried them back to a much more remote period.
In these Games, players on the flute and lyre exercised
their talents on subjects selected by the Directors of the
ceremonies, and whilst Athens enjoyed freedom and
independence, the names of Harmodius and Aristogiton
wanted not a Poet or Musician. The flute, always a
favourite instrument at Athens, probably because its
invention was attributed to Minerva, attracted culti
vation from the prizes assigned to performers on it at
The Flute, these Games. Although Aristotle speaks of the flute at
its earliest introduction as an unworthy instrument,
and of little account, yet after the invasion and defeat
of the Persians, its use had become so universal, that
unacquaintance with its use was a reproach to a wellbred person. The Athenians Callias and Crilias, Archytas of Tarentum, Phylolaus and Epaminondas, were
excellent flute-players. In short, Music was in so great
esteem at Athens in the time of Pericles and Socrates,
that Plato, as well as Plutarch, have thought it necessary
to leave a record of the persons from whom those two
celebrated personages received their instructions in that
Art.
Damon.
Damon the Athenian was the instructor in question.
Socrates calls him his friend, a distinction sufficiently flat
tering to his memory. He was the pupil of Agathocles,
who, besides the qualities which, in Plato's opinion, pecu
liarly fitted him for the instruction ofyouth, cultivated also
that branch of the Science which more particularly related
to time and measure, and thus attained a more than
ordinary reputation in the eyes of that Philosopher.
Pericles, who was a patron as well as an enlightened

judge of the Arts, was desirous to enlist the Muses in Mmi.
all public amusements. He not only regulated the
mode and augmented the number of the Musical and
Poetical contests, but he also built the Odeon, a building
appropriated to the daily practice of Poetry and Music,
previous to their production at the Theatre. To Pericles Perida
the Athenians were also indebted for the settlement
amongst them of Antigenides, a highly celebrated per
former on the flute, and one ofthe best Musicians amongst
the Ancients. According to Suidas, he was a native of
Thebes in Bceotia, whose inhabitants were famous as
performers on that instrument. He was a pupil of
Philoxenus, ofthe Island of Cythera, whose Lyric Poems
are entirely lost. The pupil, in his youth, went about
with the master, and accompanied on the flute the 'airs
which the latter composed to his Poems. Reared in
such a school, it is not surprising that the former, in his
turn, met with encouragement from the highest classes,
and he accordingly was intrusted with the education of
Alcibiades, the cousin of Pericles. Aulus Gelltus tells us,
that Alcibiades, however, was disgusted with the instru
ment, as Minerva had been before him, and by discarding
it brought it into disesteem among the young nobility of
Athens.
According to Athenaius, Antigenides was the Musician Asfigeuwho played the flute at the nuptials of Iphicrates, the
Athenian General, who married the daughter of Corys,
King ofThrace. Plutarch assigns to him the honour of
having stimulated Alexander by his Music, but the repu
tation seems more likely to have belonged to Timotheus.
Notwithstanding his success and celebrity, this great
Musician looked upon public patronage as a very preca
rious possession, and never allowed himself to be pufled
up by the applause of the multitude. He impressed
similar sentiments on his pupils, and with the view of
consoling one of great merit, who had received but little
encouragement from applause, he encouraged him by
saying, "The next time you play shall be to myself and
the Muses." He introduced several improvements in
the instrument by increasing the number of holes, and
thereby extending its compass. Theophrastus, in his
History of Plants, informs us of the particular season at
which Antigenides cut the reeds for his flute, in order to
procure a quality of tone suitable to the refinements
which he introduced in the Art; and Pliny has translated
the passage, (xvi. 36.) Antigenides appears to have
had a portion of the coxcomb about him, for he extended
his regulations beyond the instrument, to the dress of
the performer. For instance, it appears that he was the
first who appeared in public in Milesian slippers and a
robe of saffron colour. Relative to him, Plutarch re
cords a joke of Epaminondas, who, on being informed
that the Athenians had sent troops into the Pelopon
nesus with new arms, inquired, " Whether Antigenides
had been disturbed when he saw new flutes in the
hands of Tellis?"
Dorion was the contemporary and rival of this master. Dstf.
Plutarch mentions him as having made many changes
in the Music of his time, and as being at the head of
a party which opposed another under Antigenides.
Though greatly extolled by Athenaeus, there is ground
for believing that his good companionship did more
for his fame than his skill as a Musician. A cir
cumstance mentioned by Plutarch in his Life of It
erates, will give our readers some notion of the abun
dance of Flute-Music at Athens. The Orator (lac
erates) was the son of Theodorus, a manufacturer of
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flutes, who acquired sufficient fortune by his business
not only to bestow on his children very superior edu
cations, but to be able to bear one of the greatest bur
thens to which an Athenian citizen was liable, namely,
the support of a choir for his Tribe or Ward on all
public occasions. The wealth, however, of Theodorus
does not appear so extraordinary, when it is known that
the great sum of three talents, equal to upwards of .£500
sterling, was given for a flute by Ismenias at Corinth.
Now, though this Ismenias, ofwhom Pliny and Plutarch
mention some ridiculous tales, may have been a silly
fellow, yet even allowing for extravagance, it shows that
a good instrument found a ready purchaser and a large
price. Montfaucon may be consulted to prove, from
inscriptions on antique marbles, the great estimation in
which the instrument was held. At Athens the fluteplayers attached to the sacrifices were nominated at the
same time with the State Officers ; they were almost as
much esteemed as the Priests themselves, having a share
of the flesh of the victims, and the proverb of MXi/tov
ftiov %ijv was applied to a man who lived chiefly at
the tables of others.
From the list of celebrated flute-players the name
of Clonas, according to Plutarch, deserves to be drawn
forth ; he was a contemporary of Terpander, and
the first who composed nomes or airs for the flute.
lymnes- Polymnestes, a native of Colophon in Ionia, composed
as well for the flute as he played on the lyre, which
was not common among the Ancients. He is reputed
to have been the inventor of the Hypolydian Mode, a
semitone below the Dorian, and the lowest of the five
original Modes ; it was, perhaps, the first extension
downwards of the scale as the Mixolydian was up
wards. Telephanes of Samos was distinguished in
the time of Philip of Macedon, not only by his talent
on the flute, but by being honoured with the friend
ship of Demosthenes. In the time of Pausanias, a
monument still remained to his memory between
Megara and Corinth erected by Cleopatra, Philip's
nale pet- sister. The practice of the flute extended to the fair
sex ; and among the celebrated female performers must
be recorded the name of Lamia, whose proficiency on
it, added to her wit and beauty, caused her to be con
sidered a prodigy. Plutarch, Athensus, and others,
speak of the honours she received throughout Greece.
She is mentioned by Plutarch in his Life of Demetriiu,
as having so wrought upon that Prince in favour of
the Athenians, that they rendered her divine honours,
and dedicated a Temple to her under the name of Venus
Lamia.
Whilst Instrumental Music was confined to the ac
companiment of Poetry, its limits were restricted within
narrow bounds ; but in proportion as the Musician
divested himself of the laws of metre and prosody, the
strings of the lyre and the holes of the flute increased
in number. These additions brought with them new,
varied, and complicated movements and intervals,
and their consequent extraordinary modulation. This
change, whereof Aristotle bitterly complained, was after
his time carried to excess. The Philosophers raised
their voices against the innovations, which they con
sidered detrimental to the morals of the people ; who,
never disposed to sacrifice the pleasures of sense to
those of intellect, listened to the novelties with rapture,
and bestowed the utmost patronage upon the com
posers ; so that Music, which had at first been the humble
companion of Poetry, finally became its sovereign

Plato, Aristoxenus, and Plutarch complain not
less than Aristotle, of the corruption and decay of Music
among the Greeks. The former considered the Art as
fitted only for Religious purposes ; hence he condemned
its use in public feasts, in the Theatres and as a domestic
amusement. The complaint of Aristoxenus, as he was
a sound Musician, would be entitled to some consi
deration, if it were not probable that the success of his
rivals had some tendency to bias his judgment, Plu
tarch also, himself a Priest of Apollo, must be read on
this point with caution. Athenceus, a more independent
person, observes, that notwithstanding all that had been
written on the subject, the Art in Greece in his time owed
its principal attractions to the Theatre. Grecian Music,
like the other Arts, had its infancy, maturity, and decay.
After the conquest of Greece, neither her actions nor Decline of
her works of Art indicated her former greatness ;• yet Grecian
Music continued to be cultivated under the Roman Em- ^U,ICperors. It has always been one of the solaces of the
Greeks even under the dominion of the Turks ; but unless
their Music at present be essentially different from what
it was in the periods whereof we have been treating,
nothing could have been more barbarous or less likely
to please a modern ear, than ancient Greek Music.
But notwithstanding nil that the Learned have written
on the subject, so much is the Art an object of sense,
and so momentary is its influence, that however clearly
the technicalities may be explained, the effects on the
organ will remain in profound obscurity. Who would
be able to understand the full powers of Beethoven or
Mozart a century hence, should modern Instrumental
Music fall into decay in the interim from want of com
petent performers ?
Roman Music.
Although the Romans were chiefly indebted to the Roman
Greeks for their Arts and Sciences, yet (since no nation, JJumc.
however uncivilized, has ever yet been known to be en- vn&a'
tirely without knowledge of some rude sort of Music)
it appears that at a very remote period they were in
some measure acquainted with the Art, perhaps formed
on Etruscan models, for Religion and War. Their
connections with Etruria were long antecedent to those
with Greece ; yet as it must be remembered that the
Arts of the former Country were very similar to those
of the latter, it might be that the Music of which we
speak came from Greece through Etruria. Strabo and
Livy expressly state that the Roman public Music was
imported from the Etruscans. More than one author
has seriously found an early origin for the power
of the modern Improvvisatori of Italy in a passage of
Dionysius Halicarnassensis, (lib. ii.) which describes the
first Roman Triumph, (that of Romulus over the Onicenses,) when the army in three divisions sang in honour
of the Gods, and moreover celebrated the exploits of
their General by extempore verses. Burney, with much
solemnity, says on the passage, " This account affords
a very venerable origin to the Improwimlori of Italy,
as the event happened in the fourth year of Rome, 749
years before Christ and fourth year of the seventh
Olympiad." Dionysius remarks, that the Roman Pnetors annually celebrated Games in honour of Cybele,
according to the Roman and not the Grecian custom,
that her statue was with great solemnity paraded round
the city to the sound of cymbalB, followed by performers
on the flute playing airs in her honour. These are the
4u2
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Music, only traces to be found in Ancient History of Music
Roman, originally Roman, or at least of Music that does not
""""
appear to have been brought from Greece.
The SaliL
The Salii, instituted by Numa, danced and sang Hymns
to the praise of the God of War. Armed whilst engaged
in the dance, sometimes, says Dionysius, they moved to
gether, sometimes by turns, and were accompanied in
the dance by certain Hymns, according to the custom of
the Country. Their appellation was derived from the
violence of their action, d saliendo, and conveys therefore
but a mean notion of the refinement of their Music.
Servius Tullius, who divided the people into classes
and centuries, directed that two centuries should entirely
consist of trumpeters, horn-players, and those whose
duty it should be to sound the charge. This was 600
years before Christ, and proves the early importance of
military Music among the Romans. By the laws of the
Twelve Tables, 150 years afterwards, the master of the.
ceremonies at funerals is to provide ten flute-players, and
the praises honoralorum virorum are to be proclaimed,
accompanied with mournful songs to the sound of the
flute.
EpithalaThe Hymeneal Songs, which were in after-times
miachanged and refined down to Epithalainia, were, as we
learn from Servius, Macrobius, and Horace, in their
origin indecent and obscene compositions, called Fescennine verses, which young people sang before the apart
ments of the new-married couple. Livy (vii. 2.) gives
us a tolerable sketch of the History of the Roman Drama,
from which, as in Greece, Music was inseparable.
The account is sufficiently interesting to deserve ex
traction. " This year (364 b. c.) the Plague continued
to rage, and in that succeeding, under the Consulate of
C. Sulpicius Peticus and C. Licinius Stolo. During
this period the most memorable circumstance was the
Lectister- celebration of a public feast called the Lectisternium, to
Ulumobtain the favour of the Gods, being the third of the
kind that had been celebrated since the building of the
city. The authorities, however, finding that the violence
of the pestilence neither abated through human care
nor divine assistance, and being moreover superstitious
to a high degree, among other modes tried to appease
the incensed Deities, are said to have instituted the
Dramatic Ludi Scenici, amusements entirely new to a warlike
Piece*.
people, who previously to that period had none but
those of the Circus. These dramatical exhibitions were,
like the beginnings of most other things, inconsiderable,
and borrowed from foreigners ; inasmuch as actors were
brought from Etruria, who, without verses or action ex
pressive of them, danced not ungracefully in the Tuscan
fashion to the flute. The Roman youth in process
of time imitated these dancers, mingling raillery with
their rude verses, and gestures correspondent with the
import of the words. These Plays thus received at
Rome were improved and refined by repeated perform
ances. The Roman actors acquired the name of Histriones from the Tuscan word hister, signifying a stageplayer. The dialogue no longer continued to. consist
of unpremeditated and coarse jests in rude verses like
those of the Fescennini, but of Satires accompanied by
Music set for the flute, and recited with proper gesticu
lation. Some years afterwards Livius Andronicus first
ventured to abandon Satires, and wrote Plays with a re
gularly connected plot. Satires, which had afforded sub
jects of coarse mirth and laughter to the people, were
thus reduced to form, and Acting gradually became an
Art. The Roman youth now left it in the hands of

Players by profession, and, as formerly, farces were acted M
at the end of their regular pieces. These Dramas soon W
after obtained the name of Exodia, and were usually v-v*
interwoven with the Atellane Comedies; pieces origi
nally borrowed from the Osci, and always performed
by the Roman youth, who did not allow them to be
disgraced by professed actors. Hence it was a rule that
those who performed in such pieces were not to be
disgraced from their Tribe, but were to serve in the
army as though they had never appeared on the
stage."
The circumstances under which these pieces were first Com i
represented show that the Theatrical Games among the «& itRomans were of Religious institution, as they were among?*
the ancient Greeks, and the importance of Music in Reli
gious ceremonies is confirmed by another curious pas
sage in Livy, (ix. 30.) where he relates the effects of the
resentment of the Roman Musicians, who commonly
played during the sacrifices, and who imagining that
they were affronted, withdrew in a body from the city to
Tibur. The Tiburtines entreated them to return, but
the Musicians were inflexible, and stratagem was obliged
to be used. Different persons besought them on a cer
tain festival day to come and assist at the celebration.
Being plied with wine beyond moderation, they fell
asleep and became insensible, and were then placed on
cars, and carried back to Rome. There they passed the
rest of the night in a public part of the city. In the morn
ing, when the fumes of the wine began to be dissipated,
they were surrounded by the people, who appeased them
by granting them the privilege of parading the city three
days every year in the costume of their profession, with
liberty to play on their instruments, and to give them
selves up to every species of licence and excess. This
anecdote proves the importance attached to Music ra
Religious rites, not less than the licentious dispositions
of the Professors of the Art. Music was long coufraed
to sacred use, and it was not till after the defeat of
Antiochus the Great, King of Syria, that Musicians
(PiallritB) were introduced at Rome to play ui ll*
Asiatic fashion at festivals and private banquets.
In respect to Etruscan Music, the published collections Ewb
of the antiquities of Etruria sufficiently show that its**
ancient inhabitants must have been much attached to
the Art. All the different sorts of Musical instruments
which are found on Grecian sculptures are equally
to be seen on Etruscan vases. If the Romans lacked]*^
genius in the invention of the Arts, they certainly" 34
had the good taste to admire and imitate those of
the Greeks after conquering them. Like them ibty
had Public Games, combats of athlete and Chariotraces. Their Generals, when honoured with a Triumph,
entertained the people with Spectacles, in which Music
had a conspicuous share, especially on the last day.
Ca?sar gave the first Naumachia on the Lake Facinus, near Rome, which is said to have been attended
by ten thousand Musicians of both sexes, who sang
and played on instruments; and at his funtial, the
Musicians in attendance threw their instrument on the
pile. Music declined under Augustus, who probably
cared little about it. In his time clapping of hands ana fcs
whistling was introduced at the Spectacles. He had,
however, a good voice, and at a late period of his life n{
employed a Musician to teach him to regulate it so thai
it might be more advantageously used in his Speeches.
At his death, the Senate and principal citizens re
ceived his body without the gates af the city, »>»
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conducted it to its sepulture singing mournful verses to
n|s memory. After his decease Tiberius banished the
Comedians and Musicians ; Caligula recalled them ;
Claudius also encouraged them, but he preferred Gladi
atorial fights to Theatrical exhibitions.
Nero restored Music to all its former splendour, and
cultivated it himself like a Professor ; it has been affirmed
that he poisoned Brittanicus merely because he had a
more agreeable voice than his own. He passed the
greatest portion of his time in receiving lessons from Torpus, the most skilful harpist and lyrist of his time, whom
he lodged in his palace. His first appearance on the
Theatre was at Naples, which city he entered dressed as
Apollo, and attended by the best Musicians of his time
and by a crowd of his officers in a thousand chariots.
Scarcely did he tread the stage before an earthquake
shook the Theatre, but with the greatest coolness and
presence of mind he continued his song, notwithstand
ing a considerable portion of the audience fled with pre
cipitation. So delighted was he with the applause re
ceived at Naples, that he preferred it to every other
city. A crowd of Musicians from all parts soon arrived
to judge for themselves of the talent of the Emperor.
Of these he retained five thousand in his service, and ap
pointed for them a distinguishing uniform and a suitable
salary. At his return from Naples the people were so
impatient to see him on the stage, that he stopped a day
there at their earnest supplication, to indulge them with
the sound of his celestial voice. He was received with
great applause, and thereafter made no difficulty of
playing at Rome, and even of receiving payment for
his performance, esteeming every thing at a high rate
which was obtained through Music. Encouraged by this
success he proceeded to Greece to contend for the prize
at the Olympic Games, which he obtained by bribing his
rivals and judges. In his journey afterwards through
Greece, he every where challenged the most skilful
Musicians, and, as may be supposed, always came off
conqueror, as well on the lyre and harp as in singing.
At his return from Greece to Naples, he entered that
city, and afterwards Antium and Rome, by breaches in
the walls of each, as a conqueror at the Olympic Games,
bearing with him in triumph as the spoils of an enemy,
eight hundred prizes which he had extorted in his Mu
sical contests. By the wheels of the same chariot at
which Kings conquered by the Romans had walked,
and with similar pomp and solemnity, now trod
through the streets of Rome Diodorus, a celebrated
Grecian lyrist, with other distinguished Musicians. One
hardly knows which most to wonder at, the vanity of
Nero, who believed himself in possession of the firstrate talents, superior to those of the Professors ; or the
fulsome adulation of the artists in publicly acknowledg
ing their defeat by the Emperor. The care which Nero
bestowed on his voice, as related by Historians, is in
teresting as throwing some light on the practice of the
singers of antiquity. At night he lay on his back, with
a thin plate of lead on his stomach. He cleared the
body by clysters and emetics, and abstained from all sorts
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of fruit and dishes likely to injure the voice. Suetonius
says, that the best way of acquiring his good graces was Roman,
to praise his voice, which was weak and thick, t.i affect
to be in transports when he sang, and to appear sorrow
ful if, like most singers, he left off through caprice.
Such was his passion for the applause of the multitude,
that he appeared almost daily on the Stage ; and Ves
pasian, who was afterwards Emperor, gave him great
offence by trying on one occasion to escape from the
private Theatre in his Palace while he was singing. '
The successors of Nero encouraged public Games and
Musical and Dramatic representations in all the great
cities of the Empire. Hadrian, who was educated at Hadrian.
Athens, was much attached to the Arts and habits of
Greece. He established new Games ; and Antoninus,
who followed him in power, instituted others also in his
honour, which were celebrated at Puzzuoli in the second
year of every Olympiad. Commodus, a monster almost Commodus.
as cruel as Nero, was like him delighted also to appear
on the Stage ; but it seems that he was more of a dancer
than an actor or singer, and that his chief pleasure was
in presenting himself as a Gladiator. The fall of the Decline of
Empire drew with it that of the Arts, and Music disap- j^™"
peared with the rest of them, till the period at which
it revived in modern Italy, to spread thence throughout
Europe, and to surpass not only that which had existed
in ancient Rome, but even that which the Greeks had
never been able to teach their scholars and conquerors.
Modem System of Music.
Aristides Quintilianus, a writer on Music, who is Modern
supposed to have lived about the Hd Century of the MusleChristian Era, and whose three Books on Greek Music Aristides.
were printed by Meibomius among the Antiques Musicic
Auctores, though he treated the subject more like a
moralist than a professional man, gives many curious
particulars and opinions on the Art a3 practised in his
days. He ultimately reduces his definition of Music,
however, to the study of the voice and accompanying
action. It is not necessary to enlarge upon his doctrine
here, we shall merely state that he divides Music into
the contemplative and the active ; the first regarding
its causes and principles, the last the application and
employment of them. The word harmony, to which a
strict meaning is attached by all modern writers, was by
the Ancients understood as the arrangement of the sounds
of the system ; and it may be observed that Quintilianus
certainly understood the division of the three genera
with which we are acquainted, namely the diatonic, the
chromatic, and the enharmonic; the diatonic embra- Tetracliord.
cing, in a space of two octaves and a half, the interval
between the la below our bass clef and our re on the
fifth line of the soprano clef. This is the full extent of
a man's voice, and contains eighteen strings or notes.
These, as will be seen below, were divided, beginning
at the second, into tetrachords, or combinations of four
notes, each succeeding the other by the progression of
one semitone and two tones.

Q
-<r>Semitone.

Semitone.

Semitone.

It will immediately occur to the reader that any one of many modes or keys would be obtained, each being su
these notes might become that final in an air, by which perior or inferior, as the air might extend above the key
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Music, note, or as the key note might occupy the centre. Each
Modern. note was indicated by a particular mark, according to
s~~^/"™~"/ its mode and genus, and it is manifest that each genus
must introduce a number of new notes also represented
by different marks, varying as the mode, and thus form
ing an almost infinite vocabulary. As in the formation
of these marks or signs analogy was not kept in view,
nothing was more confused than the study of Music,
and it was proportionably difficult. Music was subser
vient to Poetry, so far as rhythm and metre were con
cerned ; and at the period whereof we are speaking,
Musical composition was exclusively confined to vocal
pieces, and no precept whatever occurs relative to the
use of intervals in harmony ; and we might, doubtless,
conclude that the Ancients were unacquainted with that
which we term Harmony; even if we did not possess
positive knowledge of the origin and progress of modern
Music of Harmonic Art, as will hereafter be seen. In the asChristiana. semh"es °^ tne ear'y Christians, it is well known that
the congregations joined in chanting different parts of
the Liturgy, that is, the Psalms and Hymns—a fact
which implies simple and easy Music, sung without
preparation, by persons who, generally speaking, were
uninstructed in the Art, and who moreover professed to
observe the greatest simplicity. This was the earliest
step to the destruction of ancient Music; another was
the method in which it was first set in the Christian
cat Tones.

Churches to barbarous prose, and to not less barbarous 5fc
poetry. Thus the rhythm of their Music derived from
their words retained but little mark of measure, and '""V*
was probably drawled out in slow and unequal time
to a language without harmony. It still, however, had
constituted rules and variety in its change, and character
sufficient to render it capable of being applied toother
kinds of performances. The Music of the first four cen
turies of the Christian Church is not precisely known.
At the end of that period, we learn from St. Augmlin*
that Ecclesiastical chanting was in so great confusion that
St. Ambrose, Archbishop of Milan, in 374, undertook
the task of reducing it to some order. To that Prelate IVG>
the Church was indebted for laying the foundation of a W
superstructure executed by Pope Gregory two centuries
afterwards, which has formed, in its turn, the basis of
all that is grand and valuable in modern Art. The
Gregorian Ecclesiastical tones, still used in the Churches
of Italy in their early simplicity, first made the Italians
the chief singers of Europe, and they may with equal
truth be said to have been the origin of Music in our
own Country. The modern chant of our Cathedrals,
introduced at the Reformation, is but a poor substitute
for that which, confined to nine varieties, has, without
satiating the ear, been heard in the Romish Church from
the time of Gregory to the present hour.
The following are the Gregorian tones.
-1—!

Dix - it

1st Tone

Do - mi - nus Domino

me - o.

Se - de

a

1

!l

-U4
me

dex - tris

res:
-C3- 1=53=^=1
6

pot:
6 6
5
3

6
8

6 5 -O4i3
7

Another ending
i
i i

Another ending :
=4= '
'

3=

=l=q=
-fc>

Se -P~
de

m
Se - de

dex - tris

dex • tris

LI
1

1
I
7

-e>=t=t

1-

6 7
4 5
S3
Before proceeding to give the remaining tones, we
shall here briefly notice that the first four are in minor,
and the latter four in major keys, and further, that the
1st, 3d, 5th, and 7th are called authentic tones, that
is, not rising higher than an octave from the key note,
and rarely descending below it. The remainder are
denominated plagal, and do not descend lower than the
octave to the tonic or key note, nor rise higher than the
-I
1
-oi t J—
2nd Tone'

Dix - it

fifth to it ; hence it ought to be a rule with the organists
of the Catholic Church, that in giving out the authentic
tones, a key should be chosen so that the final note may
be in the lower part of the compass of the singer'svois,
and for the plagal tones one in which the final roaj*
in the middle of it.
* Coh/cu. ix. c 7.

r-

Do - mi nus

'
Se - de

Do - mi - no
<>-

|*3iilEz£zcs:
<3

1

i
a

1
dex - tris

me • ■
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Music.
Modern.

[naie
idem.

3rd Tone <

Di -it

Do - mi - nus

Do - mi - no

JJJ

J-l

Se - de

dex • tris

a

J.l
me

is.

o—a
-O6
4
Another ending
Efcb J J
;
rf?
C3>—•
(
Se - de

-c^—i"
7 ^

5 6
S

6 5
4837

Ss:
me -

tris

dex

a

is.

-6r
-o-

6 7
4 5
«3

7
«3

—1—1—: —i—^=HF=

4th Tone

5th Tone

Another ending :
obz*—r
Se - de

a

-o>me - is.

dex - tris

e- 2zzri~n:

'È
4

437

8th Tone
Irregular

In ex - i - tu Is - ra - el de M - gyp - to.

Do-mus Ja-cob de po - pu - lo

bar - ba - m.

"c >
V
I

Musical
scale of
Guido.

The ahove are the groundwork ofthe Antiphons.Hymns,
and Masses of the Gregorian Music, which, as we have
above observed, still command the veneration of the
Roman Catholic, and impress the cultivated Protestant
ear with admiration. The harmonies show how suscep
tible such a system was of richness. Gregory was not,
however, satisfied with having formed this code of doc
trinal Music, but maintained and ensured its duration by
establishing a school for orphans, who were educated as
singers for the different Christian Churches.
It does not appear that the Musical scale assumed
any form resembling that which it bears at present
before the beginning of the Xlth Century. We are in
debted for it to Guido, born at Arezzo, a little town of
Tuscany, about the year 990 ; duly to appreciate whose
talents we must recollect, that between the decease of
Gregory and the period whereof we now speak, the at
tempts to improve Musical notation were many. The
practice had been to place letters on syllables to indicate
sounds, neither a very intelligible method, nor one
quickly read. To place them, therefore, at different
degrees of height from each other, indicating the pro
portionate elevation or depression of the voice, those
degrees being accurately marked by parallel lines, was

no>slight improvement. Though this mode had indeed
been in some measure used before the time of Guido,
it is to him we are indebted for its simplification and
order. He wrote it at the beginning of the line, and
when the note occurred merely put a dot in its place.
And this method he afterwards improved, by plaafS
dots in the intervals between the lines, to denote
degrees, by which the scale was rendered much easier
to perform at sight. Guido added to the system then
in use a bass note, answering to our g, or sol, iu "*
Fa, or bass clef, which he designated by the garooi»
(r) of the Greeks, and from this the series of sounds in
the system takes the name of gamut. Beyond these
improvements he proceeded to that of counting by henchords instead of tetrachords, and of marking by the
syllables vt, re, mi, fa, 10I, la, the major hexachord,
however placed in degree upon the system. This
foundation of his system of solmization, we have not
room to explain further. The invention of counterpoint
has, without justice to former Musicians, been assigned
to him. Notwithstanding he first wrote on the subject, he
is not entitled to its invention, though it had made little
progress before his time. The following appears in
origin. The organ introduced into France as early *
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Murfc. the year 757, soon became general in the Western
Modem. Churches. Used as an accompaniment to the voice, it
was at first in unison with it, and the facility it afforded
of giving several sounds at the same moment of time soon
afforded the opportunity of discovering that among them
there were some which, when simultaneously struck, pro
duced sensations agreeable to the ear. The minor third
appears to have been one of those first remarked, and
thence generally used at the close of an air, but there
were many other modes soon afterwards in use, such as
holding the sound of the organ on a note below the
plain chant, or canto fermo. Other harmonies were
also used which (without detailing those employed by
several authors previous to Guido, as Notker, Remi,
Hucbald, and Ado de Cluny) show the origin of the Art,
and at the same time prove that it was totally unknown
to the Ancients. Those who are inclined to pursue this
subject, will do well to consult the Abbe" Gerbert's two
Works, De Cauda et Musica Sacrd, &c. 2 vols. 4to.
1774, and his Work in 3 parts, 4to. published in 1784,
and bearing the title of Scriptores Ecclesiastici de
Musica Sacrd potistimum, &c. Up to the period we
have arrived at, the canto fermo, or plain chant, con
sisted of notes of equal duration as respects time, and
rhythm was unknown. Perhaps from the circumstance
of profane Music containing a portion of that quality,
or from Musicians beginning to feel its importance,
so that the organ and the voice might move together,
this branch of the Science now began to receive some
ueob
attention. Franco of Paris, some say of Cologne,
was the first who treated on this subject. Though his
birth-place is uncertain, it is by no means so that he
was a Scholar of the Cathedral of Liege in 1066. Be
fore him, the attempts at this part of the Art, he says,
had been fruitless, and it really appears that he was the
first who reduced the rules of rhythm to a system. His
Work is printed in Gerbert's collection above mentioned.
His doctrine is, that measured Music is superior to plain
chant, and he alludes to three measures of a note, the
long, the breve, and the semibreve, whose subdivisions
we omit, as well as his marks of relative rests and
pauses. He gives five modes of rhythm, which are the
elements of his Rhythmopceia. Descant he defines as
the union of several melodies concordant with each
other, though consisting of different figures. In his
maxims an obvious progress appears, and most parti
cularly in the use of the major or minor sixth between
two octaves ; being the earliest example in tfie records
of the Science, as under :
_C2_Q_
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For a century after the time of Franco, Music, as re
spects harmony, appears to have remained in the same
state which it occupied about the period of the Cru
sades, when Europe was otherwise engaged than in
prosecuting the Arts. Walter Odington, a Monk of
Evesham, and Robert Handlo, the latter of whom flou
rished more than a century after the former, are the
only authors of the period whom it is necessary to
name. Towards the close of the XHIth Century, a
commentator on Franco arose, who appears with some
what of the claim of inventor, a Paduau of the name
of Marchetli, among whose writings we find one on
plain chant, in 1274. A Work of his on Measured
Music was dedicated to Robert, King of Naples, whose
vol. v.
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reign was from 1309 to 1344. Descant had madesnme Music.
progress at this time, and we now find the first use of Modern.
chromatic passages, as in the following examples :

<30
•or

This author gives a theory, and treats at some length
of chromatic and enharmonic genera. Certain, indeed,
it is that the Art had then considerably advanced ; as
is proved by the writings of John de Muris, a Doctor of John de
the Sorbonne, whose Country is undetermined; and who, Muris.
but for the researches of M. Gerbert and Dr. Burney,
would have had the credit of these inventions, particu
larly of rhythm and the form of notes. Though the
science of harmony is much indebted to his exertions, it
does not appear that he did much towards the advance
ment of Musical notation. It was he who first noticed
the impropriety of two consecutive perfect consonances
by similar motion, and who, moreover, laid down many
laws respecting the succession of intervals which are
observed at the present time; and in his Works the term
counterpoint is first used instead of descant. A great
variety of opinions appears to have been entertained
about this time respecting the laws of counterpoint, in
asmuch as the Doctor complains of the continual changes
in the Art of Music.
About this period, a. d. 1322, John XXII. issued XlVth Cen
a Bull countermanding the further use of descant in tury.
the Church because of the abuses into which it hud
degenerated, and its want of fixed principles. There
is, however, at the end of it a saving clause to the
following effect :—" It is not our intention wholly to
prevent the use of concords in the sacred service, par
ticularly on great festivals, provided the ecclesiastical
chant or plain song be carefully preserved." John de
Muris is supposed to have been living so late as 1345.
Franco and he had many commentators, among whom
were Philip de Vitry, of whom nothing more is now
known than his name, and Prosdocimus de Beldemandis Prosdoci
of Padua, who was a Professor of Music in that City in mus de 13elthe year 142"i,_and whose writings are now lost ; this latter demandis.
is said to be the first who admits to a place the minor sixth
in the catalogue of concords, and who speaks explicitly of
the fourth as a discord. He, however, says it is less a
discord than the second or seventh, and may be placed
in a middle class between concords and discords. We
may here notice that the name of Philip de Vitry fre Philip de
quently occurs in ancient authors, especially in England. Vitry.
Morley tells us, that he used red notes in his motets to
imply a change of mode, time, and prolation. Vitry
does not, however, mention this in his Tract on Coun
terpoint, and " his motets," says Burney, " such is the
transient state of Music, would be utterly unintelli
gible," though Morley tells us, that " they were for some
time of all others best esteemed and most used in the
Church." From the XHIth to the close of the XVth
Century, there is a hiatus in the history of counter
point. Perhaps this will not excite our wonder when
we know from Durand, (De Modo Gen. Concil. celebrandi,) that at the latter end of the XIHth Century,
motets were considered indecorous and profane ; and
that Carpentier gives a passage from the MS. Constitu4x
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tions of the Carmelite Friars, ordaining that " no motets
or other songs, that are more likely to excite lasciviousness
than devotion, should be sung under severe penalties."
The name of motet has been for centuries past, and is
still given to all compositions for the use of the Catholic
Church, such as Psalms, Hymns, Anthems, &c. The
discoveries of M. Perne among the Manuscripts of the
Royal Library at Paris, justify a hope that the interesting
interval presenting the gap we have mentioned may be
still filled up.
About the close of the XIVth Century, the rhythmi
XVth Cen
tury.
cal feet of Franco began to lose ground, and the sounds
introduced into the measure or metre were as many as
the subdivision of the different orders of notes would at
that time permit ; this induced new forms or figures to
represent new values of time, which were introduced to
wards the close of the XI Vth and beginning of the XVth
Century. They are not, indeed, mentioned in the writings
of the period, but that they were instituted and fixed is
certain, from our finding them in authors of a later date,
and especially in the Works of John Tinctor, Chapelmaster to Ferdinand, King of Naples, and afterwards Ca
Tinctoi.
non Doctor at Nivelle, in Brabant, and who consequently
lived in the latter half of the XVth Century. Among
other Works this author left a Dictionary of Music, under
the title of Definitorum terminorum Musicee. The doc
trines found in Tinctor are, however, mucli better dis
played in the Works of Franchino Gafforio, a writer who
Gafforio. forms a very memorable epoch in the History of Music,
not only on account of the extent, but the durability, also,
of his doctrine. Born at Lodi in 1451, in 1484 he be
came Chapel-master of the Cathedral of Milan, and Pro
fessor at the School of Music in that City. Of the Works
which he left, that which is best known to the World is
the Pratica Musica. printed at Milan in 1496, and almost
one of the first Musical Treatises that issued from a print
ing-press. Its division is into four books, whereof the
first treats of harmony, which then, as with the Ancients,
signified little more than air; the second is on measured
chant ; the third on counterpoint ; and the last on Mu
sical proportions. The first has no novelty, but the
second and third are interesting. Respecting the
value of notes, Gafforio considers five as essential, and
these are the five principal notes, namely the maxim,

(1,)
the
long,
(3,) the1 semibreve, (4,)
**■
.• —
■ ■—
*■ - x(2,)
mlthe breve,
. . and
- Model
the
minim.
(5.)
are 1lesser
values,
of two
sorts,
viz.There
the major
seminim
(6)theand„.the minor,„ V"*7*'
semi-minim. (7.) Each of these has a corresponding rest,
the long having two, one denoting perfection, (8,) the
other imperfection. (9.)
(3) (4) (5)
(7)
(2)
0)
i—H » *- 6 __i '-<?.<
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The relative value of these notes to each other is itnoted by different terms. That of the maxim with lbs
long is called the major mode, that of the long with the
breve the minor mode, that of the breve with the semi
breve is called time, and that of the semibreve with the
minim 'prolation. At an earlier period this prolstioo
was called minor prolation, and that of the minim lo
the semi-minim major prolation. Each of them may
be perfect or imperfect, that is, triple or double, and
the quoties is signified by different signs, and these
relations being quite independent of each other, allow
of almost infinite combinations. We find from Glareanus that those in which all the relations were double
were in most general use; and secondly, that in which
all are doubled except time ; the first corresponding
to our common time of two, and the second to our
measure in triple time, using figures of double talne;
the remainder are included in our compound measures
with a similar modification. In this, then, the system of
values is fixed, excepting some slight modifications to
be hereafter noticed. GafForio's third book is divided
into fifleen chapters. The first two treat in a general
manner of counterpoint and its different sorts; the
third contains eight rules for the succession of conso
nances, much the same as those now used ; the fourth
chapter is on dissonances, and sufficiently proves thai
those intervals were employed in the time of the writer,
though with much circumspection, not longer thauforth*
value of a minim,
o—g->^TyJ—-j
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in passages and by syncope, and this but rarely. On
this point he mentions various composers who made use
of them without any scruple, as Dunstable, Binchois,
Dufay, Brasart, &c, and concludes by stating that many
of these intervals may be used with propriety. The fifth
and sixth chapters are on fourths, showing how they
were used at that period ; the seventh relates to sixths
and thirds, and the remaining chapters to the arrange
ment of the different parts. Though Gafforio gives no
details respecting the form of Musical pieces of his time,
we know from John Tinctor that canons were then
in use, and were ealled fugue*, and that even enig-

5— r
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matical canons were known. Music was also divided
into spiritual and profane, the former called ntoM.tte
latter cantilena. The compositions of this era, for so*
may be denominated, and others rather later, display
talents worthy of investigation.
When the Western Empire was destroyed anddismeobered by invasions from the North, Music consisted only
of the Ecclesiastical chant and the national melodies of the
Barbarians; and in these was found the first distinction
between the serious and ideal style. The popular songs ts*
of the Middle Ages, composed by the Troubadours, sue-"13
eeasors, as it were, of the ancient Burds, such a* Ran"1
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Music. de Coney, Thibant, Count of Champagne, and others,
Modern, give a correct notion of the ideal style, whilst the serious
style was restricted to plain chant, and the harmonies
composed on it. At this period counterpoint made
rapid strides, canons led on to fugues, and much art be
came required for composition. According to the testi
mony of Tinctor, England can claim the honour of
having supplied one of the principal contributors to the
revolution that took place in the Art. The passage
which confers on the English a principal share in the
invention of figurative harmony is as follows. Cvjux,
ut ila dicam, nova: Arlis fons et origo (Contrapuncti)
apud Anglos, quorum caput Dunstaple exlitit, ftiisse
perhibetur. The writer goes on to enumerate his con
temporaries in France, as Dufay and Binchois, who were
immediately succeeded by Okenheim, Busnois, Regis,
and Caron, omnium, he says, quos audiverim in compositione preestanlissimi. The John of Dunstable above men
tioned appears to have died either in 1453 or within
five years afterwards. Tinctor wrongly attributes the in
vention of measured chant to John, and he has been fol
lowed by Sebastian Heyden, who wrote in 1 537, and after
wards by Nucius, who adds to those above named many
others who were certainly later, such as Josquin des Prez,
H. Isaac, L. Senfel, B. Ducis, &c. Ofthis period we know
of not more than one canon, which is given by Burney,
and is a tolerable composition.
emish
Of the Works of the ancient masters ofthe French aud
boo!.
Flemish Schools, about 1480, and subsequently, many
examples have reached us. L. Guicciardini accounts the
Flemish as the older School, and says that it furnished all
Europe with singers and composers. Guicciardini, how
ever, must not be strictly relied on: he was a renegade Ita
lian, who settled at Antwerp in the service ofthe Em
peror Charles V., and in his History ofthe'Low Countries
determined on giving the people among whom he lived
the honour.of every useful and ornamental invention to
flatter his patron, even at the expense of his native
Country. So the Abbe du Bos, from a contrary prin
ciple, wished to give the honour to the Flemings in
order to steal it from them afterwards in favour of
France, his own Country. Among the most celebrated
masters of the Flemish School were James Obrect, or
Hobrecht, J. Ockenheim, but especially Josquin des
echt. Prez. Obrecht, the earliest, taught the celebrated Eras
mus Music. He was born in the Netherlands in 1467,
and Glareanus says, that so great was his facility in
writing that he composed a Mass in one night, which
was very much admired by the learned. It is not cer
mlieim tain at what period Ockenheim died, but he is generally
considered a composer of the XVth Century, as there is no
proof of his existence in that following. He composed
a motet in thirty-six parts, but of what they consisted,
or how they were disposed, is not told by Ornithoparcus
or others who mention the circumstance. This, how
ever, was surpassed at rather a later period by our own
Countryman Bird, who composed one in forty parts,
whereof a copy is in possession of the writer of this
in des Essay. The celebrated Josquin des Prez, or as he
was styled in Latin Jodocus Pratensis, was the scholar
of Ockenheim, and was universally considered by his
contemporaries as the best composer of his time. His
compositions for the Church, though long laid aside,
and now obsolete through the change in notation,
still deserve the atteution of the curious. Burney
says of him, " The laws and difficulties of canon, fugue,
augmentation, diminution, reversion, and almost every
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other species of Musical contrivance allowable in Ec
clesiastical compositions for voices, were never so well
observed or happily vanquished as by Josquin, who
may justly be called the father of modem harmony,
and the inventor of almost every ingenious contexture
of its constituent parts near a hundred years before
the time of Palestrina, Orlando di Lasso, Tallis, or
Bird, the great luminaries of the XVIth Century." He
was a singer at "Rome, afterwards Chapel-master to
Louis XII. of France, and died about 1520. After
him may be placed Pierre de la Rue, or as he is called Pierre de la
in Latin Petrus Platensis, a very voluminous writer of Ku«the period. Walther says he was a Netherlander ; Gla
reanus a Frenchman ; others give Spain as the place
of his birth. He certainly was a learned contrapuntist,
and many of his compositions for the Church are still
extant, some of which were published immediately after
the invention of Musical types, in the year 1503. He
made free use of the four principal discords, the second,
fourth, seventh, and ninth. B. Ducis and other com- B. Ducis.
posers followed Pierre de la Rue, and up to the time
of Orlando di Lasso maintained the honour of the Fle
mish School.
The most ancient contrapuntist of the French School French
was Anthony Brumel, a contemporary of Josquin and ^cn00'scholar of Ockenheim. Without much invention, his rume *
harmony is pure, and his melody and notation clearer
and more simple than is generally found in the writings
of his day. Glareanus says, that at the beginning of
the XVIth Century, at an extreme old age, he composed
a Kyrie eleison, in competition with Josquin, wherein
not only in the tenor, but in all the parts ascending and
descending, he introduced the [subject with wonderful
skill. Brumel may be considered the founder of the
French School of Music. Anthony Fevin, a native Fevin.
of Orleans, is mentioned by Glareanus as a successful
emulator of Josquin. John Mouton is claimed by jviouton.
Guicciardini as a Fleming, but it is certain that the
greater part of his life was spent in the service of the
French Court, during the reigns of Louis XII. and
Francis I. He was the scholar of Josquin and master
of Adrian Willaert. Arcadelt, Verdelot, L'Heritier,
Goudimel, and others followed, of whom our limits
confine us to the mere enumeration. In Germany, about Germans,
the same period, appear H. Finck, H. Isaac, L. Senfel,
and others. The collections by Peutinger, Bodenschaft,
and others, make us acquainted with the names and
Works of more than two hundred composers w ho flou
rished between 1450 and 1580, to whom fugues and the
most intricate compositions were mere amusements,
written with singular ease and correctness.
It would be improper to omit in this place a concise English
view of the progress of counterpoint in our own Country, Music from
and we will premise by stating that there are Masses in XVthCenfour, five, and six parts, composed by Englishmen, which jjSj-j prc"
are as ancient as those ofthe Continental writers; as also u "ne*
secular Music of two and three parts, in good counter
point, of the XVth and beginning of the XVIth Century. XVth and
Among our early composers are William of Newark, She- XVIth
ryngham, Edmund Turges, Tutor or Tudor, Gilbert Ba- Centuries,
nester, Browne, Richard Davy, William Cornyshe junior,
Syr Thomas Phelyppes, and Robert Fayrfax. Little,
however, is known of these Musicians. Turges was one
ofthe Musicians of Henry VI. Tudor was the author of
several compositions in Prince Henry's (Henry VIII.)
Music Book. Cornyshe was in the Chapel of Henry VII. ;
and Fayrfax was admitted to the degree of Doctor of
4x2
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Music at Cambridge in 1511. In the reign of Henry
VIII. we have not only the Monarch himself a clever
Musician, as is manifest from the Anthem under his
Henry
name in Boyce's Collection of Cathedral Music; but
VIII.
the names of Kasar, Ashton, Nonman, Shepherd, Dr.
Christopher Tye, whose Laudale nomen is still sung and
Tye.
admired, and is in truth a magnificent specimen, John
son, Parsons, and others, which point out the extent and
success with which Music was cultivated in England.
From the Earl of Northumberland's (Henry Algernon
Percy, fifth Earl) Household Book, it appears that this
Nobleman, as was the practice with others, retained a
regular Musical retinue. One of the items runs thus,
" My Lorde usith and accustomyth to gyfe yerely to
every Erlis (Earl's) Mynstrellis, when they custome
to come to liim yerely, iij». iiijd. Ande if they come to
my Lord seldome, ones in ij or iij yeres, then vj«. viijd."
It is clear that great attention was paid here to Choral
Music during this King's reigu, for among the " Ordinaunces made for the Kiuges Houshold and Chambres"
by Wolsey, it is said, that " when the King is on journies
or progresses, only six singing boys and six Gentlemen
of the Choir shall make a part of the Royal retinue ; who
daylie in absence of the residue of the Chapel, shall
have a Masse of our Ladye before noon, and on Sonrlaies
and holidaies Masse of the daie, besides our Lady-Masse
and an Anthempne in the afternoon ; for which purpose,
no great carriage of either vestiments or bookes shall
require." In 1550 the whole of the Cathedral Service
was set to Musical notes by John Marbeck, organist of
Marbeck. Windsor, and printed by Richard Grafton. Marbeck
was a zealous Reformer whose enthusiasm was near
being the cause of his martyrdom in Henry's time ;
he was condemned to the stake for heresy, but pardoned
at the intercession of Sir Humphry Foster. As it can
scarcely be said that England could ever boast a School
of Music, it will be more convenient in this place to
follow up a succinct account of its history and our best
authors from the period above named, before we proceed
to notice the Italian, German, and French Schools.
Elizabeth.
Elizabeth, in the early part of her life, appears to have
studied Music, and a long and generally tranquil reign,
in spite of the fanaticism of the times and the outcry of
the Puritans, allowed it to be brought to a pitch of per
fection here, through the diligence and talents of Tye,
Tallis and Tallis, Bird, Morley, and others, scarcely surpassed by
others.
that of Italy itself. Yet it would appear that the parsi
mony of the Sovereign in rewarding Musical talent was
such, that Drs. Bull and Dowland, two master spirits in
the Art, quitted the Country in pursuit of better en
James I. couragement on the Continent. James I. came from a
part of the Island, which, notwithstanding the splendid
talents it has exhibited in Literature and the other Arts,
cannot be recognised as having hitherto produced a
good Musician. This Prince received no pleasure from
Music. In his reign the names that appear are
those of Dr. Nathaniel Gyles, Thomas Tomkins, Elway
Bevin, and Orlando Gibbons in Ecclesiastical Music.
For the chamber, principally madrigals, besides the
above, we had Michael Este, Thomas Este, Bateson,
Pilkington, Litchfield, Ward, Wilbye, Farmer, Ben
nett, Ford, and others. It would be unjust to the
Gibbons. memory of Gibbons, whose splendid compositions are
still used in our Cathedrals, and will never be surpassed,
to withhold the testimony of Dr. Tudway to his genius;
he says that his services and " anthems are the most
perfect pieces of Church composition ;" and again, that

his " fugues and embellishments are so just and naturally lii
taken, as must warm the heart of any one who is en
dued with a soul for divine raptures." He died in 16*25,
being commanded, as organist to Charles I., to attend
the marriage of his Sovereign with Henrietta of France
at Canterbury, and having composed the Music for the
occasion in that City, he was there attacked with the
small -pox, and dying on Whitsunday, was buried in the
Cathedral. We regret that our space does not allow us
to enlarge further on the merits of the writers above iba^-il
mentioned; the Musician, and especially the Madrigalian, Sgeaj.
well appreciates the encomiums, though passing, which
it is our duty to pay them, and it may be interesting to
the reader to be aware, that there still exists in the Me
tropolis a Society, founded about a century ago, whose
object is the preservation and performance ofthe Music of
Elizabeth's, James's, and Charles's reigns, and in which he
may still occasionally hear sung, as of old, The Triumphs
of Oriana. This, " the Madrigal Society," is a truly An
tiquaries' Society, and worthy of more patronage than it
has ever received ; having rendered important service to the
Art by keeping alive the true and classic English style.
We feel pleasure in simply recording the name of John
Immyns its founder. It is at present under the presi
dency of a most worthy and distinguished amateur, Sir
John Rogers, of ancient family, and himself a Musical
writer of no ordinary abilities.
Charles I., during the life of his father, was a scholar
of Coperario, (Cooper,) and, according to Playfonl, had Charfcl.
acquired considerable facility on the viol di gamba. He
had much affection for Music, and especially for that
of the Church. Hence he encouraged the Art and its
Professors. From Rymer's Fcedera we find that his band
consisted of Nicholas Laniere, master thereof, who had
two hundred pounds yearly for wages, Thomas Foord, Hi t-ui
Robert Johnson, Thomas Day, Alfonso Ferabusco,
Thomas Lupo, John Lawrence, John Kelly, John Cogshall, Robert Taylcr, Richard Deering, John Drewe,
John Laniere, Edward Wormall, Angelo Notary, and
Jonas Wrench. Also Alfonso Bales and Robert Marsbe.
Among these are the names of some writers whose com
positions are known to us ; such as Foord, Ferabosco,
Johnson, Day, and Deering ; but the more celebrated of
the reign, such as Dr. Child, Dr.jWilson, and William and
Henry Lawes, although honoured with the King's favour,
do not appear in the grant. Dr. Child was a good bat
not extraordinary Musician, and after having been or
ganist of St. George's Chapel sixty-five years, diet! at
Windsor, aged ninety, in 1697. In 1641, John Bar
nard, a Minor Canon of St. Paul's Cathedral, published
and dedicated to Charles a fine collection of English
Church Music, consisting of services and anthems; it is
to be regretted that it was not in score, each of the parts
having been printed in folio separately, and a complete
copy of them is not now known. They consisted of morn
ing and evening services, and the communion pieces and
responses by Dr. Tye, Tallis, Bird, Morley, Strogers,
Bevin, Orlando Gibbons, Mundy, Parsons, Dr. Gyles,
and Woodson, with Tallis's Litany, and a considerable
number of full anthems in four, five, and six parts, by
Tye, White, Farrant, Shepherd, Bull, Parsons, Morley,
Hooper, Mundy, Giles, Gibbons, Batten, Weelkes, and
Ward. Of this period, although they are not authors of
choral compositions, ought not to be forgotten the names
of Martin Pierson, Richard Deering, a member of the
family of the Deerings of Kent, Christopher Gibbons,
Ben Rogers, Matthew Lock, and others. In this reign
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Dramatic Music appears first in England to any advantage. In 1635 was performed in the Middle Temple, a
Masque written by Sir William Davenant, the vocal and
instrumental Music being said to have been composed
by William and Henry Lawes. In 1639, we find a
Masque, Salmacida Spolia, written by Davenant, and
the Music by Lewis Richard, Master of his Majesty's
Music, a name which we do not recollect to have seen
on any other occasion. In the 11th Charles I. an exCharter to tensive Charter was granted to the most eminent MusiMusici.ins. cians Jiving at the time, incorporating them by the style
and titles of Marshall, Wardens, and Commonality of
the Art and Science of Musick in Westminster in the
County of Middlesex, investing them with great privi
leges, which were afterwards confirmed in the four
teenth year of his reign. The patent roll of this Charter
is tested 15 July, 11 Car., and is in the Rolls .Chapel.
The powers granted to this Company extended through
out the realm, the ancient claim of the Dutton family
over the minstrels of the Palatinate of Chester only ex
cepted. The powers given them were sufficient to sow
the seeds of their destruction, which soon occurred.
Snppresjion The suppression of the Cathedral service in 1643 was
p*".
a death-blow to the Music of England. Puritans have
novice'
no DonQ,s °f fellowship with the refined Arts, and the
cant and hypocrisy of the times will account for the
comparative barbarism into which Music fell in the
reigns of James and Charles: the contentions of parties
also allow little time and disposition for the culture of
the Arts, however indisposed their professors themselves
may be to mix in the troubled throng. Thus during
the Protectorate, the chief Musicians sought asylums
in the houses of private persons, among patrons who
were scarcely able to protect themselves. The Musi
cians selected by Charles were not men of great genius
and abilities, yet the King was neither ignorant nor
partial in his choice ; they were the best the nation could
boast at the time. Though on every other point the
realm was divided into factions, which were actuated
by the extremest violence, there was but one opinion of
the merits of William and Henry Lawes. Yet not
withstanding the testimony of Milton, himself, it is pre
sumed, a very fair Musician, we are unable to perceive
in the compositions of these men sufficient to justify the
panegyrics bestowed upon them. To Tallis, Bird,
and Gibbons they were infinitely inferior ; indeed, it is
scarcely right to name them in the same sentence. The
erreg- Interregnum from the death of Charles to the Restoration, from the extreme fanaticism of the times, was very
unfavourable to Music, yet was it zealously cultivated
in private, and among those whose career commenced in
Juris,
this period was John Jenkins, a great composer of
Fancies fur Viols, which were in high estimation during
the rude state of Instrumental Music ; he was much, and
perhaps deservedly, admired at the time, but except a
madrigal or two of some merit, his Works are now for
gotten. The lovers of English Vocal Music are in
) ford, debted to John Playford, who, in 1655, published the
first edition of his Introduction to the Skill of Music, a
compendium of Morley, Butler, and other Works. It
had so rapid a sale, that, in 16S3, it had passed its tenth
edition. It contained no novelty in theory or practice,
but its form, price, and style were so suited to every class
of the Musical world, that it seems to have been more
generally purchased than any elementary Tract that had
then appeared in this or any other Country. Playford
was born in 1613, and was not only a vendor of Music

but a good Musician. His publications were very nu
merous, and his intelligence as a printer of Music,
so tar secured to him and to his son the esteem of the
first masters of the Art, that without a special license, or
authority, he appears to have had almost a monopoly of
the business of furnishing the nation with instruments,
books, and all the tools of the Science. During the
period of the Civil War, Oxford was the place of refuge
for Musicians, but after 1646, the year in which the At Oxford
King was forced to quit that city after tire battle of during Civil
Naseby, till 1656, all seems hushed. From that time War.
Anthony Wood, a lover of the Art, and for other causes
venerable in the eye of the reader, preserved a good
account of the state of practical Music in the Uni
versity. Honest Anthony tells us, " The gentlemen in
private meetings which A. W. frequented, played three,
four, or five parts with viols, as treble viol, tenor,
countertenor, and bass, with an organ, virginal, or
harpsicon joined with them ;" but he adds, " they
esteemed a violin to be an instrument only belonging to
a common fiddler, and could not endure that it should
come among them for feare of making their meetings
to be vaine and fiddling. But before the Restoration of
Charles II., and especially after, viols began to be out
of fashion and only violins used, as treble violin, tenor
and base violin ; and the King, according to the French
mode, would have twenty-four violins playing before him,
while he was at meales, as being more airie and brisk
than viols." In truth, at this period instrumental
Music, and particularly stringed, had begun to make its
way in England. Wood afterwards gives the names of
the performers with whom he used to play, as well as a
sketch of their moral and Musical qualities. Thus
he describes " Christopher Harrison, M. A., fellow of
Queen's College, a maggot- headed person and humor
ous ;" "Nathan Crew, M.A., a violinist and violist,
but alwaies played out of tune as having no good eare,
he was afterwards Bishop of Durham." Thomas Ken,
afterwards Bishop of Bath and Wells, used to be of these
parties.
At the Restoration, Child, Christopher Gibbons, ',
Rogers, and Wilson, were created Doctors, and were
promoted together with Low of Oxford. Child, Gibbons,
and Low were appointed organists of the Chapel
Royal, and Captain Henry Cook was made master of
the children. Gibbons, likewise, held the situation of
organist of Westminster Abbey ; Rogers, formerly of
Magdalen College, Oxford, was removed to Eton. Wil
son had places in the Chapel and Westminster Abbey,
and Albertus Bryne, a scholar of John Tomkins, was
appointed organist of St. Paul's. Thus the choirs
throughout the Kingdom were in time supplied with
good masters. The organs, which had mostly been de
stroyed, were not restored without great difficulty, for
except Dallans, Loosemore of Exeter, Thamar of Peter
borough, and Preston of York, scarcely an organbuilder was left. At this period, Schmidt and Harris,
with his son Rend Renatus, were invited over, and
received the homage due to their transcendent abilities.
At the Coronation of Charles II., according to the Charles IV
Cheque-book 23d April, 1661, the Musical establishment
contained, among others, the following celebrated names: Hi« choir.
William Tucker, minister; Edward Lowe, William Child,
and Christopher Gibbons, organists ; Henry Cook,
Henry Lawes, Thomas Piers, Henry Puree!I, Edward
Colman, Gentlemen. Charles, says Tudway, was a brisk
and airy Prince, and tired with " the grave and solemn
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way which had been established by Tallis, Bird, and
others, ordered the composers of his Chapel to add sym
phonies, &c. with instruments to their anthems." This
produced a new style of writing, and soon afterwards
some of the cleverest children of the Chapel arrived
at skill in composition, among whom were Pelham
Humphreys, John Blow, and others, to whom the King
gave much encouragement ; Humphreys and Blow
were both fine composers. The latter succeeded Purcell (who first brought Dramatic Music in this Country
into repute) at the organ of St. Margaret, Westminster.
He was contemporary with another fine writer, John
Weldon, and died in 1708, at the age of sixty, leaving a
name venerable among English Musicians.
Henry Pur- Of Henry Purcell, it is truly said by Dr. Burney,
cell.
that he " during a short life, and in an Age almost bar
barous for every species of Music but that of the Church,
manifested more original genius than any Musician
under similar circumstances, that my inquiries into the
History of the Art have yet discovered in any part of
Europe." Henry Purcell was born in 1658. Both
his father Henry and his uncle Thomas were gentlemen
of the Chapel Royal at the Restoration. As his father
died when he was only six years old, it is probable his
master was Captain Cook, who continued master of the
Chapel boys to the time of his death in 1672. Purcell
was organist of the Abbey at the age of eighteen. Hum
phrey succeeded Cook, and Purcell continued to receive
instructions from him till his voice broke. He had a
few lessons from Blow, which are blazoned in that Mu
sician's epitaph by the boast of " Master to the famous
Mr. Henry Purcell." His powers embraced every spe
cies of composition with equal facility. In the Theatre
he knew how to produce the utmost effect whereof an
orchestra was then capable ; in the Church, fugue, imi
tation, or plain counterpoint, or the expressive style of
accompanying the voice with instruments, whereof he
was the founder ; in the chamber, sonatas for instru
ments, odes, songs, ballads, cantatas, and catches, were
equally easy to him. He became the darling and
wonder of the nation, and, till the arrival of Handel,
was almost the only composer whose Works commanded
attention. He died November 21, 1695, in the thirtyseventh year of his age. Had he lived longer, it is not
improbable we might have had to boast of an English
School of Secular Music, a collection of which by him
was published by his widow two years after his decease
under the title of Orpheus Britannicus. The public
have been recently much indebted to Mr. Vincent
Novello, a Musician of the present day of no common
abilities, for bringing to light and publication some of
the unknown wonders of Henry Purcell, and it is but
justice to say, that the editor is worthy of the author.
After the death of Purcell, the chief composers for the
Composers
fur the
Church were, as dilettanti, Drs. Holder, Creyghton, and
Church
Aldrich, and William Tucker, as professors, Jeremiah
after him. Clarke, Goldwin, Weldon, and Drs. Croft, Green, Boyce,
and Nares. Of these men, all eminent, we cannot re
frain from singling out, in an especial manner, Dr.
Aldrich.
Henry Aldrich, appointed Dean of Christchurch in
1689, who was not only profoundly skilled in the theory
and practice of harmony, but also distinguished himself
as a scholar, a theologian, a profound critic, an able
architect, and possessed exquisite taste in Arts, Science,
and Literature in general. His compositions for the
Church give him a rank among the greatest masters of
his time. Besides his numerous original compositions,

he adapted English words to the Psalms and Liturgy, to J*1*
many of the motets of Tallis, Bird, Palestrina, Carissina, Ka>eaGraziani, and Bassani, originally used for the Roman *™"v"w
Catholic service. He sometimes amused himself with
lighter compositions, and we apprehend that there are fev
of our Musical readers who can be unacquainted with the
pleasing melody and general effect of his round " Hark
the bonny Christchurch bells." Dr.William Croft, a pupil Dr.Cnfi.
of Blow, was one of the great Musicians of this period ; a
composer pleasing, elegant, and apparently simple, he
frequently rose to the grand and masterly, and he has
left scarcely a composition which does not exhibit great
genius and learning. His Choral Music was published
in two volumes folio, in 1724, under the title of Miisica
Sacra, or Select Anthems for two, three, four. Jive, sir,
seven, and eight Voices, to which is added the Burial Seras it it occasionally performed in Westminster Abbey,
The Burial Service, which closes the first volume, was
composed upon an idea suggested by Purcell who lived
only to finish one movement. It is simple counterpoint
of note against note, and its solemnity, arising much
from its simplicity and the syllabic coincidence undis
turbed by fugue, is so admirable that it still retains its
place at every Royal and Public funeral in this King
dom. Dr. Croft died in August 1727, in the fiftieth
year of his age, of an illness contracted by attending his
duty at the Coronation of George II. He lies buried in
the North aisle of Westminster Abbey, in which be heJd
the situation of organist. To Dr. William Boyce theDr.Bojx
Cathedral Service was, and still is, under great obliga
tions for his Choral Collections, which were published
in three volumes folio. He obtained great fame as a
dramatic and miscellaneous composer, and there is much
originality and sterling merit in his compositions. The
last Musician we shall name, not from want of numbers
but from our space failing us, is Jonathan Battishill, B»rti4ii
who seems to be the connecting link between the old and «»ltS!,,e
present race of English Musicians, amongst whom is to"5*3be found much genius for Choral Music, though we re
gret to say we cannot produce many instrumental com
positions from them of equal ability. Battishill died at
Islington in 1801, aged sixty-three years, and, according
to his lost request, was interred near Dr. Boyce in the
vaults of St. Paul's Cathedral. This composer and
Samuel Webbe may be considered as the founders of
Glee-writing, a species of composition confined to this
Country, in which we have no rivals, and in which we
mention the names of Alcock, Arne, Attwood, Ayrton,
W. Beal, Callcott, Dr. Cooke, Robert Cooke, Crotch,
Danby, James Elliott, Harington, William Hawes,
Horsley, William Knyvett, Thomas Linley, the Earl of
Mornington, Shield, Stafford, Smith, Spofforlh, T. F.
Walmisley, the Wesleys, Charles and Samuel, &c. 4c
as having contributed to its perfection.
We shall now return to the consideration of the Art Peri«as»
as perfected in other Countries, premising that our o0"^^^.
servations will be confined to the Musical system and 45 ^
the different styles of composition. According to Glareanus, the most prevalent combination which resulted
from the perfection or imperfection of the ancient modes,
was that in which the values of the notes were imper
fect, that is in a duplicate or subduplicate ratio. This
became at length the foundation of all the Musical rela
tions ; various modifications succeeded, and these were
chiefly brought into use by the invention of bars, which U«t*ffa»
were introduced by composers to render the calculation
of corresponding values easier, by enclosing within a
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given fixed space as many notes of the score as were
equal to one note of great duration. Thus at first a bar
was drawn only at every eighth or fourth measure. The
Works that appeared about 1600, are the first known
with any kind of bars ; the general use whereof did not
obtain till a century after. The distance between the
bars gradually diminished till they enclosed but one
measure, as in the present time, at which the only excep
tion arises in the & captlla time, where two semibreves
moving quickly are enclosed in one bar to save the fre
quent repetition of bars. Thus the introduction of bars
with their gradual increase has brought notes of great
value into disuse, and a bar is now rarely valued by a
note of greater duration than the semibreve. The Mo
derns have multiplied diminished notes in the form of
crotchets, quavers, semiquavers, &c, which formerly
were scarcely known. Rhythm has sustained little
variation, not so with sounds, and consequently har
mony and counterpoint.
In theXVIth Century a change took place which led
the Art to its present perfect state. Every one sensible
of Musical tones must have remarked that all Musical
pieces end in some particular note or sound. This is
called the tonic or principal note. If the piece be dis
sected, it will be found to consist of a number of notes
having each a different ratio to the principal or key note.
The combination of them constitutes the Musical mode;
and by proceeding upwards from it to its octave or
eighth, placing each sound in regular succession, the
scale of the mode is formed. It is consequently evident
that a great variety of systems may be formed from the
different modes. In the present day we have but two
modes, the major, in whose scale is contained at, re, mi,
fa, sol, la, si, tit, and the minor, whose ascending scale
is la, si, ut, re, mi, fa, sol, la. It was in the XVIth
Century that this system of tones became universally
known, and its influence in composition is soon discover
able. It was fully established in the School of Du
rante at Naples. As regards its theory, Choron main
tains, with truth, that it is still imperfect, but this is not
the place to enter upon that subject. Had the system
experienced no variation, the Science would have attained
its limits three centuries ago, and there would have
been nothing to add to the labours of Ockenheim, Josquin, Orlando, and the other masters of the French and
Flemish Schools. The alterations, however, which
took place in the tonal system led to changes in every
branch of composition. The early contrapuntists almost
invariably added the third and fifth to all the notes of
the scale except that which bears the minor fifth, to
which they affixed the sixth. All harmony was thought
allowable which excluded a succession of fifths and oc
taves ; but the doctrine of the new modes soon exhibited
the errors of this sort of harmony, which gave innume
rable bad combinations, such as the sixth with the third,
itveide or often on other degrees of the scale. Charles Montvduces verde, a Schoolmaster of Lombardy, who lived about
SoS> 159°' WES the inventor of the harmony of the domi
nant, and the first who had the courage to use the
seventh and ninth of the dominant without prepara
tion ; he also employed the minor fifth as a conso
nance which had theretofore been treated as a discord.
These points admitted, Musicians soon came to the con
clusion, that only three essential harmonies were to be
acknowledged in the mode, that of the tonic, the domi
nant, and the subdominant, which are all that should be
placed either direct or inverted on those notes as well as
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those comprised in their harmony. Monteverde also in- Muiic
troduced double dissonances, followed soon after by Modern,
triple dissonances, and diminished and altered chords. ^V™""'
Counterpoint was of course affected by these changes,
and intervals in melody unthought of before, as well as
intervals in harmony entirely original, quickly succeeded
each other. Viadana di Lodi, about this period, hit Viadana <U
upon the process of giving a melody to the instrumental LoJii
bass altogether different from that of the vocal bass,
proposing to make this bass form the groundwork of the
piece, and to represent the chord it was to bear in every
part by means of figures. Thus, although he added no- inventor of
thing to harmony, he must be considered the inventor of fundamenwhat, is callcdjthe fundamental bass. These innovations tal
were sometime in gaining ground, but towards the close
ofthe XVIIth Century, the Ecclesiastical tones began to
be considered as little more than afbrm tokeep the modern
tones within bounds ; so at least the Neapolitan School,
with Durante at its head, used them, and the modern tones
are now universally allowed in the Church. P. Aaron
Togliani, and the authors of the first half of the XVIth
Century, added little to the improvements of the XVth.
Zarlino's Itisliluliones, published in 1571, contained Zarlino.
the theories and precepts up to his time ; but celebrated
as his Work has been considered, he seems to have had
but a confined knowledge of his contemporaries, inas
much as he docs not appear to have heard of Palestrina,
who was at that period in the zenith of his reputation.
Zarlino was, however, himself one of the Flemish
School, which may account for the silence. D. P. Ce- Ceroni.
roni, in 1613, published ut Naples his Mdopeo. Nar
rowing the boundaries of Musical doctrine he modified
his precepts according to those of Palestrina and the
composers of the Roman School, and Galeazzo Sabbatini soon afterwards gave rules for thorough bass on the
same principles. The Treatises, however, of Berardi, Berar<li and
Buononcini, and Gasparini, at the close of the XVIIth others,
and commencement of the XVIIIth Century, reduced
the practices in counterpoint to a regular theoretical
system little different from that received at present. At
the beginning of the XVIIIth Century, Rameau, a Ramem.
French writer, gave out that all rules up to his time
were merely blind traditions, and proposed to reduce
them to a few precepts dependent on the law of Physics.
We do not think it useful to pursue the analysis of his
doctrines. Nothing can be more erroneous than some of
his enunciations ; as for instance, that in which he states
that harmony will be regular whenever the chords of
which it is formed, being brought back to their funda
mental chords, offer successions correspondent to the
rules he has established ; since a survey of the cases in
which his method is adopted proves that a fundamental
succession of notes may have very bad derived succes
sions, and, on the contrary, from good and usually de
rived successions fundamental successions arise which he
condemns as faulty. His principle met with some success
in France, but is now everywhere laid aside, and it was
never of any other use than to attract the attention of
writers on the theory of inversions. It however produced
in France a habit of viewing harmony in aPhilosophical
manner, and towards the close of the XVIIIth Century
it led to the formation of an elementary Work by the
Conservatory at Paris, or at least by the Professor of that
establishment. (Catel.) Catel considers as natural Catel.
chords those commonly called consonances, and alt dis
sonant chords used without preparation, he examines
their successions and shows how, by means of the anti-
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Music, cipations, retardations, and alterations whereof they are
Modern, susceptible, they generate all artificial chords or dissonances properly so called. This doctrine was not altoge
ther new, inasmuch as it had been taught by the School
of Durante, and had also been used in Germany ; but
Catel placed it in a clearer light, and fixed it for adop
tion in France, and it may be truly considered an
important advance in the doctrine of harmony.
Stylei of
Respecting the different styles of composition in Music,
composi- the principal are usually considered under the heads of
•
Church, Chamber, and Instrumental Music. The first
is properly divided by Choron into four species ; that d
capella, the accompanied style, the concertante style, and
Church
lastly, the oratorio. That which belongs most exclu
sive,
sively to the Church is the style d capella. It was ge
nerally written on the tones of the plain chant without
accompaniment. It is of four sorts, the plain chant, the
fauxbourdon, counterpoint on the plain chant, and Eccle
siastical, fugued counterpoint. Of the plain chant an
idea may be formed from the specimen of the Ecclesi
astical tones above given, which have undergone no alter
ation since Pope Gregory's time. The fauxbourdon is
the most simple of compositions with many parts, and is
with counterpoint of note against note in which the bass
bears perfect chords only ; it remains still the same as
at the time when the rules of composition were firmly
fixed, (which is more remote than the Flemish School,)
and it is now only used in Psalmody and some few can
ticles. With the third sort, or counterpoint on the plain
chant, is frequently and erroneously confounded the faux
bourdon, but in it the plainchantis strictly preserved, and
it consists in forming thereon various other parts displayed
with all the ingenuity of counterpoint, such as imitations,
fugues, canons, &c.; its history and that of composition are
the same. The masters of the Flemish School succeeded
in it wonderfully.but it is to Italy we must look for taste,
elegance, and grandeur in this style, whereofthe finest spe
cimens were produced in the XVIth Century. In France
it was soon neglected, and our own experience of the diference a very few years ago between the Ecclesiastical
Music of France and Italy would lead to a doubt, did we
not know the contrary, whether it ever had existence at all
in the former Country. The contrapuntists of the XVth
and XVIth Centuries did not restrict themselves to the
plain chant as a basis, but frequently employed a plain
chani or simple melody of their own as the groundwork ;
and moreover they soon diverged from the rule of keep
ing the leading chant to a particular part, and took their
successive subjects from the principal features of the
plain chant by introducing various kinds of imitations in
the parts, and this was, doubtless, the origin of fugue.
The sense of the words was neglected, but the Music
displayed the talent of the composer and the powers of
the singer, and at length proceeded so far that the
Council of Trent entertained the proposition of sup
pressing Music in Churches altogether, and a decree
would have passed to that effect but for particular and
local considerations. Pope Marcellus, about 1552, con
sidering the extent to which this style was carried, de
termined on reducing Church Music once more to the
Palestrina. simple Gregorian chant, when the young Paleslrina pre
sented his Holiness with a Mass in a style entirely new,
devoid of tumult and noise, the harmony pure, the
style grand and pious, the expression of it sweet yet
majestic ; all features which characterise the style of the
immortal Palestrina, truly called by his Countrymen
II Principe di Musici. This man may be said to

have been the founder of every thing valuable in the Mis*
Art. He was considered by his successors as a model Maim,
not to be equalled ; which feeling, added to a continual V**
change in the foundation of the system, induced them
to abandon a style wherein little glory or advantage
could be acquired. The decline of the d capella style,
the varieties of which during the XVIth Century had
risen to a height since without parallel, was eminently
serviceable to the accompanied style, or that in which
the voice is accompanied by the organ alone, and to the
concerted style, wherein all sorts of instruments accom
pany the voice. To trace the origin of these would be
rather difficult, and when accomplished, would answer
no useful purpose. Choron says that the first has been
much influenced by the madrigal style, the second by
that of the Theatre ; we do not, however, quite coincide
with him, thinking it possible that exactly the inverse
was more probably the fact. It is, however, but justice
to that excellent and learned author, to whom we confess
ourselves largely indebted, to allow that there is room
for doubt as to the opinion we entertain.
The oratorio is a species of drama whose subject Ontzu.
is generally some story selected from the Scriptures,
or a Religious allegorical piece for performance in
a church by singers who personate the different
characters of the drama. Choron observes, that the
oratorio differs from the sacred drama, inasmuch as
though the subject of each may be the same, the latter
is for the Theatre, the former for the Church. The in
vention of the oratorio is attributed to St. Philip of
Neri, who was born in 1515, and founded the Congre
gation of the Oratory at Rome in 1540. Wishing to
turn to pious account the theatrical enthusiasm which
then prevailed at Rome and kept the people from
church, especially in the time of the Carnival, be
formed the scheme of having sacred Interludes writ
ten by good Poets, and of having them set to Music
by the best composers, and performed by the most
favourite singers. The experiment succeeded ; the
concerts attracted all Rome, and from the Church of the
Oratory, (the China Nuova,) in which they were per
formed, obtained the name of oratorios. At first they
were short and simple Poems ; finally, nothing was
wanting to their effect but the pomp of scenery and cos
tume. Animuccia, a contemporary of Palestrina, was
perhaps the earliest composer of an oratorio. Their style
was at ihe beginning a mixture of the madrigal and can
tata, but in the present day, oratorio compositions differ
very little from those of the Theatre.
Chamber Music.
Berardi and Padre Martini have divided Chamber Halra^
Music into three styles, namely, simple madrigals, ac
companied madrigals, and cantatas ; to these Chorou
adds a fourth style, under the title of fugitive pieces,
but we are rather inclined to place these fugitive pieces,
such as the canzonette of Italy, the villanelle, &c. the
bolero of Spain, the romance and vaudeville of the
French, under the head cantata. The madrigal gene
rally, but not necessarily, resembles much the motet and
fugue of the Church ; the words were latterly, however,
of a secular nature. The simple madrigal is for voices
only, the accompanied madrigal has, as its name implies,
the accompaniment of the organ. Arcadelt has by some
been considered the first who composed this species of
Music ; but the conjecture is without foundation, since.
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madrigals of more ancient masters have reached us, and
even by composers of the ancient Flemish School. To
those conversant with madrigal writers the name of
Adrian Willaert will immediately occur. The truth is
that simple madrigals came in about the beginning of
the XVIth Century, during which and the whole of the
following century the style was particularly cultivated
and encouraged ; but it has been completely aban
doned since the early part of the XVIIIth Century,
unless the English glee can be said to be a graft of it,
which, perhaps, may be truly advanced. There was
much variety in this style. The first madrigals very
much resemble the church style, but they afterwards
assumed a character peculiar to themselves. The change
may be strikingly recognised in the madrigals of Luca
Marenzio, but a little after the time of Palestrina, and
afterwards in the Works of Gesualdo, the Prince of Venosa, of Monteverde, Mazzochi; and it seems to have
been exhausted by attaining its utmost limit in the com
positions of the celebrated Alessandro Scarlalti. The
accompanied madrigal seems to have originated only after
the practice was introduced of placing an instrumental
differing from the vocal bass below the voices; a practice
which dates from the commencement of the XVIIth
Century. The principal writers in this style were Frescobaldi, Carissimi, Lotti, Scarlatti, Clari, Marcello, and
Durante. Since these masters, little has been attempted
in this style of Music, one which requires great Musical
learning and the devotion of years to the study of the
Science. Choron says, and perhaps too truly, that the
Musician of the present period limits his glory to the
composition of a song ; nor can we much wonder at it
when we reflect on the rewards attendant on Theatrical
compositions, as distinguished from those of the Church
and Chamber.
The Cantata, which originates from the LyricDrama, is
a short Poem, which in a literary sense has no very de
termined character, though generally confined to the
recital of some simple interesting passage or fact to illus
trate the expression of some peculiar sentiment. It has a
wide range, sacred, profane, heroic, comic, and even ludi
crous subjects admit its employment. Its invention is as
signed to the early part of the XVIIth Century, the first
writers of it being Poliaschi a Roman, Loteri Vittorii of
Spoleto, and Ferrari ofReggio, betterknown by the name
of Ferrari della Ttorba. After these came Merula,Graziani, Bassani, and Carissimi. Towards the middle of
the Century, Marc' Antonio Cesti, a scholar of Carissimi,
brought recitative to perfection, Rossi and Legrenzi
flourished, and Alessandro Scarlatti surprised the world
by the brilliancy and fertility of his genius. In the be
ginning of the XVIIIth Century, we have Gasparini,
Giovanni and Antonio Buononcini, Benedetto Marcello, a Noble of Venice, but more to be esteemed for
his well-known compositions of the Psalms to the Pa
raphrase in Italian of Giustiniardi, Pergolesi, Vivaldi
also a violin writer, the Baron d'Astorga, and lastly,
Nicolo Porpora, all classical and justly celebrated writers.
The remark relative to the decline of madrigal writing
equally applies to the neglect of the cantata in the pre
sent day. It has been abandoned for nearly three
quarters of a century, and perhaps from the same causes.
Those who are desirous of pursuing an inquiry into na
tional melodies, which come under the head of Chnron's
fugitive pieces, will do well, amongst other Works, to
consult the Essai sur la Musique Ancienne el Moderne,
4 vols. 4to. by J. B. Laborde. Though there are many
VOL. V.
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important errors in it, and the harmonies are bad, the Music.
melodies, at least a large proportion of them, may be Modern.
trusted to.
Music of the Drama.
The Lyric Drama of our time is, doubtless, very unlike Early
those representations, both sacred and profane, whereof Lyric
the ancient writers speak, for we have authority for
asserting that such were in existence since the XHIth
Century. The earliest which can be identified is an
Orfeo of Angelus Politianus, composed about the year
1475 ; and in 1480 a Musical Tragedy is mentioned as
having been performed in Rome. It is believed that in
1555, // Sagriftzio, a Pastoral Drama of Agostino Beecari, was set to Music by Alfonso della Viola, for the
Court of France, and that an Opera was performed at
Venice in 1574, in honour of Henry III. passing through
that city from Poland to take the Crown of France, to
which he had succeeded on the decease of his brother
Charles IX. It can scarcely be supposed that at this period
the Lyric Drama had a style peculiar to itself; it was most
probably a mixture of the Church and Secular Music of
the day ; nor was it till the perfection of the recitative
that the Drama can be said to have a style of its own, of
which the following account is said to be the origin.
Bardi, Strozzi, and Corsi, three Florentine amateurs,
dissatisfied with the attempts which in their time had
been made to bring Dramatic Poetry to perfection, hit
upon the expedient of engaging one of the best of their
Lyric Poets to write a Drama which should be set to Music
by one of the best Musicians of the period. Rinuccini
was the Poet selected, and the subject Daphne. Peri
applied to it a species of recitation in Musical notes, but
without their regular support and marked time. The
composition was, in 1597, performed at the house of
Corsi, and met success so decided, that Rinuccini de
termined to write two other Works of similar nature,
Euridice and Ariana. In the year in which the latter was
performed at Florence, an Oratorio, entitled Di Aiiima
e di Corpo, with the same description of recitative com
posed by Emilio del Cavaliere, was performed at Rome.
This Work, as well as that of Peri, were published in
160S; the two authors claiming in their Prefaces the
invention of recitative. G. B. Doni allows the inven
tion to neither, alleging that it belonged to Vincenao
Galilei, father of the celebrated Astronomer, who, as
well as Bardi and others, sensible of the defects of the
Music of that Age, employed himself in endeavouring
to recover the Musical declamation of the Greeks, ima
gined the recitative, and applied it to Dante's Episode
of Count Ugolino. In this style he also composed the
Lamentations of Jeremiah, and performed the piece
himself with the accompaniment of a viol. Giulio Caccini, a young Roman singer, frequented the house of
Bardi, and improved recitative ; Peri soon became his
rival, and both, as Doni says, united in setting Rinuccini'a
words of Daphne. Peri afterwards composed Euridice.
Claudio Monteverde, of whom mention has already
been made, followed hard upon these with the Ariana,
which was put into recitative by him. Whatever may
be the true state of this case, it is certain that of the
above Works the Euridice of Clari was the first which was
publicly performed, and that its representation took
place in 1600 at Florence, on the marriage of Henry IV.
of France with Mary of Medicis. Nearly the whole of
the Opera, Peri's Daphne, is in recitative, and the parts to
which the word aria is prefixed, are scarcely dislinguish4v
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able from the others by the appearance of air. Up to
the middle of the century this observation generally
applies.
In the Opera of Jason, set to Music by Francesco
Cavalli, a fertile writer of Operas between 1637 and
1667, Dr. Burney observes, that the grave recitative be
gan first to be interrupted with the ornamented sort of
stanza called Aria. This Opera was set in 1649, yet the
airs were insipid, generally minuet time, and varying con
stantly. The Operas of Cesti exhibit considerable pro
gress. His most celebrated, LaDori, first appeared in 1663
at Venice, and was also frequently performed in the other
principalcitiesofltaly. Cesti was moreovera great writerof
Cantatas. He has been untruly stated to have been a scholar
of Carissimi, At this period the Opera began to degenerate
into Spectacle, a practice now carried to such an extent that
the machinist and decorator in the present day are almost
as much admired as the Poet and Musician. An immense
number of composers followed those we have named,
many of them possessing genius and talents of a high
order, such as Gasparini, Perti, Colonna, Lotti, and the
celebrated Alessandro Scarlatti, whose pupils Leo, Vinci,
Domenici) Sarro, Hasse, Porpora, Feo, Abos, and Pergolesi, in the early part of the XVIIIth Century, gave
power to the words by making the melody expressive
of the sentiment They were seconded in their efforts
by the Poets of the day, such as Zeno and his pupil
Metastasio. The next series of composers compre
hends a list of names equally celebrated, Jomelli, Piccini,
Sacchini, Guglielmi, Traetta, Anfossi, Terradellas, and
others. Among the pupils of these Paisiello and Cimarosa appear.
It is to Gluck we owe the perfection of the Lyric
Drama; that great master died at the age of seventythree, in the year 1787. His Opera of Orfeo ob
tained the honour of being the first ever printed in
Italy, the brilliant success of which induced the com
poser and his Poet Calzabigi to unite their talents
on the tragic subject of Alceste, an Opera first per
formed at Vienna in 1768. This was printed in 1769,
and for the two succeeding years after it was brought
out, no other Drama was allowed to be performed at the
Court Theatre. The Dedication prefixed to it by him
self we shall quote, inasmuch as it explains the pre
vious state of the Science by showing what he thought
ought then to be attended to. " When I determined, he
observes, "to compose Music for this Poem, I proposed
to myself to shun various abuses iu composition, that the
vanity of singers, or excessive complacency of com
posers had introduced, and which had rendered the
Italian Opera a most fatiguing and ridiculous, instead of
a splendid and beautiful spectacle ; I endeavoured to
reduce Music to its legitimate purpose, which is that of
seconding Poetry, in order to strengthen the expression
of the sentiments and the interest of the fable without
interrupting the action or weakening it by superfluous
embellishments. It struck me that Music ought to
aid Poetry, as vivacity of colouring, and a happy agree
ment of light and shade, strengthen the effect of a cor
rect and well-designed Picture, by animating the figures
without altering the outline. I have, therefore, never in
this Opera interrupted a singer in the warmth ofa dialogue
iu order to introduce a tedious ritoriiello, nor have I
stopped him in the midst of a discourse, to display his
agility of voice in a long cadence. I have never deemed
it requisite to hurry over the second part of an air
where it consisted of the most impassioned and im

portant portion of the subject, in order to repeat the m~
words of the first part four times over ; or to finish where Mite
the sense does not conclude, ia order to give the sin»er ^•yv
an opportunity of showing that he can vary a passageiu
several ways and disguise it in his own peculiar maunei.
In short, I have attempted to reform those abusea
against which good sense and good taste have so loug
declaimed in vain. I have considered that the overture
ought to prepare the audience for the character of the
coming action and its subject ; that the instrumental
accompaniments should be used only in proportion la
the degree of interest ami passion of the Drama; and,
also, that it is principally requisite to avoid loo narked
a disparity in the dialogue between air and recitative, in
order not to break the sense of a period, nor interrupt in
a wrong place the energy of the actios. Lastly, I hive
thought that I should use every effort in aiming at sim
plicity, and have, accordingly, avoided making any
show of difficulties at the expense of clearness. I have
set no value on novelty, unless it naturally sprang from
the expression of the subject. In fine, there is no rule
of composition that I have not willingly sacrificed for
the sake of effect." Gluck became the model of his
contemporaries, Piccini, Sacchini, &&, and the Art
seemed fixed on a firm basis, except as the changes
of melody would act on it, in which respect, judging
from present appearances, it is impossible to foresee the
limit. The improvement of instrumental Music towards
the end of the last century caused a sensible change in
that of the Drama, by composers introducing intoOpenoc
movements the system of the symphony. Haydn, Mo- Hiri
zart, and Cherubini, and since them Weber, Spohr, Rossini, and all the modern School, in some degree hive
wrought on this plan, which, however, has one disad
vantage, namely, that of often suffering the vocal puts,
which are truly the principal, to be eclipsed by laose
which ought to be subordinate.
We have in the above observations confined our no- fen
lice to the Lyric Tragedy, but it may easily be conceived *
that the Comic Opera, the Opera Buffa, &c. underwent
changes in a similar manner. The earliest Lyric Come
dies known are of the XVIth Century, such are the
Sacrifizio of Beccari, by Alfonso della Viola, in 15" ;
J Pazzi Amanli, iu 1569 ; La Poesia rappraeniaii^
1574 ; La Tragedia di Fraiigipani, by Claudio Mania;
II Re Salonione, 1579; Pare e Filloria, 1580; Pc(lade, 1581, &c. ; UJnJi—Parnasso, by Orazio Veccln,
1597, all which were represented at Venice. They are in
the madrigal style, which was not very appropriate to
the Stage. From the want of instrumental aaaap*men tii, monologues, iu order to obtain harmony,
sung by several voices ; and recitative was at this u«*
unknown in Lyric Comedy. Many Comic Operas were
produced during the XVIIth Century, without entering
on the details of which, were we acquainted with then,
we arrive at the era above-mentioned when Scarlatti a*
his pupils infused expression into Dramatic Mu*
Among them, Pergolesi distinguished himselfbylhe inu*
duction of declamatory modulation into Dramatic Mu*
Although the masters generally wrote Lyric Tragedy as
well as Comedy, Niccola Picciui, was particularly cele
brated for the latter, and surpassed his contemporaries in
his Buona Figliola. Comic Music was enriched by u»
genius of Guglielmi, Paisiello, and others, but all hecame eclipsed by the splendid productions in this style
of Mozart, upon which to the present period all com
posers have more or less founded their productions.
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Instruments may be divided into stringed, wind, and
vocal, as respects their sonorous properties ; into six species,
as respects their mechanism, namely bowed, wind, keyed,
stringed, percussible, and mechanical instruments. At the
head of these must be placed " the human voice divine,"
the most beautiful, as well as the type of them all. We
shall not enter further on this part of the subject by in
quiring into those instruments used among uncivilized
nations, but confine our notice to those employed by the
educated Musician. These are the violin, viola, or tenor
violin, the violoncello, or bass, and the double bass,
bowed instruments. The German flute, clarionet, oboe,
bassoon, horn, trumpet, trombone, serpent, fife, and
flageolet, wind instruments. The harpsichord, spinet,
pianoforte, and organ, keyed instruments. The harp,
guitar, lyre, and mandolin, stringed instruments. Drums
of different sorts and cymbals, instruments of percus
sion ; and, lastly, the bird or hand organ, and bulafo, or
Barbary organ, mechanical instruments.
Single Music is that specially composed for a single
instrument, whether produced by that one instrument, or
to increase the effect accompanied by one or more in
struments in addition and subservient to the principal
one. This is the solo and accompanied solo, whereof
the concerto is the more refined and brilliant species.
The style of a solo of course is dependent on the extent
and nature of the instrument, hence there are as manystyles of solos as there are instruments ; but as the violin
is the principal instrument in the orchestra it will be use
less to notice any other ; and in our remarks we shall
merely touch upon some Historical points relative to the
construction of studies, fan tasie, capricci, sonate, concern',
&c.
The construction of solos, simple or accompanied,
includes their melodic form and the choice of the instru
ments employed. The former is still subject to change,
and without fixed rules. The same holds with the
choice of the instruments, from the Sonata, the simplest,
to the Concerto, the most complicated. Corelli seems to
have been the person who fixed the bounds of the
sonata, which first appeared during the XVIIth Cen
tury. Torelli, his contemporary, invented the Concerto
bearing the title of Concerto grosso, employing at first but
five instruments, namely, the quartet, with the leading
or principal part superadded. Benda and Stnmitz added
wind instruments to these compositions, and thus laid
the foundation of the symphony. In instrumental Music,
as in singing, great changes have taken place, both as
respects taste and style. They have doubtless been
much influenced by the co-existing styles of vocal com
position. When Dramatic Music first rose under the
hand of Corelli, it was dry and scientific. Expression
was given to it by Geminiani. Under Tartini it at
tained a very high degree of expression, both in com
position as well as execution. Of Tartini, Burney
observes that he was the principal Italian theorist of
the last century ; and that though his system of
harmony has been confuted in the scientific part, yet
there are frequently found in his writings such ad
mirable ideas, traits of modulation, and curious har
mony, as are invaluable to practical Musicians. Soon
after Tartini's time, the Concerto was greatly improved,
particularly by Jarnowick, (the favourite violin pupil of
the celebrated Lulli,) who died at Petersburg in 1804,
and by Nicolo Mestrino, twelve of whose Concertos were
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published at Paris in his lifetime, and who died in 1790,
at the age of forty-nine. Both these, however, were far
surpassed by Viotti, who gave the Concerto a character
peculiarly his own, and brought it to a degree of perfec
tion which seemed incapable of being surpassed; yet the
writer of this Essay, who had the good fortune at an
early period of his life to hear that master, has since
heard several players, Kiesewetter, Baillot, and others,
who have left Viotti far behind.
What has been said of solos applies also to Con- Concerted
certed pieces, by which is understood instrumental pieces.
Music with different parts, which are all equally obligato,
from each having its appropriate part, and taking up
the strain in its turn, the other parts then becoming
accompaniments. These two methods are practised
equally in the duet, trio, quartet, quintet, and other
Music, where each instrument has its separate part; also
in the symphony, where the parts are multiplied in
number for effect, according to certain proportions.
Boccherini, who died at Madrid in 1806, at the age of
sixty-six, was the first (1768) who gave to the trio a
fixed character ; after him came Fiorillo, Cramer, Giardini, Pugnani, and lastly Viotti. To Boccherini we are
also indebted for the quartet as now fixed, in which he
was followed by Giardini, Cambini, and in another
School by Pleyel, Haydn, Mozart, Beethoven, and many
other celebrated men. Boccherini also composed the
quintet, and has been surpassed by others as well as by
Mozart and Beethoven.
The Symphony, much improved since the middle of Symphony,
the XVIIIth Century by Gossec, Toeski, Wanhall, and
Emmanuel Bach, was brought to perfection by Haydn.
Mozart and Beethoven have equalled him, but, all
things considered, we can scarcely admit that he has been
surpassed by those surprising writers. Thus within
the space of three centuries (from 1550) all parts
of the Musical system, namely melody, the principles
of Musical construction and design, and every species
of composition, have arrived at a degree of excellence
hardly to have been hoped, and perhaps not to be
elled.
Of the different Schools.
Padre Giambatista Martini, in his Saggio Fondamen- The Italian.
tale Pratico di Contrapunlo, published in 1774, reckoned
five great Schools in Italy, namely, the Roman School,
which comprehends Palestrina, the two Nanini, Orazio
Benevoli, and Francesco Foggia ; the Venetian School,
comprising Adrian Willaert, Zarliiio, Lotti, Gasparini,
and his scholar Marcello; the Neapolitan, in which the
leaders are Radio, the Prince of Venosa, Leo, and F.
Durante; the Lombard School, including Porta, Monteverde, Parmegiano, and Vecchi ; and, lastly, the Bolognese School, comprising Rota, Giacobbi, Colonna,
and Perti, to whom Sarti and the Padre Martini him
self may be added. The general divisions, however, of
the Schools are of Venice and Lombardy, of Rome
and Bologna, and of Naples. All the Schools of Italy
are characterised by a profound knowledge of the prin
ciples of the Science, added to much grace and expres
sion, nevertheless each School has peculiar features of its
own. Thus the first has been distinguished by energy
and strong colouring, the next by science and purity of
composition, and the last by great vivacity and true ex
pression. From the time of Gregory downwards, Italy
has always been the cradle of Music, though it was in
an exhausted state during the period of the Middle
4y2
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Music. Ages, when the Country was the scene of continual
Modern. wars ; and it is observable that from the Xlllth to the
v-*~v~/ XVIth Century, the greatest improvement in the Art
was attributable to the French and Flemings; the
School of the latter, which was in truth the founda
tion of all that afterwards existed in Europe, having
been destroyed and ruined by the Wars in Flanders to
wards the close of the XVIth Century. The French,
from their proximity to and intercourse with the Fle
mings, partook of their Musical taste, and at that time the
Italian chapels, even at Rome, were constantly supplied
with singers from Flanders and Picardy, and the com
positions of the writers of those nations were continually
sung. Naples and Milan invited them, and a great uni
formity in Music existed in all the nations of Europe.
Though the Italians followed the same principles, the
fact of none of their Works of that period being
quoted, proves that they then cultivated the Art with
little success. Italy began to show its powers about the
middle of the XVIth CenMiry, at which period Palestrina appeared, but he went into France to study, where
he was the pupil of Goudimel, and afterwards became
the head of the Roman School. The Italians owe their
excellence to ancient Ecclesiastical counterpoint, to
which, having received it from the Flemings, they were
the first to give sentiment. They invented phrases and
melodic periods, and moreover created tonal harmony,
in which latter respect they were so superior to other
nations, that the chord formed by the second and leading
note of the mixed mode has long been called the Italian
sixth, from its being generally believed that the Italians
were the inventors of it. They likewise brought coun
terpoint to perfection, and it is to them that fugue, canon,
and all intricate counterpoint owe their chief beauties,
and though all the Schools of Italy seem to have had a
share in the work, the greatest fame attaches to those of
Rome and Naples. It was in Italy that Chamber Music
at an early period rose to so high a pitch of excellence,
that it seems almost exclusively to belong to that
Country ; whether it consist of madrigals, cantatas, canzoni, or the like, it flourished in Italy full of grace and
beauty. The Theatrical style almost exclusively be
longed to Italy. It first appeared at Florence, and was
raised to perfection at Naples, having been previously
attempted by all the other Schools. In short, the
Italians have achieved every sort of vocal composition,
and have moreover been, even in instrumental composi
tion, the instructors of Europe, for to them are we in
debted for the best models in that branch of the Art.
From the Sonata to the Concerto they invented all the
species of instrumental Music. Corelli, Tartini, and
their pupils cleared the path for the writers of other
Countries in violin Music. So with regard to the harp
sichord from Frescobaldi to Clementi. It must, how
ever, be conceded, that though Boccherini by the inven
tion of the quintet led the way to that of the Symphony,
the Italians have no claim to it.
Vocal perThe great superiority both in execution and numbers
formers of 0f the singers of the Schools of Italy over the rest of
Italy.
Europe is worthy of inquiry, if our space allowed us
to indulge in speculation on the subject. Choron
says it arose from three causes, the two first whereof
belong to them exclusively, and the third is the natural
consequence of the others ; namely, the climate, the
organization of the inhabitants, and the excellence of
their rules ; and we are inclined to give credit to his
supposition at all events of the two latter grounds.

Haydn said that the climate of Germany injured the Must
voice of Italian singers, and that he frequently sent Moi!«i
those belonging to Prince Esterhazy's Chapel to Italy to
improve their organ.
In addition to the violin and harpsichord,—on the lustreformer of which Corelli, Tartini, and Viotti, and on the aKa,t
latter Frescobaldi and his School, instructed all Europe,
—the Italians invented and brought into use the
bassoon, the trombone, as well as many other instru
ments. In the present day, and perhaps it has always
been the case in Italy, instruments are considered only
as the means of accompaniment, and, except at Naples,
we doubt whether a difficult Symphony could be well
performed. Certain it is, that the writer of this Essay
never had the good fortune to hear one executed in a
way above mediocrity, but he allows that he never wit
nessed a public performance of one. The number of
their composers is nevertheless very great, all well in
structed, though musical theory is confined chiefly to the
amateur.
Since the latter part of the last century there seems PreaJ
a considerable decay in the Music of Italy in the number and excellence both of composers and performers.
Singers of the first and second rank were always to be
found in abundance; and composers, though not in equal
numbers, were yet sufficient to mark the Country as the
nursery of Music. Now, we rarely have more than two
or three singers of the first order, though the number
of the second may perhaps be equal ; and good com
posers are no less scarce. Choron attributes this to the
preference given to Dramatic Music, to acquire consider
able fame in which a profound knowledge of the Art is
not requisite, however useful it may be. Italy, however,
still preserves a high rank in respect of her Music rela
tively to the other nations of Europe, and can boast of
eminent writers, and it is in that Country that the best
vocal instruction may yet be obtained.
The German School.
In Italy, as in Germany, there are almost as many Ssneta
Schools as Capitals. The Italians prefer pure, the Ger- SctwU
mans brilliant hannony. The German and Flemish
Schools are nearly coeval in their origin, hence the Ger
man is even prior to the Italian Schools. Germany was
the scene of so many Wars towards the close of the
XVIth and commencement of the XVIIth Century,
more especially the Thirty Years' War, that the Arts were
entirely neglected in that Country during the above
period. It is certain that Germany was then far behind
Italy, and that it was not previously to the end of the
XVIIth Century, that Keyser, who was born at Leipsic
in 1673, and composed one hundred and seven Operas,
gave an impulse to the Germans, which it would seem
they are destined never to lose. Since the renewal of
the Art, the Germans have followed the Italians in all
that regards the foundation of the system. They have
not perhaps equalled them in vocal Melody, but in in
strumental Music they have surpassed, and continue to
surpass, all other nations. The Gregorian chant was of
course imported from Italy, but the Germans have a pe
culiar species of Music called Chorals, in which the whole
congregation joins with most imposing effect. Tbeir
counterpoint, fugues, canons, and all that depends on
plain chant, are not to be compared with those of Italy.
In Church Music of the accompanied style, the Masses of
Graun, Haydn, Mozart, and Beethoven, leave all others
far behind. Nor are their Oratorios, such as iheAtcension
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Music, by Bach, the Death ofJesus by Graun, the Messiah by
Modem. Handel, and the Creation and Seasons of Haydn, in any
"^V"^ degree inferior to their Church compositions. Choron
classes the Creation and Seasons under the head of Can
tatas, and denominates them as belonging to the Chamber
style, but we do not concur with him, however we may
be called to account for our presumption in differing
from so learned and competent a writer,
heetre.
Though not so early as the Italian, the German Thea
tre is of ancient standing; but it attained little celebrity,
till at the close of the XVIIlh Century Keyser began to
compose for the Theatre at Hamburgh, then in a flou
rishing condition. Few of his Works remain ; he was,
however, an industrious composer. Fancy and originality
were the characteristics of his Works, and the vigour
of a fertile imagination is discernible in all of them.
Hasse grafted the manner of the School of Naples
on that which Keyser had introduced. Thus im
proved, it became with some modifications and the later
improvements in instrumental accompaniments, the
style of Graun, Naumann, Gluck, Haydn, and even of
Mozart.
s,rar
It is from its instrumental Music that the German
School has acquired all its lustre and reputation. On
the violin, though the composers of Germany trod in the
steps of Corelli, their success entitles them to the rank
of inventors'. Whilst Locatelli and Geminiani, Corelli's
most distinguished pupils, were spreading his School in
Holland and England respectively, Benda and Stamitz
had begun in Germany, and their successors, Leopold
Mozart, Fraenzl, and Cramer were improving the state
of violin Music in a surprising manner. So on the harp
sichord, Kerler and Froberger. who taught in the French
and Italian Schools, were succeeded by men whom to
name is sufficient eulogy ; we mean John Sebastian Bach
and his children, Haydn, Kozeluch, Mozart, Dcissek, and
Cramer, besides many others. So with respect to their
wind instruments a species of composition was introduced
which appears almost exclusively in Germany. In instru
mental concerted Music the names of Haydn, Mozart,
and Beethoven have already been mentioned, and the first
especially as being almost the inventor of the Symphony.
To these may be honourably added, Weber, Spohr,
Hummel, and many others of our own time. A prac
tice which has long subsisted, and is not met with in
any other Country, has greatly contributed to the
spread of Music in Germany. In all the Public
Schools, as well in villages as in cities, Music is taught to
children at the same time at which they teach them to
read and write ; and it is remarkable, that wherever the
Jesuits had Schools and Colleges, they engaged with
great activity in this branch of education, whilst in
no other Country was the Order given to patronize the
Fine Arts. The learned Lami, who many years since
published a Periodical Journal at Florence, was one
day showing a friend the sights in that City. At the
celebrated Gallery of Pictures at the Palace Pitti, the
stranger said to him, Voila- le berceau des arts, to which
Lami replied, pointing to a Convent of Jesuits close by,
Et voila Uur tombeau. But it was a principle with
the Jesuits wherever they were established, to accommo
date themselves as much as possible to the pursuits of the
Princes and People, and on their fixture in Ger
many having found Musical instruction there universal,
they encouraged it as much as possible. Another cir
cumstance which has much contributed to the great
progress of Music in Germany, has been the enlightened
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view which almost all their Sovereigns have taken of it
Music,
even by their own compositions and practice. In Musical Modern,
literature the Germans have produced a considerable
number of excellent Works. Not to mention numberless JEjSuw
Treatises on ancient and Church Music, as well as con
troversial Works on counterpoint, we will cite the
Gradus ad Parnassum of Fux, dedicated to the Em
peror Charles VI., and printed at Vienna in 1725, lately,
if not still, the elementary Work used in the Schools of
Italy ; Marpurg's History of Music ; many Treatises by
Kirnberger and others, such as E. Bach, Matthison,
Knecht, Vogler, Albrechtsberger, Forkel, Gerbert, Nickelman, and Koch.
French School.
During the XIVth and XVth Centuries, the progress Music negof the French in the Arts was very slow, and particu- p^npC'"tan
larly in that of Music. But in the reign of Francis I. earl)r
there existed as many celebrated Musicians in France,
as in Italy, Germany, Flanders, and England. Those,
however, who distinguished themselves in France, were
not Frenchmen. Both Orlando di Lasso and Claude le
Jeune belonged properly to the Flemish School. So also
did Josquin de Prez, who was much esteemed at the
Court of Louis XII., and to whom the early Music of
France is under great obligations. A curious anecdote is
told of a composition by Josquin, which is published in
the Dodecachordon of Glareanus. Being engaged to
teach Louis singing, that Monarch being extremely de
ficient in flexibility of voice, defied the master to write
a piece of Music in which he could possibly sustain a
part. He did, however, compose one, a canon of two
parts, to which he added two other parts, one whereof
hud to sustain only one note, the other passing only
from the key note to the fifth. Of course, he gave the
Monarch the choice of parts, who out of modesty chose
that with the single note. Antoine Brumel, a contem- Early eoniporary of Josquin, and like him a pupil of the celebrated Poser*Ockenheim, is the earliest composer of counterpoint in
the French School. At this period, the French were
behind other nations in writers on the theory of Music,
as well as in composers. This state, from the death of
Francis I. to the end of the reign of Henry IV., may
doubtless be fairly attributed to the internal troubles of the
Country. Certon, Master of the children of the Sainte
Chapelle of Paris, in 1546, published thirty-one of the
Psalms of David in Music of four parts. In a collection
of motets published at Venice, about 1544, one ap
pears also by Certon, to the words Diligebal autem
earn Jesus. This is in five parts, and in it the tenor
sings the plain chant of a prayer to St. John repeated
upon the key note and its fifth (after a rest of two bars)
from the beginning to the end of the piece. A little after
this, Didier Lupi set to Music his Chansons Spirituelles ;
Guillamne Bellen, Canticles, in four parts ; Philibert
Jambe de Fer, the Psalms of Marot ; Pierre Santome,
the whole of the Psalms ; and NoS Faigneut songs,
motels, and madrigals, in three parts. The name of
Crespel also appears in the best collections of motets
and songs published in the middle of this century, some
of which prove him to have been a profound master of
counterpoint. Ronsard, whose poetical fame extended
through the reigns of Henry II., Francis II., Charles IX.,
and Henry III., was extremely partial to Music, and
sang very agreeably. His Poetry was set to Music, espe
cially by Antoine Bertram), who published the collection
in 1579, in (bur parts, and by Francois Reynard, in lour
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Music, and five parte, in the following year. Ronsard died in
Modem. 15Q5, and bis funeral, at which Cardinal Perron pro«—~v — - nounced the oration, was so pompously celebrated and
bo numerously attended, that the Cardinal de Bourbon
and many other Princes and Nobles could not pierce
the crowd. The Music was composed expressly for the
occasion, not in plain chant, and accompanied by instru
ments. The most celebrated Musician of the reign
of Charles IX. was the unfortunate Claude Goudimel,
massacred among the other Protestants at Lyons, in
1572. Though a native of Franche-Comttj, he lived all
his life in France, and certainly belongs to the French
School. Up to the close of the XlXth Century, a few other
names, but of less merit, occur, such as Jean de Castre,
Louis Bisson, Nicholas Duchemin, Francois Roussel,
Jean Pervin, Nicolas de la Grotte, Jean Chardavoine,
writers of madrigals, and also Jean Serven, who set
the Latin Psalms of Buchanan in four, five, six, and
eight parts. But France derives little Musical reputation
from any of their compositions. Henry III., in 1581,
on the marriage of his favourite, the Duke de Joyeuse,
with Mademoiselle de Vaudemont, the Queen's sister,
lavished great expense in fStes, balls, and diversions. It
was on that occasion that Claude le Jeune wrote his
Ballet, Ceres tt ses Nymphes, a spectacle then new to
France. The Music to the dances was composed by
Beaulieu or Baltazarini, and Salmon. Francois Eustache de Caurroy, born in 1549, received from his
contemporaries the title of Prince des Professeurs de
Musiqne. He was Master of the Chapel to Charles
IX., Henry III., and Henry IV. There is extant of
his composition, a Mass for the Dead, which was for
merly sung once in every year at the Cathedral Church
of Nfltre Dame in Paris, and a posthumous Work,
published in 1610, entitled Melange de la Musique
XVIIth
d'Eustaehe de Cavrtoy. During the short reign of
Century. Henry IV. France had scarcely recovered from the
horrorsof her Civil and Religious Wars. His son, who
ascended the throne at the early age of six years, was in
his youth much attached to Music. The principal com
poser of Church Music during the reign of Louis XIII.
appears to have been Arthur aux Couteaux, but the best
writer of secular Music was Jean Baptiste Boesset, and
he was the favourite at Court. The best account of
French Music during this reign is to be found in the
Harmonic Unioerselle of Mersennus, a lurge folio vo
lume, published at Paris in 1636.
Dramatic
Ottavio Rinuccini, a Poet who came into France
Musicwith Mary of Medicis, gave the French their first notion
of the Lyric Drama. None, however, are mentioned as
having been performed during the reign of Louis XIII.,
his Minister Richelieu rather patronizing the literary
French Drama. Mazarin was the person who first
caused an Italian Opera to be heard in France, which
was performed at the Louvre in 1646 ; and out of this
sprang the French Opera. Perrin, Master of the Cere
monies to Gaston, Duke of Orleans, in 1670, aided by
the Musical talents of Cambert, hrought out the first
French Opera, under the title of Pomona, at the Tennis
Court in the Rue Mazarine. Two years after this,
Lulli obtained the privilege of performing them, which
Lulli.
he enjoyed till his death in 1687. Lulli, born of obscure
parents, near Florence, in 1633, was brought by the
Chevalier de Guise into France at the age of thirteen
years, on account of his Musical talents. He was re
ceived into his patron's house among the officers or ser
vants of the kitchen, upon which Ginguene' observes,

Cest un pays passablement barbare, qut. celui ou recos- u •
naissant dan* un jeune homme un talent dittingvi pour Mate.
let beaux arts, on le place parmi des mUnkn etdetmar. *~r*
milons. Louis XIV. desired to hear him play, and was so
pleased with his performance, that he engaged him inhiB
service. Lulli commenced his services by the composition
of Ballets for the Court, which gave so much satisfaction
that the King would listen to no other than his Music.
When the Opera sprang up, Perrin surrendered his
privilege to Lulli, who entered into an engagement with
Quinault, to furnish him with the words of an Open
every year. The result of this engagement was the
production of the Operas of Les Files de. (Amour rt it
Bacchus, Cadmus, Alceste, Thetee, Atys, Isis, frotapine, Persie, Phaeton, Amadis, Roland, and Amide. At
the time that Lulli was placed at the head of the band
of les peiUs violons, very few Musicians in France were
able to play at sight, and a person was accounted an
excellent jmaster, who could play thorough bass in «•
companiment to a scholar. He contributed greatly to
the improvement of French Music, which up to histime
was infinitely surpassed, especially in sacred Music, by
the English masters. In his overtures, he introduced
fugues, and was the first who in chorosses made use of
the side and kettle drums. It is astonishing that the
French were so long stationary in Music after his
death. From the production of his last Opera in 1686
to 1733, when Rameau brought out his first Opera,
it would have been thought a mad enterprise to flare
endeavoured to surpass Lulli. The names of the com
posers who tilled up this interval, though obscure, are less
so than their Works. Colasse, M>ulli's disciple, finished, in
1687, his Opera of Achille et Polixene, of which the first
act only was found among Lit Hi's papers. Between that
time and 1706 he composed eight Operas fortheAcade'mie Royale. During the ssame period, Charpciitier,
Desmarest, Campra, Coste, and Destouches. ol whom
Campra and Destouches were the most celebrated, wrote
Operas. These were succee ded by Berlin, in 1706;
Mouret, in 1714; Monte'clair, in 1716; Rebel and
Francceur, in 1725 ; Blamont, in 1781 ; Brissac in
1733, in which year Rameau brought out his first Work.
Rebel and Francosur continued, however, to compos
together till 1760. During this period Instruments'
Music was very slow in its progress. The best organists
in France during the XVIIth Century were the father,
son, and grandson Bournonvilles, and the three brothers
Couperin ; Chambonieres, who died in 1670; Dnmont,
also a good composer of Ecclesiastical Music, whoiotroduced into it violin accompaniments, by the desire «
Louis XIV. ; the Abbe1 de la Barre, so great a fawinte
of the King, that the situation of organist which he held
was at his decease divided between four organists who
did the duty quarterly ; lastly, Lalande, who bega"t*
flourish in 16S4, and was the best writer of Sacred
Music in France towards the close of the XVIIth Cen
tury and the commencement of the XVIIIth. We pro
ceed to one who formed an epoch in the French School.
1st*
Jean Philippe Rameau, born at Dijon in 1683,
ing grounded himself at an early age in the rudiment*
of Music, left his native Country and wandered about
with the performers of a German Opera. At the as? »
eighteen he composed a Musical entertainment which
was represented at Avignon. He then became a can
didate for the situation of organist of the Church of St
Paul, in Paris; failing in which attempt he almost de
termined to decline that branch of his profession, when
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the offer of the place of organist to the Cathedral Church
of Clermont in Auvergne prevented him. In retire
ment in that City, he pursued the theory of the Art with
great industry, having there written his Traile deCHarmonie, printed at Paris in 1722, and his Nouveau Systeme.de Musique Theorique, at the same place in 1726.
But his most celebrated Work is the Demonstration du
Principe de I'Harmonie, in which his Countrymen say,
he has shown that the whole depends upon one single
and clear principle, namely, the fundamental bass ; and
their admiration has carried them so far us to com
pare him in this respect to Newton, who from the
principle of Gravitation assigned reasons for some of
the most remarkable phenomena in Physics ; lience
they style Rameau the Newton of Harmony. His
first Opera was Hippolyte ct Aricie, in 1733, be
tween which year and 1760 he composed twemy-two
Operas. Rameau died in Paris in 1764. He was
doubtless a philosophical artist, and it is no small testi
mony of his merit that Handel always spoke of him in
terms of great respect. From the few Works by him
which it has fallen to our lot to have heard, we cannot say
that he is to our mind a pleasing composer. He is
accused of having pilfered his best airs from Italy, which
rather a severe critic says he did not quite smother by
his barbarous art. His contemporaries and successors in
the Opera, and the last of the true French School, were
Mondonville from 1742 to 1758, Berton 1755 to 1775,
D'Auvergue 1752 to 1773, and Trial 1765 to 1771.
To these may be added, La Borde, Floquet, J. J. Rous
seau, Duui, and Philidor. After whom came Monsigny,
Gosnec, and Gre'try, who completed the improvements
in French Lyric Comedy. The contemporaries and imi
tators of these latter were Martini, Delayrac, Champein,
and others. The reform which had now commenced in
the French Music, was consummated on Gluck's pro
ducing in Paris, in 1774, his Iphigene, which was soon
after followed by other Works of that master. His
rivals were Sacchini and Piccini. After these came
Vogel, Lemoyne, and others. The galaxy of celebrated
men whom we have already named, were followed by
French composers of very splendid talents, the principal
of whom, in Serious Opera, were Berton, Le Sueur,
Catel, and Mehul, and in Comedy the same, with the
addition of Boildieu, Eler, Gaveaux, Kreutzer, Plantade,
Persius, and Solie. France became, also, the resort of
Germans and Italians, such as Cherubini, Delia Maria,
Nicolo, Steibelt, Spontini, Tarchi, and Winter, who suc
ceeded to a great extent on the French Theatre.
In concerted Music we can scarcely allow the repu
tation to France which some are inclined to claim for
her. It must, however, be conceded, that the quartets
of Davaux, and the symphonies of Gossec, preceded in
France those of Haydn. In Music, for single instru
ments, they are justly entitled to our praise Latterly,
fresh attempts have been made, but in such as we have
heard, we do not think with enough success to require
particular notice.

The French School of the present day demands more
attention for its merit in the different branches of execu- Modern,
tion than for any other point. Choron distinguishes s—
»
their excellence in this respect by three epochs. That t1^s^'™^'
of Lambert in the time of Louis XIV. ; of Rebel and
execu.
Francceur in the time of Louis XV. ; and lastly, the tiou.
modern epoch, wherein the style bears a close analogy
to that of melody, or an Italian style, so modified as to
be suitable to the French Language. Each of these
periods had celebrated singers. The first had Boutilon,
the second Jelyotte, the third Garut, Chardini, and
others. But the instrumental style in respect to execution,
aud especially on the violin, is that in which the French
particularly excel. Instrumental Music is still studied
with great ardour by the French, and on the violin they
are at present unrivalled in Europe ; the same may
be said of their success on the piano-forte, with a few
exceptions. But on the organ we can scarcely believe they
ever had a performer who could place his hands on the
keys in competition with our Samuel or Charles Wesley,
or Novello, and many of that School. Their orches
tras are magnificently arranged; to compare them
with those of Italy would be no compliment to a French
man ; but when the reader is assured that they surpass
those of Germany, where instrumental Music is so
highly cultivated, he may form some idea of the value
of their Conservatory, which is the nursery of their per
formers.
Choron, the best authority on the point, observes, that Musical li
the Musical Literature of France is of little value; he te^ature•
says, that among her Works of this kind, some were
compiled by artists who knew not how either to think
or write, and are as vicious in their principles as in
their plan. That others, edited by learned men, or lite
rati, ignorant of the Art, teach only systems and errors.
He excepts, however, the methods which concern exe
cution, and particularly those published by the Con
servatory of Paris ; also in respect of composition, the
Treatise on Harmony, by Catel, who was a pupil of
Gossec, printed in 1802, and adopted' by the Con
servatory, a Work now very generally received and ap
preciated throughout Europe. It contains a theory
which appears a simplification of Rameau's, but is, in
fact, the result of more observation. Choron's own
Work, entitled Principes d'Accompagntmenl des Ecoles
d'llalie en sociele avec le Sieur Fiochi, Paris, 1804 ;
and his great Work in 3 vols, folio, Paris, entitled
Principes de Composition des Ecoles d'llalie adoptis
par le Gouvernement Franpais, 6jc. deserve our ac
knowledgments for the use which we have made of
them. Of the last, the Editor of the Quarterly Musical
Review truly says, " If the books on theory which our
English harmonists have given the World, condense
aud simplify the information contained in Choron's
valuable and elaborate Work, they bear no sort of com
parison with the abundance of precept and example it
contains."
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PART II.
■
Music.
Gamut.

■ 1 ' Notation.
The gamut is a scale or table, believed to be the inven
tion of Guido of Arezzo, upon which the note* in Music
are placed. It has also been called the harmonic hand,
because Guido at first used to arrange his notes upon
the fingers of the hand. Some have said that it is not
properly the invention of Guido, but an improvement
upon the diagramma, or scale of the Grecians, and that
his intention in calling his first note r, gamma, was to
indicate that he took his scale from the Greeks. For this
purpose parallel horizontal lines were necessary for the
notes to rest upon, and a group of five of these lines conCLEFS.
E

<u

I- "

!..'ls-. . i

»"■
ni .•.•Hi ■
stitute what is called a»tqff\ the lines and spaces whereof Ha
are reckoned from the lowest upwards. The true know- ~
ledge and understanding of the gamut is of course the
foundation of all Musical learning. The names given
to the notes are, six in number, ut, re, mi, fa, tol,
la ; the first the foot or gamma of the scale. The
moderns have used as equivalents, (by the introduc
tion of clefs, which are marks at the beginning of the
lines of a song,) the first seven letters of the alphabet,
viz. A, B, C, D, E, F, G, repeating these in the same
succession as the notes move upwards ; but the whole
will more clearly appear by inspection of the following
scheme or diagram.
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The French have used a seventh syllable, si, in their
gamut.

It is not our intention in the following pages to use
the nomenclature of solmization, but without an in-
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troductory table of this sort, it would have been difficult
for the reader to have comprehended the nature of
clefs and their places ; nor would he have been able to
understand why the bass C)l clef, on the fourth line,
should be called the F fa ut clef; the tenor, Itf on
i I
the third line, the C sol fa ut clef ; or the treble,
the G sol re ut clef ; we shall, therefore, in what
i
follows, designate the notes by the alphabetical signs
prefixed to them in the diagram. It is, however, here
necessary to observe that the situation of each clef,
with respect to the line on which it is placed, must
be accurately observed, because its position gives its
name to the note on the line thus,
the
-PIP
treble clef placed on the first line, makes all the notes on
it G, and so of any other line, though it is rarely if ever
placed on any other than the second line, indeed never
in the present day ; the tenor clef is, however, placed
—_ f-H— rLJ
the height of the part thus,

■C
■c- g
m
1 "
n
1
in which case the notes on the first, second, third,
and fourth lines are C respectively. The bass clef
is rarely used except on the third and fourth lines
^Tr _~
*
thus, ~~_
£rfF~ whereon the notes are F re
spectively, the line between the dots being the place of
the note. The utility of these clefs, which are a puzzle
to beginners, may be felt in a moment if the reader
reflect, that in pieces where many parts are written under
each other, the notes correspond with each other verti
cally, as to the contemporaneous production of each
sound, which, in Musical language, is called a score.
Were there not, therefore, means of representing higher
or lower notes than the staff itself would contain in any
one of them singly, such a running up and down of the
representation of the sounds, (for such are notes,) into
each other would occur, that no person would be able to
play or sing from it. The clefs, therefore, are nothing
more than the means of confining each purt as much as
possible within the staff. In the old Music the writers
rarely exceeded it either above or below, but modern
Music has very much exceeded these bounds, especially
in the bass and treble parts. In cases in which the notes
go out of the staff, in either direction, upwards or
downwards, lines are added to contain or receive them
•#--r-l— tthus,

These lines,

whether above or below, are called ledger lines. When
the bass clef is used on the third line it is called the
barytone clef, and it was formerly much used in Church
Music. It, of course, raised the part in the scale, and
vol. v
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made the bass approach nearer the tenor, or mean ; it Music,
was adapted to a voice not so low as a real bass voice s»v-,,»'
nor so high as a tenor. When the C, or tenor clef, is
placed on the first line it is called the soprano clef, when
on the second the mezzo soprano, on the third the
counter-tenor, and on the fourth the tenor clef. It is
evident from inspection that every removal of the clefs
upward depresses or lowers the part. The G clef on
the first line is rarely found except in old French Music,
and is called the high treble. The young Musician
cannot have too strong an impression of the importance
of a thorough knowledge of the clefs, and that they are
merely marks of the places of the notes F, C, and G,
without the most perfect acquaintance with which all
the splendid Music of the early Schools is closed to him,
as well as the power of reading even a modern vocal
and instrumental score.
Without here entering into the exact mathematical Therelative
proportion between the notes of the scale of an octave, proportion*
that is, when to the seven notes of it an eighth is "a'h^thcr
superadded, so as to begin a new series, we shall merely
for the present observe, that the intervals between the
degrees of the scale are unequal, some of them being
nearly twice the distance of others. The larger intervals
are called tones, the smaller semitones. The simplest
perception we can have of two sounds is that of unisons,
or notes equal in pitch, or acuteness. But this is de
pendent to sense on the accuracy or education of the
ear, and it is necessary to refer it to a standard accessible
to mankind generally. Taking therefore homogeneous
strings equally stretched under precisely similar circum
stances as to heat, moisture, and pressure of the atmo
sphere, we have a standard of measurement which indi
cates that the octave or note above the seven of the scale
is produced by a string exactly one-half the length of that
which gave out the V gamma of the system, the repeti
tion of this upwards so as to produce a series of octaves
above each other, is too obvious to require explanation.
The acute string, or octave, obtains its acuteness or high
pitch, from producing two vibrations during the same
period that the lower one was engaged in a single vibra
tion, hence the vibrations of the two meet at every
second vibration of the upper one. The division of the
octave so as to make it ascend agreeably to the ear, (for
an equal division of its parts into tones could not be
tolerated,) gives a semitone between B and C, and
another between E and F. The remainder, namely
those between G A, A B, C D, D E, and F G, are whole
tones or sounds. Thus every octave, or series of the
eight regular sounds, contains five tones and two semi
tones. To prevent confusion it must be always remem
bered, that a note and a lone are distinct things, the
former is a simple sound, the latter the distance between
two sounds. We have in a previous part of this Essay
shown that the octave consists of two tetrachords, or
series consisting of four sounds each ; practically this
was sufficiently near the truth, but the theory of sounds
does not admit strict mathematical equality between
these fourths, as respects the places of the tones whereof
they are composed, as will be hereafter noticed ; in this
part we shall still consider that the fourths, consisting
of the sounds G, A, B, C and C, D, E, F are equal,
each containing two tones and a semitone, and therefore
that a tune formed by one of them will be equal or the
same in a different pitch to a tune formed by the other,
thus,
4z
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The two fourths taken in succession then forming a
scale, whereof the principal sound is C, from which it
begins, and to which it finally ascends in degrees con' uously placed, give the name of key note to that
sound ; and it must be further remarked, that
of the octave upon the ear depends upon the
semitones being placed in a certain position, namely,
between the third and fourth and the seventh and eighth
es of the series,
notes

for in no
8

A Large

4

A Long

back to the key note in the ascending or
scales. The great Bacon says, " after every three whole
notes Nature requireth for all harmonical use, one half
note to be interposed.'' Referring this scale to keyed
instruments, such as the organ or piano-forte, it is
called the natural scale, because the keys employed in it
are the long white keys, in distinction from the black or
short keys, which when employed involve some pecu
liarities, and give their use the name of the chromatic
scale, or one, as its name imports, of a different colour,
but not with relation to the difference of black and white
in the keys of a finger-board.
The period of time assigned to each note, or, in other Titfiaui
words, its absolute duration, is known by its form, taking mas'a<rf
a unit to represent any character, all the rest must bear n
a strict proportion to it. Though the character known
by the name of the large is now no longer in use, it was
formerly often employed in Ecclesiastical Music ; it is
not, however, so convenient a measure as the semibreve,
which is found in all modern arrangements, and 1
we shall therefore use in the following Table.

contains in time

2 Longs
2 Breves

=1
1=

2

A Breve

1

A Semibreve

2 Minims

J

A Minim

2 Crotchets

J

A Crotchet

£

A Quaver

•

2 Semibreves

°l

E B
o

o

°i

°i

r

r

2 Quavers
r

-fe A Semiquaver
A Demisemiquaver

2 Semiquavers
m
0

2 Demisemiquavers
if

i
The lower denominations of these notes from the quaver of a minute, which is nearly the space between the beats
are often grouped together, instead of being detached, a of the pulse and the heart, the systole or contraction
practice not only convenient in writing, but assistant to answering to the elevation of the hand and its diastole,
the eye, as under.
or dilatation, to the letting it fall. This measure usually
takes up the space that a pendulum thirty inches ia
Semiqua
length employs in making a swing or vibration. An
instrument, called a Metronome, has been invented
within the last few years for measuring the length of a
note mechanically ; it consists of a pendulum with a
Detached.
Grouped.
weight shifting on the rod, so as to increase or dim:
the vibrations in number, according to a graduated i
Demisemiquavers.
on it.
The measures into which every Musical piece is
divided are called bars, which are the vertical lines seDetached.
uped.
The same practice also may be, and is adopted with qua
vers. If a dot be added to the right hand of a note, it
increases the value of such note exactly one half of its
duration without it. The measure of the time or dura
tion of a note in performance, is by long habit familiar
to the Musician, and he generally regulates it by beating
time, that is, by the raising and falling of his hand or
foot, in some pieces slower, in others quicker, according
to the subject of the Music to be sung or played. The
ordinary common measure is a second, or sixtieth part

parating the spaces in the staff, thus,
.
1
uThe single lines taking merely the name of bars, and the
two thick lines at the end being called a double bar,
which is placed at the end of a strain.
The signs or characters by which the time of notes
are represented, are but of two sorts, namely, common Ctma
time and triple lime; all have their origin in these two.
Common, or double time, is of two species ; first, that
in which every bar, or measure, equals a semibreve in
duration, or its value in any combination' of notes of
less quantity ; the second, where a minim, or its value
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in less notes, takes up the time of a bar. The move' ments of this kind of measure are various, and there
are three ordinary distinctions of them, the first whereof
is slow, and is marked with a C, or semicircle, thus,
-C

it frequently becomes necessary to begin a movement Music,
with only part of a measure ; of this, in the following v~"v~-—
song. The Lass of Patie's Mill, this is sufficiently
manifest.
As written.

at the beginning of the piece placed after the
PI
•at

clef. The second is also a semicircle, but has a bar
drawn through it thus, —

is rather quicker, and is

£5:

As changed in accent.

often called alia breve, because it was formerly written
with one breve in a measure thus,
1

~Bi —
When a striking or breaking of time takes place in a Syncopa--p^r
-O
bar it is called syncopation, but the term is more parti- tion.
E
3
cularly used for connecting the last note of one bar with
Dum es - set summui Pon - -- -- - ti- iex.
the first note of the following one, so that only one note
The third sort of movement is very quick, and is is made of both of them. It is also used in the middle of a
measure, likewise when a note of one part ends or termi
this, however, is now rarely used. nates in the middle of a note of the other; this, however,
marked thus,
is otherwise called binding or ligature. Syncopation is
The other characters of common duple time are moreover used for a driving note, or when some shorter
note at the beginning of a measure or half measure is
signifying the measure of followed by two, three, or more longer notes before any
other occurs equal to that which occasioned the driving
two crotchets to be equal to two notes, whereof four note to make the number even, as when an odd crotchet
comes before two or three minims, or an odd quaver be
make a semibreve.
Triple time. Triple time is of many species: it takes its name fore two or more crotchets, &c.
from the whole or half the bars being divisible into three
Rests are pauses or intervals of time in a movement Rests,
parts, which are beat accordingly, the first down, the during which the voice or sound intermits or pauses.
second with the return of the hand, and the last with They are used occasionally in melody for the sake of
the hand quite up ; which motions the Italians ex variety or expression, but their great use is in harmony
press by the words ondeggiare la mono. It is always or compositions of several parts, in which pleasure is
represented by figures placed after the clef, at the created by hearing one part move on while another
beginning of the staff, the lower one, or denominator, pauses, and so on interchangeably. Rests are either for
showing into how many parts, or notes, the semi a bar, more than a bar, or only a part of a bar. When
breve is divided, and the upper one, or numerator, the rest is for a part of a bar it is expressed by a certain
how many of such parts, or notes, are contained in a character corresponding to the quantity of time to be
intermitted, as to a minim, crotchet, quaver, &c, and is
bar, thus
signifies three minims in a bar; 2, accordingly called a minim, crotchet, or quaver rest, &c.
and when these are used on a line or space, the part is
the denominator, being the division of a semibreve or silent for the duration of a minim, crotchet, or quaver
respectively, or for such other quantity of time as may
2 minims ; so 3 ■ signifies three crotchets in a bar ; be marked. We subjoin the different characters of
the several rests.
—
six
six crotchets ;
three quavers ;
:r:
< >

quavers ;
quavers

■ent.

, -. < >

nine quavers;
twelve quavers.

Long.

nine semi-

Breve.

Semibreve.

Minim.

Other species of □

compound triple time are to be found in some au
thors, but the reader, on meeting with them, and
using the explanation above given, will find no diffi
culty in their solution.
Every bar or measure is divided into accented and
unaccented parts ; the first are the principal, and on
them the spirit and effect of the Music is mainly de
pendent. The beginning and middle, or the beginning
of the first half of the bar, and the beginning of the
latter half of it, in common time, and the beginning or
first of three notes in triple time are always the accented
parts of the bar. As the character of the melody is
quite changed by altering the accented parts of its bars,

Crotchet
Quaver.
Semiquaver. Demisemiquaver.
In performance, in order to give due expression to the Sharps,
Music, great attention should be paid to the observance " ■'■ ■ &c
of these signs. The natural scale of Music, if limited to
fixed sounds, and adjusted to an instrument, would
render the instrument defective in many points and pe
culiarly, inasmuch as we should be able to proceed only
by one particular order of degrees, and thence could not
find any interval required from any given note upwards
or downwards. So that a melody might be so contrived
as that if it began on a certain note all the intervals
might be truly found on the instrument, yet if it began
on any other note the same melody could not proceed
4z2

w
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Graces.

becjurse ST the different proportions of the intervals.
To remedy this defect, Musicians have had recourse to
the following expedient, namely, to divide the octave
into thirteen notes, inclusive of the extremes, that is to
make the scale proceed by twelve degrees, by which
means the instrument is rendered so perfect that there
is little reason to complain. This system or scale for
instruments whose sounds are fixed, is effected by in
serting between the extremes of every tone of the
natural scale a sound or note which divides it into
two semitones. When we come hereafter to speak on
temperament, it will be seen that the semitones are not
an exact mean between the tones themselves, but in
keyed instruments they may be considered as such for
our present purpose. In order to preserve the diatonic
series distinct, the notes inserted as above mentioned
either take the name of the natural note next below,
with this character it, called a sharp, or that of the na
tural note next above it, with this character b, called a
flat. Thus, in the semitonic series of an organ or piano
forte, the same key will be indicated by D$, or Eb, and
thereon the white or lowermost range of keys represent
the natural or diatonic notes, and the black, or those
behind, the artificial ones, or flats and sharps. There is
another character which belongs to this place ; if a note
has been elevated by a sharp, or depressed by a flat, the
natural k) prefixed to it restores it to its original place in
the scale, or if flats or sharps have been placed at the
beginning of the staves or lines, or in spaces which
affect all the notes placed on or between them, the na
tural contradicts them, as may be required. Besides
these, two other characters are used, namely, the double
sharp x and the double flat bb, which prefixed to notes,
raise or depress them respectively two semitones.
The chief graces used in melody consist of the
appoggiatura, the shake, the turn, the beat, with the
mordcnlc, beat, tlide, and spring, used especially by
the Germans. The ornaments of harmony are the ar
peggio, tremando, &c. The appoggialura is a small note
placed before a large one, from which it borrows half
the duration, always occurring on the accented part of the
u~—'
■
•e thus, -j^-'C ^
It >
■X
+H+
the small notes being appoggiaturas. But it is neces
sary to remark, that the appoggiatura, which in the
example proceeds from the degree above that on which
it leans, may equally come from the degree below, and
that in the first way it has grace, in the second more of
languor and affection. The appoggiatura is sometimes
onry a quarter of the note it precedes. The shake
consists of a quick alternate beating of two notes in
conjoint degrees, and is often marked with a single T,
but more often ir, sometimes by a small t only ; the
shake begins with the highest note, and ends with
the lowest, after a turn from the note below thus,

The mordente of the Italian School is similarly er
The turn, is made
by using the note above and that below in the following
I i
I
per
manner,
fee formed
Theinverled turn, marked ^ , turns from the note below that
marked instead of above it. The turn on dotted notes is
in very frequent use,and is written in the following manner,
[fit

fP^^ formed

The beat is an inverted shake, and is not followed by the
turn, as in the case of the shake. It is used generally
from the semitone below, hence that note, if necessarv,
must be accidentally sharpened for the beat, thus written,
a// /J/
per
formed
x >:
The half beat is rarely used, except in the
almost instantaneously with the principal note then
immediately quitted, as

It is very

similar to the acciaccatura of the Italians. The German
mordente is a beat which begins with the note itself, and
is long thus,

or short thus,

Its difference from the mordente above-mentioned,corisUb
in its being made with the degree below. The Italians al
ways use the degree above. The German beat is nothing
more than a skip, consisting of two small notes, the latter
of which descends one degree upon the principal note thus,
q per
formed
This grace has been called a double appoggiatura.
slide, which is a German grace, is composed of two
small notes moving by degrees, and is thus written,

-H-Hperformed

•J
performed

The German spring consists of two small notes, somewh»t
- 1

n-i
-H-+

called by the Italians una catena di trilli. The passing
shake of Germany is expressed by the mark 5% written over
4f-H
the note thus,

1—rper
-tff* formed

per" ''^£f~0~fm~fm~m\'
All the graces are subject to alteration by flats, sharp?,
formed jjCB—t—L^jj
or naturals, but the composer's duty is to mark them in
that case as he wishes them to be executed. Under the
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head of notation, it is proper to notice some of the graces
which more properly belong to harmony than to melody ;
the principal of these are, the tremolo, which is a
reiteration of some one note of the chord ; the tremando, which is a general shake or trembling of the
whole chord ; and most particularly the arpeggio, which
is effected in imitation of the harp "by striking the
individual notes of the chord upwards and downwards
in very quick succession.'
,.•*!. »«
It remains to notice a few not unimportant Musical
characters, as respect the expression of Music. The first
is the pause, O which,, placed over a note, signifies
that the duration of its sound is to be prolonged beyond
its regular length ; and if placed over a rest, that the
pgrt is to be silent, and that the length of the rest is
considerably extended. The repeat, j§ , wMcli indicates
the planrto- which the performer must return to repeat
a passage, emphatically called in Italian il segno. The
direct, w employed at the end of a staff to direct the
performer's attention to the succeeding note on the line
or space whereon it is always placed. The single and
double bar have already been explained ; it is only
necessary to add here, that every measure, as we have
seen, contains a certain number of notes, marked by
single bars, and that every strain consists of a certain
number of measures, which are terminated by double
bars. The slur is an arched line, connecting a group
to signify that the

of notes thus,

group is to be played as smoothly and conjointly as pos
sible. It differs from the tye, which is an arch merely
■
uniting two notes on the same degree, thus,
wm
The dash is a small vertical line placed over a note, to
show that it must be performed shortly and distinctly,
thus,

By some the point is used in

stead of the dash, but the former is chiefly used to
distinguish notes from which an intermediate effect
between the slur and the dash is required, but still
uniting both, it is thus marked,

The

crescent
of the sound, is marked
mdo, or gradual
' The diminuendo, or gradual decrease
thus,
of sound from loud to soft, is marked contrariwise
thus, Z —*". The junction of these two characters
—=rn_l—-—- shows the first part of the note or
passage is to be soft, then to swell in force, and after
wards to return to soft. The rinforzando
is the reverse of the preceding.
Abbreviations are used in Music for the sake of
saving time to the copyist Thus a line drawn over or
under a semibreve, or through the tail of a minim or
crotchet, divides it into quavers, a double stroke into
semiquavers, a triple stroke into demisemiquavers, thus,
sj^- and the Italian word segue is often
—2p
used, to denote that the notes following are to
be performed as the preceding ones are marked.
Another sort of abbreviation is that in which the tails
of minims are connected like those of quavers, thus

performed
There are other abbreviations
to enlarge upon in this place.

Tj f FfTT'it is not necessary

Melody
. "
Is the arrangement and disposition of different sounds 1
in succession in a single part, and is produced by a sin
gle voice, or instrument, and is thereby distinguished
from, though often in common speech confounded with
harmony, which is the union of two or more consonant
contemporaneous sounds successively. Though the term
melody is generally applied to the air of a piece, yet it
is to be recollected that the more melody is contrived in
the other parts the better will be the composition. Melo
dies, as will be hereafter shown in respect of harmonies,
are composed of the Musical or harmonical intervals, as
the second, third, fourth, fifth, sixth, and octave ; and
as the octaves of each of these are but repetitions of
the same sounds, whatever is said of all or any of these
sounds the same may be said.of their octaves. Melody is a
progression therefore of sounds by skips or by degrees,
or by a combination of both. Whether by skip or de
gree, the distance from the note last left is called an in
terval, and takes its name in proportion to its distance.
De Momigny divides melody into two species, unifocal
and polyvocal. The former is that confined to a single
note in each chord, the latter when it produces theeffect of more than one voice. We have not space toinsert his ingenious explanation, but must refer such of
our readers as wish to pursue this branch of the subject
to his Article Melodie, in the Encyc. Method. 1818.
The names of the intervals show the number of de
grees contained between the two sounds, the extremes
being counted inclusively. They are simple aud com
pound. The simple interval is without parts or divi
sions, and is contained within the octave, the compound
interval consists of several lesser intervals. Those in
the upper line in the following Table are simple inter
vals, the other three lines are compound, that is dou
bled, tripled, quadrupled, &c.
1 2 3 4 5 6 7 Simple
8 9 10 11 12 13 14 Double.
Compound
15 16 17 18 19 20 21 Triple.
22 23 24 25 26 27 28 Quadruple. intervals.
29, &c.
In the above Table it will be seen, that the compound
interval is but a repetition of a simple interval an
octave above, thus the sixteenth is a reduplication of the
second and the twenty-seventh of the sixth ; or, in other
words, a compound interval is such whose terms are in
practice, cither taken in immediate succession, or when
the sound is made to rise and fall from the one to the
other by touching some intermediate degrees, so that
the whole is composed of all the intervals from one
extreme to the other.
The fourteen diatonic intervals are the unison, which,
though consisting of two sounds equal in degree of time,
is still reckoned as an interval when considered in har
mony. The minor second, sometimes denominated the
fiat second, is the interval formed by two sounds at
the distance of a diatonic semitone, as from B to C, and
E to F. It is also necessarily found in the other scales,
as will hereafter be seen. The major second, consisting
of a whole tone. The minor third, which contains a
whole tone and a diatonic semitone. The major third
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containing two whole tones. The perfect fourth com
posed of two tones and a diatonic semitone. The sharp
fourth containing three whole tones, and thence called
by the Ancients the Triionus. The flat fifth contains
two tones and two semitones, but not three whole tones,
it may be rather said to consist of two minor thirds.
The perfect fifth, which contains three tones and one
semitone, or a major and minor third. The minor
sixth, consisting of three tones and two semitones, also
divisible into six semitones, and joined to a major third
completing the octave. The major sixth, which con
tains four tones and one semitone, or nine semitones.
The minor seventh, containing four tones and two semi
tones, divisible also into a fifth and minor third, or into
ten semitones. The major seventh, called also the
sharp seventh, composed of five tones and one semitone,
also divisible into a fifth and major third, or into eleven
semitones. Lastly, the octave, which is composed of
eight degrees. The octave then consists of thirteen
sounds, and, as it has only twelve intervals, it must
therefore be recollected, that the fourteen diatonic inter
vals above described arise from counting the unison as
one of them, and by the distinction between the sharp
fourth and flat fifth, though upon keyed instruments the
same key expresses them both. It will appear thence,
as we have before mentioned, that the seven notes of
the scale are capable of forming seven species of octaves
according to the places of the natural semitones. We
subjoin for more distinct comprehension a synopsis of the
intervals just described :
po ■
—©- —e
—e3.—1
- .
—©—
CO
~c—
Unimiui. Minor £d. Major 2d. Minor 3d. Major Sd. Perfect 4th. Sharp ith.
or Tritoiiua.
eH
°~]
—©H B In
o
"0
e— ~° 1
—o
FUtoth. Tcrfect Mil. Minor 0th.
Inversion.
Inversion is caused by placing the lower note of an
interval an octave higher, or the converse, thus a second
is converted into a seventh, a third into a sixth, a fourth
into a fifth. By this process the major are converted
into minor intervals, and the contrary. The sharp fourth
is turned into a flat fifth, and the unison becomes an
octave.
Major and
In speaking of the Ecclesiastical tones, we have ad
minor
verted to the authentic and plagal modes, and have
explained that the authentic has its melody between the
key note and its octave, whilst the plagal is confined
between the fifth of the key, and its octave or twelfth.
A consideration of this may have already led the reader
to reflect upon the major and minor modes of Music
now to be mentioned. It is usual to denominate the
ubuiv byJ the
'MV species
■MWVtmWM
*»««»«.» which
mw mm.v.»* itmm carries,
vwami * »vwj either
mm major
scale
of third
Chromatic

Chromatic and Enharmonic Melodhi.
The preceding observations have been applicable to the ^j^r
melody arising from the use of a diatonic scale. We shall
now consider the other scales. The chromatic scale has lody.
its etymology in the Greek word xp"'Ma* colour, accord
ing to the authority of some, because the Greeks dis
tinguished it by differently coloured characters ; according
to others because the chromatic genus was a mean be
tween the diatonic and enharmonic genera as colour is a
mean between black and white; but according to others,
because this genus varies and embellishes the diatonic
by its semitones, producing in Music the same species of
variety that colours do in a Picture. As in the diatonic
genus the tone is its characteristic, so in the chromatic
the semitone is the distinguishing element. Thus a
scale formed of semitones inserted between all the natu
ral tones is called a chromatic scale, and the melodies
used upon it are chromatic melodies. The enharmonic
scale is formed by uniting the ascending with the de
scending scale of the chromatic genus, by the use of an
interval created between the sharpened note of the pre
ceding, and the flattened note of the succeeding one.
It consequently contains intervals smaller than the
semitone. These, though not exactly equal to half a.
semitone, are, from their approximation to that quantity,
called Dieses, or Quarter Tones. These matters will be
better understood by the inspection of the scales which
we here therefore append
m, j

g^ryg-e-fre
Ascending.

Enharmonic

or minor ; this, in truth, gives it the name of the major 51 •■■
or minor mode ; and Malcolm, very judiciously, to pre- v-~,^/
vent confusion, and for greater exactness in the nomen
clature, says, that an octave with its natural and essen
tial degrees is a mode ; but with respect to its place in
the scale of Music, that is, its pitch of tune, it is a key,
though that name be peculiarly applied to the funda
mental. Whence it follows, that the same mode may be
with different keys, that is, an octave of sounds may be
raised in the same order and kind of degrees, which
makes the same mode, and yet be begun higher or lower
with respect to the whole, which will make different
keys ; and, on the contrary, that the same key may be
with different modes, that is to say, that the extremes of
two octaves may be in the same degree of tune, and the
division of them be different.
Under the head of Melody we do not think consonant c<bs>
and dissonant intervals properly find place, they may be naeraal
more fittingly considered under Harmony, to which the*59""
reader is referred. We shall here merely state, that what L3!m'
are called the consonant intervals as most agreeable to
the ear, are the octave, fourth, fifth, the two thirds, and
the two sixths, that seconds and sevenths are always con
sidered dissonant, and that the fourth and fifth are only
considered consonant when perfect.

QJLCL-e^
Descending.

g flo-bo-fr®'
i

In the enharmonic scale here we have inserted the in
tervals Fb and Eg, also Cb and Bg, but they do not pro

perly belong to the scale as their
than a quarter tone. Rightly to
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. be known that in the theory of harmonics, the inMusic.
' terval of a (one throughout the diatonic scale is not equal
in every part ; for instance, the tone between ilie fourth
ixy~7
<->—L
and fifth is imaginably divided into nine parts, called
Key.
Key.
commas, whereas that between the fifth and sixth of the
major scale consists of only eight commas. So the
diatonic semitone consists of five commas, and the chro
matic semitone of three or four, according to the mag
nitude of the tone. There is an interval, also, called
Key.
Key.
Key.
hyperoche, which by nice calculation is found to be a It is necessary to observe, that in performing on keyed
i and a half.
instruments, such notes as E, the sixth flat in the last
signature, B natural is used instead of it owing to the
Scales or Keyi.
imperfection of dividing the instrument so with Gb,
&c. &c.
It will now easily occur to the reader, that there may be
The scale of the minor mode, which differs as we have
many diatonic scales formed out of an octave of sounds, seen in the place of its semitones, varies also from it by
the notes in each bearing certain relations to some prin the ascending and descending scales being different, for
cipal note from which they are derived, and on which when the seventh of the scale ascends to the octave, or
they depend ; this is called the key note or tonic. The eighth, it must be sharp as the leading note to the
guides to point out this key note will be the places which tonic. This sharp is always, however, omitted in the
the semitones hold in the scale. In the diatonic scale it signatures of the minor keys, but marked accidentally
has been seen that these fall between E F and B C in the in the melody when required. But with this sharp
major mode. It has been noticed, that in the minor seventh alone, a very harsh chromatic interval, called
mode the two diatonic semitones are between the second the extreme sharp second, occurs between Ft} and G#
and third, and between the fifth and sixth degrees. The in the natural scale, and to avoid this the sixth also is
only series of this kind among the natural notes is the made sharp, and thus the accidental scale of the minor
key of A as under, and which may be taken as a
has two notes altered from the signature, but in the de
men of all the minor scales.
scending scale the leading note being depressed to fall
on the sixth the signature requires no accidentals.
The signatures of the minor modes are the same as
those of the major proceeding either by sharps or flats,
Now it is evident that in major modes, if we change thus,
the tonic or key note from the diatonic scale of E, and
By Sharps.
begin upon the G above, as a new tonic, or key note,
i-fliL
LQinfe
in order to preserve the relative intervals of semi
tones in the scale it will be necessary to sharpen the
seventh F, thus,
-*©So if D be taken as the tonic or key note, we shall
not only have to sharpen the F, but C then becomes the
seventh, and that also must be sharpened, thus bringing
two sharps, till having gone through the scale with the
fresh creation of sharpened notes, we shall have arrived
at the key of F sharp with six sharps. Instead of being
marked as they occur, which in writing would be an
inconvenient practice, it is usual to place them at the
beginning of a staff immediately after the clef, and this
tures. is called the signature of the key, thus,

Key.
Key.
Key.
The same process takes place with keys bearing flats,
where the introduction of a flat must be on the seventh
of the original key, in order to preserve the regular pro
portions of the different intervals of the scale, and
from this rule all the following signatures of flats are
formed :

The major and minor scales bearing (Similar signa
tures are called relative, thus of the major key of D, the
minor key of B is said to be its relative minor, in which
case the tonic of the minor mode is found to be the sixth
note ascending of the major scale bearing the signature,
and these tonics will always be found one degree below
the last sharp of the signature, and in signatures with
flats always the third degree above the last flat.
Transposition is the changing any melody into a key or Traniposiclef different from that in which it was originallycomposed *Ion*
or stands written. There are two sorts of transposition, the
first with regard to the clef, and the second with regard
to the key. The first consists in changing the places of
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Music, the notes among the lines and spaces, but so that every
—v-"-' note be set to the same letter. It is effected by moving
the same clef to another line, or by using another clef,
but with a signature that places the tones and semitones
in the same order as before. The last, or setting the
Music in a different key, is the change of it to a differ
ent pitch or key note to that in which it is noted, so that
the semitones of the two fourths which compose them
may be found by means of flats or sharps, exactly in the
same range 01 proportion to each other as before transpo
sition. Thus,
IS*
BE
Transposed a 7th lower.
4t-+
few.
i

.

.

1

p

-

11
11

When a melody moves out of the key in which it
commences, and the original scale is altered by new
sharps or flats, the change is called modulation. Under
this term is comprehended the regular progression of the
several parts, through the sounds in the harmony of a
particular key, as also the proceeding naturally from
one key to another, this will be hereafter noticed under
the following head Harmony. We will merely observe
here, that each major scale is naturally connected with
two others, which are called its attendant scales, one a
fifth above it, which adds a sharp to the signature, the
other a fifth below it, which adds a flat to the signature.
So also every minor scale has its attendant scales.
There are certain names given to notes in the scale
Characteras peculiarly marking their character. It is not our in
tention to use them in the following pages, we however
think it right that they should be known to and under
stood by the reader.
First, the tonic, or key note, which is the chief sound
in a melody, and upon which, either in the chief melody
or in the base, all melodies terminate. Its octaves, both
above and below, take the same name.
Secondly, the dominant, which is a perfect fifth above
the key note. This, from its intimate connection with
the key note, and the necessity of that being heard after
it at the perfect final cadence in the bass, is said to
govern the key note, and thence takes its name of
dominant.
Thirdly, the subdominant, or fifth below the key note,
or the fourth above it in the ascending scale. It takes
its name from its being also in some measure a govern
ing note, inasmuch as the tonic requires to be heard after
it in the plagal cadence.
Fourthly, the leading note, or sharp seventh, which
the Germans call the subsemitone of the mode. It is
always a major third above the dominant, and, conse
quently, as we have before observed, requires an acci
dental sharp or natural in the minor scale, when it
occurs.
Fifthly, the mediant, which, as its name imports, is
the middle note between the tonic and dominant in
ascending, hence it varies as the scale is major or minor,
in short, with its learned name, it is nothing more than
a major or minor third.
Sixthly, the mbmediant, which, as its name also im

ports, is the middle note between the tonic and subdominant in the descending scale, or, in other words, the *«"\^
major sixth in the major scale, and in the minor scale is
called the minor sixth.
Seventhly, the superlonic, or second above the kev
note, so called by Dr. Callcott, in his excellent Musical
Grammar, to which we acknowledge ourselves undet
very considerable obligations ; he has so translated il
from the French sulonique. The reader may very ad
vantageously refer to this Grammar tor some well-chosen
examples of melodies in which these seven principal notes
in the scale occur.
We here close our remarks on Melody by observing
that iu early Music the signatures of sharp keys are
usually given with a sharp less than would indicate Ihe
key in which they are written ; for instance, in the key
of A, the third $ which occurs on Gis generally inserted
as an accidental ; so in the flat keys, the signature of
one flat will usually be found to indicate the key of BSi
major or G minor. The key of Eb major has rarelys
signature of more than two flats, the accidentals tlien
being always marked.

Modulation

Harmony
Consists in the contemporaneous production of two or D*3"
more sounds conformable to certain rules of Art To
understand this branch of the subject the reader must
refer back to a former page, (722,) in which alUhedifferent intervals occurring in the scale have been placed
before him, as without the clearest understanding awl
recollection of those intervals his comprehension of tibat
is now to follow will be hopeless. A concord is the re
lation of two sounds which is agreeable to the ear;
if they are in such relation, with such a difference in
pitch that being sounded together the mixture affects
the ear with pleasure, that relation is called concord,
Those sounds which make an agreeable compound in
consonance, will also be pleasing in succession. Coscord is included in the term Harmony, but it is more
properly applied to the agreeable effect of lvs> sounds 11
consonance, whereas Harmony expresses the agreeing
of a greater number of sounds than two. Adiscoriz
the relation of two sounds which are always of them
selves disagreeable.whether applied in succession or cossonance. If two sounds are in such a relation of to*
or pitch as that being contemporaneously sounded tat'!
make a mixture disagreeable to the ear, that is a discoA
in contradistinction to the two agreeable sounds, which
are called a concord. As concords are denominate
harmonical intervals, so may discords be termed onhaimonical intervals. The Harmony of discords is to
wherein the discords are used as the solid and substatial part of the Harmony. By the due interposition »[>
discord, the succeeding concords receive an addition
lustre from the contrast. They are always, as willherr
after be shown, introduced into Harmony with due potparation, and must be succeeded by concords, vet*are the resolution of discords.
If to any sound its major or minor third andfe ^j
perfect fifth be added, the arrangement is called acorn**'
chord, in which it is necessary to express the minor third,
if that be used, otherwise it is usually taken to be to;
common chord with the major third, to which, if ^
octave to the sound be added, we have a combinationfour sounds in the harmony, thus,
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and in each case it would bear the figure 7, or mark of the
seventh placed below it in the example. It is sometimes also
8 7 5 8
figured | * 3 7 , these positions containing the tenth,
4$*
Major.
-O Minor.
8
Now in whatever positions these chords are placed, pro twelfth, and
fourteenth of the root when the octave is
vided the C or A remain the lowest notes, the chord still subtracted.
bears the name of the common chord of C and A reIf B be now substituted as the bass note, a chord is
spectively. The other notes remaining the same, if the obtained,
position of the lowest note be altered, the name of the
chord immediately changes, thus,
. . .•■ I II UJI3

Music.

by the inversion consisting of a minor third, an imper
If E of the common chord of C be used as the lowest fect (flat or false) fifth, and a minor sixth, and this is
or bass note, the chord is then called a sixth, because figured, as in the example, |.
the key note is then a sixth interval from the bass note,
If D be taken for the base, the chord becomes
and that sixth, it will be seen, has above it for its accom
paniment a minor third from E to G. Now, if G be
used as the lowest note of the chord, thus,

9-—c>

ds.

:

3
one of the minor third, perfect fourth, and major sixth,
we have the key note a fourth above the bass, and the and it is figured g, as in the example.
If F be used for the bass, it is then changed into a
chord is that called the fourth, and is accompanied, as
will be seen, by the sixth. These two chords, then, chord, consisting of a major second, sharp fourth, and
the sixth and the fourth, are inversions of the common major sixth, and is figured *, thus.
chord, and have the same note C as their expressed or
understood bass, which is the fundamental bast, or that
on which they are constructed. The same arrange
ment will also hold in respect of common chords with
minor thirds. The first or common chord is expressed
shortly by figures placed below the notes in the bass
3 5 8
5 8 or 3 , but to the common chord these are often
88 5
omitted. The second, or chord of the sixth, is merely
figured with a 6, and the third, or chord of the fourth, is Hence the three last chords being the offspring of the
seventh, are, with propriety, termed derivatives of the
denoted by the figures |j.
The most simple of the discords is culled the minor minor seventh, when accompanied by a major third and
seventh, or by some the dominant seventh ; the latter of perfect fifth. By some persons the three last chords are
which appellations is given to it because it only occurs on called a syncopated fifth, a syncopated third, and a
the fifth or dominant of the key, and requires the part on syncopated second respectively.
Hitherto we have confined ourselves to the considera- Thei
which it is heard always to descend one degree. Its full
tion of chords within the compass of the octave, we now
accompaniment of four real parts is subjoined.
proceed to the discord called the ninth, which has
generally the accompaniment of a third and fifth with
To a composition in four parts,
As in the case of the common chord, either of these four it, thus,
notes may be the bass or bottom note of the chord ; yet,
as with C in the common chord we have just left, the marked with a single 9, it is accompanied by the third
fundamental bass note of it will be G, B will be the and fifth, thus,
third, D a perfect fifth, and F a minor seventh ; thus

Ml
|6~
vol. v.

5a

9 'S
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It is, however, often accompanied by a fourth and fifth, chord by an appoggiatura in the bass, is marked 4,
in which case it is marked with a double row of figures,
thus,
3?
The chord of
and written
the sharp seventh is figured 4, and expressed in
&
r>i ftp i:
3 The following is by
thus,:

3CC
EE

List of
chords.

In three parts the fifth is omitted. The ninth, accom
panied with the third and fifth, is, in truth, an appoggiatura continued in the place of the eighth. The chord of
the ninth has two inversions, one of them figured with a
seventh, the other figured with a fifth and sixth, the first
on the third of the fundamental note, and the latter on
the fifth of the fundamental note.
To the figures 4 and 6 are frequently added a dash,
thus, 4, $• which denotes them to be respectively a sharp
fourth and a sharp sixth.
The above being the foundation of all knowledge of
the different concords and discords employed in har
mony, we shall proceed to enumerate the whole of the
latter as they occur, from the second upwards, observing
that they will, except those not direct, be found inversions
of the seventh sharpened or flattened with major or
minor thirds.
The second is marked with a 2, and written thus,
^3* - <->*~~i 1 , in which it is to be observed, that the
lowest note is the discord. The chord marked ^consists of
four real parts, that is to say, it contains2 four real
sounds without octaves or unisons : it is written thus,
its use is to retard the 43 or 5f .
When the third of this chord is sharpened, it in
dicates the minor mode. The chord 4 is thus written,

The chord of 4 is one
8
of four real parts, three of which form a common chord
above the bass, the note whereof is the discord ; it is

some called the chord of the eleventh, whereof the
figure 4 is the representation, by others called the sharp
seventh, but we consider the former the right name,
7
|, and thus written,

, r
T~^"

" The chord

of the thirteenth, which in the figures is represented by
a sixth, and may be either major or minor, is thus figured,
6. and thus written, -^y-cl*-*-^—C>
2

f-

chord of | the fifth must be always perfect, the second
either major or minor, and either may be doubled ; it is
<3_
written as follows
_CJ>f
XT
The above is as extended a view of the subject of tho
rough or continued bam (btuso conlinuo) as our limits
allow. From what has been shown at the commencement
of this head, it will be collected that there are two species
of bass, one imaginary, called the fundamental bass, to
which all chords may be reduced by bringing them to the
form of the perfect chord, or to that of the seventh ; and
the other the thorough, or continued, or figured bass, in
which the real ground note of the chord is found by toe
aid of the figures, or by simple or continued inversion to
reduce them to their elements. We have abstained, in
this place, from all observation on the preparation and
resolution of discords, because we have thought they better
belonged to another branch of this Essay, where the reader
will find sufficient to guide him in their use. Perhaps,
however, we ought, in this place, to explain thateAorrfjare
called irrelative, wherein a sound common to both does
not occur in each, thus,

written thus,

_
*

in which it

The chord of

will be perceived there is no note common to both ;
relative when the converse is true And it may be here
| is expressed as follows,
shortly observed, that a recollection of this fact will lead
a young extempore player to results which will surprise
b2
him. He may, for instance, proceed from any chord to
another, in which one of the sounds remains that has
That of the 4 thus,
It is been employed in the chord previously struck : if dis
2
cords occur, they must, of course, be prepared and re
the imperfect common chord with a whole tone added below solved as hereafter shown ; but on this he may rely,
that one chord will not inharmoniously follow another,
if only one of the notes in the preceding be preserved
it. The | is written thus,
in the following chord, avoiding at the same time pro
gressions of fifths and octaves between the extreme
The chord of the major second, perfect fourth, and parts in similar progression, that is, moving both the
minor seventh, which is used to retard the common same way. We ought also to notice here, as the more

MUSIC.
proper place, that there is a progression of sounds called
the harmony of the scale, which attends the ascent and
descent of an octave, the general method of accompany
ing which is as follows :

Ascending.

-O-«. >o
1

Rhythm.
In modern Music, Rhythm is the accommodation of
the long and short notes to the syllables employed in the
words, so that both the one and the other may be pro
perly separated, and so perceptible to the ear, that what
is sung may be distinctly understood. This is effected by
disposing the melody or harmony, or even both, in re
spect of time or measure, so as to suit the words ; or
if the Music be instrumental, the expression only of the
sentiment. The usual application of the term has been
to denote the time or duration of many sounds heard in
succession, whether such sounds be Musical, and pro
duced by voices and instruments, or without a determinate
tone, as the strokes of a hammer on an anvil, the beating
a drum, the articulations of the human voice in common
speech, in repeating poetry, or pronouncing an oration.
In this place that species only is to be considered which
concerns the regulation of melody ; and there is great
truth in the Greek saying, To iruv rrapa fiovotKoii o
pvOfiov, even in application to modern Music. With the
greatest and sincerest respect for the memory of Dr. Burney, and equally as much for an ingenious, learned, and
most elegant composer, Dr. Callcott, whose Works have
often soothed the cares of life in our earlier years, and
still command our admiration, we must nevertheless con
sider their admission of what is called the Musical toot
and Musical caesura as included under the first division,
Accent of Rhythm. It is doubtless true, that notes in
groups may by their relative proportions of length to each
other be made to correspond with iambi, spondees, tro
chees, pyrrhics, dactyls, anapaests, and as many other
poetical feet as were ever numbered. But we consider it
more true, if truth can have comparison, that ninetenths of the greatest Musicians the World ever saw,
knew not even the names of the disyllabic or trisyllabic
feet, a small portion only whereof we have enumerated ;
and if the authors above mentioned had not appeared to
sanction such a principle, we should, notwithstanding
the Germans, have used some other epithet than useless
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in characterising it. Indeed, Burney, in page 77
his 1st volume, almost seems to think as we do,
he says, that " modern Music, by its division into equal
bars, and its equal subdivision of these bars by notes of
various lengths, unites to the pleasure which the ear is,
by nature, formed to receive from a regular and even
all the variety and expression which the An
cients seemed to have aimed at by sudden and convul
sive changes of time, and a continual conflict of jarring
and irreconcilable rhythms." Our notion is, that Accent
is the principal subdivision of Rhythm ; secondly, the
Phrase ; and thirdly, the Section and Period. Such is
the mode in which we intend to shape our consideration
of this part of the subject.
Accent is the particular stress or emphasis laid on a Accent,
certain part or parts of each bar according to the sub
division of the semibreve, minim, or other unit of com
parison in the time marked at the beginning of the
staff. We have before mentioned this subject inciden
tally as connected with notation, and we shall in the suc
ceeding Part, as connected with composition, have to
recur to it. Here we shall investigate, as far as our
limits justify, the mode in which it is employed. Each
bar or measure is divided into accented and unaccented
parts, the former are th'e principal. In common time,
the beginning and the middle, or the beginning of the
first half of the bar and the beginning of the latter half
are always the accented parts of the measure. In triple
time, they are found in the beiguning or first of three
notes. So again in common time, the first and third
crotchet of the bar are on the accented part of the mea
sure. In triple time, where the notes go by threes, that
which is in the middle of every three is unaccented, the
first and last accented, but the accent of the first is so
much stronger, that in many cases the last is performed as
if it had no Accent. This great and predominant Accent
and the want of it are accompanied by what is called
the thesis, or depression of the hand, and arsis, or ele
vation of it, respectively. To give examples of what is
meant, we subjoin the following, in which the accented
parts are marked with an A, and the unaccented parts
scored under.
Common Time.
;e3
A

—

<y
E4
— A—
_P
ff
-4—L

■ft

or,

£3
.-M

Triple Time.

-■ —H—1
i i—n—1 11 1 1 H-1r—1 "
A— A
A— J
In the division of the bars or measures into groups of
quavers, semiquavers, &c though there be inferior ac
cents to them, as well in common as in triple time, still
the predominant accent of the measure is preserved, and
must ultimately be referred to the primary division.
Emphasis is. ollen obtained by deviating from the Emphasig.
5a2
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Phrase.

regular accent of the bar or measure, when the com
poser wishes to mark the weak part of it with more im
portance than the usually accented part. An admirable
example of this has been selected by Dr. Callcott, in his
Musical Grammar, from No. 3, Haydn's Symphonies:
it is as follows :
L-JCT ' I Be
Accent.
Emphasis.
Accent,
in which it will be observed, that in the first two bars
the quavers are grouped according to the Accent, in the
third contrary to the Accent, but according to the Em
phasis required, and in the fourth the Accent is resumed.
The same excellent authority says, that " in performing on
the piano-forte a great difference seems to exist between
them," (Accent and Emphasis,) " since Accent always
requires pressure immediately after the note is struck,
and Emphasis requires force at the very time of striking
the note. Thus Accent may be used in the most piano
passages, but Emphasis always supposes a certain degree
of forte."
An arrangement of notes either in melody or harmony,
forming a passage more or less complete as its termina
tion in cadence happens, is called a Musical Phrase ; it
generally consists of two bars, though in the older Wri
ters it is frequently contained within one bar, thus,

5
6
The principal Phrase of which the above example is
composed comprises six smaller parts, more or less im
portant or extended, each forming a stop according to
the place they occupy in the period of the melody. The
first and sixth of these small Phrases are equal in num
ber of notes, each containing only two ; the second is
longer; the third and fourth nearly of a length ; the fifth
brings it to a cadence ; but the division of Phrases with
stops or imaginary punctuation in a melodic period will
easily appear by attention to the following melody f
the Don Juan of Mozart.

Beethoven,
Op. 2.

In the above it will be seen, that there are two
:Handel. cardinal points, towards which the whole of this Musical
sentence tends, namely, the perfect chord of the tonic or
key note, and that of its dominant or fifth. We regret that
Phrase.
Phrase.
There are two sorts of Musical Phrases. In melody, we cannot longer dwell on this head, which the reader
the Phrase is formed by the air, that is to say, by a se who wishes to become a master will find more amply
quence of sounds so disposed that they form one whole, set forth uuder the article Ponctuation, in the Encyc.
ultimately leading to their close upon some essential Method. Article M usique, which article we have used
part of the mode in which they are written. In har very freely in some parts of this Essay. These stops or
mony, the Phrase is a sequence of chords connected by points are called by Dr. Callcott, as by the Germans,
dissonances or discords, either imaginary or expressed, Caesuras, from their analogy to the Caesura in the feet
and closing with an absolute cadence, according to the of verses.
The Germans have distinguished a passage consisting Stdim.
usual manner in which such cadence is formed. And
as the passage is more or less finished, the close is more of two regular Phrases, the last ending with a cadence,
or less perfect. Rousseau has, Cest dans I'invention by the name of a Section, two or more of which consti
des Phrases Musicales, dans leurs proportions, dans leur tute a Period. A Section is not, however, always divided
entrelacement, que consistent les veritable* beauies de la by Phrases, especially in . the legato style of Music
Musique. Un compositeur qui ponctue et phrase bien, There are Sections in different styles which do not oc
est un homme d'espril : un chanleur qui sail marquer cupy the time of two bars, as there are those which
bien scs Phrases el leur accent, est un homme de gofd ; extend over a greater number than two bars or mea
mais celui qui ne sail voir et rendre que let 7iotes, les sures ; so again in fugue, as well as other Music, the
tons, les temps, les inlervalles, sans enlrer dans le sens Sections are sometimes so interwoven that practice and
des Phrases, quelque stir, quelqu'exact d'ailleurs qu'il experience can alone give the reader a thorough know
ledge on the subject Where two subjects are used in
puisse elre, n'est qu'un croque-sol.
There is in Music, as in writing, a species of punctu the parts, also in fugues, at the end where the Sections
ation or repose, which, though not marked between the arc necessarily interwoven, it is the practice to protract
Phrases whereof a strain or sentence consists, will be the harmonies so that the measures shall come out re
easily seen and understood by reference to the following gular in the close. So also in vocal Music, the harmony
of a Section is frequently protracted for the sake of well
example:
expressing the words.
■The Period, as we have already observed, consists of P™i.
W—r
m —•_
a
'. j
one or more Sections ; it may be said to resemble the full
r
r—
stop or semicolon in punctuation of writing. When one or
more Periods are terminated by the double bar, the whole
jy£^l \f_

Punctua
tion.

MUSIC.
Music, is called a Strain. Those Periods which close with a per■
feet cadence are, from their last harmony, called Tonic
Periods, and those terminating with an imperfect cadence
are called Dominant Periods; but these terms are to
be understood as relative to the nature of the cadence
only, and not the modulation of the period. The Period,
as well as the Section, is interwoven, especially in the
fugue Music of the ancient masters.
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In many movements, the concluding passage, when it Music,
occurs after a protracted perfect cadence, is termed a v—
coda. In modern Music, the Coda is often preceded by Coda,
a lengthened shake on a note of the dominant harmony.
A Coda varies in length ; in some compositions it is ex
tended to several sections, whilst in others it is confined
to a single phrase.

PART III.
Composition.
Composition is the art of disposing and arranging
Musical sounds into airs, songs, &c. in one or more
parts, for voices or instruments, or both. Zarlino de
scribes it as the art of joining and combining concords
and discords, which we think rather too circumscribed a
view of it, inasmuch as it certainly comprehends the
rules, first, of Melody, or the art of writing a single part,
that is of contriving and disposing simple sounds, so
that their succession may be agreeable to the ear ; and,
secondly, the art of arranging and concerting several
single parts in such a manner as to make one agreeable
whole. Of Melody and Harmony we have already
treated separately. Here we may stop to remark, that
Melody is chiefly the work of the imagination, and there
fore the rules of its composition seem only to bound it
within certain limits, beyond which the imagination, in
seeking after variety, novelty, and beauty, must not
wander. But Harmony is the result of judgment, its
rules are certain and extensive, and difficult in practice.
It must, nevertheless, be remembered that Melody requires a knowledge of Harmony, and though a person
unskilled in Music might accidentally hit upon a good
air or melody, yet it is from a person of sound judgment
that such a production is to be expected most correctly.
>'ions.
The motion from one note to another in the same
part is either by degrees or by skips ; thus, if the interval
of a semitone major, or a whole tone be between two
notes, the motion is by degree ; but if from one a third
or more above or below that from which we set out, it is
by skip.
Motions considered between two parts, are of three
kinds ; the first is oblique motion, which takes place
when one part repeats or holds on the same note, whilst
the other moves up or down. The second is termed
direct or similar motion, and is when both parts move
the same way, be it upwards or downwards. The third
is called contrary motion, and is that wherein one part
moves downwards whilst the other moves upwards,
n coun- Premising this, and that the reader has well fixed in
lint
his mind the component parts of all the chords and in
tervals which have been given in the preceding Part, we
proceed to as concise a view as possible of the prin
ciples of Composition. The tonic or key note, the fifth,
the fourth, and the octave, in all keys, as well major as
minor, take their common chords as their accompani
ment, the dominant or fifth of the minor keys ex
cepted, which has a major sixth for its accompaniment.
The other consonant notes of the octave, namely, the
third and sixth, and also the dissonant notes of the key

require the uncommon chords for their harmony, namely,
the third, sixth, and eighth, except the sevenths of minor
keys, which bear the fifth instead. All melodies have
the perfect chords of the key they are in for the funda
mental basses, and it must be observed, that those
melodies are most agreeable that move by conjoint de
grees after them, those that proceed by the smallest
skips. Formerly, excepting the leap to the octave,
none greater than that of the sixth minor was allowed.
The leaps of the false relations, [viz. a tritonus and a
false fifth, were forbidden altogether. Those melodies
being least agreeable that go most by leaps, and least by
degrees, and the fundamental bass being only used,
creating many leaps in its melody, to remedy the defect
other notes are used for basses which have obtained the
name of supposed basses. These are necessary on
many occasions, for, inasmuch as they do not change
the harmony, they make the melodies susceptible of
great variety ; for, using the fundamental and supposed
basses as occasion may require, we are enabled to make
the parts move together more by conjoint degrees, by
which the melodies will sing better. In order to pre
vent prolixity, we shall, in the succeeding rules, use the
key of C as an example of a major key, as we shall that
of A for minor keys.
It is customary for every composition to begin with General
one of the perfect concords of its key note or tonic, viz. rules,
the octave or the fifth, and it must end in the key note
with its common chord for the harmony ; it should not
begin or end with a sixth, though it occasionally may with
a third.
Two perfect concords of the same kind must not fol
low each other immediately as two unisons, octaves, or
fifths, or fourths. This rule does not, however, obtain
in the repetition of the same notes, this, in effect, being
no more than the subdivision of a long note.
Two or more parts should not be so constructed as
to move by leaps together, but should proceed as much
as possible by contrary motion and single degrees, be
cause, by this means, there will be less danger of falling
upon consecutive concords, independent of the melodies
being thus rendered more agreeable and better suited to
the voice. The rules for the succession of concords will be
now submitted to the reader under their different classes,
observing always, that it is incorrect to go by similar
motion from one perfect concord to another of any kind.
If both the parts move, it is better to proceed from From tha
the unison to the third minor than to the major ; to the unison,
first you must go either by oblique or contrary motion,
to the latter by oblique or similar motion, but the first is
preferable. Thus,
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1*3

1

*s

1

;s

Obliq
Contrary.
Oblique.
A fifth is to be avoided after a unison by similar motion though good in oblique motion ; and allowed in contrary
motion if one part move a single degree. Thus,
" U
T—
1—
-fis
1
ri— —fc3i
r-d—
$-2

"S3"
Oblique.
Coatrary.
i the unison to the sixth minor may be taken by contrary motion, but it is not considered good by (he
other motions, because the great leap from it to the sixth major is forbidden.
p

From
thirds.

Contrary.
Oblique.
An octave should be avoided after the unison except by oblique motion, inasmuch us it is, in truth, the sub
division of two notes.
Major and minor thirds, though imperfect concords, are more frequently used than any other. Their effect,
either ascending or descending, is agreeable. Major thirds are cheerful in ascending, and the contrary in descent,
in the minor a contrary effect is perceptible. In divisions by supposition, that is, the use of two successive nous
of equal time, one of which, being a discord, supposes the other a concord, thirds may follow each other to any
extent, but two minor follow each other better than two major thirds. Commencing with the third major is
best in ascending, and the converse in descending, changing the quality alternately. From a third we may go
to any concord, and from any other concord to a third, but in going from the third to a perfect concord, it u
advisable, if possible, to go to the nearest. W hen the composition consists of many parts, thirds, or their replicates,
are most efficient in parts remote from the bass. From the third minor to the unison the better mode is by oblique
motion, or by contrary motion. Thus,

m

h3

b3

b3

b3

b3

33
e!—c>L
Oblique.
Contrary.
From the major
to the unison is allowed by oblique motion, though better by similar motion, one
major third
tr
nding a single
And, in proceeding from a third to a fifth by contrary motion, it is better to go
single degree.
d« _
the third minor because
becai the danger of falling on the tritonus is avoided
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From the minor third to the fifth is better by contrary motion, though also good by similar motion, if one par*
move a degree. Thus,

b3
3i—

5

^5

5

03

5

—©I—i—Q|—rs—n—0

bs
1

Contrary.
From the major third to the fifth, the progression
is better by similar descending motion one of the parts
moving a single degree, it is also good by oblique motion.
Thus,

5

bs

——i

5

1—

b3

Munc

5

—i—"i

1—ii

minor an octave is scarcely allowed, and when used
should only take place by contrary motion.

After the unison or oetave the fifth is the most perfect From fifths,
of the concords. It is best in parts nearest the bass.
From the major third to the minor sixth, and from We may proceed from it by oblique motion to any other
the third minor to the sixth major, it is better to go concord.
From the fifth to the unison by oblique motion is
either by contrary or similar motion. In oblique mo
tion the thirds and sixths must be either both minor or good, as also by contrary motion, one part moving a
single degree, but by similar motion it is bad.
both major. Thus,
Similar.

Oblique.

J3,
3
«J

be

83

b6

i
-G>- ~n~

$3
-Q-

:c5i
a
Contrary.

Contrary.
Oblique
From the fifth by any of the motions you may pro
ceed to either third, but by oblique motion it is best.
The next preferable mode of going to the third minor is
by contrary motion, and to the third major by similar
motion, both of them by single degrees. Thus,

and thus,
■Or

e

1

s

b3 #6 b3 #6^"«6
<>
<_>

b3 te^'Cf

1

Contrary.

Similar.

I
and thus,

In)
Mill

.. i
b3

Q

' 1
b3

I
be

" < >

j*

»3

56

/
/

HE
Oblique.
An octave after a third major is good by oblique
as also by contrary motion, and it is better
one part moves a single degree. After the third

Oblique.

I >

t > t> C > < >
1
1 —i
f
1
—i—i —i—► 1
1 H—r
5 $3

Similar.

Contrary.
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A perfect fifth may be followed by the false fifth if the latter be immediately
and that by contrary motion.
m

i
J

H1r-l
n—H=

5

#3

"

by the third major, Ma:

—4-1 ~-4fc
C> 1—"—h-

From the fifth to either of the sixths it is better to proceed by oblique motion, though it is allowable bj
similar motion if one of the parts moves a single degree. It is also allowable ascending, but not in descending, to
leap from the fifth to the sixth minor, though not to the major.
S
5

b6

5

l>6

5

$6

5

5
86
:o—ti

it 6
c>

c >

1 •eto>
6
t>s

-€3t|zh=i=

Oblique.
Prom the fifth through a sixth to the octave, the sixth must never be minor, and the motion must be contrary.
o

—*■—^—
w
it—

5

s

#6

S

An octave after the fifth in leap by similar motion is to be avoided. By oblique and contrary
good, and ifone of the parts move a single degree it is allowable by similar motion.

it is

± C J>
res:
a—«—s4"
o—

From
sixths.

1-

EE
Similar Oblique.
Contrary.
The sixth major naturally moves to the octave. The sixth minor to the fifth. From the sixth minor we nay
go to the unison but not from the sixth major. It is best by contrary motion, by oblique motion it is notalloweA

-eb6
y
m

1

1
li
lt
IT

„
Lei—o

A third minor after a sixth major, and a third major after a sixth minor, are best in contrary or
In oblique motion the thirds and sixths must be either both major or both minor.
o

—

33
1
U

JfS1
-

b3

8a

b3
-Op
—u

1 11

86

be
—eriT
i=34

Contrary.

Contrary.

83^

W

83

J3

MUSIC.

733
Music.

33:

33
C3

c>
w .b6 -O1-3 O
b6 b3
-Or
3±

#6

M

#3

#3

Oblique.
Oblique.
From the sixth minor to the fifth by similar motion is bad, it is best by oblique motion.
S2 33
i
5?? b6 5

bo 5

be

ro-^-,
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Oblique.
It is only in oblique motion that the progression from the sixth major to the fifth is allowed, and then the parts
must afterwards meet in a third, and the major is preferable.
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Sixths to any extent may follow each other, and by any motion, but better descending than ascending. In
descending begin with the minor and in ascendiDg with the major, in each case changing them alternately. Two
major sixths follow better than two minor when one part divides upon the other, also when the parts move by
single degrees, but they are not desirable by leaps. In quick divisions they may be used at pleasure if the
parts move by single degrees.
Example of sixths :
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From a sixth minor to the octave is to be avoided. From the sixth major to the octave may be taken by oblique
motion, but it is preferable by contrary motion and single degrees. It is bad by similar motion.
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Oblique.
Contrary.
Of the concords, that of the octave is the most perfect; by oblique motion we may proceed from it to any From the
other concord, except the third minor, but by the other motions we may go from it to the third minor.
octave*.
The unison after an octave is allowed by oblique motion only.
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From an octave to a third minor is preferable by contrary motion and a single degree, allowable in similar Hoc
motion, forbidden in oblique.
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From an octave to a major third is allowed by all the three motions, one part must, however, move by a single
degree in similar and contrary

Oblique.
From an octave to a fifth is a good progression in oblique motion, and is permitted in contrary and lii
motion, one part moving a single degree, but in similar motion it is forbidden if both parts move by leaps.
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Contrary.
A sixth minor after the octave may be taken by any of the
in similar motion.
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be convenient, and equally answer the purpose, to use the key of C as an example for major keys rafe
following pages, as we shall hereafter that of A as an example of minor keys.
The perfect concords of the key are the fundamental basses, and require their common chords for their hsmony.
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If the third, sixth, and seventh of the key are used as basses with uncommon chords on them, that is, lhflf
third, sixth, and eighth, they are supposed basses. Hence it is to be observed, that every bass note which has a
sixth upon it is a supposed bass.
,
The key note, its fifth and fourth being the fundamental basses of the key, have major thirds for their suppose"
basses, that is, their thirds may be used as basses. It is only the fifth of the key that has two supposed basses,
inasmuch as, besides its third, it may also have its fifth for its other supposed bass.
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It is right to observe here that the supposed basses do not change the harmonies of their principals, hence the
supposed harmony of the third of the key is in effect borrowed from the fundamental harmony of the key note ; that
of the sixth of the key is borrowed from the harmony of its principal, namely, the fourth of the key ; and the supposed
harmony of the seventh of the key is taken from the harmony of the fifth of the key ; as also that of the ninth, of
which it is the second supposed bass, and must consequently have its flat third, fourth, and sharp sixth for its
accompaniments, its third being the seventh to the fifth of the key, its fourth the octave of that fifth, and its
sharp sixth being the third to that fifth, which is the fundamental bass, to which the ninth, as fifth to it, serves for
a supposed bass. In the following example, where the bass is supposed, it is marked with an S.
Treble.
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In the accompaniment, or making parts on the third and sixth of the key, when they are supposed basses, three
methods may be adopted. The first and best is, doubling the sixth to the supposed bass ; the next preferable is
that of doubling the third to it ; the last and worst way is doubling the octave.

In the accompaniment upon the seventh and ninth of the key, that is making parts on them when the basses are
supposed, only two methods are used. For the seventh the best way is to double the sixth; the other way is to
double the third to the bass. For the ninth the preferable method is to double the third, the other way being to
take the octave to that bass.
r

Ninth.
Thus far on the fundamental and supposed basses of the perfect concords of the key. There is, however,
another way of modulating which produces gfeat variety. We are stil! speaking of the key of C, and in
5b2
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this way only leaves us in suspense as to the key we are in, and we may be said to continue in the above key be
cause we avoid what would be directly contrary to modulating in it, as well as doing that which would decide our
being in another key, as will be more distinctly explained when we treat of modulating from one key to another.
The way to which we above allude consists in taking the imperfect concords of the key as fundamental basses, by
making their fifths instead of their sixths accompaniments to them. For this is the characteristic which distinguishes fundamental from supposed basses. The harmony of the first being its third, fifth, and eighth, of the
latter the third, sixth, and eighth ; the former being named the Common, the latter the Uncommon Chord. The
imperfect concords of the key may also have their supposed basses, borrowing their harmonies from them as prin
cipals; as the supposed basses of the perfect concords did from their fundamental basses, the supposed basses
differing from the others, inasmuch as the supposed basses of the perfect concords are sharp thirds above them,
and those of the imperfect concords are only flat thirds above them.
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In the above examples it will be perceived, that they keep in the natural notes of the key ; thus the supposed bass
to E, the third of the key, will be G, the fifth of the key ; and the supposed bass to A, the sixth of the key, will be
C, the octave of the key. Now if these supposed basses had been sharp thirds to their fundamental basses, we
should have no doubt as to the key we are in ; for having G g instead of G ^, we must have gone from it into the
key of A ; and having C ft instead of C tj, we must have proceeded to the key of D.
Hence it is apparent that by the intermixture of fundamental and supposed basses, of the perfect and imperfect
concords of the key, we may have a great variety as well in the melody as in the harmony of the key used.
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The major keys have been treated of with the key of C, as an example by which the reader is unembarrassed
with sharp or flat signatures ; for the same reason we choose the key of A as an example for minor keys.
The perfect concords of this key, as those of major keys, viz. the unison, fourth, fifth, and octave, require their
common chords for their harmony ; with this difference, that in it the key note and the fourth only have their
thirds flat. The fifth of the key retains the sharp third, although naturally left flat in the diatonic scale of this
key ; for if it were left flat the key would not be decided as that of A. Hence in this, as in all other keys, the
third of the fifth of the key is always major.
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The imperfect concords and the discords of the key take the uncommon chords for their harmony, but the G

MUSIC.
Music

737

must be sharpened if we decide the key of A: and here we will observe, that no accidentally sharpened note
should be ever doubled in plain counterpoint, either in a major or a minor key.

Third.
Sixth.
Ninth.
Seventh.
If the imperfect concords and the discords of the key are used as basses, with the uncommon chords for their
accompaniments, those basses are supposed basses in all keys minor as well as major; but the seventh of the key
of E in the diatonic scale, is accompanied by a fifth instead of a sixth. As the supposed basses take their harmonies
from those of the fundamental which they represent, the third in a minor key consequently borrows its harmony
from that of the key note. The sixth from that of the fourth of the key. The seventh being in lieu of the fifth
of the key, takes its harmony from that of the fifth ; and the ninth in flat as well as sharp keys is a supposed
bass to the fifth of the key, except as above in E, where the ninth being only a semitone major above the octave
cannot be a supposed bass to the fifth of that key, being but its defective fifth.
The difference between the supposed basses of the perfect concords of minor and major keys, is, that in the latter
the thirds are sharp above their fundamental basses, whereas in the former the third and sixth of the key are
supposed basses, a flat third above their fundamentals ; but the seventh of the minor key is a supposed bass, a
sharp third above its fundamental bass, inasmuch as in the key of A, the G must be sharpened to decide the key.
The ninth of a minor as well as a major key of a supposed bass, must have its flat third, fourth, and sharp
sixth as its accompaniment ; the sixth being sharp, because, as above mentioned, the G must be sharpened to
decide the key of A. Hence the third, fourth, and sixth of the ninth of a minor key being the same as in a major
key, the explanation need not be repeated. The same rules also apply to accompaniments upon the third, sixth,
seventh, and ninth when they become supposed basses, merely observing, that if any notes are accidentally sharp
ened, such must not be doubled in the parts.
The rules for making the imperfect concords of the key fundamental basses in major keys, by putting their
common chords for their harmonies, and of having, in their turn, sets of supposed basses, may also be used in
a minor key, with this caution, that whereas in a major key the supposed basses of the imperfect concords of the
key are flat thirds above their fundamentals, so in the supposed basses of the imperfect concords of a flat key the
thirds are sharp above their fundamentals.
The same attention should be paid to the melodies going by degrees and leaps, and the mixture of fundamentals
and supposed basses in a minor as well as in a major key.
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The following rule is a general one for keeping in any key ; it is, however, included in what has been given in
the preceding pages, of which it may be considered a summary. It is, that the second of the key must always
have a sharp sixth, the fourth of the key always have a third similar tc 'bat of the key note, that (in E excepted)
the fifth of the key a sharp third, and the seventh of the key a flat sixth, (exeeptin E.)
Descant, which is the art of composing in several parts, is threefold. Plain, which is the groundwork and Descant,
foundation of all Musical compositions, consists entirely in the proper placing of several concords as accompani- r^lr.*'r
irtents to every note of the key we are in. The Italians call it canto fermo ; in English it is known by the name p^t.
of plain or simple counterpoint, as being an arrangement of note against note in concords only. The preceding
portion of this Part has been devoted to this section of the subject. Double descant is that in which the parts are
so contrived that the treble or any high part may be made the bass, and the contrary ; this will incidentally be
noticed in speaking of Jigurate or florid descant, which consists in a mixture of concords and discords following
each other, and may be termed the ornamental and rhetorical part of Music, as it induces all the varieties of
points, syncopes, diversities of measures, and all that is capable of adorning a composition. By the Italians it is
called ca;i<o flgurato. Preparatory to entering upon this it will be necessary to consider the method of preparing
and resolving discords.
It has already been stated that seconds and sevenths are the natural discords ; before, however, showing how they Prei>aratii.
are to be used, we will observe that they may be prepared and resolved either in the upper part or in the bass,
r''ko11
the interval being reckoned either as ascending from the bass to the treble, or as descending from the upper part ^r'dB"'
to the bass, as the discord may chance to be employed.
In harmony, discords are considered as so made by the note next immediately above them being struck with
them. Thus the second and seventh, as also any other note, as a third, fourth, fifth, sixth, or an eighth, may be
made a discord. Therefore a discord is in harmony the lowest of two adjoining notes that sound together.
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Hence in the case of the second, which is not really the discord though so called, it is the unison at the I
which is the discord, being so made by the second ; and it might fairly be said that the rule is va<nie in
which declares that the second must be prepared and resolved in the bass. Practice, however, having
blished the terms, we leave them as we find them to avoid intricacy.
In practice, although there be only two natural discords, three discords are reckoned, namely, the second, the
ninth, and the seventh. The niuth is, indeed, only a replicate of the second if simply considered, yet being
differently used it is differently treated ; inasmuch as the ninth being made a discord by the third, its necessary
accompaniment, it is always prepared and resolved in the upper part, whereas the second is universally prepared
and resolved in the bass; besides which it may be used in two parts, which is not allowable with the ninth.
It is most common to prepare and resolve the seventh in the upper part, but it i» nevertheless sometimes pre
pared and resolved in the bass, on which account, perhaps, it has had two different names to distinguish it; but
practice has not encouraged the distinction, because the seventh prepared and resolved in the bass is in fact nothing
but the second ; because this seventh in the bass is made a discord by the second or its replicate, or the noteneit
above it, as it is also its necessary accompaniment ; whereas the seventh in the upper part is really what it is
called, being made a discord by the bass, the octave (below) to the note which makes such seventh a discord, and
which is represented by the octave below.
When a note is treated as a discord it must be prepared in the unaccented part of a bar, by being there struck
as a concord ; in the following accented part of the bar, the same note holding on, is made a discord by sounding
with it the note next above it or its replicate ; and in the next following unaccented part of the bar, the discord is
resolved by descending a single degree, either of a whole tone or semitone major to a concord. Where there are,
in common time, two equal notes in a bar, the first is accented and the second unaccented ; but as we have
already explained accent, we refer our reader back to what has been said under that head, merely subjoining here
an illustration of the rule just above mentioned.
I—lES=4=j=IF

The second.

Acc. Uuacc. Acc. Unacc.
Act. Un. Acc Un.
Acc. Un. Acc. Un.
There are two sorts of seconds, major and minor ; the former consists of a whole tone, while the latter contains i
semitone major. Both of them are prepared in the bass or lower part. The major second may be prepared by
any of the concords, and resolved in any but the eighth; it must consequently fall to the resolution, that is the
lowest note of the two sounds, or discord must.

Besides this resolution of *he second, a false or defective fifth may be the resolution, in the treble rising a
to it; but then, the bass must afterwards rise one degree, and the treble at the same time descend one degree, b
order to resolve the false fifth. In three parts, the accompaniment to this second is sometimes the fourth and
sometimes the fifth.
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If the fourth be taken with the second, and the two upper parts keep on the notes they previously had, the
mtf^ bass descending one degree for the resolution, the second thus becomes a third, and the fourth will become a
perfect or a false fifth, the last being preferable. When, however, the fourth instead of holding on rises one degree
it becomes a sixth.
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If the fifth is taken with the second, and the two upper parts hold on the same notes, the bass descending one
degree for the resolution, the second thereby comes to be a third, and the fifth a sixth. In four parts, this second
is accompanied by the fourth and sixth. The fifth may also be used instead of the fourth and sixth.
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When the fourth and sixth are taken with the second, if the bass descend one degree to the resolution, the
fourth rises one degree and so becomes a sixth, and the sixth descends one' degree and thus continues to be a
sixth ; in using this method the sixth is doubled, which is the best way.
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There is another way by which, at the time of the resolution, the second keeping on becomes a third, and the u
—v-—' fourth dropping a third also becomes a third. The sixth falls one degree and continues a sixth; by which vJ"
method the third is doubled.
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If, at the time of the resolution, the second by keeping on becomes a third, and the fourth keeping on
a fifth, the sixth by rising a fourth, or falling a fifth, makes the third again double.
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The last and least harmonious way is, when the fourth rising one degree becomes a sixth, the sixth rising one
■degree becomes an eighth, and the second by keeping on becomes a third on the resolution.
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If the fifth is taken with the major second, instead of the fourth and sixth for completing the fourth part,
fifth or the second must be doubled. It is preferable io rlotible the former
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The minor second, which the reader will recollect is but a semitone major above the unison or bass, lias the
same preparation as the major second, except in the fifth, in which it must not be prepared. And it is necessary
to observe that the best resolution of it is into a third.

When the minor second is employed in three parts, it must be accompanied with the fourth and never with the
fifth. There are three ways of using it. First. The fourth with the minor second, in which case the upper parts
hold on, whilst the lower or bass descends to resolve it; thus the second becomes a third and the fourth becomes
a fifth, then the two upper parts both fall one degree and the bass rises one degree, and the whole may serve as a
final cadence.
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Second. The preparing note is accompanied by the sixth and eighth. The eighth rises to the ninth where it
stays till the resolution is over ; the sixth falling a third thus becomes a fourth, accompanying the second, which
fourth, on the resolution, rises one degree, thus becoming a sixth ; this afterwards rising one degree more, the
other upper part falling one degree, and the bass contemporaneously rising a fifth, the upper parts will then
become a third and fifth to that bass. This arrangement serves as a middle cadence.
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e Third. The preparing note is accompanied by the third and sixth. The part in which the third appears is to
rise one degree and become a fourth ; that part carrying the sixth is to rise a fourth, thus becoming a second,
which holding on is a third on the resolution ; whilst the fourth rises one degree becoming a sixth, this sixth after
wards rising one degree more, the other upper part and the bass each falling one degree, the upper become a
third and eighth to that bass.
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When four parts are employed, the sixth and fourth are taken with this second. As in the following eranplft
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It has already been stated that the discord of the ninth is not so called merely because it is the replicate of the
second, and that the distinguishing- character between these discords in harmony, does not arise from the distance
between the two notes in the several parts, inasmuch as the interval, if a real second or a real ninth, bears the ^e
name of the second if prepared and resolred in the bass, but invariably of a ninth if prepared and resolved in any
of the upper parts. Like the second, the ninth is of two sorts, major and minor; but each is prepared and
resolved in an upper part ; and to use them at all there must be at least three parts, because of their requiringthe accompaniment of the third or its replicate, by which they are made discords.
The major ninth is prepared by a third, by a fifth, and occasionally by a sixth, never by an eighth. Its resolu
tion is by a third, a sixth, or an eighth, from each of the concords in which it is prepared. In most of the follow
ing rules we shall not give an example in each time, but alternately ; from those that have already been given the
reader will have become acquainted with the accented and unaccented parts of the bars which are necessary to be
attended to in the preparation and resolution of discords.

The Bass falls a third
or rises a sixth.
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The Bass falls a third
or rises a sixth.
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Independently of the above resolutions of the ninth, it may be resolved by the fifth, if the bass rise a fourth or
fall a fifth when the upper part falls one degree for its resolution. It must be accompanied at the resolution by an
eighth if the piece be in four parts.
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The minor ninth is prepared in the third only and resolved in the eighth, if the bass hold on till the resolution
is made ; but it is resolved in the third if the bass descend a third on the resolution. These resolutions, however,
must be followed by something further, as will be seen by the examples.
7
f
V/

c>
Otl
o

Hi
3

—^

<

3

S3:

t5v

•e-o

351

b9 8
£2

3E

i>9 3

When the Music is of four parts, the sixth, and sometimes the fifth, accompany it ; of the two the f°rm{r.j
most agreeable if the bass keep on at the resolution ; but either of them may be used if the bass descend a tnitf
at the resolution.
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The ninth may have other discords mixed with it. For example, it may be mixed with the fourth, and in that
case the fourth must be also prepared and resolved as a discord. The ninth may be also mixed with the seventh,
which must also be separately prepared and resolved. It is to be held in mind, that when the fourth and ninth
are mixed the fifth must be in the fourth part, and when the seventh and ninth are mixed the third must be in
the fourth part.

The other natural discord is the seventh. Which is also of two sorts, the major, which contains one semitone
major less than the octave, and the minor, which is one whole tone less than the octave. These sevenths are
both prepared and resolved in the treble as well as in the bass, most generally, however, in the upper part. They
will be here classed under those two heads.
The preparation of a major seventh, is a third, a fifth, a sixth, or an eighth. Its resolution in a third, a
sixth, and a fifth, from the concords in which it is prepared, as under.
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We may here remark, that the sharp seventh must have the major third on its resolution, otherwise the bass
would rise a tritonus or descend a semidiapente, which are unallowable skips. For example, w hen the seventh is
between F and E, it is resolved into a third major to avoid the tritonus. This seventh is resolved into a sixth
major, the bass holding on. It may be resolved into a sixth minor, if the bass rise a semitone minor at the
resolution.
The minor seventh is prepared in a way similar to that of the major seventh, but it can only have its resolution
in a third or a fifth. The third into which it is resolved may be either major or minor, as the discord respectively
descends a semitone major or a whole tone. If on its resolution into a fifth, the upper part descends and the
bass rises, each a whole tone, the fifth will then be a defective one, and in this case the treble afterwards descends
one more degree, and the bass must ascend another to resolve the semidiaoente.
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In three parts both the sevenths require that a third should be taken with them.
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When four parts are used, both the seventh major as well as minor must have the accompaniment of tie third
and fifth. If the fifth does not come in, the preferable way is to double the note to which it is a seventh, and w>
to double the third.
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The seventh minor may also, in three or in four parts, be prepared in a fourth, and finish, for variety's sake, in
the third, instead of closing in the eighth with the part that had the seventh, but the third part must end with
the fifth. All these modes of using sevenths will answer for cadences.
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Sevenths, whose preparation and resolution are in the bass or lower part, must not be practised in less than Prepared
three parts, inasmuch as they must have the accompaniment of the second or its replicate, which, it has already »nd re.
been observed, is the note which makes them discords. These sevenths are reckoned from the upper sound down- ■'jjjntdmtha
wards to the lower, and are of two sorts, major, that is a semitone major, and minor, being a whole tone less than ata'
the octave, counting downwards from the lowest of the two adjoining notes in the upper parts.
The minor seventh is prepared in the third minor, the fifth, and in either of the sixths, never in the eighth, in
order that two consecutive octaves may be avoided, because it can only be resolved in the eighth. If it be prepared
in the sixth minor, the bass must be in £ or A. If in the sixth major, the bass must be D or G, if it is the
intention to keep in the natural scale.
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The seventh mnjor is prepared in the third major, in both the sixths, rarely in the fifth, never in the eighth. Its
best resolution is in the eighth, which must be accompanied by a sixth. It may also have its resolution in a sixth,
which must have the accompaniment of a third. When the seventh major is prepared in the sixth major, the
bass, if we intend keeping in the natural scale, must be B or E.
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In four parts, it is necessary that either of the sevenths (prepared and resolved in the bass) should have the
-accompaniments of a seventh and a fourth.
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Diminished We have now said as much as we think uecessary in a Treatise of this nature, relating to the seventh when preor extreme pared and resolved in the bass. It may, however, be well to add, that besides these sevenths there is still another
flat sevent . wnjcjlj ;n ancient Music, was confined in its use to instrumental Music chiefly. It is called the diminished or
extreme flat seventh. It is created when the natural flat seventh, prepared and resolved in the treble, is made
still flatter by sharpening accidentally the note in the bass. The interval is such as that between G 8 and F
or between C 8 and B b, &c, G and C being sharpened in the bass.
If we use the diminished seventh as a discord, its preparation and resolution must be in an upper part. It is
best prepared in a sixth ; into which concord it is again resolved by removing the accidental sharp in the bass on
the resolution. The best resolution is into a major sixth, by the upper part descending only a semitrne major;
but it may also be resolved into a sixth minor, if the treble descend a whole tone on the resolution.
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It is to be observed that we may use the diminished flat seventh without syncopation ; it must then, however, be
preceded by a concord and followed by a fifth or by a third. The natural flat seventh, when syncopated, may
sometimes be resolved into the extreme flat seventh, which must afterwards be followed by more.
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If the Music be of three parts, the accompaniment must be a third or a semidiapente.
third and semidiapente or flat fifth must be taken with it.
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Our next duty, having explained the use of the natural discords, will be that of showing how the artificial dis- Artificial
cords are treated, which we so call because of their being created discords of concords by the next note above discordi.
being sounded with them. Those most employed are the fourth and fifth made discords. If with the fourth the *"ourUl
fifth is placed and used at the same time, it becomes a discord. The preparations and resolutions are as
follows : it may be prepared in the eighth, sixth, fifth, and third, and resolved by the third, sixth, and eighth, if
the treble keeps on, and the bass rises a fifth or falls a fourth, rises a third or falls a sixth, rises one degree or falls
one degree. Or it may be similarly resolved if the treble falls one degree, and the bass keeps on or rises a fifth, or
falls a fourth, or rises a third or falls a sixth. The resolution of it in an eighth is best when made on a divided
bass.
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Besides the resolutions here given, the fourth may be resolved in the semidiapente, or false fifth, if the bass fall
a third minor, and the discord descend a whole tone.
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It may also be resolved fn the tritonus, or sharp fourth, if the bass descend a whole tone and the discord a
semitone major ; but these falsa relations must be thereafter resolved as will be shown. The fourth Is useftil in 1
cadences where there are many parts.
Q' Q?Q 0 , O

In four parts, the best accompaniment is the eighth.
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When the sixth is taken and struck with the sixth it becomes a discord. Its preparations and resolutions are FiOh «» >
as follows. It is prepared in the eighth, sixth, and third, and resolved by the third and sixth, if the treble keeps on ducor<k
and the bass rises a fourth or falls a fifth, or the bass rises one degree, or the bass rises a sixth or falls a third.
And, also, if the treble falls one degree and the bass rises one degree, or it rises a sixth or falls a third.
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In four parts, it is best to accompany this fifth with a third, as under :
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In closing our remarks on the artificial discords we think it proper to observe, that the natural resolution of the
semidiapente, flat or defective fifth, is for the bass to rise one degree after it, and for the upper part to fall one,
the parts thereby meeting in a major third.
The natural method of resolving the tritonus, or sharp fourth, is for the bass to fall one degree and for the
upper part to rise one, whereby the parts meet in a minor sixth.
Discords by In our remarks on discords we have hitherto confined ourselves to their mere preparation and resolution.
■ But there is another way in which they may be and are constantly used without such regular preparation and
resolution, though they are then no longer considered in the light of discords but passing or transient notes.
They are, nevertheless, discords ; that is the second and seventh, as also the fourth, if used in only two parts, but
not so in three or four parts, for the fourth then is a perfect concord, unless made a discord by the fifth, as we
have seen above.
If we make use of the discords of the second, seventh, and fourth, and their replicates, or octaves in divisions,
or diminutions as passing notes, it will be necessary to take care that the notes which fall on the accented parts of
the bars be concords ; but those in the unaccented parts may be discords if we take care to proce
degrees upwards or downwards, and that thereafter our progress to a concord be upwards or downwar
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The mode of division by which discords are used upon the second accented part of the bar is called supposition,
inasmuch as the discord thus brought in is supposed a note higher or lower than it really is ; that is, we may
suppose it at the degree the concord goes to. It is usually written in the treble or the bass, when in the plain
counterpoint there are two or more notes of equal value or length in a bar that proceeds by skips of thirds
rising or falling.
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In skips of this nature only can discords be used on the accented part of the bar, that is, by breaking or dividing
two notes that skip a third into three, the first note keeping its original length of two out of four parts of the bar,
whilst the second note is divided into two of less length ; by which method the first of the smaller divided notes
is the discord, and will be on the third part of the bar, or second accented part; and the second or last divided
note, which is the concord, will be on the fourth or last unaccented part of the bar. When the discord by suppositio n rises by degrees, or falls similarly to the concord, we can, if we proceed by a single degree, ascend or descend,
as may suit us, to the note following the concord. If, however, the discord descend to the concord, and we wish to
proceed by skip to the following note, it must be done by ascending to it ; and if the discord ascend to the concord,
we must, if we wish to go by leap to the note following the concord, descend thereafter
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The student must recollect that no note can be the end or conclusion if a discord by supposition precede it, but
that he must proceed one note further beyond it : if gradually, either upwards or downwards ; if by a leap, it must
be as already directed ; that is, if a skip is made after three notes which ascend gradually, it must be descending,
and if after three notes which descend gradually, it must be ascending.
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And here it is right to notice with respect to those divisions which (ouch a discord after a concord, and thereon Mm
immediately return to the concord that was struck before the discord, that if the discord ascend by a single degree
from the concord, and then by falling a Bingle degree return to it, we must then skip upwards if we wish to go
by a leap to the note that follows the concord. If, however, the discord fall a single degree from its preceding
concord, and then by rising a single degree return again to it, we must skip downward if we are desirous to go
by leap to the note that follows the concord.

Discords by supposition may he used in the first half of the bar as well as in the second half, taking care thai
if we use them in the first accented part of the bar, they must also be used in the second half, and only in descend
ing. This method is used in basses that sing as a treble part, and is of importance in bass instrumental i

Thtrs if discords by supposition are employed on the first and second accented parts of the bar, it must be
when the notes of the real or plain harmony skip by thirds, descending; in which case, in this division the tea
accented notes, which are the first and third in the bar, begin by supposition a degree higher than the real nets
and are therefore discords, which afterwards descending a degree are followed by the concords on the unaccented
parts of the bar, which are in reality the notes of the skip.
To illustrate this in numbers which will be sufficiently intelligible, suppose that the skip of the real sounds, is
from the third to the unison. Then, to bring in the discords by supposition as passing notes on the first and second
accented parts of the bar, a note must be taken higher than the third, which gives a fourth for the first accented
part, the third then follows on the first unaccented part; then taking a second, being one note higher
than the unison on the second accented part, the unison itself follows after on the last unaccented part of the bar.
Hence the skip of a third descending from the third to the unison, is fourth, third, second, unison by supposition.
If from the fourth to the second, it must be filth, fourth, third, second. From the fifth to the third, it makes sixth,
fifth, fourth, and third. From the sixth to the fourth, we have seventh, sixth, fifth, and fourth. From the seventh
to the fifth, it will be eighth, seventh, sixth, and fifth. And from the eighth to the sixth, we must place ninth,
eighth, seventh, and sixth. It is hardly necessary to state that with the replicates or octaves the same arrangement
must take place.
Though we have thus far only mentioned the rules for employing discords by supposition where the plain
or real notes proceed by skips of thirds, it is evident from what has been said that discords by supposition
may be equally used in skips that proceed by fourths, fifths, sixths, sevenths, eighths, &c., both ascending and
descending; but in this case we can only bring them in on the second accented part of the bar, and that by (be
division of the two notes that define tlte skip into four notes, whereof the first must keep its place on the first
accented part of the bar, the other three ending gradually on the last note of the skip, thus making as it were a
divided third. In the example below, the first line contains the plain notes, and the second the treble by supposi-
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tion ; and In the second appended example, the second line contains the plain bass notes, and the third the bass Music,
by supposition.
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In explanation of the above, tafte the skip of tie eighth descending; to the third, which- ia a skip of a sixth, then
by the rule we- get. eighth, fifth-, fourth-, third. Ob if the skip of the sixth be ascending, as from the fifth to the
tenth, we get fifth, eighth, ninth, and tenth. By these examples we see that the supposed discord is on the second
accented part of the bar. Thus we may use-discords by supposition in any given- leaps ; they are, however, as will
immediately occur to the reads, suited to instrumental and not to vocal music. But we have said enough to give
an insight into that kind of division which is called supposition.
Variation is the subdivision of a division. It is effected by dividing a note or sound into two, three, or more Variation,
notes, so that that note is always retained upon which the variation is made, making it the first note of the
division, and then proceeding to make two, three, or more notes upon it without changing the air, that is, the
melody or harmony of the note upon which the variation is made.
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Variation may take place either in the bass or treble, but it should not be carried to excess in the bass, especially
in vocal Music ; and the ear, moreover, does not so well distinguish and separate quick progressions in low tones.
We subjoin an example of variation in the bass.
.—
m
z

Anticipa
tion.

Discords, as passing notes, may be used in several ways; we shall however only mention two others in addj'troa
to those already given, one of which is called anticipation and the other postposition, but they are both more com
monly known by the name of driving notes. They may be used both ascending and descending, and in the treble
as well as the bass.
If a note be brought upon the unaccented part of a bar in such a manner that it has not yet obtained its right
harmony, but by keeping on it will acquire it upon the succeeding accented part of the bar, the other note moving
to give it the harmony, it is called anticipation. It is used in ascending as well as descending, and as we have
observed, in either part. In ascending, rising takes place when the part anticipating rises one degree to make a
discord in the unaccented part of the bar, the note keeping on becomes a concord in the next accented part by the
motion of the other part. Hence if the treble anticipates a fourth on the unaccented part, the fourth becomes a
third on the succeeding accented part of the bar if the bass ascend a degree, or an eighth, if the bass descend a
fifth, and a sixth if the bass descend a third. So when the treble anticipates a seventh it becomes a sixth if the
bass ascend one degree, or a third if the bass fall a fourth. When the treble anticipates a second, it becomes a
fifth by the bass rising a fifth or falling a fourth.
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When the bass anticipates in ascending to a second, the second keeping on becomes a third by the treble
ing one degree, or it becomes a fifth by the treble falling a fifth.
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When anticipation is used in descent, the part which anticipates falls one degree to a discord in an unaccented Music,
part of a bar, and that holding on becomes a concord in the succeeding accented part by the other part mowing. v—v—Thus, suppose the upper part to anticipate, by descent, one degree to a second, that second becomes a third by the
bass descending one degree, or a unison by the ascent of the bass one degree.
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If by descent one degree the bass anticipates to a fourth, the fourth becomes a third by the treble falling one
degree. If by descending one degree to a seventh the bass anticipate, the seventh becomes a sixth by the descent
of the treble one dejrree.
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Though there be many other ways in which anticipation may be effected, both ascending and descending, we do
not think it necessary to give any more examples. The student by practice on the discords cannot fail of finding
them out and using them, if what has been premised be well understood.
If we place a discord on the accented part of the bar, and it be followed by a concord on the next accented part, Postposisuch position of the discord, without that preparation and resolution which the laws of harmony require, is called Hon.
postposition or retardation of the harmony. It is effected in the upper part when a discord taken on the accented
part becomes a concord on the succeeding unaccented part by rising one degree, the note in the bass keeping on.
A second thus becomes a third.
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It takes place in the bass when that having a third on it in the unaccented part of the bar and holding on the
treble has a fourth as a discord upon it in the following accented part of the bar, which, by the ascent of the bass
one degree whilst the treble keeps on, afterwards becomes a third.
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In descending:, postposition trices place when the discord on the accented part of the bar is made a
the following unaccented part, the bass holding on and the treble descending one degree. Thus a fourth becomes
a third.
1 1 1 i : l-rl r i~n .
/ w ^

Cadences.

A cadence may be defined as the conclusion of a strain,
or of the parts of it in places of the composition dividing
it as it were into so many clauses or periods. It is in
short, as the term expresses, the fall or conclusion of a
series of harmony which the ear seems naturally to ex
pect as its termination.
There are two sorts of cadences perfect or final, and
imperfect or middle. To make the former three differ
ent modes may be adopted. We shall commence by ex
amples in two parts only, in which the cadences should
always end in the unison. It is effected by a minor third
in the penultimate note, which afterwards falls a whole
tone or semitone major to the unison, the last note of
the cadence. If it descend a whole tone, it is necessary
that the under part should rise a semitone major to
meet it in the unison. But when the minor third in the
upper part falls only a major semitone-major to the
cadence note, the bass rises a whole tone to meet it in
the unison. The semitone major may be natural or
accidental by means of a sharp or flat. The following
is a cadence in two parts in the key of C in the unison.
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The remaining perfect cadence in two parts, is in t
octave or eighth, aud is best by contrary motion aud as
gradual as may be. In this the penultimate must be a
major sixth, namely, the note in the upper part which
ascends to the final or cadence note by a whole tone or
semitone major. When the upper part rises a whale
tone, the bass descends a semitone major. If, howevtr,
it ascends a semitone major, the bass descends u full
tone, in order that the two parts may close the cadence in
the eighth. Thus,

There are, however, two ways of making a cadence ob
the eighth, whereof that which is above given is the best
if two parts only be employed. The example shows
that the seventh here, after preparation, is struck on the
antepenultimate and resolved into a major sixth in the
following note, upon which the upper part rises a major
semitone, the bass descending a whole tone, which leaves
the parts an octave apart and closes the cadence. The
next example of the cadence is on the eighth in E in tiro
nd as follows :

Here the second, which is a prepared discord, appears
upon the antepenultimate note, and is resolved by a
minor third upon the last note but one, upon which the
upper part falls a whole tone, the bass at the same time
ascending a semitone major, whereby the cadence is
completed.
The next example is in the unison on £,

3
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1

in which the difference between it and the preceding
example arises from the upper part descending a semi
tone major, while the lower part ascends a whole tone
to the unison. This turning the cadence in E differs,
moreover, from that of the other keys, inasmuch as the
whole tone takes the place of the semitone, and the
semitone that of the whole tone in the others.

It is only necessary to remark upon this cadence as ob
that in the unison, that it is in the key ofE, and we have
a semitone where the other keys have a whole tone, and
the whole tone where they have a semitone. The re
maining method of taking the cadence on the eighth,
which in truth is similar to the cadence in the unison, is
as follows :
<crz
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it differs only in the parts being a tenth instead of a third
Music, in which, comparing it with that
opart.
We now subjoin three cadences in C and two in E, in which they are exhibited with the best harmony on the
last note of the cadence.
Key of E.
Key of C

The mode of making these in four parts and accompanying the discords in them, has been already laid down.
The first of the above cadences is sometimes called the grand cadence. It closes in the unison or eighth, and
differs from the other, inasmuch as the last note but one must be a major third, which then rises a major semi
tone, whilst the bass falls a fifth or rises a fourth to the cadence note. If the bass rise a fourth, it is a cadence in
the unison, if it fall a fifth, it is a cadence on the eighth. It should not be used in two parts because of the skip
to the last note in the bass, which is better where there are more parts. These cadences in the unison and the
eighth seeming to answer to tlie full stop in writing, appear thence to have acquired the name of final cadences.
The imperfect, or middle cadences, are so called from their being used in the middle of a strain where it is not the
composer's intention to close it finally. The fullest of them is on the fifth, seeming to answer not only to the colon
and semicolon in writing, but also to notes of admiration and interrogation ; when seeming to denote the latter,
the upper part rises to the cadence note, which is a fifth. A melancholy expression is produced by its rising, and
the contrary by its falling to the cadence.
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The next in order as to excellence are middle cadences in the major third or minor sixth; they are a species of
weaker interrogation when the upper part rises to the cadence. They both rise and fall to the last note of the
cadence.
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The middle, or imperfect cadences, which are considered the worst, are those in a minor third or major sixth.

Music.
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In all cadences, perfect as well as imperfect, if the words or sequence of a particular movement require it, they
may be divided and subdivided in the part occupying the syncopation or ligature of the cadence, which may take
place in any part of the composition, as may be seen by the examples.
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A cadence is avoided when, after having prepared and resolved the discords preceding it, we go to some other
note than that on which it ought to conclude and thus break it off, and it is then called the flying, avoiding, or
deceptive cadence.
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Modulatian.
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The reader, we presume, will be able, from what has been already given, to form examples for his own study ; «e
shall therefore leave this part of the subject to proceed to the following important section.
"When in the course of a melody the key note is changed and the original scale altered by the introduction of
either a sharp or a flat, such change is called modulation. More properly speaking, it is the method of keeping in
and using the principal key ; but it is more generally received in the sense of the definition we have given. As th*
key is the result of harmony, from that harmony also arise the laws of modulation. These are simple enough in
their nature, but difficult to follow. They are, if you desire to keep in the key, first, to use all the different sounds
of the scale as much as possible, uniting them in a good melody, and dwelling principally on those which carry the
essential chords. Or in other words, the chords of seventh and key notes will be frequently wanted, but in dif
ferent forms and by varied methods in order to avoid a monotonous effect. Secondly. To take cadences or pauses on
these two chords only, or at furthest on that of the fourth of the key. Thirdly. Never to alter the scale, because if
a sharp or flat is introduced which does not originally belong to it, or one is taken from it, the key is then quitted.
In order to pass from one key to another, it is necessary to consider the analogy or relation between the two
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Leaving the key of C
he

Leaving the key of A minor.
These immediate modulations show the method of passing by following up the rules into the i
and of returning to the principal key of which we are never to lose sight. But it will not be s
routes we are to take without knowing the way to their entrance.
On this head we shall give a summary of the precepts. In a given melody, in order to introduce the modula
tion desired, it is only necessary to hear the alterations it causes in the notes of the key left to suit them to thit
whereto we proceed. Suppose we are in C major, it is only necessary to strike an F sharp to indicate the key of
the fifth, or a B flat to indicate that of the fourth. Then go over the essential chord of the key into which too
have entered, which, if well selected, will give your modulation a regular and pleasing effect. In harmony there is
considerably more difficulty, for as it is necessary that the change of the key should appear in all the parts at the
same moment, we must keep our eyes on the melody and harmony conjointly in order to avoid twodiffereut modu
lations. Huyghens has remarked, that the disallowance of consecutive filths in harmony is founded on this prin
ciple. In truth, one can scarcely, in two parts, introduce consecutive fifths without finding that he has ben
modulating in two different keys.
To introduce a key there are many who say it is sufficient to give the perfect chord of that key, and that its
indispensable to it; but it is clear that the key can only be determined by the sharp seventh or the fifth, which
must be heard in proceeding to the new modulation. A good rule seems to be that the seventh should always be
prepared in It, at all events the first time it is heard ; but iu all the allowable modulations this rule is not mv.s
practicable, and we always shall find the modulation good if the fundamental bass proceeds by consonant intervals,
if we keep that harmonic tie which in a chord preserves one or more of the notes used in that preceding, if we
regard the analogy or relation between the keys, and if we avoid false relations. Composers, moreover, lay it
down as a rule not to change the key, except after a perfect cadence, but this is rarely attended to.
All the methods of passing from one key to another, are five for the major and four for the minor keys : if any
other be used than is indicated in the subjoined diagram, unless it be an
modulation it
considered good.
7
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Leaving the major key of C.
7
8
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Leaving the minor key of A.
We shall close this section by presenting to our readers a Table showing the mode in which a
the keys of C major and C minor may be taken to every other key in the scale, which by
made available in proceeding from Bny keys whatever to any other sought, and in four parts.
C major to C t major,

MAJOR.

To E major.

To B major.

To E b major.

may be
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To A b major.
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To B b major.
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To E minor.

To F minor.

To F# minor,
r
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To G minor.
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To A minor.

To A b minor.
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1
To B minor.
-4

To B b minor.
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C minor to C # minor.

To E b minor.

To D minor.

4
MINOR.
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To E minor.
fcfcr-l
rr-H-

_
.
SEE

1

1

To F minor.
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To F# minor.

WTo G minor.
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To A b minor.

To A minor.

To B b minor.

To B minor.
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To C # major.

To D major.

To E b major.

To E major.
To F major.

is
i
To A major.
To A b major.
fc^-H

i

To B b major.

To B major.

*-H
-fed-

:es:
By the transposition of the above Table into all the different keys it is clear that we shall obtain its
those, however, who wish to save themselves that labour may consult the authority we have above used,
namely, The. Art of Musical Modulation digested in twelve Tables, by Philip Joseph Frick ; who at one period
of his life was organist at the Court of the Margrave of Baden, and died in England in 1798, having- been
also author of a Treatise on Thorough Bass, published in 1786, which it has not been our good fortune to have
seen.
Fuguee,
Fugue, as well as imitation, consists in a certain repetition of the melody in the different parts or their follow
canuus,
each other at intervals of time, each repeating what the first had performed according to certain rules. The
and imita- ing
part which leads is called the guide, and that which repeats it the answer. The latter always proceeding by the
same species of intervals, or in other words, the relative situations of the tones and semitones standing in the same
order in one part as they do in the other. Of imitation, as it requires no particular skill, we shall merely observe
that it consists in a certain continuance of the melody in any of the parts repeated at pleasure, and without very
great regularity; and that it is only in the repetition of this melody that it resembles fugue.
In writing fugues the following are the principal rules to be attended to: First. The key note and its fifth for
the first and last notes of the fugue are preferable to any other, especially if you are not thoroughly master of the
mode of proceeding with them. The melody in this case is to be contained within the octave to the key. If it
exceed those bounds, such as are above or below the octave are deemed the same as those within the octave.
Secondly. If one part begin or end with the key note, the other begins and ends by the fifth, and so of every other
note that answers within the octave to the key, and they must be so contrived that the notes between the key note
and the fifth may answer equally in each part, inasmuch as the agreement and regularity necessary in the notes
beginning and ending the fugue, should be equally observed through the whole continuance of the melody
whereof the fugue is composed. Thirdly. Whereas in diatonic progression, either in ascending or descending- from
the key note to its fifth, and the contrary, there is one note difference, you may make one of those two notes in
conjoint degree of that progression that contains the greater number to agree with the progression that must be
unavoidably used wherein there is one note less and that in the middle of the melody. Thus, if the melody of the
fugue proceed by descending from the key note to its fifth, we can therein only use the sixth and seventh notes;
but in order to make the same melody equal in descending from the fifth to the key we can pass upon the fourth,
third, and second notes, so that we choose one of the three last notes nearest the key note on which the air of the
fugue ends, so that the melody nearly approximates that first heard. Also, taking the progression containing the
greater number of notes, that which contains the least number must be made to agree with it rather towards the
tnd than at the beginning of the melody. The following examples will better explain this.
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In the first example, the sixth or seventh answers to E in the Guide. (1). In the second, the sixth answers to
the third. (2). In the third example, the seventh corresponds with the third. (3). In the fourth, the fifth (4) or
the fourth (5) answers to the key notes. In the filth example, the third corresponds with the seventh (6) or to
the sixth. (7). In the sixth, the third answers to the seventh (8) or to the sixth, (9), the second answers to the
sixth (10) or to the fifth. (11.) The fifth answers to the second (12) or to the key, (13), and the key note answers
to the fourth. (14).
There are many other points to be noticed in the choice between the five notes ascending to the fifth of the key,
to make an air answer to that of the four notes from the fifth to the key note ascending whether the air ascend or j-ourtlj/
the contrary, inasmuch as there are always five notes one way and four the other; it is sometimes necessary to
borrow even the second note or the fourth for the purpose of making up five notes from the fifth to the key note
ascending, or which is the same, from the key note to the fifth descending ; which matters will be subjoined in the
eleven following observations.
First. The fifth is always to answer the key note, and the key note the fifth in the first and last notes of the
fugue ; nor can this rule be avoided except in the middle of the air, where the fourth may be borrowed instead of
the fifth and the second instead of the key note, for the purpose of making the succession of the melodies in one
and the other more conformable, this means affording but four degrees from the second note to the fifth ascending,
or from the fourth to the key note descending, from which an air may be composed nearly similar to that within
the compass of the four degrees, from the fifth to the key note ascending or from the last to the other descending.
The same expedient gives us also five degrees from the second note to the fifth descending and from the fourth to
the key note ascending, according to the five degrees from the fifth to the key descending or the contrary. Now
when we are satisfied with the melody formed from these borrowed notes as nearly similar to that which is heard
between the key note and its fifth, it is because, on account of the diatonic scale, it cannot be exactly the same, the
notes of which scale being unchangeable by new sharps or flats except in minor keys, wherein a flat is added to the
sixth note in descending and a sharp to the leading note in ascending; with the liberty also of sometimes adding a
sharp to the third of all minor keys, and to the fourth of all keys when they stand in the place of a leading note, as
may be seen in the sixth example on the notes marked (1 5), so that the notes make a major third or a sharp sixth
with the bass.
Secondly, Having found the bass of the fugue, you may then seek for the other parts that may accompany the
vol. v.
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melody or bass, in which it is to be observed that the bass and other parts nearly follow the same progression as
the first melody and its answer ; moreover, he bass will admit the same relative chords in one as in the other
if the imitation be correct. Thus by the aid of the bass and of the other parts may be found the means of making
several fugues heard together, or of composing another sort of fugue called a canon whereof mention will be here
after made.
Thirdly. Several basses may be written to the melody of a fugue, or the melody may be written to suit a bass
more than any other part ; but this is of no consequence, inasmuch as by inverting the chords various basses may be
composed, or a part may serve as a bass though the melody might be more suitable to an upper part. Nothing is
more agreeable than alternating these different ways of accompanying a treble or bass, more especially in a fugue
where variety is only discernible in the accompanying parts. And when we said that the bass of a fugue might
always be nearly the same, it was to give the most perfect idea of the mode in which the melody of a fugue ought
to be imitated, the similarity of the chords being of itself a sufficient proof of it.
Fourthly. To ascertain the choice to be made of notes within the compass from the key note to its fifth ascending
and from that to the other descending, we must ever be mindful of the key note and its fifth which are usually the
boundaries of the melody of a fugue, but we are not to be so restricted as to prevent us from making the intervals
of the answer conformable to those of the fugue inverted, especially in the middle of the air. Thus, having the
interval of a third, fourth, fifth, sixth, or seventh in the middle of the first melody, the like should come in the
same part of the melody that answers the first and so of the others. This, however, is a rule from w hich deviation
may take place in favour of a diatonic progression or of the principal notes of a key, keeping in view rather what
follows than what precedes, and also the key note and its filth, which generally begin and end the fugue, rather
than the similarity of intervals we have laid down. Hence the interval of a fourth often answers that of a fifth,
and the latter often answers the former. If, however, one or more diatonic intervals occur after a consonant
interval, recourse must be had to those places where the key note appears, that the diatonic progression which is
found from the last consonant interval until the key note be duly imitated in the answer until the fifth, or if the
progression lead to the fifth it must be imitated in the answer towards the key note, especially if a progression of
either sort and by a cadence, fur the final cadence of a fugue should always be upon the key note and upon its
fifth. But if the cadence do not absolutely end the fugue, the fourth may be used instead of the fifth.
Fugues should seldom begin or end but by the key note, its fifth, or its third, the sixth or seventh then answer
ing to that third, as may be seen in the fifth example above given. Thus by adhering to what follows rather than
to that which precedes, and by the similarity of the chords that are to meet over the bass employed to melodies
which answer one another in fugue, a mistake will seldom occur. We subjoin some examples.
First Melody or Guide.
Answer.
First Melody or Guide.
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In the above example the continued bass shows that whatever bass you imagine to a melody proposed as the
subject, it may always have a similarity by carrying the same chords. In this case, however, the fundamental is
still better.
Fifthly. The melody or subject of a fugue should not be composed of less than half a bar ; if it contain more
than four bars the answer must begin in the fourth, but the movement should be somewhat quick that s
melody without harmony may be agreeable.
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Sixthly. Any of the parts may begin the fugue, but it must naturally end upon the first part of the bar or measure
>^r~^ when divided into two parts, and on the third part of the bar when divided into four parts. If it end in any other
part, it is for the sake of the words or some caprice of the composer. Novelty allows an occasional trespass on
these rules which are founded on good taste, and the surprise caused by their violation can only be pleasing in
the hands of a master possessed of judgment and discretion. Fugues may end also upon other notes than the key
note and its filth. We here give some examples in illustration of what has been advanced.
First Melody.

Answer.
-p-

a
I
X3:
at
EE
First Melody.

'4
7
t

7
8

3

3E
4=
Seventhly. The melody of the fugue must be imitated as nearly as possible. The same number of semibreves,
minims, &c, contained in any part of the measure must be employed wherever the fugue is heard.
Eighthly. Each part may be begun in the unison or the octave of the first part, but the effect is much more
striking and agreeable when the parts follow each other at the fourth or the fifth. A fugue may commence and
be answered by any of the parts throughout the composition. If the key be changed, every note of the fugue must
be relatively the same in the new key as to degrees as well as to quantity and measure.
Ninthly. We may wait until the melody or subject of the fugue be entirely completed, each part answering it after
the other, but as sometimes in the middle of the design each part may be contrived to answer, the effect is good if
nothing be changed. See the sixth example.
Tenthly. Much grace and variety in the harmonies may be effected by inversion, for having designed and arranged
the subject, it may be inverted in such a manner that the subject which has been heard ascending may be heard
descending and the contrary without any other change, as under.

33
Answer inverted.
Answer inverted.
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Eleventhly. Several fugues may be introduced together or after each other ; they should, however, be so brought
in as not to begin on the same part of the bar, nor in the same bar, especially for the first time. It is well to
invert their progressions, and increase and diminish the value of the notes as to time; and if they cannot be heard
together a part of one may at least be heard with part of another. To this we will add, that if the student desire
5*2
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Music to see what can be Hone, and that beautifully, in treating a fugue in every possible
-""V""'' shape, and to profit by it, the fugues of John Sebastian Bach will afford him abun
dant opportunity.
The cunon is a species of fugue, sometimes called a perpetual fugue. It consists in
an air the subject of which is repeated in all the parts. The most common are those
taken in the unison or in the octave, and they are treated according to the extent of
the voices or instruments employed. To compose this species you make your subject
at pleasure, adding as many parts as you think proper ; of these an air is composed
with the melody so contrived that one part serves as a prolongation of the other.
After this the air begins by one of those parts, and this is immediately followed by
another at the time the first subject is ended. Thus each part following the other
when the first is concluded, it recommences, still followed by the others as at first,
care being taken that each part began at its proper place. If one of the subjects
contained in each of the five parts in the margin were selected, the others might be
easily added, and thence an entire air made wherein all the difficulty of this canon
consists, namely, in the air.
The melody of the five parts is very obvious in the canon below, which is founded
on the bar at the side hereof, some notes are added merely for the sake of the air;
and it must be observed that the parts begin the air after each other when the pre
ceding one is at the mark '<£
X

Dal Segno.

'

P
This perpetual fugue may be taken up at the fifth and at the fourth ; when this is done the whole of the melody
must be arranged and accidental sharps and flats, as requisite, added to those notes where the use of the oatunl
degrees would prevent the air from being exactly similar without regarding the modulation but the melody only,
whence its difficulty ; because each time that a part takes up the fugue it must enter a new key, as the fifth if the
part takes up at the fifth, or the fourth if taken up at the fourth. Whereas in the canon above given the partsue
unlimited in number, so in that whereof we have just been speaking they do not exceed four parts. We shall here
place before the reader the finest specimen now extant of this kind of Music, which Callcott says "will ever
remain a lasting ornament to the taste and science of the Country in which it was produced;" to which we will
add, that we do not believe there is any composition whatever that has been so often performed since it was
written.
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We shall conclude this part with the words of the admirable Hooker, who in the Vth Book of his
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Music. Polity says, " Touching Musicall harmony, whether by instrument or by voyce, it being but of high and low in Music
•^v-^ sounds a due proportionable disposition, such notwithstanding is the force thereof, and so pleasing effects it hath v-^v—
in that very part of Man which is most divine, that some have beene thereby induced to thinke that the soule itself
by Nature is, or hath in it harmony. A thing which delighteth all ages and beseemeth all states ; a thing as season
able in griefe as in joy ; as decent being added unto actions of greatest waight^ and solemnitie, as being used
when men most sequester themselves from action. The reason hereof is an admirable facilitie which Musicke hath
toexpresse and represent to the mind, more inwardly than any other sensible meane, the very standing, rising, and
falling, the very steps and inflections every way, the turnes and varieties of all passions whereunto the minde is
subject : yea so to imitate them, that whether it resemble unto us the same state wherein our mindes alreadie are,
or a cleane contrary, wee are not more contentedly by the one confirmed than changed and led away by the other.
In harmony the very image and character euen of Vertue and Vice is perceived, the mind delighted with their
resemblances, and brought, by having them often iterated, into a loue of the things themselves. For which cause
there is nothing more contagious and pestilent then some kindes of harmonie ; then some nothing more strong and
potent unto good. And that there is such a difference of one kinde from another, we neede no proof but our
owne experience, inasmuch as wee are at the hearing of some more inclined unto sorrow and heavinesse ; of some
more mollified and softened in minde ; one kinde apter to stay and settle us, another to move and stirre our affec
tions ; there is that draweth to a marvellous grave and sober mediocritie ; there is also that carryeth as it were
into extasies, filling the minde with an heavenly joy and for the time in u manner severing it from the body. So
that although we lay altogether aside the consideration of diltie or matter, the very harmony of sounds being
framed in due sort and carryed from the eare to the spirituall faculties of our soules, is by a natiue puissance and
efficacie greatly available to bring to a perfect temper whatsoever is there troubled, apt as well to quicken the spirits
as to allay that which is too eager ; soveraigne against melancholy and despaire, forcible to draw forth teares of
devotion, if the minde be such as can yeeld them, able both to moove and to moderate all affections."
On Musical Temperament and the Compass of Voices and Instruments in an Orchestra.
As in our imperfect instruments and common notation of Music only twelve intervals of sound are admitted Tempera*
into the octave, and as intervals or concords, though of the same name as thirds, fourths, &c, do not consist of the Inen*'
same degrees or elements, though there may be always the same number of them, as some fourths or fifths are
perfect and others not, a deviation from truth and nature is necessary to accommodate or mend the imperfect con
cords by transferring to them part of the beauty of the perfect in order to remedy the defect. The process by
which they are accommodated or tempered is called temperament.
If a string be stretched between two bridges and it be stopt in the middle, and the sound of half of it be com
pared to that of the whole, we acquire the idea of the interval of two sounds whose times of vibration are in the
ratio of 1 to 2, and their vibrations are in proportion to their lengths, so by other divisions of the string we
acquire ideas of other different intervals. Now if the Musical string
1
r 1 If ffft
D E F G A Bc
C O and its parts D O, E O, F O, G O, A O, BO, and CO, be in proportion to each other as the numbers 1, $,
i< i- tV i> their several vibrations will exhibit the system of the eight sounds to which Musicians have given
the names of'C, D, E, F, G, A, B, c. If we tune accurately four following fifths upon an instrument or string,
as C, G, D, A, and E, we shall find that the last fifth E will be a discordant major third with the C from which we
started, and, indeed, too sharp for the ear to bear; in short, it is not the same E produced as a filth from A which
we ought to have as the third of C. Let us suppose a string long enough to sound the interval from C to E
as above, and its subdivisions into fifths be taken as relates to the length of the string, they will stand as follows,
each being three times the length of the preceding, C = 1, G as 3, D = 9, A = 27, E = 81, which will
represent its quantity. Now the third major E from C in the above diagram is J of the string C O, or
which is the same, from C, or the octave itself will be represented by 5 ; then we shall have them going by
octaves each double the preceding, thus E = 5, E — 10, E = 20, E = 40, E = 80. But by the first operation
we had E = 81, therefore these two E's are different and their ratio is
which is exactly the value of a major
comma. It is manifest that by following up this system of ratios we may obtain those of any intervals sought.
If we produce the progression of fifths to the 12lh power, which will happen on B sharp, we shall find that this
B sharp will exceed the C wherewith it should be in unison, and that it is in the ratio to it of 531441 : 524288,
which is the comma of Pythagoras. By the preceding calculation the B sharp should have exceeded the C by
three major commas, whereas it only exceeds it by the comma of Pythagoras. The same sound then E, which is
the fifth of A, is to form a third major of C ; it is the division of the overplus in the octave which is to be tem
pered in tuning an instrument. This is not the place for a further investigation of the subject which properly
belongs to the doctrine of harmonics, but we thought the simple and concise view we have taken of it would be accept
able to the Musician who would not be inclined to study that doctrine. The following is a Table from Dr. Smith
of the ratios of the different intervals which we think useful to him.
Perfect Ratios.
Intervals' Names. Mark.
C c :: 2:1 C c Octave.
VIII.
3 T + 2 t + 2 H.
B c :: 16 : 15 Be Hemitone.
H or 2nd.
VII.
C B :: 15 : 8 CB VII. major.
3 T + 2 t -f 2 H.
C D :: 9:8 C D Tone major. T or II.
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.t.rvaV Names.
Mark.
Element..
•• •• 16 : ft Dc 7th minor.
7th.
ST+St + iH.
3rd.
T+ H.
• • 6 : 5 A c 3d minor.
VI.
2 T + 2 t + H.
:: 5 : 3 C A VI. major.
III.
T + L
■ 4 a : 4 CE III. major.
6th.
8T + 4 + 2H.
• * 8 : 5 Ec 6th minor.
4th.
T + t + H.
4: 3 Go 4th minor.
* * 3: 2 CO V. major.
2T + <+B.
V.
IV.
2 T + t.
45 : 32 FB IV. major.
5th.
T + i + 2 H.
64 : 40 B/ 5ih minor.
• • 10 : 9 DE Tone minor. L
c.
T — r.
Comma.
81 : 60
Tuning the The mode of tuning the organ as recommended by Mr. Flight, a very skilful maker of the instrument, is to
organ.
divide the comma, or rather to distribute it over the instrument, instead of taking a series of perfect fifths, to
make each sufficiently flat to meet the error in the pitch of E, thus in the four fifths each would lose & quarter of a
comma and the major third will be perfect. From this E a similar set of fifths tunes B, E sharp, C sharp, and G
sharp, which last will then be a perfect third to E. Then going back to C, we must tune the F below, a quarter
of a comma too sharp to make C flat as a fifth in respect of F, and proceeding then to tune B flat and E flit in i
similar manner, the scale will be tuned by the common temperament. This method leaves the major thirds and
minor sixths perfect in scales not having more than three sharps or two flats in the signatures. Beyond that the
major thirds and minor sixths are harsh. So the minor thirds within those limits are too flat and the major sntta
too sharp by a quarter of a comma, and the fourths equally too sharp. G sharp when standing for A flat ex
cepted. Those intervals which are changed, by diesis, an interval less than a comma, have received the name of
wolf intervals, from the howling sort of noise produced by their beats, and that between G sharp and E flat is called
the great wolf.
Piano-foiie. The piano-forte is generally tuned by dividing the scale as nearly as may be into twelve equal semitones. To
accomplish which the fifths are kept sharper than in the above temperament, being flattened not more thai tie
eleventh part of a comma. Thus the wolves disappear, but the thirds, and major and minor sixths are looiuna
for the organ.
Da Mo.
Notwithstanding the general reception of temperament as we have above explained it, there are those who do not
mSai'
admit its rules, and when we find so learned and celebrated a Writer as De Momigny among them, we confess our
selves somewhat puzzled. We shall give his view of it. He says, because by four consecutive fifths or twelfths
C 1, G 3, D 9, A 27. E 81, a different E is obtained from that formed by the octaves of the fifth and the C hstlf,
namely, E},E -fo, E -fo, E -fa, E -fa, persons have reasonably concluded that a temperament was necessary to
bring these two E's to the same pitch if we wish them to agree. To make them agree do we make them meet halt
way ? No ! It has been decided that the E 81 being the only wrong party concerned in the affair should be at
the whole expense of making good the damage, by submitting to the E 80, which is not to be moved^ Where
then is the temperament? It is in the diminution of each of the four fifths ^ ^, ^ ^, ^g^' an<^ 27 sr^^'5
E 81 being not only too high in the fifth last taken E, but equally so in the other three fifths, all four are tote
flattened not to reach81 but 80 only. If the mathematical point be 81, why not let the fifths reach it? Weh»«
just said why it is that 81 may become 80. Have nature and the mathematics two weights or two measures here,
inasmuch as by one we reach 80 and by the other 81 ? If these points are both equally natural and mathematical
why sacrifice one to the other, and why is the justness of the triplicate progression sacrificed to the other.
say that the ear, inexorable on the justness of the octave, is indifferent with regard to fifths? because that would
be saying that the ear was a perfect judge of an octave, but a partial one in respect of a fifth. How do we find
in the ear this scrupulosity which murmurs at the least defect in the octave and relaxes with regard to the fifth''
Has the ear also two weights and two measures, or is it not clear in respect to the octave ? It appears to me, ays
De Momigny, that if it is a good judge of one interval it is not less so of another, and consequently that.the fifth
which they call tempered, not to call it false, is at least a just musical fifth if it be not a just mathematical filth,
because it seems to ine absurd that Nature should contradict herself iu her most simple operations. One of Uw»
two things must be true. Either that the data of the triplicate or mi btri plicate ratios are not Musical, or thattae?
ought to agree with those of the duplicate or subduplicate proportion, if Nature ever intended that theyshouM
unite, without which it is evident she contradicts herself. But the triplicate ratio giving 81 and the duplicate rata
80, if these terms are both of them natural and mathematical and ought to reunite and become identified with
one another so as to be a true octave, it follows that the mathematical fifth should be too sharp or out of its
true Musical proportion, and at the same time that one of these ratios cannot be exact, and can only serve as
approximation and not as a perfect guide. Then to tell Musicians that they tune, sing, and play false, whenlwj
only correct the anti-Musical data of the mathematics, is unjust and unreasonable towards them, inasmuch as tMJ
cannot be wrong in substituting what is correct for that which is incorrect. If the ear had not been constantly
opposed to the sophists, who maintain that the data of the monochord are true as well as canonical and Musical,
their false scale would long since have been substituted for ours. Is it not strange that they should allege our
scale to be false because it does not agree with the data of the monochord, when, on the confession of thepairous
themselves of the monochord, of all the intervals which derive their proportions from the regulating string, it is the
octave only which is false in the result? The smallest or elementary interval being the semitone and the greatest
the octave which recommences the system, it is only necessary to form the semitones and octaves Musically true
to have the keys in tune and proper for playing equally well in every key. He finishes by observing, whateur
D:
A :
C :
C :
E :
G :
C :
F :
B :
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prejudices may exist, whether on the part of scientific or of practical men respecting temperament, it is certain, Music,
and must be allowed, that every ratio which oversteps or falls short of the true octave is a false ratio, since a true v—v~~
octave is indispensable in Music whatever be the species of degrees by which we arrive at it. It may be deemed
presumptuous in us to offer an opinion on this subject on which so many learned men have been engaged and
treatises written, but we must own that we incline to De Momigny's opinion, and that it is from some delect in the
formula; that the ear or rather Nature and mathematical science are at variance. De Momigny at the end of the
article, which is that of " Temperament," in the Encyclcpedie Melhodique, 1818, mentions that he was about to
make some experiments on the subject ; if he has done so, we are not aware that the results have ever been
published.
The instruments used in an orchestra are of three sorts besides the natural instrument of the voice and the Instruartificial ones of the organ, piano forte, and guitar ; namely, stringed instruments played with a bow, wind inatru- mentiand
orients, aud instruments of percussion. Each of these has its own peculiar character as well as compass; it is by "w'rcoo>
intimate acquaintance with their character, especially that of wind instruments, that the German masters ra*s'
have attained so great eminence, and have produced surprising effects by combining instruments unknown to the
Ancients. It is not our intention to detail these instruments separately, but as the reader, and especially the
Musician, should be acquainted with the compass of them, we have on the following page subjoined a synopsis,
altered from Choron's, which will give him at once the information requisite.
In the foregoing Essay the principal authorities we have consulted, and upon some of which we have drawn
very largely, are Choron's Principes de Musiqve ; Pepusch's Treatise on Harmony, published in 1731, a Work
of which Shield says, " It contains many exploded doctrines, but it likewise contains principles which will be the
basis of theory in 1800 or any other Century." Rameau; Dr. Callcott'g Musical Grammar; Encyclopedie
Mi'lhodique., Art. Musique ; Burney's and Hawkins's Histories ; Grassineau's Musical Dictionary. After the
synopsis of instruments will be found an explanation of technical terms used in Music, and a list of the principal
Writers on the Science.
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EXPLANATION
OF THE
CHIEF TECHNICAL TERMS USED IN MUSIC.

Music. Abbreviations are strokes over or under a semibreve, minim, or
^*fm~i
crotchet, which divide them into quavers if there be only one
stroke ; if two strokes into semiquavers ; if a triple stroke into
demisemiquavers.
Accent. The stress or expression given to certain parts of a bar or
measure.
Acciaccalura. A grace note one semitone below that note to which
it is prefixed.
Accidenta/t. Those flats and sharps which occur in a movement,
besides those which are prefixed in the signature.
Accord. See Concord.
Accrescimento. The increase of the length of a note one half of the
duration it originally has by means of a dot appended to its
right side.
Acute is understood of a sound or tone which is high in respect
of another.
Adagio, written Adag°. and Ad"., an Italian word denoting the
slowest of the Musical time, grave excepted.
Added lines and notet. Those lines and uotes above and below the
staff, which, proceeding higher or lower than the staff itself,
cannot be contained within it.
Ad libitum. A term used to denote that the time of the portion of
the movement to which it is prefixed is to be at the performer's
Affetto, or Afftltuoso, prefixed to a movement, shows that it is to
be performed in a smooth, tender, and affecting manner, and
thence rather slow than fast.
After note. A small grace note which, in contradistinction to the
appoggiatura, follows a larger one, and depends upon that
for its time.
Alia breve. The name of a movement whose bars consist of two
semibreves or four minims ; it is denoted by a barred C or
semicircle.
AHcgretlo. A diminutive of allegro : it is a time rather quick, but
not quite so quick as the allegro.
Allegro. A term used to signify that the movement is to be per
formed in a brisk, lively manner, but without hurry or precipi
tation, and quicker than any other time, except that marked
presto. The usual six distinctions of time succeed each other
in the following order : grave, adagio, largo, vivace, allegro, and
presto. If allegro be preceded by the word piu it adds to the
strength of the signification, intimating that the time must be
brisker and gayer than allegro. If preceded by poco, it weakens
the signification, and intimates that the time must not be con
sidered quite so brisk and lively as allegro.
At segno. A notice to the performer that he is to return and com
mence the repeat at the signJ3(
Alto. The countertenor part.
Andante signifies, especially in thorough bass, that the notes are
to be played distinctly.
Apotome. The remaining part of an entire tone after a major semi
tone has been taken out of it.
Appoggiatura. A small note placed before a larger one of longer
duration from which it usually borrows half its value. It always
occurs on the strong or accented part of the measure. Some
times it is only one quarter of the length of the note it precedes.
Arioso, or legato. See Legato.
Arpeggio, or Arpegaiato. The imitation of the harp on any instru
ment susceptible of such imitation by striking the notes of a
chord in quick and repeated succession.
Arsis and Thesis. . Terms used in composition, as when a point is
inverted or turned, it is said to move per arsin et thesin/, that
is, when a point rises in one part and faHs in another where an
agreeable variety is produced. Also the rise (arsis) and fall
(thesis) of the hand in beating time,
oi. An Italian adverb of quantity often joined to the words
allegro, adagio, presto, &c, and signifies that the measure and
motion of the piece should be kept iu a mean degree of quick
ness or slowness, quick or slow enough, but not too much of
either.
VOL. V.
773

A tempo giusto is a direction to play iu the true just time. See
Battuta.
Alio di cadenza is that disposition of the notes which not only
makes a cadence in one part, but directs and points it out in
others. Thus when the bass rises a fourth, or falls a fifth, this
motion is really a cadence, and at the same time it is a sign
that the other parts thereupon perform their proper cadences.
Authentic melodies are such as have their principal uotes contained
between the key note and its octave.
Back fall. The name, now never used, of one of the old English
graces.
Bar. A stroke vertically drawn across the stave, including between
each two a certain quantity or measure of time, varying as the
Music is either triple or common.
Baritone. Called by the French basse taille. It is, in fact, a high
bass, and in the ancient Church Music is written with the F
clef upon the third line.
Bass. The lowest or deepest of the parts in Musical composition.
Baton. Used to denote a rest of four semibreves.
Battuta. The motion of beating time with the hand or foot. By
the Italians the phrase A tempo giusto is used after a recitative
to show that the measure is to be beat true and just, which
during the recitative was conducted irregularly to suit the
action, or express some passion, &c. &c.
Beat. A reversed shake without a turn.
B molle. One of the notes in the scale of Music, usually known
as B b, or soft in opposition to B quadro.
B quadro, or quarrf. Taking its name from its figure f|. This
is generally called B natural or sharp, in contradistinction to
B uiol or Hat. As the \> placed before any note signifies that
it is to be lowered a semitone minor, so does the quarrl or fcj
raise it to its diatonic situation.
Bind. The same as ligature or tie, to group notes together.
Bis. Where this word is placed over passages which have dots
placed after one bar and before a subsequent bar, it signifies
that the passage is to be twice played.
Brace is the line or bracket at the beginning of each set of staves
in every line that ties them together in a vertical direction.
Breve. A note formed like a square without a tail, and eqm-.l to
two semibreves or four minims. It signifies also a measure
of quantity which contains in beating two down strokes with
the hand and two strokes up, but this only in common time
with the mark C. See Alia breve.
BrUlante. Brisk, airy, gay, and lively.
Cadence is the termination or fall of the notes on a chord or note
closing the strain and naturally expected by the ear, and is
much the same in Music as the period which closes the sentence
in a discourse. It is perfect when the harmony of the fifth
precedes that of the key note, and imperfect when the key note
with its harmony precedes that of the fifth or dominant with
out its added seventh, taking its name of imperfect, liecause the ear does not seem to acquiesce in the conclusion, but
to expect a continuation of the song or whatever the Music may
be. A broken or interrupted cadence, is when the bass, instead
of falling a fifth, as expected by the ear, rises a second either
major or minor.
Cadenza. Such an extemporary passage as the performer intro
duces previous to the final shake on the last note but one of a
melody where a pause /*7"V is marked.
Canon. A perpetual fugue written upon one line originally, with
marks to show when the parts that imitate are to begin and
end. This, however, is more properly what the Italians call
the Canone chiuso or Canone in corpo. The Canone partita or
riso/uto is when all the parts of a perpetual fugue are written
in partition, or in separate parts, with the proper pauses each is
to keep or observe.
Canto, or Soprano. The treble part.
Canto fermo. The plain song. The Italians call every part whether
plain or figured, of the subject of counterpoint, by this name.
50
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Capriccio. A term applied to certain pieces in which the
give! a loose to his fancy without confinement to particular
measures or keys.
Character: Those forms in Musical writing or printing which
are the signs of clefs, notes, rests, &c. &c.
Chonls. A combination of two or more sounds heard contempo
raneously, and forming a harmony between them.
Chromatic. The introduction of semitones between each of the
tones in the diatonic scale.
CUf. A mark placed at the beginning nf a staff representing a
note or letter of it which determines the names of the degrees.
It is always placed on a line, never in a apace.
Coda. The concluding passage of a movement when it occurs after
a protracted perfect cadence. Its length varies, in some cases
it runs to a great extent, in others it contains merely a single
phrase.
Codetta. A short phrase or passage not constituting a part of a re
gular section, but serving to connect one section with another.
Comma. A measure of a tone, or the smallest part into which it is
coramouly subdivided ; thus the tune between the fourth anil
fifth of the scale is supposed to be divided into nine small parts
termed commas.
Common time, or Equal time. That which contains one semibreve,
two minims, four crotchets, eight quavers, or their value in
every measure or bar.
Composition. The art of disposing Musical sounds into airs, songs,
&c
Concertantc. Those parts of a piece of Music which sing or play
throughout the whole piece, either alone or accompanied, to
distinguish them from those parts that only join at particular
parts.
Concord. The relation of two sounds that are agreeable to the ear,
whether applied in succession or consonance.
Conjoint degrees are those which adjoin each other in the order
of the scale.
Consonance. The union or agreement of two sounds produced at
the same time, the one grave and the other acute. Notes in
consonauce constitute harmony, as notes in succession melody.
Con torJim. Written short C S, with the dampers on a piano
forte, or tlie mutes on a violin. Senza sordini, or S S, signifies
without them.
Continued bait. The same as thorough bass, so called
it
goes quite through the composition.
Contralto. The countertenor part, or that immediately
the
treble in the scale.
Contra-tenor, or Countertenor. See Contralto.
Counterpoint. So called originally, because the notes
placed one against or over Die other without any stt
Now
every composition of many parts receives the name of counter*
point.
Crescendo. Increasing the sound from soft to loud, marked
Crotchet. One of the notes of time equal to half a minim.
Da Capo, or D C, signifies from the head : it is placed to such airs
as end with the first strain, and intimates that the song is to be
begun again, and ended with the first part.
Dash. A small stroke thus ' placed over notes which are to be per
formed in a short and distinct manner.
Deceptive cadence. That which, by varying the final chord, avoids
the final close.
Defectivefifth, or Semidiapente. An interval or semitone less than
the perfect fifth ; it is also called the flat, lesser, or diminished
fifth.
Degrees are the little intervals whereof the concords or harmonical intervals are composed. The three degrees in common
use are the greater tone, the less tone, and the semitone.
Demi-ditone. A minor third.
Demiquaver. A note, two of which are equal to a quaver.
Descant. A composition in several parts. It is threefold, plain,
figurative, and double.
Diapason. A musical interval by which most authors who have
written on the theory of Music use to express the octave of the
Greeks, as they use the terms diapente, dialessaron, and hexachord, to express the fifth, fourth, and sixth.
Diapente. An ancient term, but iu modern Music signifying a
fifth.
Diastem. A name given by the Ancients to a simple interval to
distinguish it from a compound one, to which they gave the
name of systrm.
Diatessaron. An ancient term, but in modern Music signifying a
fourth.

Dtalomc. That natural scale of Music which, proceed™ bT J* u
grees, includes both tones and semitones. It includes Jl
different intervals formed by the natural notes, and alio Jl
those produced iu transposing the natural scale higher 01 lo«a
by employing sharps and flats.
"
Diazeuctic tone. In the I
it Greek Music that which disjoined
two fourths, one on
side of it and which being joined to
either made a fifth.
Diesis. A division of a tone less than a comma.
Diminished interval. A detective interval, or one short of its iost
quantity by a lesser semitone.
Diminuendo. Diminishing the sound from loud to soft, marked
thus >
Diminution. The change of the notes of a phrase or section too
crotchets into quavers, quavers into semiquavers, kc. 4c.
Direct. A sign ^ thus employed at the end of a staff-to indicate
upon what degree the first note of the following staff it puced.
Discord. The relation of two sounds which am alwayi isdol
themselves disagreeable, whether in succession 01 coaunaoa.
Every discord must be prepared, struck, and rewired.
Disdiapason. A double octave.
Dissonance. The same as Discord, which see.
Ditone. An interval comprehending two tones.
Division. The dividing a larger interval into a number of leu istervals.
Oolce. Placed at the head of movements to signify that the]' are
to be played softly, sweetly, and agreeably.
Dominant. The sound which makes a perfect fifth to the Sail in
authentic modes, and a third to the final or sixth to the
lowest chord of a plagal mode. In modern Music, it a us
fifth above the key note, and derives its name, at in ■sties'
Music, from its requiring the key note to be heard after it
Driving notes* See Syncopation.
Enharmonic scale. One divided to quarter tones. See Gam.
Extreme. A term applied to those intervals where the outwit
distances are increased or diminished by a chromatic seraitaat
False cadence. One in which the bass rises a tone « strata
instead of falling a fifth or rising a fourth.
Figurative counterpoint. That wherein there is a mirtee of dacords along with the concords.
Flat. A sign l> used to depress a note one semitone.
Flatfifth.
See over
Semidiapente.
Forte. Placed
a movement to signify that it ototepayed
Fortissimo. To signify that it is to be performed very loud.
Fourth. An interval containing four sounds or terns betters in
extremes, and three intervals, or as being the fourth in order a!
the natural or diatonic scale from the fundamental.
Fugue. A musical composition, in which the different parts eramence under certain laws after each other, each repeating'!^
the first bad
Fundamental
bass.performed.
The lowest note or root of n chord, which u
found by inverting the notes whereof it is composed, sou'9
bring them in thirds above such roots.
Gamut. The general scale of the notes used in Music
Genus. A scale of Music that proceeds by certain intervals; to
that which proceeds chiefly by tones is called the DM"*
genus. If artificial sounds are inserted between the «*«■
sounds, a scale is formed of semitones alone, which i» caMta
Chromatic genus. When a scale is formed yet smaller «>*
intervals, which in some parts contains quarter-tunes, it iesW
the Enharmonic
Graces.
Ornamentalgenus.
notes prefixed or postfixed to notes, such a
the appoggiatura, the shake, &c.
Gradation. A diatonic succession of chords either in aitwfc;
descending.
Grave.
A very slow motion, slower than largo, but faster to*3
adagio. It is also applied in speaking of sounds to foots
one thatPlaced
is lowover
or deep
iu pitch. to signify that it i» to he re
Grazioso
a movement
formed agreeably, elegantly, gracefully.
Groups. Notes linked together at the stems.
Guide. The leading voice or instrument in a canon or fugue.
Harmonic triad. The union or chord of any note with its third am
perfect fifth : it is another name for the common chord.
Harmony. The combination, or the agreeable result or union ■
two or more sounds heard contemporaneously.
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Harpeggio. See Arpeggio.
The principal or written note of the shake over which
the character /•>. is placed ; the secondary or superior uote is
called the Huifston. It is a German word.
Hemitone. The same as semitone.
Hexachnrd. A progression of six notes, to which Guido gave the
names m, n, mi, fa, sot, la. The hexachord is of two sorts,
greater and Ins.,. The former is composed of two greater tones,
and two less and one greater semitone, which make five in
tervals. The latter is composed of two greater tones one leaser
and two greater semitones.
Hold. The same as a pause.
Homophonous. Two or more chords, strings, or voices, are said to
be homophonous when they are exactly of the same pitch or
in unison.
Hulfston. See Haupt-ton.
Hypenche. An interval equal to nearly one comma and a half.

Middle cadence. See I
Melody. The agreeable effect of different sounds ranged and Jispused in succession. The air of a tune.
Mezzo soprano. A high countertenor or low treble, having the
K clef on the second line of the staff.
Mhim. A character in rotation equal to two crotchets or half a
semibreve.
Minor. See Major.
Mired cadence. See Cadence.
Modulation. The regular progression of several parts through the
sounds that are in the harmony of any particular key, as well
as the proceeding naturally and regularly from ouc key to
another.
Monochord. A Musical instrument to measure the variety and pro
portion of Musical sounds. It is constructed with a rule on
which are sundry subdivisions, whereon is a string stretched
upon two bridges at each end ; between them is a movable
bridge, by means of which, in applying it to the different
divisions of the line, you find that the sounds are in the same
Imbroglio (Tempo d") Music written in one measure, but really
proportions to one another as the divisions on the line cut by
performed in another.
the bridge.
Imitation. A species of composition in which one part is made to
imitate the other. It differs from a fugue, in that it U not re Mordente. A grace used by the Italian School, by turning upon
the note without employing the note below.
stricted in the intervals at which it takes up the point.
Motion. The manner of beating the measure to accelerate or pro
Imperfect cadence. See Cadence.
tract the pronunciation of the words or notes. It is this which
Imperfect concordi. Thirds and sixths are the imperfect concords,
distinguishes the different sorts of time.
and are so called from their liability to change from major to
minor, or the contrary, still however remaining consonant.
Index. The same as Direct, which see.
Natural. A character fcj used to contradict those flats or sharps that
Inhaitnonical relation. An unexpected introduction of a dissonant
are placed in the signature on the same line or space whereon
the natural is employed, in which cose you must take the
Interrupted cadence. See Cadence.
natural note as it is in the diatonic scale.
Interval. The difference between two sounds in respect of acute Notes. Characters which mark the sounds ; that is, the elevations
and grave, or the imaginary space terminated by two sounds
and depressions, and the swiftness and slowness of its motions.
differing in acuteness and gravity. What we call an interval
In strict propriety, however, the word only iinpUes the marks
the Ancients called a diastem.
which denote the degrees of gravity and acuteness to be given
Inversion. The placing the lower note of any interval an octave
to each sound.
higher, or the higher note an octave lower.
iustruIrregular cadence. The same as imperfect cadence. See Cadence. Obtigato. It is used of a
for a
Key, or Keynote. A certain fundamental note or tone, to which
the whole piece is accommodated or set, and with which it
usually begins and ends.
Keyboard. The platform of levers in keyed instruments, which
are pressed down by the fingers to produce a percussion of the
string. It is divided into long white keys and short black ones.
Ijagrimoso, marked over a. movement, signifies that it is to be per
formed in a wailing, plaintive manner.
languente, placed to a movement, denotes that it is to be per
formed in a languishing and soft manner.
Large. A character denoting the greatest measure of Musical
quantity, being equal to eight semibreves.
Ijirghetto signifies that the piece is to be performed slow, but not
quite so slow as largo.
Largo. A slow motion in a movement : one degree quicker than
grave, and two degrees quicker than adagio.
Leading note. The sharp seventh.
Ledger tinet. The Unes added above and below the staff of five
lines when the ascending or descending notes run above or
below it.
Legato. Notes tied together by ^> V-^ these marks either over or
under them, so that they are thereby properly but one note.
This is also called Syncope.
Leggiadro. The same as allegro.
Lenle, or Lento. Denotes that the movement is to be very slow :
between grave and largo.
Limma. A small interval, rather larger than a s
Long. A character of Music containing four semibreves.
Maeitoto. Prefixed to a movement, signifies that it is to be played
with grandeur, and consequently slow, but yet with strength
and firmness.
Major and Minor, Names given to imperfect concords, which
differ from each other by a semitone minor. They are also
used in the same sense in speaking of discords.
usure. A bar of Music ; but more properly used to express the
interval or space of time, which the person who regulates the
time employs between raising and letting fall his hand, to con
duct the movement sometimes quicker and sometimes slower,
according to the subject to be sung or played.
iiant. The greater third in the major scale and the lesser third
i the i

Obliaue motion. That in which 'one port repeats or holds on the
same note, whilst the other moves up or down.
Octave. An harmonical interval, consisting of seven degrees or
less intervals. It contains five tones and two semitones.
Organ point, or Pedal point. A series of chords, in some of which
the harmony of the fifth is taken unprepared upon the bass
note, whether preceded by the tonic or by the
the fourth of the key.
A piece of the score or partition written by itself for the
convenience of Musicians : or it is one or more of the succes
sions of sounds which make the harmony written apart.
Partitura, or Partition, the same as Score, which see.
Passage. A portion of an air or of a harmony, consisting at most
of one, two, or three measures.
Passing notes. Graces, wherein small notes follow the larger ones
to connect them with the succeeding note.
Pause. A character T'' placed over a note to denote that the re
gular time thereat is to be delayed, and a long
made of the sound on that part of the bar.
which
Pedal harmonies. The same as Organ or Peik '
see.
Perfect cadence. See Cadence.
Phrase. A short melody which does not contain a perfect or saiisPianissimo. See Piano.
Piano. Placed over a movement to signify to be played softly and
sweetly. Pianissimo, its superlative, denotes that it is to be
played very soft.
Pitch. The degree of acuteness or graveness of a note. It is
known from experiments that any noise whatever produced by
a sonorous body, orby the vibrations of a string, which is repeated
two hundred and forty times in a second at equal intervals, emits
the sound of the tenor C ; if three hundred and sixty, the fifth
In two perfect unisons from two pipes each twenty-four
long, each has two hundred and forty vibrations in >
.J, either alternate or coincident. In both cases the vibraare not distinguishable from each other. What is called
concert pitch is an arbitrary standard selected by Musicians,
by which the tuning is guided, not very different from what we
Pim, A Utile more ; it increases the strength of the word to which
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»' 's added- Thus Piu allegro, a little quicker. Piu piano, a
little softer, &o.
Plagal melodies are such as have their principal notes contained
between the fifth of the key and its octave or twelfth.
Plaint chant. Used in ancient Ecclesiastical Music to signify the chief
melody which was confined to the natural sounds of the scale.
Poco. A little less, has just the contrary effect of Piu, and there
fore diminishes the strength of the signification of the word
to which it is annexed. Thus Poco prctlo means not quite so
quick as presto requires. Poco piu allegro, a little inure lively
and brisk than allegro aloue requires.
Point. A mark * used by many authors instead of the dash I ;
but its principal use is to distinguish those notes from which
an intermediate effect is required, different from the dash.
Post-positions are singular su>pensions of the harmony, being
the reverse of anticipations ; they are, in fact, the retardations
of harmony, by putting a discord upon the accented part of the
bar, but not prepared and rosolved according to the rules for
discords.
Preparation of a ditcord. Taking care that the note which is the
discord is heard in the preceding harmony.
Pretlo to a movement denotes that it is to be performed fast or
quick, yet not with rapidity. The superlative Presltstimo is
very quick. Non troppo pretto, less quick, uot too quick.
Quadrum. The same as Natural, which see.
Quaver. A measure of time equal to half the crotchet, or an eighth
of the semibreve.
Quintuple. A species of time which contains five crotchets in a bar :
but seldom used.
Radical bail. The. same as the Fundamental bait, which see.
Repeat. A character js( to denote that what was last played or
sun^ must be repeated or performed again : this is otherwise
marked by dots against a bar, or by the words Da capo or
Bit.
Resolution is the deciphering a canon, or perpetual fugue from a
single line or staff, or in one part, in which all the voices that
are to follow the guide or first voice are written separately,
either in score, that is in separate lines, or in separate parts,
with the pauses each is to keep, and in the proper tone for
each.
Resolution of a discord. The descent of a discord after it has been
struck either a tone or a semitone according to the mode.
Rest. A pause or interval of time, during which there is an inter
mission of the voice or sound. Rests are of various lengths,
and accordingly expressed by certain characters according to
the quantity of certain notes.
Rhythm. The disposition or arrangement of melody or harmony
in respect of time or measure.
Rinforzando. Denoted thus
^z, to signify that the sound is to
be diminished and increased.
Ripieno signifies full, and distinguishes those parts that play now
and then to fill up the Music from those that play throughout
the piece.
Root. The prime or lowest note of the Harmonic triad, which see.
Scale. A series of sounds rising or falling towards acuteness or
gravity from any given pitch of tune to the greatest practicable
distance, through such intermediate degrees as make the suc
cession most agreeable and perfect, and in which all the har
monic intervals are conveniently divided. This scale is de
nominated a universal system.
Schisma. An interval equal to about half a comma.
-Score, or Partition. The Music of a piece written for all the
several parts in their places under each other, and the bars
scored or drawn in their proper places through the whole from
top to bottom.
Second. An interval consisting of two degrees distant from each
other one tone or one semitone ; consequently thero are two
kinds of seconds, the major second, or tone, and the minor
second, or semitoue.
Segno. See Al segno.
Segue. It follows. A word often written before a part, which
without stopping is immediately to follow the last note of the
preceding movement. It is also used where minims, crotchets,
&c. are subdivided by strokes drawn through their toils to
make them abbreviated groups, to signify that they must be
performed in the manner the first are marked.
Semibreve. A note of half the quantity of a breve, containing two
four crotchets, &c The semibreve is accounted one

measure of time, or the integer in fractions and
whereby the time of the other notes is expressed.
Semidmpason. A defective octave, or an octave
by a
minor semitone.
Semidiapente. A defective, false, or flat fifth.
Semidialeuaron. A defective fourth, properly called a false fourth.
Semiquaver. A note containing half the quantity of the quaver.
Semitone. Usually employed to denote a half tone, though it is
not, mathematically speaking, the half of a tone. Semitones
are moreover of three sorts, the greater, the lesser, and the
natural semitone. The use of semitones is to remedy the
defects of instruments, which, having their sounds fixed,
always be made to answer the diatonic scale.
Stnza. Without : as Senza ttromenti, without instruments.
Sequence. A similar succession of chords ascending or
diatonically.
Seventh. A Musical intervalconsistingof three tones, two major semi
tones, and two minor semitones; at least such is the major
seventh, but the minor seventh consists of one tone less. The
seventh is composed diatonically of seven degrees and six in
tervals.
Sforzalo. A term written over a note to signify that it is to be
played louder than the rest.
Shake. A quick alternate repetition of the note above with that
over which it is marked, and commonly euds with a turn from
the note below.
Sharp. An artificial note or character thus jj, which prefixed to s
note shows that it is to be sung or played a semitone or half
note higher than the note would have been without it.
Signature. The sharps or flats placed after the clef at the begin
ning of the stave which affect all the notes of the same letter
throughout the movement. Those which alter the coune
of the movement in addition to the others being tenni-J ocadenial, whereas the first mentioned are essential.
Sixth. One of the simple or original concords or harmonica! intervals.
It is of two kinds, greater and less, and therefore esteemed one of
the imperfect concords, though each of them arises from a (lifer
ent division of the octave. The former is composed of six
degrees and five intervals, in which four are tones and one a
semitone. The lesser sixth is also composed of six degrees
and five intervals, whereof three are tones and two semitone*.
Skip. The passing from one sound to another by more than a
degree at one time.
Slide. A grace used by the German School, consisting of two
small notes which move by degrees.
Slur, An arch /""^ drawn over two or more notes upon different
degrees, and signifies that all the notes are to be played a*
smoothly as possible. In voctl Music it is placed over at
under all the notes that ore to be sung to the same syllable.
Smorzato. A term to denote that the bow of the violin is to be
drawn to its full length, not with equal strength, but lighter
and lighter on it by degrees till at last scarcely any sound is
heard.
Soave, or Soavemente. To be played sweetly or agreeably.
So.feggio. The system in which the several notes of the szole are
distinguished by the syllables ut, or do of the Italians, re, ru,
fa, sol, la, whose office is, by applying them to every note of the
scale, to obtain a pronunciation with ease, and also that by
them the tones and semitones ofthe natural scale may be better
distinguished. This is obtained by the four syllables mi, fa,
tot, la. From fa to tot, and sol to la, and from la to ski. are
each a semitone, without noticing the greater or less tone, but
from la to fa and from mi to fa only a semitone. If these be
applied in the following order, fa tot, la fa, sol la. mi fa, they
express the natural series from C, and if repeated, a second or
third octave ; and we can by them express the whole of the dif
ferent orders of tones and semitones in the diatonic scale, fa,
sot, la, still standing above mi, and below it the same in
verted la, sol, fa, and one mi is always distant from another
an octave, which cannot occur with auy of the rest, because in
ascending after mi, fa, sol, la, fa always come in, which in
descending are repeated inversely. The use of this systwn is
this :—The first step in learning to sing is to raise a scale of
notes by tones and the semitones in their natural places an
octave, and descend again by the same, and then to ascend
and descend by skips, as thirds, fourths, &c, and to do the same
whatever be the pitch of the scale. Now these notes being;
represented by lines and spaces to which the above syllables
are applied, and the '
thereby, is the system
and intervals
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space, ot give words to Music to which none have been written
by means of articulate sounds, but chiefly by an acquaintance
with the degrees and intervals expressed by those syllables,
we readily know the place of the semitones and the true dis
tance of the notes.
Sollecilo. Used to express that the piece is to be performed ra a
mournful manner. It also means with care and accuracy.
S»pra. See Sollo.
no clef. The C clef used for the voices of females and
children. In Italy and Germany it is the clef in general use
for the harpsichord ; when placed on the first line it is called
simply the soprano clef, but if it be placed on the second line
it is called the mezzo soprano.
Sostenulo denotes that the sound is to be held on in an equal
steady manner.
Sotlo. Below, inferior, in contradistinction to Sopra above.
The void between any two lines of the staff whereon a
piece of Music is pricked or noted. In ancient Music three
spaces and four lines only were used.
Spirilo, or SpiritoMo. To be played with vigour or spirit.
Slacculo denotes that the Music to which it is applied is to have
every note divided or separated from the next in a plain ami
distinct manner.
Stuff. The five lines on which, with the intermediate spaces, the
notes of Music are written ; said to have been introduced by
Guido.
Stem. The notes of Music consist generally of two parts, the
head and the stem ; the former is either open or black, and must
always be placed on a line or space, the stem is the line
drawn from it either upwards or downwards at pleasure.
Subdominant. The fifth below the key note, or fourth in ascending,
being as it were the governing note, because it requires the
tonic to be heard after it in the plagal cadence.
Subito. Quick, hastily ; thus f'olti subito, an Italian phrase written
at the bottom of a leaf, means turn the leaf quickly.
Submediant, or middle note between the tonic and subdominant
descending; it is the greater sixth in the major scale, and the
lesser sixth in the minor scale.
Subsemitone. A word used by the Germans for the leading note or
sharp seventh of the scale.
Substitution, Chords of. Names given to the two chords of the
ninth major and minor.
Superdominant. The sixth of the key in the descending scale.
Supertonic. The second above the key note. In theory, it is con
sidered a variable sound, being a comma higher in the major
scale than in its relative minor.
Supposed bass. That bass in which the root of the harmonic triad
of the chord is not the lowest note ; by others it is called the
inversion of the accompanying chord.
Supposition. The use of two successive notes of equal value as to
time, one of which being a discord supposes the other a concord.
There are several kinds of supposition : first, when the parts
proceed gradually from concord to discord, or on the contrary,
from discord to concord,«fhe intervening discord serving merely
as a transition to the following concord.
Suspension. The holding on of a note.
Syncopation. A striking or breaking of the time whereby the dis
tinctions of the several times or parts of the measure is inter
rupted. But it is more particularly used for the connection of
the last note of a bar with the tint of the following one, so as
to make only one note of both ; and it is also sometimes used
in the middle of a measure, likewise when a note of one part
i or terminates in the middle of the note of another ; this is,
ver, also called binding or ligature. Syncopation is also
I for a driving note ; that is, when some shorter note at the
beginning of a measure, or half measure, is followed by two,
three, or more longer notes before any other occurs equal to
that which occasioned the driving note to make the number even,
thus when an odd crotchet comes before two or three minims,
or an odd quaver before two or more crotchets.
Syncope. Signifies the division of a note ; employed when two or
more notes of one part answer to a single note of one or the
other, as when the semibreve of the one answers to two or three
notes of the other.
System. A compound interval, or one composed or conceived to
be composed of several less ; thus the octave is a system.
See Diastem.

method of writing Music for a particular instrument on pa
rallel lines each of which represents a string of the instrument.
On these certain letters of the alphabet are placed, whereof A
shows that the string is to be struck open, B that a finger is to
be put upon the first stop, C on the second, 1} on the third, and
so on through the octave.
Tucet. Signifies that the part to which it is prefixed is to be silent.
Tardo. Slow, much the same time as largo.
Tasto. The touch of any instrument by means of which its notes
are made to sound. The words Tasto solo are put to thorough
basses, to denote that the instruments accompanying are
merely to strike the single sounds from that place till they find
figures again, or the word accords or accompaniments placed
in their part which intimate that there the chords are to be
begun.
Temperament. The arrangement of the imperfect concords in
instruments whose keys are fixed by transferring to them part of
the beauty of the perfect, or in other words, by subdividing the
redundant comma so as to distribute it over the scale.
Tempo. Merely the Italian word for time. For Tempo cCimbroglio,
see Imbroglio.
Tenor. The first mean or middle part, which is the ordinary
compass of the human voice when neither raised to a treble
nor depressed to a bass. It is denoted by the C clef on the
fourth line.
Tenth. An interval consisting of nine degrees and five spaces.
Tetrachord. In ancient Music, a concord consisting of three de
grees or intervals, and four terms or sounds, formerly called
diatessaron. The octave has been considered as composed of
two fourths which are disjoined or separated by a tone.
Theory, however, does not allow the perfect mathematical
equality of the fourths in respect to the places of the tones which
compose them.
Thesis. The depression of the hand in beating time.
Third. An imperfect concord resulting from a mixture of two sounds
containing two degrees or intervals, and three terms or sounds.
It is of two sorts, major and minor ; the first is composed diatonically of three terms or sounds containing two degrees or
intervals on fixed instruments, and the minor third is composed
of three degrees, and contains a tone and a diatonic semitone
between the extremes.
Time. The duration or continuity of a sound or note as to its pro
portion of a bar or measure.
Tone. A certain degree or interval of time whereby a sound may
be raised or depressed from one extreme of a concord to ano
ther. Tones arise out of the simple concords and are equal to
their differences.
Tonic. The key note, or chief sound, upon which all regular melo
dies depend and with which they all terminate. All its octaves
above and below are called by the same name.
Transition. The breaking a greater note into a less to smooth the
roughness of a skip by a gradual passage to the following note.
Transposition. The change of a melody into a higher or lower pitch.
Any melody in a major scale may be transjiosed into any other
major scale by altering the signature according to the pitch of
the new key. The same may take place with melodies in
minor keys. 'When, however, a melody originally major is
performed in the relative minor key, it is called variation and
not transposition.
Treble. The highest or acutest part of the human voice, usually
sung by females or by children.
Tremando and Tremolo. To denote that several notes of the same
degree or pitch of tune are to be executed with one draw of the
bow so as to produce an effect of shaking.
Triad. See Harmonic triad.
Triple. One of the kinds or measures of time, of which there are
many species, but in all of them there is a division of the mea
sures into three parts; as for instance, into three minims, three
crotchets, three quavers, and so on. Three, or its multiples,
being always the denominator of the fraction placed after the
signature at the beginning of the staff.
Triplets. Groups of three notes each grouped by uniting the stems
at the bottom.
Tritonus, or Tritone. An interval consisting of three tones, or a
greater third and a tone major, which tone is divided into two
semitones, one major the other minor. The tritone is a sort of
redundant third, consisting of three tones, whence its name ; or
more properly of two tones and two semitones, one greater and
one less, as from C to F If or E to B h. It is not, m truth, as
it is often erroneously called, a greater or sharp fourth, bee
Tablalure. The use of letters of the alphabet, or any other cha
the fourth is a perfect interval, and has no majority nor a
racters, to express the sounds or notes of a composition. It is
rity, nor must it be confounded with the defective fifth,
not usual in modern Music. In a stricter sense, it is the
■VOfci v.
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much as the tritone only includes four degrees, whereas the
defective fifth contains five, betides which, among the six semi
tones which compose the tritone chromatically, there are three
greater and three less, whereas in the defective fifth there are
two less and four greater semitones.
Tie. An arch
drawn over two notes on the same degree.
Tune. That property of sounds whereby they come under the
relation of acute and grave towards each other.
Turn. A grace ^ marked over a note which indicates that a note
one degree higher is to be struck before it shortly, and passing
quickly through the note itself, turn from the note a. degree
below into the note itself.
Tulli. As opposed to tola, in which only one part plays, means
that all the parts are to
chard. The chord of the sixth, not to called
unusual or improper, but in contradistinction to the common

chord, or that or which the lowest note is the funiluMatal v •
bass. The effect of two sounds equal in degree of timet in S*v*
Uniton.
point of gravity and acuteness. Or a consonance of two sounds
produced
:-n, &c
by equally
two bodies
struck
of the
so that
samethey
matter,
yieldlength,
the sameikiekota,
tune or
VI. The name of the first of the Musical syllables, to which the
French added a seventh, which is called a.
Variation. See Traiupoiition.
Feloce. Quick, nearly the same as Fituee.
Figoroto. Denotes that the movement is to be performed sith
vigour and strength.
Pivace. With life and spirit. It is a degree of>
largo and allegro, but nearer to allegro than largo.
Foiti. B
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Engraving.
'*»v->'

Definition of Engraving, and earliest Methods of
the Art.

Engraving is an Art allied to Sculpture as well as to
Painting, but more especially to the latter, ever since
the invention of multiplying impressions upon paper.
In its ancient and more general sense, Engraving may
be defined the representation of objects by means of
incision on plates of metal, on planks or blocks of wood,
The Art de- on stones, gems, &c. Modern language gives the
fined.
name more commonly to such lines and characters exe
cuted by incision upon wood or metal, as are intended
to be communicated to paper in a printing-press ; and
applies to the impressions thus taken the term prints or
Engravings. The same term is used for lithographic
impressions, while those taken from wood are sometimes
called wood-cuts.
The word Engraving, however, is still used according
to its primitive meaning, to denote certain branches of
the Art which, from their utility, as well as from their
hold upon the vanity of mankind, are never likely to be
lost, and which have descended to us from the remotest
antiquity, such as Gem Engraving, Seal Engraving,
and Die Engraving.
Its anti
(1.) As an introduction to the present subject, some
quity.
notice may be expected to be taken of these antecedent
and partly sculptural inventions. Their origin belongs
to the earliest date of human civilization, and they
doubtless led the way in contributing to suggest further
discoveries ; until, in fulness of time, that of Printing
burst forth, meteor like, upon the world, and seemed to
render every other light or key to knowledge dim, subor
dinate, and comparatively inoperative. We must content
ourselves however with referring to the words Camaieu
and Intaglio in our Miscellaneow Division ; and with
adding here only a few particulars as to the method by
which the Gem Engraver proceeds, and the instruments
with which he works. Whether, according to the opinion
of Winkelmann, or of his ingenious contemporary Nat
ter, (in a Treatise De la Melhode Antique.de graver
en Pierrcs fines comparee avec la Melhode Moderne,
Lond. 1754. fol.) the tools of modern artists are similar
to those used in ancient Art, may be still a question.
But there can be no doubt that, in order to clear ideas
on the subject of this or any other Art, some acquaint
ance with the. mechanical means and implements em
ployed is absolutely requisite.
Gem En(2<) After the stone or other material has been shaped
graving. and polished, the outline is drawn on the upper or con
vex side * with a brass needle or with a diamond ; and
the underside is fastened by a cement of mastic to a
wooden handle in such a manner as to be held with
* A convex surface is preferable, since it presents a deeper mass
towards its centre, where the principal (and in the intaglio more
prominent) objects are to appear. (See pAntTiNG, Art. 262. No. 2.)
The process of shaping and polishing is the business of the lapi
dary ; but the Gem Engraver must, we need scarcely observe, be
competent not only to design, but also to model his subject per
fectly, and with all its due proportions in clay or wax before com
mencing the operation above described.
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ease in any direction, and applied with accuracy to the Ma
different tools for cutting it. The first of these which
we select for explanation is a cylindrical tube, (see plate
i. fig. 1,) of which the sharpened extremity at A is used
for describing circles and for perforating. The other ex
tremity B C is a triangular prism made to be inserted
horizontally into the axis of a revolving piece of steel,
called a mill, which is kept in rotatory motion by means
of a common lathe. Fig. 2 is another tool furnished
at one end with a knob or round button, and iming
the other constructed like the last for insertion in the
mill, and for revolving also on the same horizontal axis.
The French name for this tool is boute rotte. By varying
the form of the button at D, (fig. 2,) other tools are
produced. In some the button takes a disk-like fain,
rounded at its edge. (Fig. 3.) In others the disk is square
at its edge, (fig. 4,) and in others sharp. (Fig. 5.) To
the latter instrument the French give the namesrie. It
resembles, in fact, a small circular saw*
(3.) Fig. 6 gives an illustration of the manner in
which the stone or gem is applied to the tool while the
latter, previously dipt in a mixture of diamond-powder
with olive-oil, is kept in revolution by the lathe. The
larger tools are employed for the commencement, and
the smaller for finishing. Care must be taken at all S*/*
times in working seals or intaglios, not to place the'
stone in such a direction against the tool that the upper
portion of the excavated work may overhang in any
the slightest degree the parts below intended to be pro
minent in the impression. No proper impression can,
in such a case, (causing what Italians call sotto qutito)
be produced.f
(4.) For a description of the various materials upon
which the Gem Engraver exercises his Art, we refer lo
Mineralogy in the Second Division of this Work; ami
only remark here, that the stone called carnelian (sarda)
* The size and form of these instruments are of cotuie ato*modated by the artist to the several kinds of incision or ewavaun
to be made. Sometimes the extremity D (fig. 2 to 5) U so sua
as to be scarcely distinguishable by the naked eye. When a tos
of a different sue or shape is required, the end B C (fig. l)o"j»
tool in use is drawn out from the mill, like the removable leg « 1
pair of compasses, and another instrument inserted in its piste.
Beckmano observes that the ancient Greek artists formed cr«
glass both raised and engraved figures, though it is probaUe *»
many pieces of glass may have been moulded like pure: ''J™'
Art also is of very great antiquity. He refers to two ancient psW
found at Nismos, and described by Caylus, in his Renal iCJr
tiquili; ii. p. 363, as having figures and ornaments cut upoo taj.
If, says he, we can believe that learned Engraver and L»pid»7' ™
celebrated Natter, the Ancients employed the same kind of awsments for this purpose as the Moderns. They undoubtedly tad.o
like manner, the wheel which writers term a lapidary's
~
which moved round on a horizontal axis above the worWsl*
If this conjecture be true, he adds that it explains, very intelugiuyi
a passage in Pliny respecting the various ways of preparing p*
AliudJlatu/gttralur, alturl TORNO leritur, aliud argent! mo<fc£*>«fWi
lib. xxxvi. 26. p. 758.
w
f When the work is completed, the Engraving is nest r*™**
by being brought in contact with boxwood tools, kept in '""^T
motion, like the others, by the mill, and dipped in emery or trip*
powder wetted, or in rotten stone. These polishing instmments'H
i of pewter or of copper ; and sometimes consist of M»
to wheels, such ai fig. 3 or 4, for the purpose.
brushes
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Engraving. <"> a favourite material with the best Engravers of
^ym* antiquity, since it combined the most delicate and yield
ing texture with sufficient hardness and with suscepti
bility of exquisite polish. The same qualities, of course,
continue to recommend it, although with respect to
polish, antique gems far exceed the utmost efforts of
modern workmanship.* The Ancients frequently used
ivory also for Cameo Engraving: but none of these
works remain to us.
Die Eo>
F°r Die Engraving the process assimilates partly
jravrog. to that for engraving seals, and partly to that for
relievo or raised work. The first operation of the artist
is to engrave his punches or puncheons, one for each
side of the medal, medallion, or coin to be struck. The
piece of steel, or of iron mixed with steel called a punch
has the intended figure either of a head, or of a reverse
engraved in relievo upon it before it is tempered and
hardened.
(6.) When this Engraving, or steel cameo is completed
by means of chisels, flatters, gravers, &c. (Art. 2.) the
punch is tempered, and under it is placed another piece
of steel (but in a soil state) called the die, out of which
the future matrix, the future creux, is to be stamped or
hollowed. The punch must be tempered very highly
that it may be enabled to bear the blows of the ham
mer, and the cube or die (talusf) is made red hot the
better to receive the hollow impression. But the matrix
to be complete, requires next its several impressed cavi
ties to be sharpened and retouched ; and this is done
by the graving instruments (Art. 2.) before mentioned. $
.ineteut
(7.) Another exercise of the Engraver's Art, perhaps
rith the
quite as ancient as the foregoing, and frequently cornraver,
bined with it, was that practised by the Egyptians,§ of
umetimes wnjcn Strutt notices some hieroglyphical remains preserved in the British Museum. He alludes to an alto
relievo in brass representing Isis. " The flat part, or
ground of the relief," he observes, " together with the
bottom edges and back part of it, are ornamented with
figures and symbolical characters, executed entirely with
the graver, without any other assistance. The backs of
the crocodiles" (on which the Goddess appears standing)
* The union of white carnelian (or chalcedony) with red, (see
Miscellaneous Division, Cahneiian.) or brown in the same stone
has given frequent exercise to all that taste and ingenuity could
effect in Gem Engraving. Differently coloured strata, or tones,
have been sometimes found so united by nature in one gem as
to assist in the happiest manner the purposes of the Cameo En
graver. If, for iustance, a white, semi-transparent layer be found
above a red layer of carnelian ; this red ground will impart a deli
cate flesh tint to a face executed in raised work out of the white
surface. Again, if a stratum of white be situated between one of
red and brown, or between one of red and any other colour, the
brown, or other colour may be converted, with pleasing effect, into
drapery, animals, chariot- wheels, &c. In some extraordinary
Kerns ofthis kind no less than four different layers are seen distinctly
formed, of each of which the artist has effectually availed himself
by accommodating hia design to the caprice of Nature.
t Skinner derives talon (claw of a bird of prey) from lalui, quia
precipuum istarutn avium robur in talo seu calcaneo consistit. If
this etymology be admitted, the derivation of the Italian words
intaglio and intagliare will be found in the action of the bird's foot
clawing the earth, or scraping, scratching, and tutting into any
object.
!See Note (A.) at the end of Engraving.
Strutt brings the Art from Egypt into Phamicia, and thence to
Greece, where in Homer's time, as we learn from the shield of
Achilles, it must have been most successfully and tastefully cul
tivated. But the palm of excellence, prior to either Egyptian,
Phasnician, or Grecian Art, has been conceded to Etruria. Out of
the Etruscan antiquities for which the British Museum is indebted
to Sir William Hamilton, Strutt, in his Dictionary, gives two
engraved specimens extremely curious.
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" and the heads of the four-footed animals," (one of Earliest
which she holds in each hand,) "are also finished with Methods,
the same instrument in a very careful manner."*
■Vfc/
(8.) To the practice of cutting lines with the graver, Sometimes
was superadded a further process of very great antiquity; SJjfJX—
that of filling in the lines or excavated parts with some meta] or
metal of a colour different from that of the engraved with niello,
plate. Under this variety of the Art may be classed the
method called working in niello, practised among the
goldsmiths of Europe in the Age of Finiguerra, at the
era of the discovery of printing.f The conceit of in
laying one metal with another finds employment for
numbers at the present day in Russia, whence we derive
continual specimens in the form of knife-handles, snuff
boxes, etc. Sometimes more than two metals are intro
duced. Evelyn, and after him Strutt, among other autho
rities for the antiquity of Engraving, quotes the word
2i7p, kalaugh, which is used in 1 Kings, ch. vi. ver. 35.
to express the hollowing out of the carved work upon
the cherubim, palm trees, and open flowering in the
sanctuary, which were afterwards [filled tip with gold.J
(9.) A description of Engraving in niello is thus
given by the Count Seratti. " The intended subject was
engraved with a burin upon a plate of silver. This was
afterwards covered over with niello, (nigellum,) which was
a metallic substance, or black kind of enamel, reduced
to powder, composed of silver, copper, lead, sulphur, and
borax, so that it was more easily fusible than silver, and
of a dark colour. The necessary degree of heat was
then applied, which melting this metallic compound
without affecting the silver plate occasioned it to run
about until it had filled all the strokes of the Engrav
ing. Lastly, the superfluous part of the niello which
rose above the surface of the silver plate was removed
by scrapors, files, and pumice-stone, until the even sur
face of the plate appeared in every part so that the niello
only remained in the strokes made by the burin, thus
giving to the engraved design its true efTect."§
(10.) From the very remote antiquity of this and
the foregoing branches of the Art, (see Miscellaneous
Division for the words Camaieu and Intaglio,) it
is quite plain to us that the Ancients possessed all the
materials (however rude and unartist-Iike some of their
attempts || may seem) for arriving at the same results
* See Note (B.) at the end of Enoravwo.
t The Abbe Lanzi (Sloria Pillorica,vol.i. p. 130.) calls Engraving
in niello, arlifizio antichissimo frequenlato net tecoto xv, specialmente
in Firenze, caduto in dimentiranza, nel susseguiente malgrado Ic df
tigenxe del Cellini per mantenerlo. He then goes on to show its
uses. It was employed for the embellishment of all movables in
silver, as well objects of sacred value, chalices, missals, and other
books of Religion, depositories of relics and paxes,—as for profane
purposes, upon sword handles, armour, table services of plate, brace
lets, and other ornaments of dress. It was also much in vogue for a
sort of cabinets of ebony, adorned in different ways, with small
images in silver, and small plates tastefully worked in niello, repre
senting historical groups of figures or wreaths of flowers.
I Evelyn's Chalcography, p. 18, and Strutt's Essay On the
Origin and Progreit of Engraving, p. 8, at the end of vol. i. of his
Dictionary of Engravers.
§ Cellini {Trattalo del Orrficeria, cap. ii. p. 24.) remarks upon
the great care to be taken in cleansing the plate previously to the
application of the niello. The plate was to be purified from all
grease and dirt by an operation termed among goldsmiths la cenerata, i. e. boiled in clean water mixed with oak ashes for a quarter
of an hour, then taken out and thoroughly washed in clean water
with a small brush.
See a Dissertation by Count Seratti on the sulphur in his pos
session, a Work of Maso Finiguerra, quoted by Mr. Ottley, p. 270
of his History of Engraving,
|| Strutt has engraved from the Hamiltonian collection of Etras.
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Engraving, with their modern glyptic followers, who have not un12. Xylography,* or Wood Engraving, (pawn m Mofc
v—
frequently claimed the honour of original discovery for bois,) and its varieties.
13. Lithography and its varieties.f
what more justly might be termed sagacious adaptation.*
The above enumeration, while it shows our subject to Tom
Of Prints.
be of such extent as must be our apology for giving no 'tnt'<s *'
The first
(11.) The earliest engraved works intended for im more than a very brief account of each piocess, sug- 6™ :prints wero pressions in ink were of wood. The Art of printing gests, at the same time, an improved arrangement, which
impressions
from wood. block books, (so called from each page being printed we propose to follow. Three sorts of material arehere
from one block,) long practised by the Chinese, appears spoken of; wood, metal, and stone. We consequently
to have travelled Westward to Europe, along with the divide the Art into three branches, Xylography, Chal
introduction of the silk-worm, the invention of playing cography, and Lithography. And the modes of ope
cards, &c, or perhaps even of gunpowder and the mag rating upon each material are twofold, viz. either,
1. By some one of the varieties above-mentioned,
net, and to have been adopted by the monks of the
XlJIth Century for diffusing their religions tenets in (particularly Nos. 1, 2, 3, 12 and 13.) To this mode
pictures, just as, throughout the Dark Ages, they invented we give the name of simple process. Or,
2. By a union of two or more varieties. For this ire
godly plays, called Mysteries or Moralities, to rival the
■
drami profani of the minstrels, mummers, (mimi,) or propose the title of mixed or compound process.
In Wood Engraving, for example, by simple process
bards.t Together with these pictures of Saints, and
sacred events, short legends in verse, or appropriate we would be understood to mean the use of only one
passages from Scripture, were engraved upon the same block for one complete impression. By compound pro
block. When afterwards other means and other sub cess we imply the use of two or more blocks ; or of some
stances were tried, the varieties of mechanical execution additional apparatus, such as was required in theinfaoq
of the Art, for the completion of a print by stensilling.J
and of pictorial effect increased in proportion.
(12.) M. Adam Bartsch, author of the PeuUreGra- In Chalcography, or Engraving on metal, we call each
veur, a Work of great value to collectors, in twenty-one of the first three methods in the above list a simple
volumes, enumerates thirteen classes ofEngraving. process; while to almost all the remainder (namely, from
Engraving. octavo
1.
Chalcography,
or Engraving, properly so called, J No. 4 to No. 11 inclusive) we give the epithet of com
Its varieties.
pound. And lastly, in the case of Lithographic prints,
executed with a graver.
we would term that a simple process where only one
2. Engraving with the dry-point.
stone or slab is required r but call the use of two ot of
3. Etching.
several by the title of compound Lithography.
4. Etching finished with the graver.
(13.) But before we undertake to trace to their Baw^
5. Dotting or stippling, performed with a punch (mil
origin, and to particularize the different methods and
der goldsehmits punze) and mallet.
6. Scraping, or the dark method called mezzotinto, materials of Engraving in reference to ink-impressions JJ?1...
upon paper; it will be proper to state some general rules oorii
practised chiefly in England.
7. Engraving in different colours, or Le Blon's me to which every branch of the Art must alike be subject ftitto
thod.
* From JuX«>, wood, and y{«,»», I inscribe. Theproprierfof *s
8. French method or chalk Engraving.
term Wood Engraving has been disputed by some ehalc^nfin
9. English method by dotting. (La maniere poin- who, with a view to distinction as cutters of copper, prefei u* tan
wood-cutting. Bnt besides that the graver or buna is an instotitlee.)
in constant use among artists in wood, there is no atsrott;
10. Method for giving the effect of bistre, or Indian mcnt
more grievous than to suppose the real merit or rank of an artist to
ink. (Aqvatinta, ou la maniere de bistre.)
consist in the kind of vehicle he uses. To this absurd pride mint
11. Method by coloured washes. Maniere (a I'aqua- a suppressed invention is probably attributable. Engraving ■
tinta) de lavis de diffkrentes couleurs.§
copper was undervalued at the period of its discovery iu Italy,™'
the persevering German mechanists invented the press. A ton »
can antiquities in the British Museum two extremely curious and similar rivalry seems in this Country to have subsisted D<*,i*
valuable specimens of ancient Engraving. They form a frontispiece painters in oil and in water colours, which has ended in > series «
to the 1st Volume of his Dictionary of Engraven. One of them is unforeseen triumphs for the latter.
part of the sheath of a parazonium or dagger. The original is
f From xitci, a stone, and yei$*, I inscribe.
eight inches aud a half long, more than three wide at the top, aud
\ A stensil (anciently called pattern, or staneSe, sea
decreases gradually to an inch and a quarter at the bottom. Two Tram, for 1709, No. 310. p. 2397.) is a thin plate of tin or ctte
historical subjects, of exceedingly rude workmanship, supposed from metal, and sometimes a piece of card or thick vellum, withtom
the Iliad, are engraved upon it. The figures are executed with the it cut to the shape of objects : so as that when it is laid ore any
graver only upon a flat surface, and need only to be filled with ink print, the paper underneath the stensil receives from the brash «
and run through a printing-press, provided the plate could endure the operator a wash of colour through the perforated parts, »u.
the operation to produce a fair and perfect impression. The other Singer, in his Hillary of Playing Cardt, p. 179, quotea from Biw
specimen, observes Mr. Stmtt, is greatly superior in workmanship kopf the method practised by the briefmahlers. They pa*"1 ffl
to the former. It is a patera, or instrument used by the priests in impression of their print on pasteboard, and cut out all the ja^
their sacrifices. Under each of the two figures upon it is an inscrip which were to receive the same colour. For the whole «rark ""J
tion in the Etruscan character ; the figures are carved in low re accordingly required as many pieces of pasteboard, called fatrvK*
lief, but the hair of the woman, the ornamental parts ofthe drapery, (stensils,) as there were colours in the design. The colours thus
and the smaller folds, are evidently the work of the graver only. laid on contributed to finish the picture and supplied frequently »*
M. ITAnkerville's eulogium on this relic is, that it is the richest and form of many parts which were not expressed by the lisea ft ™
most remarkable remnant of antiquity, and of all the Etruscan wood-cut. Probably some of our readers will recognise the «onbronzes, the best executed and most happily preserved.
larity of this process to a method of drawing called oriessVtoMt
* See Note (C.) at the end of EsonAvmo
recently much in fashion and in which stensils are used.
f See our Mitcel/aneout Diviiion for the words Bard, MncsTBEL,
A third variety of the mixed or compound class might he bete
MuHMER.
introduced, namely a sort of chiaroscuro prints by the union «
impressions alternately from wood and metal : first printed from a
J From
copper, and y^ifu, I inscribe.
$ All these effects, including those of the preceding nine methods, copper-plate and then shaded by wooden blocks ; but as this ™are now as completely and almost as easily practicable from steel plies a previous acquaintance with engraving or etching in ass"!
• ' ' ■ -1 from copper.
we include it under Chalcography.

ENGRAVING.
, The Engraver, like the painter, has certain pictorial ele1 ments to be carefully studied and pursued, and adhered to,
whatever be the vehicle by which he works. Both artists
must, it is obvious, begin their course together in the same
school ofdrawingand of chiaroscuro. Both havethe same
necessity for perfect acquaintance with anatomy and per
spective. Both are interested in ejpressing'with truth and
vigour, not the outlines only, but the surfaces and texture
of bodies ; as also the changes which light and air, in their
innumerable modifications, unfold to the observer of Na
ture.* Engraving may not inaptlybe called the translation
of Painting into a language of which the phraseology is,
in many instances, the same as the original ; but which,
in many more, retains, nevertheless, its own proper
idiom : and of this idiom a good translator will always
be able to avail himself. He never can arrive at such
an end except by familiar acquaintance with his means ;
namely, with the peculiarities of the two languages in
question. The work, to be properly translated from the
canvass to the copper-plate, must undergo such idiom
atic changes as belong to the employment of the new
material. In every such work of taste, literal interpreta
tion must not be mistaken for fidelity : otherwise a bald,
and spiritless, and unsatisfactory result will be inevitable,
'rinciples
(14.) The chief study of the Line Engraver, whether
f Line jn W00(j or metal, is to contrive such an arrangement of
.ngraving. ^ \\Des M wj]j De most appropriate for marking the
character of each particular object so as to distinguish it
from every other, and preserve, at the same time, its pro
per keeping, (see Painting, p. 575. Art. 2S2, 283.) place,
and value in the general composition of the picture.
His lines for giving the greatest smoothness and polish
are parallel ; for extreme hardness and dulness cross
each other perpendicularly ; or for intermediate degrees
take what is called the lozenge-form, and cross each
other at some angle less than a right one. The latter
have the name of lozenge-hatchings ; the former are
termed square-hatchings. For a flowing effect these
parallels or hatchings will be more or less curved ; and,
on the other hand, to express stiffness or immobility, or
some determined instantaneous action, they will be rec
tilinear. Again, where any object is to be distinctly
prominent, (an effect which greater powers of contrast
in the use of colours render variously attainable by the
painter,) the Engraver, by giving the lines which shade
the object a different direction, or a different degree of
thickness, or a different interval between them from
the lines which compose surrounding objects, may ob
tain the utmost force and perspicuity. When, on the
contrary, this relief would be improper, and objects
require to be flattened or brought nearer together in a
position on the same plane almost equidistant from the
spectator ; here a general assimilation of the lines and
shadings is resorted to.t
* The word colour is frequently applied to engraved works, and
is, of course, applied in a somewhat different sense from thai of
the same word applied to Painting. No ideas of actual red, blue,
and yellow, or of their compounds, can, of course, be presented to
the spectator of a picture composed of only black and white. But
we have already noticed on the subject of CMaroacuro, (see Paintin<i. last note to Art. 262.) that certain tints of red, blue, &c. have a
certain value or keeping, a certain degree of prominency or of unobtrusiveness in every good pictorial composition. The business of the
Engraver, and sometimes his chief difficulty, is to estimate exactly
this value, and to represent it, as far as the representation is prac
ticable, in black and white. Colour, too, is often only another term
for the quantity of black pigment (Art. 7.) which the plate, by
being well engraved, is capable of giving out upon paper.
■J See Note (D.) at the end of Engraving.
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(15.) Another Work of Adam Bartsch, published at Handling.
Vienna,1821. in2vols. 8vo., entitled, Anleitungzur Kup- s^*v^»/
Jerstichkunde, contains much useful and practical infor
mation on the arrangement of lines, technically termed
handling. He observes, however, that a description of
all the various ways adopted by judicious Engravers for
the purposes of their Art, would, in words only, be a
task impossible. We are entirely of the same opinion ;
and we therefore proceed, after the example, and upon
the basis of so skilful an authority, to offer only some
general remarks.
First, we shall consider the most received and most Handling
successful methods of distinguishing each several kind 5°°sldered
of object from any other : and,
wav9>
Secondly, how to do this so as not to interrupt the
unity of the whole, but to contribute towards the har
mony and combined effect of the engraved picture.
(16.) The sort of surface which it seems of most im- 1. Distinct
portance to remark upon, and which requires principally texture of
the notice of the Historical Engraver, is that of the hu- various surman head, and the human skin or complexion. Next aces"
to this may be reckoned drapery ; and lastly, other
bodies, whether natural or artificial.
For the carnations and texture of the human skin, of Flesh,
the half shadows (Painting, p. 580. Art 290. ) are ex
pressed less frequently by lines or strokes than by dots.
Sometimes these dotted marks are perfectly round, and
consist of small conical holes made in the plate, with
their apex downward, by a dry needle, punch, or etching
point. (See plate i.) At other times they are angular,
and each dot consists of a small isosceles triangle,
made by a peck of the dotting graver. (Ibid.) If
the peck be repeated in the same dot, as is the case
in Chalk Engraving, the figure of the dot becomes a
small irregular polygon.*
Some Engravers who use the burin only (Mr. Bartsch
* The works of Luigi Schiavonetti, Anthony Cardon the
younger, and John Hall, contain, perhaps, the best modern specicimens of stippling judiciously united with the lines of the graver.
In some of the Engravings ofSchiavonetti, who was not only admir
able in the chalk manner but also as a Line Engraver and with the
burin, his stippling is wrought into lines such as, in drawing with a
crayon, are usually hatched. A beautifully limpid effect is thus
produced for water, and a clear, firm precision of character for earth,
stone, Sec. From the earliest stage of the Art the best line En
gravers (under which term are comprehended those who only or
chiefly use the burin) have always intermingled stippling with their
lines : and examples of this practice continually present themselves
among the many admirable Portrait Engravers of the French
School. Since the invention of Chalk Engraving, either an admix-

the beginning of this note. Wood Engravers, likewise, practise
frequent stippling with (he Burin. The carnations of the female
form, and of children, being peculiarly delicate, require in their
half tints a greater number of dors and more stippling than the
male figure. Sometimes the stippling takes the appearance of very
short lines blnnted at each extremity and carried along like links of
a chain in a direction appropriate to the form of the object. Be
tween these rows of short or stippled lines, and between the ex
tremities of any two of them, small dots are often inserted as fine
as it is possible to execute them, the better to blend the shadings,
and give softness. In proportion as these stippled lines approach
the light, the shorter and finer they become ; until nt length they
dwindle insensibly into small round points. On the opposite or
shady side of the figure they follow a quite opposite rule. They
must, as they approach the strong shadow, be drawn to greater
length ; and must at last join their extremities and form but one
continuous line in that part where a second class of strokes
forming simple hatchings is added. In illustration of this
Mr. Bartsch refers to many excellent examples in the works of
Bartolozsi, of Sir Robert Strange, and of other modern i
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Engraving, quotes Edelinck and Wille as examples) produce their
s—
delicate gradations of shadow altogether by continuous
lines, to which they give, according to circumstances, a
greater or less degree of fineness. Next they introduce
between these lines with a pointed instrument, or stylus,
a number of minute punctures at equal intervals. " This
process," he observes, " demands a very practised and
clean graver; but it promises, if the lines are drawn
with proper delicacy, to answer, effectually, the pur
pose."*
Of Hair.
(17.) Hair is best expressed by lines running in
parallels, which in order to mark the shading must be
swelled or strengthened to the depth required. The
strokes tor light hair must be of greater fineness, but
must, nevertheless, be full of colour. They must in
every case lie near together. In works of magnitude
where detail is required, such as portraits, single hairs
of a curl are left white, and others added in a mass, an
expedient which produces an excellent effect.t Hatch
ings (Art. 16.) are seldom used for hair except in the
broad masses of shade where partings of the hair are
not discernible. The cross strokes, however, must
always be more delicate than the lines over which they
are laid. " A double crossing, or third course of lines
is," says Mr. Bartsch, " quite inadmissible in represent
ing hair, and should never be attempted. J
* In portraits, where the greatest accuracy must be preserved for
delineation of the finer muscles, dots made with the graver have the
best effect. Their somewhat lengthy form very much assists in
expressing the pores of the skin. To produce in a portrait tones of
complexion a little stronger, these dots are often placed more closely
together : but oftener, and more successfully, the effect is obtained
by a course of fine strokes between which in an oblique direction
the dots may be introduced. Mr. Bartsch quotes the best works of
the most eminent Engravers—portraits from the burins of J. G.
Wille ; the Drevets ; G. F. Schmidt ; Q. Edelinck ; and Francois
Chereau ; the last of whom he distinguishes for peculiar truth and
delicacy in engraving the hands and extremities. Shadows of a
deeper class are produced by two or three crossings of delicate
strokes rather near each other. The powerful shadings which
result from two crossings of thick strokes, full of colour, are unsuit
able to the delicacy of the human complexion. They can be intro
duced only in very small heads, and in small portions of shadow ;
but in such a case the white squares, or lozenges, or interstices
must be rilled up with dots. In naked figures, these dots must be
sparingly introduced, and used only in the weaker shadows, or half
tiuts, consisting at most of two courses of lines. Some good old
Engravers were in the opposite extreme, and were too sparing of
dots. Their carnations, consequently, want softness. In the cele
brated print of Judith, which Cornelius Galle the elder engraved
after Rubens, and which is admired as a chtf-Wauvrc, the absence
of this charm is painfully evident, since in the figure of Holofernes,
and in those of the Augels hovering over the tent, the carnations are
executed by lines only, and with the same handling as the drape
ries. When these dots, which are chiefly employed for the human
■kin and complexion, occur betweeen lines, they are usually made
equidistant from each other, and in the half shadows assume a
longer form, taking a direction conformable to the shape of the
body or muscle to be engraved, and more or less apart from each
other according to circumstances. At the same time we must ob
serve that an excessive and overwrought alternation of little short
lines and of dots made with the graver, laboriously introduced in
triangles or crosses, will produce a glassy effect, aud diminish rather
than promote the delicate softness proper for carnations. Mr. Bartsch
instances this defect in Wille's Engraving of the death of M.
Antony after P. Battoni : and also refers to the breast of Nessus,
in an Engraving of Nessus and Deianira after Guido, the other
wise admirable chef-d'auvre of Wille's pupil, C. C. Bervic. We
admire, says he, the power of Art, but lament the absence of truth
and nature. A beautiful example of soft carnation is given in the
figure of Hymen engraved by Bartolozzi in his " Clytia" after
Annihal Caracci. Anleilung, Sec. voL i. p. 85. sec. 256—260.
f Mr. Bartsch (Anleilung, Sec. sec. 261.) instances among the
best works of Antoine Massou portraits of W. Brisacier and of
G. Charier.
* Ibid. sec. 251. The portraits engraved by Jacob Houbraken

(19 ]I Drapery. Different kinds of drapery require fefe.
very different handling, \elvet is very appropriately v-v2
represented by a course of thick strokes full of colour Wdnpej
interlined with others finer and thinner. Where these
lines approach the light they must be drawn to a point,
and the intermediate strokes made somewhat shorter!
In broad masses, requiring for the above arrangement
of alternate thick and thin lines a stronger quantity
of colour, the effect is produced by wide hatch
ings, the lines of which are swelled out or drawn finer
according to circumstances. This second series of lines
crosses the first without the accompaniment of any
intermediate strokes.*
(19.) Other substances. All hard and polished sur-Ofotbe
faces are represented by parallel lines (Art. 14.) clearly nbitzsea
I
and sharply cut, which vary in thickness according to
the degrees of light and shade. To give an effect of
dazzling lights introduced abruptly on a dark shadow,
(as is the case with polished metals and other shining
bodies,) the shading lines should not in general termi
nate in an insensible point, but break off at once upon
the bright reflection. Hatchings, except for the darkest
shadows, are rarely used, and are most employed where
some adjacent object takes off the shining effect. Let
the second series of lines in these hatchings be always
considerably finer than the first.t
Sky, clouds, smoke, ground, stones, and wood, are
generally executed in the early process of the Engraving.
In landscapes engraved on metal, the trees, rocks, earth,
and herbage should be etched as much as possible.
Nothing should be left for the graver but to perfect,
soften, or strengthen the previous touches.^ Whenever
objects of this kind are intended to come out distinctly,
exhibit beautiful specimens of hair delicately executed. Suit hair
and fur must uniformly be expressed by short and sharply pratd
strokes, with more or less softness according to the sort of siin. In
masses of shade, and particularly in the darker masses, an
tion of fine with somewhat deep (tlarteren) strokes judiciously
combined will have a good effect. Cross-hatchings must be wry
rarely used in delineating fine white furwork, and must wherein it
is possible be altogether avoided. Excellent representations offa
are to be found in portraits engraved by G. F. Schmidt; the Du
vets ; Francois Chereau ; J. G. Wille ; G. Edelinck ; J. Midler, and
C. C. Bervic. Mr. Bartsch particularly admires a beautiful dogn
the portrait of young Frisius engraved by H. Goltz, and tin
" reposing Lion" of the elder James Gheyn. Ibid, sec 262.
• See Note (E.) at the end of Engraving.
•f- Fine specimens of shining metal occur in the " Obscnatetr
distrait" of Wille, and in the portrait of the Count S. Florentine,jij
the same Engraver, where a silver inkstand and gilt framework of»
chair exhibit masterly handling. An Engraving, after Titian, by
Michael Natalia, of the Marquis del Guest, is an admirable amy*
of glittering armour. The disagreeable effect of hatchings used too
freely,and of lines too strongly marked for representation of stoning
bodies, may be seen in an Engraving published by Wiue, in »■
1743, consequently earlier than his best manner. It is a portrait ot
General Belle Isle, after H. Rigaud.
X "From the shape of the burin," observes Mr. Gilpin, at P- *>■
of his Euay on Print; " each stroke in the copper is an angular in
cision, which form must, of course, give the line strength and firm
ness, if it be not very tender." Another operation, however, una
for finer and more delicate touches. It is performed by cutting wto
the copper with a steel point held like a pencil. This is calW ft*
dry point or dry needle, to distinguish it from the same kind j»
instrument used previously to the application of aqua fart* in etch
ing. Incisions more or less deep by pressure of the dry P0™*!"!0*
duce lines more or less chargeable with colour, but always kam
and more delicate than lines with the graver. The dry point, there
fore, may be used with great advantage in fine linen, skies, dis
tances, ice, and often in water, especially in small Engravings- in
most things, it is proper to etch the shadows, leaving omy U»
lighter tints for the dry point. See Note (B.) at the eai of
OKAYING.
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Engraving, prominently, or in great masses, they must be worked
Wv*w up separately, and with a variety of handling.*
(20.) The representation of soft earth is made in the
lights by detached strokes ; in the shadows by continu
ous ones ; but always by such as are waving and irre
gular. At their termination they break off abruptly.
In darker shadows, "we generally use," says Air.
Bartsch, " two or three series of hatchings, the strokes
*1 of which, like those of the foundation over which they
* cross, must be crooked ; must be somewhat angular ;
must be here and there broken or discontinued ; and
must have abrupt endings."t
(21.) Thus far we have selected for observation a few
2. General
sffect.
of the peculiar methods of handling by which each kind
of object separately considered may be distinguished
from the rest. We will now proceed to take some brief
notice of what was secondly proposed (Art. 15.) respecting pictorial effect. The same authority whom
we have thus far chiefly followed, observes, that in
order to form or pass a fair judgment in this respect
upon an engraved picture, it is of much greater moment
to examine the direction of the lines and hatchings (co?iduite da hacheures) than to examine whether they have
been chosen according to received rules of mechanical
execution. The choice of strokes for Engraving re
sembles the selection of colours for Painting. The pro
per colours-may be well known and fixed upon. But
a further process much more important is to come.
They have yet to be duly mixed and blended on the
pallette, and laid on with a judicious pencil. To this
• To the Ute Mr. Wilson Lowry, F.R.S. the Art is indebted for
an admirable invention called the " ruling machine." It is an
apparatus for engraving any series of parallel lines, either all equi
distant, or having different intervals between them in just gradation
from the greatest required width to the nearest possible apprc ximation. It wonderfully economizes labour, and gives a facility In tore
unknown in all subjects for which a smooth, flat tint is required ;
such as the blue part of a sky, still water, &e. But it is more
especially useful in plates of machinery, &c. having reference to
scientific illustration. Many engraved works, and particularly
those for the Cyclopedias, bear testimony ever since this invention
to its unequalled accuracy and beauty of execution. A diamond
point (the use of which for etching was first introduced by Mr.
Lowry) is connected with the ruling apparatus, and passed over the
copper, so as to make the required incision through the etching
ground. (See platei.)
Clear blue sky should be represented by very fine horizontal
parallels perfectly straight and cleanly cut, always made more deli
cate and occasionally somewhat wider from each other as they
approach the horizon. Hatchings are not allowable, unless in a
space surrounded by clouds ; but even then they give a grey and
sombre effect rather than of pure azure. Clouds are imitated by a
series of strokes delicately drawn, running closely together, and
always so contrived as to follow the shape of the cloud. In sun
shine, and for very white clouds, a single course of very delicate
strokes is sufficient; but should even those produce a tone too
powerful, then small detached strokes which must, however, fall
regularly into rows, may be substituted. Darker clouds admit of
two or three series of cross lines. In the darkest parts, these
hatchings are only strengthened ; but the adaptation of his lines
to the form of the cloud is the Engraver's chief aim. Where they
approach its outline, each class, or course, or series of lines, must
always be shorter than the preceding. The lines also of one por
tion must so blend with those of another that although a distinct
separation is somewhat effected by the Bhading, yet, like all
vapours, they may appear to hang one from the other. Clouds
formed by smoke and vapour are handled similarly to atmospheric
clouds. An excelleut example of clouds of smoke is given in
Woollett's Engraving after West's " Battle of La Hogue." Clouds
of dust do not hang together so much as others. The series, there
fore, for shading them must consist of shorter, and rather broken
lines.
t See Bartsch, Anlrtlung, Sfc. vol. i. sec. 275. p. 92. Also seo
Note (F.) at the end of Knokayino.
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process Mr. Bartsch compares the direction of lines and Handling,
hatchings in an Engraving. " For the first of the above v—v""»
purposes," says he, " in both Arts {viz. for choice of
'lines* and colours) moderate talents and but little ex
perience are necessary. But for the second, there must
exist great genius, much reflexion, and constant prac
tice."
The author then goes on to recommend a careful
study of the best Engravings, and maintains the impos
sibility of giving more than very general written in
structions. All courses of lines, especially that (what
ever afterwards be the number of hatchings) which
composes the first series or foundation, must tuke a
direction inclining to the form of the body to be repre
sented.*
(22.) The degree of force or delicacy in handling Keeping.
must be chiefly regulated by the size of the plate. The
paramount object of an Engraver is to produce his
shadows in such a manner that they shall preserve their
proper keeping in the picture, and appear as if spread
with a brush, although really executed by the juxta
position of lines. As the artist's aim, however, is not
only to represent shadows, but also the various texture
and character of the substances shaded, (Art. 16—20.) his
execution must avoid the extremes of excessive strength
and excessive fineness, and must always be in periled
keeping also with the size of his performance. If the
handling is too fine in a large object, which in order to
be viewed as a whole must be viewed at some distance
from the eye ; then the texture of the substance or
stuff will be indistinct, and its larger shadows will lose
their power. On the other hand, if the execution be too
coarse in a small representation, which in order to be
seen in detail must be seen much closer to the eye, the
effect of such a work will be spotty, will confuse the
spectator, make the smaller portions of the representa
tion indistinct, and on the whole be disagreeable.t
(23.) Our readers will have perceived that the fore- The above
going principles of Line Engraving, although perhaps rules belong
especially intended for works on metal, are equally ap- ,u a" jj"*ef
plicable to Line Engraving in wood, or to Lithography. i.ra"c "°
'
.
. , ,
i,t
Kngraving,
But they apply principally to finished and elaborate
chefs-d'oeuvre. For mere sketchy performances no
precise rules can or need be given. Of such it is
enough to say, that the more nearly they produce the
imitation of a slight drawing or sketch the greater their
merit. It will be seen, however, that other styles of the
Art exist, such as on plates of metal, the mezzotinto,
and the style of Le Blon ; or in wood, the style called
printing in chiaroscuro ; each of which, in skilful hands,
is capable of great force and beauty, but for none of
* See Note (G.) at the end of Engkavino.
f It follows that the Engraver can never venture to exceed
figures of a certain size without prejudicing the beauty of bis work.
A judicious artist will never attempt by lines and dots to represent
a human head the site of life. Nanteuil and Massun have made
the trial, but have had no imitators. The gigantic heads some
times engraved by these justly celebrated artists excite admiration
rather for expert use of the burin, than for general effect in each
composition taken as a whole. Where powerful shadings are re
quired in enormous objects, like the heads in question, the strokes for
that purpose must either be too strong and too deeply charged with
colour, (fftniihrterr, literally fat,) or must be too frequently crouted.
In the former case the work betrays coarseness : in the latter it hus
a cramped and scratchy effect, very disagreeable, especially for repre
senting flesh. The figures of Christ and the Virgin in two sbeetf
by Louis Cossin after Le Brun may serve as examples of figures
far too large for the graver. See Bartsch's Ankitung, Sfc. vol. i.
see. 291. p. 99.
5i
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Engraving, which (as they do not depend for effect upon the ar■ v—' rangement of lines) the preceding observations can,
strictly speaking, be available. To become an adept in
these latter styles of Art, considerable experience in
the practice of Painting seems indispensable, not only
as regards the province of the crayon, but of the brush,
not only in the composition of light and shade and
monochroms, but also in the actual use of colours.
Successful attempts have been comparatively few ; and it
is probably to deficiency in the requisite pictorial know
ledge that so many failures ought to be attributed.
Usefulness
Having now, by a kind of elementary introduction,
of this Art. prepared the way, as we think, for an enumeration of the
most remarkable competitors who have successfully
aspired to fame in the several branches of Engraving;
we shall not detain the reader with remarks on the im
portance of the Art itself, but conclude him to be already
satisfied of its universal utility ; its aptitude for scientific
illustration ; its essential and vital services to experi
mental Science in diffusing the comforts of civilized life;
its value to Literature, and above all to true Religion in
preserving and strengthening, by the spread of local
knowledge, the foundations of historical truth; and finally
its power to delight as well as instruct mankind, by mul
tiplying and giving almost ubiquity to the most precious
gems ofevery Cabinet ; the rarest natural wonders ofevery
Museum ; and the finest efforts of the human imagina
tion whether in Painting or in Sculpture, ofevery School,
every collection, every Gallery that exists, or that has
existed since the XlVth Century.
(24.) Wood Engraving, as being the earliest of the
Xylogra
phy. Its different kinds mentioned for taking impressions, (Art.
On- 12.) stands first in the chronological order, which, in the
ental.
subsequent pages, as far as is conveniently practicable,
we^shall pursue. The Oriental origin of wooden tablets
for preserving public records is indisputable.* But on
the question how soon the process began of printing
from blocks, or wooden tablets, antiquity has hitherto
Probably been silent. The learned Baron Meerman, in his Oribrought'tor fgines Typographic^, quotes, from a History of China
Europe
written by Abusaid in Persian, A. d. 13.17, the following
from China, passage among others to show that the Chinese of
that period had long been familiar witli the Art.
■ All the books edited by the persons in question
(alluding to three Chinese scavans whom he names) are
written in a beautiful hand, so that each page may be
transferred in the same handsome character to the
blocks, with which the men of learning are always at
great pains to collate their MSS. attesting by a private
mark on the back of each block their approbation of it.
They next commit these blocks or tables to the best
Engravers, and finally complete the whole work by num
bering the pages." The Persian writer next describes
the care with which these tables (somewhat similar in
form, perhaps, to our plates of stereotype ) were pre
served in cases under the seal of conservators incorpo
rated as a college for the purpose, to whom all applica
tions, when a copy was required, were to be made ; and
on the payment to whom of a stated fee, the copy upon
paper, with the seal of the proper functionary attached
to it, warranting its genuineness, was granted.t Such
a system, so methodically organized, argues, certainly,
long previous custom. The Baron Meerman is unwill-

ft
ing to go back with some writers of doubtful authority,
to a date preceding the Christian era, but agrees with
the able and accurate Couplet, a Jesuit Missionary in
A. d. 1659, and a resident for several years in China,
that the date of a. d. 930 may be fairly assigned for
Chinese impressions from wood.*
(25.) Facts like these, joined to the much1 f2*^
European intercourse with that extraordinary
nine hundred years sincet than exists at present, suppl
very sufficient reason, as Mr. Ottley has well observed,
why Marco Polo, in his account of China, written after his
return to Venice in the year 1295, should have made no
mention of Wood Engraving among the marvels of that
Country. Had the Art been unknown at Venice, the Ve
netian traveller could not have omitted the communica
tion to his Countrymen of what in China must have met
him at every turn, and what to his genius and acuteness
could [not but have appeared a most felicitous, most
strikingly useful, and marvellous invention. We concur,
therefore, in the belief, that a communication such as this
would, in the days of Marco Polo, have been " old
news" at Venice, and therefore could find no place
among his marveh-X The merchants and nobles of
Venice had maintained almost exclusively an uninter
rupted commercial intercourse for two centuries before
with the East, as well through Alexandria and Cairo
as through Constantinople ; of which latter illustrious
city l hey had, in the year 1203, been masters, and in
which, ever since the year 1084, their factories had been
regularly established *nder the especial sanction of the
Greek Emperor. §

• Prm eelcrii probabilis videlur exactatimi taiptorit Phil.
CoupUlli opinio, A. D. 930 antgnatUit. P. in Chmotvgii &aexn,
nnn-.fi ('■nt'uni •./.•riW, p. 65, ubi improprie earn (artrm tat. a/md
Stnentet) typographiam vocal. Hie vtro uuctor qmum tonaitnmmn
iempus in Chtnd trantegerit, atque accuratam rerum ad k*c reynnm
pertinenlium notttium acquitiveril, ex opttmit tine dubtm / * r*Wi %d
haunt. V. Meermanni Originet Typographical, ail cap ut. Kc 1. in
note.
| The Chinese, observes Macpherson, were more commercial aad
enterprising in the IXth than in the XYlllth Century, vol. i. p.
Asserius, the great biographer of the great Alfred, mention* his
having seen a correspondence of that Monarch with the Patriarch
of Jerusalem, which probably suggested to Alfred the benevokmt
but adventurous design of sending relief to the Christiana of
St. Thomas in India. Sighelm, Bishop of Sherburne, (to which
See Asserius was afterwards translated,) was the person sent, (is
William of Malmsbury informs us,) with many presents, on this
expedition, and accomplished it prosperously. To the wonder of hu
Countrymen, he penetrated even to India, bringing thence aromatic
liquors or oils, and splendid jewels, some of which remained in Ike
treasury of the Church, when the author wrote. Mr.
(Anna/t of Commerce, vol. i. p. 263.) very feelingly 1
these meagre records, all that remain to us of this important trans
action. The Saxon Chronicle and Kadulf de Diceto repeat the
history, but are still more uncircumstantial. He ebservea that
" the early writers could have no motive, if they even possessed
capacity, for inventing such a narrative, though it may not be true
to the fullest extent. Sighelm went from England to Rome in the
year 833, and probably got a passage from some of the Italian
ports to Alexandria or Phenieis. It is not impossible (though very
difficult fur a Christian) that he may have made his way to the
South coast of Arabia, or to Baasora, aad have proceeded even to
India But if he purchased Oriental commodities in Alexandria,
Arabia, or BaK»ora, any of these places would be confounded with
India by his Couutrymen, who were ignorant of the geography of
Countries much nearer to them." We are inclined, however, to
believe, that in the stirring times of King Alfred, the perils of this
Indian journey would be less thought of than the length of it : and
that a fuller ac-rotmt of it would have been recorded, had the obsta
cles been such as it was unusual for Oriental Christians, or pil
* See Note (H.) at the end of Engraving.
from Italy, to surmount.
t Meermanni Origo et prima Speamina lmpreu. tabeUarit, cap, grims
t See Note (K.) at the end of Knc.ravjno.
ix. sec. t. Also see Note (I.) at the end of Knohavinq.
$ The Venetians obtained this privilege in return for the ptoteo-
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But the dawn was now arrived of a new day for civi' lization in Christendom. The Venetians after deriving
from their Oriental commerce so rmsny useful and pro
fitable Arts had not the power, even if they harboured
the intention," of confining them to their own Country.
To whatever ports of Western or Northern Europe their
fleets were bound, and to whatever inland cities the intercourse with Italy (which during that reign of Popery
must have been frequentf) extended, the acquaintance
with Asiatic customs, and manufactures, and inventions,
would be more or less gradually advancing. Genoa,
also, and the other rivals of Venice would assist, un
knowingly, it is true, but not less effectually, in this
inevitable dispersion of the seeds of useful know
ledge. And accordingly we find that, almost by a
simultaneous impulse, in or near the great commercial
marts of the North, especially in Germany and the Low
Countries,| the Art of Printing from blocks appears
coeval with the same practice in Italy. The Germans,
whose skill in mechanism was proverbial in the XlVth
tion afforded by their fleet against the incursions of the formidable
Norman pirate, Robert Quiscard, with whom they disputed the com
mand of the Adriatic. Through Constantinople their facilities of
trading Eastward to the utmost boundaries of Asia were obvious.
The Mogul Empire, or Empire of Tchinghiz Khan, extended,
a. d. 1226, from the Caspian to the Yellow Sea, and between 35°
and 55° North latitude. In a. d. 1290 it reached from the
borders of Asia Minor Eastward to the Persian Gulf, and tbence to
65° East longitude. V. Klaproth, Tableaux Historiques.-^fit think
it probable that printed silks and calicoes preceded impressions >ipon
paper. See Macpherson's Annalt of Commerce, vol. i. p 138, et
tea. Before the invention of paper in Upper Egypt, whether at
Memphis or at Seide it matters not, linen or cotton cloths were used
for MSS. The Ancients, till the diffusion of that invaluable
manufacture, the papyrus, seem to have tried every substance
within their reach: palm-tree leaves, table-books of wax. ivory, and
lead ; intestines of different animals, and sometimes the backs of
tortoises. There are few plants that have not at some time fur
nished materials or leaves for books. Hence the several terms
biblos, codex, liber, folium, tabula, &c. expressing the ditferent parts
used for inscription. Hansard, Typographia, p. 202. See also
note at p. 7. vol. i. of Bishop Tomline's Elements of Christian
Theology.
* Temanza, a Venetian architect, had the good fortune to dis
cover among the archives of the old Company of Venetian Painters
(v. Ldtere Pittoriche, torn. v. p.320) a decree of the Government of
Venice, dated 4th October, 1441, which throws much light on the
subject of early block-printing, and which the reader will find quoted
at length iu Ottley's Hist, of Engraving, p. 47, and in Singer'B
Hist, of Playing Cards. The trade of the native artists in Venice
h el fallen, as appears from the preamble of this document, into
decay, (in consequence, we presume, >of a considerable iuflux of
similar goods from the foreign market,) and the decree was passed
to exact a protecting duty upon all imported work of the " art or
mystery of making cards or painted figures, whether printed or
painted on cloth or paper, altar pieces, (ancone, perhaps a cor
ruption from ijx«y, tcon, an image,) playing cards, (carle da
sugars,) or whatever work of said Art is done with a brush and
printed." " The most reasonable conclusion," says Mr. Ottley,
commenting on this and other circumstances respecting the re
vival of Arts in Europe, " is, that the Venetians acquired the
Art of Wood Engraving at a very early period of their intercourse
with the people of Tartary, Thibet, and China, that they practised
it among the other ArtB which they had learned from their Eastern
friends, as a mean of beneficial traffic with the Continent of Europe ;
ar.d that in course of time the artists of Germany and other parts
found out their secret, and practised it themselves." See //.•,/. of
Engraving, p. 59, 60, and Zani, Materiali, 8cc. p. 77.
f The Italian merchants dispersed throughout Europe became
very convenient agents for the Copes, who employed them to re
ceive and remit the large revenues they drew from every Country
which acknowledged their Ecclesiastical supremacy. It seems pro
bable that they also employed them to lend their money upon
interest, whence they are called the Pope's merchants, as Matthew
Paris (p. 419. 423. 4c.) expresses it. Macpherson, Annals of
Commerce, vol. i. p. 399.
J See Note (L.)at the end of Enoravinq.
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Century,* were probably the inventors of the printing
press, which succeeded to the ancient method practised
to this day by the Chinese, namely, the application of
a brush or .hand-roller to the back of the paper, after
laying it, in a dry state, on the block ready charged with
ink for the impression. The invention also of printer's
ink, suggested probably by the discovery of oil painting,
gave to the early German prints a great mechanical advantage over the first essays of Italy.f
(26.) It has been usual to give the name of " old Only two
masters" to such Engravers, whether in wood or metal, Bn«ent
as practised the Art from its introduction into Europe SJSjj]
to the end of the XVIth Century: and to divide these and the
into only two Schools, that of Italy and that of Germany : German,
in consequence of the comparatively very few old En
gravers to be found in other Countries, and the style of
those few being traceable to one or other of the two
sources mentioned. J We propose to adopt the latter mode
of division with respect generally to the two Schools of
ancient Engraving : but, at the same time, with respect
to the present branch of the Art, or Xylography, we
consider it most convenient to include under the old
Schools artists also of the XVI Ith Century : so as to
date modern Wood Engraving from the times of Papillon
and Count Zanetti, near the commencement of the
XVIIIth.
(27.) To begin then with the old Engravers on wood. Old School
according to the simple process, and in the School of of Italy.
Italy.§
. ■■
Alessandro Alberico Citnio and his twin sister Isa- Simple pv
bella, born about a. d. 1270, are recorded as the earliest •wtfa
practitioners in this Art whose names are known. JJ^q^^
Their interesting history is given by Mr. Ottley, as com
piled from the Works of Papillon, who saw a set of their
Engravings, eight in number, and wrote down at the
time a particular description of each, together with various
memoranda respecting them out of the Work itself, ori
ginally written in the Swiss language, but translated to
him by M. de Greder the possessor. These young per
sons passed their youth in the cultivation of their highlygifted minds, and when arrived at the age of sixteen,
had perfected themselves in various accomplishments,
among which the Arts of Design and Engraving on
wood were conspicuous. It is not improbable that they
acquired their artistic knowledge from some monkish
illuminist, or furmschnieder in the Religious houses of
that period, with whom they might form accidental
acquaintance through the circumstances attending the
clandestine marriage of their noble parents. For their
own amusement and the gratification of their friends,
Alessandro and Isabella composed and jointly executed
a series of prints representing the " heroic actions of
Alexander the Great," with an appropriate dedication
* Manuel, the unhappy Emperor, was driven from Constantino
ple, by the terror of the Turkish arms, to mendicate assistance from
the Christian States of Europe, among the descendants, says Mr.
Macpherson, of those barbarians who had usurped his W estern
Provinces. The observations (towards a. d. 1400) of Manuel or
his Greek attendants respecting the different places and Countries
named in his tour, as Germany, France, Flanders, England. Lon
don, and Venice, are circumstantial and characteristic. Of the
Germans, the Imperial traveller observes, that they excel in the
mechanic Arts, and boast of the invention of gunpowder and can
nons. Annals of Commerce, vol. i. p. 61 1.
f See Note (M.) at the end of Enoravino.
J See the Preface to vol. vi. of Bartsch's Peintre Qraweur, 8vo,
Vienna, 1808.
$ For the tools and materials in Xylography, see what follows in
Art. 32.
v
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wtiiere he passed the remainder of his life under the pro- Ana*
teclion of Alphonso II.
Girottimo Porro, born about 1 i'20 at Padua, wrought •*!■
at Venice, where his last performance was a set of^"*v"*'
wooden cuts for the Funerali dt-gli Anlichi ofTommasa "*
Partacchi, published in 1591.
Meanwhile, Florence, Bulogna, and Rome idded ■ -■
further specimens of Italian Xylography. Guistppe^fiPorta, a pupil, at Rom&of the Florentine painter Salviati, and himself an ernment painter, engraved on wood
with admirable expression and effect. Bologna pro
duced from the hand of the elder Cq£lano, besides Ctiks,
various other works, several very masterly performances iwW
in wood, after the designs of Vasari, fur his Limof
* •st published in 156S. This agist, a
th> Painters,^first
native of Nurembe
berg, who changed his name, ;
neken informs us, from Christopher Lederer
Coriulano, (alleging his descent from
called,) seems to have striven hard for
of Roman fame. His son Bartolom
also pursued the Art. Veronica Fo,
drawing by her father, andi>y the celebrated
paintress Elizabeth Sirani, executed small portraits in
wood with great neatness. RaffaeOx Scaxmom too,
the Bolognese painter, who flourished about 1610, per
formed some few Engravings on. Wood. L onario AV-Fv
it/i), (called Parasol^,} a native of Rome, with his wife ^
Isabella, and their son Bernardino, also were Wood
EngraVOTJ Leonardo, who flourished in 1600, was of
some celebrity and much employed by Antonio Tem
pesta. At the command of Pope Sixtus V. he engraved
on wood the plants, &c. for the herbal published by
Castor Durante, physician to his Holiness. Bernardino
was a painter as well as Wood Engraver. Isabella, Ins
mother, executed in block printing several ingenious
designs for lacework ; and a considerable number of
plants for the herbal of Prince Cesi. -Another lady,
llieronyme, of the same surname and family, engraved
alter A. Tempesta, with much spirit but. with very incorrect drawing, says Strutt, and in a course style.
One example, the onljfone we have been able 10 "J1^
record of a Spanish Wood Engraver may here be mentioned, Juan Vingles, who flourished at Zaragozsin
1550, and engraved in wood the illustrations for IK
Orlograjia Pratica of Juan de Iciar, published there »
that year. Bermudcz, in his Diccionario deltas Bute*
Aries, pronounces the cuts of Juan Vingles to be in
good taste, with figures highly characteristic, and cor
rectly drawn.
(28.) Next, we are to name the ancient M*"^
artists who have used the compound process (see Ait ;
12.) of engraving in wood.
, lug
Of the first kind of compound process (for which ,
stensilling* was introduced) few or no positively Italian tai
specimens remain of which we are aware ; though, P™'1
doubtless, they must have been as numerous in Italy as
* See Note (N.) at the end of Enoiiavino,.
f Giotto im'mted the portrait of Dante, who has thus celebrated in other parts of Papal Christendom, being espec"11)
him in the Divina Commtdta.
employed lor purposes of Religious worship! of instruc
Credrlte Cimabue nclttt pintura
tion, or, to speak more plainly, for extending th« influence
Tfnrr to campo : td ora ha Giotto il ffrido,
of legendary superstition. The Abbe Lan» saw in tw
Si che la fama di colai c otcura.
Del Purgatorio, can. II. L 94.
Cabinet of the Count Durazzo, some ancient pay"?
The Poet here evidently alludes to the inscription on the tomb of cards, from designs, as he conjectures, of Jacob*
Cimabue in the Duomo at Florence.
del Fiore. These were coloured in stensil. II lnTOrc<
Credidttut Cimabot picture castra lenere
says he, a' periti e paruto a slampa i colori duh yT
Cerle sic tenuit ; nunc tract antra poll.
It is remarkable that Ravenna, the retreat of the Cunio, was the
last retreat of Dante. He died there under the roof of his hospi
table patron, the Lord of Ravenna, soon afier returning from a mis
* For an explanation
of srer
stensilling, sec last note to Art. 1*
lation ol
sion toVenice, in 1321.
f See Note (O.)i at the end of
i Knoravino.
» t
1 ■*

Engraving. in the frontispiece to Pope Honorius IV.,* to whom their
mother, a noble Veronese lady, was related.
In our preceding cwktmns (see Paintino, p. 470.)
we have already adverted to these times, the times of
Cimabueand of his pupil and protegtl Gioiui; the former
born of noble Florentine lineage^*/!. 124a, the latter
born 1276, the son of a shepherd new Florence, whom
his future patron and instructor discovered chalking the
figure of a Iamb upon a stone -in his native fieldsr^It
was to such men as these, the contemporaries of the
Cunio and of Dante, (born in 12G.">, about five years later
than the Cunio,) that Italy owed the recovery of her in
tellectual refinement in Literature and in the Arts.t No
authenticated prints, however, are extant to fill up a
chasm here of more than a century and a half. But it
is not therefore to be imagined that the XlVth Cen
tury in Italy was unemployed in works of Art, though
probably less in Italy with regard to theXvlographic
branch of it than in those oilier Countries of Kurope
which competed with the Italians so successfulh as to
bring Wood Engraving into decay among them, at least
among the Venetians, according to the acknowledgment
of a decree of Venice a. d. 1441. We refer then to our
short account of the Quatlrocenlisli, (Paintino, p. 471.)
with which the reader will fill up this interval, and we
proceed to the next name among early Italian contri
butors.
Mocetua.
Girolamo Mocetto, or Hicronymus Mocetus, born
about 1454 at Verona, was taught Painting by Gio
vanni Bellini, whose brother Gentile we have mentioned
at p. 471 on Painting, as'doing honour to Venice.
Mocetto is said to have executed a wooden cut of tha
" Entry of Christ into Jerusalem," dated, 1500.
A fellow pupil of Mocetto, the great Titian, if next on
II Titiano
and his
record as having, in 1505, when at the age of twentybrother
eight, obtained high praise for a print of the " Marriage
Ce.sare
of St. Catharine." Other works are ascribed to him by
Vecelli.
Dumenico Papillon. Cesare Vtcelli, the brother, Domenico Campagnola, the best early scholar of Titian, and Boldini of
Campagnola.
Vicenza, or Vicentino, also Titian's reputed pupil, were
Vicentino. Wood Engravers. The long life of Titian (ninety-nine
years) must have enabled him to foresee, with no small
gratification, how widely the Engraver's Art was to extend and perpetuate the fame ot Painters.
Vico.
JEnea Viro, born at Parma in 1512, was at Florence
in 1545, where he presented the Emperor Charles V.
with the portrait which he had engraved of that Monarch,
and forwhieh, according toGori, he received 100 crowns.
It is a wooden cut surrounded by emblematical figures
composed with taste and well drawn. It is executed
with great care, and the hatchings in imitation of strokes
are so well expressed, that Strutt, who saw this specimen,
" can hardly suppose it to have been his first attempt."
This learned person retired about 1568 to Ferrara,
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_:. traforo : and adds, monumento pin antico non so in
^—•y^—' tal genere. Storia pitlorica, vol. i. p. 129.*
2. Prints
In the second class of compound Xylography, the
from two o'.Jtalians, with whom the invention of chiaroscurot printblocks.
*nS Dv successive impressions from wood only seems to
have originated, are remarkable. The invention is attri
buted to
Da Carpi.
Ugo da Ca%pi, (born at Rome in I486,) the fellow
student of Raffaelle d'Urbino. His prints, though very
slight, says Strutt, are masterly and spirited, and pre
serve at least a bold, striking resemblance to the sketches
of the great painters (chiefly Rutfaelle and Parmegiano)
from whose designs they are taken. One block is used
for the outline and darkest shadow-;, another for the
lighter shadows, and a third for the demitints.J
Contemporary with Da Carpi was another Painter and
Engraver, Domenico Micarino, born of humble parent
age, at a village mar Sienna, who assumed the name
Beccafumi of his patron in that city ; where his paint
ings both in oil and fresco, and other works, (see
Painting, p. 477.) procured him great reputation. He,
too, had studied at Rome the master lines of Raffaelle
and M. Angelo. lie executed his chiaroscuro some
times on two, sometimes on three blocks ; one for the
outline and deep shadows, the other for the lighter
tints. He wrought after his own designs, as well as
from 'those of Titian and others. But the process was
in the hands of a much more distinguished Siennese
Peruzzi.
artist of the same period, Baldazzare Peruzzi ; (Paintino, ibid.) if a print attributed to him be his, represent
ing " Avarice driven by Hercules from before Apollo,
Minerva, and the Muses." "It is," says Strutt, " in three
blocks ; the first for the outline, the second for the deep
shadows, and the last for the lighter tints ; and is ex
ecuted in a fine, spirited, bold style."
G. N. ViGniseppe Nicola llossigliani, called Vicenlino, from
centino.
being born (in 1510) at Vicenza, engraved also with
three blocks, (the first for outline, the next for the more
powerful shadows, the third for lighter lint,) after Raf
faelle and other masters.
It was from Parma, however, that the genius arose,
which probably brought this method of Engraving to all
the perfection it attained in that Age. Francesco MazParmezuoli, or Parmegiano, superintended, as is well known,
;iano.
the execution of many of his own designs, by Ugo da
Carpi, Antonio da Trento, Andrea Andreani, and others.
He was a profound master of chiaroscuro, in the best of
all schools, that of Correggio, and would, no doubt, be
careful to enforce the principles which his paintings
\n*onioda Prove him to have practised. Antonio da Trento was
["rento.
his pupil, though five years older, being born (at Trent)
in 1508, and devoted himself by the recommendation of
his master to Wood Engraving, for which he generally
used three blocks ; the first for the outline, the next for
* In Mr Ottley'a " Examples of ancient masters," some remark
able fac similes are given of a set of playing cards « la trappola.
t See Note (P.) at the end of Enuhavinu.
J // imagina tie /aire des camdieux a trots et qitatre planches, ou
renlrees de teintes par degradation dans la meme couleur, et sans
aucune taille ; ce qui faisoit des males (flat washes) de couleurs
adoucies qui paroissoient avoir tie fmtes avec le pinceau, et mime il
les imprimoit sur un papier gris, V*' sorte que les parties (dairies
qui restoient du fond du papier faisoient une derniere teinte Ires
foible, qui s'unissoit parfaitement bien avec cell's des planches
gravees et toutes ensemble el/es imitoient fort bien la peinlure en
camai'eu.i Cest la ^invention qu'on doit rapporter a Ugo mais non
pas Porigine de la Gravure en Cama'ieu qu'il n'a fait que perfectionPapillon, Traite, Sec. torn. i. p. 392, 393.
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the last for demit int. These cuts Ancient
Xylograare justly esteemed.
Andrea Andreani, ^orn at Mantua in 1540, was of
small celebrity as a paiiiter, but the prints in chiarocuro extant under his name are numerous and ex Andrea
Andreani.
cellent. He settled at Rome, and frequently practised
the disingenuous artifice (unworthy of his great talents)
of effacing the names of other artists from as many blocks
of value as he couldrprpcure, substituting his own cipher,
and selling the prints for performances by himself. " At
times," says Strutt, " he used only two blocks, (namely,
for hjs slighter works,) but oflener three, and never ex
ceeded that number; one for the outline and very dark
shadows, the other two for two different tints." He car
ried manual executiou to greater perfection than any of
his predecessors, so that we find his prints distinguished
by an unusually clear and determined outline.
Barlolomeo and Giovanni Batista, sons of Cristoforo B. and G.
Coriolano, alreSdy mentioned, (Art. 27.) have left re B. Corio
spectable proofs of merit. Bartolomeo was an able lano.
designer. He confined himself usually to two blocks,
one tor his outline and dark shadows, which he per
formed like hatchings with a pen ; the other for demitint.
His prints show great judgment, and have a very fine
effect. Domenico Falcini, born about 1580, is another Falcini.
artist whp flourished in the beginning of the XVlIth
Century. His engravings (after Raffaelle) are performed
by three separate blocks, one for outline, another for
demitint, and the third for dark shadows.
(29.) The German School of Wood Engravers ex Germany.
Old Xy lo
hibits a far greater number of early specimens than the graphic
Italian * We have above seen (Art. 28.) the branch School.
of Xylography chiefly practised in Italy arrive to great
excellence under the fostering eye of some distinguished
Painters. In the German School a similar effect was
produced at an early stage of what we have called the
simple process of '■wlogranhv. Michael Wolgtmuth Wolgemuth
and IFilhehn Pleydcnwuiff, (wo artists of Nuremburg, and Pleycontributed their drawings foj the embellishment of denwurfE
Hartmann Schedel's publication called the Nuremburg
Chronicle, in *a. d. 1493. These efforts for improver
ment were ably seconded by the great patriarch of Ger
man artists, Albert Durcr, the pupil of Wolgemuth, and Durer.
a native likewise1 of Nuremburg. (See Painting, p.
485.) In short, Engraving was expected to do as much
for Painters, as letter-press could for authors.
The invention of Printing, by movable types, (typi Invention
mobiles^ox the substitution of them for engraved blocks, of types
(typi'fflci,) whether by John Gutenburg, as has been suggested
by Xylo
thought most probable, orTiy John Fust of Mentz, or by graphy.
Laurence Zaussen Coster of Haerlem, is incidentally con
nected with our present subject, but would detain us
longer than our limits allow. It is a sufficient honour to
the Xylographic Art to have suggested the invention. No
disputer that we know of has ever questioned that from
block books with engraved figures and scrolls, such as
the Biblia Pauperum,\ the Book of Canticles, Ars Moriendi, and Ars Memorandi, the Speculum Humana!
Salvationist the History and Visions of St. JoA;i,§ or
Dr. Hartleib's Book of Chiromancy,\\ the idea of a
• See Note (Q.) at the end of 1
t See Note (R.) Ibid.
\ See Note (S.) Ibid.
$ This and the others, with the exception of three, viz. the BMia
Pauperum, the Canticles, and the Speculum Humana Salvationis,
Mr. Ottley conceives were probably the rude manufacture of the
ordinary cartffnakers.
|| The name of Jorg Schapfl) the person irho, according to
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E.ngTaving. more convenient method for types, first perhaps for whole and Engraver, employed artists under him in various
words, and at length for letters, arose.
departmentsf^and died rich at the age of lorty-eight,
Kight re
The cities of most celebrity in which Xylography, ac- There is a set by Amman (Bartsch, 16. p. 371.) 0f 1 15
markable cording to the ancient German School, was practised in prints of Arts and Trades, published at Frankfort, 1564
its simplest form, were Nuremberg, Augsburg, Antwerp,
In Augsburg, Johan Burghmair, the pupil of Albert T^.
Strasburg, Amsterdam, and Leyden, to which we may
Durer, executed prints in wood, which approach theH5"
add Lyons and Paris.
1. Nurem
Nuremberg, for a length of time, preserved the charac fire and spirit of his master.* The father of Molbein J Bj
berg.
ter which the genius of Albert Durer and his people ob was a native of Augsburg, where Ham, hi* celebrated S"'
tained for that City in the Arts. We have mentioned son, was probably born, in 1496. They afterwards
works of Pleyflenwurff and Wolgemuth. From those of removed to Basle. The younger and the greater R4the indefatigable Durer, Mr. Ottley, improving upon the bein is said to have practised Wood Engraving as early
Catalogue of Bartsch, gives a description of 145 subjects.* as 1511, at the age of only thirteen, and to have been
Among them is the " Apocalypse of St. John the Evan employed before his departure from Swisserland by the
gelist, a set of sixteen pieces with explanatory text, (of most considerable publishers of his time at Basle, Zurich,
this the first edition was printed in 1498,) also the " Fall Lyons, and Leyden.t Sigismund Holbein, his uncle, S^nad
of Man and his Redemption through Christ," a set of has some very indifferent wood-cuts ascribed to bio. Huibai
twenty-seven pieces, out of whicli Mr. Ottley presents Alexander Mair, who nourished about k. 4|fcG60, is- Mjc.
his reader with four impressions beautifully printed from sided chiefly at Augsburg. This person must not be
the original .blocks, in the possession of Mr. P. E. confounded with the Mair of mare ancient times, who
Boissier. Another set, consisting of twetity pieces, re- flourished about 1499, and for whom some German
Hans
presents the " Life of the Madonna."f Hans Schauff- writers claim the invention of Engraving in chiaroSchaufflein. lein the «punerer, and Hans Sebald Beham, native of
uro.J **
H. S. Be- Nui
Meanwhile, Antwerp had contributed early to Xylofollowed in the steps of Durer. From the
works of the former Mr. Bartsch describes 132 subjects, jpephy ; a very old print published there is described
Phiilery, with lie kV Pbite.
but doubts whether Schaufflein engraved any of them, '*% Heineken, having the
though they bear his mark. J One of them is a set of lowing inscription in old Flemish characters, "Girpnni
twenty-two pieces, for a Work entitled Himmelwagen t'Antwerpen by my Phiilery deFigursnider,"p™/e(i^
und Hollewagen, by Hans von Lenrodt, published at Antwerp by me, Phiilery, Engraver of Figurei. Ge
Augsburg, in 1517. Another is of forty pieces, for Der rard de Jode, the founder of a celebrated family of De to
Teidsch Cicero, by Heinrich Steyner, Augsburg, 1 534. artists, was born at Antwerp in 1541. Papillon (Traiic
Another, of seventy-three pieces, explained the Doctrines, de la Gravure en Boil, torn. i. p. 229.) mentions some
Miracles, Life, and Passion of Christ, 4to., Frankfort, cuts by him, printed at Anvers, in 1560". But CAruto- JeStia
1537. Of Beham Mr. Bartsch enumerates 171 sub paer Jegher, whose merits recommended him to Rubens
jects, of which seventy-three cuts belong to Scripture for engraving his designs, is the most deservedly cele
History, a set of eight for the Passion of Christ, and a brated artist in this way that Antwerp can boast. His
set of twenty-eight for the Apocalypse of St. John. The prints, after that great master, have a very powerful
first publication of Beliam's Hiblicee Historian was at effect, being cut in a bold, free style, with spirited
H. Lauton. Frankfort, in 1536. HmryLaulensach, who followed strokes, in imitation of cross-hatchings by a pen Alter
sach.
the style of Sebald Beham, is said to have also engraved the death of Rubens, he purchased the greater part of
in wood. Two subjects, with the mark of his son, Hans the blocks, and republished on his own account. He
Sebald Lautensach, are mentioned by Bartsch. He worked, al-o, after the designs of other masters. Among
Virgil
died at Nuremberg in 1590. VTrgil^Solis, who was these is a " Crucifixion," after F. Frank, dated 1637.
The City of Strasburg gave employment to thetwa 4 St
Solis.
born in 1514, at Nuremberg, and Jodocus or Justus
J. Amman. Amman, who died there in 1591, are well worthy of SHmmers of Schaffhausen ; Tobias, aad his brother
mention. The works of Virgil Solis on wood, (for John Christopher, who executed some cuts for the
several of which see Bartsch, Peintre Graveur, vol. ix. Bible published at Basle by Thomas Guarin, in 15S6.
p. 316.) as well as those of Amman, whose style they Of these prints, which are small, and after the designs
resemble, were chiefly published at Frankfort. They of Tobias, it is no inconsiderable proof of merit that
are voluminous. Solis, who was a painter, illuminist, Rubens declared he had studied them with attention,
, executed these cuts, is to be found at the bottom of the
fourth page of the Work, which consists of twenty-four pages,
printed ou both sides. Nuthing can be a ruder performance. See
Note (T.) at the end of Enoravino.
* V. Peintre Graveur, vol vii. p. 116—197. Ottley's Hitt. of
Engraving, p. 727—736. Two out of the 145 were in a future im
pression printed in chiaroscuro. (Art. 30.)
f Both these latter sets were eagerly purchased and copied by
Marc Antonio on copper, at Venice, who sold them for originals.
He affixed the mark of Albert Durer on all but the last plate of the
second set, to which he put his own. Bartsch is of opinion {Peintre
Graveur, vol. vii. p. 18.) that the inequality of execution in the
wood-cuts attributed to Durer is so great as to make it improbable
that all of them are from his hand. Some of them contain, ac
cording to the same Writer, indications more or less decisive of the
actual hands which engraved them. A Holy Family (quoting from
Merr. Journal, Sec. torn. vii. p 73.) he attributes to Hans Glaser, a
cardmaker r a Madonna to Hans Guldenmund, ami th» Rhinoceros
(Art. 30.) to Hen. Goltzius of the Hague, &c. &c
I See Note (U.) at the end of Enoravino.

* Peintre Graveur, vol. vii. p. 201. Of the triumph of 5I"i
milian, Bartsch observes, (/A. p. 231.) Ce recueU contutt a 135
pieces qui ton! auiunl de monument prlcieux de IArt it b Bit
vure en Boit, el qui, par la Kgcreli et la correction dHdeat<*,nttM
que par le loin el thabitele de fexecution, mintent faltctto* i
rapprobation de tout let connntteurt. Cet ptancAet onl ill jnmri
(p. 235.) dam let annirt 1516, 1517, 1518, el 1519, for (to-*?
graveurt en boit trei-nabiles, tur let detteint it Ham Btrpmi
dont let lellret H. B. tout marqueet tar beaucoup de cet piecei t"
norns des graveurt qui sur le dot a?un grand nombre de enptw*1'
{toutrt de boit de poirier) tont Iracft a fencreem touiet Ittntngrave* teulement rn mnnogrammet tur le boit. Jerome Andre, Jw
de Bonn, Coraaliua ou Corneille de Bonn, ou Corneille Ltclrtuk.
Hnns Frank, Saint German, Guillaume et Corneille Lefnnk, Afcffl
Lrodt, .losee de Neglier, Vinceut Pfarkecker, Jaques Riip]>.
Schaufflein, Jean Tubenth, H. F. F. P. et W. R. et Guillaume f*<(ire Guillaume Let'rink.
f See Note (V .) at the end of Engravinc!.
{ See Note (W.)/rM.
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Engraving, and derived much instruction from them. Christopher
Maurer of Zurich was a pupil of the elder Slimmer.
Maurer.^
At Amsterdam, John Wallher Van Ai
5. Jmief ' Van Sichem family were conspicuous. Van Asseh
f'an Assen ^°rn a°out 1490. His works are admirably executed,
' and highly appreciated by collectors. Bartsch men
tions twenty-one Scriptural pieces having his mark.
(Peintre Graveur, torn. viL p. 444.) Strutt considers
him as successful only in the expression of his heads.
The family Of Christopher Van Sichem, Strutt informs us that he
of Van
executed some portraits and other subjects on wood,
Sichem. from
Goltzius, which deserve commendation. The
prints by Cornelius he affirms to be " stiller and of
heavier execution" than those of Christopher : but of the
cuts by Karl Sichem he expresses no opinion. To Cor
nelius are attributed more than 600 prints of Scriptural
subjects.
6. Lcifden.
Leyden was remarkable for giving birth and fame to
Lucas Van Lucas Jacobs, called Lucas Van Leyden. (See PaintLeyden.
riwo, p. 480.) He was an Engraver, but it is doubted,
■"both by Adam Bartsch and Mr. Ottlejv whether he ever
engraved on wood ; though both these writers give a
large
list
after
his
i
* of
t.- Xylogruphic
,
c , i ■ works
i - i engraved
1
I
designs.* No works of this kind, however, bear his
mark. The only part which Mr. Ottley thinks he
might have had in the performance of them was that of
making the designs upon the wooden blocks. From
the uniform similarity of their execution, Mr. Bartsch
Other Fie- considers that Lucas must always have employed the
roish ar- same artist for cutting his designs ; and this person was,
tists.
undoubtedly, of great ability. Lucas died in 1533, at
Jan Livens, the age of thirty-nine. Jan Livens of Antwerp, the
successful follower of Rembrandt in the beginning of
the following century, has two wooden cuts ascribed to
him, very fine and scarce works. In this Flemish list
Negher
might be included Justus Negher, of Nordlingen, whom
Bartsch distinguishes as one of the ablest Wood Engrav
ers in the early part of the XVIth Century; Peter Koeck
of Alost, the celebrated traveller to Constantinople,
who has left us his work of Turkish costumes, &c,
dated 1533; Conrad Meyer, of Zurich, who engraved
Meyer.
some admirable cuts for Erasmus's " Process of Folly ;"
'ohman. and Edward Echman of Mechlin, who has copied in
wood with surprising delicacy and spirit some fine cop
per-plate prints by Callot. Ludwig or Louis Businck,
who flourished at Minden, according to Hcineken, about
1630, executed some spirited prints after his own de
signs, and those of Geo. Lallemand, his contemporary,
of Nancy.
. Lyons.
Solomon Bernard was born at Lyons in 1512. Nine
Bernard
sets of prints, most of them for books, printed at Lyons,
nd Woei- are attributed to him. Pierre Woeiriot of Bar Le Due,
who resided chiefly at Lyons, is described by Papillon
as a Xylographer who marked his wood-cuts with a
double cross, called the cross of Lorraine.f
Paris and The XVIIth Century brings us to the remarkable
families of Sueur and Papillon at Rouen. Pierre le
* V. Peintre Grooeur, vol. vii. p. 438. Otttey'i
ofEngraving.
p. 751.
f Trait/ de la Gravure en Bois, torn. i. p. 150, 151. 240. See
also Stnitt's Dictionary. Noel Gamier is mentioned by Papillon
without specifying any of his works, as Graveur en bois fort midiocre ; of Jollat, another French Engraver, who flourished about
1510, he particularizes, 58 ettampet gravest en boit attez proprement, and other works, printed at Paris in 1 490. Juqucs Peruin or Persinus, in conjunction with J. Torlorel, engraved the
Wars of the Huguenots from 1 559 to 1 569.
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Sueur* a disciple of Du Bellay, was born in 1636.
The elder Papillon, his fellow-pupil, was but an indifFe
rent artist; but his son John, called the younger Pa
pillon, fiiiher to the well-known writer on the Art, and
said to have beta the inventor of printing-papers in j^su^t°
imitation of tapestry, was a good draughtsman and anu Papiltolerable Engraver. He died at Paris 1723.
Ion.
(30.) In the first of the two compound processes Compwmi
(Art. 12.) of Xylography, the earliest specimen extant process of
w ith a data, ctz/the St. Christopher, has already been al- the German
hided to.(Art28.Note(0.)attheend.) It wasdiscovered SchooL
by the Baron Heinekeu in the Chartreuse at Buxheim,
near Memmingen, and is dated 1423. The " Annun
ciation," another print found with it, pasted in the same
book, is considered equally ancient, but is without a
date. Jansen alludes to another remarkable specimenjin
his Essai sur I'Origine de la Gravure, torn. i. p. 90.
where after stating first the process of cutting the out
line on the block by the formschneider, and then the
subsequent process of colouring (with a stensil) used
by the briefmahlcrs, or card-painters,t he remarks, e'est Stensilled
exactement de cette maniere qu'ont ete executkes les P""1'8figures
I'Apocalypse
la Bibliotheque
a
n • + de.u
. : a.1the
.i Imperiale
Paris.\
But. respecting
names ofr* these
numerous—
operators nothing is known. He asks (at p. 108.) mais
it s'agit de savoir qui eloient ces ouvriers ? On ne connoti par certitude avcun graveur en bois avant Wolgemulh et Pleydcnwurff.
In the other compound process, (Art.12.) we doubt
whether many German artists followed chiaroscuro En
graving exactly in the method which Ugo da Carpi, as
we observed, (Art. 28.) is said to have introduced into
Italy, namely by means of wood blocks only, and without copper-plate outlines. Bartsch seems to contend
that the invention, in any shape, is altogether German.
He remarks that a specimen remains of Ugo da Carpi
with no earlier date than 1518, but owns that the other
prints un-dated from the hand of that master, may
(from their being worked with no more than two blocks)
be much earlier performances. And then he mentions
* Aim, says Pavilion, n'etl plus beau et plus hardi que let tallies
de tet gravuret. Trailed de la Gravure en Bois, torn. i. p. 303. This
Pierre le Sueur had two sons of the name of Pierre ; the first,
called by Papillon Pierre Value, and, according to the same
authority, an excellent artist, was born at Kuiien iu 166:1, and
died there in 1698. The next Pierre (du second lit de tancien
Le Sueur) a grave" en bois pattabtement a Houen, mats i/ mnnquoit,
comme beauconp d'autre* gravurt en bots, de re ban gtr&t. de cri rntente de clair obneur, et de la correction dans let figure* que procure
Chabitude du deuein. U est mort environ fan 1750. (16. p. 3'2'J.)
A third won was burn between the two Pierres, named Vincent, of
whom Papillon gives the family histoiy, (lb. p. 316—3^2) and
who engraved both in simple Xylography and in chiaroscuro ; lint
was an incorrect draughtsman. He was born at Koueu in 1668,
and died at Pans in 1743.
f Cean Bermudei, in his Utccionario Hittorico de las Be/lat Artet
en Etpafw, though he gives no examples of this precise kind, men
tions severnl illuminists, to the number of about tweut\, wh. se
works adorn the libraries of the Monasterio del Escort*!, ami of
the Cathedral* of Seville, Toledo, and Segovia. The mo-t ancient
are those of Garcia Martinez, belonging to the Cathedral of S. Title
He flourished between 1343 and 1381. The must numerous were
executed for Philip 11., and the latest are by Mosen Khseu BMuttaf,
described as pintor e pretbitero, who died in 1761. Not untie
qiiently, the process of illuminating rerembled what is called, in
modem phrase, 11 oriental tinting,'* and was practised by mean* ul
stensiU cut out of thick vellum, tin, or pasteboard.
I In the Boot of Tradet, published in 1564, for which we havi
said (Art 29.) that Justus Amman executed the cms, the block
cutler, or formtchnetder, is represented in one print, and in aiioihc
the briefmahler, each performing his peculiar and separate process.
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s, . three, six, and even
Engraving various German works with
nine years previous to 1518.
A rhinoceros, imported from India to Lisbon in
1515, was sent as a present by Emanuel, King of Por
Prints in tugal, to the Emperor Maximilian I. Of this animal,
chiaroscuro. Albert Dtirer made a design, which bears his mono
gram and the date, 1515, on the original block. Some
impressions of this work are printed inclair obscur with
two blocks. A " Holy Family" and a "Crucifixion''
are also enumerated among the clairs obscifrs de deux
Durer.
planches attributed to Durer, but which Adam Bartsch
considers doubtful. The " Crucifixion," however, is re
garded by Mr. Ottlcy as a genuine production.t The
seventh volume of the Peintre. Gravcur records (at p.
320.) a work by Hans Baldouin Griin, clair obscur dr.
H. Baldouin
trois couleurs. Of Hans Ulric Pilgrim, Bartsch parti
Griin.
cularizes (at p. 449 in the same volume) ten specimens
Pilgrim.
in clair obscur de deux planches, and introduces Pilgrim
as having the reputation of being the inventor of this
sort of Wood Engraving.^
"The beautiful Virgin of Ratisbon," after the picture in
the Cathedral of that city, is mentioned by Strutt as an
Altdorfer. admirable work in two tints by Albert Altdorfer, whom
we before named. (See Note (W.) at the end of En
graving.) Of this work, he adds, that there are some
few impressions from the single block onn which were
Businck. engraved the outlines without the half tint. Louis Uusilicic, whom we also mentioned before, (Arfc
(
29.) is
celebrated for some very masterly cuts in chi;iaroscuro.
Modern
(31.) We now come to the Wood Engrave:
ravers of the
School of
Xylogra XVlIIth Century, to whom, according to the arrange
ment proposed, (Art. 26.) we give the name of modern
phy.
masters in Xylography. The number of these artists is
so small that they can occupy but a very short space
in our columns. In fact, Xylography was given up for
a new branch of the Art more effective, and perhaps
Itss difficult of execution : and Copper-plate Engraving,
(especially after the superior facilities afforded by the in
troduction of the etching needle,) began rapidly to
supersede the use of prints from wood, even for the il
lustration of books.
Xylography in the XVIIIth Century, and up to our
Confined
chiefly to own limes, seems confined to Italy, France, and Eng
Italy, '
land. In Italy, a Venetian Nobleman, the Count Anto
France, and nio Maria Zanetti, born at Venice in 1630, became
England.
celebrated both as a collector and as an artist. Papillon,
his contemporary, born eighteen years after, bears testimony to the beauty of many works of Zanetti in chiaro-scuro, gravures en camaieu a trois planches ou rentrees
depuis 1720 jusqu'en 1740. They are after drawings
by Raffaelle, Parmegiano, and other great masters, most
of which the Count purchased at the sale of the Arundelian collection. He was assisted in this work (to which
he added several etchings, and which altogether contains
eighty-nine prints on copper and wood) by his nephew
of the same name, the librarian of St. Mark at Venice.

Zanetti has not escaped censure from such as value ex Main
cellence more than rarity, for his exclusive spirit in Xyl-p,.
fa,
burning his blocks and destroying his plates, after taking
an inconsiderable number of impressions. Anothei
Italian, and a native of Venice, is Domenieo Rotetti,
who flourished as an Engraver in 1720. He is styled
an Engraver in copper as well as wood : and was for
tunate in his patrons, the first of whom, an Italian
prelate, Giovanni Francesco Barberigo, gave him his
education at Verona; and a subsequent patron, the
Elector Palatine, by whom he was invited to Dusseldorf,
:. 'i '.■! esteem by gilding the plates (after a lew
impressions) of the " Triumphs of Alexander."
[n France, the activity and ingenuity of Jean Baptitit J. B. M.
Michel Paj Ion, son of the last mentioned of that name, P»;
(Art. 29.) called the younger, brought the Art into greater
notice than had ever been bestowed upon hin that Coun
try. The encouragement which the policy of Louis XIV.
had extended to works of taste and to the fine Arts, was
not discontinued during the long reign of his profl
successor: and Papillon, like many other men of in
live minds, raigea himself to fauiebythe novelty, if
the solidity, ofnis pretensions. He was born at Paris i
1698. Of a bold and hrdependlmspirit, with a mind
devoted to bis Art, and apparently self-educated as to
literary pursuit-, heput forth his well-known Treatise, his
torical and practical, on the subject of Wood Engraving:
a Work of most amusing naivete and originality, but
abounding in historical errors.* His researches, however,
are of great extent, and his evidence respecting any
fact of which he was personally a witness, is allowed to
be perfectly honest and trustworthy by his severest
censurers. He was elected, in 1733, member of the
Society of Arts at Paris. His Treatise contains many
fine examples of his skill in Engraving, where a clear
and pleasing effect is produced by single strokes and
without cross hatchings. Two specimens are also given
of four blocks, each to illustrate his description of cuts
in chiaroscuro. His best performances are considered
those prints which, in conjunction with Nicolas le Sueur,
he executed after the designs of Bachelier, for a fine
edition, in four volumes folio, of Les Fables de Fontaine.
Papillon died at Paris in 1776.'
Nicolas le Sueur was born at Paris in 1691, and died X.kfcn*
there, in 1764. He was the son of the last-named
Pierre le Sueur, (Art. 29.) and is celebrated by his bio
grapher and contemporary artist Papillon, as being
markable for some very fine cuts in chiaroscuro after
Raffaelle, Parmegiano,.and others of the high School in j
Art. These, Le Sueur executed for M. Crozat, for the
Messrs. Mariette, for Count Caylus, Ac. (V. Tratte de
la Gravure enBois, torn. i. p.411.) Papillon adds, that
Nicolas would have attained absolute perfection as a
Wood Engraver, si Vautre genre de gravure en boU or
dinaire et delicate de vignettes, Jleurons, Sfc. il s'y fat
attache a y donner du feu, du go&t, de Ventente, et du
clair obscur, mail ses tailles toutes d'une teinle, rendoieni
set gravures sans eclat, el sans degradation ou augmen
tation de couleur. The writer likewise commemoiaies a
sister of Nicolas, named Elizabet, as a popular sulist in EU-bs*
Xylography, and acknowledges the assistance which
N. le Sueur and himself obtained from the taleDt> of

* If priority of dates, says Bartsch, is to settle the question, we
have the " Rhinoceros" of Albert Durer, a. d. 1515; a portrait
after the design of Hans Burghmair, 1512; a portrait of Pope
Julius II., 151 1 ; the same date upon " Adam and Eve," after the
design of J. B. Griin ; and the date 1509 upon a work after Ebend,
called "The Witches riding." (Hexenritt.) V. Anleitung, Stc.
1 thiel, sec. 639.
f The " Rhinoceros" is numbered 136 in Ottley, (p. 753.) and
126 in Bartsch. {Peintre Graveur, vol. vii.) The '* Holy Family'*
is numbered 10. {Ibid.) " The Crucifixion," No. 27 in Bartsch,
* To all lovers of autobiography, Papillon's writings aw a tr.»sure, and may be clashed with those of another most entertaiLiDg
' is No. 132 in Ottley.
t See Note (X.) at the end of Enoravimo.
and kindred original, Benveouto Cellini.
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Engraving, a pupil named Le Fevre, who, in 1759, or 1760, lost his
v-""v™-/ reason, and became incurable.*
From France the Art, in its modern state, seems to
Le Fcvre.
have crossed the Channel to England, it' we put down as
the earliest name worth notice, that of John Baptist
Jackson. Jackson,^ who for some time received instructions at
Paris from J. B. Michael Papillon, and was employed by
him and others in that Capital.
Edward Kirkall was born about 1695 at Sheffield in
Kirkall.
Yorkshire. He was the son of a locksmith, and quitted
his native town to engrave arms, stamps, ornaments,
and cuts for books in London. It appears to us not
improbable, that he was the Engraver of several vignettes
in a Latin edition, 12mo.,of Terence, published in Lon
don a. d. 1713, and very favourably commented upon
by Papillon, (torn. i. p. 323.) who refers to the letters
E. K. as the initials of the English Engraver. If this
be so, Kirkall, according to the same critic, was the lirst
instructor of Jackson above-named.
The
But the persons to whom modern Xylography is most
Bewicks. indebted are two brothers, Thomas and John Bewick,
born at Overton, near Newcastle upon Tyne, whose
prints for a History of Quadrupeds, published there
in 1790, Svo., first introduced them to the world of Art
as original and powerful contributors to its advance
ment. A History of British Birds followed in 1797,
but the death of John in 1795 of a consumption had
meanwhile dissolved their affectionate partnership.
Thomas, however, has lived to transmit through nume
rous pupils the revival of tliis branch of Engraving.
In 1795 the Poems of Goldsmith and Parnell, pub• Le Fevre assisted in the more delicate touches for the wood
cuts published with the Fables de Fontaine. Papillon's manner of
introducing Le Fevre's malady has led Heinekeu to presume that
poor Papillon himself had at one time impaired his faculties by
over-application. Par un accident commitn a plusieurs graveurs,
aussi bien qui moi, Le Fevre est detenu nlieiie d'esprit en 1759 on
1760 suns avoir pu itre gu6ri : de tneme quUm jeune homme nomm£
Guignard, 8fc.; and then he goes on, in his favourite strain ot
gossip, to relate a similar case. Mr. Ottley looks upon the phrase
a!lent ttesprit, as a mere pleasantry of expression common to
French writers. (History of Engraving, f. 'Z'i.) This Frenchman,
however, is, we think, an exception, and seems throughout his whole
book to be too seriously intent upon the subject of it to have any
lime or inclination for being witty.
*
f The birth-place of Jackson is not mentioned. He flourished
from about 1720 to 1754. Papillon accuses him of having un
gratefully endeavoured to pass off and sell a surreptitious copy Of
one of his (Papillon's) Works for his own ; a discovery which led
to his dismissal, and subsequent want of employment and of sub
sistence at Paris. (Traiti de laGravure en Bois, turn. i. p. 327,328.)
He removed to Rome, and thence to Venice, where he became cele
brated for several wood-cuts in imitation of drawings by the ancient
masters. A set of seventeen large prints in chiaroscuro was published
at Venice by Pasquali, a. d. 1745, in which Jackson, by anew method,
undertook to imitate in colours like those of the originals some
choice works of Titian, Paul Veronese, Tintoretto, Basano, and
others.
"His first essay of this kind," says Mr. Savage, (Practical
Hints, p. 15.) "was at Venice in 1744, when he published six
landscapes." " All the prints in colours that I have seen," adds
the same writer and artist. " show a failure ; for the oil which he
used in the ink has not only stained the paper on which the subject
is printed, but also the adjoining leaves/'' Mr. Savage goes on to
remark that the use of oil in coloured printing inks not only de
faces the paper, but changes the colours. We may subjoin, that
a similar fault very painfully appears in the chiaroscuro specimens
of Papillon. See Note (M.) at the end of Engraving.
From Venice Jackson returned to England, where probably he
died. Among Jacksou's prints in simple Xylography is a " Descent
from the Cross," after Rembrandt, conveying, says Strutt, in a
spirited manner, a good idea of that great master's mode of
(ketching.
vol. v.
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lished by Bulmer, 4to., are illustrated by these artists ;
and the year following Somerville's Chase, similarly
adorned.
Robert Allen Branston was a native of Lynn, in
Norfolk, who about a. d. 1800, when in his nineteenth Branston.
year, settled at Bath, as a general Engraver and HeraldPainter. Emulating, however, the reputation of the
Bewicks in Wood Engraving, he undertook some cuts
for a work descriptive of that ancient city. He found,
however, very insufficient support by this occupation, and
came to try his fortune in London, where he maintained
himself for a while as an Engraver of music. Xylogra
phy, however, was by this time reinforced with the talents
ofNesbil, Clennel, and Hole, as subsequently by Bonner,
Harvey, Thompson, &c, and public encouragement
again called forth the industry and eminent graphic
powers of Branston. He was employed afk-r this in most
of the Xylographic publications of his day till his death,
in 1827, at his house at Brompton.*
(32.) Before concluding our account of Xylography, Instru •
some particulars may be expected on the subject of the ments and
materials and instruments employed for this branch of materials.
Art, and the methods of applying them. These will,
perhaps.be best described and understood by introducing,
at the same time, a brief reference to the practice of Line
Engraving on metal in its simplest form, unassisted by
and unconnected with etching or other processes. A
comparison between the mode of operation on wood and
that on copper-plate (one mode being the exact reverse of
the other) may give greater distinctness to both. For
the same distinction here exists which was remarked be
tween seals and medals, sunk or caved work and raised
wurk. (Art. 2—5, and note (A.) at the end of Engraving.)
The lines which are to receive the ink on the block pre
vious to an impression are so many level ridges standing
out in relief, like printers' type ; and coming, when printed,
into immediate contact with the paper, so as to indent
it. The lines on a copper-plate, on the contrary, are so
many channels hollowed in the metal, within which the
ink is enclosed, and which in printing require the paper
to be forced into them, in order that it may come into
perfect contact with their contents: and the paper thus
pressed will show ridges of greater or less prominency
in proportion to the depth of line on the copper. It is
manifest, therefore, that for the purposes of Wood
Engraving such tools must be provided as will cut away
all parts of the wooden surface which are not intended
to give impression upon the paper. Knives, gouges,
and chisels, of various forms and dimensions for ac
complishing this end, are carefully described by Papillonf in the second volume of his Trail'e de la Gravure
* Some of the best specimens of the modern English School of
Wood Engraving are to lie found in a volume entitled Religious
Emblems, published in 1810 by Mr. Ackermann, of the Strand,
London. The Work also of Mr. Savage, alluded to in the preceding
note, is remarkable, and contains, together with some aspiring
attempts in chiaroscuro, which have failed through their excessive
complexity, several of the finest productions from the burins of
Branston, Nesbit, Bonner, Thompson, &c. after drawings by Thurs
ton, Callcott, W. M. Craig, W. H. Brooke, J. Varley, W. Hunt, J.
P. Neale, &c. Mr. Savage mentions J. Skippe, Esq., an amateur,
among the improvers who had preceded him, of coloured Wood
Engraving in cameo. For examples of modern skill and patience
in cross-hatching, see the Typographia of Mr Hansard.
f See Note (Y.) at the end of Enqhavino. The author of a
modern Work on Decorative Printing observes, that the improve
ments which have taken place since Papillon wrote have nearly
superseded the practical parts of his book. Savage, Practicm
5 K.
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Engraving, en Jiois, (torn. ii. p. 11 —47.) together with the proper
v-^v"~*' ways of sharpening and adjusting them.
Method of
Another main point of difference between these two
printing
branches of Engraving is seen in the mode of taking off
wood-cut* impressi0ns; wood prints have the capability of being
that'of'cop- placed in the body of a printed work surrounded by the
per-plate letter-press. They receive their share of the same ink
Engravings, with which the types are coloured, and can be printed
at the same moment with them. Metal plates, on the
other hand, incur the additional expense and labour of
separate printing, by means, generally, of pressure be
tween two cylinders and in a press of peculiar construc
tion. The superiority, too, of wood over metal as to
durability is remarkable.*
Hintt, p. 63. See also Note (M.) at the end of Enohavino. The
instruments now employed by Enslavers on wood are generally
similar and similarly handled to those of Engravers in copper. A
tool of the same kind, and sometime* of exactly the same form with
the common graver or burin,(see Note ( B.) ibid.) was probably first
introduced by John and Thomas Bewick. It is held in the same
manner as for Engraving on metal. Sometimes, too, the edges
which cnt away the wood are rounded ; (pi. i. No. 3,) sometimes
squared, ( Id. No. 4,) similarly to the occasional instrument of the
Chalcographer ; and sometimes the whole of the steel bar is of a
rounded or cylindrical form.
Various sorts of wood have been used in this Art ; occasionally pear
tree, lime, sycamore, and other soft woods ; but the only material
in use at the present day is box. The wood, too, is not now cut
into planks as formerly, (namely, with its grain parallel to the en
graved surface,) but into rounds, or transverse sections, so that the
engraved surface must always lie at right angles to the grain, and
present, in every part of it, a uniform resistance to the edge of the
tool employed. Thus is gained an advantage tending essentially
to accuracy as well as facility of execution. The box tree grows
in Turkey to a size considerably larger than in this Country. Sue
Isaiah, xli. 19. and lx. 13. where the fir tree, the pine, and the box
tree are mentioned together as forest trees, and styled the Glory of
Lebanon. The Turkey box is consequently a frequent article of
importation ; but for small works and vignettes our English box
wood is excellent. A species from America, larger than that from
Turkey, has been tried but not found so good . The rounds or
transverse sections of the tree are sawn nearly an inch in thirknes«,
so as that in printing they may be brought to lie evenly with the
type. Each block is next carefully scraped and polished to a de
gree of smoothness proper to receive the drawing ; and the drawing
generally is made upon it by the original designer either in pencil
or with a pen. Frequently it is shaded with Indian ink or seppia
in a very finished manner, giving the fullest effect of chiaroscuro
of which the artist is capable, and leaving to the Engraver his
choice of whatever kind of lines (Art. 14. 15.) he has found by ex
perience to be most effective.
* Where any tolerable care is taken by the Printer, one hundred
thousand or one hundred and fifty thousand impressions may be
taken from a Wood Engraving without material change to the block ;
whereas from copper-plate, although engraved deeply and with a high
burin, scarcely three thousand perfectly clear impressions can be ob
tained. From copper plate, says M. Bartsch, executed throughout
with high burins, the first fifteen hundred impressions taken are gene
rally perfect ; the next fifteen hundred become gradually more and
more defective in harmony ; and the remaining thousand are alto
gether grey, monotonous, and feeble. Plates worked superficially,
i. f. with the low burin, give one thousand impressions less. (An/eitung, Sfn. vol. i. p. 11.) Even a steel plate will not give more than
ten thousand without betraying evident marks of the wear occa
sioned by rubbing the colour (according to the same process as
with copper) into the engraved lines, and at the same time clear
ing it away entirely from the surface of the plate previous to each
impression. To this friction the wood block is not exposed. The
only friction to which the block can be subjected, besides that from the
ink roller or dabber iu charging it with ink, or from the pressman
in printing, arises from the operation of cleansing it after use. Papillon {Traiti, ofc.vol. ii. p. 375.) recommends for this latter purpose
a soft brush, in form like a hat brush or brush for shoes ; it must be
dipped in a lie made by boiling half a pound of pearl ashes in
three pints of water, and then passing the liquid through a linen
strainer. The ink immediately on application of the brush quits its
hold of the block, which must then be further cleansed by the ap-

Chalcography.
(33.) The invention of taking impressions from en- >
graved plates of metal has been described by Vasari in lokinpris.
Ms [ran
plication of clean water and a dean sponge. If the liquid be warm hwlwT
its cleansing virtue is more active. Mr. Savage recommenis, instead taalaaj
of the lie, spirits of turpentine ; ( Hintt, b)-e. p. 46.) and Papillon, ilea.
faute dc cette drogue, (alluding to the pearl ashes,) recommendi
warm water and common soap, not, however, of an acrid quality:
otherwise fresh water must be applied. Great care must be taken
in drying the block, so that it shall not be warped. This is often
the case with large cuts if left all night upon the press stone. " Let
them be laid," says Mr. Savage, "with their faces downwards
upon the imposing stone with a few thicknesses of damp papa
underneath, to place the flat side of a planer upon them : in the
course of nix or seven hours each block returns to its former slate.'
(Ibid.) Much application of water iu cleaning the block or other
wise should be avoided if possible. Persons careless of this rab
have been known to steep a block in water in order to cleanse it;
and by this steeping are sure to swell the lines of the print Pa
pillon is so nice upon this point, that in order to avoid the efetsot
moisture from the breath in Engraving, he advises the artist to
wear on his chin a covering or guard, to which he gives theaat
of menloniere. (vol. ii. p. 56.)
The friction, on the other hand, in printing from copper-plat:i
considerably greater than any to which wood-cuts or type can at
exposed. And that this friction must occur between each impres
sion is evident from the following description by Mr. Hansard.
(Typographia, p. 802.) "The workman takesasmall quantity of the
ink upon a rubber made of linen rags strongly bound about each
other, and with this smears the face of the copper-plate as it lies «
a grate over a charcoal fire. (Here the writer states in a note lie
invention by Mr. James Rainshaw, approved and rewanled by the
Society of Arts in 1818, for heating the plates by steam, and
thus avoiding the noxious fumes of charcoal.1 The plate being
sufficiently inked, he first wipes it over with a foul rag to take off
the extra colour; then with the palm ofhis left hind, and then with
that of his ri<;ht, he continues to free the surface of the plate from
all the unnecessary ink which it had received; and to forward this
operation of wiping ho dries the inside of his hands from time to
time by rubbing them on a lump of whitening. In wiping the plate
perfectly clean without taking too much ink out of the strokes con
sists the practical proficiency of the workman in hiaArt. ThepUta
thus prepared is next laid on the plank of the press, and upon itii
placed the paper, moistened in the same manner as for tetter-press,
in order that it may more freely receive the ink and imprasica.
Two or three folds of flannel are then brought over the plate, id
things being thus disposed, the press is set in motion bypotag
the arms of the cross, by which means the plauk bearing «* f™
and paper is carried through between the rollers, whichpinchin;wr/
forcibly and equally press the moistened and yielding pane"0™1™
strokes of the Engraving, whence it draws out a sufficient poruos,
of the ink to display every line of the intended print. '
Printing from steel plates is perfectly similar; so fhattbeqontity of friction must mainly contribute to efface the Engratiog™
a surface of either metal. The discovery, however, by a celebrato
American, Mr. Jacob Perkins, of multiplying engraved steel p its
by means of steel cylinders, seems to set at nought the powers «
wear and tear and of time. A steel plate is first softened to su*»
degree of ductility as will permit the artist to use the finest M
with nearly the same ease as if he were engaged on a copper-f1"'.
When his Engraving is finished, the plate is hardened by ai proaa
of carbonization, and is then not only capable of producing from l»
press a hundred times as many impressions as a copper-plate *>
yield, but is also made instrumental to the formation of other plates
almost ad infinitum, by a transfer, mechanically, of the Eag"»»S ,°
those other plates, so that each new plate "becomes a petted W
simile of the first The transfer is made by rolling a Q'"*"?
piece of softened steel over the hardened plate with a pressure
ficient to give the cylinder a complete impression iu rWiewcylinder, being then hardened, is used for transferring the sutjectt
any required number of plates, each of which may be again employ*0
for the same process in a course of endless reproduction.
But, again, as a get-off against this method of giving rnpensnable permanency to the labours ofthe burinist, the Woodrigi»,s!
enjoys the advantage of stereotyping- his productions. Tbe sopressions from the fac simile^ in type metal, of his Wood Eng»™>:
may be multiplied to millions and tens of millions of copies. wniti
the original block remains entirely inert and perfect, and ^''^
no other friction than has occurred in forming the first msold. w
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Engraving. J'homaso Finiguerra, whom we have mentioned, (Art.
33.) and who is said to have been born about a. d. 1424,
Finiguerra. communicated his discovery of impressions from metal
to another goldsmith, his fellow-townsman, and his
Baldini. junior about twelve years,* Baccio Baldini. Vasari's
account of Baldini is extremely brief, and only mentions
him as being an inferior draughtsman, indebted for
Botticelli, designs to the pencil of Sandro or Alessandro Botticelli,
another contemporary goldsmith, who had some cele
brity, both as a Painter and Engraver. A much superior
artist, however, (particularly as regards the naked
figure,) was another Florentine goldsmith, Antonio dd
Pollajuolo. Pollajuolo, born in 1426, who died in 1498. He was
one of the most eminent of his time in Painting and
Sculpture.t
Gherardo
Another Engraver of this period is Gherardo, a minia
ture painter of Florence, and worker in mosaic, whom
Vasari mentions as having shortly before his death
(which happened about 1490) taken up Engraving in
imitation of the German style of Martin Schongauer.J
* Mr. Ottley places the birth of Maso Finiguerra about A.d. 1410.
Maso died at Florence at an advanced age. His discovery is dated
by Heiueken a. u. 1460; but a much earlier date (a. a. 1+10, or
even a few years earlier) can now scarcely Ik' denied to it ever since
the Abb6 Zani'sgood fortune in finding among the ancient prints of
the National Cabinet at Paris an identical impression taken offhy
Finiguerra himself from the silver Pax already named in the last
note as belonging to the Church of San Giovanni at Florence, and
representing the Coronation or '• Assumption of the Virgin." Its
perfect resemblance to the sulphur in the possession of his friend
the Count Seratti drew the Abbe's first attention to it ; and his joy
in afterwards ascertaining fully the genuineness of the production,
is expressed with a zeal most unaifectedly characteristic. See his
account of the transaction published at the time, and translated in
Mr. Otlley's Work. " The workmanship of the Pax," observes the
Abb£, " which Finiguerra probably began in 1451, (the plate is
registered 1452 in the archives of the Church it belongs to,) fully
shows that he must have been at that time not merely a man
greatly advanced in his Art, hut a master of high credit and repu
tation." It has been well remarked that M. Mariette, who had the
charge of the collection of the King of France, and who conse
quently held this remarkable print under his key without knowing
it, boasted vainly of connoisseurship while corrresponding a. d. 1732
with Cav. Gaburri of Florence, about the origin of Chalcography,
while he left this document unnoticed, and only kept this valuable
relic of ItalianArt to be discovered by a foreign amateur in 1797. Mr.
Ottley, at p. 308 of his Work, presents his reader with a fac simile
of Zani'i discovery; and also at p. 304 with another print, a fac
simile, after one in his private collection, and regarded by him as
a proof impression from some work of niello, probably by Fini
guerra or some Florentine artist about the middle of the XVth
Century.
f A few characteristic fac similes from the works of Baldini, as
well as from those of Botticelli and Pollajuolo, are given by
Air. Ottley, vtd. i. of his Hist, of Engraving ; where likewise will be
found a translation of Vasari's Life of Botticelli, with an examina
tion of his works and merits. Botticelli was born at Florence in 1437
and died there ill 1515. The Engravings forthe edition of Dante,
printed at Florence by Nicolo di Lorenzo della Magna, in 1481,
are from the burins of Baldini and Botticelli. But a previous
publication had appeared in 1477, entitled Monte Santo di Dio,
with engraved illustrations, probably by the same artists. This
is thought to be the first book embellished with copper-plates, of
which the precise date has been ascertained.
I Mr. Ottley (Hist, of Engraving, p. 457.) introduces a subject,
" The Assumption of the Virgin," as probably from the burin of
Gherardo, and remarks of it, that the shading (which in the
Engravings ascribed to Baldini is for the most part effected by close
hatchings crossing each other in various directions, but without
curvature) is here represented by fine curved stmkes, terminating,
in many instances, on the light parts of the figures, with dots or
other short delicate touches of the burin in the manner used by
Martin Schbngauer and other ancient Engravers of the German
School. We learn from Vasari that the prints of Schongauer found
their way into Florence in considerable numbers many years before
the end of the XVth Century.

Robetta is another name slightly noticed by Vasari* Club.
Among these Florentine artists, Leonardo da Vinci is
thought to have exercised the graver. An interesting WV""1
specimen has been preserved in the cabinet of Thomas 8ol*la
Wilson, Esq., of which a facsimile is prefixed to a Work
descriptive of that gentleman's unique collection, en-*1*^110,
titled Catalogue of the Prints of an Amateur, 4to. Lon
don, 1828.
Meantime the Venetian States and the other Northern
districts of Italy were not wanting in contributors to the
advancement of the new Art. It is even doubted whether
the next named artist did not precede the School of
Florence in the publication of Engravings. Andrea kirn
Mantegna, born near Padua in 1431, whose celebrity as ^*"'P
a painter we have already noticed, (Painting, p. 475—
478.) was one of the earliest practisers of Line Engravinf,
and did more towards its progress in Italy than perhaps
any of his contemporaries by his superior knowledge/
design. Mantegna died at Mantua in 1506.t Giuh&iial
(Julius) Campagnola, (born 1498,) and Doi««fo^»'»
Campagnola, of the same family, (who flourished, in ^Jf*
1517,) the latter one of the best of the early scholars!*^
Titian ; the former the undoubted improver and (by
some) reputed author of the dotted method ofEngraving,;
contributed jointly with Mantegna to the fame of their
native Padua.
* He is named only as member of an artist's club at Florence,
called " La Compagna del Paiuolo," founded by his friend G»»,
Francesco Rust ici, about 1511 or 1512. The Society met alieroaleij
at each other's houses, to converse on the Arts, and to tup together.
The works of Robetta prove him, says Mr. Ottley, (who presan
account of twenty-eight Engravings by him,) to have been no ordi
nary goldsmith. In small draped figures he is frequently graceful,
but is not successful in the naked figure. He also sometime, intro
duces a few dots or short curved strukes after the manner of Schoogauer into his shadings, which appear finished with close hatch
ings thrown in various directions. Bartsch enumerates twenty-sir
plates by this artist, but erroneously dates their execution so Isle
as the year 1 520, contrary to Huber, Ottley, and others, according
to whom he flourished about or before the time of the Society of
artists above mentioned.
f In those days nothing better was expected in an Engraving
than that it should perfectly resemble a pen and ink drawing: and
this imitation seems to have been the utmost aim of ihntt^ss.
His plates are generally shaded by single strokes or parallels in •
diagonal direction across the plate, without cross-hatrhings. Ia
this respect they are like those of Pollajuolo, but with figures sill
better drawn, and are executed in general after admirable designs
of his own. His works do honour to his instructor and patron
Francesco Rquarcione, of whom the Abbe Lanzi observes, that if be
was not himself the best artist of his day throughout the State o(
Venice he was certainly the best qualified to teach others. M.
Bartsch gives a catalogue raisonnie of twenty-four subjects ty
Mantegna. and his authority is quoted by Mr. Ottley, who sate1
his opinion that Mantegna was early initiated in the Art, mi
engraved several studies of his painted works some time previous to
their appearance on canvass.
\ Of Giulio only nine pieces are recorded by Mr. Oilley,
Ed.
Domenico twelve. M. Bartsch, (Anlcilung, ojr. sec. 3S6
1821,) describing certain works executed by dots, (mil d(r tjuUsnu'tf
punze,) records a plate executed in the finest style of punching,
the work of Giulio Campagnola, and says it may be considered the
first attempt at this style. Giulio, he adds, composed it after another
copper-plate from the burin of Girolamo Mocetto, (Art. 27.) but has
reversed the figures and substituted a new back-ground. A fac si
mile ofthis plate, which represents " John the Baptist in the Wilderness," is given opposite page 768 of Mr. Ottley's Hist, ofEngrm*§.
Another earlier print in this style, with the initials P. P, is noticed
in Mr. Ottley's Enquiry, Sec, p. 474. The Catalogue of a* A**
teur, however, alludes to an Engraving of the " Virgin arid Child,
described as a dotted specimen of the early Ocrman School, which
perhaps may claim precedence of both the plates first mentioned;
though Giulio Campagnola seems undoubtedly the first who brought
this method of operating to any degree of perfection.

ENGRAVING.
In the State of Milan. Bramanle d'Urbino, best known
as an architect, directed his powers to fresco Painting1,
Bramante and the use of the graver. He died in 1514. Verona
I'Urbino. gave birth to Girolamo Moceito, whom we have before
Uocdto. mentioned, (Art. 27.) and Vicenza, nearly at the same
3 Mon- l',nc> t0 Benedetto Monlagna, who flourished about a. d.
agiia.
1500 : also, probably, to Marcello Fogolino.*
Other names might be added to complete the early
Utobello School of Italy, as Allobello, a scholar (according to
ud others. Padre Testa) of Dramante, and whom Vasari relates to
have painted with considerable ability a life of Christ
conjointly with Boccaccio Boccacini in the Dtiomoof his
native city Cremona ; Nicoleto da Modena ; Giovanni Batitla del Porto ; Giov. Maria da Brescia ; and his brother
Giov. Antonio.\ Beccafumi, the Wood Engraver, (Art.
2S.) also performed occasionally on copper and with the
graver only. We might here also mention, if our limits
permitted us, various unknown Engravers of Italy
whose works are distinguished only by ciphers and
monograms.^
Jvance(36.) We now arrive at a period (the XVIth Cen
tal of tury) when the Art of Copper-plate Engraving was to
wvaTwuh receive ann< 10 deserve greater encouragement in Italy,
iut of
and when its progress became in some degree propordiating. tioned to the advancement which Painting at the same
time manifested under the great founders of the Ita
lian Schools. A celebrated Bolognese goldsmith named
Francesco Rabolini, but oftener Francesco Francia,
who engraved medals admirably, as well as some fine
productions in niello, had also practised Painting with
success in his native city. Among his principal scholars
ircAn. were his son Jacomo,§ and Marc Antonio Raimondi,
iio Rai- born likewise at Bologna a. d. 1487 or 1488. Marc
Antonio became, as Vasari relates, a more skilful de
signer than his master, and was an invaluable assistant
in such works of niello as were fashionable at that time for
ornaments in dress, &c. He quitted, however, the service
of Francia to try his fortune at Venice, where we have ai
re ady traced him copying upon plates of metal some wood
cuts of Albert Durer.|| (Art. 29. Nure?nburg.) From the
Engraving.

• A specimen of this master's rare and almost unattainable pro
ductions is recorded ( Catalogue of an Amateur, p. 37.) in the col
lection of Thomas Wilson, Esq., a gentleman proud to claim and
-worthy of claiming kindred with our celebrated Countrymau Richard
Wilson, for whom see Painting, p. 496.
f Giovanni Maria flourished, as appears from his few prints, a.d.
1502. Ue was a goldsmith, a Painter, an Engraver, and an Ec
clesiastic of the Order of Carmelites at Brescia, and, according to
Orlandi, enriched the cloisters of that Convent with several fresco
pictures. His brother Antonio is remarked as being more of a
profefsed artist ; and in his early works (some executed be
fore a. n. 1500) adopted the style of Andrea Mantegua, but iu some
of his later productions imitated Marc Antonio Raimondi. He
sometimes copied iu reverse the prints of the latter, sometimes those
of Albert Durer, and seems to have engraved frequently after
drawings or pictures by Raflaelle d'Urbino or his School.
J Such works as are extant, both of these and the before-men
tioned artists, are carefully described in the fifteenth volume of M.
Bartsch's Peintre Graveur, and in Mr. Ottley's History of En
graving, p. 511 —593. Among the " unknown," for example, is
the " Master of the Caduceus," so called from his monogram, of
whom twenty-four pieces, in a style resembling the School of Ferrara, are recorded.
§ To Jacomo Mr. Ottley attributes eight Engravings which he
describes, Hist, of Engraving, p. 772.
|| " It happened," says Vasari in his Life of Raimondi, " that at
this time certain Flemings came to Venice with a great many
prints engraved both in wood and copper by Albert Durer, which
being seen by Antonio in the Piazza di S. Marco, he was so much
astonished by their style of execution, that he laid out upon these
prints almost all the money he had brought with him from Bo-
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handling of Durer, Marc Antonio, already an expert burinist, was not the less eager to derive new lights. His
object was to improve himself in every department of his
Art ; and when a print, very neatly engraved by him at
Rome, " Lucretia," after a design of Ratfaelle, became the
means of introducing him to that great master, he was
placed in a situation which every Engraver since must
have envied him, and which of all others was the best
and happiest for his purpose. During the short lifetime
of Raflaelle, (born a. d. 1483, about eight years before
him,) Marc Antonio was employed continually by that
eminent master, who despatched to Albert Durer many
of his prints as presents, and who frequently corrected
his designs on the plates, or perhaps even assisted in
their execution. Otherwise there seems no accounting
for the exquisite identity with which the character of
RafFaelle's pencil is preserved.* Among the numerous His pupils,
scholars of Marc Antonio, Agostino Venetiano and Marco German as
di Ravenna were the two most celebrated. From the *'e11 as
School, indeed, of this remarkable Engraver went forth laD"
professors who established his principles, not only in
Rome, Venice, Parma, Mantua, Bologna, Ravenna, and
other cities of Italy, but in some parts of Germany and
the North of Europe.f
logna." The attention, indeed, of artists in Italy had for
time been drawn to the progress of their German and Dutch rivals,
who, though inferior ta them as to graces of contour and chastesimplicity of design, yet went far beyond them in execution, and what
is termed " delicacy of burin."
* These corrections might easily be made by Raflaelle with a dry
point marking the intended course of the graver. Mr. Ottley con
cludes his Hitt, of Engraving with an enumeration of three hundred
and fifty-nine subjects engraved by Marc Antonio, and M. Bartsch,
in vol. xiv. of his Peintre Graveur, (from which the catalogue is
formed,) gives a description both of these Engravings and ofthe vari
ous copies of each print, together with a similar account of the nu
merous works of Agostino Venetiano and of Marco di Ravenna,- his
celebrated pupils.
t Among the foreign scholars of Marc Antonio, George Penct,
who passed his youth at Nuremburg, and his latter years at Brescia
a former pupil of Albert Durer, was so far converted to the style of
his new master as to be the author of works that resemble the best
manner of Raimondi. The Behams, Bartholomew and Hans Sebald, (the latter a nephew and pupil of the former,) conveyed simi
lar lessons in Italian Chalcography to Frankfort and Nuremburg ;
while James Bink, another German pupil of Marc Antonio, and na
tive of Cologne, dispersed the same precepts as far as Konigsburg
and the Court of Prussia, where he latterly resided. Of Bink,
however, it is recorded that he never entirely relinquished the man
ner of the German masters.
But our business here is chiefly with the Italian pupils and fol
lowers of Marc Antonio. Giulio Bonasone was boru at Bologna
about A. d. 1498, and Agostino tie Musis (above alluded to under his
popular name Venetiano) at Venice about 1490. Strutt particu
larizes seventeen of Agostino's principal performances, and repre
sents him as the introducer of that method of Engraving which is
performed by dots only. So that he as yet divides the honour of
that invention with Giulio Campagnola. (Art. 35.) Instead of
parallel lines, Venetiano frequently uses dotted shadings on the
naked parts of his figures. With whatever artist this practice ori
ginated, it was evidently the foundation of what moderns term
stippling, or the chalk manner. Venetiano left two sons, Lorenzo
and Giulio de Musis, who imitated, but with no great success, the
style of their father. Marco Ravignano, so called from his birth
place Ravenna, (born about a. d. 1496,) but whose family name
the indefatigable Abb6 Zani discovers to be Dante, was an early
intimate and fellow-student with Venetiano. During the life of
Raflaelle, Marco di Ravenna and Venetiano worked jointly under
their preceptor Marc Antonio, but after Rafl'aelle's death their
plates are separately marked and dated, and show each to have
been employed from that time on his own individual account. Of
Di Ravenna it is observed that he marked but feebly the extremi
ties of his figures. He died at' Rome about 1550. Giov. Giacomo
Caraglio was an Engraver worthy of the Marc Antonio School;
He was born at Parma about a, d. 1500, but subsequently settled
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(37.) When it is considered that (he principles of chiaroscuro and the representation of local colour, as con
nected with Engraving, were at this time unknown, the
progress of Marc Antonio Ruimondi entitles him to
our unqualified admiration. Italy, indeed, was now to
become, in the eyes of applauding Europe, the only pro
per theatre for pictorial study; and a kind of mania,
upon which we made remarks in another place, (Paint
ing, p. 480.) prevailed among foreign artists, especially
of the Dutch and Flemish Schools, for visiting this nur
sery of genius, and for being rocked in the Italian cradle.
The result was fortunate for the Italian School of EnCornelius graving. Cornelius Cort, born in 1536 at Iloorn in
Cert.
Holland, whose first instructor in the Art appears to
have been Jerome Cock, an Engraver and Printseller at
Antwerp, (and who engraved in early life several plates
published there under the name of his master, as well
as several others afterwards from various Flemish mas
ters on his own account,) caught the general rage for
travelling ; and, ambitious of extending his artistic
knowledge, undertook a journey to Venice, where for
some time he resided in the house of Titian, and en
graved some of Titian's finest pictures. He now rose
superior to his former efforts, and adopted that charac
teristic breadth of manner to which chiaroscuro, neglected
by his predecessors, was indispensable. Subsequently
he settled at Rome, and established there a School which
opened new means of improvement to the burinists of
Italy.* Of his plates (more than one hundred and fifty
at Verona. Enea f'ico, also of Parma, whose history we have
abridged, ( Art. 27. p. 738.) was another student who passed wine
time under Marc Antonio at Rome. M. Bartsch, who gives a de
scriptive list of four hundred and ninety-four pieces by Vico, con
tends tli.it this artist confined himself to Engraving on metal ; that
he adopted at different times the several styles of the four lastmentioned artists, and that only about a. d. 1550 he formed a man
ner of his own, which was distinguished by delicacy and neatness
even to excess, but that he never, as Huber reports of him, engraved
at all on wood. Ho died about a. u. 1570. Of the same period
and of the same School with Vico, were four remarkable Engravers
from the family of GAi'ji'of Mantua : Giovanni Batista Ghtsi, Diana
his daughter, together with Georgio and Adamo, believed to be his
sons. The style of Ghisi, the father, bears, in the opinion of M.
Bartsch, an especial resemblance to that of an anonymous Italian
Engraver who marked his plates with tlie letter B upon a small
cube ; and is thenco called the Matter of the Die. Some of his
plates have the letters B V without the cube, and the V has been
thought to stand for Venetiano. The prints by this " mcunnu''
are admirably designed and beautifolly engraved. His burin is
extremely like that of Marc Antonio, whose disciple hi? probably
was ; and the only fault imputed to him is, that his figures want
height, so that tlu ir heads look too large and their limbs too strong
and muscular for their bodies.
• He engraved at Rome the greater part of those prints which
have been called with truth the delight of every judicious col
lector. The Art hitherto had nearly been confined to small plates,
but the style of Cort, open, grand, and forcible, in which boldness
and freedom arc seen combined with delicacy and clearness of ef
fect, was adapted peculiarly fur " subjects of large dimensions."
Not only is his outline vigorous and correct, but his masterly hand
ling has called forth from Basan 'Diclionnaire ilet Graveurs) the
affirmation that Cort was the best Engraver with the burin only
that Holland ever produced. Strutt, however, says of hiin, that his
burin was unequal and sometimes even slovenly ; but he cannot with
hold his praise from Cort's "lightness of touch" in engraving
landscapes without the assistance of the point. In a " Transfigu
ration" after Raffaelle, Strutt remarks, that this Engraver has
greatly failed, and that the character and expression of the heads,
so admirable in the picture, are quite lost in the Engraving.' Cort
also engraved after Michael Angelo, Andrea del Sarto, M. Hemskirk, Franc. Floris, and others. His first works before he left Hol
land appear to have been after Hcraskirk. Bible subjects, very in
differently executed.
Until the time of Cort, says M. Bartsch, (AnleUung, Sec. vol. i.

in number) M. Heineken gives an ample account. He n '
died at Rome at the age of only forty-two, when his re- r^k
putation was at its highest, a. d. 1578.
\—^
The most remarkable pupil of Cornelius Cort in Itth ^PM
was Agostino Caracci, born at Bologna a. d. 1558, th'e*5"^
eldest of three celebrated brothers brought up under cti^i.
their extraordinary cousin Ludovico. (Painting, p. 476.)
Agostino was intended by his father for the business of
a goldsmith, a business in that age connected, as we have
seen, (Art. 36.) with the Art of Engraving; so that the
young Engraver, when only fourteen, contrived to exe
cute, in the style of Cort, some plates, at sight of which
his cocsin persuaded him to study Painting. JJ.
Bartsch reckons the engraved works of Ludorico to
amount in all to more than two hundred and seventy.
He died in 1602. Of his pupils and followers, the t*o
best were Francesco Brizzio, his fellow-towusroan and
friend, and Giacamo Franco, born at Venice aboutj.j,
1500 ; but Agostino for beauty, for outline, tnd!« ex
pression, left no buriti behind him to be comprsd with
his own.*
sec. 400.) Engraving had only been executed in cIokIj aimscy
lines. Curt was the first who introduced a broad style oibumiit,
for the representation of drapery intelligibly, and according to its
texture. (Art. 18.)
* Agostino, following the advice of his cousin Larforon, stu
died painting some lime at Parma, with his brother Analait,
and thence proceeded to Venice, where he perfected himwii a
an Engraver by the instructions of Cornelius Cort. He a&iiiid
the bold and free method of his preceptor, but in drawing iu
beautifully superior. His heads, observes Strutt, are admiral,
and the marking of his extremities the most accurate and nusnty
but his draperies are often stiff and crossed with a square
stroke which gives them an unpleasing effect. But perhap»bis cm!'
est defect is the prevalent fault of that Age, namely, the little ato
tion paid to the chiaroscuro.
Another Italian scholar of Cort was Francesco fVlamenci,\m.^
Assisi about a. d. 1560, who died at Rome a.d. 1626. Hesea
says M Bartsch, to have been too sparing ofhis graver; forhspnt:i
give tlie idea of sketches rather than of complete pictures. ha
lights being diffused too equally over a whole subject prodixti
slight and unfinished appearance: so that he may be sard to be «J
rather than powerful.
Batista and Gianomo da Parma might here be mentioned, ;tt
former born at Parma about 1530,) an imitator of Cornelius C*;
the latter somewhat resembling Caraglio. (See last a*
Art. 36.)
Marlino Rota, bora at Sebenico in Dalmatia about i.D.Wi
seems to have taken Cort for his model, and has ecpd *
" Christ tempted in the Wilderness," from an Engrating bj
master. He rtsidid chiefly at Rome and Venice. His Spawn
correct in their design, but their extremities are not alwaji^
marked. Bcnucoup de set eslawpes, says M. Bartsch, ne /o* H
tejfet disiri a t'eyard du clair obscur, parceqve suitanl kfA"*
gravure de son temps, it n'a pas assez soigne les deini-toxltl, tt tfi
degradations dans les tons. His print of the " Last Judpoe1
after M. Angelo is his chef-d'eeuvre, and would, if he had eagn*'
nothing else, suffice to rank him among the ablest Engraven oft'
time. But his portraits, among which may be paxlicuUiiMd lbs*
of the Emperors Ferdinand I. anil Kodolph II, leave fai behind J
that had been done before in this way by Beham, PeDti, A1*
grever, and the other old masters.
We doubt whether to this list of Italian names in simple 0*'
cography we need subjoin that of an inferior artist, Gio».
cini, a native of Mdan about a.d. 1520, who seems to have teW*
the School of Cornelius Bloamaert ; or the names of l»ovtsi
Criitofolo Birtel/i and their kindred at Modena, a tribe of dry M
laboured and unsuccessful imitators of Cort. Two descewUms
family at Strasburg, the Greulers, father and son, had some reci
tation at Rome, where the latter was born about a. o- 1600. »*•
we conclude with a name, mentioned by M. Bardon w'10,*?8
praise, namely, Giovanni Marco Pitteri, born at Venice in I'™'
pupil of Giov. Antonio Faldoni, whose style he did not ado?1 w.
contrived a method of his own quite distinct from tlie »h■»
Mellan. (See Note (G.) at the end of Enokaving.) His «}">' "
somewhat mannered, but, being a learned draughtsman, he btt
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Engraving. (38.) The German School of early Chalcography
^--V—'' has handed down to us impressions so superior to the
Old Ger- Italian, that many writers on the subject, whose critima* School •
,^
js tne crjtjcjsm Df Strutl) being uningraph) with cumbered by national prepossessions seems impartial,
iheburin have ascribed to Germany a simultaneous if not prior
only.
discovery of the Art. The year 1460 is mentioned by
Vasari as about the date of Finiguerra's invention.
(Art. 35.) The German School commences, however,
with an anonymous Engraver, who dates so early as
a. D. 1466.* The wonderful ease of execution to be
remarked in these prints from the burin of the Master of
1466, as he is generally styled, leaJs to an inference that
a number of anterior prints must have proceeded from
the same hand in order to the acquirement of so much
experience and facility .t
It is considered that the style of this Master of
1466 had several followers. Of these we shall speak
anon after mentioning another original artist who has
been regarded also as the introducer of a peculiar and
separate style ; namely, Martin Schon, or Schongauer,
born, as it is now well ascertained, at Colmar, A. D.
1453, where he died in 1499. His family, however,
were from Augsburg. He was a painter of great cele
brity in his time, and according to Sandrart was the
intimate of Pietro Perugino, the master of Rairaelle. The
story too, which Vasari narrates, that Michael Angelo,
when a boy, copied in colours, as a chef-d'oeuvre, one of
Martin's prints, the " St. Anthony tormented by Devils,"
has been told in compliment to this Engraver. The
style of Schongauer, notwithstanding its Gothieisms, has
been awarded due praise for great powers of expres
sion.J
made it answer bit purpose. Instead of working in the usual mode
by lines crossing each other in various directions, he covered his
plate with one course of thin line9 in one direction only, either per
pendicular or diagonal, which he afterwards strengthened by re
touching them in such parts as were necessary for giving form and
prominency, and light and shadow to each object represented.
( Anleitung, Ifc. vol. i. p. 173.) His plates possess considerable
merit. He engraved several for the collection of the Dresden Gal
lery, and others after various masters.
* Several of his prints bear this date, and several others the date
1467, with the addition of the two letters K and S in Gothic cha
racter, and sometimes the letter E only. Strutt gives in his Dic
tionary a remarkable fac simile of this artist. It bears the mark
1461, which Mr. Ottley {Hist, of Engraving, p. 604.) conceives to
be an alteration of some later date.
f Our wonder at the skill of this early burinist diminishes, when
we consider that the first Engravers were all or most of them skilful
goldsmiths or enamellers, to whom great dexterity of burin was
essential long before a single chalcographic print appeared, or was
even dreamed of any where : so that from the moment such a dis
covery as Finiguerra's came to be known there were numbers of
expert burinists in the great commercial cities ready to make imme
diate use of it ; and the only circumstance wanted to give the Ger
man prints the sort of superiority which they very fairly claim was
some mode (which doubtless they adopted) of superior mechanism
to the Italian for obtaining copper-plate impressions. M. Bartsch
(Peintre Oraveur, vol. vi. p. 1.) ascribes to the Master of 1466
one hundred and thirteen pieces which he himself has seen, be
sides eighteen which he mentions afterwards on the authority of
other writers.
I See Ottley's Hist of Engraving, p. 646. and Bartsch's Peintre
Graveur, vol. vi. p. 111. Schongaucr's facility of execution, and
the equality which pervades his handling, are ascribed to his long
previous skill and practice as a goldsmith in engraving ornaments
on plate. M. Bartsch enumerates one hundred and sixteen pieces
of this artist, and adds an account of seventeen others erroneously
ascribed to him. Mr. Ottley has given a very interesting fac
simile (Hist, of Engraving, p. 646.) of a Madonna by Schongauer ;
and Strutt, in a similar spirit of kindness to his reader, has'preseuted
us with an imitation of another Madonna by the Master of
>
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Among the followers of the Master of 1466 Strutt Chalco
reckons Israhel van Meehen, or Mcchcln. M. Bartsch, graphy.
however, who gives a list of two hundred and thirty-three
Their fol
undoubted pieces by this artist, includes among them not lowers.
less than forty copies from the plates of Martin Schongauer. Of Israhel van Meehen, he observes, (Peintre
Van
Graveur, vol.vi. p. 196.) that " his works bear the Gothic Israel
Mecben.'
stamp of his times without any redeeming beauties ; that
he stands therefore below Schungauer and his other
contemporaries, whose works show an originality and a
fire which shine forth frequently through a crowd of
awkward and disagreeable particulars ; and that no
artist has ever copied one of Israhel van Mechen's
plates." Strutt, however, maintains that Israhel had
several disciples ; and amongst them instances an artist
named Zwoll, 'or Zwott, whom M. Bartsch identifies
with an anonymous Engraver called, after his mono
gram, the Master of the Shuttle. lie enumerates The Master
eighteen pieces by this master, which, if they answer of the
Strutt's severe description of them, prove Zwoll to have Shuttle.
been at least a faithful disciple of Van Meehen.*
The other class of early copper-plate Engravers, fol
lowers, according to Strutt, of Martin Schongauer, are :
first an artist whose mark B. S. in Gothic character he
interprets Bartholomew Schon.t After him Schavfflein SchaufHein,
the elder ;\ Franz van Bocholt Bosche, (or rather Van Bo
cholt, and
146G. Strutt considers these two artists as founders (by means others.
of their numerous imitators and pupils) of two distinct classes in
the primitive German School ; both which classes, however, died
at length away, and became absorbed in the superior claims and
attractious of Albert 1 hirer. See ch. v. p. 21. of Strutt's Essay on
the Origin and Progreu of Engraving at the end of vol. i. of his
Dictionary.
- * There is an Israhel van Meehen the elder, who is regarded as
the father of this artist. He was a painter and goldsmith, but it
is doubted by some whether the Engravings imputed to him are
from his hand. M. Bartsch's opinion is, that the father and son
worked together on the same plates, which when worn were re
touched by the younger Meehen. The author of the Catalogue of
an Jmaleur observes, that there is no account of the death of the
elder Meehen ; but the death of the younger took place in 1 503, as
appears from a document in the British Museum copied from a mo
numental brass.
The Mechens, though decidedly inferior to many of their con
temporaries, and possessing no common portion of Gothic stiffness,
have, continues this writer, considerable merit in the execution of
many of their pieces. The " Life of the Virgin" may be fairly quoted
in support of this. A fac simile is given by Mr. Ottley atp.660ufhis
Hist, of Engraving, from a specimen of Israhel van Meehen, which
ought certainly to have softened the severity of M. Bartsch's cri
ticism. It is a small print representing "' Hares roasting the
Huntsmen and boiling the Hounds." Among the disciples of
Van Meehen, Strutt records Michael Bogner, and even Lucas
Jacobs, called Lucas Fan Lcydcn. (Art. 29.) Of Bogner (who 8ourished in 14S7) he records only a small plate representing a coat of
arms. He adds to the list several anonymous Engravers, and
gives their monograms. (Essay on the Origin and Progress of
Engraving, p. 2 1 .)
f Strutt supposes him a brother of Martin Schon, or Schongauer.
But Martin, as M. Bartsch shows, (Peintre Graveur, vol.vi. p. 68.)
had no brother of that name. He had four brothers, Gaspar, Paul,
Louis, and George, but no Bartholomew.
\ Ce que Strutt avance de deux maitres de ce nom, d'un aind et
a"un plus jrune, ne semble etre qu'une simple conjecture. (Peintre
Graveur, vol. vii. p. 245.) Hans SchaufHein, from the similarity of
his manner to that of Durer, is considered to have been his pupil.
§ Mr. Ottley regards the works of Bocho/t as bearing strong
resemblance to those of the Master of 1466 ; a fact which Strutt
acknowledges, and must therefore wave in this instance bis dis
tinction of the two classes. Van Bocholt was a native probably
of the town of that name in the Bishopric of Munster, where lived
also his contemporary Van Meehen above mentioned, of whom,
according to M. Bartsch, he was the instructor. Thirty-eight
pieces by Bocholt are described in the Peintre Graveur, vol. vi.
p. 77.
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(39.) Albert Durer, (see Painting, p. 485.) who* CU»
celebrity we have already noticed in another branch of
Engraving, (Art. 29. p. 790.) was no less conspicuous'
and influential in that now under consideration. His Durr,
works seem to have been universally held as models
among his contemporaries, and to have superseded all
former graphic attempts among his Countrymen. "Great
as was the fame of Durer as a painter," says the author
of the Peintre Graveur, " his productions as an Engraver do him no less honour. His plates show a free
dom, delicacy, and facility of burin to which none of his
predecessors can make pretension." Indeed, as to ue»|.
ness and clearness of execution, together with all other
mechanical qualifications for the Art, he has never been
exceeded ; but it has been the regret of all his tasteful
admirers, that Durer, with such fertility of invention,
such judicious arrangement, such variety and poter
of expression, (see Painting, Art. 279.) should bnt
been deficient in that graceful flow of outline thxh
distinguished his Italian contemporaries, and wtthwhich
his visit to Italy unfortunately failed to inspire kist.'&rf*
Durer had, as may be concluded, numerous pupfei54fJltr
* Wenceslas von Olmuli, the above-mentioned copyist of followers.f
Schongauer, wag a goldsmith, and, as his name imports, a citizen
of Olmutz in Moravia. He also copied Albert Durer, and some
times engraved after the designs of Mair. He copied also Israhel of the Candteitick. Twenty-three plates, thirteen of them ttcW,
van Mechen, or perhaps was copied by him. (Peintre Graveur, have been ascribed to Justin Amman. (Ibid. vol. ix. p. 351.J Of
vol. vi. p. 337.) But from not being a painter, Wenceslas is con firgiliut Sotii, no less than five hundred and fifty-eight roypticeived by M. Bartsch never to have engraved after his own designs. plates are recorded, ( Ibid. p. 242, see also Art. 29.) ud imw;
The great inequality, indeed, both as to composition and design, ma them two pieces etched, representing "The Deluge :" of Hm
nifested throughout his Engravings, argues a great number ofdifferent Sebatd Laulentach of Nuremburg (ibid, p. 208, also see Art. 2S-)
designers. His monogram, a W, has sometimes been asserted to stand fifty-nine copper-plates; and of ilclchior Lorich (see Note (YV)>t
for Wolgemuth; but M. Bartsch insists upon the improbability that the end of Engraving) sixteen.
• Of his Engravings on metal the author of the Prinlri CmWolgemuth, from whom Durer learned to engrave, (Art. 29.) would
make inferior copies such as these marked \V, from the prints of his reur particularizes one hundred and eight pieces. Three of then,
pupil. Mr. Ottley, however, alluding to a print marked W attri he remarks, are engraved on plates of tin, two of which haulm:
buted by M. Bartsch to Wenceslas of Olmutz, and entitled the etched ; and four others have been etched on plates of iron. Nr.
" Effects of Jealousy," considers it an original production of Wolge Ottley, however, is of opinion, that these last-named prints, IrcJ
muth. (Hilt, of Engraving, p. G81.) Mair, the fellow-countryman one of which he gives a fac simile, are not etchings upon iron, bit
of Wenceslas and a painter, was a native of Landshut in Moravia, were executed upon plates of a somewhat softer metal than . ; . ■
and has left twelve Engravings, described in vol. vi. of the Peintre and with the dry point.
The Catalogue of an Amateur includes eleven choice copperGraveur. Pleydenwurff, if he engraved at all, (Art. 29.) was not a
Chalcographer • and with regard to such prints as pass under the plates by Durer. Among these is the ''St. Eustachius," a plate git
name of Martin Zmck, or Zagel, the artist is in fact unknown ; but by the Emperor Rodolph in compliment to the artist. "Adinul
from one of his works, " An Entertainment at Munich," he is ima Eve," a. d. 1504. " Melancholy," a. d. 1514. " Fortune," alii,
to distinguish it from a smaller print, the " Great r'ortiK.'
gined to have inhabited that city.
t The name Welch is not recognised by M. Bartsch, but the These three are also selected by M. Bartsch. (Anleituny, Src. -i
monogram assigned by Strutt to this artist will be found in vol. vi, p. 164.) Respecting another remarkable print in the Cildf**
p. 56. of the Peintre Graveur, accompanied by a list of thirty-one entitled the " Prodigal Son," the amateur records a ludicrous miscopper-plates with this introductory observation : le maitre ett re- take of a contemporary Encyclopaedist. " In describing the votu
marquable farce qu'il ett auteur original. La perte de ion nam eil of Albert Durer under the German School of Engraving intla
Encyclopaedia of Rees, among other prints is noticed, the 1 '■/•■'
<1 regretter.
J Various other burinists of this ancient period might be added. Prodigy,' a kneeling figure in folio : some pretend that this it if
Lueas Kranach, (see Note (W.) at the end of Enoravinci,) whose , trait of Durer himiclf. This Infant Prodigy is doubtless no other
copper-plates are extremely few and scarce, born in 1470 at Kro- than the • Prodigal Son' by our artist, so translated by the com
nach, in theterritory of Bamberg in Franconio, who became painter piler from the title t'enfant prodigue in the Work of Bartsch. or J
to the Court of Saxony, and died at Weimar a. d. 1553 ; H. B. some French writer."
4/ The undermentioned artists, followers or pupils of Durer, hue
Grun, (Ibid.) who flourished about 1516, and whose paintings,
according to Huber, are numerous in Swisserland and at Strosburg, been called, from their works being generally of small sue, tl*
and adorn the Cathedral of Friburg; Urte Graf, (Ibid.) die- Little Mattert. Several of them practised also Engraving «
engraver and goldsmith of Basle ; the Mailer of the Crab, (Peintre wood. (Art. 29.) Albert Altdorfer. (See note (W.) at the end of
Graveur, vol. vii. p. 5'27.) Engraver of twenty-four pieces, one of Enoravinci.) Henry Aldegrevcr, (Note (U.) Ibid.) mmmt r*
them etched; Ludung Krug, (Ibid. p. 535.) or Kruglein, a gold crrcur Aldegraaf, (Painting, p. 485.) one of the first who hnprocK
smith of Nuremburg, supposed to have died there about a. d. 1 535. the method of representing flesh by dotted lines, (Art 16) <"ia
The device krug, (a jug,) of which Kruglein is a diminutive, placed brought to beautiful perfection by the French School. Hat B':;
between his initials, forms his monogram. Twelve copper-platei tamer, (see note (W.) at the end of K m,r wim,, ; together tin
are ascribed to him. Of three Hopferi, David, or Daniel, the first these four who completed their studies under Marc Antonio: (Art.
mentioned, (Rid. vol. viii. p 473.) has executed one hundred and 36.) the two Behamt, uncle and nephew, of whom the former, Sirthirty-three copper plates, two of them etched in a peculiar manner tholometv, a painter, has sixty-four copper-plates ascribed to hire,
similar to aquatinta ; Jerome, the next, (Ibid. p. 506.) seventy-seven (Peintre Graveur, vol. viii. p. 81.) and the latter,*HaniSebesli, (Art.
plates, more than half of them copies from prints by Durer, Lucas 29.) no less than two hundred and fifty-nine, (vol. viii. p. lliMthB*
Kranach, Marc Antonio, Andr. Mantegoa, Agostino Venetiano, &c. ; teen of them etched, and one of them a feau forte turfef; Gntp
and thirdly, Lambert, (Ibid, p.526.) thirty-four plates, chiefly copies Pencz, sometimes called Gregory Peini, who was born at Norem!*"*
from Durer and Ant de Brescia. Nothing is known of the birth, about a. o. 1500, and died in 1550 at Breslau, to wham w.eh-- '■ '
place, or residence, or exact period of the Hopfers, or how they and twenty-six copper-plates are attributed, to the exclusion ofaf■
were connected. Their monogram, a hop, (hopfer,) has been mis as spurious, (Ibid. p. 361.) containing portraits of himself mi ha
taken for a candlestick, and they have been called the Mattert wife; also, fourthly, James Binck, born about 1490 or 150-1, wboss

Engraving. Alert van Hameel,) for whom see the Dutch School ;
'^V——' Weneesla% von Olmutz ; Pleydenwurff; (Art. 29.)
Wolgemuth ; (Ibid.) Matthew Zagel, (whom some call
Martin Zatzinger, others Martin Zinck :) Mair ; and
lastly, an artist whose monogram (the Gothic letters
V. G. or V placed within G) Strutt reads Van Gam*>*rlin.m
TheMa>ter . ..e Matter of the Anchor, also so named from his
of the An- monogram, was of this period. Five pieces from his
chor'
burin are diligently recorded by M. Bartsch. (Peintre
Graveur, vol. vi. p. 394.) We might here mention as
Culmbach. a follower and copyist of SchGngauer Johan von Cxilmbach, a pupil, according to Doppelmayer, of Jacob
Welch.f Three of the fourteen prints attributed to
Culmbach by M. Bartsch are copied from plates by
Schongauer. But Culmbach is thought to have been
an associate in the Art, if not a pupil of the renowned
artist with whose name we commence the next paraGlockenton. graph. Albert Glockenton also is recorded (Ibid. p.
344.) as a copyistof Sch6ngauer and Engraver of twentyseven pieces.J
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Of the later German burinists we must here take some
brief notice. They had now drawn from Italy much
Gradual improvement in respect of graceful contour. They were
improve next to benefit by the example of their neighbours both
ment in
chiaroscuro, in France and in Flanders, amongst whom pictorial
elTect became at length a peculiar study. The advance
Modern ment, however, towards a proper introduction of light
School of and shade into engraved works was far from immediate;
Ccrinany. and chiaroscuro, as to Line Engraving must, perhaps, date
its origin from the time when the etching needle was
received as a judicious auxiliary to the graver.*
But our present business is with simple Chalcography.
Lucas Ki/ian, born a. d. 1547, at Augsburg, died there
in 1637, after passing many years in Italy, and especially
at Venice. His first instructor was his stepfather, Do
minic Custos, a printseller and indifferent artist, native
of Antwerp, who had established himself at Augsburg.
Kilian seems to have formed his style from the works of
Egidius Sadeler, (Art. 40.) Henry Goltzius, (lb.) and
Muller, pupil of Goltzius. He maybe called the pa
triarch of a family of artists ; for an account of whom
we refer our readers to more copious biographical sources.
Wolf-gang Kilian, his brother, we may pronounce
neater in execution, but both are thought deficient in
accuracy.! Jacob Sandrart, who flourished at Nuremburg in 1660, nephew of Joachim the celebrated Biogra
pher, engraved in a neat clear style a number of por
traits, and among them that of his uncle.
George Frederic Schmidt, born in 1712 at Berlin,
(where he died in 1775,) after a course of academical ap
plication until his twenty-fourth year in that Capital, had
the further advantage of studying under the celebrated
burinist of that day, Nic. de Larmessin, at Paris, where
he so entirely profited by the instructions of that able
master as to be admitted, in 1742, (although a Protes
tant, and living in very bigoted times,) into the French
Academy of Arts, by an express order from the King
of France. He again visited Berlin, and was there
honoured, in 1757, by a request from the Empress
^Elizabeth) of Russia, to visit Petersburg and engrave
her portrait. This commission he executed with admi
rable skill, in addition to the number of excellent por
traits already from his burin. His last works were
Engraiing.

birthplace is by some fixed at Nuremburg, and by others (from his
inscribing himself Coloniensis) at Cologne. (See note (U.) at the
end of Knobavino.) Residence at Rome has sometimes obtained
for Binck, together with the other German pupils of Marc Antonio,
a place in the Italian School. M. Bartsch, however, conceives
that Binck might never have been at Rome nor under Marc Anto
nio. (Peintre Graveur, vol.viii. p. 256.) He painted for some time at
Kouigsburg.wasin the service of Albert of Prussia, a.d. 1551, and
died at Kouigsburg about a. d. 1560. The great inequality among
the various works bearing the monogram of Binck, makes it diffi
cult to ascribe them to one and the same hand. Among the ninetyseven copper-plates ascribed to him in the Peinlre Graveur are
copies from Albeit Durer, from the Behams, and from M. Antonio.
Some authors extend the number of these Little Mailers by
adding many artists who were not Germans nor pupils of Durer.
* " While the etching poiut,*' says Strutt, " remained in the hands
of the painters only, no great improvement could be supposed to
take place. Their attention was necessarily turned to objects of
greater importance, and etching was considered in general by them
as an amusement. By Engravers, too, the point was too much
neglected. They seem to have regarded it as a thing of small
consequence till such time as Girard Audran, by uniting it with
the graver, produced those performances which have done his
Country honour." Strutt's Essay, p. 10.
f M. Bartsch remarks of the portraits engraved by Lucas, that
they are characterised by beautiful simplicity, and that his works,
chiefly portraits, show boldness and facility. The plates of Lucas
amount to two hundred and thirty.
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beautiful etchings a la Rembrandt* Contemporary
with Schmidt was John George fVille, who, from residing chiefly at Paris, has been frequently classed
among the French Engravers. Born at Kouigsburg j
a.d. 1715, he originally followed the business of an ar
mourer, and came to Paris in 1736, where, at his arrival,
he was so poor as to be glad to accept some miserable
situation at a watchmaker's. This, however, he soon
quitted for his ordinary occupation at a gunsmith's.
But his passion for Engraving was not to be restrained
by poverty : he at length devoted himself wholly to the
Art, and was first employed by Odieuvre, the printseller,
to engrave portraits. Schmidt, with whom he became
formerly acquainted at Strasburg on his way to Paris,
and Hyacinthe Rigaud, the great portrait-painter, who
assisted him with his purse and advice, were his fast
friends. His powers of graphic representation were
adapted with peculiar skill to the appropriate texture of
objects, and his burin has been most happily illustrative
of the highly finished paintings of Douw, Mieris.Metzu,
Netcher, and Terburg. These talents, together with
those of his friend Schmidt, and of John Martin Preisler
(Schmidt's pupil) of Nuremburg, rendered Paris at one
time the finest graphic School in Europe. He died at
Paris in 1808. His instructions and example produced
several excellent followers.!
* Of Schmidt, it is observed by Watelet, that he not only guided
his burin with singular ease and grace, but handled his etching
needle also with all the lightness and playfulness of a Castiglione
or a Rembrandt. No artist of modern date has approached nearer to
Rembrandt, and this approximation he accomplished, says M.
Bartsch, not so much by means of Rembrandt's thickly repeated
strokes of the dry needle, in order to conceal each separate stroke of
his point, as by the apparent disorder under which, uniting every
style of handling, he hides from obvious view the source of so much
spirited and tasteful effect. A force of chiaroscuro is thus obtained
superior to that of any other artist of the same class. His works
consist of two hundred and seventy-three plates.
f Among the distinguished pupils of VVille was Jacob Schmutztr,
born at Vienna a. d. 1733. He belonged to a family of Engravers.
His two uncles, Joseph and John Adam Schmutzer, together with
his father Andrew, were all more or less handlers of the graving
tool, the use of which descended to them likewise from their parent,
the son of a General in the Imperial service. The General, ruined
by the vicissitudes of war, left that son no other inheritance but the
faculty of contriving to live. The heir to this faculty, however,
found means of subsistence, by having learned to engrave in iron
or steel the ornamental parts of locks, swords, and fire-arms. To the
same occupation all his above-named progeny were reared, and to
this has been attributed their great facility as burinists. Jacob
Schmutzer, at his return to Vienna, (he died there in 1806,) was
appointed a Director of the Academy established by the Empress
Maria Theresa in that Capital. Here he superintended the educa
tion of numerous students, and became as great in his native me
tropolis as VVille his master had been at Paris. Jacob Schmutzer's
free yet judicious handling and firm outline well suited him for an
Engraver of Rubens, whose works he chiefly selected. The broad
effects of chiaroscuro and bold tournure of the figures characterising
that master were transferred with congenial spirit from the can
vass of Rubens to the copper-plate of Schmutzer. Had he chosen
Raffaelle, whose noble simplicity, observes M. Bartsch, his mind
was not formed to appreciate, he would have failed. Another emi
nent pupil of Wille is Johan Gotthardt Mutter, born a.d. 1747 at
Bernhausen, in the Duchy of VVirtemburg. The Duke became his
patron, and sent him at the age of twenty-three to complete his
studies at Paris, where, in 1776, he was admitted a member of the
French Academy. He returned soon after to Stutgard, and became
Professor of Design in the Ducal Academy there. He died in 1814.
His works, which in History and in Portrait are equally admirable,
evince excellent drawing and distribution of chiaroscuro, together
with the neatest execution and most judicious handling. A full
length of Louis XVI. of France, after Duplessis, is among the most
esteemed and perfect of his portraits. To this list of modern bu
rinists in Germany we may subjoin from the Anleitung of M.
Bartsch the name of another pupil of VVille. Sebastian Jgnax
Klauber, bora at Auusburg in 1754. He had resided and studied
5 L
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Goltzius, came the Mullen, the Wierinxa, and the
Visschersj From Utrecht the Count de Goudt, the pjk
~ ^
,
den, &.c. (hence called his matter-pieces,) that hepajsedh'oeoii».Tbe)|l!.
terfeits for some time as originals, and enjoyed ever afterwards tlers,ff»
signal triumph over such virtuosi of his time as were loud in pro- ha*. ^
churning the universal degeneracy of the Art, and accused him ud \'m^,
others of introducing a new style of Engraving, only through iaa-GW
ability to match the old. M. Bartsch enumerates two hundred ud
twenty-five copper-plates engraved by Henry Goltiius h-omhisown
designs, and seventy-seven from designs by others. His pupils,
Saenredarn (for whom see last Note) and Slalham sometimes re
sembled him so closely that it is difficult to assign etch his due.
By Jamei Matham, who was the son in-law as well n pupil of
Goltzius, we have on record three hundred and fifteen pistes. Of
these about two hundred and forty are spoken of as being cerUinh;
his: the remainder (among which are four a feauforte) hmita
attributed to him, or had been engraved under his directions.
(Peinlre Graveur, vol. iii. p. 193.) Another scholar of Hearf
Goltsius was John Mutter, born at Amsterdam about i. s. 157(1, it
whom are assigned eighty-seven pieces. (Bud. p. 265.) HtW
the art ofeconomizing the strokes of his graver so as seldomtoami
at Rome a considerable time before his visit to Paris, where he two courses of lines. On ett ctonnt, says M. L'Eveque,<riwiiw
became a member of the Academy, and received the title of En quelle adresse U oblige une mime tai/le a lui servir de pr i ■ ■ .-•
graver to the King. He was living in 1806 at Petersburg. His teconde, pour rendre unefigure entifre. IIfail tris-rew*tmt
print after Polemberg, Le petit tcotier de Haerlem, and another of aVune Iroineme laille, el ce que n'est jamais que dam nr strut
the " Saviour," after Stella, would do honour to the burin of Willo de peu d'elendue el quit a vouiu taerifier. Avee celte merit n»
mte on ne lui peul reprocher ni monolonie dans Crffiet gitenl, ■ ra*
himself.
• Lucas Jacobs, the contemporary of Durer and of Marc Anto furmite dans la manoeuvre. ( Encyclopldie Mithodiqv, Btnj AtU,
nio, is better known by the name of Lucas van Leyden, the city p. 370.) Herman Mailer, a supposed relation of this trust, ns
in which be was born, a. n. 1494. His life, like Raffaelle's, was likewise his fellow-student, partaking more of the ltbound stjietf
short, and did not reach forty, but like that of Raflaelle (who was that period of Flemish Art, but with a tolerably correct outline. Be
his junior by eleven years) comprised enough occupation for many engraved several plates at Antwerp in conjunction with Cuneins
lives. The Peinlre Graveur records (vol. viii. p. 339.) one hundred Cort (Art. 37.) for Jerome Cock, and also in conjunction with the
and seventy-four pieces of this master, three of them etchings, and Galles, the Sadelers, and others, several subjects from the Bible aSer
two others partly etched and partly completed with the graver. John Stradan, Martin de Vos, and other masters. Among the dis
Other etchings by some inconnu in the style of Lucas are men ciples of Goltsius we must not omit James de Gheyn, (called the
tioned. All bis works are from designs of his own, many of which elder, to distinguish him from an Engraver of the lame name,; ben
are scriptural subjects, commencing with a scries of six from the at Antwerp in 1 5C5. His prints, which show great commuiduf the
creation to the murder of Abel. Five others represent the History graver, are in high esteem.
Amsterdam gave birth to three brothers of the family of Wmt
of Joseph, and a set of fourteen the History and Passion of our
Lord. A repetition of the latter subject in a series of nine or Wierinr, all of them designers and Engravers. John, theeMA
prints was designed for painting on glass. According to Vasari, born in 15.ri0, must have formed his style upon that of Albert Dura,
Albert Durer was so much struck by one of Lucas's works, that whose works he studied and followed with the servile minuteness
as an effurt in competition with it he designed and engraved the of the most implicit copyist. He engraved also from his own itprint called his " Horse of Death." Durer came to visit his com signs, which betray poverty of invention. But his prints srenruch
by the curious : his execution is neat and finished; tndlo
petitor at Leyden, where, in token of their mutual esteem and amity, •ought
they painted each other on the same canvass. The excessive appli drawing generally corect Jerome, the next brother, bora a »■
probably the pupil of John, whose prints would not h
cation of Lucas so impaired his health, that for the last six years 1552, was
from Jerome's but for the Engravers mark. The sua
of life he scarcely left his bed, and his mind, which in his early days known
the same quaintness, the same undeviating formality, til
had been gay and cheerful, lost all its natural tone, and was neatness,
seen in both. The youngest brother Anthony, born about I"
haunted by suspicions of poison. So that this declining period be
after Jerome, executed some small plates in the style of k»
was a melancholy contrast to former gaiety, when in a handsome years
vessel of his own he made a voyajje to the Netherlands, and feasted brothers ; but his larger productions show greater freedom and more
all the Flemish painters, with his friend John de Mabuse, attired facility. The subjects for Engraving undertaken by the nw1
in cloth of geld, at their head, on four magnificent occasions, at Wierinxes, who frequently worked in conjunction, are in the dfputMiddleburg. at Ghent, at Mecklin, and at Antwerp, expending ments both of Portrait and of History.
Cornelius Fitscher was born at Haerlem abent 1610. His*
sixty florins for each repast.
From the burin of John Saenredarn, born at Leyden, about A. n. structor in Kngraving was Peter Soulman of the same birth-p'"*!
1570, a catalogue is given in the Peinlre Graveur (vol. iii. p. 219.) born about the year 1590, a Dutch painter, and pupil of Rulesof one hundred and twenty-three pieces, of which only twelve are Visscher, however, rejected the style of his master Soutrosn, ud
after his own designs, and the rest after P. Veronese, M. A. Cara- adopted one for himself, in which he became unrivalled. Besidri
vaggio. Abr. Blocmaert, Lucas van Leyden, (jtc. He was a pupil tasteful and correct drawing, his works, especially those from ™
own designs, are replete with originality and inventive eenru*. !»
of Henry Gultzius hereafter mentioned.
f Henry floltz or Guliziut was born a. d. 1558, at Mulbrecht in his plates, indeed, after designs of the Italian and Flemish ■ukj
the Duchy of Julien. On his return from Italy, where he studied and in particular after Rubens, he is confessedly inferior to ti*
and engraved under some of the best early masters, he settled in brilliant triumvirate, consisting of Vorsterman, Bolswert, and Pbthe neighbourhood of Amsterdam at Haerlem. At the age of forty- tius. No artist, we may here add, has ever surpassed Vistber »
two he commenced Painting. (Painting, p. 481.) His family the talent of harmonising the operations of the graver with thai «'
point to which he occasionally resorted. His younger bretta
had already become illustrious in the person of Hubert, the learned the
Jan or John, who flourished about a. n. 1650, adopted the pent
antiquary, entitled Painter and Historian to Philip II. of Spain, more
frequently. He also was an admirable artist, though without
and no inconsiderable Engraver. But Henry, though not equally
extensive talent of Cornelius, and sometimes without •erotte
profound, was an artist of more genius than Hubert. His ambi the
delineation
of the figure. Cornelius van Delen of Antwerp, as En
tion was to attain the "sublime" by the study of Michael Angelo graver in History
and Portrait, is mentioned as a disciple of Cor
and Raflaelle. He was, however, betrayed, like other imitators of nelius Visscher. But
a much more eminent Dutch artist of IM
Angelo, into the " bombastiu." But he was a perfect master of
Schools of the Visschers was Abraham Btooleling, bom tt A»»*anatomy : he drew the extremities of the figure with irreproachable dam
1634. He lived for two or three years m England His
precision, and his burin, notwithstanding the affectation we allude chief inworks,
however, are not from the graver only, but arverttm
to, charms every eye by the beauty and freedom of its execution.
He had sufficient command of this instrument to be able, by the etchings or in mezzotinto. (Art. 61.)
Besides Cornelius Visscher, there was another scholar of So""'
labour of a few months in 1593 and 1594, to complete six pieces in
auch perfect imitation of the old masters, Durer, Lucas van Ley- man also among the ablest burinists of that day, Dime'v, ***"

(40.) Tlie Dutch and Flemish masters in simple
Chalcography next claim and deserve attention. Their
Dutch ami perseverance and their success in this peculiar depart
ment of the Art place them among the best exam
Flemish
Schools
ples for the imitation of all future artists. But, prowith the bably, no period will ever again occur so prolific in able
burin only.
burinists as the latter half of the XVIth and first
half of the XVI Ith Century. Of these graphic ge
nerations of men, the Engravers of the Low Countries
are unquestionably among the ablest and most nume
rous. Leyden, Amsterdam, Brussels, Utrecht, and
Antwerp, but especially the last-mentioned city, poured
forth reams of copper-plate, and from the hands of
Lucas van beautiful contributors. From Leyden came Lucas
Leyden. Jacobs, the father of Flemish Art, (Art 29. ami Painting,
p. 480.) and longo tempori* intervallo,John Saenredarn*
From Amsterdam and Haerlem, the School of Henry
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Engraving, family of De Passe, and Cornelivs Bloemaert* From
WyW Brussels the Sadelers,\ and from Antwerp their scholars.
Bloemaert, From Antwerp also came De Gheyn, a fellow-student
and Family jn
School of Goltzius, with Saenredam, already
of De Passe.
The Galles,
'
theVoster- Snyderhoef, bora at Leyden a. d. 1600. He pursued the style
mans, the which his master had adopted, but with a delicacy and finish pecu*lolswerts, liarly his own. Together with great neatness he combined great
Paul For*- force of colour, and to repeat the eulogium of Strutt, he harmonized
tins and the light with the shadows so as to produce a fine effect. Strutt
others.
complains, however, that his drawing of the figure is sometimes
faulty, and M. Bartsch, that his handling is not always clean, but
the latter critic distinguishes him for extraordinary warmth, truth,
and power of expression.
* The family of De Paste has given celebrity to Utrecht their
native city. Crispin de Passe the elder, born there about a. d. 1560,
is said to have learned Engraving from Dirt (Theodore) van Cuernhert of Amsterdam, the instructor of Henry Goltxius, but more
celebrated as a controversialist than as an Engraver. Like Cuernhert, De Passe was a man of letters, but was far beyond him both
as an artist and as a patron of Art. He published at his own expense Holland's Horologia, and in his latter days a Drawing-book
of his own for the advancement of students, printed in Italian,
French, and Dutch, at Amsterdam, in 1643, after his return from
England. This Work, entitled Delia Luce del Depingere e Deti.
gnare, is prefaced with some account of his life and studies, and
mentions Rubens, Blomaert, and other distinguished contempora
ries, as his friends and encouragers. It contains the experience of
more than seventy years passed from earliest youth in assiduous
cultivation of the Art ; treats of Geometry and Perspective ; of the
proportions of the human figure ; of studying by lamplight ; of ad
justing the lay figure for draperies ; and of comparative anatomy
for drawing quadrupeds, birds, and fishes. The prints of this artist,
which are very numerous, possess clear, neat, and original execution,
and his drawing is correct, but sometimes formal, and sometimes
tending to the bulky forms of Rubens. His portraits have great
merit, and, together with those by his three sons, Crispin, William,
and Simon, as well as by his daughter Magdalen, are interesting to
us not only as works of Art, but in their connection with an im
portant era in European, and particularly English History. Wil
liam, bom at Utrecht about 1590, and Simon, the youngest son,
were the most remarkable of the four. Magdalen de Passe en
graved after Elsheimer, in imitation of (but in a style inferior to)
Count Goudt.
This distinguished gentleman and artiit of Utrecht, and of a
noble family of Holland, Henri/ Count de Goudt, was born in 1685.
He went early to Rome to study in the Academy, where he be
came the associate and friend of the celebrated but unfortunate
Painter Elsheimer, by whose instructions he profited, and whose
pictures he liberally purchased. He thus enjoyed the twofold gra
tification of relieving his preceptor from indigence, and of obtaining
those originals after which he employed his burin, and has so hap
pily imitated the delicacy and peculiar finish of his industrious
and ingenious master. The style of Goudt was quite his own,
but was perhaps the best possible for expressing the remarkable
chiaroscuro of Elsheimer. It was not by the usual mode of deep
ening an'tl strengthening the strokes, but by delicately crossing
and recrossing them in the shadows that he accomplished his
purpose.
Another native of Utrecht was Cornelius Bloemaert, born there in
1631, who died at Rome in 16S0. He belonged to a family of
artists. Abraham, his father, a painter of eminence as a colourist,
and whose prints in chiaroscuro, by the joint use of wood blocks
and copper-plates, (last Note to Art. 12.) we shall have occasion to
mention, had four sous all of them Engravers. But Cornelius, the
youngest, was the only distinguished burinist among them. The
softness of his transitions from light to shadow, together with the
truth and beauty of his aerial perspective, by which he suited his
tints in delicate gradation and infinite variety to the different dis
tances of any required representation, have never been exceeded.
Before his time harmony was often disregarded; lights were left indis
criminately clear ; and in general a patched and spotty effect was
the natural consequence. But Bloemaert reformed these errors,
and may be regarded as the founder of that style which was after
wards to distinguish the great masters of the French School, Audran,
Baudet, Picart, and Poilly. M. Bartsch complains of Bloemaert
that a general weakness of effect exists in his Engravings, from the
absence of powerful shadows, a deficiency which is most observable
in his draperies, and which arises from a sameness in the direction of
his hatchings throughout the work. He says of him, however, that
although his burin is generally somewhat cold, yet in working after
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named ; and from Antwerp the Galles, the Vostermans,
the Bolswerls, together with Paul Pontius, and a host of
pupils.J
any able colourist, he was quite competent to produce sufficient
warmth of effect, such as we see exemplified in the most celebrated
of his plates, " The Raising of Tabitha," after Guercino. Among the
pupils, followers, and associates in Art of Cornelius Bloemaert were
Theodore Matham, son of James mentioned in our last Note, Mi
chael Natalis, Reynier de Persyn, and others. These engraved to
gether at Rome the Statues of the Giustiniaui Gallery. A Flemish
pupil of Bloemaert, and also of Spierre, (for whom see the French
School ; Art. 4 1 .) was Peter Clouet, born at Autwerp in 1 606. On
his return to settle in his native city he engraved many subjects in
the style of (but unequal to) Pontius. His example was followed
by Albert his nephew.
f The progenitor of this family was an ornamental workman at
Brussels, who engraved steel and iron to be afterwards inlaid with
gold or silver. His sons, John and Raphael Sadelcr, born at Brus
sels in 1550 and 1555, were brought up to their father's business,
and their mechanical education may account for the numerous
plates which their facility of handling enabled them to execute :
although John, the elder son. was nearly twenty years of age
before he commenced Engraving on copper. The success of John
induced Raphael to become his pupil, and the two brothers travel
led through Germany together for improvement, and to Venice,
where they settled, and where they died. Their drawing of the
human figure is generally correct, and the extremities are care
fully marked. The expression of John's heads has been much
admired.
It is Egidius Sailelcr, however, a nephew of the foregoing, bom
at Antwerp in 1 570, that ranks among the best of Flemish burinists.
After being well grounded in the principles of Design, he acquired,
with the assistance of his above-named relatives, such command
of the graver as even to surpass his instructors. His execution is
remarked to be as dexterous and happy in works requiring the
utmost neatness and delicucy as in others that demand strength
and boldness. Portrait, Landscape, and History exercised alternately
the powers of this gifted and inexhaustible artist. Some plates
ore from his own designs, which are highly valued, especially his
portraits. The Emperor Rodolph II. invited him to Prague, where
he received the substantial honour of a pension, and enjoyed the
favour of the two succeeding monarch s, Matthias and Ferdinand II.,
and where he died in 1629. Peter Furnius, resident at Antwerp,
a contemporary of the Galles and Sadelers, and who furnished them
with several designs, may here be noticed.
I Philip Galle, native of Haerlem, born a. d. 1537, settled at Ant
werp, and with his sons Theodore and Cornelius became eminent in
Engraving ; but particularly Cornelius. The latter greatly surpassed
his father and brother, and had acquired at Rome, where he resided
several years, admirable correctness of design, united to freedom
and facility of execution. At Antwerp he finally settled anil car
ried on the business of a printseller. His son, called Cornelius the
younger, born a. d. 1600, does not appear to have had the advantage
of studying in Italy, which may account for an inferior degree
of correctness in his drawing to that of his father and uncle.
His portraits, chiefly from Vandyke, are among the best of his
works.
Lucas Vorslermann, bom at Antwerp a. d. 1 580, studied painting
in the great School of Rubens, by whose advice he exchanged the
palette for the graving tool. Among the several able artists who
profiled by the assistance of that judicious preceptor, no Engraver
was more successful than Vorstermonn. A print in his hands be
came a picture, for he was more attentive to general effect and
intelligent discrimination of objects than to neatness and regularity
of execution. At the same time he guided his burin with the hap
piest facility ; his outlines are perfect, his heads full of expression ;
and his graphic transcripts of Rubens are faithful, spirited, and
worthy of his master. He was called the elder Vorstermann, to
distinguish him from another Lucas, his son, who, with all the
benefit of paternal instruction, never rose above mediocrity.
Two brothers, named Bolswerl or Boliuerd, from the place of
their nativity in Friesland, were contemporaries of the elder Lucas,
and removed to settle at Antwerp as printsellers and Engravers. Adam
Boetius a Bolswerl, born about 1589, is remarkable for the finish
and fullness of colour with which he engraved from Rubens.
Sckellius a Bolswerl, however, the other brother, (about six years
younger,) was decidedly superior. He was the intimate friend of
Rubens, who not unfrequently retouched his proofs, in the progress
of an Engraving, with chalk or with pencil.
Paul Pontius, or du Pont, another artist who engraved under the
superintending eye of Rubens, was born at Antwerp about a. d
5 t, 2
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Engraving. Cornelius Vermevlen, is placed by M. Bartsch, (Anlei- We have already noticed the earliest attempts in that uw
^—v—s tung, fyc. vol. i. p. 187.) perhaps from the circumstance Country at Xylography, which probably were made rat
C Vermeu- of his having worked for French booksellers, or of having by German emigrants or settlers. (Art. 29. and Note X**
len.
]ivecl some time in Fmnce, among the French En (W.) at. the end of Engraving.) The same may be
gravers ; but he resided principally in his native city said of early prints in France from metal and copper,
Antwerp, where he died a. d. 1702, at the age of fifty- plate, some of which, such as the plates for a book pubeight. His portraits are much admired, and some of lished at Lyons, a. d. 1488, An Emigration beyond Sea
them engraved for Isaac Larrey's History of England, to the Holy Land, (compiled from the Itinerary ofBer4 to. 1697, have given its chief value to that book; but nard de Breydenbach,) are copied on metal from the
in historical compositions, from his defective drawing of wood-cuts of the original Work. The original had ap
the figure, he was not successful. M. Bartsch concludes peared some years before at MenU.*
his list of modern burinists of Holland (Ibid. vol. i.
The first Frenchman whom we can positively name in Dmtfe
Jacob Hon p. 182.) with the name of Jacob, son of Arnold Hou- the French School ofChalcography is Jean Di/ref, called Mis»«f
braken.
braken, a Painter and Biographer of Dutch artists. the Master of the Unicorn, not from the cipherhe used, tteLll;cnlJacob was born at Dort a. d. 1698, and died there in but from his frequent introduction of a unicorn into his
1780. His instructor in the Chalcographic Art is not designs. He was a goldsmith, born a. d. 1485 at Lanknown ; but he probably was most indebted to his own gres, who continued to exercise his graver, as appeals
genius. He evidently studied Edelinck and Duvet and from his dates, till he attained the age of seventr*.
the French School. (Art. 41.) He is considered not His style, however, did not require (accordin» lo Jf.
inferior in delicacy to Duvet, and sometimes exceeds Bartsch, who describes forty-five pieces) a stronger eye
him in boldness of handling and strength of colour. sight than was compatible with that advanced termci'. fe.
The glossiness and lightness with which in his portraits
Our next names, with which we proceed to filUpfcDilidM,
he represents the human hair are inimitable ; and by following century, are Etienne de Laulne, AToei Gamier,^j™^>
introducing rough lines among his draperies and acces Solomon Berncrd, Voeiriot, Boivin, and Philippe Ife-y^ '
sories in bold contrast with the delicate tints of his car massin.f The last of these was the instructor at Rome Bah.d
nations, " he produces," says M. Bartsch, " a most of Jaques Callot, whose judicious combination of the V.Ihs*
a
artist like effect:" in proof of which we are referred to point with the graver we shall hereafter notice.
the ■" Four Burgomasters of Amsterdam," after J. WanLeonard Gaullier, or Gaiter, who flourished aboutLGsa
delaar.*
A. d. 1610, imitated Crispin de Passe and the Wierinxes.
The reader will perceive that our limits imperatively (Art. 40.) His designs were chiefly his own, but he
oblige us to pass over numerous minor artists, since we sometimes engraved after Raflaelle and others. Hb
have been compelled to refer him for a short account burin has the fault of stiffness, but the precision and the
of even the highest class to our Notes, in which the small- neatness are not less remarkable than the surprising
ness of the type enables us to comprise a few remarks number of his works, amounting in the collection of the
on each within a smaller portion of our pages.
Abbd de Marolles to upwards ofeight hundred. The name
French
(4 1.) In France, the early period of this Art is clouded, of Audran is also famous in the annals of French Chal-cWHi
School in as might be supposed, with uncertainty and barbarism. cography. We do not here mean to include Girard, to
who claims a place hereafter as uniting the point with
Chalcogra1596. He was the pupil of Lucas Vorstermnnn the elder, but de
rived his chief improvement from their common friend and instruc
* The plates only differ from their wooden original ia brine,
tor. His hand, indeed, seems to have obeyed no other mind but more incorrectly drawn, and in the addition of some ressls sal
that of Rubens; and his portraits, after Vandyke, are no less esti figures to the respective views of Oriental ports and cities deseribed.
mable.
The execution is neat but barbarously stiff and hard.
In the above triumvirate, as it is sometimes called, of the Flemish
f Etienne de Laulne was born at Orleans in 1 520, and died in
School, the peculiar excellence of Pontius has been pronounced to 1595 at Strasburg, where he is supposed to have learned tie Ait,
consist in pictorial force and general effect : that of Scheltius a but from what instructor is not known. His plates, amounting to
Bolswert in facility and expression : that of Vorstermann in deli three hundred and ninety, are chiefly from his own designs. Some
cacy and variety. Some Flemish followers and pupils, of Pontius are very excellent copies from Marc Antonio. His designs are (to
may here be mentioned. Nicholat Ijiutceri, a historical and well imagined, but his drawing of the figure is defective, and his
portrait Engraver, was born at Leuze near Toumay about a. d. 1620. chiaroscuro, like that of his contemporaries, almost nothing. Atr
He studied at Antwerp, and has engraved after various masters, or Noel Gamier, already noticed as an Engraver on wood, (Art. 29)
but his best prints are after Rubens, in the style of Paul Pontius, was born about 1520. He has been called, without any authority,
whose manner he successfully followed, but followed of course at the first introducer of the burin into France. He was probably a
some distance behind his master. Nicho/ai Ryckman, born also goldsmith, and has engraved in the rudest style possible forty-eight
about a. d. 1620 at Antwerp, adhered to the same School with a plates, representing Arts, Sciences, and Trades ; together with some
neat but formal and stiff burin, and in general an incorrect outline. grotesque ornaments, and an alphabet of capital letters, eleven of
Conrad Lauwert executed in the same style as his above-named which we find accurately described in the Catalogue ofan Jmteu.
brother Nicholas, but not so successfully, several plates after the Solomon Bernard, called le petit Bernard, from the small sise of his
Flemish masters. Alexander Poet, born 1613 at Antwerp, is ano works, was a native of Lyons, and contemporary with the preceding
ther supposed pupil of Pontius, but drew incorrectly. Matthew artist. He was a pupil of Jean Cousin, a father of the French
Borrekem, born about a. d. 1615 in the same city, also imitated School, (see Paiktwo, p. 490.) and he transferred both to mod
Pontius, but not successfully. He was much employed by print- and to copper many tasteful designs, which show much improve
sellers in copying the plates of eminent Engravers.
in the Art.
* The Catalogue of an /tmateur, to which we have frequently ment
Pierre Vociriot, or Woeiriol, was another goldsmith, born in 1525,
referred, observes, concerning the great Work of Houbraken, entitled whom
have also named among our Xylographers. (Art 23.
Portrait! ofIlluttriout Men, that the ornaments which surround p. 791.)we His
works on copper are not discreditable for that period.
the portraits were designed, as well as chie8y engraved, by Grave- The copper-plates of his contemporary, Rent Boivin, who likewi*
lot ; and adds a belief that the greater part of the portraits, at divided his time between wood and metal, have been remarked to
well as their accessories, were sent by Knapton to Houbraken in a bear some small resemblance in their style to Cornelius Cort, (Art
very forward state, the work of Gravelot. This is the case, for 36.) of whom Philippe Thomatin, born at Troyes in Champagne
instance, with the beautiful plate of Anne Boleyn, which the A. o, 1 536, was a disciple, and engraved at least two hundred plates.
writer (" the Amateur") himself possesses in different states. The The style of Thomassin is pronounced by Strutt to be clear ana
first, though very forward, has none of the work of Houbraken. \
firm, but stiff and mannered, and with a total absence ofeffect
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Engraving, the burin, but we must notice Claude his fattier, and
v-*v"—,/ Charles his uncle, from each of whom he received
instruction, and who, us burinists," emulated the style of
hart the" Cornelius Bloemaert. (Art. 40.) Pierre Lombart, the
Davids, M. Davids, and Michel Lasne are of this period.t Jacques
Lnsnr, an<l Blondcau, of later date, engraved, in conjunction with
J.BionJeau Bloemaert, Spierre, Clouet, &c, a series of plates from
the Pictures by Pietro da Cortona in the Palazzo Pitti
at Florence. The Prints of Blondeau are cold and sil
very, and without much effect. His drawing too was
DelaHnjre. defective. Charles de la Haye, who assisted in the same
Work, was a better draughtsman but a worse burinist.
The XVIfth Century was prolific in French burinists
family of of the highest class. Mellan and the family of De
*s Poiliy, Poillyl were followed, the former by Nanteuil, Frosne,
* Charles Audran, born at Paris in 1594, was the younger
and more eminent of the brothers. He studied at Rome, and
seems to have been inclined to ndop*. the manner of Lucas
Kilian and the Sadelers. (Art. 39. 40.) The AW 6 Marolles, who
pives him high praise, ascribes to him one hundred and thirty
pieces. He livedto the age of eighty, and saw the fame of his two
nephews and pupils Germain and Gerard arrive at full maturity.
An early artist, whose name is unknown, remarkable for delicate
and elaborate finishing, and called from his monogram le mattre
a tccrivisse, or the Mailer of the Crnb, may here be noticed. The
Peintre Graveur (vol. vii. p. 5'27.) records lour and twenty pieces
from his graver, chiefly sacred subjects. Thomas de Leu, born at
Paris about 1570, may be also quoted for neatness of execution.
f Pierre Lombard or Lombart vasborn at Paris about a. d. 1612.
From whom he learned to engrave is not known, but he was a
scholar of Simon Vouet. (Painting, p. 490.) The lines of his
graver are neat but laboured, and his style is without much taste.
" His dark shadows," in the words of Strutt, " want force and
boldness, and his lights are too evenly covered, which gives a flat
ness to his figures and prevents their being relieved from the back
ground with any striking effect." This fault pervades even his
twelve celebrated half length portraits called the " Countesses of
Vandyke," which he engraved in England, having repaired to this
Country shortly after the Restoration, where his chief employment
was for the booksellers. For this reason some have placed him
imong English Engravers.
The two brothers, named David, with the Christian names of
Charles and Hierongmus, or Jerome, were born at Paris about A. d.
1605. Both pursued the same style, a style formed upon nume
rous preceding models; but Charles, whose works are in much
estimation, was the better Engraver. His outline of the figure is
in a great degree correct, but he overcharges it by marking his
muscles too powerfully. " His lights," says Strutt, " are scattered
and too equally powerful, like those of his contemporary artists,"
and his work is rendered disagreeable by " crossing his second
strokes too squarely upon the first."
Michel Lane was a dexterous Parisian follower of Bloemaert
(Art. AO.) and Villamena. (Art. 37.) Elienne Baudet, his con
temporary of HI. lis, quitted the manner of Bloemaert, and became
eminent for uniting the point with the burin in the style of J.B.
Poiliy. (Art. 56.)
J Claude Mellan was born at Abbeville in 1601, and died 16S8,
at Paris, where he received his first instruction. He visited Rome
at the age of only sixteen, and meeting with his Countryman,
Simon Vouet, (Painting, p. 490.) he studied Painting under that
master, but quitted Painting for Engraving, to which, for the
remainder of a long life, he applied himself; working chiefly from
his own designs. His plates, engraved at Rome, are numerous
and much valued : particularly those after " busts and statues in the
Giusliniani Gallery ;" a portrait of the " Marquis Giustiniani ;" and
another of " Pope Urban VIII." He is said by Florent le Comte to
have declined an invitation from Charles II. to visit England : pre
ferring to remain in his own Country, and under the patronage of
his own King, who assigned him apartments in the Louvre, where
he died universally honoured and beloved at the age ofeighty-seven.
His Prints, engraved at Rome, are executed in the usual manner,
but he afterwards adopted the novelty for which his name has been
notorious, of representing objects by single ranges of lines, instead
of crossing the strokes. His shadows are expressed by the same
strokes being made stronger and brought nearer to each other.
The effect produced by this method of Engraving is soft and clear.
In tingle figures and small subjects he succeeded very happily :
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Thibovsl, &c, and the latter by Pilau of Antwerp, ChalcoCha Iran, Nollin, Scotin, Rouillet, Spierre, and several graphy.
others.*
V^^^.
but in large compositions where great depth of shadow is required
he has failed in proportion to the force of colour wanted.
His " Face of Christ," or " Sudarium of St.Veronica," is executed
entirely by a single spiral line, begun at the extremity of the nose
and continued over the whole face and background without a
single break. The subject is an old Romish legend, that a hand
kerchief was presented to the Saviour on his way to Calvary by the
Saint Veronica, which, after having wiped his face, he returned to
her with a representation of his countenance miraculously impressed
upon it. It is difficult to say which of Ihe two things is the mora
whimsical : the legendary subject, or Mellan's graphic treatment of
it. We cannot help associating this performance with those
wonders of art in which a frontispiece engraved by John Sturt of
London represents the head of George I., composed of lines written
so small that the reader uses a microscope and finds them to
contain the Lord's Prayer, Ihe Commandments, the Prayers for the
King and Royal family, and the twenty-first Psalm I Or, to go from
follies of the eye, to those of the ear, our thoughts wander irresisti
bly to a deservedly celebrated Violinist mid Musician of our
times, who sometimes catches at ignorant applause by tricks, lucra
tive enough certainly, but unworthy of his taste and skill. Mellan
is the Paganini of Engravers. (Sec Note (G.) at the end of En
graving.) According to Le Comte the works of Mellan amount to
three hundred and forty-two pieces.
Mellan left no son to inherit his eccentricities or his ability; but
from Abbeville, his native town, arose the family of De Poiliy, of
which two brothers, Francois and Nicolas, were excellent buriuists.
From their father, a goldsmith, they early acquired the mechanical
facility for which the Art in the XVIIth Century is so much in
debted to that occupation. Francois, the elder brother, is one of
the must skilful handlers of the graver that France has ever pro
duced. Boldness, firmness, clearness, brilliancy, and accurate
finishing characterise his prints, which amount, according to M.
Bartsch's Guide to Engraving, (Anteilung, Ifc. vol. i. p. 184.) to two
hundred and twenty-six. But he is monotonous, and betrays a pecu
liar coldness and lifelessness, which, indeed, belonged to Pierre
Daret, the master under whom, for three years, he studied, and
who (though a pupil of Bloemaert) is more known by the number
of his works (two hundred and ninety-six Engravings) than by their
merit.
* A renowned follower of Mellan was Robert Nanteuil, born at
Rheims a.d. 1630, who died in 1678 at Paris, and whose Works
during those forty-eight years of life amount to at least two hun
dred and eighty Plates, (the number in Mariette's collection.) exe
cuted with almost unexampled care and precision, and by an artist
whose learned education and conversational talents drew him fre
quently into Society, both among the courtiers of the " Grand
Louis, and among men of Letters and Science, his contemporaries.
Louis XIV. seems to have created the place of designer and En
graver to the Cabinet purposely to confer on Nanteuil a yearly
pension of 1000 livres. The progress of genius in this admirable
burinist is traceable throughout his Works. At first, like Mellan,
he appears to have worked with single courses of lines : a process
exemplified in his portrait of " Louis Hesselin, Counsellor of
State." To represent flesh in his portrait of " Christina, Queen of
Sweden," 1654, he used stippling only : while for that of "Edward
Mole, President of the Parliament," he employed only unbroken
lines. In his subsequent labours, Nanteuil appears to have brought
together into powerful union the elements of which he had now
ascertained the properties peculiar to each. It was to the inven
tion of Nantueil that the Art is indebted for such a combination of
lines with stippling, (see first Note to Art. 16.) as has enabled him
to express, throughout his carnations, the qualities of softness
and firmness, whether in light, shadow, or middle tint ; in his
representation of human hair, the glossiness and lightness, together
with the effects resulting from each variety of colour or of form ;
and in his draperies, whether furs or silks, linen or woollen, the
peculiar texture of every garment. Wilh all this attention to
minuter points he was a perfect master of expression. He drew
correctly, and his excellence as a portrait-painter in crayons intro
duced him to his Royal and munificent patron, of whom he painted
a portrait. The Art of Engraving he learned, according to some
French writers, from his brother-in-law, Nicolas Regnesson, of
Rheims, who, from being only five years older than Nanteuil, was,
in Stnitt's opinion, more probably the pupil than the preceptor.
Their styles certainly correspond : and Nanleuil's early predilec .
tion for Chalcography is evident from his having eugraved, while
yet a youth at College, his Thesis ia Philosophy,

806

ENGRAVING.

Engraving. Antwerp contributed a portion or her sons besides
v-""*v^,"""/ Pitau to the French School of Engraving. Van SchupVan Schup^en*
Jean Frotne, born at P.irij about a. d. 1630, was a very indif
ferent imitator of Nanteuil. Forty-three portraits, however, en
graved by him were thought worthy of a place in the collection of
the Abbe de Marolles.
Btniit Titibotul, whose slight, open style resembles that of Mellan,
was a French Engraver of this period, who was employed some years
at Rome ; but he followed Mellan in a very different manner from
Nanteuil, and his Plates are miserably defective in taste and cor
rectness.
The family of Thomatsin also was remarkable at this period.
Simo:i Thomassin, a descendant of Philippe above mentioned, was
a burinist who had studied with some reputation in the Academy
founded by the French King at Rome. But bis style is heavy and
laboured, and that of bis son Henri Simon Thomassin, born at
Paris in 1CS8, not superior. Pierre Simon Thomassin, l-orn at Paris
a. D. 1C40, was a successful follower of Nanteuil
From the Si hool of Mellan we turn next to that of De Puilly.
The style of Francois de Poilly does not sufficiently distinguish
drapery from flesh, nor relieve either from his backgrounds. His
Plates are covered with rectangular crossings, where powerful
second strokes exactly at right angles to the tir-t form a small
square between the intersections of almost every four lines. He
resided seven years at Rome, where he died at the age of seventy,
A. D. 1693. Among his pupils and followers arc Gerard Sco/tn,
another Parisian, born in 1642, (whose nephew, the younger Gerard,
in conjunction with Baron and Ravenet, engraved for Hogarth the
plates of Marriage a la Mode.) Jean Bapltsle No/tin, also born at
Paris in 1655, has the credit of being one of the best scholars of
De Poilly. From Paris, likewise, came Gi/et or Egidius Jiousselel,
born a. d. 1611, who is also reckoned among the followers of
Bloemaert. Francois Andrioi, born a. D. 1655, whose style ii
much inferior to De Poilly, yet who scrupled not to engrave after
the greatest French and Italian Painters ; and Elienne Picarl,
called the Roman from his long residence at Rome, whose sun
Bernard became celebrated for a similar contrivance to that of
Henry Goltzius, (Art. 40.) by engra. ing a set of seventy-eight
Plates in imitation of the old Engravers, under the title of Let 1mpoiturts Innocenles. They were published in one volume after his
death, in 1738. Jean Boulanger, who was born atTroyes in 1613,
and whose father, a Painter, was a respectable pupil of Guido, for
some time followed the style of Francois de Poilly, which he quit
ted for the dotted system of Jean Monn.
An able scholar, perhaps the ablest of Francois de Poilly, was
Jean Louis Rouiliet, born at Aries in Provence a. d. 1645. He
had studied previously under Jean l'Enfant, a disciple of Mellan,
and subsequently qualified himself by ten years of application in
Italy to put forth performances worthy of the great masters after
whom he employed his graver. His print of the " Marys with the
dead Christ," after the celebrated Painting by Annibal Carracci,
(which has passed from the Orleans' Gallery into the possession of
the Earl of Carlisle,) is one of the most admirable productions of
the graphic Art.
But an equally eminent artist, and likewise pupil of De Poilly,
was Franeoit Spierre, who was born at Nancy in 1643, and died at
Marseilles only in his thirty-eighth year. He was a Painter of
History in something of the style of Pictro da Cortona, (Paint
ing, p. 474.) but the Works of his burin establish his claim to
admiration. " When Spierre," says M. Watelet, " came to Rome,
Cornelius Bloemaert was in the full vigour of his powers and the
meridian of his fame. Spierre occasionally imitates him. But
both Bloemaert and De Poilly confined themselves to one style ;
whereas Spierre could vary his at pleasure. He sometimes em
ployed only a single course of lines, which he managed with a
degree of ease and freedom superior to Mellan, so that he may be
said to have beaten three of the greatest historical Engravers of
that Age, each at bis own weapons."
Nicholas Pilau, born at Antwerp A. u. 1633, is included by M.
Bai tsch among the followers of De Poilly, and is supposed to have
been a disciple of that master. But Pitau's burin is remarked to
be more vigorous and spirited in its execution than De Poilly's.
Pitau's * Holy Family," after Raffaelle, is a theme of universal
praise for its beauty of handling, purity of drawing, and harmony
of effect. His portraits and historical pieces are equally admira
ble. He died at Paris in 1676.
Guillaume Chateau, or Chasteau, born at Orleans in 1633, was
employed and patronized by M. Colbert and the Court of France.
■ He had been a pupil at Rome of the younger Greuter. (Second
note to Art. 37.) The Prints which he executed entirely with the

pen, the successful pupil of the celebrated Nanteuil, waj • ru
from Antwerp, as also were Gerard and John EMnck, jmk
whose talents M. Colbert and the then Court of France W><
were not slow in appreciating and attracting to Pins* fl»E4A formidable rival of Nanteuil as a burinist
one who seems to have been his own master in Art,
Antoine Masson, born at Louri near Orleans, a. d. 1636, jiasa
whose hand was of necessity made familiar with the
graving tool by his having been brought up to the oc
cupation of a gun Engraver. He introduced himselfto
the Parisian Public as Nanteuil did, by painting por
traits. Like Nanteuil, too, he became Engraver to the
King ; and it was with his burin that he cut out for him.
self a path to fame entirely new, such as only geuius
like his could have attempted successfully.! At the
graver are in the style of De Poilly and Bloemaert ; (Ait it.)
but he was more successful in his later manner. Few enretadied
the point with more picturesque freedom, taste, and spiiii.
* Pierre van Schuppen was born at Antwerp in lfii3, vhnte,
after obtaining the rudiments of his Art, he remoied to fin
and became the pupil of Nanteuil. At Paris, in the ■- - i
that master, he engraved several portraits from his on Ian
not inferior to the best productions of that time ; (a season dsptadid patronage from the Court of Louis XIV. ;) and at Pars hrou»hl
up his sou of the same name, called Schuppen the younger, ta fa
profession of an historical and portrait-painter. Scbuppu 1st
elder died at Pans a. d. 1702.
Antwerp likewise gave birth to Gerard BdeJaet, who, as a if
proved disciple of Cornelius Galle, (Art 40.) was eminent in fas
own Country before he was drawn by the irresistible solicitatioas gf
the French Minister, in 1665, to the service ofthe Cuurlof Ftaa
Louis XIV. gave him apartments in the Gobelins, a pension, isi
the honour of Knighthood, which was ennferred soon after his ad
mission into the French Academy. Stunt remarks a union it
freedom with delicacy in the style of this artist; and W-teht on*
serves of him, that his execution, at ouce bold and finished, gins a
profound feeling of colour ; that he is more detailed and prrfctt
(jpricieux) than Bolswert or Pontius, (Art. 40.) without being lea
picturesque, and that he never produced a Work of mcdiocrily. U
Brun, therefore, some of whose finest Paintings he engnM
must be pronounced not less fortunate than Rubens. Ms BaVastl
was a close but not successful imitator of his brother Gerard; >-*i
a son of Gerard, named Nicolas, who engraved for the Croiat e*
lection, though not totally discreditable to his father anil iawwt*
was quite unequal to him.
t His Plates reach the number of one huudred and (neat
" Masson seems," says Strutt, " to have had no kind of ruletodhwt
him with respect to the turning of the strokes; but twistedaw
twirled them about without the least regard to the different
he intended to express, making them entirely subservient nihil
own caprice. Yet the effect he has produced in this simple ow
ner is not only far superior to what one would have supposed, ho!
is often very picturesque and beautiful." In his tVuota Pmafter Titian, ■ Christ with the two Disciples at Emraaus," the ecteatricities and originalities of this Engraver are combined with j»
sages of the finest effect. The arms of the figure to the right of
Christ, the hat and drapery of the figure on his left, the etas
at the top of the Picture, and under the table a dog which looks,
says Watelet, as if made of straw : all these representations seen
to defy any prescribed rule. But yet, throughout the Work, »
judicious is the keeping, so harmonious and Titian-like the lose »
the whole, and so varied the apparent texture of the different ob
jects introduced, that this Plate has been regarded by all subsequent
Engravers as an admirable study and model for their jpiidanffl.
The cloth on the table in this Engraving is so peculiarly to*11
that the Work has the name of " The Table Cloth ;" and swan"
circumstance is remarkable with regard to another famous Prat,
called " The Grey-headed Man," which derives its popular appel
lation, not from Gillaume de Brisacier, the Secretary to the Qoea
of France, and the subject of the portrait, but from the atair«o«
execution by which we recognise the white hair and aged com
plexion of the original. So also the portrait of the Count 4'Uarcourt is called " Le Cadet dela Perle," on account of the pt«n
hanging from the warrior's left ear. Masson engraved several
heads, the siie of life, but in these portraits he has been lea
happy than in the ordinary operations of his burin. (See Art ■
and its note.) His daughter, Madeleine JUatson, bora st P«a
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close of the XVIIth and commencement of the follow
ing Century the Drevets, father and son, are conspicuous
among French burinists. Pierre Drevet the elder was
born at Lyons in 1664, and died in 1739 at Paris. Ia
his native city lie received instruction from his towns
man, Germain Audran, and afterwards removing to
Paris for improvement probably became a student in
Engraving under Gerard Edelinck. His masterly com
mand of the graver ; his touch firm, yet communicating
the most delicate softness ; his perfectly correct outline ;
and a style highly finished as well as implicitly faithful
to nature, enabled him to increase and to participate the
celebrity of Hyacinths Rigaud, the great portrait-painter,
after whom he engraved. His son, Pierre Drevet the
younger, was born at Paris in 1697, and died there the
same year with his father, of whom Watelet observes,
that the elder Drevet, if his son lmd not exceeded him,
might have been regarded as the finest portrait-Engraver
that the world has seen.* Claude Drevet, a native of
Lyons, who died at Paris in 1 768, was a cousin and
yiupil of Drevet the younger. He engraved some highly
finished portraits after Rigaud.
Jean Daulle, born a. d. 1703 at Abbeville, was re
ceived into the Academy at Paris in 1742; an honour
to which his graphic merits fully entitled him. In
the mechanique of his Art he may compete with almost
any of his predecessors ; but his drawing does not equal
his handling. Watelet highly praises his " Countess of
Feuquieres after P. Mignard, who was the lady's
father, and who represents her in the picture holding
his own portrait.
John George WiUe has been sometimes classed among
French Engravers, but we have already spoken of him
in the German School. (Art. 39.) M. Bartsch, enu
merating the modern burinists of France, instances
the Works of Elienne Fiquel as beinj; delicately and
tastefully finished and highly valued, consisting of
several small portraits. He was born at Paris a. d.
about A. d. 1 660, engraved some portraits very neatly in her
father's style, and some also of the natural size, which latter show
the same imperfect and unsatisfactory result, and the same mis
direction of valuable time and labour wasted upon the whimsical
rape of that day for these colossal performances.
* Drevet the younger, at the age of only thirteen, produced a
Plate which was the surprise and admiration of his times ; at
nineteen he engraved his folio Plate of the " Resurrection," and
at twenty- six his celebrated whole length portrait of" Bossuet, the
Bishop of Meaux,'' which is thought his master-piece in portrait,
though some prefer his portrait of the " Conseiller d'Etat, Samuel
Bernard." This chief of burinists is remarkable for expressing
(without any affected display of dexterity iu handling his instru
ment, and yet with exquisite finish) every peculiarity of texture in
the surfaces of natural objects. In delicacy he stands unrivalled,
though in boldness and picturesque effect others may have sur
passed him. Among his historical Prints the " Presentation in the
Temple," after Louis de Boullogne, ranks first.
Jaquet I.ulnn. a native of Paris, was a successful follower of
Gerard Edelinck, and a contemporary with the elder Drevet. The
style of the Drevets seems to have been emulated by Francois
Chercau, who likewise studied in the Audran School. Correct de
sign and beautiful execution distinguish his Works; but they betray
at the same time a degree of metallic coldness which perhaps the
etching needle only could have prevented. His brother and pupil
Jaqun, who died at Paris in 1757, was an estimable artist in the
same style, who, in later life, quitted the management of his burin
for that of a Print-shop. Nicolas Gabriel Dupuis, finding his
health impaired by the steams of aquafortis, quitted etching for
the nse of his graver only. Another pupil of the Audran school
was Nico/ai Dauphin de Beaumis, a native of Paris, who engraved
a Plate from Sir James Thornhill's Paintings in the dome of St.
Paul's, (Painting, p. 485.) and whose style, much applauded by
Huber, resembles in his best Plates the style of Edelinck.
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1731. Pierre Savart, bom a. d. 1750, in the same city, Chalccfollows Fiquet in the same style and with equal success.* grsphy.
Jean Jacques d' Avril, another eminent Parisian, born in ^-"■"v-"-''
1756,
a pupil
Wille.
(42.)wasWe
were of
next
to consider Spanish Chalcogra- JJi'T'd.
' ' T
phers. For these we search the pages oftheir Countryman,
Cean Bermudez, in his Diccionario deltas Bellas Artes,
but we search in vain for burinists worthy of mention But few ba
in the same class with those we have just been enume- rinisis,
ratinff. Minor artists, whose chief employment was to "mp'y «>
.11
j ■
called,
engrave
work, coats otr arms, t.head-pieces,
„ . ' of
•T. ornamental
■ „
■ 1'
, Spam:
tail-pieces, and frontispieces for books, were to be found
in Spain as early as the beginning of the XVIth Cen
tury ; and the number, whether working with the burin
or with the etching tool, or with both, might, through
out the two next centuries, amount to about a hundred,
principally from the cities of Madrid, Seville, Valencia,
and Zaragosa.t But, on the authority of the Spanish
writer alluded to, the Art of Engraving may be pro
nounced to have scarcely had existence in Spain until
after the foundation, a. d. 1744, of the Academy of San
Fernando at Madrid: when in a later era simple Chalco
graphy had given place to the modern union of the point
with the graver.
(43.) Of English burinists in the practice of simple or of EngChalcography we are constrained to make a similar la*d>
remark. Their number and their merit have been so in
considerable that we pass them over. In the compound
process, indeed, uniting the point with the graver, we
shall presently have the agreeable duty of recording
them as eminently successful. " The English," ob
serves M. Bartsch, " have not a single master of any
great importance who has used the burin alone : but in
compensation for this, the number in England is so
much the greater who have combined, though often very
slightly, the use of this instrument with the previous
work of the etching needle, and who in the latter (com
pound) branch of Engraving have produced the finest
specimens of the Art."J
* Charles C/emrnl Bertie, another Parisian, born a. d. 1736,
was a pupil of J. G. Wille, and was received into the Royal Aca
demy of Paris in 1 784. He was also a Member of the institute
and Chevalier of the Legion of Honour. With the fault ofoccasional
fondness for gloss and glitter he is designated as being confessedly
the ablest buriuist of his day and an excellent draughtsman. His
Louis XVI. after Callet; his " Nessus and Deunira" after Guido
Reni ; and above all his Laocoon from the Musee Napoleon will
always remain chefs-d'oeuvre among the chalcographic specimens
of France. Maurice Blot, born at Paris a. d. 1754; Pierre Audown, famed both for historical pieces and for his portrait of Louis
XVIII.; R. U. Mastard, celebrated for his peculiar talent of En
graving from sculpture ; and Auguslin Boucher Dtsnoyers, of whom,
as still living, we prefer to repress our criticism, are names worthy
of the Art and of.their Country.
f See Note (Z.) at the end of Engraving.
% Although the art of taking impressions from metal Plates was
not known or practised iu this Country till long after its in
vention, yet the use of the burin for engraving plate, armour, jewel
lery, &c. is of very ancient date in England. The engraved Plates
on some of the oldest tombstones and monuments in many of our
Churches, testify no ordinary skill of the burinist considering the
early period of those performances. Specimens are not unfrequent
of which the workmanship may be traced to the first half of the
XlVth Century. But the best of these seem to bear no compari
son with Works long previous by Anglo-Saxon artists, as appears
from the relic preserved at Oxford, termed Alfred's jewel. That
enlightened person was an encourager of Works of taste; but the
influx of Danish barbarism which followed his reign soon swept
away almost all traces of refinement. The superiority of Saxon
artists in the kindred Art of Coining has already been noticed.
(Note (A ) at the end of Engraving.) On the subject of ancient
graphic Works in Britain we refer the reader to btrutt's Essay
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Engraving

The Dry Point.
(44.)
The
second
simple process in Chalcography
The dry
point ano (Art. 34.) is performed by the Dry Point. (See 2d
ther simple note to Art. 19.) For this process the preparation of
process in the outlines on the copper-plate is the same as for
Chalco
working with the graving tool or burin.* The forms
graphy.
outlined on the copper are then filled in with shadings
cut into the metal by means of a sharply pointed nee
dle, which, when ground in u groove on the whetstone,
must be carefully preserved in its conical shape, and free
from any angular edge; otherwise it will not mark the
plate evenly, but must produce irregularities and rough
nesses. As soon as one course of strokes for shading is
completed, the bur which has been raised in making
them is cleanly scraped away. A second course of lines
is then proceeded with ; and afterwards, if necessary, a
third, in a similar manner.t
The first introducer of the dry point upon plates of
metal for the purpose of obtaining printed impressions
Andrea
is unknown. Andrea Meldolla, who, according to the
Meldolla. Abbe* Zani, (Material!, p. 207.) has been by all previous
attached to his Dictionary of Engraver: The fifth volume of
W&lpole's Anecdotct of Painting is devoted to English Engravers,
commencing in the reign of Henry VIII. with Thomat Geminut,
or Geminie, a. d. 1545, whose anatomical Plates for a new edition
of Vesalius are, says Ames, {Typographical Antiq. p. 218.) " some
of the first examples of rowliug press printing in Englaud." A
subsequent Edition in 1 552 was dedicated to King Edward VI. A
former engraved Work, however, had been already published by
Thomas Ruynalde in 1540, entitled The Woman t Book. In the
succeeding reign of Elizabeth, Archbishop Parker is distinguished
as a patron of the Art, giving employment to a Printer and two
Engravers in his Palace at Lambeth. The Archbishop's portrait,
by Remigius Hogenburgh, was the first Engraving of the kind,
according to Vertue, that has appeared in England. IHncet/at
Hollar, Francit Barlow, and William Faithorne the elder, in the
reigns of Charles I. and II., Nicholat Dorigny, knighted by
George I., and George I'ertue the antiquary (from whose papers the
Walpole Anecdotct ofPainting are compiled) are well-known names
creditable to the progress of Engraving in this Country. The nume
rous portraits by Faithorne, executed almost entirely with the graver,
are admirable performances, and in deservedly high estimation.
* See Note (A A.) at the end of Enoiiavino}.
t The number of impressions which can be taken from a Plate
executed with the dry point depends (as in every other kind of
Engraving) upon the delicacy of the work. But it seldom yields
above one hundred and fifty good impressions ; and requires to be
hot-pressed, as well as to be under the management of a careful and
skilful pressman. The use of the dry point in the first instance
calls for great practice and much ability on the port of the En
graver. He may with tolerable facility produce strokes in a straight
direction, but he will find bold curved lines very difficult, as the force
which he must employ for entering the metal is scarcely compati
ble with freedom of handling. Plates, therefore, thus executed
can be only scratched in a superficial manner, and can never give
effect to strong dark shadows. On this account the dry point is
suited only to Prints of small size ; or if employed on larger Plates
the strong shadows should be previously etched. (Art. 45.) Some
artists, in order to accomplish dark tones, omit to use the scraper,
and leave untouched on the copper the bur (Note (AA.) at the
end of Engraving) thrown up by the needle-point. A rich
velvet-like black is thus produced by the quantity of printing ink
which clings to the lines in this rough state; but the effect is of
short duration, becoming necessarily fainter every time the press
man wipes the Plate, (Note to Art. 32.) until the tone originally
given is quite lost. Iu small heads and figures, the dry point, by
its thin delicate lines, gives admirable softness to the carnations.
The lines scratched by this instrument come out as clear in the im
pression as those cut with the burin ; but have a wiry appearance,
are seldom free, and their delicacy approaches often to feebleness.
Straight lines, indeed, or lines but slightly curved, may be well
marked and made scarcely distinguishable from those cut with the
graver. Dots with the dry point are discernible by their perfect
roundness and clearness ; whereas dots made with the graver
are pointed. (Notes to Art. 16.) Dots in etching are ofan oblong
form and rough.

biographers confounded with Andrea Schiavone, is 0ak»
represented by M. Bartsch as having been tlie earliest gnfa.
who brought this mode of operation into frequent
practice.*
The dry point (so termed to distinguish it from the
etching needle, which it only differs from in being used on
the dry, naked, or unvarnished copper) has seldom, except
by some remarkable artists, been used alone. The use,
indeed, ofthis instrument as an auxiliary is now universal.
It has been chiefly employed in combination with
the graver, with the process of etching, or with both.
Of the celebrated Rembrandt, (see Painting, p. 482.) KrolaaS
six pieces are enumerated by M. Bartsch as being
produced by the needle only, unassisted by the action
of aquafortis or etching.t Of the dry point alone,
a landscape called " The Canal" may be quoted as one of
the most remarkable specimens. For the simple pro
cess of etching only, to which we shall presently come,
"Joseph relating his Dream" may be referred tois most
admirable: and thirdly, for the perfections of etcbing
and of the dry point united, we turn to his chef-tone,
the " Hundred Guilders" Print, so called from Out
sum (about £10) having been the price of an impmsion soon after its publication. It represents the Saviour
healing the sick multitude. A portrait of Rembrandt't
munificent patron, the " Burgomaster Six," combines, it
is thought, all the various modes. The death of Rem
brandt is dated by Strutt A. D. 1764 ; by Bartsch 166$.
The last-mentioned writer published at Vienna, in 1797,
a complete catalogue, which no collector should be with
out, of the prints of Rembrandt.
Among French artists, an amateur and able writer
upon the Fine Arts, Claude Henri JVattlet, born alPiriirjHk
A. D. 1718, whose pages in the Encyctopedie Metkoditjiti*
attest his good taste and extensive research, made several
not altogether unsuccessful attempts to execute with hb
own hands some large Plates by means of the dry point
only. He died a. d. 1786.
In England, two names are conspicuous in modern
• See Bartsch's Anleilung, Sec. vol. i. sec 4-40. Son chrfJ***,
says the Abbe Zani, speaking of Meldolla, qui reprisndt tnif
menl d' lUlcne en deux feuillei, est marqut A. M. ct He ««« *
bapteme el de familte. The greater part, if not all the Worbattributed to Meldolla, show his use of the dry point ; and though
some evince a few superadded touches of the burin, none of tita
have been etched. He appareutly worked, says our wto*!
(Peintre Graveur, vol. xvi. p. 38.) upon tin plates, of which thefew
perfect impressions that could be taken (rarely more « "Fr*
than one hundred and fifty) make good specimens from the haw
of this artist very scarce. They appear, with few exceptions, to
bo after designs of Parmegiano, for whose Works they hive sometimes been mistaken ; but the drawing of Meldolla, compare! will
that of his model, is often faulty and almost always betrays cmlessness. The difference, however, is so little between M«W»
and Schiavone that they are still regarded by good critics si <*>
and the same person.
f The following Plates, seven in number, by Rembrandt, i»
entirely wrought with the dry point unassisted by etching; nsmelf,
the •' Ecce Homo," dated 1655 ; the "Three Crosses," 1553; tht
" Skater ;" the " Canal," a landscape ; the " Group of Tree",* «
landscape ; a portrait of the " Elder Haaring ;" soother of the
" Burgomaster Six ;" and " The Painter after the Model' 1°
the two last-mentioned pieces the burin also is introduced, but no*
etching. Perhajis no artist has used the dry needle, even upm
previously etched Plates, so frequently and so successfully is R*brandt. A great number of his Plates are very lightly etch«i,
often only etched in their outline, and afterwards finished withlke
dry point, and having even the strongest shadows put in by tM
same instrument. As examples of this we refer to his " Hundred
Guilders" Print; to his "Faustus;" and to his portraia ot
"Abraham France," of "John Luttna," of "Ephrai- ™ "
and of " Johann Sylvius."
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Engraving. Art for this style of Engraving. Thomas fVorlidge, a
v-»N^^ native of London, flourished about a. d. 1760. He was
Thomas
a painter of miniatures, and his drawings on vellum in
Worlidge. Indian ink and black-lead are held in great estimation.
He attempted portraits in oil, but not finding the en
couragement he expected, he applied himself wholly to
Engraving. He published and became celebrated for
several half-lengths scratched in the style just mentioned
of Rembrandt with the dry point, to the number of
about fifty, one of them a copy of the " Hundred
Guilders" print. A complete set of his numerous simi
lar Engravings (a series of one hundred and eighty
plates) from antique gems, is also very valuable. He
likewise executed some larger historical prints, to which
Bartsch concedes the praise of considerable ability.
He died at Hammersmith in 1766, aged about sixty-five,
h
Inigo Spilsbury, the next example to be mentioned, was
5jn s ury, jjorn in 1730, and was residing as a printseller in
Liondon about A. d. 1760. Besides some works in
rnezzotinto, he engraved and published in numbers a
set of fifty plates of gems. But he is chiefly to be here
noticed for several small half-lengths and heads to the
amount of about twenty-four, in Worlidge's manner,
though by no means equally tasteful and artist-like with
those of Worlidge. Among our own amateur En
gravers to compete here with Watelet we must not
omit to mention a distinguished native of Ireland,
\iptain
William Baillie, born about A. d. 1736, who after reJaillie.
tiring from the army with the rank of Captain of Cavalry
devoted his remaining life to the Arts. Captain Baillie
engraved about one hundred Plates in various manners,
but his most admired productions are after Rembrandt
in the style of that master.
Etching.
(45.) Etching, the third Chalcographic process, which
we have denominated simple, (Art. 34.) is in fact less
so than either of the two foregoing, and comprises many
essential as well as adjunctive particulars. It is called
etching from the German atzen, signifying corrosion j
and the Germans, accordingly, who were among the first
to practise it, give the term lltzwasser, or etching-water,
to the dilution of aquafortis employed for the purpose.
Leaving toa note (see (BB.) at the end of Engraving)
our description of the process, we proceed to an enume
ration of our examples in this branch of the Art. On
the subject, however, of etching, the same remark must
be premised which was made respecting the dry point ;
namely, that it is seldom practised singly, but is almost
always auxiliary to or assisted by other processes.
The origin of this ingenious substitute for the work
of the graver was probably German. Parmegiano
(Painting, p. 477.) seems to have introduced it into
Italy, previously to whom Albert Durer (Ibid. p. 485.)
practised it in Germany, as appears by the Print by
Durer of St. Jerome, bearing date a. d. 1512 ; but that
Durer was therefore the inventor, according to M.
Bartsch's assertion, (Anleitung, Sec. vol. i. sec. 445.)
does not necessarily follow. Like most other inventions,
its object was to accomplish with greater facility what
had been performed already with much labour by other
means. As by the discovery of Printing nothing was at
first contemplated beyond a shorter method in imitation
of writing ; so the first Etchers, whoever they might be,
aspired only to the most perfect resemblance ofengrave'd
Plates from the hand of the buriuist This idea prevol v
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vailed even in the time of Abraham Bosse, a French ChalcoEngraver of considerable merit, who, in a very useful graphy.
Treatise on Etching, published towards the middle of s—^v^~-/
the XVIlth Century, declares the perfection of Etching
to consist in its approximation to the work of the burin.
To obtain, therefore, as nearly as possible, the cleanness
and sharpness of lines cut by the graver, a hard kind of
ground or varnish was used, now long since exploded,
through which the lines drawn by the Etching needle
might exhibit the cleanest and firmest edge possible for
resisting impenetrably all action of the acid poured
upon them, and for confining the corrosive liquid rigidly
within their channels. A more tractable sort of varnish,
however, called soft ground, (note BB.) and more easily
penetrable by the Etching needle, was subsequently
introduced. Etching was found, in process of time. The needle
worthy of being classed separately, and to possess some ^t'"*^"J
intrinsic excellences to which few but the most practised from the
burins could attain, yet attainable by every good burin,
draughtsman or skilful handler of a crayon pencil.*
There is a peculiar charm of freshness in the first
thoughts of an eminent designer, which the simple pro
cess of Etching has been frequently the happy means of
preserving and multiplying. Many excellent Painters
have employed their leisure in playful touches of the
point or Etching needle. M. Bartsch, in his Peintre
Graveur, instances several characteristic performances
more or less finished of this kind. His first five volumes
contain some extremely clever fac similes executed by
himself after the masters of the Flemish and Dutch
Schools. The same author particularizes in his Guide
to Engraving the following names of artists whose Plates
have been entirely wrought with the Etching needle, or
in which the aridiiidnal touches and finishings by the
graver or the dry point are so slight as to be considered
next to nothing. From the German School he selects
* The characteristic of Engraving from the burin only, Mr.
Gilpin well describes to W strength, though seldom unincumbered
by stiffness ; while the peculiarity of Etching is freedom, though
at the risk of losing force and wanting harmony, or of being less
correct in outline than the slower and more deliberate motions of
the graver. " From the shape," says he, " of the Engraver's tool (the
burin) each stroke is an angular incision, which form must of course
give the line strength and firmness, if it be not very tender. From
such a line also, as it is a deliberate one, correctness may be ex
pected, but no great freedom ; for it is a laboured line, ploughed
through the metal, and must necessarily in a degree want easeUnlimited freedom, on the other hand, is the characteristic of Etch
ing. The needle gliding along the surface of the copper meets no
resistance, and takes any turn the hand pleases to give it. Etching,
indeed, is mere drawing, and may be practised with the same facility.
But as aquafortis bites in an equable manner, it cannot give the
lines that strength which they receive from a pointed graver cutting
into the copper. Besides, it is difficult to prevent its biting the
plate all over alike. The distant parts, indeed, may be easily co
vered with wax," (stopping mixture, see Note BB.) " and the grand
effect of the keeping preserved ; but to give each smaller part its
proper relief, and to harmonise the whole, requires so many different
degrees of strength, such easy transitions from one into another,
that aquafortis alone is not equal to it. Here, therefore, Engraving
(with the burin) hath the advantage, which, by a stroke deep or
tender at the artist's pleasure, can vary strength and faintness in
any degree." Gilpin, Euay on Printt, p. 48.
The value, says M. Bartsch, (Anleitung, See. vol. i. sec. 445.) of
Engravings produced by Painters and Etchers, conscious of greater
powers in design than in execution, must not be sought for in their
style of handling ; (that is to say, in any regular adaptation of
peculiar lines and cross-hatchings, or in the production of a clear
effect by carefully attending to the action of the acid on the metal ;)
their merit consists chiefly in the drawing, in the expression, or in
the grouping : and certainly no style of Engraving could be better
suited lor such slight drawings as require no great effect of light
and shadow.
5H
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Engraving. only two artists, Jonas Umbach, a native of Augsburg,
born a. d. 1620, who died in 1700; and Christian Ber
Umbach. nard Rode, born at Berlin in 1725, who died a. d.
1797, both of them Painters.*
Among Flemish artists we might particularize Tho
Wyck.
mas Wyck of Haerlem, who came to England about the
time of the Restoration, and was much employed. He
painted sea-ports and shipping with small figures.+
Guido.
In Italy, Guido Reni, whom we have already noticed
as of the Bolognese School, (Painting, p. 474. 476.)
one of the greatest masters of graceful design, executed
a considerable number of charming Etchings. They
unite masterly freedom and boldness with the same
beauty of expression in the heads, and the same correct
drawing in the extremities, as are known proverbially to
characterise the Paintings of Guido. He died aged sixtyeight at Bologna, his native city, a. d. 1642. He was
emulated very successfully in the use of the point by a
contemporary Painter, for some time his pupil, Simone
Simone da Cantarini, called from his birth-place Simone daPesaro,
Pesaro.
who in Painting as well as in Engraving is allowed to have
approached nearer to Guido than any other of his nume
rous imitators.? The Etchings of Simone, in the style
of his master, would not be easily distinguishable from
Guido's, but for their comparative deficiency in that
correctness, (particularly as regards the marking of the
extremities,) and in that taste for which the Etchings of
Carpioni. Guido are pre-eminent. Strutt mentions Giulio Car
pioni, bora 1611, a Venetian Painter, in the style of
Paul Veronese, (Paintino, p. 476.) as a tolerably suc
Testa.
cessful follower of Guido in Etching. Pir.lro Testa, born
at Lucca, a. d. 1611, and thence called II Lucchesino, a
pupil first of Domenichino and afterwards of Pietro da
Cortona, is another Painter w hose Etchings, to the num
* Jonas Umbach, of whom mention is made by Baron Heinekeni
etched with a light and spirited point several landscapes containing
cattle and figures. His Plates, of which are extant upwards of one
hundred and twenty, are mustly of small size and of an octagon form.
Rode, the next named artist, who had been successively a pupil of
Charles Vanloo and John Uestout at Paris, and afterwards a student
in Italy, brought back with him to Berlin the puwer of enriching
the Churches and Palaces of his native Piussia with several highly
valued Works. He etched a considerable number (upwards of two
hundred Plates) after his own historical designs ; several of them
after the Pictures which he painted for various public edifices. Ho
is described as working the needle after a peculiar manner of his
own, rather using it as a brush than a pencil. His Prints are con
sequently free and spirited, but show marks of haste. It is observed,
also of his historical figures, particularly of his females, that they
want dignity. His younger brother henry, who died prematurely
at the age of thirty-two, was a professed Engraver, and a very credi
table disciple at Paris of the famous Wille. (Art 39.)
f Quoique ses estampes, says M. Bartsch, s >nt gravies iCune poinie
ItgZre et qu'iln'y ait mete ni burin ni pointe seche, eliet ne iaiuenl
pat iToffrir un tret-belle effet de clair obscur. Sa facon de graver
est reconnoistable aux petili trailt entrccoupes qui te tuivent d'une
manirre savante let differentes formes. Ces traits sont plus
serrcs mais rarement couverts d'une contretaille. Ses et
tres-rares. (Peintre Graveur, vol. iv. p. 137. et seq.)
I Giovanni Batista Bolognini, born at Bologna in 1G11, was a
pupil and imitator of Guido. {Peintre Graveur, voL xix. p. 187.)
Giovanni Andrea Sirani and his daughter Elizabetta, (Ibid, p. 147.
151.) of Bulogna, were also successful followers in this School. He
was a favourite scholar of Guido, and etched likewise in a free,
spirited style. ( Ibid. p. 161.) Giulio Carpioni of Venice, who in
Fainting followed the splendid style of Paul Veronese, is recorded
likewise by M. Bartsch for his Ktchings a la Guido. (Ibid. vol. xx. p.
175.) Also Domrnico Maria Canuli, of Bologna, a distinguished
disciple of Guido, etched several Plates in the manner of his master,
which, though less spirited in execution, ore neater and more
finished. Uumenico Maria Bonavera, of the same city, nephew and
—lil of Canuti, followed in the same style. His Etchings ore
shed with the dry point. (Ibid. vol. xix. p. '2-'-', j

ber of about thirty-nine, are held in considerable tstim*.
tion. They have the merits as well as defects of his P$
Pictures, and, while they discover surprising variety and
powers of invention, are too often deficient in expression
neither portraying female grace nor manly beauty!
They resemble the mannered style
Ten>
stylr of' Antonio
'
pesta, but are of superior execution. A Neapolitan
Painter, (born a. D. 1632,) Lucca Giordano, (Paintino, LG'
p. 478.) is another pupil and assistant of Pietro da da"'
Cortona, who has left some masterly and very spirited
Etchings. M. Bartsch (Peintre Graveur, vol. xii. p
173.) records six specimens in the style of Spagnoletto,
the artist's first instructor. Giuseppe DiamaiUini, born ft,,^
about a. d. 1600, in the Province of Koma<rna, is another
Italian Painter whose Etchings, to the number of about
forty Plates, are much esteemed and possess a rare union
of grace, correctness, and spirit.*
Compound Chalcoorapht
Wood Blocks ajiplied to Copper-plate Imprmm.
(46.) Having now given some account of three div (V-pwi
linct methods of Engraving on metal; which methods, '^i"'
from the circumstance of each being sometimes employed'
singly and unassisted by the others, we have calkd
simple processes : we proceed to mentinu several com
binations of these either among themselves or with other
methods.
The first of these compound processes to be mentioned W
is the union of Wood-Engraving with Chalcography; i**J
method alluded to (Art. 30.) as being considered[the 'JJJ'
characteristic of chiaroscuro printing in Germany. Aa^raancient German master, whose name JWoir, with thews
date 1499, is affixed to his productions, has already been"11
mentioned. (Note (W.) at the end of Ejwwyho.)
M. Bartsch (Peintre Graveur, vol. vi. p. 367.) calls bin
a native of Landshut iu Moravia.t The subject being
first outlined on metal was then printed and the impres
sion afterwards shaded by means of different blocks.
Papillon, how e\ cr. complains of this outline from copperplate as greatly inferior to an outline from wood. He
calls it poor and scratchy. Maigre et egraligni; says
he, il n'a ni Vexpression ni la beaute de celui q;a of
grave1 en bois. He mentions a chiaroscuro Print ink'"
possession from the hand of Abraham Bloemaert, offtea*
which the outline had been etched. But. in generaUhi
Prints of Bloemaert thus executed are very spirited aad
produce a good effect. Among others, we may instance
a " Holy Family;" a "St. Simon," with the instrumeal
of his martyrdom ; " The Woman with a Veil ;" a ''StJerome," after Parmegiano ; and a " Naked Infant,
after Titian. M. Bartsch, by some mistake, (Anltituni,
Sfc, vol. i. sec. 63S.) names Cornelius Bloemaert as the
• M. Bartsch gives the names of two modem Painters of Ihty
both living in 1821, whose Ktchings are remarkable:
Sabatelli at Florence, and Barlototneo Pmelii at Home. (Maffi
%c.t voL
i. p.mode
196. ofsec,operating,"
452.) tays Stratt, " was extremely stapli
" His
He first engraved the subject proposed upon copper, and finished it
as much as the artists of his day usually did. He next prepare »
block of wood, upon which he cut out the extreme lights, ind tMJ
impressed it upon the Print, by which means a faint tint was adW
to all the rest of the Work, excepting only to those parts where ■
lights were meant to predominate, which appear as if heigh*'"™
with white paint. The Prints performed in the style abofe-ree"tinned," continues Mr. Strutt, " ore I
' '
of such drawings."
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Engraving, first who attempted works of this kind. Cornelius
% ^ysV certainly eminent, but not as a Wood-Engraver. He
was the youngest of four sons of Abraham above-men
tioned, and has undoubted claims to originality on cop
per, as the introducer of a style afterwards perfected by
the great Engravers of the French School, Audran,
Baudot, Picart, and De Poilly.
H.Grotius. A learned antiquarian Work by Hubert Grotius, (Art.
40.) of which Papillon possessed the first volume on
Roman antiquities, contains, he says, a portrait of
Hubert in the frontispiece, outlined similarly to the
above. Le trait etl grave" & Peau forte el la planche de
rentrke en hois. The same mode of execution is also
adopted by H ubert for representing one hundred and fortyone medals of the different Roman Emperors. Papillon
further states himself to be the possessor of a " Death
of Lucretia," similarly performed, and bearing the date
1612, by Paul Moreelze, a distinguished Painter of
P. Moreelze.
Utrecht; and particularizes two amateurs and collec
tors of great celebrity in his day, M. Crozat and the
Caylus.
Count Caylus; the former as having patronized and the
latter as having practised this style of Compound Chal
cography.* A French artist named Paul Pontius AnKoberi.
toine Robert, born at Paris about 16S0, is mentioned by
M. Bartsch as having etched several of the subjects
which were executed in chiaroscuro by Nicolas and
Vincent le Sueur (Art. 29. 31.) for the Crozat collec
tion.
We may here subjoin the name of an ingenious
Kirkall.
Englishman, Edward Kirkall, (Art. 30.) who invented
a mode of producing Prints in chiaroscuro by a mixture
of etching and mezzotinto (Art. 62.) with the assistance
of wooden cuts. The outline is boldly etched; the dark
shadows are then worked on the copper with the grain
ing tool, and the remaining process for producing deinitints and for leaving the high lights is effected by
separate blocks of wood.
Prints from (^"5 Being drawn once more to the subject of Enraited icori grav'»g in relievo, we may be excused for introducing to
metaL the reader in this place a method practised by Mr. Lizare,
of executing Engravings on metal so as that the lines
of the work may, like those of type or of wood-cuts, form
a raised surface.f This invention is so recent, as to
require every indulgence from criticism, but it promises
the means of combining the facilities of copper-plate with
the durability of Engravings on wood.
• TraiU de la Gravure, 8fc. vol. i. p. 396, 397. 400. 406.
f On a well polished plate of copper (a preferable material to
lead, pewter, type-metal, line, or brass, all of which have been tried)
the drawing for the intended Print is made with a pen or hair pencil
dipped in turpentine varnish coloured with lamp-black. Let this
drawing of varnish be perfectly dry, and then proceed as in etching.
(See Note BB.) The acid, poured upon the plate, will remove by
its action on the uncovered parts of the copper all the interstices
intended to be hollowed out between the lines of the drawing. In
dark shading, where the lines are numerous and closely drawn, and
the interstices few, this operation is performed without much risk
of accident ; but if the distance be considerable between the lines,
it will be necessary, by a subsequent process, to employ the burin
for cutting away the parts which surround them in order to prevent
the dabber of the pressman from reaching the bottom, so as to
charge it with ink and cause a blurred impression.
The ingenious contriver of this method recommends from expe
rience that the common etching ground be, in the first instance,
laid upon the copper ; next that with an etching needle the first
course of lines, or rather intersticet, be removed ; antl, lastly, that
over these the artist should put in his cross lines with the varnish.
In such parts as require more freedom of touch the etching ground
may be scraped away, and the drawing completed with the varnish.
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Work of the Burin combined with that of the Etching
Needle and Dry Point.
graphy
(48.) But the rtort of compound process, which in Burin
modern Art has gained most admirers, and has eugaged combined
the attention of the most considerable number of artists, with the
requires next to be remarked upon ; namely, the con etching
needle and
junction of etching with the work of the graver and of dry point.
the dry point. (Art. 33. 44. 45.) According to this
combined arrangement, each of these three modes of
Engraving is made available, on one and the same cop
per-plate, to the representation of such objects as each is
best adapted to delineate.*
(49.) To give more than a very select number of the
artists who have been distinguished in the compound
process now under our consideration would be to tran
scribe a whole Dictionary of graphic biography. We
shall therefore limit our attention to comparatively a few
in each of the European Countries before mentioned, and
we propose to divide works of this kind into two classes.
1. Works in which etching is merely a basis or ini Two classes
tiatory operation, and of which the remainder is com of completed, partly with the dry point, but chiefly with the pound
Chafco*
graving tool : so that a copper-plate thus executed, pos graphg.
sesses all the strength and harmony of an Engraving
performed from its commencement with the burin alone.
This style of the Art arose only in the beginning of the
XVIIth Century.
2. Works in which etching predominates, but in
which the Plates, after the process of etching, are more or
less retouched and strengthened for pictorial effect by
the graving tool and dry point. These Prints resemble
drawings of which the merit depends on a proper ma
nagement of light and shade.t They have sometimes
* A peculiar excellence of etching consists in its admirable ex
pression of the picturesque in ancient or ruined buildings, in cot
tages, in rocks, and uneven ground, in the broken trunks, and par
ticularly the foliage of trees, and in its general aptness for por
traying vegetation. To characterise bucIi objects, an agreeable
roughness, when the acid is permitted to bite freely, is produced ;
and on the other hand, any required degree of smoothness is
equally attainable by reason of the uniform action of the corroding
liquid when left to bite the lines evenly and alike. (Art. 19.) The
hand also of the operator has the inestimable advantage of applying
his etching needle with the same freedom as in drawing with a
black-lead pencil.
Etching alone, however, would be feeble and often incorrect.
Wherever precision and strength are required the burin is indis
pensable; and the latter instrument (mure especially in portraits,
where the most minute parts must be faithfully given) is employed
for re-entering the etched lines to give them the requisite sharpness.
For engraving also such lines as swell by insensible gradation from
a fine extremiiy to greater thickness, or vice vend, although seve
ral etching needles differing in breadth may, one after the other,
be used for re-entering the same line ; or, ulihough the instrument
which Bosse terms an tchoppc (see Plate i.) may be applied ; yet
no line of this kind can ever equal in clearness, exactness, and firm
ness aline cut at one sweep with the graving tool. The now uni
versal practice, therefore, of modern Chalcographers, whether
executing the largest or the most minute Works, is first to bring their
Plates to a state uf considerable forwardness, and to produce all the
producible effect by means of etching : then, with the graver', to
harmonize the different masses, and with the dry point to tint the
lights and more delicate portions of the Engraving. So that Plates
professedly wrought by the burin are scarcely to be found without
some assistance from etching : while, on the other hand, few copper
plates under the title of etchings are committed to the press
without some touches from the graver and dry point.
f Anleitung, &;c. vol. i sec. 445. M. Bartsch has included this
class of Prints among his examples of etching; but as in most of
them considerable use of the graving tool or burin is introduced,
we must, to be consistent, include them among specimens of Com
pound Chalcography.
5M2
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been classed with etchings. Their execution, however,
advances a degree further than in the Prints we have just
mentioned, (Art. 45 ) by Rode, Guido, Cantarini, Testa,
and others: and which latter may be compared to slight
sketches where no peculiar effect from shading is ex
pected or intended.
(50.) Respecting the first of these classes of the Art
it is to be remarked, that although such a complete union
in the operations of the graver with those of the etching
needle was not accomplished in the XVIth Century, as
was afterwards effected by Gerard Audran, and the
French School, towards the end of the XVIIth ; yet
that the attempt was made long before, and not alto
gether unsuccessfully in Italy : and as the invention of
etching was at first introduced only in the light of a
substitute for the work of the burin, no doubt the burinist
would more often deem it expedient to retouch his etching
with the graving tool, than afterwards ; when the peculiar
virtues of each process came to be better understood
and appreciated. We have already included Agostino
Caracci (Art. 37.) among the most eminent burinists of
Italy. Three others of the same name and family, Ludovico, born a. d. 1555, the celebrated founder of their
School in Bologna, (Painting, p. 476.) with his cousins,
Annibale and Francesco, (but more particularly Annibale,) younger brothers of Agostino, have left us several
free and masterly specimens of historical Engraving,
partly etched, and then finished with the graver Their
contemporary Federico Baroccio, of the Roman School,
(Painting, p. 474.) was another peintre graveur whose
Engravings, not, certainly, examples of delicate execu
tion, possess the yet higher claims of correct design
and beautiful expression. He died in 1612. An exact
account of the Prints by these artists is given in M.
Bartsch's seventeenth and eighteenth volumes.
We must here, as before, considerably abridge the
materials, which with some care we had collected : and
in order to preserve our prescribed bounds, can only
give in nearly chronological order a few of the names
which belong to the succeeding centuries. Such re
marks as our space affords will be found occasionally in
a note below.
ArtUU* Names. Where born and when.
Died at
A. n*
Pietro del Po
Palermo ..1610 Naple
1692
Pietro Tata*
Lucca ... .1611 Drowned in the Tiber 1650
Carlo Cetio\
Antroduco. 1626
1686
£ ? f Fraw tio Aquila. Palermo. . 1676
m\Pietro Aauila\ settled with his brother at Rome about ....1700
* Del Po and Teila wire pupils of Domenichino, Engravers of
some celebrity, the former after his master, as well as after the
Caracci and N ic. Poussin ; the latter after his own designs. Testa
studied some time under Pietro da Cortona. (See Roman School,
Paintino, p. 474.) The Works of Testa have been sometimes
classed and compared with those of Teinpesta, (Art 45. 51.)
but those Prints to which we now allude are more finished, and
possess superior execution. For an account of Testa as well as of
Del Po, see vol xx. of the Peintre Graveur.
\ Cesio, another disciple of P. da Cortona, is recorded by M.
Bartsch (Peintre Graveur, vol. xxi. p. 101.) as the Engraver of
ninety pieces, (sixty-four of them subjects from the Farnese Gal
lery,) qui offrent un dessein pur et frrme, ainti qu'une poinle legere
melee ttouvrage de burin tres-intelligente.
J Pietro was an Ecclesiastic and a Monk, but found leisure in
his seclusion to become, according to Baldinucci, a respectable
Painter. As an Engraver he is better known. His drawing is
extremely correct : and his Prints, the best of which are after the
Caracci, possess admirable boldness and freedom. Each of the
brothers engraved several Plates after P. da Cortona, Ciro Ftrri,
and Carlo Maratti, (Painting, p. 474.) and Pietro was engaged
with Cesare Fantelli in a set- of fifty-six Prints from the series of
Pictures in the Vatican called " Ratlaelle's Bible." The first

Artists'
Names.
Cetare
Fantelli
Carlo
Gregori*
Giaeomo
Frey\

"Where born and when.
dm lt
Florence
1660Rome.
Florence
1719
Lucerne
1681 Rome

U
. 1752 grijkr
1755 V-V*'
""
.1800

Giuseppe Wagner\ . . . .Thalendotf. . . .1706
Domenico Cunegufy
• Verona
1727 .
tu^pe}**™
*-•
{""o
Francesco Btrtolozzi\\ ..Florence
I73il LUKin .
.1612
Giovanni Pblpato
Bassano, about 1738
Raphael Morghen
Naples
1755
(51.) Our second class includes a host too numerous
for detail. A number of Painters in the different Schools
of Italy have been distinguished in this class as etchers,
Most of them will be found in the sixteenth and five
following volumes of M. Bartsch's Peintre Gramr.
Francesco Mazzuoli, or Parmegiano, (Painting, p. ill.) 5^
whom we have remarked upon as the introducer oh*n»
etching into Italy, claims to be first mentioned. Wttss^i
born
a. d.find
1503,
at Parma,
as histhepopular
We next
ourselves
among
Italianname
artistsimports.
whom piJ*
the munificent Francis I. invited to Fonts - ■ 1.
(Painting, p. 490. French School.) Iucoj P<n«i,(lti,fBi
fellow-pupil with his brother IlFattore under RaffaeUt,)
thirty-six are by Fantelli, but are much inferior to the n
from the hand of Pietro Aquila.
* A Work entitled Museum Fhrentinum, portrayiof;, u ia
name imports, the treasures of Art at Florence, called forth the
graphic talents of several distinguished artists, and among uibai
of Carlo Gregori, a pupil of the celebrated Giaeomo Fit), »bwe
named. Carlo left a son, Ferdinattdo, born at Florence in 1743,
who studied at Paris in the School of J. G. Wills, (Art. 39.)
and has engraved several Plates of considerable merit.
+ Freg has been generally put down among the German ScW,
although he must have passed his life at Rome from the of
twenty-two, until his death at the age of seveutj -one ; and alihourh
he was regarded as one of the ablest masters in that city. He left
his native Swisserland to become a. pupil at Rome, for »ome time
of Westerhout, but afterwards of Carlo Maratti, under whom be
was a fellow-student with Van Audenaerde, a future omameoto!
the Flemish School. Maratti is said to have remarked to bit
pupils, that a common fault of historical Engraven was to carse
hardness in their contours by too frequent use of the burin; that
Durigny in his best Prints had escaped this error; and that by
familiarising their hands to the etching point, they would finds
to exceed the graver in delineation of picturesque objects. By the
advice of their master, Audenaerde und Frey pursued the one
•tyle of Engraving, but Frey with so superior success, as to bl
sometimes remarked upon as the Gerard Audran of Italy. KatutBt,
Guido, Domenichino, P. da Cortona, and Maratti are the Painters
after whom the principal Engravings are executed by this correct
and tasteful draughtsman, as well «ls perfect master of hanootuoss
effect Few Prints approach nearer to the style of their originals.
Good impressions are extremely rare. His son and puUi»ber
PhiCip is said to have retouched most unskilfully the worn Hates,
and to have destroyed ali the harmonious sweetness and delicacy
of Giaeomo.
X This equally celebrated native of Swisserland established him
self at Venice. His Works, like those of Audran (Art. 56.) «j»
Frey, show how admirable is the union, judiciously and tastefully
made, of etching with the work of the burin and dry point. Fro"
his School at Venice have come forth some of the ablest moderns,
Bartulozzi, Flipart, Berurdi, Capellani, and others.
A Cuneco, with Capellani and others, worked for the Seum
llalica of Mr. Hamilton. He afterwards came to England, where
he engraved some Plates for the Boydell collection.
|| Dr. Johnson's Epitaph on the Poet Goldsmith may be parodied
with strict truth in reference to the indefatigable genius of Bsc*";
lozzi,—that he left scarcely any species of Engraving "untouched
or unadorned by his hand j" but it is to his Works in the
Art we now consider (such as his " Clytie repulsing the God ol
Love," after A. Caracci) that he is indebted for his settled repu
tation. His pupil Volpato, whom he taught at Venice, has distin
guished himself by several Prints from Kaffaelle not unworthy/"
such an instructor; and from Volpato the same instructions ton
descended with undiminished force to Raphael Aforgkc*, tied*
ciple and son-in-law of the latter.
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Engraving. Leon T)event, and Domenico del Barbiere were of that
number. The Prints of these Engravers, chiefly after
the Works of II Rosso, Niccolo dell' Abati, and Primaticcio, are the more valuable ever since the barbarous
and wanton demolition, in 1738, of the magnificent
frescos at Fontainebleau, executed by Dell' Abati, (a. d.
1552, et seq.) from the designs of Primaticcio. An
tonio Fanluzzi of Viterbo, a pupil of Primaticcio, has
likewise left some bold and scarce etchings from the
Works of that master, as well as of II Rosso. Giovanni
G. B. Fran Batista Franco* was a celebrated contemporary of these
co.
artists.
In the Venetian School, the etchings by Paolo CaghliP.Veroueie ari, (Paintino, p. 476.) known better as Paolo Vero
nese ; also by Odoardo Fialetti, of Bologna, a pupil of
Fialetti.
G. Films. Tintoretto; and by Giacopo Palma, (bora at Venice in
1544, and surnamed II Giovane, to distinguish him from
the elder Palma, his great uncle,) are in great esteem
among the curious.
Artists* Names.
Where born and when.
Died at A. B,
Gio. DelMorof.
Bat. D'Attach,
... alias)..
|Verona
1512
Antonio Tempesta\
Florence ....1555
Batiila Vicentino, flourished at Venice about A. D. 1540.
Remigio Cantagallina^
Florence ....1582
Josef
Hibera,
w„,„
gnoletto
|| I alias II Spa-lXativaiuVa-1
! . . } lencia. ... J111;00
589 NaPle
1 65b
Giuv.
Fran.
Barbieri,
alias)
«
.
•,.„„
,.r.
Guercinoll
}Cento
lj9°
1666
GiacomoCatlof*
Nancy
1593
1635
* Franco formed his style of Painting upon the study of Michel
Angelo Huonaroti, and though not successful as a colourist, is con
sidered by Lanxi as one of the ablest examples of Florentine Art.
His Plates, to the number of about ninety, are carefully divided by
M. Bartsch into four sections, all of which he considers to have
been more or less clched : the first section very little ; the three
last evidently so; and in the fourth he considers the burin only
applied to lengthen out into fine points, those lines which the aqua
fortis would necessarily leave in a blunted state.
f Styled Del Moro, from having been the scholar of El Moro.
(Francesco Torhido.) D'Angeli was in Painting a successful com
petitor of Paolo Veronese. His slight and spirited etchings are
remarkable for delicate and masterly drawing in the extremities
of the figure. In conjunction with Batista Vicentino, he engraved
fifty landscapes, chiefly after Titian. His son Marco is likewise
chronicled by M. Bartsch among the etchers.
t A Painter of battle-pieces, whose inventive powers and great
fertility are manifested in his numerous etchings, consisting of
more than eighteen hundred.
§ Pupil of the Caracci, though not distinguished as a Painter, and
instructed in Engraving by Qiulio Parigi, jointly with whom he en
graved some plates of opera scenes. The School of Carta Galtina
at Florence became celebrated, as Gori relates, for producing Stefano
delta Bella, and Jacques or Giacomo Catlot.
|| Spugnoletto, and his sometime pupil Salvator Rosa, (Paintino,
p. 478.) gave celebrity to Naples in this Art. The former has left
about twenty etchings, producing, in a bold and free manner, the
finest effect. The latter has left about ninety, of which the masterly
chiaroscuro and characteristic expression, particularly in the heads
of his figures, are admirable.
IF A few etchings from the hand of this Painter, one of the lights
of Bologna, (Paintino, p. 477.) show great taste and spirit.
** His Prints amount to upwards of fifteen hundred. Catlot is
most successful where he has confined himself to small figures. He
used fur his Plates the hard varnish, which soon after his time was
abndoned for the modern more convenient material. (Note (BB.) at
the end of Enoravino.) His powers of invention were extraordi
nary. His practice was to make several designs for a subject
before he could engrave it to his satisfaction. \Vntelet declares
that he saw four different drawings by Callot, for his celebrated
Plate of the " Temptations of St. Anthony." A courageous reply
made to Richelieu, the powerful and resentful Ministerof Louis XIII.,
is recorded of this Engraver, after he had been employed sometime
at Paris to engrave the principal sieges and battles of the French,
particularly those of Rochelle and Rhe. On being pressed by
threats, after he had made several requests to be excused, to furnish
• drawing, and engrave a similar Plate of the siege of Nancy, his
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Artists' Names.
Where born and when.
Died at a. D,
Claude Getee, alias Claude) Champagne 1 iggQ
1682
Lorraine*
J in Lorraine J
Gio. Fran. Grimatdi\
Bulogna
1606
1C80
PietroFran. Mota\
Caldra
1609 Rome
1665
Stefano delta Belial}
Florence ....1610
1664
gt^m\^:':::}^
1613 ■«
Salvator Rosa
Naples
1615 Rome
1673
Giov. Benedetto Casliglione. Genoa. ,
1616
1670
Bartolomeo Bitcaino*^
Genoa
1632 Ofthe plague 1657
Pxetro Sanle Bartoli, called) „
1r0i
by some 11 Perugino** . ]
1635
Marco Ricci
Belluno
1680 Venice
1730
Giov. Batista Ttepoloj\ .... Venice
1697 Madrid .... 1770
Franceico Londinio
Milan
1 723
Bcnigno Botsi\\
Milan
1727
(52.) Turning next to Germany, for a first class of Germany.
Chalcographers (Art. 49.) in this mixed process, we First class
in com
find the name of John Frederic Bauie, in a list by M. pound
Chat
Bartsch, (Anleilung,(!fc. vol. i. p. 223.) next to the name cographg.
of J. Frey, whom we have already mentioned, (Art. 50.)
Bause was born ut Halle in Saxony, a. d. 1738. He
native city, taken by the French in 1631, he replied, "I will
sooner cut off my right hand, than employ it in any act disrespect
ful to my Country, or disloyal to my Prince;" alluding to the
Duke of Lorraine, whose dominions were not then formally
appended to France, but had been overrun, together with Nancy
the Capital, by the French armies during Richelieu's darling contest!
with Austria. Louis, more generous than his Minister, was so
struck with this patriotic answer, that he offered Callot a handsome
pension, which he nobly declined. Notwithstanding this plain
refusal of Callot himself to be deemed a Frenchman, his chroni
clers have enrolled him among French Engravers, together with
his inimitable fellow-countryman, Claude Gelle, or Claude Lor
raine, who also passed his best days in Italy, and died at Rome in
1682, before his native Province was ceded to France. (Paintino,
p. 491.)
* Claude etched several landscapes and seaports, to the number
of about twenty-eight Plates. They are, in general, good composi
tions, but are indifferently executed.
f Called II Bolugncte, from his native city ; an admirable Painter
and Etcher of historical landscape.
I This distinguished Painter of History, and more particularly of
landscape has left some spirited etchings on historical subjectsHe settled at Rome.
§ His Plates exceed fourteen hundred. He imitated at first the
style of Callot, his fellow-student under Cantagallina, but aban
doned it for another of his own, of which a brilliant and clear exe
cution, as well as tasteful and spirited design, are the general cha
racteristics.
|| He acquired the appellation of Poussin from the marriage of
his sister with Nicolas Poussin. The few slight etchings from this
great master of landscape are precious to every collector. His
younger brother, John Duchet, devoted himself to Engraving, but
not with much success.
*j[ Biscaino and Casliglione were both eminent Etchers ; they
bear some resemblance in style to each other. Castiglione, in parti
cular, approaches to the magical chiaroscuro of Rembrandt. He
was at one time apprenticed to Vandyke, during the stay of that
great master at Genoa. The etchings of Biscaino, who unfortunately
died young, are full of intelligence and graceful expression.
** He quitted Painting for Engraving. His Plates are numerous,
are chiefly etched, and are distinguished for dexterous and masterly
handling of the point.
ff Ricci and Tiepolo were eminent in the Venetian School.
The former, a nephew and pupil of Sebastiano Ricci, (Paintino, p.
476.) etching landscape from his own designs. The latter, toge
ther with his son Giovanni Domenico and grandson Lorenzo, etched
as well ns painted with much taste and spirit. The frescos by the
elder Tiepolo, in the new Palace at Madrid, are splendid specimens
of his powers as a machinist, and even gave alarm to Mengs, the
popular Court painter.
XI Of these contemporary Milanese artists, the former, Londinio,
a Painter of history and landscape, has etched about seventy land
scapes in a very pleasing style. The latter quitted Painting by
the advice of Mengs, and devoted himself to Engraving. Under
the patronage of the Duke of Parma, Bossi performed several
spirited Works, some of which entitle him to rank among the pre
ceding clou of Engravers,
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Engraving, is said to have been a self-taught artist, and to have
■^sr^1 acquainted himself with the Art, hy a careful study of
the works of J. G. Wille. (Art. 39 and 41.) His Prints
have considerable merit, and evince both in portrait,
and in several historical Plates, a complete and firm com
mand of the graver. Earlier combiners, however, of
the burin with the etching point in Germany might
M. Kusfll be named, such as Matthew Kusell, born at Augsburg,
A. d. 16'22; and John Ulric Kraut, of the same city,
Kraus.
born in 1645, a pupil of Melchior Roos, (Art 53.)
whose daughter he married. He completed three sets
of Plates for three successive editions of the Bible, and
followed with some success the style of Sebastien le
Clerc. (Art. 56.)
Guttenburg. Charles Guttenburg was a pupil of Wille at Paris,
and has produced several Plates in the style of his master.
He was born at Nuremburg in 1744. He engraved for
the Work of the Abbe" St. Nun, entitled Voyage Pittoresque du Royaume de Naples. There is a neat copy
by him of Woollet's celebrated Print, the " Death of
General Wolfe." Another artist, one year younger than
Guttenburg, and who adopted the manner of Woollet,
Gmelin. was Frederic Gmelin, a native of Badenweiler on the
Rhine, in the neighbourhood of Fribourg. He is dis
tinguished by M. Bartsch as having engraved land
scapes after Claude Lorraine.
The PreiS'
The family of Preisler, natives of Nuremburg, have
len.
been industrious in the Art. Three brothers of this
name, born between A. d. 1698 and 1716, sons of an
obscure Painter, became respectable artists, but particu
larly the youngest of the three, John Martin Preisler,
who in 1739 visited Paris and received instructions
from Geo. Fred. Schmidt. He afterwards became En
graver to the King; of Denmark, and member of the
Leybold. Academy at Copenhagen. His son John George was a
creditable pupil of Wille, and in 1787 a member of the
Academy of Paris. John Frederick Leybold, (born at
Stutgard in 1756,) Professor of Engraving in the Royal
Academy of Vienna, is celebrated for a " Death of Mar
cus Antonius" after Pitz.
Germany.
(53 j p()r the seconj ciass Df German artists in this
Second
emit wav< we
' .have already
, , named. some examples
, of- early
,
in compound
Chalcogra- etching. (See Note (U.) and Note (W.) at the end of
fhy.
Enoravinq.) The few etchings of Albert Durer are
not equal to his Engravings with the burin only. (Art.
The
39.) In the city of Frankfort arose the family of MeAlerians. rian* whose contributions are highly celebrated and
* Matthew Irlcrian the elder was born at Basle in 1593. He
' married the daughter of his eminent graphic instructor Theodere
de Bry or Brie, and had for his disciple the celebrated Hollar,
whose talents afterwards promoted and advanced, if they did not
rather originate, our English School. His typographical Plates,
like those of his pupil, are exceedingly valuable and faithful re
presentations. He died in 1651. Matthew Meriau the younger,
his son, was a respectable Painter, and studied successively, it is
said, under Sandrart, Rubens, and Vandyke. He engraved the
poitrait of Dr. Donne, prefixed to an edition, in 1640, of that au
thor's Sermons. Gaipar Merian, a younger son, also engraved.
But Maria Sybilta, their sister, was the most eminent of the family.
To gratify her enthusiasm as a naturalist, she undertook a voyage to
Surinam, and returned (but not until forced by injury to her
health) with numerous drawings and specimens of insects and
plants peculiar to that climate. Of these she published an account
at Amsterdam in 1705. Previously to this remarkable voyage, she
had published at Nuremburg, in 1679, her interestinghistory of the
insects of Europe, accompanied with Plates from her designs, and
partly etched by herself. Two large volumes of the drawings for
these Works are preserved in our British Museum. She engaged
her two daughters, who, like herself, were admirable flower-painters,

valuable in this class of Art. Rosa da Titoli, born at
Frankfort in 1655, whose real name was Philip Row ^
found leisure from painting to contribute some rare -^'-^
specimens. The family of Roos were admirable etchers.1 &*4
Among celebrated moderns we have mentioned the1"^
name of Sandrart. (Art. 39.) That family was also
eminent in this department.! Their contemporary at
Nuremburg, John James Ermels, imitated as a Painter Ens'
the style of John Both, (Painting, p. 484,) and etched *
very tastefully a few landscapes.
The family of Kusell at Augsburg (Art 52.) has been Tb
creditable to the Art.J Jonas Umbach, of the samedale
and birthplace, ranks with some in considerable eslimation. An eminent contemporary Painter, John Eliat
Ridinger, who established himself in that city,§ ha« led
several unrivalled etchings of wild animals. JohnWiU
liam Maur\\ of Strasbnrg was another Painter of soine Jttio.
eminence whose Engravings deserve attention.
We have had occasion to remark the progress of
Dresden in the Fine Arts. Samuel BotschildisAl'h^^iAlexander Thiele were Saxon artists, patronised kj the TWt
Court of Dresden at the end of the XVIIth and IotuAs
the middle of the XVllllh Century. Dietrich, a papilWrA
of Thiele, was another Saxon who has done honour to
the same patronage.*|
in the same labours, and they contributed after her death to asr
plete them.
* Philip Roos, during his term of study in Italy, kept > Idad of
menagerie of animals at Tivoli for the pupose of drawing than
with the greater correctness ; hence his Italian sobriquet Hera
a judicious and tasteful Painter of landscape and] animals. Ba
few etchings of pastoial subjects are extremely rare. He founds
liberal patron iu the Landgrave of Hesse, and died at Romein UOi
His father. John Henry lluot, was eminent in the same wa'Ju !
the Art. From anxiety to rescue some valuables from tire out of
his house at Frankfort, Henry tell a victim to the flames. TV-;-"
was another sun whose etchings are as beautiful as they are scarce.
Juhn Me/chiur, a younger son, has left one etching of which M.
Bartsch praises la mamere savante.
f Juhn Jama Sandrart (a great nephew of the Painter and Anti
quary) contributed, together with his sister Susanna -V. i '
embellish with many spirited etchings the publications of th-u
learned relative Joachim. John James died at Nuremburgin b'W.
J Melchmr Kusell, boru at Augsburg a. D. 1622, was a pupil ut
Matthew Meriau. About one hundred and forty-eight etchings,
representing Italian seaports and views, &c., together wtthavanetj
of subjects after William Baurfrona the 1 : Life of Christ," coaipri"
the chief of his performances.
J His ability has been seldom surpassed in the numerous eirdlent etchings which he has left, chiefly of wild animals and hunt
ings, most appropriately grouped in the wildest forest scenery <•
his Country.
|| Maur, who had passed some years at Rome under the pa
tronage of the Prince Giustiniani and the Duke of BracciaWH'"
taken into the employment of the Emperor Ferdinand III- ■
Venice, in whose service he died in 1 740. His Plates from the
Metamorphoses of Ovid are respectable performances, and much
resemble
the manner
of Callot.
*\\ Bottchild
was born
at Sangerhausen in 1640. HisreputaUM
gained him the appointment of Painter to the Court of Di-cdfi
and Keeper of the Electoral Gallery. He founded in that city an
Academy for the young artists of his Country. His etching" "»
historical and emblematical subjects are from his own dmcraHis Countryman Thiele composed landscapes from the cBarminip?
picturesque banks of the Sala and the Elbe. Many etching »'
these views, dated from 1 726 to 1743, (the latest are the best,) *
main from the hand of Thiele. Dietrich was born at Weirrutm
1712, and in 1742, under the patronage of the Court of Dresden*
visited Italy, where he studied some time at Rome and Yen"*His style, however, remained entirely German. He was an excel
lent colourist, and could imitate with surprising facility and ad
dress the Works of Rembrandt, Ostade, Polemberg, Salvalor, «•
His etchings in imitation of these masters are in high esteem: 10
number of about two hundred Prints, some of them extremely sra-fi
from the circumstance of his having frequently destroyed an
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'In Flanders, the cities of Antwerp and Ghent pro
duced some able Engravers whose talents as burinists
gave them facility in this compound process. Antwerp
S^Uf.
Weirotter,
gave birth, in 1610, to William de Leeuw, and in or
Gessner,
about 1630 to Jame* Neefs. Their Prints after Rubens,
and others.
Vandyke, and other Painters of that School, are highly
Firtt class,
characteristic, though Neefs is occasionally mannered
in Flanders
and Hol
and rather extravagant, and De Leeuw sometimes
land.
coarse and inharmonious. Westerhout was of the same
city, born in 1666. From Ghent, the birthplace of
Van Audenaerde, came likewise Francis Pilsen, his pu Pilsen.
pil, born a. d. 1676.
(5b.) The second class in this species of mixed Chal Second
cography is, as might be expected, much more nume class, in
rous. M. Bartsch, however, particularizes only those in Flanders
and HotAude
the
ensuing list, of whom, with their principal disciples land.
naerde.
and
followers,
the
reader
will
expect
some
mention.
Westerhout.
Name.
Where born and when.
Died at
A.'l^
Engraving (after taking a certain number of impressions) in order PaulArtists*
Rembrandt van]| Near
»T Leyden
T ,
* . j 1,/•-.
jy,ynt,
1606. Amsterdam,
674
to use the same plate again.
• " Crodowieki," says M. Bartsch, "has been to Germany, what
Gravelot, Eisen, and Nicolas Cochin have been to France, an ad
mirable illustrator of printed Works. (Anleitung, Sre., vol. i. p. Hooghe (Art 55.) whose well-known Print of the deluge at Coever200.) His peculiar merit lay in delineating character (even in very den is well described by Mr. Gilpin ; (Essay on Prints, p. 208.)
diminutive figures) through every variety and degree, whether of and Jacob Houbraken of Dort, who with his father was established
quietude or of emotion : and he is excellent, like Hogarth, in the at Amsterdam. (Art. 40.) Amsterdam was the birthplace, in 1 634,
choice and disposition of judicious accessories." M. Bartsch pre of Abraham Blootelmg ; in 1655 of Solomon Somen ; and in 1670
dicts also that his Works, like those of Hogarth, will command ad of Matthew Pool ; all of them eminent Engravers of this class.
miration long after changes in modes of dress (often a great essen The same city, in the following century, gave birth to John Punt
tial towards marking character) shall have arisen to diminish po and Jacob Fonder Schley.
pular interest. Crodowieki died in 1800.
* Rembrandt Gerrelz, or Rembrandt van Rhyn, was so called from
Francis Edmund Weirotter of Inspruck exercised his etching- the house of his birth, where his father, a miller, resided on the
point on the most picturesque and appropriate subjects with greathar- banks of a canal supplied by the waters of the Rhine between Ley
mony, beauty, and force. His figures are well designed and cleverly endorp and Hoerke near Leyden. We have already (Paintino,
introduced. He died at Vienna in 1773, at the age of forty-three. p. 482.) invited attention to the merits and singularities of this great
The poet Gesmer was likewise a pleasing and very finished masterofchiaroscuro. Theengraved Works, according to M. Bartsch,
etcher of landscape. He etched for his celebrated Poem, the of this extraordinary artist amount to mora than three hundred and
Death of Abel, several vignettes and ornamental pieces. One set seventy pieces. Among these he distinguishes the " artist's own
by him often landscapes is dedicated to Watelet.
portrait with a sabre ;" (his portraits of himself are tweuty-seven in"
William Kobell was the son of Ferdinand, and was born at number j) the "Raising of Lazarus;" the " Hundred Guilders"
Manheim about A.n. 1766. Both have etched some most desirable Print already mentioned ; (Art. 44.) the " Good Samaritan ;" the
Plates of landscape, but especially William, whose graphic produc " Skaters ;'' and about seventeen others. It may be affirmed, how
tions have most successfully characterised the principal landscape- ever, of his Engrarings as well as of his Paintings, that his most
painters of the Dutch School.
admirable productions are portraits. In execution they are among
Weisbrod, born at Hamburgh in 1 754, was a pupil of Wille. The the happiest efforts of the Art, and in characteristic expression are
landscapes are very numerous from his hand, in the neat clear style unrivalled. Among his numerous pupils, John George van Ultet,
of his master. He also engraved after Pynaker, Ad. Van de Velde, born at Delft in 1610, has left several Prints in the same style,
Ruysdael, &c. (Painting, p. 483, 484.) and assisted in some Plates which have been much sought after notwithstanding detective draw
for the Cabinets of Poullain, Choiseul, and Prasin.
ing and clumsy draperies. His practice was to etch his Plates
f Audenaerde has beeu already remarked upon as a fellow-student with a very delicate point, and afterwards, by rebitiug, and the use
at Rome with James Frey (Art. 50.) under Carlo Maratti. He of the graver, to strengthen such parts as required. John Lievent
became, by the instructions of that master, a respectable Painter of Leyden, a pupil of Rembrandt's reputed instructor, Peter
of History ; and painted several Pictures for the Churches and Con Lastman, was no less celebrated as an Engraver than as a Painter
vents of Ghent, his native city. He died in 1713. His Works as of History. Among his portraits, to the number of about sixty, are
an Engraver are chiefly after Maratti, and are unequal in their some excellent compositions, executed in the style of Rembrandt,
execution. Those in which he accompanies the graver with the but somewhat coarsely, as Lievensmade no use of thedry point. His
etching point are decidedly his best. He was an admirable " Raising of Lazarus" is thought a superior composition to Rem
draughtsman, and has shown a perfect acquaintance with the hu brandt's, and is equally well engraved. Ferdinand Bui, (Paintino,
man figure.
p.' 483.) born at Dort in 1610, having settled in early youth with his
Westerhout, who pursued the same style of Engraving, is said to family at Amsterdam, attended there the School of Rembrandt.
have sometimes worked with him on the same Plate. But, although His etchings evince great merit, and most judicious management
Westerhout chiefly used the graver, he wants force, and fails of any of light and shade, but want the playful airiness which belongs to
powerful effect. He was a native of Antwerp, but established him the touches of Rembrandt. Simon Flieger, a contemporary land
self at Rome, where he engraved portraits and History as well from scape-painter of Amsterdam, who taught the younger Vauuevelde,
his own designs as from Works of Italian Painters, and died a. u. (Paintino, 484.) etched some spirited views, adopting the st\ le of
1725.
Rembrandt. Solomon Koninct, born in 1609 at Amsterdam, is
\ Without going back to Lucas van Leyden, the fonnder of the another successful imitator, both on canvas and on copper, of his
Art in Holland, (Painting, p. 480. and see Art. 40.) we might great contemporary. He learned Painting under Nicholas Moagain mention Peter Soutman of Haerlem, the scholar of Rubens, jaert, but appears to have formed his style from an attentive study
(/Aid. p. 482. and Art 40.) and his pupils Cornelius Fittcher, also of the small Pictures by Rembrandt. His compositions are excel
of Haerlem, Peter van Sompet of Antwerp, and Jonas Suyderhoef lent, and are executed with all the richness and clearness of his
of Leyden : together with their contemporaries at Haerlem, Peter prototype. Other pupils of Mojaert were likewise Etchers, Jacob
Holstein and his son Cornelius, bora at Haerlem about a. d. 1620 ; Fanderdoes the elder, (Peinlrt Graveur, vol. iv. p. 189.) and the
and Theodore Maiham, about ten years earlier. Abraham Conrad, elder Weeninx, (Ibid. vol. i. p. 389. and see Paintino, p. 484.) hut in
of somewhat later date, a successful imitator of Vostermanns, (Art. a different style. Their etched landscapes with cattle and animals
40.) is eminent for some very fine portraits.
have the masterly air of their painted Works. Marc -le Bue, a
Other Dutchmen might be added, as Henry Goltxius of Mabrechf; disciple of \ underdoes, followed his master with less celebrity as a
(Ibtd.) Simon Frisiut of Lewarden in Friesland, born a. d. 1590, Painter than as the producer of some excellent etchings of animals
one of the first who brought etching to perfection ; Iiomeyn de after Paul Potter and Marc Gerard.
Daniel Crodowieki, born at Dantzic in 1726, is one
of the most remarkable moderns in this species of En{Craving. IVeirotter, Gesmer, Ferdinand and William
Kobell, and Charles We'isbrod, are also well-known
names' with which we here conclude our German list.*
(54.) From what we have recorded of the Flemish
and Dutch School, (see Art. 40. and Painting, p.
479, 482, &c.) our readers will anticipate (as a natural
consequence of the indefatigable genius which presided
in that numerous fraternity) no less industry and origi
nality in tliis than in every other arena of pictorial am
bition. In our first class, however, now to be con
sidered, (Art. 49.) only two artists have drawn the at
tention of M. Bartsch, {Anleilting, eye, vol. i. p. 228.)
Robert van Audenaerde and Arnold van Weslerhout.^
Several others antecedent to them might be named.J
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Artists' Name*.
Whore born and when.
Died at A. v.
Adrian vast Omade* Lubeck
1610
1685
Reiner Mom,, alias 1 Am,terd>m
i612
Reiner Zeeman.f J
i .i Waterloo,\
,i7 . i t {(Utrecht
or Amster-1} 1618
,-.„
Anthony
dara about
Hermann Suianeveltft Woerden
1620 Rome ....1690
* (See Painting, p. 483.) Otlade merits a place next to Rem
brandt for profound delineation of character, and of character
really adapted to the scenes he portrays. His personages, like
Rembraudt'<), are drawn from the haunts of grots vulgarity ; but
are not made to act " high life below stairs," nor forced pete mile,
like Rembrandt's, into the sublimer walks of Historic Painting.
They retain, under Ostade's management, their proper station. His
etchings, amounting to upwards of fifty, are in great and well-de
served estimation. Come/in, Bega and Corneiiu, Dutart, both of
Haerlem, were disciples of A. van Ostade, and painted in the same
style. By the former of the two we have about five and thirty ex
cellent Piates of cottage interiors, boors regaling, &c ; and by the
latter a number of similar etchings, also very spirited ; together
with a few Works in mexzotinto. {Peintre Graveur, torn. v.
p. |221,463.)
Renter Zeeman, (seaman,) so styled for his sea pieces. His
shipping and figures in these marine Paintings are admirably
drawn and spiritedly touched. The same praise is due to his etch
ings, and we only lament that such minute correctness, as well as
freedom of hand, should be confined to the monotony of Dutch por
traiture.
I Waterloo is the glory of the Dutch School in this kind of En
graving. His Paintings are rare gems of Art, and their scarcity
arises partly from his having engraved so much ; and partly, it is
(aid, from habits of intemperance, to which he fell a victim in the
prime of life. His Works, as Mr. Gilpin justly remark*, do not dis
play much variety, nor seem to have cost him much stretch of
fancy. " He selects a few striking objects ; a coppice, a corner of
a forest, a winding road, or a straggling village is generally the
extent of his view ; nor does he always introduce an off'skip. His
composition is generally good, and his light often well distributed ;
but his chief merit lies in execution, in which he is a consummate
master. Ever}' object that he touches has the character of nature."
His etchings consist of about one hundred and fifty views after
designs of his own. {Peintre Graveur, vol. ii.p 1.) No Works of
graphic Art have perhaps been more instructive to artists than
those of Waterloo. He combined with the utmost spirit and faci
lity of handling a marked attention in the foliage of his trees and
plants to their several species. In trees he is probably without a
rival. 11 His only defect," observes the author of the Catalogue of
an Amateur, " seems to be want of management in the chiaroscuro,
as his lights are occasionally too scattered. Having bitten in his
plates delicately, he never repeated this operation with the aqua
fortis, but by stopping out in some cases with a judgment peculiar to
himself, he attained the required gradations ; and in others, having
suffered the aquafortis to bite equally, he arranged and perfected
the harmony of his Plates, and added the strongest shadows with
the burin. In consequence of this process, however, when his
Plates began to wear, the delicate etching soon disappeared, leaving
only the coarse work of the burin ; and such impressions are im
properly considered as retouched. Good impressions of his Works
are scarce."
v Swanevelt, like his master, Claude Lorraine, (Painting, p.
483-485.) was a diligent observer of nature and of Italian nature.
His studious and solitary walks for this purpose among the ruins of
Tivoli and Frescati procured him the name of nermann or hermit.
He etched in the manner of Waterloo, hut with less freedom.
His trees, says Mr. Gilpin, bear no comparison with Water
loo's ; but he adds another material point of difference in which
Swanevelt is far superior, namely, dignity of design. Waterloo
saw nature only with a Dutchman's eye, and seldom quitted the
plain simplicity of a Flemish scene. But Swanevelt had imbibed
ideas of grandeur and beauty from the classic fields, and skies, and
mountains of Italy. His engraved Works consist of one hundred
and fourteen pieces. // avail une maniere de graver, observes M.
Bartsch, qui lui (toil particuliire, el a exprimt let feuitle, de set
arbres par un auembtage de petit, trait, horizontaux un pen courbi,
qui tont Ire, propre, d reprCenler la tituation nalurel/e sur lei
branches. Jl n'a tracS de, contour, plu$ determine', que quand il en
a eu betoin pour degager let partie,. {PeinlreGraveur,\om. ii. p. 250.)
His pupil and brother-in-law, Jame, Rousteau, (Art. 57.) a French
refugee Protestant, dismissed for his hereiy from the Academy of
Paris, and expatriated on the Revocation of the Edict of Nants,
retired to Holland. Rousseau was a Fainter of considerable merit,

ArtisU* Names.
Where born and when.
Died at
Nicholas Berghem" ..Haerlem
16'^4
Paul Potter^
Eukhuysen. . .1625
Carl du Jardin\
Amsterdam . .1635 Venice

Ap
CUi,
1554 P"f»
1678 ^"V~

and made a visit from Holland to this Country at the invitation 0!
the Duke of Montague, who employed him, in conjunction with
Charles de la Fosse (Paintmu, p. 492.) and J. B. Munnnjet,
{Ibid.) to decorate Montague House, now the British Museum.
Ha afterwards painted landscapes for the Palace at Hamptoa
Court. His Plates are not numerous, but are beautiful, anil ttchsl
with great spirit. Another landscape-painter, whose beet in
admirably managed, is Adrian Fonder Cabell, burn near tit
Hague in 1631. His subjects, like those of Svranerelt, are qmte
anti-Dutch or anti-Belgian, and his style has beeu thuught sometimes to resemble Castiglione, (Art. 51.) and sometimes Saltstoi
Rosa, (/iii/.) His figures are correctly drawn, and his animals
touched with great spirit. In shipping and marine subjects bj
had been preceded by Zeemau, and in architectural by NiedaBt,
Breemberg, and others.
Naiwynx, born at Utrecht in 1 620, may be noticed here. He
was a landscape-painter in the style of Waterloo. Hii/nrefefcings are charmingly picturesque and highly valued. Astfkr fol
lower of Waterloo in landscape was John Hackaert of .VasterdajB,
who, like Swanevelt and others, was not satisfied with Ik ca.
traded scenery of Holland, but delighted in wild woods stingy
tain torrents. He visited the most romantic parts of SiiatU
and Germany; and on one occasion, says M. Bartsch, wissiid
as a conjuror, and dragged before the chief magistrate at Zunch
by some simple uatives, who mistook the lines of his sketch-bat
for characters of magic. {Peintre Graveur, vol. iv. p. V.)
* He was for some time instructed in Painting by the e'.der
Weeainx, (Painting, p. 484-488.) but had previously Wen t
scholar ofVanGoyan, under whom he obtained from his fello*pupils the nickname of Berghem. The story is, that his father,
on some occasion being angry with the youth, came to seek him it
his master's, who, to screen the favourite pupil, called out to the
others, " berg hem"—hide him. His etchings, to the number of
fifty-three, (of which an account was published by Henry Wratet
at Amsterdam in 1767,) represent landscapes and cattle, with octr
■ional figures in a style of more finished execution than is mtal
with Painters. John and Andrew Both, his contem[»rari« aad
rivals in landscape-painting, have left several charming etchicg>of
landscape. They were of Utrecht, and pupils of Abraham
marrl in that city, already named as a Painter (Paintiko, p,
and an Engraver in chiaroscuro, (Art. 46.) but who also etched!
number of Plates with a bold and masterly point, some in imiWia
of pen and ink drawings.
Berghem had several meritorious pupils and followers. fW
(Theodoric or Roderic) Mao, of Haerlem was his pupil, a Paiahs
of some reputation, who in the reign of William III. vi«M
England, and painted the "Battle of the Boyne" for the Earl of
Portland. Maas etched with great spirit some few scarce Plata.
John Vandtr Meer the younger {Peintre Graveur, voL t p ffl-)
was one of the best scholars of Berghem. He painted landsopa
with cattle in the style of his master j and a few beautiful bat
scarce etchings attest his ability in handling the point, Wi
Glauber, {Ibid. vol. v. p. 377.) of German extraction, but bontij
Utrecht in 1646, was another (live of Berghem, and became ste
wards celebrated at Amsterdam as the friend and coadjutor of
Gerard de Lairetse, the Flemish Poussin ; (Paintiko, p. 4*1) the
former painted the highest order of landscape, which the busr
adorned with classic figures. Both Glauber and Lairesse hare re
duced several interesting etchings, in which each illustrates »n
own kind of composition. Among the happiest graphic translators
of Nicholas Berghem, Mr. Gilpin distinguishes John fiswer,
younger brother of Cornelius, (Art. 40.) and. Danker Danktfti of
Antwerp. But the ablest of Berghem's scholars was AW *
Jardin,
hereafterp.484.)
mentioned.
f (Painting,
Paul Potter', indefatigable devolednen l»
his-Art overpowered a naturally feeble constitution, and cameJb™''11
at the age of only twenty-nine. His etchings are greatly admired to
their execution, and, in general, for their correctness. Mr. Gdpn
praises his cows and horses, but regards his sheep as indifferent y
drawn and inaccurately characterised. John le Dueq, who simw
Painting under him, and pursued for some time very successfully
his style, has left some good etchings : in particular eight Prints «
dogs, spiritedly drawn and neatly executed. {Peintre Gree«r,'8U
p. t197.)
(Painting, Ibid.) The well-known etchings by Du J"d"'"
the number of fifty-two, with figures and animals, show the saw
master hand as hu admirable Pictures. His taste tras decided'/
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Artists' Name.
"Whore born and when.
Romeyn de Hooghe* At the Hague about 1638.
The Prints of the two first of the above-named artists
portray similar subjects to those of their Paintings.
(Painting, p. 492, 483.) The remaining number ex
celled in Prints of landscape, with animals, trees, figures,
buildings, &c, or in marine pieces and seaports with
shipping and appropriate accessories. We ought to
add that among Painters and Etchers of architectural
ruins and historical landscape William Van Nieulant;
Paul Brit, born at Antwerp in 1584 ; Bart. Breemberg,
born at Utrecht 1620; and Bonavenlure van Overbeck, a supposed scholar of Lairesse, born at Amsterdam
in 1660, deserve a distinguished place in the list.
(56.) The French School in this department is dis
tinguished by many eminent names. The encouragement,
indeed, which the Court of France in the XVlIth and
following Century bestowed on graphic talent has been
well rewarded. A prejudice, however, prevailed among
French burinists against etching ; and they seem to have
surveyed its progress with a jealousy that retarded its
introduction into the higher walk of Art, and prevented
their deriving advantage from the powerful helps pecu
liar to the etching point. Several Works ofChaveau,
for example, one of the best handlers of the French
more Italian than Dutch. To the truth and finish of Paul Potttr
he adds the graces of a more cultivated imagination. Mr. Gilpin
{Essay on Prints, p. 132.) institutes a comparison between Du
Jardiu and Abraham Hondius, his contemporary of Rotterdam, and
Contrasts the sublimely savage and furious animation of the hunt
ing pieces etched by the latter artist witli the Arcadian quietness,
the refined and pastoral repose of Du Jardin. Hondius, like John
Fyt of Antwerp, was an excellent Painter of animals. Fyt also
etched a few Plates of animals drawn with his accustomed spirit.
Antwerp had given birth about fifty years before, in the preceding
century, a. d. 1579, to Francit Snyders, an eminent Painter of
similar subjects, (Painting, p. 482.) whose etchings, about sixteen
in number, are very interesting specimens in this class. A few
etchings likewise of animals by Albert Cuyp (Painting, ibid.) are
preserved by the curious, as admirable examples of composition,
drawing, and expression. Peter de Isier, [Ibid. p. 483.) styled
Bamboccio, from his favourite subjects bambocciate, such as lairs,
festivals, masques, processions, &c, has executed some bold and
masterly etchings of horses and other animals. With true feeling
for the Art, Mr. Gilpin laments the want of suitable Engravings
after the grand hunting subjects painted by Rubens.
* Already noticed in the preceding class, (Art. 54.) he claims a
place together with his successful follower, John Ltiyhin, (called
the Callot of Holland,) among the best etchers of historical land
scape. Albert Fan Everdiugen and Francis de Neve are worthy
of the same rank. Kverdingen was an admirable Painter of stormy
and rocky scenery, to which talent the accident of his shipwreck on
the coast of Norway, and detention for more than a year in that
Country, seems to have contributed. He obtained the appellation of
the Salvator Rosa of the North. His Prints of landscape, to the
number of about one hundred, are fine compositions, but not all
equally well executed. He is well known for a series of fifty-seven
etchings, illustrating the " History of the Fox," a satirical Poem
imputed to Henry Von Alkmaar, for an account of which see
Roscoe's German Novelists, ed. 1826. Ludolph Bachhuysen, a
pupil of Kverdingen. also painted sea storms with splendid success,
and has left some Plates with views of shipping on the Y, a small
arm of the sea near Amsterdam. He died in 1 709. De Neve, the
contemjiorary of Kverdingen, was born at Antwerp in 1627, where
he studied the Works of Rubens and Vandyke, and afterwards
resided and studied some years at Rome. He painted and etched
with great fertility of genius and fine taste. Avec tovte filegnnce,
says M. Bartsch, da title noble de /Yco/r iPJtalie. His Prints
consist of forty landscapes, into which fabulous characters are
introduced. Of Luyken, born at Amsterdam a. d. 1649, it is ob
served that he resembles Callot rather in the infinite crowds of
figures which cover his Prints than in the neatness or spirit of his
etching point. But his Plates have great merit, though not equal
to the master touches of De Hooghe. Among the Dutch imitators
of Callut, Peter Quasi, of the Hague, his contemporary, deserves
creditable m
Vol.. V.
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graver at the most brilliant part of the period alluded Chalcoto, exhibit the utmost dexterity in the use of his favourite Kral,n)instrument ; but would have attained a far superior effect, v""""v~—'
and have risen to a much more faithful representation
of the original Pictures, had he condescended to intro
duce etching in that portion of his Plates for which it u
best adapted.
In the following lists, as well as in our former
columns, the reader will perceive how well the Purisiau
atmosphere* was for a long period suited to the culti
vation and progress of this difficult and laborious Art.
The best Eilgravers of France were either born at Paris
or at Paris they settled, and at Paris they died. To
begin with the first class. (Art. 49.)
Firtt dast
Artists' Nanus. >
Where born and whet). Died at A. a. ,n Fiance.
Etienne Baudel\
Paris
1598 Paris
1691
Francois Chaveau*
Paris
1618 Paris
1678
Gabriel Perelle
Paris about ... 1620
Pierre Landry^
Paris about . . . 1630
Guillaumc Chateau\\
Orleans
1613 Paris
1683
Claudine B. Stella%
Lyons
1634 Paris
1697
Guillaume VaUet
Paris
1634 Paris
1704
Sebatlien te Ctcrc**
Metz
1637 Paris
1714
* Kngraving seems at one time to have been a fashionable ac
complishment at the Court of France. Pompadour, Louis XVth's
Marchioness, amused herself with this Art, aud executed several
Plates al ter Boucher, Kisen, and others. She also engraved a set of
sixty-three Prints after gems by Gay.
f The early works of Bnudel, and of several others in this
list, are executed with the burin only. In their future and more
successful efforts they called in the assistance of the etching point.
Baudet's former attempts seem in the style of Cornelius Bloemaert;
(Art. 40.) his later productions, at his return to Paris from Rome,
where he studied, bear a strong resemblance to the manner of J. B.
de Poilly, of whom, however, he could not have been an imitator,
as De Poilly must have been a child when Baudet's best Prints
were well known.
I Chaveau, likewise, quitted the sole use of the graver to intro
duce the etching point. His W'orks betray haste, but are full of
spirit and force. Nearly three thousand Prints are from his hand,
chiefly for booksellers. His best are some small Plates in the style
of Sebastien le Clerc. He had studied Painting under Laurent
de la Hire, (Painting, p. 490.) and painted small Pictures in tha
style of that master.
Gabrielle Perelle ranks high among the landscape Engravers of
France. His Works, in which he was assisted by his sous, Adam
and Nicolas, are very numerous, both from designs of his own
and from those of Paul Brill, GasparPoussin, Asselyn, and Silvestre.
There is a satirical Print, by the Perelles, from a design of Richer,
caricaturing the surrender of Arras to the French in 1642. Tha
citizens had inscribed on their gates,
Quand tes Francois prendronl Arras
Les souris manyfront les chats.
Their enemies, however, took the place, and only erased the lettet
p from the inscription.
§ Some portraits by Landry have merit. He was much employed
by booksellers.
|| A pupil at Rome of J. F. Greuter. The Prints by Chateau,
in which he introduced the point, are excellent. His early style re
sembles that of Bloemaert. He enjoyed till his death the patronage
of Colbert at Paris. Benoil Trnjat, born at Lyons in 1646, was a
scholar of Chateau, whom he surpassed in freedom of touch, neat
ness, and mellowness, though not in other respects. Frajat settled at
Rome.
The Prints by this female artist, after the designs of her uncle
and preceptor Jacques Stella, (Paintino, p. 490.) and of his friend
Nicholas Poussin, are very fine. Probably no Engravings after
Poussin have been more successful. Her uncle Jacques, a Painter,
highly patronized by Richelieu, has left some etchings. Her sisters,
Antoinette and Francoise, were likewise excellent etchers.
**This is another native of Lorraine, whose Works, like those of
his fellow-countryman Callot, are of great numerical extent and
deserved celebrity. Nearly three thousand Plates are from the
hand of Le CJeic. But then, as Mr. Gilpin observes, his limits
seldom exceed six inches ; and within these limits he can draw up
with admirable dexterity twenty thousand men, and confer immor
tality in miniature on Alexander and Louis XIV. He advanced
his Engravings considerably with the etching point. Grace and
5N
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Artists' Names.
Where born and when. Dint .i
Died at
Paris
1662 Paris 17;q
Paris... 1728 Gasper Duchanqc
Bapl.de Poilly* ... Paris
1669 Pan,'.'" Im J*
Parij
1734 Jean
Nicolas Henri Tardieu. .. Paris
1674
" " ^""v"*
1718
Paris. . . 1710 Jacques Nicolas Tardieu . Paris
Pans
1673 Paris.... 1747
Paris... 1703 Claude Dufia%\
Paris
1682
Paris... 1756 Louis Desplaces
\
.
Paris... 1721 Nicolas du Larmetsin
,
\
Pans
1684
1764
the younger;
J
Paris...
Paris
1685 Paris.... 1743
Paris. . . 1722 Charles Dupuis
Nicolas Gabriel Dupuis.. Paris
1696 Pari,.. , )7;o
Paris
1688
elegance in the forms, and noble expression in the hends of his Frederic Horlimelt^
Paris
1699 Paris,... 1755
figures, distinguish this artist : and where landscape with build Bernard Lepicii
1723
ings or other accessories is introduced, his tasteful arrangement and Jean Jacques Fliparl j|. . . Paris
Lyons
1702 Pari,.... 177]
execution charm every eye ; though in lightness [and playful ma Laurent C«n^[
1708 Pari,.... 17JJ
nagement of the point Delia Bella is considered his superior, (Art. Jacques Philippe le Has., Paris
1733
51.) and his stroke is pronounced by Mr. Gilpin to be not so firm Jl!iZF[r.T..B.""!T.} A1,beville
nor so masterly as that of Callot. Le Clerc was likewise an engi
Abbeville
1727 Paris..., 17S8
neer, an architect, and a mathematician. His father, a goldsmith, Jacques Aliamel
Abbeville
1734
intended him for a military life, and with the hope of a commission Francois Aliamel
Paris
1744
for him in the French service sent him to Paris, where, by the ad Pierre le Pautre
vice of Le Bran, and under the liberal patronage of Colbert, he
(57.) In the second and more numerous class somp^
became one of the most successful in bis class of Art.
• This artist contributed to immortalize Le Brun by his admi of the above names might be repeated; and some, net Wrin
rable " Battles of Alexander " This superb set of Priuts is com as Le Clerc and others, may perhaps be considmd cut
pleted by a Plate from the hand of Gerard Edelinck, " Alexander of place in class the first. (Art. 5fi.) But besides fat J'\*t+
entering the Tent of Darius.'* In large Plates of historical subjects the precise degree in which etching combines wiihfa'*
no Kugraver in this class has been more distinguished than G. burin is, in most of the works now under our consideration
Audran. He was the son of Claude Audran, (Art. 41.) and nephew
of Charles. {Ibid.) His brother Germain was of inferior merit, by no means easily determinable, our space has not per
but his nephews Benoit and Jean, sons ofGermain, profited largely mitted us to make more than a very general arrange
from his instructions. Charles and Louie Simonneau and Lome ment.
ele Chilillon formed themselves by the study and imitation of the
We have had occasion to mention among the Wood- oV.t
fine style of Audran. Charles Simonneau was a pupil of Chilean, Engravers of France Jacques Perisia, or Pera/itii, is-5::S
and at first worked in the manner of Francis de Poilly with the he sometimes inscribed himself. He executed someB!s!i
graver only ; but afterwards introduced the point into his demitints
and distances, reserving the graver for such parts as required pro Plates coarsely etched and not correctly drawn, in con
minency and vigour.
cert with his contemporary ./. Tortarel, representing the
A good many of the artists in the above list were pupils or Wars of the Hugonots. The Work of these artists, who
followers of the Gerard Audran School. On the merits of Anloine ilonrished about a. d. 1570, is only remarkable as ex
Coypel as a Painter we have already made some remarks, ( Painting,
p. 492.) in which M. Watelet's judgment concurs with our own, hibiting the earliest specimens recorded of etching;
and condemns the practice of Frenchifying the heroes of antiquity. among French artists, although the process had been
We wish we could call our own artists altogether free from the use almost half a century in use among their neighbours.
of English physiognomy on similar subjects. A. Coypel etched There is, however, a spirited etching of this period,
several of bis own designs. Mr. Gilpin praises an " Ecce Homo"
by this artist, which, as well as some others, was finished by Simon "The Departure of Magar and Ishmael,"by Bene floiM, teneau. Du Change resembles Jean Audran. His Plates alter Coreggio who was also a burinist, born at Angers about a. d.
are worthy of that Painter. Charles Dupuis, bis pupil, combined, in 1530. Antuine Gamier was one of the Engravers it G-*
like manner, mellowness and harmony of execution with admirable Fontainebleau, (Art. 51.) after the Paintings by Primadrawing and heads full of expression and character. Nicolas
Gabriel Dupuis, the other brother of that name, was also a pupil of he was much inferior, obtained him great and deserved reputation.
Jean Audran. N. Henri Tardteu was a scholar of P. le Pautre, The particulars of his history, some of them collected by V«1m
and afterwards of Jean Audran. His son Jacques N. Tardieu used from his own mouth, will be found in Walpole, Catalogue of fymore of the graver and less of the point than his father, to whom he lish Engravers, p. 207.
is inferior, though an artist of considerable merit. Jacques P. le
* This was the son and pupil of Nicolas de Poilly. (Art. 41)
Bat was his fellow-pupil under N. H. Tardieu, and excelled in but his style differs remarkably from his father. His Pistes, tab
landscapes with small figures, which are beautifully touched, etched in history and portrait, are specimens of good drawing and fine
with great fire and spirit, and then harmonized with the graver expression. A pupil of his, Peler Areline, born at Pan, in I'M,
and dry point. Louis Desplaces adopted in several of his numerous
considerable talent, which would have been more conspicon*
Plates (the best of them after Jouvenet) the style of Gerard Audran. had
of the subjects had been better chosen, and not sketchy tnfts.
Jacques Aliamel was a pupil of Le Bas, and distinguished himself if more
f Duflos resembles Francois de Poilly, (Art 41.) but occasion!-];
by several good Plates of landscape after Vernet. His brother, called in the assistance of the point. There is great neatness sua
Franems Aliamel, was for some time under Sir Hubert Strange in finish in his numerous Prints.
London. Bernard Leptcie was a respectable [artist, though not
\ A pupil and son of the burinist Nicolas Larroessiu the elder.
very correct draughtsman, and is regarded as a successful imitator (Art. 41.) (lis Engravings for the Crozat collection gained h>°
of Jean Audran, whose pupil he probably was. His wife Rente great celebrity, but his Works deserve not to be quoted for design
Elizabct was also a neat Engraver. Fine specimens from most of nor for effect.
these artists of the Audran School are to be found among the En
§ The Plates by Horlimels, in this class, have considerable iwA
gravings for the Crozat collection.
His best are for the Crozat collection. His daughter, MnnsMf
t The family of IJorigny is conspicuous in graphic biography. de/emc,
wife of Charles Nicolas Cochin, engraved srrenl
The father, Michel, born at-St. Quentin in 1617, studied Painting Platen inthe
the style of her husband, who, in 1758, published reflections
under Vouet, and his son Louis under Le Brun. Michel is better on the Paintings
and Sculptures of different European cities ■
known as an Engraver, but his Work is heavy from being over
: a Work very favourably received.
charged with the buiin ; and Louis, who lived and painted chiefly had|| visited
He greatly surpassed his father and instructor Jean Cluvrirf
and with some reputation in Italy, and died at Vermia in 1742, has Flipart,
the burinist, (Art. 41.) and produced by a union of etching
left several free painter-like etchings. Sir Nicolas, a younger son with
Engraving many estimable Works.
of Michel, knighted by George I. on the occasion of engraving
<fl Cars ranks as one of the best Engravers in the XVHIib Cen
the Cartoons of Raffaelle, resided thirteen years in England. He tury
for the kind of subject*, both in history and portrait *"a
did not succeed in Painting, for the study of which he quitted at Kigaud,
Le Moine. Boucher, Watteau, and other desipjen
thirty the profession of the Bar ; hut his later and best style as an which heVanloo,
selected. His " Hercules and Omphale," after Le Mob*
Engraver, modelled after that of Gerard Audran, to whom, however, is a chef'ttceuvre.

ArrtfU' Names.
Where born and when.
Chariea Simonneau .*•>, Lyons
1639
(St Menehould, ) ]63g
\m Champagne J
Germain Audran
Lyons
1631
Gerard Audran* .
Lyons
1640
Jean Audran
Lyons
1667
Benoil Avdran
Lyons
1661
Nicolas Dorigny\
Paris
1657
Antomt Coypel
Paris
1661

ENGRAVING.
ticcio. He flourished at Paris about A. d. 1560. Franfois Perriei; born at .Maron in Burgundy, who studied
in Italy, and Italianized his name to Paria, was a
Painter of some celebrity, (Painting, p. 490.) and has
left etchings in the manner of Palma, which Mr. Gilpin
looks upon as successful imitations of that master ; but
they are slight and hasty performances, and often incor
rectly drawn. He died at Paris in 1060. Claude
Fignon, born at Tours in 1590, is another Painter who
lias left some specimens of masterly etching. Simon
Guillam, a French Sculptor of about the same dale,
etched for his amusement several plates in a very spirited
style. Pierre Brebiette and Nicolas Chaperon were
provincial artists, born in 1596, who established them
selves at Paris. The former, whose Paintings are little
known in this Country, etched with considerable ability
some clever designs from his own pencil. The latter
was a pupil of Vouet, but made no progress, and after
wards at Rome betook himself to engraving the Pictures
in the Vatican called " Raifaelle's Bible." It is re
corded to the credit of this performance, that his work
is, perhaps, the least faulty of the numerous graphic
transcripts from those invaluable Paintings.
The names that follow belong to the XVIIth and
subsequent Centuries:
Artists' Names.
Where born and when. Died at A.D.
Jacques B/anchard*
Paris
1600 Paris 1633
Michel Corneilte the elderf .. Orleans
1603 Paris 1664
Henri Mauperchi
Paris
1606 Paris 1686
Laurent tie /a Hire
Paris
1606
Urael Henrtet
Nancy
1607 Paris 1661
Nicolas Mignard
{champagne }1608 Paiis 1668
Peter Mignard
Ditto
1610 Paris 1695
Abraham Bossc\
Tours
1610 Paris 1698
* Several distinguished Painters of the French School were
excellent Etchers, and many names in this list will be found in our
former pages ; as Jacques Blanchard, (Painting, p. 490.) Sebas
tian Bourdon and Charles le Brun, {Jbid. p. 491.) Nicolas Mignard,
Jean le Pautre, father of Pierre, (Art. 56.) Jacques Courtois, or
Bourguiynon, Raymond de la Fage, Joseph Parroccl, Antoine Watteau, and Pierre Subteyras. (Ibid. p. 492.)
t The elder Michel Corncille was a pupil of Simon Vouet,
(Painting, p. 490.) in whose style he executed several Paintings
for Churches. He was one of the original twelve Members of the
Royal Academy at Paris. His son, Michel the younger, had the
advantage of the King's pension to enable him at Kome to com
plete his studies, which he prosecuted with liecoming industry and
energy. He was much employed by Louis XIV. Both artists left
many fine etchings after Raffaelle, the Caracci, and their own de
signs. The name of Raffaelle was affixed by a cunning printseller
at Rome to a set of Plates designed by the younger Michel Corneille. Jean Bapt. Corneit/e, his brother, born at Paris A. u. 1646,
was also a Painter of some reputation, but inferior to Michel. He
also etched with great spirit several Plates from his own designs and
ufter the Caracci. Claude Gillot was his pupil, and Watteau a
scholar of Gillot.
Another pupil of Vouet may be mentioned here, Pierre Mignard,
who relinquished for the instruction of that able master the profes
sion of Mediciue. He then studied Painting at Rome for twenty'
two years, and was much patronised by Urban VIII. and succeed
ing Popes, Both he and his brother Nicolas were too much en
gaged in designing to engrave more than a few Piates. They are
bold, painter-like etchings. The family name and origin, says
Watelet, were English. Some fine young Englishmen named
More, serving in the army of Henri Quatre, were presented to that
Monarch, who observed, Ces nesonl pas des Mores (negroes) most
des mignards (handsome fellows.) Janjues Be/lange was also a
scholar of Vouet. His Engravings have the merit of tolerable exe
cution and excellent chiaroscuro, but his drawing of heads and
figures is, as Mr. Gilpin observes, affected and bad. Samuel Ber
nard and Louis Teslelin were likewise under Vouet.
J Author of a Treatise entitled La Maniere de praver a TEau
forte, republished afterwards by Cochin with additions. Bosse

Artists' Names.
Jacques Bellangi
Claude Dervet..
Jean Morin*
J. R. de St. Andre. ...........
Samuel Bernard
Ij>uisTestelm
Sebastian Bourdonf
Jean le Pautre
Charles le Brun
Jacques Courlois, alias BourW0"
Israel Silveslre
Alexandre Silveslre
Francois Colignon
Domenique Barriere
Jean Pesne (It Penna)
Nicolas Uir
Alexis Loir
Etienne Gnutril
Jacques Rousseau\
Noel Coypel

819
Where barn and when. Died at
Chalons, about .1610 ....
fNancyin Lwl g,
| rauie .... J
Paris, about ... 1 6 1 2 Paris
Paris
1614 Paris
Paris
1615 Paris
Paris
1615 Paris
Montpelier . . . . 1616 P.iris
Paris
1617 Paris
Paris
1619 Paris
fci^gne }1619 Abuut
( Sm" y'ranche ll 621 Rome
I Compte ..J
Nancy
1621
Flourished about 1700
Nancy, about ..1621
Marseilles
1622
Rouen
1623 Paris
Pari
1624 Paris
Paris
1630
Paris
1626
Paris
1626
Paris
1628 Paris

A. n.
1642
1666
1 677
1687
1655
1671
1682
1690
1700
1676

1700
1679

1707

worked chiefly from his own designs, but among his Prints, which are
numerous, will be found many after other masters. His style is
free and spirited, and finished with the graver in a masterly man
ner. His instructor in the Art is unknown, but he seems to have
taken Callot f. r his model in those Plates on which the latter be
stowed less finish.
There are in this list several other imitators of Callot (Art. 51.)
who may here be mentioned. Francois Colignon was instructed in
the Ait by Callot. Claude Dervet, who was a pupil of Claude
Henriet, a Painter little known, lived iu habits of intimacy with
Callot their fellow-countryman, and adopted the style of his friend.
Israel Henriet, the son of Claude Henriet, studied some time at
Rome uuder A. Tempesta, but was imitator of Callot. He became
a printseller at Paris, and published his own Plates as well as those
of Callot, Delia Bella, and Israel Silvestre, to all of whom he occa
sionally gave employment. Another scholar of Claude Henriet
was Israel Sitvestre, who formed his style from the study of Delia
Bella and Callot, and seems, in his turn, to have been sometimes
followed by Le Clerc. (Art. 56.) His son, Alexandre Silveslre, pro
duced some goud Prints, though inferior to those of Israel.
Nicholas Cochin was another follower of Callot, of whom he is
supposed to have been a pupil. Like his master, he succeeded
better in small figures than in those of larger dimensions.
• The best Prints of Morin are his portraits, and these are ad
mirable productions. His Cardinal Bentivoglio, after Vandyke, is
worthy of that inimitable Picture. His execution is peculiar. He
stippled his heads with the graver, intermixing lines and dots so
harmonized as to produce a very pleasing effect. His Works ex
tend, says M. Bartsch, to one hundred and twelve Plates. He had
been a pupil of Philippe de Champagne, (Painttno, p. 492.) but
abandoned Painting tor Engraving.
+ Bourdun's Plates, which are numerous, and etched with a mas
terly point, are precious to every collector. They give a perfect
idea of his manner of Painting. A kind of union, in landscape, of
Titian with Poussin, picturesque backgrounds, aud judicious ma
nagement of light and shadow are the characteristics of this artist.
It is to be regretted that his drawing is often faulty. Two of his
pupils, Nicolas Loir and Jacques Prou, are in the above list. The
etchings of N. Loir, to the number of nearly one hundred aud fifty,
are slight but spirited. His brother Alexis was an Engraver of
considerable merit, after Rubens, Le Brun, Mignard, N. Poussiu,
Jouvenet, and his brother's designs. Their father was a gold
smith.
\ Rousseau was a refugee Protestant who fled to England from the
Persecution under Louis XIV. at the time of the Revocation of the
Edict ofNantz. He married a sister nf Herman Swanevelt (Art. 55.)
and profited by his instructions. Under the patronage in England
of the Duke of Montague, Rousseau contributed to the decoration
of Montague House with his paintings. Mr. Gilpin, after remark
ing on his faults as an artist, subjoins that he was an excellent
man. " Having escaped the rage of Persecution himself, he made
it his study to lessen the sufferings of his distressed brethren by dis
tributing among them the greatest part of his gains. Such an
anecdote, he adds, should not be omitted in the life of a Painter,
even in a short review of it." His etchings are beautiful.
5N2

ENGRAVING.
Engraving.
Artists* Names.
• m
• Jacques Prou
Jean Dolivar*
Michel Corneille the younger . .
lean Bapt. Corntillc
Joseph Parroccl\
Raimond de la Fugc
c i t Bon Boullogne\
c ^ \ Loutt Boullvgne
Bernard Picarti)
J. Bapt. Boyer (Marquis d'Ai-1
guilley)
J
Anionic Trouvatn
Antoine RivaU\\
Claude Gillol
Antuine Watteau
Chat. Nicolas Cochin the elder
Pierre Subleyrat
JVicolat Chat. Sihtstnfi
Quenlin Pierre Chei/et
Chat. Nicolas Cochin the)
younger**
J
Bartholomew Rivals
Jean Jacquet lie Boitticu\\ . . .

Where bom and when. Died at A. D.
Paris
1639
at
Saragoia .
.1641 /Settled
t Paris.
Pdris
1642 Paris 1708
Paris
1648 Paris 1695
j Bridles
Bngnoles in ^gp^,
)
im
( Provence . . J
Toulouse
1648 Paris 1690
Paris
1640 Paris 1717
Paris
1654 Paris 1734
Puis
1C63 Amst. 1733
Ax
. 16GG
Montdidier . • . . 16GG
Toulouse
1667 .... 1735
Langres
1673
Valenciennes ..1684 .... 1721
Paris
1688
(User inLan.Kggg Rome vu
\ guedoc .... j
Paris
1700 Paris 1767
Clmlous
1705
1762
Pari
1715
Toulouse
1724
Lyons
1736 Paris 1805

* Dolivar has been ranked with Chaveau and Le Pautre, but is
inferior to both.
f Parrocel painted battles for Louis XIV. His best etchings are
some small Plates of battle-piece] very scarce. A free, bold, and mas
terly style, and an admirable knowledge of chiaroscuro, pervade his
productions. His " Life of Christ," in a series of numerous Plates,
is considered inferior to his other Works. There lived in the fol
lowing century another Parrocel, Etiennt, probably cf the same
family, who executed some spii ited etchings after De Troy, Subleyras, and others. Joseph Parrocel had been preceded in battlepainting by the famous Jacques Courtois, surnamed Bourguignon,
(Painting, p 49'2.) whose style he seems to have studied. Courtoi.s has left kome etchings of battles executed with masterly skill
and effect. His custum of attending the army, and sketching on
the s['Ot during skirmishes and sieges, obtained him great facility.
His name, Italianized in Italy to Corlef, or // Borgognonc, is well
known by many splendid effusions of his pencil in that Country.
J The Boal/ognei were pupile of their father, the elder Louis
Boullogne, Historical Painter and Professor in the Academy at
Paris, by means of which his sous were sent to Rome and tecame
Painters of considerable eminence. Bon was celebrated for pas
ticcio painting, and his brother Loans for a more vigorous tone of
colour than generally prevails in the French School. There are
several historical etchings by the sous and three by the father, one
of them after Guido.
$ We have already noticed the Picarts under the School of De
Poilly. (See sixth Note to Art. 41.) They have left numerous
etchings among their engraved Works. Those of Bernard are
chiefly bonk Plates. Antome Trourmn pursued the style of Ber
nard Picart.
|| Rivalz was a follower of La Fage, and has left many spirited
etchings as well as drawings in the style of that master. Of La
Fage's drawings, Carlo Maratti, with whom he was intimate at
Rome, observed with characteristic enthusiasm, that he (Maratti)
would abandon the Art if La Fuge*s Painting equalled La Fage's
drawing. Many of La Fage's beautiful designs, some of which he
etched himself, are engraved by Audran, Vermeulen, Simonneau,
Ertinger, and others. Bartholomew Rivalz was a nephew and
pupil of Antoine Rivalz.
*j[ Grandson, according to Basan, of Israel Silvestre beforenamed. Susannah Silvestre, a lady of the same family, engraved
some heads and portraits after Vandyke.
** Charlet Nicolat, the father, abandoned Painting at the age of
nineteen for Engraving, and has left many graphic specimens of
taste, spirit, and correctness. He is most successful in figures of a
middle size. The Plates of Charles Nicolas, the son, extend to
upwards of fifteen hundred, many of them vignettes, frontispieces,
&c, but the latter are so well executed as to have been sufficient to
establish his fame.
\\ Four Prints by this* admirable artist are mentioned in the
Catalogue of an Amateur, three landscapes and one interior in the
style of Rembrandt. His friends designed him for the profession
of the Law, but he devoted himself to Painting and Engraving,
chiefly to the latter.

(57.) Out of the names of Spanish Chalcopaphers Ofc
given in a preceding Note (Art. 42.) (Note (Z.) auheend W»f
of Engraving) we had intended to select some for par- v""v*"
titular observation here. But we must con6ne our- ^
selves to a quotation from D. Cean Bermudez in his
account of the establishment at Madrid of the Academy *air.!
of San Fernando. It is to be found under the nattit511^
Olivieri, in the Viccionario deltas Bellas Aries. "The"1**'
art of copper-plate Engraving in Spain mav be tru>
said to date its rise from the Academy of San Fernando.
The fathers of the Art in that Country were Directors
of the Academy * It is true that the appointment of
Engraver to the King's Cabinet had been previously held
by meritorious artists, but their manner of executingcopper-plate was more the result of their own jreiiiiii
than of any received principles of their Art. The first
teacher of the elements of Engraving was D.Mcmtl
Salvador Carmona,i one of the students under an tntm
Association preparatory to the foundation of lie .leademy, who was tent to Paris with a pension (ran the
King to learn Engraving. At the same time, and*;Ct
the same encouragement, D. Juan de la Cn/rimD.
Tomas Lopes were at Paris learning to engrave archi
tecture, geographical mnps, and ornamental Plates. Be
sides efforts abroad, the Academy received every pos
sible benefit from one of its Directors, D. Juan Btinm
Palomino, who, without quitting Spain, hadacquiredlor? *^
himself the Art of Engraving in a style which cara
bines correctness with great clearness and lightness 1!'
distributed to each of three pupils out of the number un
der his tuition an annual prize of one hundred and li ly
ducats, to be conferred alter a fair competition amoti;
the candidates ; and he added, in 1760, a general preniiuin, according to the advancement of the Art in it*
application to Works of Painting, Architecture, and
Sculpture. Lastly, that no advantage should be want
ing to give full effect to these arrangements, and to tte
* Under the auspices of Philip V., who, from the moment ofti
accession to the throne of Spain, applied himself with laudaue
anxiety to the revival of the Arts iu that Country, by inviting to ha
Court several distinguished foreigners from Fnnceand Italy. Oae
of these was D. Juan Domingo Olivieri, a Genoese sculptor, ft*,
by the success of his School at Madrid, showed the ntsdieslilitj"
establishing a Royal Institution. At his instance, the King, o
1744, gave his sanction for that purpose, and assigned as an iff*
priate edifice the Casa de la Panadaria. The death of Philip, tf«ever, in 1746, suspended for a time the completion of the erUtament, but his son and successor Fernando, (Ferdinand V.)
name the Academy bears, completed the undertaking with W7
Royal munificence. Charles III. was a further contributcrWi*
advancement, and among other privileges he granted, in \1'<% »
the Professors of San Fernando the honour of ranking with its
Noblesse and Gentry of Spain. His son Charles IV. took greii
interest in the proceedings of the Academy, and himself frujonoj
presided for the distribution of premiums.
,
Among the foreign artists invited to the Court of Spain wast"
family of Trepolo already mentioned. (Art. 51)
_
f This eminent Engraver was born at Madrid in l'-IO- "
was a pupil at Paris of Charles Dupuis, (Art. 56.) and sal re
ceived into the Academy of Paris in 1761. His Prints afiiT
meni, Velasquez, Murillo, Vandyke, Guercino, Mengs, and ctlw*
are very fine. His pupil, Fernando Selma, engraved someadrmr»>»<
Plates in the same style after RafTaelle. Among the few S|>m«>
Painters who have excelled in the use of the etching p^'n|>
cente Victoria ought to be mentioned, born at Valentin ia
He enriched the Cathedral of his native city with several fine «•
tures. He was a man of taste and erudition, a Canon of S. relir*i
a distinguished antiquary, an acute writer on the Art, and a ce,ebrated Poet, the intimate of Palomino, and of most of the able
of his time, both in Italy and in his native Country. Bl'™Vr?
mentions a Work by him, Hittoria Picturica, the publication of«n»>
was prevented by his death at Rome in 1712. He was » scholar «
Carlo Maratti.

ENGRAVING.
Engraving. progress of the students, two of the Academy were in
1763 sent to Paris with a pension from the King, to
learn the mode of printing from copper-plate and of
preparing and manufacturing every requisite for this
important and long neglected object."
England,
(58.) Approaching the English School in that depart
Artists in ment of the Art for which our Countrymen have been
compound most celebrated, we are bound in honesty to remark, that
Xylogra- however successfully native genius and energy have
phi/.
brought the united exercise of the point and graver to a
degree of excellence never surpassed, we are much
indebted to foreign aid for the foundations of our graphic
fame. We have already noticed (Art. 43.) that no Works
with the burin only have been executed in England that
will bear comparison with the chefs-d'ceuvre of our
Gallic and Flemish neighbours. Some British critics,
indeed, have in former times, with a very natural and
by no means unpardonable patriotism, withheld this
acknowledgment, but the British School of Engraving
may now very well afford to make it.* As it was truly
observed, during the last long war with France, that
most of our best ships were taken from our maritime
rivals, so may it be as truly affirmed with respect to
the laborious and ingenious productions now before
us, that the. industry and talent of Great Britain have
profited by the progress of foreign Engravers, and with
honourable rivalry have not only made the labours of
foreign hands their own, but have improved upon the
Very nume inventions of their competitors. Our following list in
rous, and the first class (Art. 49.) was much longer, and included
jmi.iently at least eighty names, but brevity constrains us to men
successful. tion only the leading artists.
First class. Artift's Name.
Where bom and when. Pied at a. n .
Art. 49.) Wenceslaus Hollur\
Prague
1607. .London .. 167/
* Evelyn, in his Scufplurn, (p. 91.) compares Thomas Cecil, an
artist certainly of some merit, to the best Engravers of his time—
the time of Nanteuil ! (Art. 41.) Also William Lightfool, of whom
as an Engraver nothing is known, and who was employed as an
architect at the building of the Royal Exchange, Evelyn considers
little inferior to IVierinx. (Art. 40.) In a subsequent reign too, the
reign of Pope and Addison, and literary taste, we wonder how
those lights of our Augustan Age in England could lavish such
injudicious praise on mediocrity in the Fine Arts. The Works of
Jtaac Fuller, who has left some very indifferent etchings, and
whose portrait-painting was his only merit, called forth an Addisonian
Poem in Latin : and Charles Jervus, who it is said instructed Pope
to draw and paint, but whose Pictures have no drawing, nor
colouring, nor composition to recommend them, received a wellknown complimentary Epistle from the great Poet ; where the
({rowing beauties of some of his young friends are compared with
the productions of this Painter.
Oh ! lasting as thy colours may Ihey shine,
Free as thy stroke, yet faultless as thy line,
New graces yearly, like thy works display,
Soft without weakness, without glaring, gay, &c.
It was Jervas who, having copied a Picture by Titian, was so
delighted with the superiority, as he thought, of his copy to the
original, that he could not resist exclaiming with some degree of
pity for the gone by Venetian : "Poor little Titl how he would
stare 1"
f This meritorious designer and Engraver was of an ancient
Bohemian family, and was brought up to the profession of the Law ;
but the capture and plunder of his native city in 1619, during a
Civil war, and the conseqnent poverty and dispersion of bis con
nections, reduced him to take refuge at Frankfort, where, following
his predilection for the Art, he became a pupil of Matthew Merian.
(Art. 50.) The Earl of Arundel, on his embassy to Ferdinand II ,
met with Hollar at Cologne, became his patron, attached him to
his suite, brought him afterwards to England, and introduced him,
it is said, to the notice of Charles I., who had already testified his
leal for graphic improvement in this Country by appointing Vander
Voerst, a respectable Flemish artist, to the place of King's Engraver,
and by giving employment in England to the famous Lucas Vor-
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Artists* Names.
Where born and when. Died at
A.n. Chalco*
VTilliam Faithorne the e7.t>»*London
London ... 1691 graphy.
David Loggan\
Dantztc, about .1630
stermann (Art 40 ) from the year 1623 to 1631. It does not
appear, however, that Hollar's style was appreciated according to
its merits by his contemporaries. But whatever impression he
might have made on the Public or his employers was soon effaced
in this Country by the miseries of Civil war. His attachment to
the Royal cause procured him the honour, in 1645, of being made
a prisoner at Basinghouse, in Hampshire, whence on his libe
ration he repaired to Antwerp, and there continued to engrave
from the collection of Earl Arundel, who had succeeded in removing
to that city. The death of his patron, however, in 1646, drove
Hollar into great indigence, and into the employment of book
sellers and printsellers, from whom his utmost industry could obtain
but very scanty remuueration. He ventured in 1652 to revisit
England, and was employed, but earned barely a subsistence. The
return of his friends at the Restoration somewhat bettered his cir
cumstances ; but the Fire of London and the Great Plague were
necessary obstacles to every pursuit of Art, even if the Court of
Charles II. had been less dissolute and less neglectful of modest
and deserving men. He was, however, commissioned by the
Government in 1568, and the following year, to make drawings of
the forts and town of Tangiers, which he afterwards engraved. On
his return from this expedition in the ship Mary Rose, Captain
Kempthorne, the vessel was engaged by seven Algerine corsairs,
off Cadis ; but continued her voyage with the loss of eleven men
killed and seventeen wounded. Hollar escaped unhurt, and after
wards commemorated the gallant action in an Engraving. For his
two years' service in this undertaking he received only one hundred
pounds, which was paid after long delay and many humble solici
tations. No life of an artist has, perhaps, been more eventful than
that of this industrious Engraver. On his death bed, at the age of
seventy, he is said to have requested the bailiffs, who came to seize his
only piece of furniture, namely, the bed on which he lay, to spare
him the use of it for a few hours, and then to remove him to
the prison of the grave. His Works amount to nearly two thousand
four hundred Prints, in every department of the Art, portrait, his
tory, costumes, antiquities, entomology, landscapes, and views, in
which latter he particularly excelled. The characteristic of his
point is freedom and playfulness, united to gieat firmness and
finish.
Among the pupils of Hollar (none worthy to succeed him) were
Thomas Dudley, William Howard, and Robert Gaywood; (they
flourished a. d. 1645 or 1650.) Gaywood was wholly a portraitengraver, and did not confine himself to the style of his master,
but studied also, and with some success, Voerst, Vorstermann, and
the Vandyke School. Edward Marmion is mentioned as a follower
of Gaywood. Other imitators of Hollar were Thomas Cross, who
flourished about A. d. 1658 ; Thomas Neale, Daniel King, and
Balthazar Moneomet, about A. D. 1650; and John Dunsiall about
A. d. 1660. Nearly all these names will be found in Lord Orford's
Anecdotes.
* This artist was pupil of Robert Peake, a Painter and Printseller ;
afterwards knighted by Charles I. Peake, during the Civil war,
obtained the rank of Lieutenant-colonel in the Royal army, anil per
suaded Faithorne to enter the service. Faithorne and his Colonel
were made prisoners at Basinghouse ; and Faithorne obtained his
liberty on condition of leaving the Kingdom. He retired to Paris,
where, under the instructions of the celebrated Robert Nanteuil,
(Art. 41.) he greatly improved himself. Obtaining permission,
about a. n. 1650, to return to England, he established himself near
Temple liar as a Printseller, and afterwards resided in Printing
house Yard, Blackfriars, where he continued to engrave and paint
portraits in crayons, an Art which he had learnt dur ing his exile in
France. His circumstances were straitened, anil his death, it is
said, was hastened by the dissipation of his son, William Far home
the younger, who practised Engraving in meirotinto, but did not
outlive his thirtieth year. The Works of the elder Faithorne oro
numerous, chiefly portraits, many of them admirably executed,
clear, brilliant, and full of colour.
John Filian, who flourished about a. d. 1676, was a pupil of the
elder Faithorne. He died young ; but executed a few portraits.
f David Istggan, says the noble writer of the Anecdotes, is re
ported to have been taught Engraving by Simon de Pnsse in Den
mark. Passing through Holland, he studied under Hondius, and
came to England before the Restoration, bringing over with him
Abraham Blooteling and Gerard Falck, who worked for him in mezzotinto. He distinguished himself by Plates of the public buildings
at Oxford ; and afterwards at Cambridge. He lived latterly in
Leicester-fields. His best and most numerous Works are portrait!
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Names.
Whore bom and whan. Died at
Engraving. MichaelArtists'
Fander Guehl .... Antwerj
1 B60
George I'erlue*
London
1684
Simon Francis Rawncl\ ... Paris ........ .1706 England.
J. B Chatetain*
Kngland, about. 1710
Francis Vivartt
Montpelk'r
1712 London .

a. d.
.1725
.1756
.1774

Aitists' Name*.
'
John Browne*
Sir Robert Slranoef
Giov. Batista Cipriani* . . .
>Wni. Wynne Ryland
.1782 H Warn Woollet\

engraved in a neat but formal style. According to Lord Orford
and Vertue, f antler Giteht was a disciple of Luggan.
Edward Ir Davis, a native of Walts, who tloiuished in 1670,
and Ruber! White, a portrait-engraver, born in London in 1645,
were pupils of Lnggan. White, in 1764. engraved the first Oxford
Almanac. His son and pupil, George White, etched some por
traits in the style of his father ; but his best are in mi'2Zotinto.
* The instructor of fertile was Michael'Vander Gucht, who studied
for some time under one uf the Boutats, and afterwards settled in
England, hut in what year is not ascertained. Vander Gucht
engraved portraits, book-plates, and anatomical figures, and was
succeeded by his sons Gerard and Thomas, in the same line.
Vertue passed seven years under Vander Gucht, and in 1709 set up
for himself, and became an excellent draughtsman by studying for
several years in the Academy of Painting instituted in 1711, with
Sir Godfrey Kneller at its head. His taste led him to antiquarian
researches, and to indefatigable inquiry after every object con
nected with his Art. The Anecdotes of Painting, compiled by Lord
Orford from the papers of Vertue, fully attest the diligence and
fidelity of the latter as a biographer. His engraved Works are dis
tinguished for truth, care, and accuracy, but want force. They
are extremely numerous, consisting of portraits, historic Prints, and
antiquities of every description. He engraved the Oxford Almanac
for many years. He was employed by the Knaptons to engrave the
Kings of England for Kapin's History, and afterwards upon several
of the " Illustrious heads,'' most of which, however, are by Houbraken, (Art. 40.) and much superior to those of Vertue.
f Ravenet settled in London about A. n. 1750, and became a power
ful acquisition to theEnglishSchool. He was one of Hogarth's ablest
coadjutors. He engraved several portraits after Reynolds and
others, and a variety of historical subjects after Titiau, P. Veronese,
Guido, Guercino, A.Caracei, N. Poussin, L.Giordano, Rembrandt,
Carlo Cignani, Le Sueur, &c. His Prints are remarkable for
colour, brilliancy, and precision. His son and pupil, Simon
Ravenet, visited Paris, continued his studies under F. limicher, and
finally settled at Parma, where he conceived and exe uted, between
the years 1779 and 1785, the magnificent project of Engraving the
whole of Coreggio's Works in that city.
Among the pupils of S. F. Ravenet in this Country were
William Wynne Ryland and John Hall. Ryland also studied for
five years at Paris successively under F. Boucher and P. le Has.
(Art. 56.) On his return to Kngland he was af)|K>inteil Kngraver
to the King, and engraved portraits of George 111. and Lord Bute
after Ramsay ; and of Queen Charlotte after Coates. He engraved
also some historical subjects after P. da Cortona, Vandyke, Boucher,
&c. ; but latterly applied himself to chalk Engraving, (after the
designs of Angelica Kauffman,) which he greatly improved, and
of which, jointly with Bartolozzi, he was the introducer into this
Country. Ryland suffered for forgery, August 29, 1783. John
Hall, his fellow-pupil under Ravenet, was likewise a highly merito
rious artist. His Plates are fine specimens of boldness and clear
ness. His principal portraits are after C. Maratti, Reynolds, and
Gainsborough ; and his best historical subjects after Dance, West,
&c. His " William Penn treating with the Indians," and " Crom
well dissolving the Long Parliament," (both after West,) are well
known. Hall, on the death of Woollet, succeeded to the appoint
ment of Engraver to the King. His father, Charles Hall, (born
about a. d. 1720,) was a respectable Engraver of portraits, and was
also much employed in prints of coins, medals, and other an
tiquities.
Henry Bryer, a pupil of Ryland, and his partner as a Printseller, engraved a few Plates chiefly from designs of Angelica
Kauffman.
I This artist, a Briton born, was endowed with abilities of the first
order : his designs are full of genius, and his Works show uncom
mon facility. But he was idle and dissolute, and seldom exerted
himself until compelled by necessity.r It is to be regretted that his
peculiar and surprising talent for designing and engraving land
scape, either from nature or from his own fancy, was not more regu
larly employed. He engraved chiefly after Gaspar Poussin and others
for the collection of fine landscapes published by Boydell in 1744.
We may here notice a few other Engravers in this class employed
by that spirited publisher. Thomas Chamoers, born in London
about a. d. 1724, whose style though firm is not pleasing; John
Wood, whose landscapes after S. Rosa, G. Poussin, Claude, Rem

Where.born and when. Diedat
Oxford
1719
**CKi
Orkneys
1721 London... 1792 P4>~
Florence, about 1728 London. .. 1785 ^V"
.London
1732
jjjj
Maidstone .... 1735
1795

brandt, Wilson, tic., have considerable merit ; Carh Fami a
Florentine, and pupil of Carlo Gregori ; he engraved after Carlo
Dolce. P. da Cortona, Rubens, Guido, &c. ; Alexander Bmaamn
born at Cambridge about 1 730 ; John Hall, a distiiig^rished scholar
of S. F. Ravenet al»ve mentioned! and Giounmi Fudbi, a jura]
of Wagner, (Art. 50.) and who worked for Boydell in 1765. vVif
ner himself had visited England about thirty years before, shea
among other Plates he engraved portraits of the three 1':.
daughters of George II., and returned to Venice.
A celebrated pupil of Chatelain was Francis Fisarei, who inproved upon the style of his preceptor, and became one of tit kjj
landscape Engruvers of his time. His happiest effort! in afat
Claude Lorraine ; and when it is considered that in some bjtiaaj
he had actually no opportunity of seeing the original Paictiap, I
is extraordinary with what truth and ability he has porram tae
airy softness and freshness of that Painter. Vivtua •crura'
likewise many fine Plates after G. Poussin, GainsboroughYralnneer, Smith of Derby, the Smiths of Chichester, &c Das ■
Lrrpiniere, a supposed pupil of Vivares, engraved many ht aM«
scapes and views of sea-fights, &c in the same style, whichkTt
great merit. Tlie name of another English scholar of Vinn», P.
Paul Benasech, will be found in the above list, who, accordicr to
Bas in, worked some time at Paris, but returned to England, Ht
engraved landscapes and other subjects after A. Ostade, Vend,
Dietricy, &c.
* This was another masterly Etcher and Engraver of landscape.
His Works after Gaspar Poussin, Teniers, Hobbinu, Rubens,Salvator Rosa, Claude, Both, Sc. are excellent. Browne etched sis* «i
the Plates which were finished by Woollet.
f Strange may be regarded as the father of hii branch ofthe
Art in England. It is remarked of him that he seems never to at*
known mediocrity ; that his very beginnings are perfect; and that
throughout his Works no steps can be traced of gradual pracjeaai
in the labours of other artists. His early proficiency underCooprr,
a drawing-master in Edinburgh, is as highly honourable to hii ia*
structor as it afterwards was profitable to himself. The Qnlaa,
however, on the landing of the young Pretender In Scotland, in
terrupted all artistic studies : and Strange visited Paris, afiet p**
ing some time in London. On his way to the French uelropis
he frequented for a while the Academy at Rouen, and obtained an
honorary prize for design against numerous competitors. At Para
he became a pupil of the celebnted P. le Bas, and acquired oar
that master the management of the dry point. His own admirabk
productions, consisting of about fifty Plates, show with what aitcess he has improved upon the suggestions and practice of hi**
structor in the use of that instrument. In 1751 he returned to
London, and ten years after repaired to Italy, whither his refill*
tion had already preceded him. In this tour he was greetedtvertwhere with honours, and made successively Member of the Acade
mies at Rome, Florence, Bologna, Parma, and Paris. Stran?
held the appointment of Engraver to Geo. III. The honwi"!
Knighthood, which was conferred upon him in 1787, he did »«t
long survive. The peculiar excellence of Strange is the debtacj of
effect with which he expresses the softness, roundess, elasticity,
transparency of flesh. No artist, with the exception of BuWJJi
has been worthy of comparison with him in this very rare grifhit
quality. His constant practice, it is thought, of making dravi«f»
(chiefly in red chalk) from the best foreign masters acquired him
thisPierre
valuable
peculiarity.
Maleuvre,
a neat Engraver of the French School, bow »
Paris in 1740, was a pupil of Sir Robert Strange; and f. Lntl,
who resided in Loudon about a d. 1780, in the employment ot
Boydell, was a follower, certainly non passibus (rami, but Jt"'
spectably.
J This artist, says Lami, formed his style by studying the"™
of A. D. Gabbiani, a Florentine Painter. He went to Rome in W
passed two or three years there, and then came to settle mfcup
land, where, jointly with Bartolozzi, (Art. 50.) his design' tea"!
distinguished throughout Europe. He was one of the Members '
the Royal Academy at its foundation in 1769 He painted »
large Works; but his drawings, which are admirable, arenuroerJOS.
He engraved a few portraits, and some Plates after Gabbiani, 11
Celini,
his ownlifedesigns.
. a
$ Theand
peaceful
of this great artist exhibits a strong contrail
to the wild and adventurous career of many of his graphic brethren.
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Artists' Names.
WhereCokhes,er
born and when.
Died at 1797
a. n.
Wa//
^ Ncar
1739 London..
William Byrne*
London
1743
1805
Peter Paul Benasech
London about.. 1744
John Keyse Sheru<in\
In England. . . . 1746
AnthonyCardonthe yoimjerj Brussels
1773 London.. 1816
Simon Rarenet
London about.. 1755
(59.) Our second list, selected from the more nume
rous class, must be still more abridged ; and will be
found to contain many names equally illustrious with
those in the first. In some cases we find no small diffi
culty, as was before observed, in determining whether
the etching needle or the graver predominates in Works
of this kind. The connoisseur reader will also observe
that many Engravers require in strict justice a place in
both classes, but our limits preclude the repetition.
Artists' Names.
Where born and when. Died at a. n.
Peter Oliver^
London
ltiOl
1660
John Eve!yn\\
Wotton, Surrey.. 1620
1706
Abraham Hondiut
Rotterdam
1638 London . 1695
such as Hollar, Faithorne, and Ryland. Woollefi lifo is best
known by his Works. He was taught by an obscure artist named
Tinney, and had not the advantage of any other master. He ex
celled iu every department ; in portrait, in history, and in land
scape, but particularly the latter. His well-known historical Print,
" The Death of Wolfe" after West, gave a greater name to the
English School on the Continent than it had ever before obtained.
But his landscapes after Wilson are standard models of excellence.
No artist has been happier in the judicious arrangement of lines
(Art. 14—22.) for distinguishing the varied surfaces of objects,
though it must be owned that in representing the softness of flesh he
was less successful. Engraving, however, according to modern prac
tice, admits of the joint efforts of several urtists on the same Plate,
so that each may direct his own talents to those parts for which
they are best suited; and we now hardly ever meet with an En
graving the entire work of one hand, Woollet held the appoint
ment of Engraver to George III.
A very able contemporary of this artist was William Ellis, who
engraved some Plates in conjunction with Woollet, and from whom
we have also several fine Prints of landscape from designs of Paul
Sandby and Thomas Hearne.
* Byrne was successively a pupil at Paris of Aliamet and of J.
G.Wille. (Art 39 and 56.) He was an eminent Engraver of landscape,
and executed many considerable Works after Domenichino, Claude,
Zuccherelli, Claude, Both, Dietricy, Wilson, Hearne, Furrington,
Smith, &c. Bartolozzi occasionally assisted him in the figures of
his pieces.
f Sherwin was appointed Engraver to the King. He flourished
from 1775 to 1795, and engraved many fine portraits after Gainsborough, Dance, Reynolds, &c. as well as historical subjects after
N. Ponssin, Reynolds, Stodhart, &c.
I This Engraver took refuge in England a. d. 1790, in conse
quence of the insurrection in Belgium. He worked for Coluaghi,
and was employed in various contemporary publications. His best
Plates are after Stodhart, and a Salvator fllundi after Carlo Dolce.
His death was premature and hastened by intense application. His
father, the cider Anthony Cardon, a Flemish artist, engraved at
Naples for Mr. Hamilton.
§ His fatherand instructor, Isaac Oliver, was a celebrated Painter
of miniatures. (Painting, p. 403.) Peter Oliver, aceurding to
Vertue, etched some small Plates of historical subjects. John, a
supposed nephew of Peter, both etched and engraved in mezzotinto.
|| To this gentleman the Art of Engraving in England is in
debted for one of the earliest English publications on the subject
entitled Sculptura, His Work is rather a pedantic performance,
but contains much learned information, and has probably tended
in this Country to introduce graphic amatcurship among persons of
rank and of literary leisure. Evelyn etched five Plates of his jour
ney from Rome to Naples about a. d. 1649. Contemporary with
Evelyn was another gentleman of considerable graphic talent,
Francit Place, who was bred to the Law, but took advantage of the
Great Plague in London to quit the profession, and exchange the
quill for the pencil. He was a man of genius, but without applica
tion equal to his abilities. He painted, etched, and engraved in
mezzotinto. According to Lord Orford, Place was " offered £500 a
year by Charles II. to draw the Royal Navy, but declined accept,
tng it as he could not endure confinement and dependence." His
etching) after Barlow are very fine. He likewise engraved portraits

Artists' Karnes.
Where born and when. Died at
John Griffier*
Amsterdam .. . 1645 London . . .
William Lodge
Leeds
1649
Jonathan Richardson ............... ...... 1665
Sir James Thornhill
Weymouth
1678
William Hogarthf
London
1697 London . . .
George Knapton I
1698 Kensington

823
a. n. Chalco1718 graphy.
1689 \1LL
1734
1764
1788

after Kneller, Vandyke, Greenhill, &c, which are scarce, as he
wrought for his own amusement.
An intimate friend of Place was William Lodge, whose father, a
merchant at Leeds, was one of the first Aldermen of that town in
1626. Lodge having finished his academical education at Cam
bridge, and made a commencement at Liucoln's-Inn, attended
Lord Bellasis, afterwards Lord Falconberg, on his embassy to
Venice, where, meeting with the Viaggio Pittoresco of Giacomo
Barri, he was so delighted with the Work that he translated it
into English, and added, of his own Engraving, heads of the most
eminent Painters and a map of Italy, published in 8vo. 1679. He
also etched several of his views in Italy, and other Works. Place
and his friend Lodge were Members of a Club of virtuosi at York.
(See Wal pole, Catalogue of Engravers, p. 1 00. )
* Hondius and Griffier were Painters, the former of animals, (of
which he has left some fine etchings,) the Utter of landscapes and
views. Some of Griffier's etchings of views on the Rhine and on
the Thames are very pleasing.
Other Painters will be found in the above list. Oliver, already
mentioned, was a peinire graveur ; also Jonathan Richardson, a
pupil of John Riley, (Painting, p. 494.) and a valuable wriler on
Art ; likewise Sir James Thornhill, who executed a few etchings
in a bold slight manner ; and his renowned son-in-law, William
Hogarth. 'Ibid. p. 495.) F. Zuccherelli was one of the original
Members of our Royal Academy, who, in early life, amused himself
with the etching poiut. The Smiths of Chichester, whose land
scapes, particularly those of George, have employed the ablest En.
gravers, have left several small sets of etchings after their own
designs. George Stubbs, the (in his day) inimitable painter of
horses, etched the Plates for his " Anatomy of the Horse." George
Barret, an excellent Painter of Irish aud Knglish landscape scenery,
has left a few spirited and picturesque etchings Joseph Goupy, an
eminent Painter in water-colours, etched after Solimene, Rubens,
P. da Cortona, N. Poussin, and bis own designs. Sawrry Gil
pin, R. A., etched animals after his own spirited aud masterly
designs ; as likewise some heads for his brother's book, The
Lives of the Reformers. Alexander Runciman, who painted, umong
other Works, " The Ascension," for the Episcopal Church at
Edinburgh, where he presided over the Scottish Academy of Arts,
engraved and etched a few Plates from his own designs. J. H.
Mortimer (see Painting, p. 496.) etched in a bold, free stjle seve
ral studies after S. Kosa, Lairessr, &c. Maria Angelica Kauffinan,
R. A., has left several tasteful and spirited etchings ; some after Coreggio, but chiefly from her own designs ; and, lastly, Schinvonetti, the disciple and coadjutor of Bartolozzi in England, claims
distinguished notice, whose Engravings, after Michel Angelo,
Loutherbourg, Stodhart, &c. are well known.
f We have ulready remarked upon Hogarth as a Painter.
(Painting, p. 498.) His style of Engraving is not distinguished
by any remarkable dexterity in laying his lines or by delicacy of
touch, but by strong characteristic delineation. The unexampled
demand for his Works required the assistance of several other hands.
Among his foreign coadjutors were Scotm, Baron, and S. Ravenet,
(Art. 58.) who worked for him in the " Murriage i la Mode ;" C.
Grignon, who completed his " Garrick" iu Richard III., and who,
with It Cave and Aveline, assisted him in the four Plates of " The
Election." But he employed also some able native artists. Woollet,
in 1759, assisted in some designs from Tristram Shandy ; and Luke
Sulliratt, a native of Ireland, who had been a pupil of Thomas
Major, and who was of a kindred temperament, well suited to catch
the humorous conceptions of Hogarth, gave him his best aid, when
not engaged (for he was idle and dissipated) in following his own
inventions.
Thomas Major, the master of Sullivan, had studied some
years at Paris. He engraved in a neat firm style after Berghem,
Wowermans, Murillo, G. Poussin, Rubens, Claude, Teniers, &c
Also twenty-four Prints of the "Ruins ofPactum," published in 1 708.
| A scholar of Jonathan Richardson and Painter of portraits in
crayons. In conjunction with Arthur Pond, a Painter also of por
traits in oil and crayons, Knapton engraved and published a set of
Priuts from drawings of celebrated Painters, chiefly landscapes after
Guercino, a very creditable performance. Knapton, likewise, among
other Works, was engaged in publishing the " Heads of Illustrious
Persons," engraved by Houbraken, &c (Art. 40.) Pond etched
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Where born and when. Died at
Engraving, FrancisArtists'
Zuccherelli . . . . . Tuscany
1702 Florence
i\ William Smith
Chichester
1707
1 \Gcorge Smith
Chichester
1714
£ 'John Smith
Chichester
1717
Edward Rooher*
London about .... 1812
John Boydell^
Dorringlon
17 19 London .
George Stubkt
Liverpool
1 72 4
William Elliot\
Hampton Court .. 1727
George Barret
Dublin
1728 London .
Joseph Goupy
Anvers
1729
Sawrey Gilpin
Carlisle
1733
Alexander Runciman, settled in Edinburgh . 1773
John Hamilton Mortimer^ Eastbourne,Sussex 1739 London .
James Basire\\
London
1740
Angelica Kauffman,*\ settled in England .... 1 705 Rome . . .

a. n.
Artists' Names.
Whore born and when. DjeJ at . . ~ ,
1788 Hamlet Winstanlry* •
Oils,
1764 Luigi Schiavonetti. . ,
Bassano.!..i.\7lV65LoVdo0'!
MO
^
1766
1764 Opus Mallei, or Method of Engraving by the Punch
vnd Mallet.
1804
1806
(60.)
This
old
method
of Engraving, which is now
1766
1784 nearly exploded, and which was in some measure cab. «)W
1763 luted to imitate chalk drawings, is a tedious operation, ' ^
1807 and must have poorly repaid the few artists who bivtJSJj'
1780
it for their time and trouble.t since no more 2
1779 attempted
impressions can be obtained than from a Plate slightly
1807 etched.
James or John Lulma, a Dutch goldsmith, horn at LdiLa.
several caricature Prints, and some Plates in imitation of Rembrandt, Amsterdam about A. d. 1629, is usually mentioned as
iu a very tasteful and spirited manner.
the best performer in this way. M. Bartsch, however,
• An admirable Engraver of architectural views. Among his enumerates
four others, beginning with Giulio Cmpa-Q^^
other Works is a Plate with sections of St. Paul's Cathedral, and gnola,
who flourished about 1500. (Art. 35.) A prt'nl jagncJiT'
views after Wilson and Paul Sandby. His son, Michael Rooher,
acquired considerable celebrity in the same way, and engraved of " John the Baptist holding a Cup," by this trust, is
head-pieces to the Oxford Almanacs for many years. Michael was certainly a curious proof of the antiquity of dotted Etone of the first Associates of the Royal Academy.
graving. The background is expressed by dostatll
f Few men by individual energy and ability have contributed
more in any Country to the promotion of the Arts than this estima appearance executed with the dry point, and the wAtt
ble Englishman towards their advancement in his own. He was of the figure is put in with a deeply engraved stnfe
brought up by his father, who was a land-surveyor, to the same finished within with dots.J
business, but was so attracted by a book of Prints containing views
in England, particularly some by 7'om», a respectable Engraver of
Of Scraping in Mezzotinto.
architectural subjects, that he came to London at the age of twentyone to bind himself a pupil to that artist, and for six years applied,
(61.) This ingenious invention was for some tincijajia
himself assiduously to the Art. After leaving Toms, Boydell en attributed to Prince Rupert, on the authority of Lotdtfnagraved and published several views of his own near London and Orford and of Vertue ; § but Baron Heineken, with more
throughout England and Wales, a popular Work in one volume, for
five guineas. From this beginning he rose to considerable wealth probability, traces it to Ludwig von Siegen, who wis ^
and reputation. He often spoke iu after-times of this Work as the a Lieutenant-colonel in the service of the Landgrave of
"first book that ever made a Lord Mayor of London." His judi Hesse, and by whom a portrait is extant of Amelia
cious and liberal management of an extensive commerce in Prints Elizabetha, Princess of Hesse, dated 1G43, seventeen
throughout Europe jrave him means aud opportunity of employing years
before the Restoration in England, when the disthe ablest artists of his time, and of exporting to advantage what
had formerly been an article of constant importation from the Con covery by Prince Rupert is said to have been made.
tinent. Boydell's property, however, was so greatly injured by the Heineken maintains that Prince Rupert, when in Hol
French Revolution, that his celebrated Shakspeare Gallery, which land, learnt the secret from Von Siegen, and brought it
he had intended to bequeath to the Public, was disposed of by lot into this Country, when he came over the second time
tery. He was elected in 1770 Alderman of his Ward, and in 1791
to England in the suite of Charles II.||
f.erved the office of Lord Mayor.
Some writers have ascribed to Rembrandt thehonocr
Under our former list (see Noto on Cfiatelain, Art. 58.) we
mentioned some names of Engravers employed by Boydell. We of this discovery; but M. Bartsch, referring to six or
may here add T. Taylor, who worked alter S. Rosa and Van seven of the Plates by that artist adduced in proof of
Harpe, and from vignettes designed by J. Gwyn; James Peah the
assertion, observes, that although the impressions
after Claude, Wilson, J. Smith, Borgognone, &c. ; Anthony Walker
and his brother William: the former (a fellow-pupil with Woollet
under John Tinney) engraved after P. da Cortona, Holbein, Rem
• A pupil of Sir G. Kneller, on leaving whom he visited Mj
brandt, Chatelain, and others ; the latter after Vandyke, Le and afterwards returning to England devoted himself entirely to E»
Moine, Rubens, Trevisani, Van Harpe, &c. William is said to graving. He etched a set of Prints from the Paintings of Si: « .
be the inventor of an expedient for rebiting etched Plates, by the Thornhill in the cupola of St. Paul's; also about twenty PUtes
application of fresh varnish with a dabber, (Note (BB.) at the from the collection of the Earl of Derby, after Titian, TinUmtM,
end of Enokavino,) a most useful discovery, of which Woollet oc P. Veronese, Bassano, Guido, Castiglione, Spagnoletto, C. Man*,
casionally availed himself; and whenever it succeeded to his mind Rubens, Vandyke, Rembrandt, &c. His father, Hmry Haul***
would, usually exclaim, "Thank you, William Walker."
was the unfortunate projector anil builder of the Eddystorre uc»;Among foreigners who settled in England under Boydell's en house, and perished in the ruins during the storm in the yearlTJ*
couraging support were Pirtro Antonio Martini, born at Parma Henry Winstanley designed and etched several views, dwlica'™11
1739, who had etched for Le Bas at Paris; Matthew Eiart and James II.. with a complimentary address to Sir C'hristophtr Wrta.
Jean Buptiste Michel, both Parisians ; and factor Maria Picot. born
f See Note (CC.) at the end of Enoravjnq.
at Abbeville in 1744, and employed by Boydell about a. d. 1770.
J In the year 1560, an artist at Bologna, Gtronym Faprtb,
J A fine landscape Engraver with a free and tasteful point, after produced some punched Plates after the drawings of Corefg*
Cuyp. Rosa da Tivoli, and Polemberg, but chiefly after the Smiths C. del Salviati, and Francesco Mazzuola. He superadded, b«i»of Chichester, for whom see the above list.
ever, the use of the graver.
v A very clever pupil of Mortimer was Robert lilyth, who has etched
$ See Walpole's Catalogue of Engravers, in the fifth volume"
some of that master's drawings with a spirit such as they well merit. the Anecdotes, p. 137. Evelyn, at the head of chap. vL of ha
|| Basire engraved after Reynolds, Wilson, West, &c, and is Sculptnra, oils mezzotinto the new tray of Engrovmg
remarkable for producing the largest Print ever executed on one and communicated by his Highness Prince Rupert, Con"1 Waft*
Plate (about 27 inches by 47) from the Picture at Windsor, of the Rhine, Sec.
representing "The Field of the Cloth of Gold." John Green, a
|| See Heineken's Idee generate a"line Collection nmpl'H'y*
pupil of Basire, engraved several landscapes and views and a few iompes. A mezzotinto Print is extant bv Lieutenant-colo"" ,u
portraits. Green likewise engraved the Oxford Almanacs for many Siegen, representing the " Holy Family,'' after Caracci, and *
years.
scribed with the following dedication: Eminentitumo r/**£
% We might mention other ladies who have contributed to adorn Domino D. Julio Mazarino S. R. E. Cardinal!, 8[c. A'« "1"
theEnglish School ofEngraving, but ought not to omit our Country Sculptural modi primus inventor Ludovicut a Siegen '
woman, Miss Hartley, a charming etcher, w ho flourished about 1704. offer!, dicat, <l comecral. Anno 1657.
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from them bear some resemblance to Prints in mezzotinto, they have evidently never been prepared by the
instrument culled the cradle, (see Note (DD.) at the
end of Engraving,) on the use of which the velvet-like
appearance peculiar to this method depends.*
Among the German followers of Von Siegen, Bartsch
enumerates Johann Friederich von E/tz and his pupil
Johann Jacob Kroner; Martin Dichtl, a Painter and
Engraver of Nuremburg; Caspar von Furste.nburg, who
6ourished in 1656 ; Johann Fram Leonarl, at Nurem
burg in 1687 ; Benjamin Blocke, Painter, born at Lubeck,
163 L ; also in the tallowing century, Johann Jacobb, born
at Vienna in 1733, who died in 1797 ; and Joh. Pichler,
born in 1766, at Botzen in the Tyrol, who died in 1806.
He concludes his list with the name of a Professor of
mezzotintoin the Academy at Vienna, Vinzem Kininger.
Among Dutch and Flemish artists are :
Artists' Names.
Where bora and when.
Died at
A. D.
Johann Thomas. , . . Ypern
1610
Walterant Faillant\ Lisle
1623 Amsterdam . . . 1677
Johann van Somcr .Flourished about • 1625 An indifferent artist.
Paul van Simer, settled in England, and died in London 1694.
Abraham Blooteling\ Amsterdam
1634
Gerard Falck
Amsterdam
1606
Johann van Goie. . .Amsterdam, about. 1660
Johann Ferkolietj ..Amsterdam
1650
1693
Nicholas Ferkolie.. Delft
1673 Amsterdam .... 1 746
* The seven Plates alluded to are " etched," says M. Bartsch,
"in the ordinary way, and the apparent washes for his ground, &c.
as well as the soft velvet-like masses for his draperies, &c. seem
the result of a peculiar method of printing. Rembrandt himself
placed the black colour on his Plates, and previously to impression,
only cleared those parts of them which he intended to be in clear
light. The degree of depth in the black, which was to appear in
the impression, depended upon the greater or less quantity of
colour left upon the copper. Hence we may trace the cause why
several impressions of the same Print by Rembrandt are so dis
similar, and why scarcely any two of them are alike perfect."
jlnteilung, Sec. vol. i. sec. 528.
+ A Painter of some reputation, who, it appears, came to Eng
land with Prince Rupert, and was instructed by the Prince in the
Art of mezzotinto Bcraping. Vaillanl was taken to Paris by De
Grammont, where he was much employed and enriched by his
success in portrait. His brother, Bernard Vaillanl, a portraitpainter in crayons, has left some mezzotinto Plates in the same
style of execution.
* Blooteling visited England in 1672, or 1673. He was
brought over by Loggan, (Art. 58.) together with Gerard Falck,
his brother-in-law, whose Engraving of the " Duchess of Mazarin,"
Lord Orford pronounces to be " one of the finest Prints we have."
Blooteling was an able and indefatigable artist, and excelled both
in etching, Engraving, and mezzotinto.
$ A Painter of small portraits, well coloured and delicately
finished. His sou Nicholas Verkolie followed for some time the
same line of Art, but afterwards painted some very able and justly
admired historical pieces. In mezzotinto, he improved upon his
father's style, and was much distinguished.
_ M. Bartsch might have named others equally worthy of men
tion with those in the above lists, both among his Countrymen
and in the Flemish and Dutch School. Among Germans, Chritlopher Weigel, who flourished about A. D. 1650 ; G. I'. Rugendas,
born at Augsburg iu 1666, celebrated for skirmishes and lion-hunts,
together with his son Christian; C. Heiss, a Painter born in Suabia,
about A. D. 1670, some of whose Prints are three feet by two, and up
wards; Bernard Vogel, born at Nuremburg, 1683; John Jacob Haid,
of YYirtemberg, born 1703, a Painter aud pupil of Ri dinger; (his
sons Gottfried and Elias, born in 1730 and 1740, at Augsburg, the
eldest of whom worked for Boydell, were respectable artists in this
way;) G. B. Goelz, a Moravian Painter, born a. b. 1708; J. F.
Kauprrt, born in Stiria a. d. 1741, a scholar of James Schmutzer;
and lastly, the two Preisllers, from Vienna and Nuremburg, whose
works in this line are, it is true, inferior to their other productions.
Amovg Flemish and Dutch scrapers, John van Hugtenburg,
born at Haerlem A. D. 1645, who died in 1733, was an admirable
battle-painter, and has left some fine graphic specimens ; Vander
Wilt and D. Koedyck flourished about a. d. 1680; Cornelius
Travel, styled the Dutch Watteau, was born at Amsterdam a. d.
VOL. V.
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The Italian and French artists in mezzotinto are so Chalcofew, and have made so little progress, that M. Bartsch graphy.
has omitted them altogether. Among Italians, how- Very few
ever, we may mention Giuseppe Marchi, who was Italian or
brought from Italy by Sir Joshua Reynolds, and em French
ployed by him in painting his draperies. In France, artists in
the earliest attempts in mezzotinto were by Jean Sar- mezzotinto.
rabat, born at Andely a. d. 1680. They are coarsely
executed. We may add Charles Maucovrt, born at
Paris about a. d. 1743, who died in London in 1768;
and Nicolas Bounieu,a native of Marseilles, a. d. 1744,
and a Member of the Academy of Paris in 1775, whose
Paintings are not much known in England. He scraped
in mezzotinto from his own designs. Boyer, Marquis
d'Aiguilles, was an amateur performer of some ability in
this way as well as in Painting.
(62.) In our English list we include only the follow
ing names of remarkable artists :
Artists' Names.
Where born and when.
Died at
A, D. English
John Oliver*
1616.
artists in
William Faithornt the younger. (See Art. 58. for his father.)
Henry Lutterel f
Dublin
1650
Isaac Becket
1653
Edward Kirkall. (Art. 46.) about
1695
James M'Ardcll\
Ireland about .. 1710
1765
Richard Houston!)
1775
Thomas Frye.
l orn about ■ . • • 1724
J- Finlayson
about
1730
Falentine Grre»l|
Warwickshire .. 1739 In London.. 1813
John Btackmore
about
1740
Robert Laurie
about
1740
1697, and died in 1750 ; Peter Schenck, who scraped portraits of
British Sovereigns, and one hundred views near Rome, and N. van
Hae/ten, (see Pnntre Gruvcur, vol. v. p. 445.) flourished about
a. d. 1700; P. van Bleck, about A. p. 1730; and F. Fonder Cam,
about a. d. 1750.
* Nephew of Peter, (Art. 59.) an'd a much admired Painter on
glass.
f " Was bred," says Lord Orford, " at New Inn, but aban
doned the Law. He set himself to discover the secret, for so it
then was, and laid his grounds by a roller, {roulette, see Note
(GG.) at the end of Enoiiavino,) which succeeded tolerably, but
not to his satisfaction. He then persuaded his friend Lloyd, who
kept a printshop near the Strand, to bribe one Blois (who laid
grounds for Blooteling, and was returning to Holland) to disclose
the mystery. Lloyd for forty shillings purchased the secret, but
refused to make it known to Lulterel, on which they quarrelled.
Meantime Isaac Becket, a calico-printer, found means of inducing
Lloyd (who was ignorant how to put his knowledge into practice)
to accept of his services ; and Lutterel having made the acquaint
ance of Paul van Somcr, (Art. 61.) learned from him the whole
process. Becket getting into difficulties was assisted by Lutterel,
and they became intimate ; but Becket, on his marriage afterwards
to a woman of fortune, set up for himself, and employed Lutterel,
who was the better draughtsman, to assist him. This was the in
troduction of mezzotinto into the English School.
I One of the ablest artists in this kind of Engraving. His
Prints are very numerous. He scraped some admirable Plates of
historical subjects after Rubens, Vandyke, Rembrandt, Murillo, &c,
but chiefly portraits after Hudson, Reynolds, Zoffany, Vandyke,
&c. Other natives of Ireland were popular artists in this line.
Thomas Beard, who flourished about a. d. 1 728, and John Brooks
about 1742. Charles Spooner, an Englishman, resided in Dublin
and scraped several Plates, dated from 1752 to 1762.
§ Another of the first rank in mezzotinto. His portraits after
Reynolds are excellent, and his historical productions, chiefly after
Rembrandt, very fine.
|| Was bred to the Law ; but after two years' study gave up the
profession, and without the aid of an instructor arrived at a profi
ciency in mezzotinto which few have attained. The Prints after
West of Hanibal and Regulus raised him into general admiration.
His Works after West and other masters are numerous ; as also
portraits after Reynolds, Romney, Zoffany, &c ; aud he shares the
honour with M 'Ardell aud Eurlom of giving consequence and va
riety to the particular style of Engraving to which these ingenious
men devoted themselves. Green's Works amount to nearly four
hundred Plates, the labour of ahout forty years. In 1 774, he was
elected one of the six Associate Engravers to the Royal Academy.
5o
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Engraving.
ArtUU' NmH.
Where born and when. Died at
a. d.
,
Thymus Wattoti* ........ London
1750
1781
,/uA« Raphael Smiltf
Derby about 1750
1811
TheFabers. A lew other names will be found below of artists
equally eminent, but whose date of birth is unktiown.J
John Faber the elder, from Holland, settled in England
about a. d. 1695, and scraped many portraits highly in
teresting to the English collector. His son, John Faber
the younger, surpassed his father, and was the ablest
portrait scraper of his time, except John Smith. But the
great modern improver of mezzotinto is our venerable
Karlom.
Countryman, Richard Earlom, whose portraits after
Rembrandt, Vandyke, Reynolds, and West, are in every
good collection, together with historical subjects after
numerous ancient aud modern masters ; and whose
Works are well appreciated by M. Bartsch, as exhibiting
considerable advancement in the Art by a judicious in
troduction of lines and dots never before attempted with
success. (Note (EE.) at the end of Engraving.)

Method of
Le Dion.

It fit ess
c L^TilUiLj„
IQI
lions of
colour.

Lastmann.

Method of Le Blon, by Printing Mezzotinto in
Colours.
(83.) The impressions for Flates executed in the mei\i0(\s we nave hitherto been considering are calculated
more or less for giving effect to the chiaroscuro of a Pic
ture ; but as the chiefexcellence of many Paintings consists
in a judicious arrangement of different colours, there was
still wanting some discovery by which colour as well as
f°rrn and shading might be transferred to chalcographic
Prints. Mezzotinto, above all , other— methods,
.. has..the
peculiar property of imitating the soft gradation ot tint
produced in shading with a brush ; and this advantage
must of course be still greater if a diversity of colours
be superadded. The method of LcBton (see Note (FF.)
at the end of Engraving) seems ingeniously calculated
for obtainingthis desideratum, and for multiplying copies
of any Painting so as to correspond with it in every par
ticular, and to present to the spectator's mind a perfect
idea of the original.
M. Bartsch mentions several prior attempts at coloured Engravings ; namely, by Lastmann of Haerlem,
* His Prints are numerous and excellent in this way, though he
died at the premature age of thirty-one. He employed his scraper
on portraits after Reynolds, Lely, Dance, West, &c, as well as on
various subjects after Rembrandt, Coreggio, and other masters.
James Walton, his relation, (a younger brother, according to M.
Bartsch,) was no less distinguished. His Prints after Reynolds
are in great esteem; as likewise other portraits after Vandyke,
Gainsborough, Romney, &c.
f Son of Thomas, the celebrated Etcher and Painter of English
landscape, called Smith of Derby, to distinguish him from the
Smiths of Chichester, his contemporaries. The portraits by Raphael
Smith, after Reynolds, Northcote, Gainsborough, and Sir Thomas
Lawrence, are particularly admired.
} Artists' Names.
Flourished a. d.
Subjects and Masters.
portraits
aftersubjects
KnelJohn Smith..
About 1700 ir Fine
let, and
various
I after Coreggio, &c
Robert Williams of Wales, About 1715 {P£rtn„its a/'" VtaAJlu7
Kneller,
&c. (Art. 58.)
George While
About 1720 \ See
Loggan.
Edward Fisher
About 1765 J F'ne portraits, chiefly aft ter Reynolds.
Charles Phillip,
About 1765 |Af,er Mola' Rembraadti
I &c.
John Dtxon
About 1770 {Fine portraits, chiefly afl ter Reynolds.
WMiam Pettier
About 1770 (F™ Plales afler Ren>l brandt, &c.
Philip Dawe
About 1771 js«veral subjects afierMorI land, &c.

as early as the year 1626; by Peter Schenck of Am- CM*
sterdamin 1680; and by Taylor, an English engineer in
the service of Frederic the Great : but these attempts were
made only from etched lines, and by means of one ami the
same Plate. Coloured mezzotintos have been also tried ^
by means of one Plate ; but these, like the former, have iala*'
proved failures. Impressions so obtained do not pos
sess the proper combination of tints, especially in the ^'A
lights, where many traces of white paper may constantly*^
be detected. The Prints, consequently, from such colaawas.
loured single Plates continually require retouching bj
the artist ; whereas those obtained in Le Blon's manner
by means of three and sometimes four successive Plales,
are almost wholly aud uniformly covered with colour.*
French Method for Chalk Engraving.
(64.) This method, in imitation of drawings in chalk /VbscIbbof academic studies and subjects, is an invention .>W"'"^
by three French artists: G. E. Dtmartea^<axtn'Mim'
Liege in 1722,t who died at Paris a. d. 1'16; loa"^'
Jacques Francois,* born at Nancy in 1717. who 4se4
A. d. 1 769 ; and Louis Bonnet, a native of Paris, atat
A. D. 1735. Bonnet executed several Prints in ibis my
chiefly after Boucher.
The means and instruments employed in this sty'1*
of Art (see Note (GG.) at the end of EN0iuvisc)5re
not adapted to express the delicate details of a Picture,
and are employed rather for producing bold broad lir.es
and coarse shadings, than for imitation of drawings finely
executed or highly finished. There are, however, IV*
or no methods of Engraving so successful as this in sccomplishing the purpose intended. Many Prints ol this
kind so closely resemble drawings in red chalk thai they
might almost be mistaken for their originals.
Perhaps the most deservedly celebrated artist in this
way is an amateur gentleman of Amsterdam, born there
in 1732. Cornelius Ploos van AmsUl,\mho has executed P.o
a numerous and interesting collection of Plales in*
• Jamet Christopher le Blon, born at Frankfort in 1670. is said
to have been a scholar of Carlo Maratti. He accompanied But*
Ventura van Overbeck to Amsterdam, and was there employed a
painting miniature portraits. He visited England and prrteM
many large Pictures according to his new method, which n»j'«
allowed, says Lord Orford, who knew him, to be "very tolerable
copies of the best masters." But this ingenious projector «»s un
successful with the British Public. He published, in 1730, i de
tailed account of his process, and died ten years after in aaho«r*«
at Paris.
M. Bartsch mentions Jean Fabian Gautier of Marseilles, »nd ■
son Edouard Gautier Dagoty, born a. d. 1745 ; together with h>
tAdmiral at Leyden, aud Carlo Larinio a Venetian, as tuo»s:
to Le Blon in prosecuting this ingenious discovery. LeBlnn, »«•
ever, the discoverer, has produced the best specimens, but better
might certainly be executed. He employed a number of Enfrarcr!
for completing his Plates who did not always come up to the con
ceptions which we take for granted Le Blon as a clever colours*
entertained. In most of his pieces some fault appears in ike
drawing, or in the chiaroscuro, or in the harmony of colou.iw
often in all these three particulars united. If any good Painter, a>
skilful with the scraper as in the use of his palette, should under
take a similar enterprise, far superior results might be attained.
f Giles Demarteav the younger, a nephew of the above, bom «
Liege about a. d. 1750, followed the style of his uncle and pre
ceptor with some success. D. P. Pariset, born at Lyons in b«,
another pupil of the elder Demarteau, was employed in England n
1767 by Ryland, and engraved the Plates from drawings bytbe
great masters published by Rogers. He also engraved " Portruf
of English artists" after designs by Falconet.
I Francois is said to have been the first who engraved at Pa*
in this style, and to have been rewarded for bis ingenuity by 1
pension of five hundred livrcs from the French King.
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Engraving, tating crayon drawings by themost distinguished Dutch

English Method by Dottino.
(65.) This is an improvement on the preceding me
thod, inasmuch as it imitates with perfect accuracy and
clearness the most highly finished chalk drawings. In
respect of graphic execution it is far preferable, since the
needle and the burin can be much more conveniently
and dexterously managed than the roulette. (See Note
(HH.)at the end of Engraving.) The dots also are
much finer, are more closely ranged together, and if
worked judiciously on the metal have a clearer effect
than in the French style. The whole work has the ap
pearance of a finely stippled miniature ; and attempts
have been made, not unsuccessfully, to take coloured
impressions from Plates of this kind, which have all the
finish and delicacy of miniature-painting.
The discovery of this method of Engraving, which is
traced to the year 1760, originates properly, says M.
Bartsch, from Jacob Bylaerl, a Painter and Engraver
at Leyden, who has published in a little Treatise the
elements of this Art. But as Bartolozzi, (Art. 50.)
who then resided in London, was one of the first to
practise it, and to enrich the invention with improve
ments of his own, exhibited in numerous fine specimens
which he shortly after published, he has been regarded
as the inventor. Not all the dotted Engravings, how
ever, which bear his name are entirely from his hand. On
accotint of the unexampled demand for his performances,
he could not complete his numerous orders without as
sistance, and without employing several of his scholars,
whom he allowed to complete many Plates (previously
etched by himself) by the process of dotting. Among
them was B. Pastorini, an Italian employed by Barto
lozzi in 1770. Also Schiavonetti already mentioned.
(Art. 59.)
William Wynne Ryland, whom we have already men
tioned, (Art. 58.) was eminent in this way, and pub
lished upwards of two hundred Plates, which for delicate
finish exceeded all former attempts. Some of them,
printed in coloured inks, were, according to M. Bartsch,
not inferior to miniature-painting. Gabriel Smith, who
had learned Chalk Engraving at Paris, practised it in
this Country, with the assistance of Ryland, after the
improved manner. Robert Menageot, born at Paris
A. d. 1748, worked for Boydell after Coreggio, Guido,
Loutherbourg, &c. Thomas Ryder flourished about
1790, and engraved in this style after J. Wright, West,
Opie, A. Kauffman, Shelley, &c. Not to omit Joseph
Slrutt, born about a. d. 1745, author of the Dictionary
of Engravers, who has executed several neat and delicate
prints of this kind.
Thomas Burke, whom M. Bartsch styles a " firm
draughtsman," published between the years 1770 and
1780 several beautiful specimens in this (then novel)
style. M. Bartsch names among his own contempora
ries in Germany Henry Sinzenich of Manheim ; Charles
Hermann Pfeiffer of Vienna; together with F. John, a
pupil of the latter.
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namely, which have been executed with brushes of Chaleocamel's hair in Indian ink or bistre, by the process tech- gfphy.
nically termed washing. There has been much disy "" '
puting among artistic biographers as to the inventor of
this Art. M. Bartsch inclines to the opinion, that it
originated in France with a distinguished author and
amateur Engraver, the Abbe de 'St. Non, who, careless St. Non and
of any gains to himself by the discovery, communicaled otnersit to his friend, Jean Baplisle le Prince, a French Painter
of some celebrity, with a view of benefiting that artist.
Le Prince, during his lifetime, published in 17S0 an
advertisement, olfering for a specified sum to give in
structions in the unknown process ; and at his death,
which happened in the following year, he bequeathed the
secret to his niece and heiress, from whom the French
King, (see Note (II.) at the end of Engraving,) in
order to impart it generally to the Academy and to the
Public, purchased it by granting her a pension. Beside
St. Non and Le Prince, several artists, both of France
and other Countries, have been named as the inventors;
but their methods of attaining the same object have
been considered so inferior to that of Le Prince, as to be
superseded by the latter, as soon as it became publicly
divulged.*
The most distinguished names in this style of aqua- Artists in
tinla are
aquaiinta.
Arli-t»' Names.
Where born and when.
Rieliard Abbe de Non. . . Pari*
1730
Paul Handing
Nottingham
1732

* M. Bartsch, quoting from Host's Handbuek, (band vui. s. 230.)
mentions three Plates engraved by St. Non after Robert, in washes
of black und brown, as early as a. d. 1766, consequently two
earlier than any of Le Prince's productions : also five series,
sistiug of one hundred and fifty Plates, executed by the same hand,
in Le Prince's iiest manner, entitled Fragment choisiet dans let
Peinturet et let Tableaux let pint interrestant det Palais rt det
Eglises d'llalie, which were published between t.a. 1772 and 1775,
nine years before the death of Le Prince. Hence the doubt arises
whether Le Piince really was the inventor, and the
if he was he did not conceal the secret from St. Non.
Writers upon Art also bring forward the French artists, Rarabe,
Delafotte, P. F. Charpentier, together with P. Finding, a Swede ;
A. Pond and C. Knapton, our Countrymen ; J. A. Schweitard of
Nuremburg, and Ploot van Amtlet of Holland, as claiming the
discover}'. These artists, however, either made ingenious combina
tions of methods previously known, or what they did invent fell
very short of Le Prince's method. Pond and Knapton, in 1734
and 1735, published imitations of drawing in bistre ; but in these
the outlines alone are etched upon the copper, and the washes have
been put in by means of two, three, or even four wooden blocks in
the style of Prints in chiaroscuro. (Art. 28. and Note (P.) at the
end of Engraving.) In the years 1758 and 1759 several Plates
were executed for the Work of Ant. Dun. Gabhiano, at I
entitled Rantlla di Cento Pemieri, fol. 1762. These '.
sent lightly washed drawings, put in with one, or at most with
only two weak tints. But these tints are produced without any
intervening substance, and by pouring the solution of aquafortis on
the pure copper. A few dark shadings are introduced with the
burin or dry point, and occasionally with sni dl rasps or graining
* by J. A Schweikard,
con
junction with Santi Pacini, Carlo Gregori, Antonio Cioci. Amir.
Scacciati, Gin. Bat. Galli, Ignaz Hugford, and Vinct nzio Vangelisti, Peter Finding and Pious van Amstel, in one or other of the
two methods last mentioned. Stapart, an amateur, published at
Nuremburg, in 1773, a Treatise entitled The Art nf Engraving uili a
Brush on Copper. (See Note (II.) at the end of Kncjhavino )
f Paul Sundbg is a truly British artist, one of those who first
convinced F.uglishmen that the features of their own native island
are quite as capable of pictorial effect as the scenes on any foreign
clime whatever. At the age of sixteen he was employed as draughts
Aquatinta, or Imitation of Washed Drawings in
man under Mr. David Watson, to complete a survey of the North
miUilion of
Bistre,
and West parts of the Highlands of Scotland, at the instance of the
late Duke of Cumberland. Here he occasionally obtained leisure
'rawing in
.
Tairr(66.) This is another graphic invention for the pur- from drawing plans to sketch the wild and terrific scenery around
olour:
pose of imitating another kind of drawings; those, him. These coupt d'essai he afterwards etched in small Plates.
5O2
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x-_
■ -« ■ j Bapl
Artists'/fNnmes.
Where horn and when.)733 parigi
Died it ]78,
A. ».
Engraving,
Prmc^
parU
Johan Oollieb Pretttl. . . Grunebachin Swahia 1739 Frankfurt 180S
Maria Catharine P,esleh\ Nuremburg
1747
1794
William Kobrin
Manheim
1766
Carl Kumlj
Manheim
1770
Thoma, Girlin\\
London
1775
1802
Aquarilla, or Imitation of Drawings washed in different
Colours,
Improved
(67.) This style of Engraving is a further attempt to
imitations imitate the brush of the painter in water-colours. Like
of drawing ,he jnventjol) 0f Le Blon, (Ait. 63.) it requires as many
'cZloZ'"' Plates as there are simple colours to be used. (See
His talents anil rising reputation introduced him soon after his
Northern expedition to the notice and patronage of Sir Joseph
Banks and Sir Watkin Williams Wynne. By Sir Joseph he was
invited to accompany him in a tour through North and South
Wales, and by Sir Watkin was employed to design the most in
teresting parts of Welsh landscape. He subsequently engraved
these views iu aquatinta. Sundby was one of the original Mem
bers of the Royal Academy in 1"6S, and was the same year
appointed chief drawing-master to the Royal Military Academy at
Woolwich, an office which he held until his death.
• Le Pnnre studied Painting under J. M. Vien and F. Boucher.
He obtained some reputation at Paris, anil travelled to Russia,
where, during a residence of several years, he employed himself to
design the various costumes of that vast Empire, and returned to
Paris with a numerous collection of drawings, from which he either
completed Paintings or executed Prints. His designs were much
admired, and gave exercise to the talent of several other Engravers,
his Countrymen.
f This lady was the wife of the preceding artist and aided him
in some of bis best Plates, particularly in landscajie. Some disagree
ment occasioned her to separate from him and come to England in
178C, where she executed some Plates, which in this style have not
been surpassed. They are spiritedly etched, and finished in aqua
tinta with delicate and picturesque effect. Her husband had
■tudied Painting at Venice under Giuseppe Nogari, and Engraving
under Wagner. (Art 50.) He resided chiefly at Nuremburg,
where he worked in various styles. His Prints in aquatiuia are
numerous.
I William Kobell was a pupil of his father Ferdinand, from whom
he learnt to engrave and paint in landscape. Both were eminent
in the line they adopted ; but William was particularly happy in
representing the peculiar style of the principal Dutch masters, after
whom he executed a variety of Plates. He also engraved in
the crayon manner.
§ Painter of cattle and landscape, and distinguished for many
clever Engravings in this style, particularly for three large cattle
pieces after Henry Roos, Paul Potter, and A. Vandevelde : chefsd'oeuvre in this way.
|| Future writers on English Art will have the duty of recording
the rise and advancement of water-colour Painting in this Couutry,
to a degree of excellence not hitherto considered attainable, until
the talent and perseverance of a numerous School among the con
temporaries or fellow-students of Thomas Girtin, called it forth. No
true lover of the Arts in England but must be familiar with the
names and merits of the " Society of Painters in Water Colours."
We purposely abstain from remarks on living genius, but must
observe of Girtin that he was one of the earliest and most success
ful improvers of the Art in question. For this purpose he found
no necessity for foreign travel, but studied nature, English nature,
at home. Like Rembrandt, Cuyp, Ruysdael, Hubbima, Paul
Potter, and other great colourists of the Flemish and Dutch Schools,
he found abundant exercise for a jwwerful miud, in scenes which
pass unheeded before the vacant eyes of ordinary men. He visited
Paris for his health in 1802, and made sketches of certain streets
and public buildings of the French Capital, which, at his return to
London, he etched and engraved in aquatinta. His death, how*
ever, that same year, removed a valuable contributor to this depart
ment of Engraving, and deprived water-colour Painting of one of
its ablest founders.
Among other English artists, distinguished in aquatinta, we
might mention James Brelherlon, who flourished from 1770 to
1790, and whose son Charles, an early victim to consumption, exe
cuted several Plates of great merit, and many charming designs.
About a. D. 1790 likewise flourished J, Baity, whose landscapes and
views in this style of Engraving are highly creditable.

Note (KK.) at the end of Engraving.) Itisctarw- Tj_
terised by a decided superiority over the lart-mentioned raptr.
process, in one remarkable particular, namely, in king ^-v*
capable of .representing those shadows of a drawing
which vanish imperceptibly into lighter and thinner tints,
or which gradually disappear in the lights: an effect not
producible by any other method of imitating washes in
water-colours. The discovery was made in 1762, bj
Pierre Francois Charpentier, an Engraver at Paris, bora
at Dlois in 1730. It remained for a long time the sole
property of French artists, few of whom have been in
duced to communicate their modes of working. Among
the most remarkable are Francois Janinet, born at
Paris, in 1752, and his pupil Charles Melchior Descmirtit,
a native likewise of Paris, in 1753. Charles Benaxch,
who was bom in London, but resided chiefly at Paris,
and whose profession as a Painter qualified him pe
culiarly for executing Prints of this kind, h&s produced
several highly skilful
Lithography.
(6S.) Having enumerated and remarked upon 1 • I ■■■.->
various kinds of Prints from wood and from metal, «#■!•
now come, in conclusion, to the third material which
modern Art has called into similar use ; and proceed,
as was proposed, (Art. 12.) to give some account of im
pressions from stone.
Alois Senefelder,* whose name will long be conjpt- Saet*
cuously memorable in the annals of modern discovery,
* Peter Senefelder, the father of the inventor, was anaetorattto
Theatre Royal in the city of Munich, and intending to bringta
At 'is to the profession of the Law, placed him at the I'. ;.<>: «
Ingolstadt. The dramatic inclination, however, of y. nog Sr*
/elder displayed itself in private theatricals ; and a little Comedy
entitled Die Mtidchenhenner, which he composed in 1789, gaud
him some applause and profit. This success, and the death of hit
father, which straitened his circumstances, determined him i» quit
the University and attach himself to the Theatres. In thii prcorinus pursuit he passed two years. His second publication of I
Play being too late for the Easter book fair at Leipzig, prodood
but barely sufficient to t>ay for the printing, during which he h>d
passed much time at the printing-office in anxious endeatoiiB t»
accelerate the Work. His active mind was here first directed to
the business of the pressman. « I thought it so easy," lie observe!
in his Work on Lithography, "that 1 wished for nothing mora
than to ix'ssess a small printing-press, and thus to 1* the B*
poser, printer, and publisher of my own productions." After a
variety of ex|>eriments, during which he was obliged to try melhodi
which he fuund less expensive and more manageable, he em
ployed, among other materials, blocks or slabs of Kelheim stae,
and on these endeavoured to etch his composition, but with nfj
imperfect success. " I had just succeeded," says be, " in my M*
laboratory in polishing a stone plate, which I had intended to
cover with etching ground, in order to continue my exercises n
writing backwards, when my mother entered the room, and desired
me to write her bill for the washer-woman, who was waiting fort™
linen. I happened not to have even the smallest slip of papersi haod.
as my little stock ofpaper had beenentirely exhausted by taking F*»
impressions from the stones ; nor was there even a dropof ink in the
inkstand. As the matter would not admit of delay, and we had
nobody in the house to send for a supply of the deficient materials,
I resolved to write the list with my ink prepared with wai. soaf,
and lamp-black, on the stone which I hail just poliihed. and it a
which I could copy it at leisure. Some time after this I wai g>W
to wipe this writing from the stone, when the idea all at ow
struck me to try what would be the effect of such a writing «>">
my prepared ink. if I were to bite in the stone with aquaforti;
and whether, perhaps, it might not be possible to apply printing
ink to it in the same way as to Wood Engravings, and to tale im
pressions
fromofit."
The result
this incident was the discovery of the Art of Print
ing from stone. Unable, however, from the want of pecuniary
means, to prosecute his invention, Senefelder took the res'd"tion «
enlisting himself in the service of the Elector (afterwards King) «■
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Engraving, was the ingenious originator of this new opening for the cution, (he facility with which the hand of any good Lithov~m* exercise of graphic talent. The comparative cheapness draughtsman, accustomed to the proper use of a pen or grThy'
■v^"-/
of the materials used, the rapidity of Lithographic exe- crayon, may transmit his efforts to the press, and obtain
a faithful and identical delineation, together with the
Bavaiia, as a private soldier in the artillery, for which he was to almost inexhaustible number of impressions, render this
receive a bounty of two hundred florins. With this small sum his form of Engraving worthy of even greater and more
enterprising spirit led him to imagine that he would ultimately general cultivation than has hitherto been bestowed
bring his new Art into practice, and secure himself an honourable upon it. (See Note (LL.) at the end of Engraving.)
competency and reputation. Not being a native, however, of Ba
varia, he was disappointed in this object, and was still suffering It would be absurd to say that Engravings of the Litho
from the disappointment, when he met with a musician of the Elec graphic School are ever likely to supersede those upon
tor's band, a former acquaintance, named Gleissner, about to pub wood or metal. Each of these three departments in the
lish some music. Senefelder induced him to produce it ac Art has its peculiar charms, perfections, and advantages.
cording to the new method. In less than a fortnight the composing, As well might it be maintained that the several walks
writing on stone, and printing of twelve songs was accomplished,
and one hundred and twenty copies taken at the expense of about of Poetry interfere with or supplant each other; that the
thirty florins. The entire impression in a short time sold for one sonnet, for example, or the elegy, or the ode, or the
hundred florins ; thus leaving a profit of rather more than two wood-notes wild of Shakspeare, or the fascinations of
hundred per cent. As a fuither encouragement, a copy of the Byron, are calculated, with readers of taste and judg
Work was laid before the Elector Charles Theodore by Count Torring, and Gleissner received a present of one hundred florins, with ment, to displace the grand and regularly sustained
the promise of an exclusive privilege for this method of printing. epic of Milton, and his great models in ancient song.
This privilege, in 1 799, was at length granted to Senefelder for The Lithographer of talent, in like manner, claims our
fifteen years, who now employed his two brothers, Theobald and admiration, without in any degree diminishing our at
George, and two apprentices, and no longer made a secret of the
process. In 1800, a circumstantial description of it was lodged at tachment to Tostermann, Pontius, Durer, Nanteuil,
the Patent office in London, and in 1803 with the Government of Masson, Audran, Woollet, or Strange.
Lower Austria. M. Antoine Andre, an extensive music-seller, was
We have here again to observe, as we did in allusion
among the foreigners who visited Senefelder's establishment, and to Painting in water-colours, (see last Note to Art. 66.)
a partnership was begun between them, in consequence of which that since Lithography is one of the " marvels" of our
Senefelder visited this Country about 1802 with M. Philip Andre,
brother of the preceding ; but the result was not answerable to ex own times, and since those Lithographers who have
pectation. During a residence, however, of seven months in Lon raised it to eminence among the Fine Arts are our
don, Senefelder set himself to acquire a fundamental knowledge of own living contemporaries, we forbear comment on
Chemistry, in addition to that of several contrivances which he
found subsequently valuable towards the improvement of his dis their productions, and must leave to future Encylopsecovery. Some attempts in London at printing a few pen-and-ink dists and biographers the duty of recording the ingeni
sketches drawn on the stone by West, Fuseli, Stodhart, and other ous and meritorious labours of a large class in this
Academicians, were published ; but no further progress was made, modern department of Engraving. In accordance, too,
except in the application of the Art to military uses by the late with that brevity to which our limits constrain us, we
Colonel Brown, then Quarter-master General, authorizing the pur
chase of the secret for £100 from Voiweiiier and Kergenrader, can make only a few remarks on the rapid progress of
two Germans, who had been equally unsuccessful with Andre in the Art, and slate the several purposes to which Litho
their endeavours to introduce Lithography among the Arts in graphy has been applied.
England. By the assistance of a pressman, whom these persons
1. Imitation of chalk drawings.*
had employed, a Lithographic press was established at the Horse
2. Imitation of drawing with a brush or hair pencil.
Guards ; and the first map (a sketch of Bantry Bay) was produced
3. Imitation of wood-culs.
ia the beginning of the year 1808. Since that period Lithography
has rapidly spread in this Country, not only for the official pur
4. Imitation of prints in chiaroscuro, for which several
poses, as well nautical as military, just mentioned, but for those stone plates are employed.
Various a
also of the Fine Arts ; and the establishment of Hullmandel in
5. Imitation of prints in mezzotinto.
ptoHona**
London has maintained a more or less successful rivalry with that
6. Impressions in gold or silver.
»
ofLitho
ofEnglemann and Coindet at Paris, into which latter city it had
been introduced by M. Andr£ in 1807, from whom the secret was
7. Transfer of wood or metal Engravings and oflet- graphy.
purchased by several artists. We refer our readers to M. Eugle- ter-press to the stone for Lithographic impression.
mann's Manuel dm Dcttinateur Lilkographique (8vo. Paris, 1824,)
8. Transfer of manuscript or autography.
for many uble specimens, together with a very interesting expose of
9. Methods of indentation, where the stone is cut or
the Art ; and we only venture to observe, that if the French Litho
graphers have sometimes exceeded us in prints of this kind, our engraved.
failure is attributable to a very superior command of the pen or
10. Method by the use of a point or needle, as in
crayon among the generality of French draughtsmen.
But to return to Senefelder. After endeavouring, with the as etching.
11. Method resembling aquatinta. (Art. 66.)
sistance of his above-named brothers, to establish himself at Offen
The ingenuity and perseverance of Senefelder are
bach, where, in conjunction with Andre, he had availed himself of
the Electoral patent, he found himself at his return from Lon sufficiently manifest from the number and variety of
don necessitated to break up his partnership with Andre, and these several applications of his discovery, all of them
lie removed with his brothers from Offenbach to Vienna, in hope of originating with himself. With the modesty of true
better fortune. At Vienna, in 1803, he succeeded in obtaining a
similar patent throughout the Imperial States ; but at Vienna, also, genius he makes no boast of having perfected his Art,
his expected resources failed him, and to clear himself from debts but in his book on the subject describes it as in an in
he sold his patent, in 1806, to M. Stein. Having thus honourably fant state, capable of being matured both in utility and
satisfied his creditors, he returned to Munich, where, in 1809, he beauty
by the fostering industry of future hands. Sene
received to his own great satisfaction, as well as that, we think, of our
readers, the appointment of Lithographer to the Royal Commission felder being much better versed in chemical than in pictoof Customs. Thus removed, says M. Bartsch, from scenes of con rial affinities, his labours refer to the sort of materials to be
tinued failures and crosses to a condition of comparative prosperity, used rather than to the niceties and delicacies of graphic
he has employed his leisure to make fresh improvements in his
Art, and to publish a complete manual of Lithography, in which execution.
(most disinterestedly, and, in a mercantile sense, to his own disad
vantage) he has imparted every particular relating to the develope'For some account of the peculiarities in this and the following
ment and practice of his invention.
processes, see Note (MM.) at the end of Ehobwino.
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Engraving. The principal obstacles to the progress of this Art at
v—"■v"'"'' its commencement have been, 1. The opposition of pro
fessional persons jealous of its advancement. 2. The
disappointment of practitioners who, from inexperience,
have failed in their first attempts. 3. The numerous
Progress of impressions taken by incompetent printers, which have
been regarded by the Public as specimens of the Art.
the Art,
notwith
All of these obstacles are surmountable by skill
standing the and perseverance, and disappear in proportion as the
obstacles number of Lithographic establishments have increased
at its com
et. throughout Europe. In 1809 there were six Lithogra
phic printing-houses at Munich besides SenefeUler's,
notwithstanding his patent from the King of Bavaria.
M. von Aretin and M. von Mannlich, Director of the
Gallery at Munich, together with Professor Mitterer, of
that city, have been early instrumental in leading the
new discovery nearer to the precincts of Science. Pro
fessor Mitterer, in particular, has been distinguished for
introducing a method of giving additional firmness to
the Lithographic crayon, and by his invention of an im
proved Press, which Senefelder pronounces to supply
every thing that can be desired in regard to power,
despatch, and convenience. In 1807 M. Delarme, of
Munich, had founded Lithographic Presses at Home,
Venice, and Milan ; and M. Andre introduced the Art
at Paris ; but it seems not to have obtained popular
notice in France till after the more recent exertions of

788,
788,
789,
782,

2,
2,
1,
2,

the Count Lasteyrie and M. Englemann in 1814, at Hk>
which time it was adopted in this Country for despatch !*rty
of business in most of our Government offices. From
the Institution under Englemann at Mulhausen, also, in
1814, called la Sociite Lithographique de Mulhovit,
Lithographic Printers were supplied for the Royal
establishment at Madrid, for that of Messrs. Constani
and Motte at Paris, and for that of Hullmanriel in Lon
don. The city of Lyons also obtained its Lithographers
from the same School. In Vienna, observes M. Barlsch,
Senefelder's patent (obtained from the Emperorin 1603)
was purchased by M. Stein. " A large Press in Berlin
was established by Major von Reiche. Another has
existed in Petersburg for many years, but is now parti
cularly cultivated by M. von Schilling. The An has
reached even 1'hiladelphia; and, what is yet more remark
able, has travelled to Astrakan, where it has met with
a favourable reception."*
* Lithography was introduced into Studtgard by StroAjAo/tr.nsist.
ant of Charles Senefelder, brother to the inventor. He became li
quated with M. Cotta, and through him with M. Rapp, author ati
Work entitled T/k Srcret of Lithography, in which the imporuace
of the Art to the Public was first fairly estimated. Since 1803 ibe
Chemical Printing-press of M. Stein, and since 1816 that »f H.
Gerold, have been established at Vienna ; but are surpasarti, intfea
opinion of M. Bartsch, by that of the General Quartcr-iEtfta
Staff, under the direction of the Chevalier Joseph von Kohl,
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too hard, the point will snap and break off continually. The Italian Jhe '.'ur,n
namebeMinn,
or derived
bulmo, for
may,
a diminutive,
possibly
fromthethegraving
Teutonictool,
beget,
beilas; Belg.
bgt ; , "**™~*.
v _l
A.Q.bilt, which Skinner translates tecurit rostrata ; denoting the
well-known instrument of the woodman, called a ci#-hook. To the
beak of a \oag-bitltd bird the bolno certainly bears remarkable re
semblance ; as does its wooden handle to the shape of the bird's
head. Also the ancient botla, bulla, or seal, which would doubtless
exhibit the work of the botino, or graver, may have the same com
mon Teutonic origin. (Evelyn, Sculptura, p. 22.) Likewise bill,
or billet, for a small engraved tablet or note. (See Miicellaneout
Division, in /oc.) That the French name burin for the graving
tool, as well as the Spanish and Portuguese boril or burtl, have the
same etymological source with the Italian bolino or bulino, will be ad
mitted, from the frequent substitution ofr for /. ( V. Skinner, Prolego
mena, in toe.) The burin may be considered as a kind of chisel,
having its handle rounded, so as to lie conveniently in the hollow
of the hand. Its other extremity, or blade for cutting lines in the
metal, is a small quadrangular steel bar, from three to five inches
long, of which a transverse section would sometimes be square, but
would commonly have the shape of a lozenge, with two equal and
two unequal angles. One end of this bar is firmly fixed in the
handle, the other end is sloped to a point at one of its edges, and
the angle both of the slope and of the edge made more or less acute
in proportion to the depth or to the breadth required
on the metal. The instrument is held as shown in plate L,
its point with its slope upwards is inserted into the copper, silver, or
other surface, and forced forward iu a direction nearly parallel to
the plate. During its passage along the metal, the burin cuts out a
thin, thread-like portion of the engraved substance, which, like the
shaving before a carpenter's plaue, curls up before the edge of the
tool. The thread of metal varies more or less in thickness accord
ing to the breadth and depth of the line or furrow ploughed by the
graver, and there will always be left on the side of this furrow a
certain portion of the metal which has been forced up, and remains
in a rough state above the surface. This is called the burr, and must
be smoothed ulf by means of another steel instrument, termed the
temper, (see plate i.,) in a prism-like form, having three sharp
edges. The scraper is also useful for erasure of errors. After the
effectual application of it the erroneous lines entirely disappear, bat
an excavation, sometimes considerable, will have taken place in the
sera] vil part ; which must again be restored to a level with the sur
rounding surface, and beaten out by the strokes of a small hammer
on the back of the plate. It is evident, with reference to the future
print on (taper, that the more deeply the lines are engraved on the
metal, the greater must be the quantity of colour required to fill
them, and consequently, the richer will be the impression. The
Engraver, therefore, varies the form of his burin according to his
fancy and the nature of his work. If deep, narrow lines are to be The size and
engraved, the blade used is proportionally thinner, according to the *atfe ofthe
depth required, and its point more sloping, according to the fineness jS«?bt'tn«
of his lines. On the other hand, if broad, shallow lines are to be kind of work
drawn, the blade used is of proportionate thickness and of rectan- to t
gular appearance, while the slope at its point must terminate less r '
acutely. It is asserted by Adam Bartsch, in his Guide to Engrav
lug, (Anleitung
\/inieaung zur
zur Rupfer-ttichkunde,)
ixupjer-sitcnKitnae,) 8vo.
ovo. Vienna,
Vienna, 1821, that
ing.
plates wrought with high burins (by which he means such
t
as terminate in an acute slope) produce spirited, rich, and s]splendid im
pressions ; whereas those works on which only obtuse-an
obtuse-angled blades
have been employed, come out, even in the proofs, grey, flat, and
inanimate. " The commonest burins," observes this intelligent
artist and useful writer on Art, " are neither quite rectangular nor
very rhomboidal, but are what Engravers term half-high, i. e. with
an angle of 70°. The burin during the operation of Engraving
requires to be sharpened frequently on a fine whetstone, used with
oil : for if its point and edge be not perfectly sharp, the operator
can neither produce a clean nor a fine stroke, nor enter the copper to
a sufficient depth. Sometimes this instrument takes a curved form,
with the concave side ofthe curve towards the plate. This sort of burin
iaused for dotting. Note (GG.) Otherwise the curve takes, in general,
a quite opposite direction, namely, with its concave side upwards,
in order that the instrument may pass with facility along the cop
per, and that such lines as terminate insensibly in a point, may be
Note (B.)
executed. Sometimes its lower edge (riz. that employed next
A description may be proper here of the instrument itself. It is well metal)
is rounded. Sometimes it is chisel-like and squared."
of steel, more or less tempered according to the material to be en- the
i. p. 5—7. (See plate i. for sections of different gravers.)
•~td by it For Engraving on steel, for example, the burin vol.Our
English name for this instrument takes its derivation, like
be of softer metal than for working on copper : because if the German
grabeltlich, from the Greek y^afa : yet it is remark831

Note (A.)
When, in this manner, the device of the medal or coin has been
given to the matrix, the artist proceeds to engrave the letters of the le
gend, 4e. by means of small steel punches very 6harp and well tern,
pered. He finishes, bythe same means, the mouldings of the border, the
engrailed ring, &c The matrix for coins being shallower than that
for medals, is sometimes made, like the creux of a seal, (Art 2.)
without punching, except for the letters. Coins have, consequently,
less relievo than medals, and counters less than either.
The expression matrix, or womb, is sufficiently indicative of the
ultimate process of coining, by which the planchel, or circular plate,
of precious metal is received within a steel ring or collar of a cor
responding diameter, and becomes forcibly stamped and moulded
into its intended form by pressure on all sides against the steel in
taglio. (See Numismatics, p. 619.) By the foregoing statement
it is by no means pretended that the first artificers would not be far
inferior in point of mechanical accuracy and facilities (though not
dissimilar in the general result of their process) to those of future
Ages.
Alberti's definition of intaglio, (see Dictionnaire SalienFrancoii,') which appears to correspond with ours, (see Mitcelinneout Division, for the words Entail, Intaglio,) seems at vari
ance with his other terms intagliatore, and intagliare, in reference
to the graphic Art j signifying by intagliatore not only an Engraver
en creux, but also quel profettore che intaglia in legno diiegni
per istampurti, consequently signifying an Engraver, also, of
railed wort, or camei : while intagliare, the verb, he defines
formnre chechetsia in legno, o marmo, o altra materia col luglio
degli scarpelli, &c. It is to be lamented that artists are seldom
linguists, and that with respect to a distinction, like this before us,
so palpable and so decided between two methods of working dia
metrically opposed to each other, no absolutely precise terms are to
be found. If we could muster up the same courage for coining
English words as our brethren literate and illiterate of America,
here would be a fine opportunity. We will only venture, however,
to suggest the general use of a Shakspearian term, (see Mitcellaneout Division for the verb Cavb,) and would recommend En
graving en creux to be called caved work ; Engraving iu relievo
railed work.
To the reader who has opportunity, and is curious to see the mo
dern advancement of the Art of coining by means of machinery, we
recommend a visit to the Royal Mint of Loudon. For some account
of English coinage, we refer him to our Essay on Numismatics, p.
643, 644. Mr. David Macpherson, in his able Work, the Annalt of
Commerce, vol. i. p 266, enumerates various towns (to the number of
more than eleven) in England to which the privilege of coining was
restricted by King Athelstane. He remarks that at that time
(about A. D. 930) artificers would of course be found in each town
capable of working in silver and engraving the dies. " We find,"
says this author, " even in the more remote Kingdom of Scotland at
this time a case for containing the Gospel at St. Andrew's. It was
covered with silver, most probably by a native artificer, and had two
Latin verses inscribed upon it by a Scottish Engraver."
Canute increased the number of coining places to thirty-seven.
In a. d. 1207, during the reign of John, Mr. Macpherson enume
rates sixteen cities and towns for this purpose, but subjoins in a
note, that so many mints were established iu many other places
that a complete list would perhaps be impossible. The Yutes,
Saxons, or Angles, surpassed all the other Northern nations in the
Art of Coining : an important point in the progress of civilization
to which the Scandinavians had not attained in the Xth Century.
In the reign of our 1st Richard, and of John, the Germans were
distinguished for this Art. Those Monarchs, with the design of
improving the coinage of England, sent for artificers from the EastCountry, or Germany, called Easterlings, and hence the well-known
term iterlmg, applied to English money ever after. The coinage
till Edward III. was chiefly of silver. In that reign, (Jan. 22.
1344,) money of three sizes was ordered by the King and Parlia
ment
to be
307. 374.
530.coined of gold. Annalt of Commerce, vol. i. d.
v 283.
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able that no Greek name for it is extant similarly derived. Ill sufficient hint to the first type-founders. Others more fancifully lists*
Isuoati.
Greek appellatives are yXurrnttn, Jr lyxtVti/r. It may here be trace the same idea to the Sybil's leaves, which
Manent immota locit neque ab ordine ceiiont,
worth observing that in our authorized translation of Scripture,
the expression "graven image" should frequently be "molten until the wind separates and scatters them. Visgil, ^Ejsrio!,lib. iii.
1.447.
image."
The reader, possibly, will recollect the words of our Form u«d
Note (C.)
in Baptism. The baptised Christian, on being received into the
society or communion of the Church, is signed with the sign of the
The Ancients must have known fully as well as any artist of the cross in token of having entered the service, and uf becoming in
XIVth or XVth Century, or of our own times, the difference between enlisted soldier of Christ. See Whealley on the Common Print,
the seal and the impression ; between the die and the coin ; between eh. vii. 7. p. 334. Vegetius, lib. ii. cap. 5. De re million, und
a figute or device sunk and hollowed into any substance, and the same the tironei or young Roman conscripts, victurit in cole pnrlu
figure or device raised and in relief. And yet the Ancients, like militet tcripti ct matriculit interti jurare to'enl : thus signifying, tidal
their successors, seem to have used their terms of Art at random. according to the received sense of the passage, that previously lo j"*1'
Indistinct- The same word yxifi, (in the Septuagint translation of pre,) their tacramenlum, or oath ofallegiance, they received some oottirl CljStHJ.
La til's Ah?" wmcn 'iteraily means / plough up, is used to express the action of indelible mark, and were enrolled or matriculated. Actios, io lilxriii.
the graver, whether employed for cutting seals and signets, (ExotL c. 12. describing the »-,')«•:«. says, rriyuuTn ooXiti n m ni
xxviii. 9 — II.) or for carving images and works in relief. (Judget ■xaizuTfj it mXXtv n»«V pLlpos r*v #«/t«r»»- iwiytnfcfuio, lis unfit
ii. 2. 2 K„,;t xxi. 7. Habb. ii. 18.) In Et'k. iii. 9. or the Sep ffTflirinu!,'., iw rnit vi3»„. Lipsius conjectures that this mark
tuagint version, the verb ifietu, 1 dig, is used instead of yXif*, upon the hand of the suldier might have been the Kmperorsoiae,
I plough, and the substantive jiUfi, a ditch, instead of yXvfiftu, a but professes his ignorance of the nature of the stamp. Tut
furrow, lo express the operations of the graver. See our Mitcet- branding of slaves is distiuctly and fully mentioned injmtt(
Sat. xiv. 21 —25, and not to multiply authorities, CiceroXjfai,
laneout Divition for the Etymology of Grave.
The Ancients also must have known that an impression upon any lib. ii., mentions, Barbarum compiitictum mlit Th r™ - >" ~
aubstance is the reversed image of the seal, die, or other instrument a little after he applies the Greek term ttiymnliam (myom)lt
from which the impression has been taken, and not only reversed a branded person. Captives, also, were marked in this rouun .a
with respect to the direction of the lines of the impressing surface, was the fate of some Athenians (v. Plutarch iuNicrn) taken spun
but reversed also with respect to the workmanship (raised or sunk) in Sicily, and branded on their foreheads with the sign of abacs
of the surface itself. Thus of a diagonal drawn on the impressing by their conquerors, rrlynrii i rt,, u't- ro/iirvwir. Vid Strpiumkr.
surface from left to right they could not fail to discover the impres tie roc. rriyuM. These ttigmata seem to have been vahousli naoi,
sion to be from right to left. Thus also they would ascertain, perhaps often by puncture or tattooing, like those with which oa
(without the exercise of extraordinary perspicacity,) that the impres common sailors mark their breasts and arms. The practiCE of
sion of a relievo or cameo would be en creux—as in the operation stigmatising seems to have prevailed through msny Agw inn
of siuking or punching a die ; and vice vend they would see an to the present, as well for honourable distinction as for s sign of
opposite result in stamping the coin. They would moreover be punishment, degradation, or servitude. Very nearly allied tu th»
equally in the habit of taking both kinds of impression, and would practice was the custom of painting the skin among out forcuihtti
.be familiar with the different substances most suitable for receiving of Britain ; under this form it prevailed, according tu Mr. Hups*
impressions. Not only metals for this purpose, as in coins, medals, son, almost down to the Norman Conquest, and among the Sum
and counters ; but terra sigillaris, cement, paste, and wax, would be Nobility. (See Annalt of Commerce, vol i. p. 298, where theworthj
constantly in requisition. (See Beckmann, Hill, of Invention!, on North British Chronicler complains, in a note, of the monenun^
the Article Sealing-wax, 8vo. vol. i. p. 208.) The Roman potter plication in England of the Roman term Pictt to our Northern
stereotyped his vases. The Greek or Roman slave-owner branded ancestors only.) For an amusing description of the mode of aethis slaves ; the Greek or Roman conqueror his captives. The eising this oraiecA of Art at present in New Zealand, see It'
soldier, too, whether of Greece or Rome, received a stamp to mark Augustus Earle's Account of Nine Monthi Retidence in tint Coun
him for a military conscript
try,It 8vo.
1832,the
p. 136—139.
has Lond.
called forth
surprise of all who have explored antiquity
On gait, says M. Jansen, que let Romaint avoient coutume de
marquer teurt vatet. On trouve une inftniU de cet vatet de terrt on this subject, that the Ancients, so near as they were lo the d*
chargtt tfintcriptiont, tur letquett on pent voir let recurilt d*anti~ covery of taking impressions with ink upon pajier or parduoen1!
quitit de M. le Comic de Cnylut. Vasa signare veut nuturelltmrnt were never stimulated to contrive this ready method of multiplyu{
dire cacheter des vases, des bouteilles, el c'etl ce qui te pratiquoit. copies, and thus of preserving their inestimable literature. The iiorf^^
On mettoit le nom du contul tur le bouchtm de la bouteille, pour faire of the ingenious Spartan King Agesilaus, tempts every m008"^^
voir de quelle annee ctoit te vin qu'on y contcr+oit, Sec. De tlnven- reader of Plutarch to believe that the elements, at least, of <be *jjt*i»
Specimens of Hon de f Imprimerie, Paris, 1809, 8vo. p. 190. In the Hamiltonian now under our consideration were not unknown to the initiated s» ips*
ancient sic- Collection above alluded to, at the British Museum, a variety of civilised of Asia and Greece. That monarch, during a annuig1
reotype.
stamps or brands found in the ruins of Herculaneum and Pompeii in Kgypt, whither he had repaired to the succour of the Egypt*4
is preserved. See the I Id Volume of Sir nit's Dictionary of En- King, found himself opposed to a force so disheartening and ■
gravers, to which, among other plates, is prefixed one (plate v.) disproportloned (two hundred thousand men) to the army
containing six representations of this ancient kind of letter-press, the his command, that for the purpose of reanimating his brave*11
troops he had recourse to the following eipeo*"same site as the originals, which latter have the appearance of superstitious
being first cast, in a kind of mixed metal resembling brass, and A sacrifice had been ordered, at which, while the Priest wis pre
paring
the
victim,
Agesilaus contrived to withdraw t moment, mil 1°
afterwards repaired or sharpened with the chisel. The letters in
within the palm of his left hand the characters HWN, «H
five of the examples given are raised from their ground like our write
metal types, and consequently would print black ; in the sixth the reverse of NIKH.the Greek word for victory. Returninglo
example they are en creux, (Art. 6.) and consequently would print the altar at the instant ofopening the body of the immolated snim*
the letters white, if an impression of the stamp were given with ink the King immediately took up the liver of the victim, and nto*
in his left hand, seemed for a while lost in abstraction. All *
upon paper. Upon one, which is in the form of a fish, the Greek itonce
awaking from his pretended trance, and looking upon U*
word 1 1 a N i'i ,\ I in reverse is distinctly legible. Another takes the sacred
object, he affects surprise, and produces with seeming ecstasy
form of a shield ; a third that of a sandal, &c. Some have inscrip the word
NIK II imprinted on it, as a propitious answer from u*
tions at full length ; others only monograms. In one instance, Gods. The
astonished and delighted bystanders had the ones,
three lines of ttereotype occur following each other. So that the which is spread
instantly through the rest of his army, anil irtuwj
discovery of Printing was actually made, though not practised, as it
should seem, upon paper, nor improved upon by movable types, animates them to the victorious achievement of his next (*w''' .
If this anecdote related of the Lacedsemonian hero of his day c™
and charged with ink. " Mankind," says Mr. Ottley, referring to
an observation of the Abbe Lanii, " have walked for many suc day was about 400 years before the Christian era) be trus, *j »*
disposed
to think that, great as was the genius of King Apsfc ;
ceeding centuries upon the borders of the two great inventions of
Typography and Chalcography without having the luck to discover and simple and unlettered as were his Spartan people, be ""p™
either of them ; and the stamps of the Ancients and the seals of the have learnt sufficient hints for this contrivance in his many visi»»
low Ages appear neither to have had any influence upon the origin Asia Minor, Persia, and Egypt. But if, on the other ha»A ™
of those Arts, noi to merit any place in their History." Hitt. story be only an amusing fiction ; and if the relster of it in J*
500 years afterwards (Plutarch was born about a. b- M) JJJ
of Engraving, 4to. 1816, p. 59. Other learned persons look upon than
the forma literarum of Cicero, (de Naluri Deorum, lib. ii. 37.) quoted, which however there is no reason to suspect, a oadirionsry
by which he certainly meant separate letters made of metal, as a fable, we cannot believe that Plutarch himself, or any ««pl "*
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Notes on most stupid of his reader*, should never have heard or thought of
Kugiaving. some experiment for taking impressions with ink, which would
imitate, or at least might verify, the ingenious trick imputed to
Agesilaus.
From the original we extract the following portion : IraftiSn
0 'AytelXjuf lis Afyirrrai p<,Ttnu.?tu; vTa raZ fianXla/s Alywrrlua
1 r* fiirtZ.—'EtiJ it rail T«f' airZ arBtgata-rrteifiau fjttXXavrms tvprt
itii'arets rat iria'trm Kitivtat 6>x ra t£i araXifn'aat wXMas ( uki?i yxa Hrrnt
ftvftaiiti) x-t rtit Tfc»« Tift x'-t» aXiyarura, T^i rni To^arail^ian iytaa
T^'.tLUrjt-rXi OLWVIulriTHS Ttlf BlXXaiS' XOU ITI T^t Ctglgrtgttt V1TirT(Mflttp
e? %"V NIKHN T;"M!-/;aCi Xatf&A/t it Tag* rati fiitrtvt ra rrxa,
i T-.rr.Kt fjttt irl rrv vxaytyfitfifiitiit ~C'^X xaaraut it if' igmtev Xi"n
v«*l'^at»l, itrracXftet Kau 7w/T).Vfn 'X11' avooiutras. fUi£{f Ty nvetri
ffutatetXtifti'trts, truwaLStivatt ai rait yaitfjLfAoiratt £«sax. r*#i,-* not) Tart
ra7; tvttayaiti^taicai fi'tXXaiftt iitiKttjit$<zfiitas Taut fftavs iti rait ytyguft{titata txQxtoii NIKHN. x~^x/.\; alt rtxpxeiat io^ectris S^m r0^ *ganniSttYfnvaa T*is rti* u.r^k. Plutarchi Laconica Apoihegmata. Ageti/tfr, adJin.
Note (D.)
" Although the Engraver," says M. Bartsch, " has not the
Painter's power of characterising different bodies by the appropriate
colours of each, he possesses abundant means of representing their
surfaces so intelligibly, that hard bodies shall be distinguished from
soft, smooth from rough, shining from dull, and that the copper
plate may often rival in truth, fidelity, and beauty the coloured
painting. For this purpose attentiou must be given to the different
Importance modes of handling as well with regard to the choice of strokes
of good hand (fine or broad, deep or shallow) to be engraven, as with regard to
ling.
the judicious direction and distribution of them. If this handling
be entirely of the same sort throughout the plate, such a work will
evidently possess less distinctness, and strike the eye less forcibly
than a work in which each substance of the composition is appro*
priately executed, leaving us in no doubt of its individual character.
An Engraving is always defective when, through the unintelligible
handling of the graver, certain bodies represented are only to be
guessed at by their outline, or by merely the light and shadow
thrown upon them. The various substances and objects engraved,
such as carnations, cloths, silks, metal, stone, Sec, ought, with
very few exceptions, to be distinguishable from each other by the
handling alone." It is, therefore, by no means a matter of indif
ference, whether the lights and shadows are represented by lines
drawn at random, but the strokes or dots used to mark the surfaces
of different bodies must alternately be struight and curved, smooth
and rugged, free and stiff, charged sometimes with more, and
sometimes with less colour, (literally rich and meagre, genahrt und
tnager,) sometimes delicate, sometimes strong, sometimes in broad
and sometimes in slender lines, but always judiciously adapted to
the form of each body represented, and to the natural direction of
muscles, folds, and every kind of surface raised or hollowed. Anleilung zur KupferitichJkunde, vol. i. p. 83. sec. 252, 253. ed. 1821.
t i lulling
Sharp, clean strokes serve to represent polished surfaces ; rough,
aries with wavy,
crooked, and abrupt strokes and dots are adapted for dull
tie kind of and
uneven surfaces. These strokes may be so placed as not to
urface rore*ented. cross each other, in which case they are usually termed a single
course of lines. In other cases they intersect and form various
angles according to the peculiarities of the surface represented.
One course of such shadings conduces to smoothness. Two or more
courses represent, by their crossings, roughness or abruptness.
One course of lines, cleanly and evenly cut, produces the highest
degree of smoothness, polish, and glitter. A triple course of wavy
or abrupt strokes produces, on the other hand, the highest degree
of roughness. Between these two extremes lie innumerable va
rieties of handling which the genius of the artist must select and
arrange. A double course of lines forming squares or trellis-work,
that is, crossing each other perpendicularly, present a harsher and
less agreeable effect to the eye than such an arrangement of
courses as will form whole or half lozenges. This latter treatment
is preferred for representing soft bodies, and is more or less de
parted from in proportion to the comparative roughness of the part
delineated ; it is, therefore, a treatment seldom introduced for
drapery, but is successfully employed for the surface of the human
skin, to which, equally by painters and Engravers, the same artistic
synonymes are applied, viz. the flesh, the naked, or the carnations.
On the subject of hatchings M. Bartsch draws a comparison be
tween the works of Gerard Edelinck and Scheltius von Bolswert to
the advantage of the latter, who, he conceives, should rather rank
before than after Edelinck as far as regards manual dexterity in
handling the graver, and who has executed some plates with such
lightness and freedom as leave nothing to be desired. " But
this freedom," adds the author, " has its origin in a judicious
direction, union, and ultimation of the lines ; important particulars
VOL. V.
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in which Edelinck was remarkably deficient." The most expert Handling.
Engravers have committed errors as to the location of their hatch* * *• v^*"'
iugs, by carrying them in a trellis-form over the whole plate. And,
perhaps, the greatest evil resulting to the Art has been the unjust
blame attached by obstinate and prejudiced people to the burin
itself, which has been accused of producing, even in the most
experienced hands, an effect of stiffness. To the surprising works
of Edelinck was the palm of excellence fairly adjudged, for entire cor
rectness of outline, perfect observation cf light and shade, and
clean execution ; and yet some stiffness was to be discovered, a
fault, it was conceived, not attributable to want of judgment in the
artist, but inseparable from the use of the graver. This apparent
stillness, M. Bartsch contends, has its rise solely in a careless
and injudicious arrangement of the strokes ; in an over-anxiety to
produce a metallic lustre through the exactness of their position ;
in the monotony also of their effect, and too frequent repetition of
the same class of lines. Ibid. p. 97, sect. 284. and p. 94. sect. 278.
Note (E.)
The same handling serves to engrave watered damask, and other Handling for
shining rich silks, especially where dark flowers are thrown up velvet ellki,
over a light ground ; only here the lines must run more closely 4c.
together, aud the intermediate strokes be drawn only in the shadows
instead of beiug carried through to the light. Examples of beau
tifully executed velvet are to be found in portraits engraved by
Wille, as well as remarkable specimens of flowered damask. M.
Bartsch quotes also YVille's Engraving of " Cleopatra" after Gaspar
Netcher, as a splendid imitation of white satin, so also is his " Inttruclton pattrneW after G. Terburg.
Various other draperies used for dress are likewise worked in so
many different patterns of Engraving suited to each. But this di
versity does not so much consist in selecting the strokes as in placing
them more or less apart ; or as in expressing accurately and suitably
by the direction of them the shape of the lights and shadows which
they serve to delineate. Draperies light-coloured, or perfectly Dark stuff's,
how to be
white, should, indeed, be represented by strokes of delicate fineness, distinguished
while others darker or quite black require stronger lines. But a from light
distinction is also to be made between thick stuffs, such as broad ones; thin
cloth and other woollen draperies, and finer materials, such as linen, draperies
taffeta, and other silken fabrics of thin texture ; by following with from thick,
the burin the large round folds of the former, and the narrow sharp tsc.
plaits of the latter, rather than by any difference in the application
of the instrument.
It hence appears that the Engraver who works according to rule,
is not always obliged to vary his handling (Art. 15.) with every
change of drapery, but that in some cases the form of the lights
and shadows in his original will suffice, withjudicious management,
to give his work an air of truth and nature. " But it is evident,"
adds M. Bartsch, " that no expertness in the artist can enable him
to represent with the burin such draperies as have been badly
painted, and are imperfect either in respect to shading or outline.
Defects in many Engravings are unjustly charged upon the Engraver,
whose only fault, perhaps, is a too faithful copy of his original."
If a dress of white stuff and one of white linen be worked with Variety like
the same class of strokes, yet a difference between the two textures wise in the
will be readily discoverable by the characteristic disposition of the folds.
folds. The folds of woollen cloth are few and large : those of linen,
on the contrary, are numerous, and hang almost perpendicularly.
(See Punting, last note to Art. 264.) Fine linen, in Engravings,
bears a near resemblance to taffeta, for both of them hang in small
folds. But a nearer examination will show the folds of taffeta to be
sharp, abrupt, and flowing ; those of linen rounder, and hanging more
perpendicularly. The same arrangement, too, of lines is adapted to
satin as to taffeta and linen ; yet the former of these materials (satin
being thicker and heavier than the others) is readily distinguishable
by hanging in fuller, larger folds. Satin, too, is easily discernibla
by its gloss, which can be imitated only by a strong contrast of
light with darks. Taffeta exhibits very little of this appearance, and
linen still less. For specimens of judicious handling, in represen bpeclmc
tations of fine white linen, we are referred by M. Bartsch to a boy of good
holding a torch in Jacob Schmutier's Engraving of " Theodosius,"
after Rubens : in Wille's " Devideuse" and " Liseuse," both after
Gerard Douw. Wille, he observes, has been less happy in his re
presentation of linen in his " La Tricoteuir Hollandoise," after F.
Mieris. The strokes for the linen should have been more delicate,
instead of the handling being similar to that of the other draperies.
See Anleitung, &c. vol. i. p. 88. sec. 265—267.
For thick and rough woollen stuffs, waving lines may be used Thick and
dra
with advan t apje : they serve for a groundwork, and form the first and rough
how *a
narrowest series of strokes ; and are afterwards crossed by two pery
pressed.
series of other strokes cleanly cut and wider apart. The smaller
the waves of the foundation lines or groundwork, the rougher and
5p
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Notes on more woolly will the stuff appear. The coat of Wille's " Cuirinier
Engraving. Hollandou" after Metzu, exemplifies in perfection this kind of
handling. For carpets and other woven materials of still greater
roughness, small detached strokes resembling segments of circles
are substituted for the waving lines. Their effect may be seen in
Wille's admirable carpet of " V Obttrvaltur dittrail," after Miens.
Note (F.)
In order to increase this effect of uneven and rough ground, small
dots are introduced with the graver into the interstices of the hatch
ings. They must be placed quite freely and irregularly, and sometimes
are even attached to the lines. As an example of this effect, M.
Bartsch refers to a small space of excellent foreground in the En
graving before alluded to, (the " Theodosius" of Jacob Schmutzer,)
and complains of WooUett and some of his followers for representing
from
Sclimutxer earth by a peculiar and quite different method which he allows to
and WooUett. be pleasing, but denies to be natural. " The whole handling,"
says he, "is too broad. The strokes employed have too much of a
serpentine character, and the whole effect is overlaboured and
forced. See, fur example, Woollett's celebrated Engraving, the
< Death of General Wolfe,' as well as most of his other works."
JML
The stems and leaves of trees and plants require also free touches.
Trees and
In trees, the bark of the trunk has great similarity with the unplant*.
evenness of broken ground, consequently it requires nearly the
handling. But as the bark is hard, and, in many trees, smooth,
the strokes must be finer, and proportionally closer than for
ground.
When stones are in a natural, unhewn state, and necessarily have
Stony tuba rough surface, they are engraved in the same manner as ground.
For sharp and craggy objects the strokes ought to be frequently
discontinued and broken. On the contrary, smooth stones must be
1 by straight lines cleanly and evenly cut in proportion to
the degree of smoothness. In Architecture, the curved lines which
shade round objects, such as pillars, &c, must be drawn carefully
in good perspective. Each must tend to the centre of the vanish
ing line of its plane : namely, to the centre of the picture
whenever the piliar or other cylindrical object has its axis parallel
to the perspective plane. (PAirmwa, Art. 118, 119, 120.) Upon
entire standing columns the shading should, as much as possible, be
effected by perpendicular strokes. If hatchiug be attempted, it
should be at right angles to the first series of lines, and also much
wider and thinner. Architectural work should never be black, except
in representing old and ruinous buildings. New and handsome
edifices built of stone or white marble, reflect light and colour on
all sides, and cannot, like other substances, exhibit dark shades.
Distances.
Distant objects, as they approach the horizon, must be handled
Water.
very tenderly. Calm ana still waters are represented by strokes
parallel to the horizon interlined with finer strokes, and having
some parts untouched, where gleams of light appear, in reflections
from the watery surface. Objects reflected from the water, which
stand at a small distance from it, or on its banks, are expressed by
retouching the horizontal strokes more or less forcibly, according to
the nature and position of the reflected object. Sometimes these
reflections may require lines even perpendicular to the horizon. To
represent agitated waters, such as waves of the sea, the first course
of strokes should follow the figure of each wave, and may be inter
lined : the second course, or cross strokes, ought to be very lozenge,
i. r. ought to cross the other at a very acute angle.
Note (G.)
It is not enough that shadows and reflected lights be merely
expressed by an alternation of broad and fine strokes ; or by hatch
ing* that contain one or more courses of lines. The courses them
selves must also be so drawn as to show at once the requisite degree
of roundness, protrusion, or prominency in the body they are de
First layer signed to shade. In all hatchings, the first layer or foundation must
of all hatch- be of broader lines than the rest, firmly drawn, and more closely
Inge, to be ranged : the second rather thinner, and further apart : the third
broad.
still more delicate. The first, being employed to describe the course
of the muscles and the forms of bodies, should be marked the most
strongly and decidedly. The others which cross it are added only
to give more colour to the figures or bodies in question : the first
only delineate ; the others paint : the first serve for determining
the form ; the others are serviceable in imparting the due effect of
chiaroscuro. To give the effect of distance, the detail of distant
objects must have less distinctness as they recede from the eye:
their minute parts should be omitted : their larger divisions shaded
indistinctly and in moors. Or again, when the principal course of
lines, in marking the direction of the muscles, and of folds in dra
pery, are drawn more faintly as they approach lights and reflexes ;
but deepened and made to swell out in positive shadows : the result
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will lie both trarmlh and richneu of colour. This gradual enlarre- nwr
ment of lines in places that verge gently anil praduully into »hjdu» w!^
spares the necessity for a second or sometimes a third seriej, vnidi
must otherwise have been wanted for producing the required effect
of colour, but would not have produced it so agreeably.
Evelyn in his Seulptitra, p. 108. mentions an iugeoious ape- Cntmu.
dient, for which he refers to the Treatise of Du Bone to assist the fafen 1
Engraver in determining the direction of his hatchings eccording s'saiCi
to the form of any engraved object. He supposes a square friar,
inch as we have represented in plate i. fig. 7, to hive aenral ktUn
threads or wires tightly stretched across it, parallel to one side, and
a single thread so placed as to cross the others perpendicularly
about the middle, and to show the direction of square hatchings. A
model of the object to be engraved is then placed in the sun, ud
the frame is held between the sun and the model in such a position
that the shadows of the parallel threads may fall upon it. The
shadows take a direction perfectly conformable to the surface of tbc
figure, and enable the artist to adapt his line9 with similar fidelity
to the representation of a similar surface.
To convince any one (Bartsch, Anlritung, Ifc. vol i. see &1
p. 95) of the disagreeable effect occasioned by a departure from lis ^'
rule, let some Engraving, the work of the Italian artist Gmaai
Marco Pitteri, be examined. This Engraver, in many ramedxn
a respectable one, finished most of his plates by meaes of" cae
course of lines alone, which run parallel from the top totntvsnoe
of the point over almost all the shades and lights; awl ait srotfiened in the shadows as occasion requires. His kaovMrt li
chiaroscuro enabled him to mark some apparent distinction hsnea
the parts of his picture represented retiring and other parti rep*■ented in relief. But on examination, their markings sill be found
in most cases exceedingly feeble and inefficient, merely from tne
lines which contain them having a contrary direction to the fore of
the engraved object. Another remarkable offender asrainst this
rule, who has almost totally disregarded carrying the strokes ofh»
burin in a direction conformable to his outline, is an eminent French
artist, Claude Mellan. Most of his Engravings areezecuted Ws
single course of parallel lines passing over the whole plate. i«4
expressing the shadows by being made in some parts stromr: «
broader, and consequently nearer to each other. A head of Carat
by this artist is executed with even a single series of spiral Snet
commencing at the tip of the nose. " We may easily insstpoe,
■ays M. Bartsch, " without seeing this print, the disagreeable, teestrained effect of this endless continuity of curves, quite inuepentet
of the several given forms to be represented by them: not to meetion the flatness of the shadows, the unpietorial monotony, and
the universal confusion inseparable from such a burlesque epra
the Art of Engraving." The severe justice of this criticism veare
not |irepared to dispute : but we are at the same time wickedly odined to suspect, that had these offenders been of the German e
even of the Flemish School, M. Bartsch would bare been more
merciful to their ingenious eccentricities).
If the first and second course of lines cross each other hi exa manner as to form squares, the third course or series shouM ">•"
with one of them a lozenge. Or, if the first two fcrm a lowp «*i>
the third should make a square. The latter method of huAt W
has a superior effect, and is consequently preferred to the fcrwi.
Lines for drapery must vary according to the shape of the fo»
The first course must here be used (as for flesh) to delineate*'
form and direction of the folds. If this one course be insufficient
to characterise them properly, a second or even third series nn»t »
employed ; each always less marked than the course which pre- ^
ceded it. Lines in a naked or other figure which terminate at njM » j,
angles with its outline have a very bad effect ; all such lines she* ^r,
take a sweeping direction, conformable to the ootline, and shmVi ^>
lose themselves in it softly and imperceptibly. Bi
objects, M. Bartsch recommends that in order to give
distinctness, all lines in the distance should be delicale, »i>d * ^
lines as well as shading less defined. Shadings off must be rerf
gradual : objects, in proportion as they tend to the boriton, aw
have finer and thinner strokes : the smaller portions of distance .fb
and less marked ; the larger portions more and more n*W**7j
and in masses. Harshness is to be avoided generally thrw;"^
bolder: but where the light is feeble they have great" softa*
ticulty, therefore, is to avoid harshness in strong ug™i
The chief difficulty,'
because here all shadows terminate abruptly.
Note (H.)
See the remarkable passage in that most ancient relic of P1""
archal literature, the Book of Job, ch. xix. ver. 23, 2-1. quoted Df
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Nolo on Evelyn,( Scu/ptur n, p. 20.) and after him by Strutt, ( Essay on Origin
Engrsriug. of Engraving, p. 8.) of which the latter gives the following literal
*^s% * version. Who aha// give (or ordain) now, that my n orth shall be
drawn (or written :) who ahull give that in a booh, (or memorial,)
they shall be delineated : that with a pen of iron and lead they shall
be hewn out in the roch for ever t Better explained by Bishop
RfVrew* <n Patrick's paraphrase : Oh that my protestations and appeals might
Job. sit. 33, remain unon record, registered in the public acts, and that they might
K sinriag!
graven upon a plate of lead with an iron pen, nay cut into a rock
or marble pillar, to continue to all posterity ! Of this passage in
Job, Evelyn observes, that it " comprehends all sorts of ancient
writing or Bngraving," the use of the stylus and of books, the use
of plates and of stone. The Septuagint version of it is as fot"ows : Til yar it it'm ytttfhxi tA inuari f*>v> Tlfjwu Si air* it
Urn ?...»._!
f- ; it1 yazfu*.f. eiintf.
-» Had us>.,Ci*.
- . 'A nit
*l TlT'.ai;
*
Ii yy '-/. ufrr
us rit alita
»«.. To this we add another quotation from a much later scriptural
Abo in lis. authority, Itaiah, ch. xxx. ver. 8. Ni» tit xmfieus >.-*V» i<ri ri/{/<v
kxz. 8.
Tetvrtt xai us [ZiCxIit «ri Xerett its r.fi'iea; xatfit raurm not X*s us rit
aiZta. Sow go write it before them in a table, c\c. Here the word
ti{hi, which we translate table, means lobelia tcriptoria, or mora
literally, a tablet of boxwood, being made out of the *v\is, or boxtree. Him seems as fair a derivation for our English or Saxon
word Book : as papyrus for paper ; or as /HtXts (another name for
papyrus, the Egyptian plant or reed that furnished paper) for bible.
Liber, in Latin, took its name likewise from the material used for
writing on; viz. the inner bark (liber) of trees. Adams, Rom. Ant.
p. 506. We have already observed (see Biographical and Historical Division for Confucius, p. 491.) upon the custom, pro
bably familiar to the Chinese, of using the bark of trees before the
invention of paper: and have alluded to manuscripts of the kind
preserved in several Libraries of Europe. M. Klaproth, in his
Tableaux Historiquet, 4to. 1821, dedicated to M. Humboldt, thus
chronicles the acts of a Chinese conqueror and Emperor, Thsin- chihouang-ti, whom he stylesfondateur de la dynaslie Thsin qui a donni
Chinese
aJa Chine lenomqu'elleporte dans fOccident. IIeut sans cesse a latter
tablets.
contre les grands qui auraient voulu de nouveau morceler fempire,
et qui n'oubliaienl rien pour ritablir le syslime fiodal det Tcheou en
t'appuyanl sur les ancient tivret et tur fhistoire. Excide des reprisentationt importunes et ripttect, qui contenaient des passages et
des principes exlrails de cet livret, il commanda de bruler lout let
ancient ouvraget hittoriqurt, et principalemenl ceux de Confuciut,
qui avail venu environ 300 ant avanl lui. Cet ordretfurenl exlcul&t
avee la plus grande rigueur, Cest celte mesure violente que let
lettrtt Chinoit n'ont jamait pardonnet a fUluttre fondateur de la
nouvette Monarchic. Cette execution ett la cause il est vrai de ft tat
incomplet dant lequel let notiont hitioriquet tur fanttguite Chinoite
nous ton! parvenuet. Aeanmoins elles n'onl pas eti tout a fait
perdues; car dans un pays oil fecriture est si repanduc, it itait
pretque impossible que toulet les copies tTouvraget univertellement
retpeclit puttcnl elre anianliet, surlout a un tpoque ou la maliere
tur laquetle on (crivail elait Iris durable. Les caracleret (latent est
effct gravis avec un stylet sur det tablettet de bambou, ou bten ils y
ilaienl traces avec du vrrnis, aVune couleur foncee. Ccpendant si
rempereur des Thsin a fail essuyer uneperte irreparableuux tciencet
par la destruction det livret ancient; ton grand general Moungthiau les en a amplement didommagcet par la decouverte du papier
et du pinceau. Klaproth, Tableaux Hitloriquet, p. 35.
A yet more ancient downf.il to literature by removing the means
of spreading knowledge through printed signs, must have taken
place at the destruction of Babylon. Mr. Hansard, quoting from
Babylonish Mr. Maurice's Ruins of Babylon, describes the substance used
records on D^ "le Ohaldeans to preserve public records of whatever they deInfpraiied
bricks
sired to commemorate. A composition was prepared of clay mixed
with reeds and formed into the shape of bricks. While yet in their
moist state, the device or inscription intended to be published, was
stamped upon them from some surface (probably of wood) with
raised characters engraved on it for the purpose, and the stamped
material was then subject to induration either by the Sun or by
fire. The corroborative evidence of Mr. Hansard, a distinguished
printer, ( Typographia, p. G.) is extremely valuable as to the mode of
stamping that must have been used. Of this substance i£ irrns
vhltitu at burnt brick, formed into square masses and impressed with
mystic characters, the walls and ]<alaces of Babylon were for the
most part constructed. Three specimens are preserved in Trinity
College, Cambridge, (one of them a cylindrical fragment covered
with characters imprinted in longitudinal lines,) twu or three in
the British Museum, and severul in the Library at the India House.
The opinion of Pliny in his chapter of inventions, (Nat. Hist. lib.
vii. cap. 56.) Lilterat sbmpeii Assyrias fuisse, bears a very striking
reference to the Oriental origin of language, and of the arts of
human intercourse by signs written, engraved, or printed.
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Note (I.)
J'ai t u, says Papillon, whose authority as an honest witness
is unimpeachable, det livret Chinoit chex M. Fourmont CiAnf,
dont la gravure ett admirable. Les liaisons des caracleret ton!
ti deliiet et ti neltet que nout auriont peine a let graver autts p>D|iinni,
proprement. A great acknowledgment from the best xylugraphic opinion of
artist of his day. D'ailleurs la beaule" de 1'impression el la blancheur Chinese
du papier ton! ti parfailet, que je n'ai encore vu ni letlret graven EnKr*»lns"Hi aucune impretiion d'Europe. qui mcriie deleur itre comparte.
Tout cet livret ton! imprimis foncieremenl avec tencre de la Chine.
(car dam ce payt-la on n'ute point tencre a thuile,) lesfeuillett n*
ton! imprimis que d'un cote, en torle qu'ilt ton! pliet comme not peiitt
agenda de poche, et que chacun det ailsfeuillett son! doubles ; cepeudant le papier est si mince qu'on a peine a t'en appercevoir. V. Traiti
de la Gravure en Boit, torn. i. ch. vi. p. 59. He assigos also the Method of
thinness of the Chinese paper as the reason why it is never wetted, priming In
It is, indeed, too delicate and fragile a material for an ordinary c,llI1*•
printing-press; but from the circumstance of not being sixed with
alum, it has only to be brought into contact with the ink to take
an immediate impression. The block (a not very thick tablet of
pear, or apple-tree, or other hard wood) must first be firmly fixed
in a horizontal position. Two brushes, one of a stifTer kind, (which
may be held in the hand and used at either end,) the other softer and
of an oblong form, must be provided. The stiff brush is dipped in the
ink, and the block sufficiently rubbed with it to give an impression ;
but not so wetted as to blot and slur the characters. The block be
comes gradually saturated, and In a state to print three or four sheets
successively withoufa fresh supply of ink. But notwithstanding this
advantage in saving time, it seems incredible that one man, according
to Du Halde, can, without fatigue, print three thousand sheets a day.
The softer brush is applied to rub the paper on the block with suf
ficient pressure to receive the impression. Du Halde, Description de
t Empire de la Chine, torn. ii. p. 299. Mr. Hansard, in Ins Typogra
phia, 8vo. London, 1825, givesa most ingenious fac-simile ofChinese
printing ; it is executed after an original block, from which probably
a mould was taken forcasting it in type-metal. The original, which is Specimens at
five-sixths of an inch in thickness, being engraved on both sides, Mr. lhe Library
Hansard prefers to call a wooden leaf This author mentions hav- p„'JHl0
ing seen in the Library at the India House, " several specimens in
various stages of the process : some having the paper with the cha
racters traced, ready glued to the board : some engraved but never
printed from : others showing signs, like the original he has had
copied, of much wear; and one very large block of a picture in out
line. But all these are only engraved on one side and have a dove
tail at each end to slide into larger blocks, by which they are held
firm for the workman's use. Several of their engraving and print
ing tools are also in the same Library, and confirm the account
given of their workmanship." See China, Miscellaneous Divi
sion, p. 589.
Note (K.)
The writings of Marco Polo, after his residence for eighteen
years in China, resembled, in their reception among his contempo
raries, the travels of Bruce, the celebrated explorer of Abys
sinia. Marco Polo, says Mr. Ottley, preferred instructing his The " mar
Countrymen in matters with which they were not hitherto ac vels'* of
quainted, and relating wonders, which, until corroborated by other Marco Polo
testimony, were not believed. His book for a long lime was corroborated
considered little better than a collection of fables of his own by other 4
invention; later travellers, however, confirmed the truth of some of
his accounts : but that which most of nil established his veracity
was the publication of The Travels ofthe Two Arabs in the IXth Cen
tury, who at that very remote period maintained and recorded their
intercourse with the Chinese. A French translation of this Arabian
author by Eusebius Renaudot, a learned Jesuit and Orientalist,
appeared at Paris in 1718, 8vo. The writer of this narrative
informs us, that all the Chinese, both rich and poor, learned to read
and write; from which circumstance Mr. Ottley builds a very
rational presumption that Printing was even then common in ChinsManuscripts can never in any Country be a Sufficiently cheap lite
rature to be available for the poor, and least of all Chinese manu
scripts. See Tiraboschi, Storia delta I^elteralura llal. torn. iv. p.
103. and Ottley's History of Engraving, p. 50. 55. Marco Polo is PoloV
not altogether silent upon Chinese Printing. He descrilws the. account of
process of stamping paper-money in the city of Cambalu, (Khau- g^'™11'*
balek,) since called Pekin : to which process we have alluded in
our biography of Confucius, p. 504. It is manufactured, says he,
from the inner rind of the mulberry-tree made into a pulp, and
reduced with size into the form of paper. It is quite black, and is
cut, when finished, into large and small square or oblong pieces;
according to the intended value. Public officers, deputed for tho
5 p2
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Notes on purpose, write first their names, and affix each one his mark ; after
Bngraviug. which a principal commissioner, appointed by the Cham, imbratta di
cinaprio (cinabro) la bolla conceua gli, e Pimpronta topra la moneta,
it che la forma delta bulla tinta dt cinaprio, vi rtmanr impreua.
(Smears with cinnabar the seal consigned to him, and imprints H
upon the money, so that the figure of the seal coloured in cinnabar
remains impressed upon it.) Navigation! ft Viaggi. Raccolto di
Ramusio, torn. ii. fol. 29.
We have given, in the note immediately preceding this, a descrip
tion of the Chinese process of Printing, compiled from Mendoza, the
Jesuit Ambassador to China in 1584, by Du Halde. We now give
frem Breitkopf, {Uniprung tier Holzschncidc kunit, 2 theil, p. 160} as
quoted by Mr. Singer at p. 83 of his Hutory of Playing Cardi,
a description of the method used in Germany by the early Form'
ichneider, or Wood Engraver. " The artist," sayf M. Breitkopf,
German
method of " planed a plank of pear-tree wood, and after neatly shaving
printing from and polishing it with a piece of sharp iron or glass either pasted
wood similar
totlieChinese an inverted copy of his design upon the wood, or if he were an
adept in his Art rubbed off the pencilling of the original upon
the plank. In the former case the drawing was entirely de
stroyed, since he must cut through it into the block ; in the
latter, the drawing was preserved, and it remained in his power to
correct whatever was not distinctly expressed. He then with a
small sharp instrument cut away the wood on each side of all tha
lines in the design before him, and leaving whatever space was
marked with colour, chiselled the remaining wood away with other
instruments. His labour thus completed, all the lines forming the
object represented in the drawing would stand out in relievo. To
make impressions of his work, he mixed lamp-black in water to the
consistence of a paste ; or used the common black ink, still some
times employed by card-makers ; poured some of the liquid upon a
wooden trencher and filled a long-haired brush with it, which he
passed over his wooden plank or block. In this manner he covered
the prominent lines of his wood-cut with as much colour as was
necssary for an impression. He next laid wet paper upon the
coloured surface, passed over it a smooth broad piece of wood, or a
thick horse-hair brush smoothed with oil, and contiuued this ope
ration to and fro, until he perceived that all the lines of the wood
plank were imprinted on the paper; which was then removed from
the block, and his work finished." So numerous are the points of
resemblance between this method and that practised by the Chi
nese that it seems obvious, almost to demonstration, that the Art
of Kn graving and Printing from wood was conveyed to Europe from
China. See Palmer, Hittory of Printing, p. 5.
Note (L.)
The earliest mention of the term kartenmacher (card-maker)
in Germany, is found in the records of the city of Augsburg, which
in the XVth Century, and some Centuries earlier, was one of the
great depots of the Venetian merchants, through which, by land
carriage, they furnished the Southern parts of Germany with articles
of commerce and manufacture. Buxheim, at no great distance
from Augsburg, is renowned in the annals of xylographic printing,
I>i.«covery by for the discovery there, by Baron Heineken, of the earliest Print
a^wood-'riot ^"''"K a ^a'e °^ which B* present any certain knowledge exists.
diTed a.d, ^' 'B ",e wood-print of Saint Christopher, dated 1423. It is pre1123.
served in the splendid Library of Earl Spencer in the same state as
when Heineken discovered it, pasted in the inside of one of the
covers of a Latin MS. of the year 1417 : wilhin the other cover of
the same MS. is pasted likewise another wood-cut, " The Annuncia
tion of the Virgin," but without a date. BotK of ihem bear less resem
blance to the angular stiffness of the German School than to the Ita
lian style of Art, and though in both of them the explanatory Latin
inscriptions are in the German or black character, yet that Gothic
character, as observed by the Abbe1 Lanzi, (Sloria Pillorica, torn. i.
p. 72.) prevailed in Italy for inscriptions on Pictures till towards the
close of the XVth Century. Neither of these Prints appears to have
received the impression by the stroke of a soft brush on the back of
the paper, according to trie ancient method described by Breitkopf.
Both, as Mr Ottley observes, are printed with a prett upon a paper
rather thick than otherwise, with black oil-colour, or what is com
monly termed printing ink. It seems to us to combine the labours
of an artist from Italy with those of a German pressman.
Note CM.)
Same kind of
Instrument,
Mr. Savage, in his Practical Hints on Decorative Printing, obthed°i"er' *erTes *ru'y o{ tne roIler "»ed by Chinese artists, that it was one of
Europe as In *he mo,t anclen* nodes in Europe of taking impressions ; and inChina for forms us that a hand-roller is sometimes used at this day by our
printing from Engravers on wood to obtain good proofs from their blocks,
wood.
Xho simplicity of the method by a hand-roller would facilitate

taking impressions in the private manner in which the Art it
first, was anonymously practised by European craftsmen. Thai Stat
would be no noise to excite curiosity, nor any cumbrous machinery
to be concealed from the public gase: of which Guttenburg, at ««
know, was extremely jealous. The probability is, that the had.
roller suggested the idea of the rolling press fur taking HnttsiM
from metal plates.
On the subject of ink, Mr. Savage considers that the oikolotit,
or printer's ink, used for impressions has frequently been injuriouf' pSl
and more especially to works printed in different ahades or colouri
after the method called chiaroscuro. He looks upon the oil as not
only producing changes in the colour used, but also stains in the
paper, by separating itself from the colouring matter. He giro
(at page 1 00 of his book above mentioned) a receipt for blidt
printing-ink as follows:
Ounces.
Balsam capivi
9
Best lamp-black
3
Prussian blue
11
Indian red
j
Turpentine soap dried
3
" ground on a marble or stone slab with a muller to an impil[j'ii
fineness." Instead of the lamp-black, Prussian blue, and Isssi
red, other colours may be tried, and impressions obbitsl rf
coloured works in chiaroscuro, which, Mr. Savage maiaxu,ii]
not exhibit the defects of common printing- ink.
Ink appears an ancient Roman invention, a paint. (Set 1st, GemA
in the MueeUaneoui Diviiion.) Mr. Ottley observes, that instra,*
proper black ink for printing mode its appearance to Genua] '.
simultaneously with the introduction of the Press; and the int^ja,
Bible that issued from the Press of Guttenburg at Meats, w.djw
1450, is printed with ink, which in blackness and consistency ha
never been surpassed. Hutory of Engraving, p. 92. Mr. 0. if
pears to infer that the Italian style of the Buxheim Prints of U23.
mentioned in a former note, which are printed with black printing
and in a press, might claim for the Press also a Venetian origin.
Note (N.)
The date of this dedication must, of course, be limited to the
period during which Honorius IV. held the Papal chair : namely, be
tween April 2, 1285, when he was elected, to April 3, 1287, stain
died. The Baron Heineken joined the Parisian dilettanti of his tin*
in endeavouring to laugh to scorn Papillon's sentimental story of tie
Cunio : but Heineken, though he bears testimony to the upright
character of Papillon, and expresses his confidence that he did t»t
invent the story, is himself severely observed upon by De Murr, u
guilty of palpable misrepresentation . Je ne tcai pat pottrcmi M. k
Heineken cite ti fauiiement ce trait ft curieux tt remromblt, ft*
lulling to Papillon's narrative.) Au lieu tCHonorc il ail W**
// dit que M. Papillon doit atort 1 4 am, man it en ocoif « ssssi
2\,itant nf Tan 1 698. Murr, Bibliothequc de Peinture, oVc 12mc
Frankfort, 1 770. Heineken likewise asserts that no Count Alkthro
Cunio existed in the time of Pope Honorius IV.: but the AIMivjb
Zani {Material,, $c. p. 233.) quotes Tondusii's Wi»/ory o/ Ftfsa, jj*
printed in;i675, which records, from a. d. 1 1 49 to a. d. 1285 inch- ^. a.
sive, many interesting particulars of the'Cunio family, and of sumssive Counts, Guido,'Bernanlino, and Alberieo. The character, k»,«
must here add, of Honorius I V. was that of a cultivator of Literature,
and peculiarly favourable to the tasteful pursuits of his young re
latives. He is thus described in vol. i. p. 306, of UArtderi*}*
lei Date; fol. Paris, 1783: Honoriut ll7. aimoit lei Intra, ftp*
j'etta, pour lei faire revivre, del ilabtiiiementi que la hnhtti it
ion Pontifical, el lei conjonclurei ou U le trouva, ne Ivi srmrrfsl
point d'exicuter.
jtiMP
The following is the translation given by Mr. Ottley (Hat■» ^
Engraving, p. 13.) of Papillon's French version of the dedicatory
inscription at the beginning of the Work. '■ The heroic action*,
represented in figures, of the great and magnanimous Macedonian
King, the bold and valiant Alexander ; dedicated, presented, and
humbly offered to the most holy Father Pope Honorius IV., the
glory and support of the Church, and to our illustrious and gel*
rous father and mother, by us Alessandro Alberieo Cunio and
Isabella Cunio, twin brother aud sister : first reduced, imagined,
and attempted to be executed in relief, with a small knife, ou Mocks
of wood, made even and polished by this learned and dear sister ;
continued and finished by us together, at Ravenna, from the eight
Pictures of our invention, painted six times larger than here repre
sented ; engraved,explained by verses, and thus marked upon the
paper, to perpetuate the number of them, and to enable us to
present them to our relations and friends in testimony of gratitude,
friendship, and affection. All this was done and finished hy •••
when only sixteen years of age." The originalinscription is state
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Kolaion by Papillon to have been in Latin or ancient Gothic-Italian : an inEoptrlog. terual evidence of which fact in, as Mr. Ottley observes, the cramped
'*y»^ st vie of Papillon's, or rather M. Greder's, French translation. It
proves itself to have been " done iuto French" bond Jilt, and
literally, from a Latin original. (V. Papillon, Traile de la Gravure
en Bon, torn L p. 84.) Sir. O. also remarks, that although the
scholarship of Papillon might be insufficient for deciphering this
ancient dedication without assistance, lie must at least have been
able to make out the proper names, Alexander, Pope Honorius IV.
and those of the two Cunios. Then as to his competency on
artistic points, it cannot be disputed. He mentions a memorandum,
written probably by one of the Cunios, (for the copy in question
v^as preserved in their family,) on the margin beneath one of the
Prints to this effect : 11 The ground of the wooden blocks mutt be hoi'
/owed deeper, that the paper may not touch it any more, to at to be
tmeared, in receiving the imprettion," He says the blocks appear to
have been printed by means of the pressure or friction of the hand,
with a light tint of indigo in distemper, and describes the impres
sions to be granulous, as if the paper had been applied to the
engraved block without being first damped. Tins is, says Mr. O.,
exactly a circumstance usual with very early wood-prints. They
were printed without any mixture of oil in the colour used for the
purpose : and there is good reason to presume, from the shining
appearance of the backs of old Wood Engravings of this kind taken
off by friction, that the paper was commonly used dry. Wet paper
would not have withstood the friction which appears to have been
applied.
The fate of these amiable twins was untimely : the youth,
trained to war, (a chief employment of Italian gentlemen in those
days,) followed his father, the Count Cunio, in one of the expeditions
which then so frequently embroiled the petty States of Italy. It
was after signalizing himself so as to be knighted in the field, for
his courage and conduct, and during the subsequent interval of his
being ordered to Ravenna for the cure of his wounds, that he began
to compose and engrave with his sister the Work in question. They
continued afterwards to employ together the few seasons of respite
from Civil warfare in this peaceful occupation : but in a fourth cam
paign with his father, the brave young cavalier fell covered with
wounds, and the affectionate Isabella, broken-hearted by his loss,
died not long after. It is to be regretted that Papillon lost sight of
this curious Work upon the death of his Swiss acquaintance. The
Library of the Vatican is said to have been searched, but hitherto
in vain, for a supposed presentation copy to Pope Honorius IV.
Zani, in the passage of his Work above alluded to, observes of
the notices which he was so fortunate as to collect from Tonducci'B
History of Fuenza, that although no mention is expressly made
respecting the two twins of the family of Cunio, nevertheless there
is great probability that a Count Alberico Cunio (spoken of as a
celebrated character in the same year when Honorius IV. was
elected Pope) was the father of Alessandro Alberico and Isabella.
Note (O.)
The first-mentioned of these compound or mixed modes of
blockwork was one of the earliest, and was practised by the kartenmacher, and by the manufacturers of movable altar-pieces called
ancone by the Italians. The word is conjectured to be a corruption
from iinitT, icon, an image. Jansen adopts the opinion of Breitkopf,
that the karlenmacher were subsequent to the illuminists. Throughiscred
out ancient Christendom the use of these sacred dyptics was very
lyptico.
general. The oldest Print extant with a date, called the Buxheim
Print, of which we have already spoken, (see note (L.) above,)
was coloured in this manner, as likewise its companion, " The An
nunciation." Both, it is probable, were originally designed to fold
up in a portable form facing each other, to be opened on occasions
of devotion, and when the Mass was to be celebrated. Probably
many more of these (not treasures of Art, but rather) biblical relics
remain yet undiscovered in the Religious Houses of Germany.
Excellen ', fac similes of the two Buxheim Prints, and of another
considered still older, representing St. Bridget, are given in Mr.
Ottley's History of Engraving. The colouring, or tinting, however,
is purposely omitted, in order to show with more distinctness the
lines of the Engraving. The colouring of the original St. Bridget
is not laid on by means of stencils, but by the hand. (Hittory of
Engraving, p. 88. note.) Both the original St. Christopher and
the " Annunciation" are stencilled, and both with the same
colours, and both appear to have been printed on the same paper.
"IilIi nnos (P- "!•) Lanii describes the uses to which these sacred Pictures,
dyptics, or movable altar-pieces (che in pit} paeti d' Italia ti nominavano ancone) were applied, and thus quotes from Buonarotti :
Uto antichittimo de Crittianesimo fu tenere topra gli altari net
tacrijicio delta mena i diltici d'argenlo o di avorio, che, fnita la
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tnrra funzione ti ripiegavano, came un libro, e ti recavano a/trove. Wood-cuts.
Ritenneti la ttetta fgura anche introdotte le tavote piu grandt, che y ^ v '
timilmente erano due ed amovibiti ; e guetta utanza di cui povhe
reliquie ho vedute in Italia, ti & contcrvata tungatnente nelta chieta
Greca. Finalmente a pocu a poco ti comincib a dipingere in una
tola tavola unila. (V. Storia Pittorica, vol. i. p. 72. note.) The
ancone are particularly specified in the Venetian decree of 1441.
(See fourth note to Art. 25.)
Note (P.)
The phrase printing in chiaroscuro, or in cameo, has been ex- Progress of
clusively applied to this compound process of Engraving, although ^JJ',cln*
it must be evident that all engraved works, except mere outlines, c *I0Ka',•
imply the knowledge and practice of chiaroscuro. " It is supposed
that at first only two blocks were used ; one to give the outline and
the shaded parts, and the other the coloured ground out of which
the lights were cut, to imitate their being put in with white ; and
this effect was produced by impressions on white paper. In a very
few years the process was carried further, so as to imitate drawings
in chiaroscuro, and with such success as to induce some of the
greatest artists to encourage it by their assistance in drawing the
subjects on the blocks. These early productions were confined to
three or four blocks printed with different gradations of shade
of the same colour which produced the eflect of what is termed
chiaroscuro. Their general colours were dull ochry yellow or
brown ; sometimes they used a grey ink ; sometimes a reddish
colour ; sometimes dull blue or purple ; and they occasionally varied
the colour of one block ; so that we meet with the same subject
printed in a variety of ways, and producing different effects. In
many instances they did not engrave an outline, but produced their
imitation of drawing by gradations of tints, the termination of the
tint being the termination of the subject ; while different depths
produced the draperies and shaded parts." (Savage, Practical
Hints.) The same distinction is made by Bartsch, (Anleitung, Sec.
th. 1. sec. 118— 120.) between 1. the process by means of two
blocks for imitating drawings on coloured paper touched up with
white ; and 2. the imitation of drawings in bistre or such as contain,
three, four, or even five tints laid on in flat masses. To this second
style, requiring at least three and frequently four separate blocks,
he gives the name grau in grau, (grey upon grey,) or camayeux,
because intended to imitate Paintings known by that name. For a
further account of these processes, see Papillon, Traite de la Gravure
en Hois, torn- i. ch. ii. iii. and iv. To these methods Mr. Savage adds,
in the Work just quoted, a further attempt in which he has succeeded
but indifferently to imitate coloured drawings. He introduces
various specimens from Paintings and Drawings by Callcott,Neale,
Craig, Varley, and Brooke, some in a suite of seven blocks, one of
thirteen, one of fourteen, and one (a sad failure 1) of no less than
twenty-nine blocks.
Note (Q.)
The card-makers, according to Adam Bartsch, were the original Card-makers
cutters in wood, (formtchneider,) but probably only became a (lis- ,h> earliest
tinct Corporate Body in Germany after they had laid aside the x>loST*J™,*»
manufacture of cards, and were solely employed in engraving
Pictures. This epoch, however, is not ascertained. We only know
that they assumed the name of formtchneider about a. r>. 1449.
In proportion as printing-offices in the XVth Century became
more numerous, and the demand for books increased, (which, in
imitation of the MSS. of that period were crowded with Prints and
pictorial illustrations,) the number of craftsmen in this profession
multiplied ; and, as happens with a multitude of professors in any
Art or Science, divided their labours, each taking a peculiar depart
ment. Hence arose numerous distinct branches, more particularly
in Nuremburg and Augsburg, between the years 1459 and 1486.
But the formtchneidert separated themselves into a higher class as
soon as their connection with the profession of Painting raised their
Art beyond a mere mechanical trade.
It has been a question whence the grotesque figures on modern
court cards could have been derived. They bear no distant resem
blance to some of the representations of the human figure among
the Chinese, and it will be seen that their modern cards are charged
with similar designs, but we have no certain clue to guide us in
ascertaining whether ours were thence derived. (V. Engraving,
pi. i.) The figures in Mexican hieroglyphic Paintings also afford
objects very resemblant to those on our court cards, but there is
not any reason for supposing that with them they have any con
nection. Perhaps we ought to seek no further than the rude cuts
of the XlVth and XVth Centuries, many of which are as remote
from beingcorrect imitations of humanity, as are the similar objects
depicted on the figured cards of the present time. Singer's Hut.
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Notes on °f Play'"? Cardi, 4to. p. 215. Heineken proves the manufacture
Engraving, of playing cards in Germany to have existed as early as a. d. 1376.
Bartsch gives a long list of the different divisions of labour
resulting from the increased quantity of work, and the consequently
increased number of workmen. He mentions the kartenmachtr,
(card-makers,) kartentnahler, (card-painters,) briefmahler, (letterpainters,) briefdrucker, (letter-printers.) formtchneider, (blockcutters,) modeltchneider, (model carvers.) moditlen, (modellers,)
patronnlen, (stencil or pattern-makers,) tchachlctmahlcr, (box-paint
ers,) tUuminiilen, (illuminists,)' and tchonmahlcr, (gilders.) He then
proceeds to a brief history of each department. The old letterpainters and pattern-makers still continued their occupation, and
have existed to the present day through various stages of improve
ment. The model carvers went over to the manufactories of printed
cottons and linens ; and the illuminitten and ichonmaler to the
Engravers on copper, in whose service they are still partly engaged.
But the block-cutters, orformtchneider, separated themselves entirely
into a distinct Body, continuing gradually to improve their Art, as
it more and more became connected with ~
Anleilung, Sec. th. i. sec. 594.
Note (R.)
To instruct those who could not afford MS. copies of the Scrip
tures or of religious books, which were sometimes expensively and
magnificently illuminated, and which, even when cheapest, were too
costly fur the common people, a small folio, entitled HUlorue relent
Blblla Pan. el Novi Tetlamenti leu Bibiia Pauperum, was published. Copies of
pertun.
it have long been among the literary rarities of our times. The
Bibtiolheca Spenceriana of Dr. Dibdin may be referred to as pecu
liarly rich in treasures of this kind. Mr. Ottley, whose Hulory of
Engraving contains much curious matter concerning the Bibiia
Pauperum, describes it as a small folio of forty leaves, printed on
one side of the paper only, by means of friction, from the same
number of blocks of wood, or, more probably, from twenty blocks,
in which case each block would contain two engraved pages. The
blank sides of the paper were then pasted together, so as out of
every two to form one leaf, with the appearance of being printed on
both sides: in which respect, observes Mr. O, as well as in its
brown tint, apparently unmixed with oil, it resembles most of the
early block books, (p. 112.) Each Print or page being from 9f
inches to 10J inches in height, by about 7J inches in breadth, fur
nishes three subjects from Scripture history, disposed in compart
ments side by side, across the middle of the page. The space
above the central subject is occupied by two halt-length figures of
prophets, patriarchs, or holy men. The space below is similarly
occupied, and the remainder of the page at its four corners is takeu
up by rhythmical and other inscriptions in Latin, explanatory of the
events and persons represented. These pictorial representations are
coloured in a rude manner, unworthy, in many instances, of the
Engraving. The Work passed through several editions, which
Heineken is very careful to particularize, as did also the Virion of
SI. John, published in a similar manner about the same time. This
Bibiia Pauperum, or Poor Man's Bible, excited in those days no
peculiar interest beyond its being thought a cheap compendium of
religious knowledge> Modern estimation, however, entitles it to the
name of Bibiia divitum. Mr. Hansard (at p. 36 of his Tgpographia") thus states the prices that have been given in the XVIllth
and XlXth Centuries for the Poor Man's Bible of the XVth :
£. : d.
1753 at the sale of M.de Boxe, 1000 livres, 43 15 0
1769
M. Gaignat, 830 livres, 36 6 0
1791
M.Paris
51 0 0
1813
M. Willett
257 0 0
1818 or 1819.... Duke of Marlborough . . 52 10 0
Note (S.)
That great step (says Mr. Hansard, quoting from Home's In
troduction lo Bibliography) towards perfecting the Art of Printing,
namely, the invention of fusil types, appears pretty well ascertained
H56*
^ave ')een 'n 'ne year 1456. Twenty-five of the leaves of the
Invention of Speculum Humana Salvationii were printed before that invention;
fusil types, and the remaining thirty-eight leaves, together with the Preface to
complete the book, had the advantage of cast type. The second
Latin edition differs from the former, in having the whole of the
explanatory taxt printed with fusil type, exactly resembling those
employed for part of the letter-press of the first edition. In the
Flemish or Dutch editions, the text is printed entirely with mov
able type.
The chronological order in which the discoveries in Typography
succeeded each other, has been put down thus :

*«i«ts
Printing from blocks, about A.D...1452
Letters cut separately of wood.... 1438
Do.
do.
of metal.... 1450
Do. cast in moulds
1456
So that little more than thirty years elapsed from the state of the
Art at the time of printing the Btbha Pauperum, to the time of
casting the first metallic type from thefoundery of Gutenbure ud
Schoetfer.
,
Mr. Ottley maintains that of all the block-work so elaborately
described by Heineken, only three, viz. the fliWm favprrw., the
Cantictet, or Hut. Firgmit Maria, and the Speculum Hmmt
Solvations, can claim any distinction as works of Art ; and on this
account considers these three as rather appertaining to the ancient
Schools of Holland and Flanders, than to that ofGermany.
Note (T.)
The mysterious concealment which attended the early perform, bmnm t
ances in the Art of Printing, as well from blocks as from types, hai S,*'?
left almost every thing to antiquarian surmise, especially raptetaig ii
the original projectors. Inventors seldom foresee the mutufust
value of their ilf»«*. Their only aim at first is to do
better or cheaper than what they see already done. The fat
abject in printing figures of Saints, &c. was to imitate D»> \\
as the first in printing books was to imitate MSS , and titan
and accuracy necessary for this latter process accounts lii tit ncellence of early Printing. Such, observes M. Beckmant, its.
usual progress of inventious. After the invention of Pri
:
endeavoured to make printed books as like as possible to au»
scripts, because they imagined that this invention nu to he ap
proved only so far as it enabled them to imitate these, vitlnt
observing that it could far excel the Art of writing. So vha
artists wished to make mirrors of glass, they would try to imitate
the only mirrors known : those, namely, of natural glasi or titram
Stones. Hillary tf Intentions, vol. iii. p. 183. We concern it also
probable that the number of persons who obtained a corofortabie
subsistence by transcribing and copying and illuminating oust
have looked with bo much jealousy upon this new craft, as often ts
make obscurity and secrecy essential to the safety of theaaftsman.
M. Bartsch seems to think that the names of those who engraied
such Works as we have just alluded to, viz. the Bibba nttfenm,
deserve oblivion. He deems them to have displayed in these men
outlines such total absence of Art and ignorance of design, as to be
unworthy of mention as artists ; and even estimates them beW
the most insignificant cutter of models for cotton-printing. M»
inn /, Sec. vol. i. sec. 598. Our Countryman, Mr. Ottley, has mule
a different estimate ; and has been at the pains, in his valuable
Work, to give several fac-similes, of which he speaks highly as coopositions, as possessing agreeable and graceful design, adminb*
draperies, sober dignity of style, and often a considerable share ot
grandeur. Bat. of Engraving, p. Ill—171. We so far agree
with M. Battsch, however, as to regard the very early prrfonwn
in wood (whether Italian or German) in the light of only a wrr
dexterous description of mechanics employed to work upon and
carve out a design already traced for them by a superior hand.
Hence the name of the designer only has been sometimes tat*
mitted, and mention very rarely made of the Engrater. Tot
examples are numerous at the beginning of the XVth Century treat
the Presses of Mentz, Strasburg, and Haerlem. In Baits*'
Peintre Graveur will be found a multitude of names and
grams, which that author has rescued from the luding-plaK3 14
which
had consigned
them. imagine that any cteigKt,
But,antiquity
at the same
time, we cannot
conscious of superior skill, and jealous of his reputation, would nr
trust his labours so entirely to this executioner, as never to concern
himself further. On the contrary, it may have frequently luppow-.
that the employer was a far better workman than his esssfcj*.'™
it would always happen that the genius and inventive powers oil
master-mind would be incessantly active in endeavours, by improi'»5
the mtchaniquc of the Art, to give his printed works the best fit"" ^
rial effect possible. And, indeed, so apparently difficult of arw ^ ,
tion are the cross-hatchings in several ancient specimen* ""^j
many authors, writers on Engraving, and themselves KopH» ff*
have expressed a belief that the work was not perforated 6) ■!"*
manual labour and care only, but must have been assist'" jT.
some unknown process. The cheapness of labour, however,"
days of Albert Durer makes this latter hypothesis uanecessar/t
besides that many admirable xylographic works in our own •
prove the practicability of the manual process, which to *a
graver only on copper might seem next to impossible.
Note (U.)
In the Peintre Graveur, vol. vii. p. 245. Strutt's opinion («■
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Nol«i on follows Heineken) respecting two of this name, a senior and a
junior Schneufflein, is treated as merely conjecture. A mark of
SehaeufBein was two baker's peel* crossed. Schaeufel means in
H. Schocuf- German a peel, Schaeufelin a little peel.
Several other Wood Engravers and designers connected with
Nuremberg have their works both on wood and copper particu
H. Aldegre- larized in the Peintre Graveur ; e. g. of Henrg Aldegrever, (vol. viii.
p. 455.) the pupil of Durer, are mentioned one wood-cut and 289
W. Resch. copper-plates one of' them etched ; (vol. viii. p. 362.) of Wolfgang
Retch, ( vol. rii. p. 473.) who designates himself FormtehneuUr,
one specimen in wood; of Erhard Schoen, (lb. p. 476—481.)
painter, at Nuremberg, who died about 1 550, 40 cuts ; of Jamet
J.BImk.
Bineh (vol. viii. 249.) one wood-cut and 97 copperplates, one of
them
a feauforte tur fer. To these add Nicholat Meldemann (vol.
N Melilemann.
vii. p. 482.) and Hani Guldemund, (ix. 150.) both of them cardH.Gulde- makers or card-sellers (cartieri) of Nuremberg, and Stephen Hamer,
nund.
*
S. IKimer, (ft. p. 151.)
Of the cuts in a Poetical Work under the title of Tewrdanck,
foL Nuremburg, 1517, reprinted 1519, Bartsch observes, Cet ettampet, au nombre de 118, ne son! pat dune perfection (gale. La
difference qui te manifctte dans leur exicution, prouve qu'ellet ont
(te faitet par different graveurt. Cepcndant it ett certain qu'ellet
ont it( toulet graviet <taprit let dentins de Hans Sehaufetein qui a
marque huit piecet de ton chiffre : qui turpattent pour la fermete
du dettein toutet let autrct ; il ett a croire que Schaufelein lui-m(me
Causes ofine- a traci le dettein tur let planchet.(Ib. vol. vii. p. 272.) Inanother
quality in passage the same author enumerates various causes for the great
crarfn^nvlth ,ne<lua'''y °f merit to be found in wood-cuts bearing the same
the same mo- c'Pner- Some of them, says he, are very fine, because the designer
BOfram.
has himself drawn his own composition on the block, and the En
graver has had only the labour of cutting away with proper accu
racy the intervals between the lines and hatchings of the design.
Other prints, again, are of an inferior kind, because the Engraver
has been only guided by a counter-drawing, (Painting, last note to
Art. 216.) where the lines, after tracing, lose a portion of their origi
nality and spirit. Others, likewise, are faulty, because the Engraver
spoils the effect of some fine picture by working after an ill-drawn
copy, of perhaps his own doing. Other prints, too, with even the
advantage of good original composition, are sometimes but lamely
executed, because only executed after slight sketches in bistre, to
which the hand of a mere mechanicial Xylographer has been inca
pable of supplying the occasional imperfections of contour, together
with the appropriate hatchings for parts shaded by a wash of
colour, or by a stump. Lastly, a piece may be engraved with
perfect neatness by an artist well practised in the use of his tools,
and yet be quite defective in drawing ; or, on the other hand, it
may be admirably drawn, but executed in coarse and laboured en
deavours by on unskilful hand. V. Ptintrc Graveur, vol. vii. p. 26.
Note (V.)
For our further account of Holbein, see Painting, at p. 485.
Opinion of Mr. Ottley remarks upon the statement of Bartsch, quoted in the
Mr. ottley foregoing note, that a large proportion of the wood-cuts bearing
respecting the monograms or initials of Durer, and other eminent designers,
monogram, may be fairly considered as engraven upon the wooden blocks
by other hands ; but, continues he, I can by no means persuade
myself that the abilities of the ordinary Wood Engravers, who
abounded in Germany at the close of the XVth Century, could
have been such as to render them in any material degree instru
mental in bringing about that sudden and almost miraculous im
provement which took place in their Art at that period. They were
s rudimentsI of
i design, and had been
from their infancy to manufacture the barbarous wood-cuts used by
the illuminists and venders of cards and devotional images, in
which scrupulous exactness in the copyist would hare been a mere
waste of time ; they must have been utterly incapable of compre
hending or appreciating those delicate, but free and masterly
touches which characterise the designs of a great and finished
artist like Durer ; and of consequence wholly unqualified to represent
them upon the wooden blocks with any tolerable degree of fidelity.
We may, indeed, suppose them to have handled the tools then
used in their Art with that dexterity and ease which long practice
ensures ; but that is all ; and it is probable that these tools were few
in number, and but ill adapted to the complicated and delicate kind
of workmanship that was required in Wood Engravings of so much
more finished a character than those which they had hitherto been
called upon to execute. I therefore consider it as certain that the
numerous and flourishing School of Wood Engravers which we find
spreading over Germany, and from thence to Italy, in the early
part of the XVIth Century, owes its excellence to the great de
signers of that time j and especially to Albert Durer, who, I have
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no doubt, assiduously applied himself in his youth to the practice
and improvement of the Art ; and, afterwards, perceiving the advan
tages likely to be derived from it, taught it to numerous pupils,
who, already grounded in the principles of design, and working;
constantly under his own eye, by degrees became qualified to assist
him greatly in his numerous works of this kind, and, at length,
perhaps, competent to the task of engraving the designs of their
master even without his superintendence. My opinion is not a little
strengthened by the circumstance of Durer having been himself
the publisher of all his chief works of this kind : added to the
fact, that of the years 1509, 1510, and 1511, in which so large a
portion of his Wood Engravings were executed, we have scarcely
anything by his hand engraved on copper. What has here been
said of Durer will, I think, be found more or less applicable to
other great artists of the German School, his contemporaries
or successors, of whom we have numerous wood-cuts ; and especially
to Holbein, whose admirable designs, engraved with incredible
delicacy on wood, adom so many of the books printed at Basle
and Borne other places, between the years 1520 and 1540. Among
the productions of Holbein in this way is the justly celebrated series Holbein's
of the Dance of Death, of which the edition commonly thought to " Dance of
be the first was printed at Lyons, 1538, in small 4to., under the Death."
title of Let Simulachres et Hittori det Facet de la Mort : the cuts are
forty-one in number. Each cut is surrounded by a Latin text,
taken from Scripture, and has underneath it four French verses.
Mr. Ottley then goes on to show that the artist employed under
the direction of Holbein to engrave most of these his designs in
wood, and who, as appears from the first dedication of the work,
died before their completion, was named (according to Jansen,
Ettai sur la Gravure, torn. i. p. 120.) Hans Lutzelberger. Eight
additional pieces appeared in the edition of 1547, seven years before
the death of Holbein. The original drawings for these eight, to
gether with those for thirty-eight of the prints in the first edition,
were in the possession of Jan Brockhorst, the painter, a contempo
rary of Vandyke. These drawings (executed with a pen) found
their way, forty-six in all, into the cabinet of M. Crozat, and were
disposed of at the sale of his collection. They were lent to Mechel,
of Basle, who published Engravings from them in 1780. They are
now said to be in the cabinet of the Emperor of Russia.
Note (W.)
Strutt particularizes a singular chiaroscuro print, by the elder Family of
Mair, of the Virgin and Child, with Joseph holding a . candle, and Hair,
the date 1499. Respecting the later artist of this name, he regrets
that he did not exercise his talent on auy better subject than
vignettes for books. Bartsch, in vol. ix. p. 597. of his Peintrc
Graveur, mentions Alexandre Mayer, but not as a Wood Engraver.
Strutt, however, styles him such, as also a Paul Mair, supposed to
be of the same family, but born at Nuremberg.
We might here introduce some others of the ancient School. Schnitzer.
Johan Schnitzer, of Arnsheim, engraved maps for the edition of
Ptolemy, published at Ulm in 1486. Lucat Kranach is recorded L. Kranacb.
by Bartsch (Peintre Graveur, vol. vii. p. 279.) as the author of 154
subjects in simple Xylography, the earliest dated 1505, the latest
1561. Six copper-plates, five of them portraits, are likewise
ascribed to him. Of Vne Graf, who flourished at Basle in 1 508, Urge Graf
he records 17 pieces, (lb. 456.) and but one copper-plate. Of Hunt H.Brosamer,
Brotamcr, a painter, who lived at Fulda between 1537 and 1550,
he describes 1 5 Xylographic pieces, and 24 copper-plates, (vol. viii.
p. 455.) To Ham Baldung Gr'un he assigns (vol. vii. p. 305.) a H. B. Grim,
selection of fifty-eight subjects. Baldung was also a painter in
the style of Albert Durer, his contemporary ; his drawing is not very
correct, but there is fine expression iu his heads. Le chiffre com
port dun G au milieu d'un Het dun B attache au dernierjambage ett
expliqui par quelquet auteurt Hans Bresang, par dautret Hans
Grunewald ; el par dautret encore Hans Baldung Grun. // n est
pat vraitcmblable que troit arlittet qui vivoient dant un meme tempt
te toient detign(t par un meme monogramme. Peintre Graveur,
vol. vii. p. 301. Bartsch then goes on to prove that his nom de
famille was not Bresang nor Grunewald, but Griin. His ordinary
appellation, however, appears to have been Hans Baldung. He is
said to have engraved on wood only ; two copper -plates, however,
are ascribed to nim. (Ibid.)
Albert Altdorfer, of Altdorf, (in Bavaria,) is among the reputed Altdorfer.
scholars of Durer ; of his wooden cuts it is remarked, by Strutt,
that Hans Holbein must have derived great assistance from them,
since evident traces of Altdorfer's style appear in Holbein. Bartsch
ascribes to Altdorfer sixty-three pieces in wood. He became a
Senator of Ratisbon, where his family had been established ; was
appointed architect of that city, was highly respected, and died
there, a. d. 1538. His copper-plates amount, according to the same
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Uoteton authority, fo 96 pieces, 13 of them a recu forte. Mclchior Lorich,
Engraving, or Loich, born a. d. 1527, at Fleusburg, in Holttein, a Fainter,
v«^»y ■» ' Engraver, and Antiquary, is noted by Bartsch as the author of
four worksi in wood, the last of which comprises a series of 127 cuti.
The same author describes 16 copper-plates by Lorich, one of them
etched, (Peinlre Graveur, vol. ix. p. 500.) We may here subjoin
the name of a supposed German artist, IVcndel Reich, a Wood
Engraver who lived and worked at Lyons, a. d. 1515. Crispin
f'andtn Hrocck, a Flemish painter, born at Antwerp about 1 530,
engraved creditably both on wood and copper from his own designs.
Note (X.)
A " Knight-errant mounted and in complete armour, with his
attendant by his tide on foot," is the last of the ten described by
Bartsch. The print is highly praised by Papillon, (torn. i. p. 387.)
who ascribes it to some early German artist unknown to him.
The ninth volume of the Peinlre Graveur mentions (at p. 407.) a
specimen de troi$ planches on the subject of *' Absalom slain by
Joab," by an unknown master, whose style is thought to resemble
that of Martin Van Veen, called Martin Hcmskirk, from the place,
near Haerlem, where that painter was born in 1498. The same
volume, at p. 426, records a chiaroscuro by George Matheus, whose
name appears in white characters upon the print thus, " Jorg Matheia,
Furmschneider,, (here a word is imperfect') 11 Angspurg." The
execution is commended as extremely good, and the style as resem
bling the Italian School. Various other artists in chiaroscuro are
enumerated by Papillon, but it seems doubtful whether they were
the Engravers or only the designers.
Bryan (Dictionary of Painters and Engraven, 4to. 1816)
ascribes a chiaroscuro, " The Kings of Israel," to Lucai von Leuden ;
aud three cuts in chiaroscuro to Lucai Cranach, but does not give
his authority, (probably Heineken.) This latter artist is hinted at
under the name Lucas Cranis by Papillon, (torn. i. p. 392.) who
mentions a chiaroscuro in his possession, dated 1 508, with the mark
of Hans Burghmair. Cette ettampe, says he, n'a que deux planchet
ainsi que lei premiers camaieux. (torn. ii. p. 390. see also Bartsch,
Peinlre Graveur, vol. vii. p. 198.) Papillon adds afterwards the
Dames of several others, (ibid. p. 400—407, and the whole of the
following ch. iv.)
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the lines. The greater, therefore, has been the multitude of latnaej
crossing's, the greater will be the portion of surface to be left to
black, and the fewer interstices he will be required to pick out. ET™rat
Concerning some of the instrument; for simple Chalcoirraphy, v""""»"
such as the burin, and the dry poini, and the scraper, some icto-eot
has been already given. (See second note to Art. 19, and Note B.)
In Chalcography, as iu Wood-Engraving, the form and thickness
of the graver must be suited to the kind of line to be drawn. It
has been the practice to support the copper-plate, during the
work, upon a round cushion, or leather bag filled with fine sand,
and varying in size according to the dimensions of the copper, so
as to be generally about nine inches in diameter and three in
thickness. Resting upon this sandbag the plate of copper or steel
is held in the left hand, and either kept steady, as in cubing
straight lines, or turned about in a direction to meet the course of
the graver, as in forming curves. The Abbe Longhi intuited > jUiatkri
movable table, (pi. i. fig. 8.) in which the copper-plate A it at- "wit
taclied to a movable board B by screws. The board that sup.
ports the plate may readily be inclined at any given angle by
means of the resting table C and support D. Immediately be
neath A is placed a strong irou axis, on which the plate is al»
made to revolve: and in order to diminish the friction vhij
would otherwise arise from the weight of a large plate the tunf
is supported by friction rollers. A number of holes may te nuJe
in the board, to receive, alternately, the iron axis ; so ia tie
centres are readily changed for the various lines that mijbi
required.
Very broad strokes should be made of several lines very d« Ik*"'- d
together, and cut till they are a little below the general surfice of Ji^w
the copper. By this means, the bottom or channel of a bread ^
stroke is sufficiently rough to retain the ink, and not so deep is
to overload the paper with it As depth of lines depends upon
the degree of pressure from the hand, so clearness of lines depends
upon the habit of producing them at one cut. Observe, in using the !"!«■
scraper (Note B.) for removing faults in the work, to incline its edge
to the copper, so as to scrape it evenly, and that no false strokes ut
scratches may be left upon it. For removing these, another instru
ment is necessary, called a AxriiiiAer. (See pi. i.) When rubbed fat*,
upon the copper, it clears away all ruughnestes, polishes the sur
face, takes out such lesser defects as do uot require the scraper,
aud reduces such lines as have been cut too deeply. Another im
plement is the oil rubber, (lb.) consisting of a roll of felt or linen * *
cloth dipped in olive oil, which, tinged with a little lamp-black,
sinks into the strokes, and gives them a blackish appearance, that
the artist may from time to time form a judgment of his work.
The oil rubber, however, must be used gently, and as seldom as
convenient, since whatever takes off the sharpness from the ed;o
of the engraved lines diminishes the sharpness of the impression.
An anvil or punch (lb.) is also occasionally wanted to place the ir£
plate upon in hammering out the hollow parts or erasures nude by
the scraper. When the surface is made as level as the hammer
can make it, the burnisher is next applied, and the whole polished
witli a piece of good charcoal. The burin is sharpened from time
to time in the same manner as a chisel, by rubbing the lotenge or
bevelled surface on a proper oil stone, which must be made of the
best Turkey hone. The temper of the steel it generally too hard
in a new burin just bought, but improves and softens after t liitle
grinding and whetting. A screen, formed of tissue paper pasted
upon a slight frame, is generally placed in a sloping direciwn
before the window at which the artist sits, to keep otf the glare of
light, which, falling otherwise upon the metal surface, prereoli
him from seeing properly his work. In order, too, that his print
may come out creditably from the press in the spirit of its original,
every line must be represented in reverse with perfect exactness.
He places, for this purpose, the original opposite to a torrer, so
that he can see the reversed picture, and compare with it huesgraved representation on the copper. This mirror, it is obtious,
must, throughout every branch ol Engraving, be often necessary.

Note (Y.)
His principal implement seems to have been a kind of knife,
the blade of which he describes to be about four or five inches
long, formed of the same material as the springs for watches,
and duly tempered. This blade was separable from the haft, and
inserted through a longitudinal groove or slit, along the middle of
a cylindrical wooden handle, of the same thickness as the breadth
of the blade. The end of this handle, where the slit admitted
the blade, was bevelled off on three sides, round which were cut
several notches, for securing the blade firmly with a strong waxed
thread. The remaining side of the handle was kept level with
the edge of the instrument. The part of the blade intended for
use was made to protrude about an inch and a half beyond the
handle, and to be sharpened and pointed somewhat like a common
penknife. When this part was worn away by use or broken by
accident, the waxed cord that had been wound along the entire
handle was loosened, and the blade drawn out to the same length
as before, to be again sharpened, and agaiu tied and adjusted for
making incision on the wood. For cutting out any part two in
cisions at least must be made. The first of them Papillon calls
la coupe, the second la recoupe. The former follows the direction
of the line : the latter in the same direction cuts out a slice
entirely from the block. And as two such slices must invariably
be cut away on each side of every line in the work of the Wood
Engraver, a great difference is manifest between his labour
and that of the Engraver on copper. To produce a line which
an Engraver performs on copper-plate at one stroke of his burin,
requires on wood no less than four separate incisions. And the
Note (Z.)
Sadal*
patience of the Xylographer is yet more put to the proof when
The following are among the principal, with the dates when they JJJJJ
he endeavours after cross hatching, which in Xylography has flourished.
seldom, fur ordinary purposes, been extended beyond two courses of
A. d.
At Madrid.
Less time, however, is required for executing several courses in 1524. Joande Diesa.
cross hatching than for a smaller number. In some instances 1583. Vicente Campi, of Cremona, painter.
(such as in many of the works of Thurston, mentioned in our last 1603. Francisco Lopez, painter, etched.
note to Art. 3 1 .) every line of the hatchings has been first drawn 1609. Diego de Aslor, of Toledo.
by the designer with a pen or pencil on the block, and no more 1615. Patricio Caxes, or Coxete, of Arezo.
Horacio Borgiani, of Rome.
_
remains for the Engraver than the process (a process certainly that 1619. Pedro
Perret, of the Low Countries, pupil, si Enne.of Corn.
requires the utmost accuracy) of picking away those parts which
Cort. (Art. 36.)
must come out white in printing ; namely, all the parts between
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stances: 1 . with pumice stone, till the inequalities caused by blows Etching,
frum the hammer disappear ; 2. with a kind of slate called water of 1 p v 1
Ayr stone, which removes the scratches made by the coarser ma
terial ; next with smith's coal or charcoal, which effaces the finer
scratches made by the slate stone; (water in considerable quantities
is used with the above-named materials ;) and, lastly, the final
polish is given with an oil rubber. Plates for aquatiuta require a
higher polish than for other kinds of Engraving.
Next, for transferring the outline to this smooth surface, a tracing The tracing
ground or varnish must be spread over it. Among the many va- ground,
rieties of varnish for this purpose, not differing essentially from
each other, the following recipe is given by M. Bartsch : 2 ounces
of virgin wax ; 1 ounce of asphaltum ; \ ounce of colophonum, or
black pitch ; [ ounce of mastic, or Burgundy pitch. After these
materials have been well boiled, roll the mass into sticks or balls,
and tie up these closely, when quite cold and hard, in bags of
taffeta or fine linen. To spread the varnish on the plate, let the
latter be warmed over a pan of burning charcoal. The ball being
applied to the surface of the warm copper, discharges through the
bag the melted varnish ; to spread which evenly, use another ball
stuffed wilh wool or cotton, covered with taffeta, (ill, by dabbing the
mixture in a liquid state, a smooth thin coat is laid over the whole.
This coat, when quite cold and hard, may be coloured either black
or white, thus : for a white ground, prepare a wash of Kremlin
chalk, ground perfectly fine in gum water, and pass it over the
varnish with a large brush ; for a black ground, tie four or five
yellow-wax tapers in a bundle, and, while the plate is still hot, hold
them lighted under the varnished surface so as that their smuke
shall ascend to and touch it, incorporating itself with the varnish.
The back of the drawing (of which only an outline is necessary) Transfer of
is next rubbed with the dust of red chalk, and the paper fastened ^""'J',,™
at each corner with bits of waxed pitch (cobbler's wax) to the
plate. The artist now traces his outlines with a blunted steel or
ivory point, and, on removing the paper, finds them transferred in
red to the varnish. This transfer answers equally well for a black
or for a white ground. But he may, upon a black ground, vary the
process so as to obtain an inverted copy of his drawing, by wetting
the paper thoroughly, and laying the other side, which contains the
drawing, (outlined in red chalk or black-lead pencil,) upon the var
nished surface. He then passes the whole through a rolling press.
At Skvu.le.
The damp penetrating the paper discharges during this pressure
1584. Mateo Perez de Alesio, of Rome, painter ; (a pupil of Michel the chalked or pencilled outline, and transfers it to the plate ; the
chalk keeps its natural colour, but the pencilled lines have a
Angelo, Paintimo, p. 471.)
shining, silvery appearance, sufficiently distinguishable upon the
1627. Juan Mendez.
Bartolome Arleaga.
dark ground. After the drawing has been thus outlined upon the
1634. Isaac Lievendal.
varnish, the strokes are retraced by the artist with a sharp etching
1647. Francisco Htylan, of Flanders.
needle, (Art. 45.) so that the copper becomes slightly indented or
1660. Pedro de Campolargo, painter.
furrowed. This done, the plate is again warmed upon a charcoal
1672. Francisco de Arteaga, son of Bartolome above named.
fire ; and, being cleansed from the varnish, shows the outlines,
1689. D. Juan de Valdez Leal.
within which the Engraver proceeds to employ his burin (Note B.)
Mateas de Arteaga, his pupil.
aud to begin his shadows and hatchings.
1698. Juan Perez, pupil of M. de Arteaga.
1724. L>. Lucas de Valdes, son and pupil of D. Juan above named.
Note (BB.)
1777. D. Manuel Lopez Palma.
In etching, the strokes and dots, instead of being cut by a tool, JJjSSoM
At Valencia.
are corroded by an acid, generally nitric acid, diluted with an equal for'corroilon.
quantity of pure rain water. The admixture, however, of water to
1654. Juan Felipe.
the amount of four times the bulk of the acid is most convenient.
1712. D. Vicente Victoria, painter, pupil of Carlo Maratti. (Paiht- It must be well secured in bottles with a glass stopper. For
iko, p. 474.)
etching on steel, a mixture, containing equal parts of corrosive sub
1746. D. Juan Batista Ravanals, engraved portraits.
limate and ofpowdered alum,(about one quarter of an ounceofeach,)
1752. D. Francisco Gmer.
dissolved in half a pint ofhot water, has been successfully used. The
1762. D. Hipotito Rovira Brocandel.
plate is first covered with a resinous substance called the ground,
Vicente Galceran, pupil of Rovira and of Ravanals above impervious to the acid employed, and the lines iutended for corrosion
named.
are made by removing the ground with pieces of steel wire called p^^fc?
1773. Tomas Planes.
etching needles, of several thicknesses, according to the fineness of
1784. D. Josef Bspinos^fdXaiei.
the strokes required ; of about two inches long, inserted into handles
1793. D. Pasqual Cud.
the site of a common lead-pencil, and made of hardwood. For
strong coarse lines, oval pointed needles are used. The instrument
At Zaraqoza.
called the dry point may be used as an etching needle, or e/ce versa",
1 548. El Maestro Diego.
only that in etching the point seldom requires to be forced so
1629. Josef Voiles.
deeply into the metal.
1638. Juan Voiles, brother ofthe preceding.
The plate being polished as described (AA.) is heated over char
1666. Juan de Renedo.
coal embers, or in a common oven, and the resinous mixture or
ground spread over it, similarly to the mode stated in the above
1737. Fr. Angel de Huesca.
note. We may here observe that, for holding the metal in any
Note (AA.)
case where heating is required, a hand vice or pair of pincers will be
In our comparison (Art. 32.) of Wood-Engraving with Chalco necessary, which may be applied on the margin of the plate, so as
Preparation
ot copper graphy, we omitted mention of the necessary preparation of the to keep clear of the work. To prevent scratches, put a slip of paper
plates for copper-plate before the burin can be applied to it. The plate, after next the plate. Three sorts of ground have been in general use,
Eugraving. being well hammered, is carefully polished with the following snb- the hard, the sop, and the common ground.
5«J
VOL. V.
Nolo on 1626. Alardo de Popina.
BugtMlng. 1629. Mxrtin Rodriguez.
Vincencio Carducho, painter, of Florence, etched and
engraved
Juan Schorquens, of Flanders.
Juan
de Combes.
1634.
1640. Pedro de Obregon, pupil of Carducho, etched.
1642. Francisco Navarro.
1643. Maria Eugenia Beer, pupil of her father, a Flemish
painter.
1646. Franciico Fernandez, painter, pupil of Carducho above
named, etched.
1650. Curneliut Schut. of Antwerp, painter, pupil ofRubens, etched.
1660. Pedro de filla/ranea Ma/agon, pupil of Carducho above
named.
1671. Martin de Rossvood, of Flanders.
1680. Gregorio Foman, of Flanders.
1691. D. Josef Garcia.
1692. Luca Jordan, (Giordano,) of Naples. (Art. 45. and Paint
ing, p. 478.)
1697. 7>. Marcos Orozco.
1734. D Andreas Procacini, of Rome.
1740. Fr. Maliat Jrala Yuso, a Franciscan friar, and several pupils.
1748. D. Vicente de la Fuente, pupil of Irala.
1752. D. Juan Hernabv Palomino.
Manuel de Choza$,\
1754. Nemesio Lopez, I his pupils.
D. Juan Minquet, )
1770. D. Carlo* Casanova.
The three Tiepoto, of Venice. (Art. 51.)
D. Tom at Franciico Prieto, and his daughter, Donna Maria
de Lurcto Prieto.
1776. D. Josef Murguia, pupil of Palomino.
1778. D. Francisco Casanova, son of D. Carlos above named.
1793. D. Juan Fernando Palomino, son and pupil of D. Juan Ber
nard above named.
1795. D. Simon de Btieva.
1797. D. Carlos Josef Flipart, pupil of Wagner. (Art. 50.)
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For the hard ground, used by Callot, (Art 51.) and called the
Engtaviug. Florence Tarnith, take four ounces of very clear linseed oil, ouch as
' is required by Painters ; heat it in a clean earthen pipkin ; then
add to it four ounces of powdered gum mastic, and stir the mixture
The hard briskly till the whole be well combined. After this, press the whole
ground.
mass through a piece of fine linen into water, and form it into balls
about the size of walnuts, or a little larger. The ball* may be then
The «oft tied up in readiness for use, as described above. For a soft grouud,
take one ounce of white or bleached liees1 wax, one ounce of a*phalturn, half an ounce of common pitch, and half an ounce of Burgundy
pitch. Melt the wax orer a slow fire in a pot of glased earthen
ware ; add to it, by little and little, the rest of the ingredients,
stirring the mixture all the time it is on the fire. It must be kept
carefully at a low heat, to prevent its burning. When the cornjiotitiun is thoroughly melted and incorporated, take it off the fire,
pour the entire mass into a vessel of clean warm water, and knead
it into balls of the sue already described. Oliserve that tile ground
must be made rather harder in summer than in winter. It is
hardened by increasing the quantity of asplialtum, or by letting it
continue to boil some time after the ingredients have become incor
porated. For what iscalled common ground, as being most expen
Lowry'e
common
sively used, the celebrated Lowry, whom we have mentioned (last
eruilnd.
note to Art. 13.) composed a common gruuud with three parts of
aspbaltum, two of Burgundy pitch, and one and a half part of
white wax. The asphultum must be melted first, and the other in
gredients added as soon as it is in a state of fusion. The whole,
when thoroughly mixed, is poured out into warm water, and kneaded
into balls. This ground is excellently adapted to a temperate at
mosphere. For very cold weather, the composition may be softened
by increasing, in a small degree, the proportion of pitch. For very
hot weather, it may be hardened by longer boiling than usual. Le
Le Basse's Bosse, a celebrated etcher of the French School, recommends in hia
Treatise on the Art the following common ground : one ounce of
ground,
whitest virgin wax, the same quantity of powdered mastic, and haif
an ounce of calcined asphaltum. Let the mastic and aspbaltum be
ground separately, and pulverized as fine as possible ; and let the
wax be melted in a glazed earthen vessel. Sprinkle the mastic
gently into the melted wax, stirring the mixture that it may incor
porate thoroughly ; then sprinkle the powdered asphaltum into it,
and continue the stirring over the fire till this ingredient likewise
is completely dissolved. Remove the vessel that the composition
may cool, and then pour it into warm water to be kneaded as before
described.
To spread the etching ground, the etcher proceeds in the same
manner as the burinist for tracing his outline. (Note AA.) A
dabber, consisting of a little cotton tied up in a piece of silk stuff in
a hemispherical form, of about two inches in diameter, is here also
requisite. To preserve its shape, he sometimes encloses behind the
cotton a circular piece of pasteboard. Let us now suppose the
ground spread and cooled on the cop)>er ; the next step is to transfer
the drawing: this may be done as described above. (Ibid.) If
transparent paper or oiled paper be used, let the outline be drawn
upon it with a pen dipped in Indian ink, mixed with a little oxgall.
A piece of thin paper, the same size, may then be rubbed entirely
over with red chalk, and placed under the drawing, with the
chalked side next to the plate. If the drawing be laid with its
inked side downwards, the outlines may be easily traced on the back
of it, as the inked lines will be distinctly visible through the trans
parent paper ; in which case, the design on the ground will be re
versed, and the future impression from the plate will resemble the
original. If a contrary effect be desired, the artist needs only trace
his outline orer the drawing itself.
How to use The etching needle is next to be used, and the outlines and
the etching shadings scratched through the varnish, which, having been
point.
blackened in the manner above stated, (Ibid.) shows every
stroke distinctly on the bright copper. As the heat of the hand
would injure and dislodge the ground, a bridge or rest is placed
across the plate, and supported by a thin piece of wood at each
end. During this stage of the process, whatever portions of
the varnish are raised by the needle must be carefully brushed
away, and not suffered to stop the lines. And if, on examination
previous to the use of the acid, any mistakes or improper strokes
have been made, or the ground any where broken up, a composition,
Mixture rued called the stopping mixture, may be applied. It is composed of
for stopping turpentine varnish and lamp-black. M. Bartsch's recipe, who calls
out.
it covering varnish, (ilcckjirnits,} is grease, yellow wax, and a few
drops of olive oil, boiled well together, and mixed with a little lamp
black. For etching on copper as well as on steel, the common Bruns
wick black of the shops, diluted when necessary with a little turpen
tine, isemployed. The stopping mixture may be applied to the ground
withacamel'shairpencil; and, when dry, an9wersthe same purpose
as the original ground, being capable either of wholly resisting the
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acid, or of being traced upon with the needle to aa to limit the ticj.
acid partially.
.
Tnc work of the etching needle is now over j and the etcher
next surrounds his plate with a wall or border about to inch in TP»1 «t w
height, composed of bees' wax, softened by the addition of or*, w
third of Burgundy pitch, or tallow. This mixture, after haunt
been melted over a slow fire, and increased by a gill of olive oil. i, jf* '* '
poured into water, and preserved for use in balls or rolk ty'heg
applied to the plate, toe bordering wax will not work freely omj
softened in warm water ; but may then be easily ninikWd by the
fingers into a ribbon-like shape, for surrounding the roargm of the
work. The nitric solution being now poured upon the plate to the
depth of about half an inch, the acid will speedily breui to bite ot
corrode the metal in those parts which have been laid bare by the
needle. The moment the acid begins to act, bubbles sill rise;
which, as fast as they appear, must immediately be cleared my
with a feather, both from the surface and from such of the Kwkrs
as they adhere to. In etching on steel, the peculiar zci'i used
gives out no bubbles, and, therefore, greater care it taken to pit
portion the strength of the-liquid to the exact time for it to remain
on the plate. When all the finer lines are bitten to arjfent
depth, the nitric acid is poured off by a spout, which haibrei Its
for that purpose at a corner of the border, and stopped for the In
with A separate piece of wax. The plate is now washed witb wster,
and the parts which ore supposed sufficiently Utten arecsstrtdu
soon us dry with the stopping mixture.
The work of corrosion is then resumed; the spout ajraic Kiel
up ; the acid poured again on the plate ; and these operations it
peated until all the shading", according to their rexpectM rupees
of strength, are bitten into the metal. Tbe plate, after washutr, is
next heated ; the waxen border taken off; and some drops t>! oirre
oil ruidied on with a linen rag, and afterwards with the oil nr^er,
(Note Y.) to remove the ground. Whatever dirt rersainsia the
lines may be cleaned away with spirit of turpentine.
Todetermine how long the acid should remain on the platf.it sTse*
usual, during tho intervals for washing the work, to scrape off
small portion of the ground to examine the bitten lines ; but the
better and surer way is to make a previous trial with the same }j»
liquid, to corrode similar lines on a small separate bit of metal,
minuting the process from the moment the bubbles appear. Fir*
delicate work is quickly etched, but the aquafortis require! longer
time to eat into broad strokes. For fine lines, the usual ura
allowed is from half an hour to one hour. But some etching!
require a day, or even several days. The influence of weathers
remarkable. The same acid on the same copper, in different tem
peratures, will have different effects. Cold or damp will materallr
weaken or retard its action ; ami a cha ge is discoverable era
from the sky being overcast with clouds during the process of
corrosion.
On examination of the work, either before or after a proof-im
pression, such lines as are too strong or overbitten may be reduced
with the burnisher ; or if much too deep, may be rubbed dost
with charcoal. On the other hand, such lines as are too feeble may
be rebitten in the following manner : discovered, it utiid, kf
liam Walker, who, wjth his brother Anthony, flourished in Loudoii
about a.d. 1760, and engraved jointly with him for the BoydA
collection. William, on being one day taunted by his brother and
instructor for defective colour in his etching, conceived tbept»je<t
of laying on the coat of varnish, or etching ground, a second tow,
so as that it should not enter the sunken lines, but only i* u
before on the polished surface of the copper. Regarding hit aperimeut as similar to the process by which printers blsclen the*
type, he employed like them his dabber ; and this expedient, to to
infinite delight, and that of Woollet, to whom he communicated 5,
succeeded beyond expectation. The operation, however, is ex
tremely hazardous, and requires a delicate and well-practised btssA little of the etching ground beiug melted on a separate pi<« •
copper may be taken up by the dabber, and dal>l>ed lightly up™
the part to be rebitten in such a manner that it may not entente
former strokes, but merely adhere to the uncut portion of the plate.
The dabbed part is then surrounded with a wall of wax, and 'I*
acid used in the customary manner. The strokes to be
must first have been entirely cleansed with spirit of turpentine, ana
rubbed afterwards dry with bread crumbs.
It is calculated that ten etched plates can be executed
^>
a short time to delicate work, can only bite superficially. Cuaner y^arJ
and broader lines, having necessarily been submitted for a longer
period to tlie action of the aquafortis, are not so soon effaced U
* be deeper, and may be therefore mure deeply chars*!
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Kotei on with colour. In general, a well-etched plate is reckoned to furnish
Engraving. 500 strung and goudj and die same iiumber of weak, impressions.
Etching '.n Sicl. —The principal difficulty in etching upon steel,
at its tirsi introduction, wai to Hud an acid which would corrode the
lines smoothly, and to a sufficient dcpih. We need scarcely remiuil a chemical reader that iron is subject to two states of oxydaC liemir.il rilf. tion—the
protuxyd and the peroxyd ; and that each of these will
fi culties in combine with
acids forming two genera of ferruginous salts—the
etching upon
protos ills, and the twrsalta. The protosalt* contain a larger pro
portion of oxyd tn.in the penults ; and being liable to pas* into
this latter state by ex; usure, for even a very short time, to the air,
they become turbid, and deposit [irroxyd of iron in a state scarcely
at all suluble. except by heiug digested in hot acid, combined with
some deoxydating substance. Hence it is that the action, on
steel, of nitric acid diluted with water will not give the same satis
factory results as on copper. For, although it acts very properly at
first, while the iron is brought merely to the state of protuxyd, yet,
during the necessary exposure to the air, it passes to the state of
peroxyd ; a portion of which precipitates and fills up the lines of
the etching, covering the surface of the steel at the bottom of those
lines, and thus impeding and rendering irregular the process of
corrosion.
Mr. Turrel'l In 182-1, a menstruum for biting in on soft steel was communi
menstruum cated to the Society of Arts by Mr. Edmund Turrel, consisting of a
for hiting in mixture of pyrnligneous and of nitric acid, combined with a portion
on steel
ofalcohol. This artist, with scientific sagacity, conceived that ihe
nitrous aether resulting from such a combination would retain the
nitrate of iron in its state of protonitrate, and, consequeutly, pre
vent the precipitation. His judicious experiment obtained the
wished-for result. The proportions of his menstruum are, four
parts (by measure) of the strongest pyroligneous acid (chemically
termed acetic acid) and one part of alcohol, or highly rectified
spirits of wine : mix these together, and shake them gently for
about half a minute : then add one part of pure nitric acid. A
menstruum, cumpoumled in these proportions, corrodes very light
tints in about one minute, or in one minute and a half ; and
considerable depth and force are attainable in about a quarter of an
hour. The process may be quickened or retarded tiy the greater or
less proportion of nitric acid. The plate, when the mixture is
poured of£ must be instantly washed with a compound of one part
alcohol mixed with four parts water. For stop/iing out nn steel,
the best material, accordiug to the last- mentioned discoverer, is
pure asphalium, sufficiently dissolved in essential oil of turpentine
to flow freely from a hair pencil. The foregoing menstruum, as
well as others since tried, will succeed with hard steel ; but they
are by no means so effectual as upon very soft, or nearly decar
bonated steeL Engraving, indeed, on steel (so as to comjiete suc
cessfully with comier-plate) must date its origin from the intro
duction by Mr.. Perkins (see last note to Art. 32.) of means for
softening steel plates.
In 1825, an improvement of this menstruum was brought for
\r. Cooke's
lexxetruum. ward by Mr. W. Cooke, jun., who wax rewarded by the Society
with their gold Isia medal. Mix, by gentle shaking, six parts of
acetic acid with one part of nitric acid ; let this remain only half a
minute ou the plate, which mutt, immediately after, be well washed
with water, and then dried, but not with the assistance of heat.
Stop out the light tints, as on cupper, with Brunswick black varnish;
and then, for the purpose of washing the oxyd out of the lines,
pour on the plate a mixture of six parts water and one of nitrous
acid. Let it remain two or three seconds. When it is taken off)
let the former mixture be re-applied immediately, without the inter
mediate ablution in water. Repeat this process for each tint. A
temperature of 60°, or higher, is required fur the operation.
In the following year, a similar premium was adjudged to Mr.
en fltruum
Air. Hum- W. Humphries for his menstruum, as follows : dissolve a quarter
of an ounce of corrosive sublimate powdered, and the same quantity
of alum, likewise powdered, in half a pint of hot water. Let it cool
before use ; and, while using it, keep it stirred with a camel's hair
brush, taking cam to wash the plate thoroughly after each biting.
As this acid becomes turbid, it may he prudent, says the inventor,
never to use any portion of it a second time. See Transaction* of
the Steieh) of Artt, vol. xlii. p. 55 xliv. pp. 48 and 53.
Etching on Gtau.—Although this Art has no connection with
c-hing on
printed impnmsions on paper, it has lieen usually included by Ency
clopaedists in the same article with the process we have been detail
ing above. The discovery appears to have been suggested towards
the close of the last century by the experiments of the French
Chemists. M. de Puyraaurin having covered a piece of glass with a
coat of wax, and drawn some figures on it, applied fluoric acid over
his performance, and expo-ed it to the sun. He observed, soon
afterwards, that the lines he had traced were covered with a white
powder, indicative of the dissolution of the glass. After four or five

II I I III II II

ENGRAVING.

843

hours, on removal of the coat of wax, he found an etching perfectly Etching;
formed on the glass. M. de P. tried several varnishes for a ground, Punching,
and
and found a strong varnish composed of equal quantities of drying
oil and mastic the best. The glass, before applying it, must be Heuotinto.
thoroughly cleaned, and heated until the hand can scarcely be held
upon it. The varnish is then applied lightly, to cover the glass,
and laid smooth by the dabber, as in etching upon metal. The
smoke of wax torches is next used, to blacken the ground ; and the
intended etching traced upon it. But in tracing the design, the
glass plate must be supported on a glass pane, fixed like a desk, so
as that the light may show through the lines made by the etching
point. The fluoric acid is not applied in its simple form, but is ex
hibited as found in the fluor or Derbyshire spar, finely pulverized,
and is expelled from the spar in a gaseous state by the addition of
a little sulphuric acid. The fluor spar must, therefore, be enclosed
in some vessel capable of resisting the acid. The fluoric acid, for
instance, which is distilled in a glass retort, loses its strength, and
bites unequally from the admixture of the silicious earth of the
retort with the sulphuric acid. An improved silver apparatus,
therefore, is recommended. Also, the glass to be corroded ought
to be placed tinder some apparatus which will prevent the escape of
the gas. The appearance of the etched parts is like that of ground
glass, and forms an excellent contrast with the remaining polished
surface. All sorts of glass will not serve equally well for etching.
Euglish glass, in the composition of which there is a large propor
tion of lead, is easily acted upon by the acid ; but the smallest
defect in the varnish admits the corrosive mutter, and, by solution of
the calx of lead, a disagreeable tinge is given to the glass. Plate
glass is the fittest material : not that with a green but with a white
reflexion. When the weather in summer is clear and serene, a piece
of plate gloss, varnished, traced, covered with the acid, and exposed
to the sun, is completed in four or five hours. In winter, the ope
ration of biting requires four days, and must then be assisted by a
moderate and regulated heat, like that of an oven or stove.
Note (CC.)
Instruments
The process, as described by M. Bartsch, (Anlcitimg, Sec. vol. i. for
sect. 62 ) is as follows : After the outline has been traced on the punching
copper, according to the method already stated, (Note AA.,) the
operator is provided with small rods of hardened steel, three or four
inches in length, and about one-twelfth of an inch thick, having one
end in the furm of a truncated cone. This truncated extremity is
either provided with small pointed teeth, placed close together, or is
indented with small holes; but in some, the instrument terminates
in one sharp apex, like the dry point With these small rods of
steel, which are termed punchn, the intended shadings and lines of
the work are beaten by the strokes of a small hammer into the plate.
The number of prints which may be taken from a plate, wrought Number of
in this manner by punching, depends upon the depth of the holes
or indentations ; but it will be scarcely ever found to yield as from punched
many impressions as a plate slightly etched. There are very few
specimens of this kind of work. The prints are distinguishable by
being composed entirely of dots, greater or less in magnitude, and
round or oblong in form, but never so sharp and clear as those
from the dry point, since the printing ink must adhere unequally to
the rough surface thrown up by the punch.
Note (DD.)
The cradle, or grounding tool, is an instrument in the form of an ]
axe, (plate i , J having teeth placed close together, like those of a I
small-tooth comb, in lieu of an edge. The term berccau, or cradle, 1
is given to this instrument, from the similarity of its motion when
in use to that of a cradle when rocking. The supports of a child's
cradle must, for the purpose of rocking, take a curved form like the
edge of this instrument, or of an axe. The curve of the graving
tool should be a portion of a circle, of which the radius does not
exceed six inches. If too much curved, the cradle would dig too
deeply into the copper ; if too little, the plate would not be suffi
ciently indented.
By referring to our remarks on chiaroscuro (Painttno, p. 580,
Art. 290, rt teo.,) the reader will perceive that the expression mezzotinlOj or middle tint, is only applicable to this method, as providing
means by which the really middle tints may be obtained through the
subsequent use of the scraper. The first and the peculiar part of the
processistocoverthe platewiththeextremedark, No.5.(Paintim>. it.)
The plate, after being \polished and prepared as for other work, is
divided equally by lines drawn in soft chalk, parallel to each other.
The interval between the lines should be about one-third the length
of the face of the cradle or grounding tool, which is then to be
placed between the two first hue* at the top of the plate, and
passed forwards in the tame direction with them. The operator
must hold the tool as steadily as possible, and quite upright,
5 <j 2
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Notes on pressing upon it with a moderate force, and rocking it from end to
Engrariog. end, parallel to these two guiding line*, till he has completely
hacked all that part of the Plate between them. He next repeats
the same operation with respect to all the other lines and intervals,
till the instrument has passed orer the whole Plate, rendering it
Preparation uniformly rough throughout Other lines must now be chalked
of Plates for upon the Plate at right amglei to the former, and proceeded with in
the same manner. They will form squares with the lines first
drawn. When the Plate has been again passed over by the
cradle in this direction, it is next to be proceeded with in the same
manner, diagonal/*/ ; the diagonals being drawn to the squares in
question. This done, the operator next employs his instrument
upon the diagonals drawn, as follows : Let each square be supposed
divided into three equal parallelograms, as in pi. 1, fig. 9. The
diagonals to these parallelograms will then form two other sets of
lines for the guidance of the grounding tool : and to obtain them,
nothing' further is required than a division of two opposite sides of
each square into three equal parts, with lines intersecting them, as
expressed by the dotted hues in fig. 10. A Plate, entirely covered
with these several crossings worked by the cradle, is said to have
undergone one turn. But, in order to procure a very dark and uni
form ground, the Plate must undergo a repeiition of all these several
operations for above twenty times ; for which purpose, the Artist
must always begin each turn by starting from the same point mid
in the same direction, that is to say, between the same parallel
guiding lines as at first ; so that this preparatory work employs
much time and pains. According to M. Bartsch, a Plate of two
feet long and eighteen inches broad requires the labour of three
weeks to produce a fine jet black impression ; and, for a larger
Plate, even a month or more is required. We are disposed to thiuk
that; in this age of mechanism—the " age of steam*'— some me
thod might be devised for abridging this manual labour, and ac
complishing with equal, or perhaps superior, accuracy the same
results.
The fineness of the grain thus obtained depends upon the size of
the teeth in the graining tool. Cradles, having broad, coarse teeth,
enable the Plate to furnish more impressions, and give the dark
shadows a softer black : but then the dots at each crossing are, in
such a case, visible in the lighter tones ; and produce difficulties,
or, at all events, a disagreeable effect iu the minute details of a
picture.
In describing former methods of Engraving, we have considered
the Plate of copper or of steel (previously to any lines etched or en
graved
upon it) as resembling a sheet of white paiier, on which the
Bfetzotlnto
scrapera. Artist is to draw and work up his intended effects by lines of
various strength or delicacy, leaving only those portions of the sur
Their form face blank or untouched which are designed for extreme light.
and nscs. (Painting, p. 580, art. 290—294 ) The method we are now consider
ing is the complete reverse of the former. Ue must now look upon
his Plate as if it was a sheet of drawing paper totally black His bu
siness, therefore, now is to arrive at the middle tints, and extreme
lights, by removing, more or less, the graining ground from the
Plate; and this he effects with scrapers, similar in form to the
instrumeut before mentioned, (Note B.) but of different sizes,
that is to say, with lancet points of different widths, according
to the degree of nicety or minuteness required. The masses of
strongest light are first scraped and rendered pretty smooth ; and
some parts, such as in a head, the tip of the nose, &c are bur
nished. The burnisher is likewise applied to such gradations of
shading as go off into extreme light in their upper part, but are
brown (that is to say, scraped to a middle tint) below. The next
degrees, or rather diminutions, of shading are then scraped ; and
after them, the reflected lights. At this stage of the work, the
Plate may he blackened, to ascertain the effect, with a printer's
blacking ball ; and then the operator is to proceed again with the
scraping tool, taking care always to begin from those parts of an
object where its strongest lights are to appear.
If the graining of a scraped copper-plate be not particularly fine,
Number of
mpressiona it will furnish one hundred, or even one hundred and fifty im
from copper pressions ; but after the first one hundred and fifty impressions
plates.
have been taken from it, the practice is to work it again partially
over with the graining tool, and afterwards with the scraper. In
this way, impressions by fifty at a time may be repeated in suc
cession, so that the same Plate, says M. Bartsch, has frequently
yielded three or four hundred impressions.
Mezzotinto on Steel. This discovery enables the Artist to obtain
Number
from steel. for his work eight or ten times the number of impressions as from
copper-plate. The same mode of operating is adopted as on copper
plate ; only, greater strength must be used fur laying the mezzotinto
ground. A greater number of wayt is likewise required. A trny
is the technical word for going entirely over the plate with the
grounding tool. Mr. Lupton, who obtained in 1822 the gold Isis
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medal from the Society of Arts for an engraved portrait on steel, MeneBa*.
remarks, in his letter to the Society, that he has used as many as ' ^ »^
ninety ways on some steel-plates ; whereas, on copper, the usual
number is from twenty-four to thirty-six or forty. Great care is
necessary to prevent the Plates taking rust.
The suggestion ofmezzotinto from steel was made in 1812 by the Ortria of
late Mr. James Watt to one of our most eminent living Engravers, soeuotisto
who subsequently communicated in a letter, published by the on,tttlSociety of Arts in their Transactions, (vol. xlii. p. 55,) some inter
esting particulars on the subject. The writer remarks that his at
tempts upon hard steel, in consequence of Mr. Watt's suggestion,
were unsuccessful; but the subsequent production by Mr. Jacob
Perkinsof Plates of steel, sufficiently decarbonized and softened to
receive impression from the grounding tool, enabled him to accom
plish every thing required. He adds that, in Engravings open ibj^jvaasteel, " the tones are far better defined than those obtainable from lagts.
copper : the clearness of the lights carried to much greater per
fection ; and the darks distinguished by superior richness. Al
though the process is much longer and more tedious on steel than
on copper, yet, when completed, it is so perfectly satisfactory as
fully to reward the additional labour." See Letter from Mr. C.
Turner to Mr. Solly, published as above stated, ai
Oct. 14, 1824.
Note (EE.)
The advantage of mezzotinto Engraving consists in the soft gra- :
dations of light and shade. As no lines nor strokes are visible, ;
Prints of this kind appear executed with a brush, and finished with '
the most delicate softness. Naked figures, and every soft or smooth
object, like hair or fine drapery, may be faithfully and perfectly ex
pressed. The only difficulty consists in representing the lesser
details, for which purpose the scraper is insufficient, especially in a
coarsely ground Plate.
Some Artists have endeavoured to give the requisite
the outline by means of the burin or by etching ; but
tempts have been unsuccessful, since the usual harshness of the
lines thus superadded forms ton strong a contrast with the softness
of the mezzotinto, and, consequently, cannot easily be brought to
harmonize with the rest of the performance. The only person,
according to M. Bartsch, who has successfully introduced a series
of lines and dots into some Engravings of this kind, is our vene
rable Countryman, Richard Earlom. But his lines and dots are
not so much employed to define the outlines (especially in the
masses of light) as here and there to give greater force where the
representation demands it, and to produce a deeper black, for which
the graining alone, even when left quite rough, is insufficient. For
this purpose, his series of lines are not, as might be supposed,
deeply cut with the burin, but etched in so light and easy a manner,
that their masterly freedom admirably harmonizes with the velvetlike softness of the mezzotinto.
Note (FF.)
As mezzotinto is better calculated than any other style to imitate
the gradual blending of colour produced in Painting with a brush, I* Sits.
this advantage must be increased if a diversity of colours be super
added ; and thus, the highest aim of the Engraver, namely, a per
fect imitation of Paintings by renowned Artists, be obtained. This
additional property causes the preference which is awarded to Le
Blon's method. The methods of Chalcography, by means of the
burin, the dry point, the etching needle, or the mezzotinto scraper,
hitherto described, are certainly capable of expressing in a consi
derable degree the beauties of a Picture. We admire, in many
works so executed, a subject judiciously chosen, a composition
cleverly arranged, an outline tastefully and correctly drawn, aa
effect of chiaroscuro beautifully given : but we miss the charm of
varied colouring, which not unfrequently constitutes the chief ex
cellence of a Picture,—an excellence which, in flower-painting, or
subjects of still life, is indispensable. Le Blon's system seems cal
culated for supplying this desideratum. Jt multiplies the original
Painting in every particular.
Attempts were made at coloured impressions of Engraving by
Peter Laitmann, the sometime instructor of Rembrandt, even as
early as the year 1626 ; by Peter Sehenek, an Engraver of Amster
dam, in 1680; and by an English engineer, named Taylor, in the
service of Frederic the Great : but, as these performances were
merely etched in lines, and were executed by transferring the colour
to only one and the same Plate, they could never attain the rich
effect of a Picture. For this reason, no further endeavours of this
kind seem to have been made. M. Bartsch, indeed, alludes to
some meszotintos, published some years since, that bear some re
semblance to those of Le Blon. But as these were executed by
means of only one Plate, previously painted over with the different
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required, the dots or little crossings of the meziotinto (see
Eograving. colours
Note DD.) appear uniformly of one colour, (namely, that which the
Printer has giveu to each portion of the Plate before printing,) in
stead of exhibiting that variety, richness, and transparent effect,
which we proceed to describe in the method of Le Blon. Such
Prints as the above do not blend their tints effectually, especially in
the lights, where many traces of the white paper may be detected,
and are seldom so perfect but that they require re-touching here and
there with a brush ; whereas Le Blon's impressions, on the other
hand, are almost wholly covered with colour, and, if properly exe
cuted, come out in a perfect state from the hand of the pressman.
Three or
For every Picture to be imitated in Le Blon's style, at least three
more Plates Plates are requisite,—one for red, another for blue, and the third for
required for yellow. In some cases, a fourth Plate is also wanted for black.
Le Blon's
The mixture of these three primitive colours produces other three ;
method.
red and yellow make orange ; red and blue make violet or purple ;
blue and yellow make green. The mixture, moreover, of the three
primitives—red, blue, and yellow—together in equal proportions,
produces black ; and their mixture, in different proportions, produces
every other possible colour. (See Painting, Note to Art. 285.)
The degree of strength or of paleness (]b. Art. 284) in the tone of
the primitive colours, or for that of the compounds produced by
them, will depend upon the graining of the Plate, and whether it be
deep or shallow. In places, for example, where the graining is
left quite rough, and, consequently, where the colour sinks in
deeply, a darker and stronger tone is produced in the impression.
Where, on the contrary, tin: Plate has become smoother by the ap
plication of the scraper, i id the colour but superficially imbibed,
paler, lighter, and softer tones will be obtained. It naturally follows
that each of the three Plates in question must be differently worked
by the Kngruver. For instance, the Plate intended for blue must
be left quite rough in those places which are to appear perfectly
blue ; or, secondly, the Plate must be mure or less scraped in parts
where the blue is to blend with the colour of another Plate ; or,
thirdly, the Plate must be polished to a degree of perfect smooth
ness where the blue is not to appear. The same rule is to be
strictly followed for each of the other Plates.
The colours used for printing must, says M. Bartsch, be transpa
rent, so that one may show through the other. They may be
ground with nut oil, but poppy oil is preferable. Both kinds should
be mixed with one-tenth of drying oil. Prussian blue, yellow
ochre, and red lake, (the latter mixed with two parts of carmine,)
are the colours employed. If a black Plate is necessary, printing
ink is used. The blue Plate is used first, the yellow next, and,
lastly, the red. The impressions may either all be coloured blue,
then yellow, and afterwards red ; or each sheet may be separately
printed off at once. The latter method is preferable, as the colours
then succeed each other in a damp state, and are more readily
Note (GG.)
The preparation of the Plate, by laying the ground, tracing the
subject, &c, is the same here as for etching. (Note BB.) This
style may be considered a method of etching in dots, instead of
lines. The dots are intended to resemble the grain produced by a
chalk crayon upon paper. For the strokes made with the chalk
will be found to touch the paper only at certain intervals, and on
certain eminences, more or less apart, according to the description
of paper used. According, therefore, to the quality of these strokes
in the drawing to be engraved from, the size and distance of the
dots or points made through the etching ground must be determined.
In representing the hatches of the drawing, and in giving to each
object its proportion of light and shadow, a distinction also must be
preserved between those hatches which mark the perspective of the
object, and those which characterize its surface. The principal
hatches require, of course, to be more strongly marked than those
which are subordinate ; and the fainter or middle tints, if etched,
must be marked lightly. But these latter may be left to be finished
with the dry point or graver after the etching ground is taken off;
and by this method greater softness and clearness will be obtained.
Great care must be taken not to corrode the lighter hatchings too
deeply. When these are sufficiently bitten they may be stopped
out with the slopping mixture, (turpentine varnish and lamp-black,
Note BB.) and the solution of aquafortis again applied, to bite in
or corrode the stronger parts. At this stage of the process, if the
dots which compose the shading burst into each other, the operator
need not fear that they will injure the work, unless they furm too
hard a spot, or too deep a black. When the etching ground is
removed from the Plate, it will be necessary to interstipple the flesh,
or softer parts of the work, with points made on the pure copper by
means of the hurin or dry needle. The strongest shade will also
require additional strength, and must, therefore, be deepened by
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slight touches of the graver. For making dots with this latter in- chalk En.
stniment, (Note BB.) a common practice is to change its situation eriTio; or
in the handle, so that the belly or convex part of it, which was bolted Etchlowermost for cutting lines, becomes uppermost for dotting. Then, '"**■
,
by having turned the handle to fit the hollow of the hand as before, the point of the burin acts upon the copper from a greater
elevation, or, as mechanists term it, with a better purchase. Aa
dots only, and not strokes, are required, the tool is managed in
this position with greater ease and freedom. In this manner ths
Plate is to be worked and dotted throughout, and, when one cover
ing of dots is completed, and cleaned off with the scraper, another
covering must be inserted, until, by this operation, (repeated at often
as is necessary for a perfect imitation of the drawing,) a proper
grain and sufficient masses ofshade are produced.
Great patience and much practice are necessary to success in
this way Many expedients and contrivances to save this trouble
have been in use. Kov large subjects, and also where only a
general effect is wanted, and where great exactness is not required,
various other instruments have been used, such as wheels having
single or double rows of teeth at their edges, or cradles resembling
a grounding tool for mezzotinto, (Note DD.) only made with pecu
liar teeth, so as to produce points or dots. Numerous tools were in- Variety of
vented by the chalk Engravers in France, where chalk Engraving to«i« used bj
originated. A complete set of them is said to amount nearly to ?r^cl1
forty different articles. Of these, however, M. Bartsch mentions '
only the following ; 1. an elding needle, in order to dot the outlinea
and parts intended for etching ; 2. a double needle, or one with
two points ; 3. a triple needle, with which three dots may be made
at once,—this instrument, together with Nos. 1 and 2, may be
made with points differing in thickness, according to the size of the
dots required : the points must be rather blunted ; 4. the mnltoir,
a sort of punch, ( Note CC.) one end of which, in a cubical form,
is furnished with small uneven teeth, irregularly placed and
blunted : it is fastened to a wooden handle ; 5. a similar matloir,
without a handle, to be hammered upon the Plate after it has been
etched, and the etching ground cleaned away ; 6. the roulette, a
small roller or cylinder of steel, (between one-eighth and threesixteenths of an inch in diameter,) which is covered with small,
closely compacted, delicate points or teeth, and which revolves
upon an axis attached to a handle of wood : this instrument also
varies in its breadth and thickness, and in the fineness as well as
closeness of its teeth ; 7. a double burin, with which two dots or
pecks may be made at one time.
It will sometimes happen, in etching the work, that parts intended
to be dark will fail of their proposed effect, and the failure be unperceived until the etching ground has been removed. In such
cases, the process of re-bitiug (Note BB.) may be advantageously
practised.
Plates, engraved in this style, commonly yield about five hundred Number or
or six hundred impressions. Common printing ink is used for Impressions,
black, and burnt sienna for red : this latter, as also the various
mineral colours employed for imitation of chalk drawings, should
be ground in poppy oil. Drawings, made with chalks of different
colours, may be imitated, if a separate Plate be provided for each
colour. There are several excellent French imitations of chalk
drawing on blue paper, by using two Plates, one to print the black
chalk effect, the other to give that of the white chalk.
Nole(HH.)
This method only differs from the last in the superior neatness of Difference
its execution. The English style, says M. Bartsch, is distinguished between the
from the French by having its dots small, round, and closely placed pr/nJ-j^^yle.
together like those executed with a punch, (Note CC.) but much
more distinct- In the French Engravings, the dots are irregular,
rough, sharp, either coarse and too far apart, or they take the oppo
site extreme, running into each other from being too close.
Plates, engraved in the English manner, furnish nearly five
hundred good, and the same number of weaker, impressions. They
are hot-pressed, and receive the same colours similarly prepared
with those for the last- mentioned method.
Note (II.)
The bistre, or aquatinta style, called Le Prince's method, is Method of
wholly etched. The outlines are first etched in the manner before Moea
described. (Note BB.) After this operation, the Plate is thoroughly cleansed, and again washed slightly with common etching c
varnish. When the varnish is dry, those portions of it, where the
shading in aquatinta is intended, are to be cleanly removed from
the Plate by the application of a sharp fluid, composed of olive oil
and spirit of turpentine, mixed with lampblack or finely powdered
pine-tree soot. This fluid, which is laid on with a brush over the
shaded parts, and which is mixed with the black in order to make
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Notes on the confines of shadow more visible and more distinctly executed,
Engraving. Bo completely removes the varnish, that it may be immediately
i" m ' wiped off' wiih a cleuo linen ra*r. The whole Plate is next covered
with finely powdered white tesin, silted all over it through a fine
How to lay hair sieve. In onler that the powder may not be adhesive, it should
be previously wetted with a mixture, composed of sosp, sugar, and
grouni
water. The supeitiuous resin is then shaken off, and the Plate held
over a charcoal fire until the small particles of resinous dust dissolve
and adhere to the bare cupper. This change is observable as soon
as the dust, which was previously white (in the places covered with
ish, begins to turn brown, and also when the outlines previously
concealed by the dust begin to be visible. As this change takes
place, the Plate must be removed from the fire, and allowed to
cool ; otherwise the little grains, instead of merely adhering to the
copper in a granular form, would spread and liquidate into a sort of
varnish, anil impede the progress of the aquafortis, for which the
Biting in. Plate is now ready. The solution should not be very sirong, else
the innumerable small grains would be detached from the copper,
am! the work be spoiled. The first tone of shading being com
pleted, the Plate is cleaned, washed over again with varnish as
before, and the second tone worked into it. This process is to be re
peated until all the requisite tints are produced. The artist may,
according to his fancy, either begin with the strongest shades,
adding the weaker ones by degrees, or may first rick in the more
delicate tints, and afterwards go over them until he obtains the
darker shadows. The first of these modes is generally preferred.
Othor ways Some variation in the manner and routine of these operations is
of laying the occasionally practised. The powdered resin, for very fine work,
ground.
may lie enclosed in a bag of fine muslin, and shaken against a
piece of stick at a considerable height above the Plate, in order
that a large cloud of the resin dust may be formed, which, in de
scending, may spread uniformly over the surface previously to
heating the Plate : and the heatiug may be more gently and gra
dually effected by holding vnder it some lighted pieces of brown
paper, and moving them aliout till every part of the powder sho1
itself sufficiently melted by changing colour. After the Plate
cool, such parts of the work as are to come out perfectly white are
covered or stO|iped out with ihe stopping mixture, (Note BB.) di
luted sufficiently with turpentine, ho as to work freely in the hair
pencil. The margin of the Plate must also be stopped out. Then
follows the process of biting in, which is repeated according to the
number oftints required.
is extreme difficulty, however, in some cases, of stopping
Stopping out. out,There
round the finishing touches, leaves of trees, and light sharp
projecting edges of other objects, by only the mode just slated.
Another vi ry ingenious process has been contrived to overcome
this difficulty, so as that the finishing touches of the drawing may
be perfectly imitated and copied on the Plate with the same ease
and expedition as they were laid on at first in the drawing itself.
Fine washed whiting is mixed with a little treacle or sugar, and
diluted with water in the pencil so as to work freely ; and this is
laid on the Plate when covered with the aquatint ground, in the
same manner and on the same parts as ink in the drawing. When
this is dry, the whole Plate is varnished over with a weak and thin
varnish of turpentine, asphaltum, or mastich, and then suffered to
dry: when the aquafortis is poured on as in etching, (No'e BB.)
the varnish, by the action of the corrosive fluid, will immediately
break up in the parts where the treacle mixture was laid, and ex
pose all those places to the action of the acid, while the rest of the
Plate remains secure.
There are disadvantages, it must be owned, which attend this
mode of engraving aquatinta, and cause it to be only occasionally
practised. Plates, thus engraved, do not print many impressions
before they are worn out ; and as different degrees of coarseness or
fineness in the grain are frequently required for producing a com
A better me plete effect, the process hitherto stated is often insufficient. A se
thod of lay cond method, therefore, of producing the aquatint ground is very
ing the
generally resorted to. Some resinous substance, as common resin,
ground.
lurgundy pitch, or gum mastich, is dissolved in spirits of wine, and
this solution poured all over the Plate, which is then held in a
slanting direction until the superfluous fluid drains off. The Plate
is next laid down to dry, which it does in a few minutes ; and if the
surface be examined through a magnifier, the observer will find
that the spirit, in evaporating, has left the resin in a granulated state,
or rather that the latter has cracked in every direction, still adhe
ring firmly to the copper. The spirit of wine used for the solution
must be highly rectified, and of the best quality. Kesin, Burgundy
pitch, and gum mastich, when dissolved in spirits of wine, produce
grains varying in appearance and figure, and are sometimes used
separately, and sometimes mixed in different proportions, according
to the taste of the operator. In order to produce a coarser or finer
it is necessary to use a greater or smaller quantity of resin ;

ENGRAVING.
proportions, several spare pieces of copper *q
are provided, on which the liquid may be poured, and the grain ex- V*
amined before it is applied to the Plate for engraving. The liquid,
after the solution is made, must stand undisturbed for a day or two,
until all the impurities of the resin have settled at the bottom.
Straining it through linen or muslin will not answer, as, iu strain
ing, it becomes filled with hairs or other obnoxious matter, which
ruins the grain. The room also in which the liquid is poured on the
Plate must be perfectly still and free from dust, which, wherever it
falls on the surface (if moist) of the Plate, causes a white spot,
which it is impossible to remove without laying the grain afresh.
The Plate must likewise have been previously cleaned with the
greatest possible care by the application of a rag and whiting, as the
smallest particle of grease will produce seme streak or blemish. la
slanting the Plate, to draw off' the superfluous fluid, there will na
turally be a greater body of the liquid towards the lower than at the
higher edge of the Plate. The grain, therefore, is always coarser at
the side of the Plate which is held lowermost. The coarser side im
usually kept for the fure-ground, as being that portion of a drawing
which has generally the deepest shadows. In large
sometimes, various parts are laid with different
to the nature of the subject. Moderately coarse grains
the purposes of this art than very fine ones, since the
when very small and near each other, are liable to be soon distur'
by the aquafortis, which of course corrodes laterally as well as
downwanls. Indeed, in any case, the acid, if left too long on the
Plate, will eat away the grain entirely. Let the artist have several Ti
bits of copper laid with aquatint grounds, the same in kind and
in grain as those to be used, and let the aquafortis remain for drf- ^
ferent lengths of time on each. He may then examine and judge
of the tints produced, in one, two, three, four minutes, or longer;
and may vary the strength of the solution according to circum
stances. A magnifier is useful to examine the grain, and to ob
serve the depth to which it is bitten in. No proof of the Plate can
be obtained till the whole process is finished. In re-biting, or New ^
etching over again any part already subjected to the aquafortis, f-' n-_ the new grain to be laid on should be coarser than the first, other tit Sirwise it will be apt to lodge only in the dots or holes
etched, and not upon the heights only, as is necessary
produce the same grain.
This style of engraving is, as we observed, chiefly adapted for Deion.-;imitation of sketches, washed drawings, and light subjects ; hut is ■h^^£».
not at all calculated to produce Prints from highly finished Pic
tures. Its resemblance to drawings, however, only extends to the
imitation of abrupt shadows boldly executed : it does not succeed
in those which are softly shaded off as they approach the lights.
The Plates seldom give more than two hundred good impresuoog.
Thev must be hot-pressed and treated with care.
The Treatise by Stapart, published in 1773, (referred to in the first
note to Art. 66.) and entitled " The Art of Engraving with a Brush
on Copper,*' gives the following account of his process : " After
etching his outline he covers his Plate with a transparent vaxnwh,
through which the etched outliues are to be distinctly visible. The An ^ £*varnish, while yet in a fluid warm state, is then strewed wills rock- f^g^t" a
salt, sifted over it through a fine hair sieve. The Plate is next held Coj?«."
over a charcoal fire, till all the grains of salt penetrate to the copper *■
through the varnish. The Plate is now cooled and dipped ia
water to dissolve the salt. An infinite number of small holes wul
be perceivable through a magnifying glass; and through these
holes the solution of aquafortis is to find its way for corroding the
Plate as iu etching. The lights, however, must be first stopped out
by another substance, which the writer terms the colophon vanish,
(such as is used for lackering,) mixed with a little pine-tree sent.
When the weakest shadings have been bit in sufficiently,
aquafortis is poured off, the Plate dried, and the first
tone of shading stopped out preparatory to a second application of
the corrosive liquid. This operation of alternately stopping out and
etching is then repeated, till all the proper gradations of
The true discoverer, says M. Bartsch, of the above i
scribed by Stapart, appears to have been Peter Finding, by w/b
two Plates after Monet and De la Rue, published in 1762, are etched,
as M. B. conceives, with seasalt or rocksalt, and who styles I
Novi hmjut primarum deiineationum eonservtmdanam, et
candarum methadi auctorrm.
By some artists, a mixture of seasalt and 1
rooniac and syrup of old honey, has been used. This
being applied with a brush, either to the clean copper or to the
varnished surface after perforation by the salt, produces gradations
of shadow delicately rounded off as may be observed iu the clouds
of some of the Plates of Ploot van Amtfel. This composition has
been likewise used after the first two tints were produced by the
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solution of aquafortis, in Older *o add the third darkest tint, To
atter »tiU darker, some have used a solution of hilver in
make the latter
spirit of saltpetre or of copper ; or, thirdly, aqua reg . my of which
■ may be applied with a brush. But the process called
H method has been preferred to every other.
Note (KK.J
For this style of the Art, as well as for that of Le Blon, (Note
FF.) as many Plated are required as there are colours to be used.
These are generally black, blue, yellow, and red ; and from these
may be derived the other compounds. Etching is here only em
ForAquarilla ployed
to define the outlines of the figures. When this is done,
the outline
only ii
and the Plate cleaned, it is worked upon with rollers, (roulettes,)
etched.
which, as respects the graining only, differ from those used in
chalk Engraving. (Note GG.) by being altogether finer, in conse
of the difference in the teeth of the instrument. Some En
Instruments quence
for this style, gravers use another instrument resembling a common thick etching
and their needle, but having, instead of the point, a little wheel with spikes
affixed to it. This tool is used with both hands: the right hand
keeps it in a perpendicular position, while the middle finger of the
left hand turns the wheel. The tools are worked on the metal in
a dry, that is, unvarnished state.
As the rollers employed for this work may be pressed much or
little, according to fancy, their operation possesses an advantage
over the last-mentioned or aquatinta style. Not only the abrupt
Its adron* tones of shade, as in aquatinta, (Note II.) but also the soft grada
tages.
tions of light may be produced, and, consequently, a perfect imi
tation of finished drawings. The softer shadings appear as delicate
in the impression as if they were washed in with Indian ink. They
much resemble those of aquatinta. only traces here and there may
be detected of little furrows, almost like those we meet with in a
finely grounded mezzotiuto. In the dark shadings, the dots of the
coarser graiued roller are distinctly perceivable. But the distinuishing characteristic of this style appear* in those shadows, as
Eefore observed, which vanish and disappear by in*eliable grada
tion into the lights, and which cannot be repre cnted on metal
Plates by any of the other methods in imitation uf water colours.
When the drawing to be engraved is of but one colour, a single
Plate will suffice, but four or five Plates may be requisite for co
Number Of loured drawings. Plates executed in this maimer furnish abnut
irnpreas.ous. two hundred good impressions.
Note (LL.)
Principles of Nearly all kinds of stone imbibe both watery and oily fluids;
Lithography, but the portion of a stoue occupied by one of them of course pre
cludes the admission of the other : consequently, where a slab on
any part of its surface has been greased, it ceases to soak up water,
and vice vend. Upon a stone partially greased, and having its re
mainder saturated with water, a greasy application can only take
effect where grease has been before : let, therefore, an oily sub
stance, such as printer's ink, be rubbed over a stone so prepared,
the applied substance will adhere only in those places to which it
bears an affinity ; and whatever lines or forms may liave been ori
ginally traced with the greasy material will become more distinct
and prominent, and may be charged with a sufficient quautity of
colour, to be agaiu taken off the surface by means of pressure, and
transmitted to paper. On these few and simple principles is founded
the art of printing from stone, or lithography.
Preparation and quality of thf stone.—The stone should possess a
perfectly level surface, with a fine uniform grain, and should readily
imbibe
moisture. The best sort is a species of limestone, or calca
Stone from
Kehlheim reous slate, generally cut into square slabs, smoothed on the upper
and Soleo- side, and employed in Germany for Boors of churches, cloisters,
rholfen.
courts of palaces, as well as private houses, &c. It is known in
Germany by the name of Kehlheim stone, having been brought
from quarries near a town of that name on the Danube. It abounds
in the district between Dietfurt and Pappenheim, and along the
Danube down to Kehlheim. The quarries at Kehlheim, it is said,
are exhausted, and the traffic in lithographic stone now chiefly
centres in the village of Solenholfen, in the district of Monhcim,
three leagues from the town of Neuburg, on the Danube. When
the ground is uncovered to the depth of from ten to fifteen feet,
the atone appears in horizontal strata, of various thicknesses and
qualities. The stone Plate requires to he from two to three
inches in thickness. It is composed of carbonate of lime, in which
a small portion of iron is present, and the best is generally to be
found in the yicinity of iron mines. Oxide of iron appears to bear
a strong affinity to grease, since the best impressions have been
obtained from stones whose yellow colour indicate! the presence of
iron. A solution of iron has been consequently used by French
lithographers for washing the stone, called by them, la preparation
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qui fait jaune, and by us "yellow facing;" but it causes too Lithography
strong an affinity to the grease, clogs the Plate with colour, and - _— -,_ j
produces what are termed smudged Prints, in colour and wxture,
Bath stone more nearly resembles that of Solenholfen than any
other to be found in England. But it is inapplicable for any but
the coarsest work. An extensive search was made between a. d. Other coon1817 and 1819 by M. Engelmann and the Lithographic Society, LlSofSuhlo
throughout the Volges and Jura, in the hope ofdiscovering quarries; stone, but
but, though these mountains, and the Jura in particular, are princi- not in Plates
pally calcareous, and might furnish great abundance of the kind of °-f ProPer
stone, yet it was found bo unequal in formation and colour, and so
interrupted by fissures, crystallizations, petrifactions, and other
blemishes, as to furnish no Plates of sufficient dimensions to recom
pense the labour of extracting it. The same objections apply
equally to the lithographic stone of Swisserland, France, Italy, and
the British isles. The Lithographers of Europe depend for their
supply upon Bavaria alone, where, however, no want of the ma
terial for centuries to come need be anticipated.
From the difficulty and trouble attending the safe and ready Substitutes
conveyance of stone Plates, other contrivances more portable and f°r stone at.
available have been attempted. The ingenious Senefelder has in- teroPledvented various substitutes and compositions in imitation of the
stone, some of which have been employed in Germany ; but, al
though useful as temporary expedients, they yet call for much im
provement, and are still inferior in point of consistency and manageableness to those from the laboratory of Nature at Solenholfen.
For preparing the surface of the stone tablet, M. Bartsch, to Preparation
whom we are indebted for most of our technical details, gives the of the stone
following directions: Two slabs with their flat surfaces laid to- **lntc*
get her, and having some clean silver sand and water between them,
are rubbed backwards and forwards, until the saud is crushed, and,
by wearing away the stone, becomes a thick paste-like substance ;
more sand must then be added, or the old quite washed offj and
fresh sand and water applied. The rubbing must be continued till
both surfaces are perfectly level. Two stone Plates are thus po
lished at the same time. The polisher, according to the sort of
work to be finally printed from the stone, makes the surface more
or less rough , and to produce a finer grain, strews fresh hand, con
tinuing to rub the htones till the larger particles of the sand become
rounded, but not quite crushed. When perfect smoothness aud
glossiness are required, the foregoing operation is persevered in, and
ceases only whe>u the sand meets no lunger with any resistance
from the stone surface, which is then rubbed with pumice and
water till it shines and reflects the light. Upon the accuracy of
this work of the jwlisher, the future success of the Lithographer in
a great degree depends. No inequalities must remain on the sur
face, otherwise no clear impression can be taken, or the stone may
be fractured in the press. The smoothed face of the stones alter
graining or polishing should be carefully washed with a sponge in
pure water, to remove the grit, and then left to dry.
Materials for drawing on the stone.—The materials for inscribing Lithographic
the stoue are, either a preparation of chalk, to Le laid on in a dry chalk,
state like a crayon on paper, or a kind of ink to be used with a
pen or hair pencil as in writing or drawing. Among the various
receipts given by Senefelder lor Lithographic chalk, he considers
the best to consist of eight parts wax, four of soap, and two of
lamp-black. These ingredients, after sufficient concoction, hhould
be poured slowly upon a marble slab or iron plate, to form a mass
about as deep as the thickness of the intended crayon. This sub
stance is next pressed under another Plate, to render it sufficiently
hard and compact; and then, while it is yet warm, divided into
strips, which are afterwards separated when perfectly cold. The li
thographic chalk may be made harder by a greater proportion of
wax, or softer by increasing the proportion of soap. Very good
crayons, of a medium stiffness, may be made of four ounces of
wax, four of chalk, four of soap, and two of lamp-black.
The composition for Lithographic ink is comjKised, according to Lithographic
M. Bartsch, of two parts or ounces of common soap, five parts or ink.
ounces of pure white wax, one-fourth part or one quarter of an
ounce of grease, and one part or ounce of lamp-black ; the latter
ingredient to be greater or less, according to the fancy of the de
signer. Another recipe in frequent use has somewhat different
proportions. Take of white bees* wax half a pound ; of common
yellow soap two ounces and a half; and of lamp-black one ounce.
These substances, with the exception of the lamp-black, are then
mixed and made to burn over the fire in an iron vessel ; that is,
suffered to remain till ignition has taken place, and at least onethird of the wax and soap has been consumed. The lamp black is
then added, and the whole welt stirred. The mixture mtivt be
poured out slowly on on iron or stone plate, and left to cool. When
wanted for use, a portion of it is to be mixed with water in the
same manner as Indian ink, and made of sufficient consistency to>
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run freely from the pen, but should always be somewhat thicker
^ common ink.
Lithographic inttrumcntt.—The9e are a port-crayon, a swan quill,
*n e*c'1'n(f nee,"ei * scraper, (such as for mezzotinto, Note DD.)
a steel pen, a slab and muller, a pallet knife, camel's hair pencils,
and dabbers. The latter are made of silk or soft glove leather
(white kid leather is preferable) stuffed with cotton. The dabber
is fixed to a haudle about sixteen inches long, and is used like a
hammer, that each stroke may bring the smooth leather surface in
eontact with the stone.
The stone
Precaution! in drawing.—The Lithographer, while his drawing is
KdeMbt ProSreS1'' mu9t above all things be careful that nothing either
during the we* or greasy touches his work ; grease of any kind will be sure to
work.
print, and moisture will prevent his chalk from working with pre
cision and clearness. Dampness even from breathing should be
prevented, for which purpose a kind of fan made of paper may be
placed before the mouth and nostrils to turn the breath in a dif
ferent direction ; or the stone, as M. Engelmann advises, may be
moderately heated before it is drawn upon. The stone likewise
must be kept quite pure from dust, and cleansed throughout with a
perfectly clean dry camel's hair brush, otherwise the pellicules of
dust entering the cavities in the grain of the plate will intercept the
touches of the crayon. Any substance also of the nature of gum
or glue must manifestly have the same injurious effect. The fin
gers must never touch the work. It is useful for the Draughtsman
to support his wrist upon a bridge or rest about four or five inches
wide, made to rise, at its lower surface, about oue-eighth of an inch
clear of the stone ; and a margin of at least an inch wide must be
left round the work for the necessary space required to lift or move
the stone. The brush of camel's hair must also be repeatedly
applied to sweep away the smallest particles which must unavoidably
escape from the hair of the Designer while leaning over his work.
Neither India rubber, nor crumbs of bread, must be used for ef
facing any errors which may be made by the lead pencil in sketching
his outline ; clean white leather may be employed ; but these errors,
unless the grain of the stone is injured by them, and unless they
have been repeated by the afterwork of the crayon, or lithographic
ink, are quite harmless, and will not come out in the impression.
The face of the stone, when not in use, should be lightly covered
with clean paper.
Practice of Lithographic Drawing.
Three modes The methods of working on the stone have been sometimes classed
of working. under two heads, according to the material used, namely, either the
crayon above described, or the lithographic in*. In the use of the
latter material, however, a third division of the Art should be added,
called Dabbing. These three methods may be either practised
singly or conjointly, according to the effect intended.
1 . Crayon drawing.—The Lithographic chalk should be kept dry
1. Lithogra
phic crayon. and excluded from the air. If the subject is to be previously traced on
the stone, French tracing paper should be used, not such as has been
prepared with oil orvarnish. The tracing, being completed carefully
on the paper with a soil black-lead pencil, is next laid with the pen
ciling downwards on the stone surface, and fastened at its edges
with strong gum-water or a few wafers, to prevent slipping. A sheet
of soft paper is then placed above, and rubbed with a smooth piece
Tracings and of ivory or ebony. In this manner the lines of the pencil are trans
Transfers. ferred to the grained surface. Or the transfer may be accomplished
by placing, as in Chalcography, (Note AA) between the tracing
paper and the Plate, a piece of white paper rubbed all over with the
lead, (the rubbed side being laid downwards next the stone,) and
then by going over the traced lines with a blunted steel point or
etching needle. Tracing is rrcommended in preference to sketching
on the stone with the black-lead pencil, as too much care cannot
be taken to preserve and protect the grain of the stone. This
grain for chalk drawing should be coarse rather than fine ; parti
cularly for portraits, otherwise the stippling of flesh will have a
heavy and hard effect. A surface moderately grained is the best
for the Lithographic crayon. Should the stone not be free from
veins, care must be taken that the more delicate parts of the draw
Method of ing do not come where the lines or spots appear. For delicate
working la touches, the crayon should have a long and slender point, and
should be used in a swan quill, which, by its lightness and elasticity,
assists the hand in the operation. For strong touches, a firmer and
shorter point is necessary, and the chalk should be placed in a
port-crayon, which enables the hand to give firmness and precision
of touch in the darker masses of the work. As the Lithographic
crayon is apt to soften by much friction, a steady and rather slow
motion of the hand is requisite to prevent specks and unevennesses
in the work. These specks will cause infinite trouble to a hasty
Draughtsman, as they must afterwards be carefully picked away
with the etching needle, and swept from the surface with the brush.

A finely-pointed crayon passed repeatedly backwards and forwards Lithcfri^lj
with a uniform steady motion, but not with heavy pressure, produces — y s» 1
very fine dark lines. Soft chalk produces the greater depth of
colour, but for more delicate parts, such as flesh, &c. a firmer kind of
crayon is required. Dark masses are not to be obtained by heavy
pressure, but by repeated hatching and stippling. Strong touches
sufficiently broad to admit of a bluntiah or firm point are procured
by driving the chalk firmly against the grain of the stone. Any
required depth of tone may be produced in this way. Sharp
catching lights may be scraped out with the mexzotinto scraper,
or fine light lines may be scratched with the etching needle.
These latter operations must be performed with the utmost care and
precision, since the scraped parts of the surface become too rough
to take the chalk a second time, or too uneven to print with cer
tainty. Some Lithographers soften their tints into each other by
means of a mexzotinto cradle or grounding tool, (Note DD.) but
this practice is unnecessary if the drawing be carefully executed ;
and the work will print much better without it.
The Artist will not fail to observe that the colour of the stone
being darker than common drawing paper, his drawing will have a
more finished appearance on the stone than when printed. He must
therefore calculate accordingly, and not consider the colour of the
stone as giving him any assistance by way of a middle tint, but
must lay a proportionate tint over the lighter parts of his work.
2. Ink drawing.—The surface of the stone for ink drawings >< ""i^ "should have a delicate polish, which has been produced by finely
'f
powdered pumice-stone used after the fine sand. The process of jVfJti7
tracing is similar to that for crayons above given, but is usually pes wtaaa.
made with common red chalk. The ink is then made ready by
rubbing the stick (like a cake of Indian ink) in a little warm or
cold water ; rain water, or distilled water, is the best. The ink for
the pen should be less diluted than for the camel's hair pencil.
The pens should have nibs of different breadths, according to the
sort of lines to be drawn ; and the hair pencils should be of the same
kind, and in the same variety, as those used by Painters in minia
ture. Ink drawing requires more study and practice than crayon
drawing. In laying on the colour with the brush, care must be
taken that the greasy or soapy particles are spread uniformly, since
on this, and not on the evenness of colour merely, depends the suc
cess of the future impression. A wash of the mere colour may
have its proper tone, and look admirably well on the stone, and
yet be utterly useless for printing : or the wash may be quite
colourless ; yet if a sufficiency of the greasy material be evenly
imbibed, the impression will come out perfect. It. Engelmann
recommends the practice of stippling, hatching, or dotting, when
ever the pen or hair pencil are used. A union of pen-work with
that of the hair pencil produces very agreeable effects; touches
sometimes of the crayon may be added. Ink lines may also be
put into a chalk drawing. The work of the hair pencil is less diffi
cult than that of the pen; producing touches of greater delicacy
and softness, aud fewer blots. The progress, however, with the
pencil is slower, the touches are sometimes not sufficiently charged
with ink, and there is, on the whole, less freedom of execution.
Architectural designs, or such as require great nicety, are sometimes
outlined in ink, and finished in the crayon manner. The architec
tural Draughtsman will find his drawing pen of occasional use, but
must be careful frequently to clear the point, and prevent it from
being clogged with ink.
If ink drawing, however, requires more time and pains than the
work of the crayon, the operator will be rewarded with a greater
number of impressions. M. Engelmann remarks, that ink designs
well executed on stone are almost inexhaustible ; and that thirty thou
sand or forty thousand impressions from them have been taken with
out any perceivable difference between the first proofs and the I*»t.
The following method, invented by Mr. Joseph Netherdeft, for >jr. rJaxctransferring designs (drawn first on paper in lithographic ink) to the deft's
surface
stone,
rewarded,
1829, by
a premium
Society of
of the
Arts.
Thewaspaper
for theindesign
receives
first a from
washthe
of Ll"iJ'fr' :
common size laid on with a camel's hair brush, and afterwards three
coats of paste laid on in a similar manner carefully and evenly. The
paste is made by boiling in separate vessels a quarter of a pound of
tapioca, and the same quantity of arrow root, till each forms a paste.
Let them then be united and mixed with a sufficiency of hot water
to make a thin paste to be strained through a piece of muslin. Then
add a quarter of* a pound of flake white, previously well ground in
water, and stir it in with the paste. The paper, when dry, should be
either cold-pressed, or sent to the glazing-mill and flatted between
two rollers. Two sheets, with their pasted sides contiguous, may be
glazed together. The ink recommended by the inventor consists
of equal quantities of yellow soap and shell lac boiled and burnt
together, with sufficient lampblack to give it colour. In o
transfer the writing or drawing made with this ink with a i
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Note on crow-quill pen on the prepared paper, let the stone be moderately
K graving.^ warme(]- Damp the back of the prepared paper till it lies perfectly
^■^V^' flat, and be careful that no wet touches the prepared side containing
the drawing or writing. Next lay the paper carefully on the
warm stone with the wetted side upwards, and lay oyer it a sheet of
soft paper, such as will absorb the wet. Pass the stone through the
press three or four times with increased pressure, after which the
paper will peel off, leaving the composition or paste, as well as the
drawing, upon the stone. Wash off the paste, and lay a strong
tint of gum arabic and water over the surface. When dry and cold
the stone is ready for printing.
S. Use of the 3. Dabbing.—The stone for dabbing should be polished as for
dubber.
pen-work. After tracing the design upon it, according to the me
thod above given for crayon drawing, the artist stops out his mar
gin, and all the places where pure lights are to be left, with a mix
ture composed of gum-water, to which a little candied sugar pow
dered and a little gall have been added. This composition should
be diluted sufficiently to work with tolerable freedom in the pencil,
and the stoppings should be firm and decided. When the first
stopping for the pure lights is completed and perfectly dry, he
charges the dabbers with the Lithographic ink, dispersing it evenly
over the surface. The first tint required is usually very light ; tho
dabber therefore should be sparingly charged with colour, and tried
by striking it on the surface of a spare piece of stone to ascertain
what depth of colour it will give. If the tint be too light, it may
be strengthened by repeated dabbing. Having obtained an even
tint of this light kind over the surface of the plate, the Lithogra
pher proceeds to stop out the light tints, taking care not to stop
out more than is necessary. After this second stopping, he conti
nues to ply his dabbers as before till he obtains the strength of the
second tint; and in this manner alternately dabs and stops out
until all the tints of his drawing, according to their due gradations,
are completed. Minute markings and touches are obtained with
difficulty by the dabbers alone: the chalk or pen therefore may be
resorted to ; and in cases where any stoppings have been omitted,
the mezzotinto scraper or a sharp penknife may be used to lighten
the tint in the faulty parts. Sometimes a mezzotinto grounding
tool is useful to soften the tints after the process of dubbing. The
reader will have probably observed that this process, called tho
" dabbing system," is admirably adapted for white ornaments on
black or dark grounds.
Lithographic Printing.
Printing.
We now come, lastly, to another series of operations which re
quire perhaps more care than any of the foregoing. For printing
from stone, a Press of a peculiar construction is required. A de
scription of the Lithographic Press is attempted by M. Castellan
in his Report to the Academy of Fine Arts at Paris, in 1816, who
Report of M. at the same time details the process of Printing as follows : Le
tUs'iubJf t" "'^cnitme <fe pretse dijpre de toute$ celles qu'emploient les imprimeurs en caracteres, en tait/e douce, let dominoliers, ct ies imprimeurs t£ctoffes. Cette presse consiste en une table creute terminee d
rune de set extrcmites par det montant qui tupportent un rouleau ct
mouimet ; la table ett recouverte d'un chassis garni a"un cuir fortewent tendu. On place la pierre dans le creux de la table et on Py
assujetit au moyen de collet el de coins, puit on la mouille avec une
(ponge et de Veau pure, jutqu'a ce quelle en toil bien taturee. Ensuite on charge la planche dc noir au moyen d'un rouleau de boit ou
tnanchon reconvert cCun cuir, et qui ett Im-meme impregni d'un noir
d'impression exlremement Jin et compacte qu'il a pris en roulant
sur un marbre charge de cette matiere ; on promene ce rouleau
plusieurt foil, et en tout sent, tur la pierre. La pierre (tnnt done
charyce de noir, on etend destus un papier d'impression, bien tnoins
humide que celui qu'on emploie pour celle de la ladle douce ; alors
le chassis retombe sur la table, et par destus ce ch&tsis une racle ou
regie rn bois qui, au moyen dune bascule faisant agir deux leviers,
exerce une prettion de plus dun miltier de livrcs : enjin on met le
moulinet en mouvement ; la sangle attachee par son autre extremity,
a la partie mobile de la iahle dans laquelle la pierre est place*, s'enroulc sur le rouleau, et fait glitter sous celle regie la tupcrftcie du
chdssis, qui terl d intermfdiaire entre elle et la pierre, et fepreuve
est imprimit. On retire alort la regie, on ouvre le ch&ssis et on
retire cette premiere ipreuve, pour en faire sur-le-champ une seconde de la mime maniere, et sans dirangrr la pierre qu'on mouille
a c/iaque fois. Pour conserver Ies planches Iortque le lirage est fait
on let enduit d'une couche de gomme arabique, qui tes met a Pabri de
fatteinte det matiires grasses et du frotlement qui pourraient giter
le destin. We despair of giving a better description of the Litho
graphic Press and its uses. To such of our readers as have never
ieen one, we recommend a visit to the establishments of some of
our Lithographic Printers. That of M. Hullmandel is, as we
before said, one of the earliest in London, and has met with de
served encouragement and success. The machinery of the LithoVOL. v.
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graphic Press has undergone several improvements since the ac- Llthograpar.
count above quoted as given by M. Castellan. The improved Press of Svya<*
Messrs. Taylor and Martineau, of London, is one of the simplest in Improved
construction, and most convenient for use. Two cast-iron uprights Prc8" bT
(see pi. i. fig. 1 1 ) form the sides of the Press, and are firmly attached ,„""d' jJaJ."
to the base and table beneath. A carriage below containing the stone tineau.
u'supported by small rollers which considerably diminish the friction,
and which move along a railway at the bottom of the table. The
carriage is put in motion by means of a cylinder, to which a strong
handle is attached; and the scraper (called in the above descrip
tion by the French term racle) is depressed towards the Btone by
means of a spiral placed at the extremity of a handle fur the pur
pose. A regulating screw is added for adjusting the Press to the
various stones employed in the several branches of the art.
Before the Pressman submits the stone to the Press he must per- Process of
form two very essential operations: first, he washes the stone with printing,
aquafortis well diluted in water. This solution prepares the stone to
receive more readily the aqueous particles in the parts not intended
for impression, and cleanses the surface likewise from dirt. A
very weak solution, and such as will not excite effervescence, is re
quired. When the whole surface has been wetted, fresh water is
immediately used for rinsing it ; and, when a sufficiency of water
has been imbibed, a thin coat of gum arabic and water must be
passed over it.
Secondly, the Pressman proceeds to the operation of charging
the stone with printing ink, and applies his colour with a stuffed
leather ball, pressed or dabbed perpendicularly on the surface, or
with the common inking roller. For fac-simile of MSS. the roller
is preferable. The printing ink must be applied carefully, and not
too thick ; otherwise, the lines will print broader than in the de
sign, and be apt to spread over the stone by the pressure given in
printing. The first impressions are generally feeble, and the ope
rator must not expect a satisfactory result all at once, but must
patiently repeat the process till a good impression is produced.
The Plate, between each new application of the printing ink, must
be thoroughly saturated with water. When signs appear of the
Plate being clogged or overcharged with colour, (an accident which
arises from a portion of the printing ink being left on the Plato
after taking an impression,) the Plate must be cleaned by means of
the following mixture : one part linseed oil, (or two parts olive oil,)
two parts oil of turpentine, and three parts of water, shaken
strongly together in a phial till they produce a foam. A small
portion of the liquid well shaken is poured upon the Plate, and
Bpread rapidly with a sponge over the entire surface. By inean3
of this process, the black lines or shadings dissolve and become
entirely obliterated : the oil of turpentine removes all greasy su
perfluities, while the linseed oil of the mixture supplies fresh nou
rishment to the drawing, and the water or third ingredient of the
composition is drawn only to the parts where water has already
been absorbed. The face of the stone, being now perfectly cleansed
with a large sponge and fresh water, becomes as white as before
the drawing was made, and the work, being no longer discernible
on its surface, presents to the eye of a novice the appearance of
being utterly spoiled. It must be left in this state for a short
time, and is then to receive a thiu coat of gum-water previous to
the renewed application of the Printer's ink. All the original lines
and touches of the drawing then reappear, anil seem sharper and
more distinct thau ever. If, after an impression, the printing ink
still shows a tendency to remain on the stone, a little diluted
nitric acid may be carefully applied with a sponge to remove it.
The operator must be careful not to use the same sponge indis
criminately for these several liquids, but must keep a separate
sponge for each.
Paper.—The paper for Lithographic impressions should be con- Paper,
siderably thicker than for ordinary printing. If thiu paper be
used, intermediate layers will be necessary, that the scraper in
printing may not come too near the drawing itself. Unsized thin
paper is on this account unserviceable ; since the printing ink, if
very tenacious, will make the paper adhere to the Plate. All
papers, in whose composition chalk or alum is present, are, says
M. Bartsch, injurious to the stone.
Printing ink.—M. Bartsch's recipe for printing ink is linseed Printing Ink.
oil well thickened by boiling, into which a sufficient quantity of
lamp-black is afterwards well ground, till the whole mass is smooth
and adhesive. Auother recipe, which we copy from the Encyclopced*
Edinensis, recommends " one part grease or coarse soap ; four
parts white wax ; one part gum lac ; and one part lamp-black,
bruised and very dry. In mixing these ingredients, the grease or
soap is cut in small pieces, and put on a strong fire in an iron pot :
this being well heated, the wax, also in small pieces, is introduced.
After stirring it alout, it is then set fire to with a match, and, while
burning, the gum is added. When dissolved, extinguish the flame
by covering up the pot ; and, while the mixture is boiling, add
5a
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Notes on the lamp-black, still stirring it, till the whole is completely incorEngraving. porated. It is then taken oil' the fire, and poured out on a plate
v—lV™"*/ of irou to cool. It becomes completely solid, and may be preserved
in cakes. When wanted for use it will be cut into pieces, and
dissolved in spirit of turpentine, or linseed oil, to a due consistency.
It must not be ground very thin, as the lines will then be unequal
and weak iu their effect."
Temperature.—The temperature of the printing room is of much
importance to the Lithographer. No season is so dangerous as
hot weather, causing a rapid evaporation from the Plate, which
cannot be too moist. On the other hand, in very cold weather
impressions are not to be obtained till the Plate has been a little
warmed, and the chamber well heated.
Note (MM.)
Among these several varieties in the practice of Lithography,
some may require no further explanation than is to be collected
from the foregoing Note ; such are Nos. 1 , 2, 3, 8, and 11. The
Compound method No. 4, for which several Plates are employed, and which
Lithography. we should call compound Lithography, (Art. 12.) differs only
from the 'processes which we noticed under Wood Engraving,
(Art. 28. and 30. Note (P.) or under Chalcography (Art. 46. 03.
and 67. Notes (FF. and KK.) by the peculiarities already stated,
which distinguish Lithographic Engraving and Lithographic
Printing in general from Engravings on wood or metul. M.
Bartsch remarks, that during the process of preparing the stone
Plate for the Press by ablution in diluted aquafurtis, the delicate
tints of a crayon drawing sometimes become enfeebled and some
times quite disappear ; and recommends the use of a second stone
Plate, on the surface of which the highest lights are left untouched,
and the middle tints restored by some colour, either a yellow-brown or
Toning
greenish-grey. This he terms the toning Plate. A moderately good
plat*.
stone (for the best kind is not necessary) is selected, and grained
as for a chalk drawing; its whole surface to be covered over with
an ink composed of four parts -xax, one part soap, and two parts
vermili n, not too thick, yet sufficiently strong to resist the action
of the aquafortis. This ink, dissolved iu rain water, is applied to
the stone or toning Plate in a liquid state with a brush. When the
reddened Plate is perfectly dry, a full impression from the original
stone is taken, and this proof immediately applied for reimpression
to the reddened stone. The red ground, being chiefly of wax, is
easily scraped off in places where the drawing indicates that lights
should be left. The same Plate is then washed with a solution of
aquafortis, (about twenty parts water to one of the acid,) and,
finally, coated with gum. It is then ready for giving impressions.
Retouching. The discovery of a method for retouching, on the stone, any
given portion of a Lithographic drawing, supersedes in some mea
sure the process last mentioned. The honour of the invention is
gaid to be divided between M. Ilullmandel, of London, and M.
Engelmann, of Paris, neither of whom, however, have published
their secret, so that the claims of each competitor must remain sub
judicc until the disclosure of further evidence.
For imitation of mezzotinto, (No. 5.) the entire stone Plate (its
margin of course excepted, which may be stopped out,) is to be co

vered with a coat of Lithographic ink (Note (LL.) dubbed ran- UtW,
formly over it, and care must be taken not to leave the substance 1»-Y^_'
too thick on the surface. A coat of thin varnish, or of pun arable, Imiutl™ ([
is then passed over the plate, and after transferring the design "omom*
the Artist proceeds to remove the lights with his etching point or
mezzotinto scraper. These instruments must be sufficiently sharp
to clear away the ink, otherwise they will only serve to spread the
oily or resinous vehicle, and cause extreme dorks instead of light*
(See directions under Dabbing iu the last Note.)
No. 6. differs little as to the vehicles used from the ordinary
methods of this kind of printing. No. 7. requires only a good clear
impression of the letter-press or copper-plate to be taken, and
then, while yet wet, to be laid on the stone, which latter being
passed through the press, receives an exact transfer of the printed
matter. No. 9. is, we believe, seldom resorted to but where the
scraper or the needle has failed of the effect intended, and consists
in removing, by means of the graver, such portions of the surface
as are required to be perfectly free from colour.
Of the method No. 10. the following account has been given.
Let the stone Plate be covered with a solution of gum arabic co
loured with lamp-black. When perfectly dry it is ready to receive
the design, which is to be carefully proceeded with by means ofetch- "etta!;;
ing needles of different thicknesses, according to the breadth of i'.,^
the several lines. The operator merely scratches off the eoaticg of
gum from the surface without making any incision into the stone.
The analogy between this process and that of etching (Note BB.)
is evident. The gum answers to the etching ground, and as the
latter protects certain parts of the copper-plate from corrosion by
the acid ; so the former, in the present instance, preserves tie
stone from the action of oily or resinous matter. The Lithographic
or resinous ink is now well rubbed over the stone, which is lielenJed
from it in every part but where the scratches have been made.
The stone is then well sponged with water, and the ground of yum
and lamp-black being thereby washed off the surface, the lines ot the
ink remain where the designer had rubbed them in. This process
may be repeated till the operator is satisfied with his work. In
stead of the resinous ink, the scratches may be filled up with copal
varnish, which renders the design more durable, as the varnish
when dry becomes very hard, and affords effectual resistance to
alkalis, weak acids, oil of turpentine, or to alcohol ; so that dnririj
the operation of printing the stone may be cleansed without injury
by means of any one of those substances. The copal varni>h. hj*ever, is only available for the rubbing process just stated; it is nt/t
sufficiently fluid to be manageable with a pen. M. EniHemana
remarks of this process, (Manuel elu Desiinatevr Lithograph', p.
69.) Ce mode Itait elans son execution presque ausn long, prespe
aussi difficile que la gravurc a Ceau forte; on y a renonet, el d
n'est employe maintenani que par les personnel qui n'ont que del
connaissances incompletes dans le travail de la plume, he ntlm
ou ton peut reeourir avec avantage a ce genre ele gravure. e'ett /«*
qu'il s'agit de tracer des parties extremement fines, tellet que lei etrlt
et les toinlains, que la plume ne rendra.it ccrtainement pat avee w
tanl de delicatcsse : en difinilif, cette espice de gnmtre "fie iff
singuliers rapprochemens avec celie a la pomte siche sur cuirrf.

Reference to Plates iii. and iv. of Monograms used by some of the principal Engravers Observe: the names numbered 1—Is w Usf"*
of French Engravers: 19—56 of German: 57—93 of Flemish and Dutch: and 94—126 of Italian.
No. | _
No.
Agostiuo Venetiano
95 Boldini (Nicolo)
107 Doret (Pierre)
12
Aldegrever (Henry)
34 Bolswert (Scheltius a)
81 David (Jerome)
JJ
Altdorfer (Albert)
24 Bolswert (Adam a)
82 Davin, Darie, or Doret (Leon)
»
Amman (Jost, Justus, or Jodocus) ... 47 Bonavera (Domenico Maria)
126 Dellabella (Stefono)
»
Andreani (Andrea)
112 Bonasone (Giulio)
101 Durer (Albert)
»
Antonio (Marc) see Raimondi
99 Bos or Bosche (Jerome)
57 Duvet or Danet (Jean)
Assen (Walter van)
59 Brebiette (Pierre)
10 Fantuzzi (Antonio)
Audenaerde (Robert van)
89 Brie (Theodore de)
39 Fialetti (Odoardo)
•*
Barbiere (Domenico del)
102 Broeck (Crispin Vanden)
63 Galle (Philip)
Barriere (Dominique)
15 Brosamer (Hans)
35 Garner (Antoine)
,
Baur (John William)
S3 Burghmair (Hans or Johan)
31 Gamier (Noel)
■
!
Beccafumi (Domenico)
96 Callot (Jaques or Giacomo)
123 Gaultier (Leonard')
!
Beham (Hans Sebald)
30 Cantagallina (Remigio)
121 Ghein the elder (James de)
J*
Beham (Bartholomew)
32 Caracci (Annibalc)
113 Ghisi (Giovanni Batiste)
JJJ
Berghem (Nicholas)
83 Caraglio (Giovanni Giacomo)
110 Ghisi (Georgio)
'?!
Bernard (Solomoa)
7 Castiglione (Benedetto)
124 Ghisi (Adamo)
Binck (James)
■
36 Chaveau (Francois)
15 Glockenton (Alert)
?;
Bleck or Bleeck (Peter van)
91 Cock (Jerome)
64 Goltzius (Henry)
"
Bloemaert (Abraham)
78 Cort (Cornelius)
71 Guido, v. Reni.
„,
Boivin (Rene)
8 Cranach (Lucas)
28 Holbein (Hans) doubtful
*
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Engraving. Holbein (Sigismond)
27
s—V—' Hollar (Wenceslas)
52
Hopfer (David)
41
Hopfer (Jerome)
42
Hugtenburg (Johan van)
90
Jacobs (Lucas) van Leyden
60
Jegher (Christopher)
• 51
Kilian (Wolfgang)
48
Kilian (Lucas)
49
Kraus (Johan Clric)
55
Kruger (Lucas)
29
Laircsse (Gerard)
54
Larmessin (Nicolas de)
18
Lasne (Michael)
4
Lautensach (Henry). ,
37
Lautensach (Hans Scbald)
33
Lecuw (William de)
92
Leyden (Lucas van), v. Jacobs.
Lombart (Pierre)
16
Lorich (Melchior)
44
Mantegna (Andrea)
94
Marco Ravegnano or di Ravenna .... 100
Matham (James)
75
Maurer (Christopher)
46
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Merian (Matthew)
Mocetto (Hicronymo)
Moreelze (Paul)
Muller (Herman)
Natalis (Michael)
Ostade (Adrian van)
Palma (Giacomo)
Passe (Crispin de)
Passe (William de)
Passe ( Magdalen de)
Passe (Simon de)
Pcnni (Lucas)
Penz (Gregory)
Perrier (Francois)
Quast (Peter)
Raimondi (Marc Antonio)
Ravenna (Marco di)
Reich (Wendel)
Reni(Guido)
Ribera (Giuseppe) U Spagnolello
Rosa (Salvator)
Rota (Martino)
Sadeler (Johan)
Sacnredam (Johan)

No.
50
97
73
93
80
56
Ill
61
62
65
66
103
33
9
84
99
100
1
117
118
120
108
69
77

Schaufflein the elder (Hans)
Schaufflein the younger (Hans)
Schoen (Martin)
Sichem (Christopher van)
Sichcm (Cornelius van)
Sichem (Karl van)
Solis (Virgilius)
Somer (Johan van)
Spagnoletto, v. Ribera.
Stella (Jaques)
Stimmer (Christopher)
Stimmcr (Tobias)
Swancvelt (Herman van)
Tempesta (Antonio)
Testa (Pietro)
_
Uliet (Johan Jorg van)
Venetiano, v. Agoitino.
Villamena (Francesco)
Vorstermann (Lucas)
Waterloo (Antoine)
Wierix (Jerome)
Woeiriot (Pierre)
Zagel (Martin)
Zanetti (Antonio Maria)
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'
21
19
67
68
74
45
88
17
40
43
87
114
119
85
116
79
86
72
6
22
125

