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PREFACE TO THE AMERICAN EDITION.

In preparing the work of Dr. Kane for the use of Amer-
ican students, I have preserved the original entire, and have
only made those alterations in it which the system of instruc-
tion pursued in the United States seems to require.

This work, which, as a text-book, is undoubtedly the best
extant in the English language, representing the present con-
dition of chemical science, necessarily contains much detail,
To give it completeness, it was needful to include the de-
scription of many bodies of little technical importance, to
describe experimental processes, and sometimes to dwell on
facts of minor value.

The period of instruction in the schools of this country 1s
short, so that many standard books are unavailable from
their extent. TFrom an experience of several years in publie
teaching, I have perceived the importance of separating, for
the student, the leading principles from the accompanying
detail. This will, perhaps, to a certain extent, be accom-
plished by the mechanical eontrivance of printing such works
with different types, the important matter being in the larger
letters.

The magnitude of the original prevented me from making
additions to any great extent; what has been introduced in
this way will be readily distinguished, from being inserted
between brackets.

From its having been repeatedly and carefully read, and
the errors and misprints revised, this will probably be found
more correct than the foreign edition.

Jonn WitLiam Drarer.
University of New-York, June 1st, 1842,






PREFACE.

My object in the following pages is to present o the stu-
dent an account of the general principles and facts of Chem-
istry, and of its applications to Pharmacy, to Medicine, and
to the Useful Arts.

In the arrangement of a work like the present, if the gen-
eral principles of the science are first deseribed, it is impos-
sible to avoid the difficulty of introducing the names of many
substances with whose history the reader eannot be supposed
conversant ; and by entering, in the commencement, on the
description of individual substances, reference to the princi-
ples of aflinity and the laws of constitution is continually ne-
cessary, in order that the reactions of these bodies may be
understood. In both cases the student is liable to some em-
barrassment, but I believe it to be greater in the latter, and
hence I have adopted the plan of fully describing all the
general principles and laws of chemieal action, before enter-
ing on the deseription of the chemical substances in detail.

Chemistry being itself but a department of Natural Philos-
ophy, althongh the most extensive in its objects and the most
important in its uses, it 1s connected so intimately with the
other branches of Physics, that a knowledge of at least their
general principles is necessary for the proper understanding
of the nature of chemical phenomena. I have consequent-
ly embraced within the design of the present work a de-
seription of the physical properties of bodies, so far as they
serve to complete their chemical history, or influence their
chemical relations; and thus, upon the one hand, supply
characters by which chemical substances may be recognised,
and, upon the other, modify the affinities by which the ac-
tion of chemical substances upon each other is determined.
With this twofold object, the chapters on Cohesion, Light,
Heat, and Eleetricity have been drawn up.

The portion of the work which treats of the general laws
of chemical combination, is followed by an account of the
mode of preparation and properties of all inorganic substan-
ces of interest to Science, to Medicine, or to the Arts. But
in this part I will pass over very briefly the history of nu-
merous bodies which, from their rarity, are objects only of



vl PREF AC E.

scientific curiosity, referring those who would wish to study
their history more closely to the extended works of Thomp-
son, of Graham, of Dumas, or of Berzelius. _ _

In the department of Organic Chemistry my object "-"-'I"_il'“E
fully to discuss the history of all such bodies as are of im-
portance, from their bearing upon general principles or ex-
isting theories, from their use in medicine or pharmacy, their
employment in the arts or in ordinary life. The numerous
series of bodies which are every day discovered in Organic
Chemistry, but which do not come under any of the above
heads, shall be dismissed with only a notice of their exist-
ence.

The relations of chemical action to the functions of organ-
ized matter, the applications of Chemistry to Physiology and
to Pathology, will be treated of so far as our accurate knowl-
edge extends; and, finally, a succinct deseription of the mode
of analysis of organic and inorganic bodies will be given.

As this work is not intended to be a complete system of
Chemistry, nor to satisly the wants of those who wish to make
Chemistry their special study, I have in almost all cases
avoided references or quotations, which would needlessly
occupy much space; for, in the larger works already men-
tioned, the original authorities on all subjects will be found.

The object of a work like the present being to represent
faithfully the general aspect and extent of science at the time
of publication, its details must be in great part founded on
the results of others. Hence originality eannot in any great
degree be either expected or desired ; but I have not hesi-
tated, in many instances, where the best consideration I
could give the subject induced me to dissent from views
generally held, to make this work the vehicle, in a popular
form, of such suggestions as I thought deserved to be adopted.

The processes given for the preparation of the various
substances described are, with very few exceptions, those
followed either in my private laboratory or in the manufae-
turing laboratory of the Apothecaries’ Hall of Ireland ; and
the apparatus figured in the woodcuts are generally similar
to those which I employ in experiments of research or at
lecture.
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ELEMENTS OF CHEMISTRY.

Tue science of chemistry has its origin in the principle, that the
bodies which constitute the external world are composed of a va-
riety of elements, united according to certain laws. If we could
conceive a universe consisting only of iron, or quicksilver, or sul-
phur, the objects of the astronomer might still remain as extensive
and as sublime as they are in the actual state of things ; for, in
tracing the constitution of planetary and satellitic systems, or re-
ducing to precise laws the forces by which the motions of the
heavenly bodies might be produced, all the resources of his science
would still be brought into play. In like manner, the physical sei
ences could attain perfection, for the relations of these bodies to
heat, to light, to electricity, the various problems and laws of stat-
ical and dynamical forces, could have been known, and thus all
that is essentinl to the science of natural philosophy might be
attained. But not even an idea of chemistry could have been
formed. The duty of chemistry is to find the constituent ele-
mentary substances, which, by uniting, form the various compound
bodies which we observe ; to ascertain the nature of the forces by
which they unite, and the laws by which their union or separation
may be regulated ; to trace the eflects of their mutual action in
the properties of the new substances formed by their combination,
and in the phenomena, independent of composition, which accom-
paa‘y the exertion of chemical force.

his object of chemistry has been at all periods fully recognised ;
for the earliest philosophers, even before the science had received
a name, considered its objects as well defined in the arrangement
of the elements of fire, air, earth, and water. When the methods
of chemistry, and the reasonings to which they led, acquired a
better form, these elements, which had been assumed from specu-
lations in natural history and metaphysies, gave way to others, as
sulphur, spirit, salt, oil, and earth, equally incorrect, but still those
which, in the rough trials of the period, were obtained by decom-
posing compound bodies, As more accurate ideas and better pro-
cesses were acquired, these elementary principles changed again
their character, until, finally, the hilﬂauphicuf idea of chemistry
was clearly stated and estn’lﬁished r Lavoisier: 1st, that we study
to resolve the various compound hngies found in nature into others
which resist our power, and which we term wndecompounded or sim-
ple substances, without pretcnding that they are elements; for the
advance of science enables us to decompose, in each generation,
bodies which to our own predecessors had appeared simple ; 2d,
that we study to effect the recombination of those simple bodies,



10 ORIGIN AND USES OF CHEMISTRY.

either in the same proportions, and thus regenerate the natural
compound bedies, or in new proportions, and thus add to the cata-

e of gbodies which may exist in nature.
- ,,*3 [ﬂﬁnrﬂ%ﬂ, tiyesfingt, yprgeparation of a compound
n usﬁm simple substances Which censtitute it, is termed anal-
ysis. 'The second, or combination of simple=to form a compound
substance, is called synthesis. = All chemical processes are conducted
upon the principle of one or other of these two, and occasionally
they are both, successively or synchronously, accomplished.

The objects of chemistry cannot, however, be considered as
limited to the mere abstract study of the laws of elementary com-
position ; to it also belongs the improvement of processes in the
useful arts by the more accurate knowledge of their theory which
chemistry confers, and the invention of new processes or of new
arts, by the application or discovery of substances previously neg
leeted or unknown; the alleviation of disease, by new remedies
which may be placed at the command of the physician, or by more
correct ideas of the origin and results of morbid action, to which
the attentive study of the chemical processes of the great labora-
tory of the human frame may ultimately lead, ranks also among
the most important of its applications: and, although an abstraet
science, which reveals some of the most beautiful of nature’s laws,
deserves our best attention, yet it becomes invested with more
general interest, and cnmmangs more universal homage, when, as
with chemistry, it appears to be the basis of those practical arts on
which so much of health, of national prosperity, and of ecivilization
may depend.

he origin or derivation of the word chemistry is unknown. It
was first found as y#ueia, indicating the art of making gold and
silver among the Egyptians and Greeks of the Empire, at the com-
mencement of that extraordinary perversion of the idea of ele-
mentary constitution which fascinated mankind for nearly five hun-
dred years. From the Greeks it was naturally adopted, with the
vain pursuit which it denoted, by the Arabians, and, passing with
the Arabic prefix into the languages of modern Europe, became
alchemy. hen the just objects and powers of the science were
finally recognised, it was termed chemia or chemistry.

In studying those properties of the different kinds of matter by
which they are recognised to be distinet and independent chemical
substances, it is unavoidable to inelude those qualities which, al-
though common to all forms of matter, yet differ in degree among
the different kinds, and thus serve as distinguishing characteristies
of them. The physieal properties of various bodies are hence in
common use among chemists, as serving to perfect their desecription ;
and, indeed, the limit between properly physical and properly chem-

ical Fro erties of substances is not always capable of being dis-
tinctly drawn.
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CHAPTER L
OF GRAVITY AND COHESIVE FORCES AS CHARACTERIZING CHEMICAL SUB
STANCES.

Tue physieal forces which are of most importance in determin-
ing the characteristic properties of bodies are gravity and cohesion.
These differ, however, remarkably in principle from each other,
and are applied to quite independent purposes. Gravity is com-
mon to all forms of matter, and is totally independent of its nature.
It is exerted at all, even the greatest conceivable distances, and is
the invisible yet insuperable tie, which, connecting together the
satellites and planets of our system with the central sun, assigns to
each of the tenants of our boundless skies its place and motions.
Acting thus only on the mass, gravity is a measure of the quantity
of matter present in a body ; and what we term weight is only the
gravitating force exerted by the substance which we weigh. B
no natural operation can the smallest particle of matter be annihi-
lated or destroyed ; throughout the most complicated processes the
quantity of matter remains constant, and hence we are enabled to
verify the accuracy of our chemical operations, by proving the
weizht of the bodies ultimately formed to be equal to the weight
of the substances by whose action they have been produced.

Under the same volume different bodies have very different
weights, and hence contain different quantities of matter. Bodies
are said to be more or less dense, according as in a given bulk they
contain a greater or less quantity of gravitating matter ; and when
a certain body is taken as a standard, and their density reduced to
numbers, there is obtained the specific gravity of each body, or the
comparative quantity of matter it contains in a given bulk, which,
being almost always the same for the same body, is an important
element in its history, and may often serve for its recognition.

The determination of specific gravities is easily performed where
the volume of the substance can be exactly measured. Thus, for
liquids, as water, oil of vitriol, or alcohol: if a small bottle be
taken containing an ounce ol water, or 480 grains, it will contain
343 grains of sulphuric ether, or 885 grains of sulphuric acid. Now
the densities will be as these numbers ; or water being taken as the
standard, and its specific gravity being assumed as 1000, the spe-
cific gravities of the others become proportional to it ; as,

Water . . . 480 : 1000
Ether . . . 3818 : %15
Sulphurie acid 885 : 1845

To save this little calculation, the bottle in use is generally made
to hiold 1000 grains of pure water, and then, filling it with the fluid
to be tried, the weight gives directly the specific gravity.

_W]mre the substance exists naturally in the state of gas, a pre-
eisely similar process may be had recourse to; in place of a bottle
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with a ground glass stopper, there is used a globe, g, with a stop

cock, capable of holding from twenty to thirty cubie inches. A
——~._ quantity of air having been removed

. from the globe, the gas, which must pre-
| viously be either perfectly dried or per-
fectly saturated with moisture, 1s admit-
ted to supply its place ; and as the volume
of gas which passes in is exactly equal to
the volume of air which had been taken
out, the relative weights give their den-
. sities, and hence the specific gravity of
| the gas. For, suppose that the globe full
| of air weighed 656 grains ; that, havi
4 been exhausted of air, it weighed 647-5,
and then, having received 28 cubic inches of earbonic acid gas, it
weighed 660-3 grains. We thus know that the 25 cubic inches of
air had weighed 85 grains, and that 28 cubic inches of the gas had
weighed 12:8 ; hence the densities are as 8-5 to 128, and the specific

A N . 12:8 st
gravity of the gas, air being taken as 1000, is 5% 1000=1-506.

This brief description being intended only to explain the princi-
ple which the words “ specific gravity” involve, it has been consid-
ered as not liable to alteration ; but, in reality, the volumes of bodies,
particularly of gases, are constantly in a state of change. Accord-
g as the air is warmer or colder ; according as the pressure to
which it is subjected, as indicated by the barometer, diminishes or
augments, the volume which a certain weight oceupies is altered,
and the specific gravity is ¢hanged. Hence, when we take air as a
standard of specific gravities for gases, we do so only with refer-
ence to a certain standard of temperature and pressure, as at 32 on
the scale of Fahrenheit’s thermometer, and at 30 inches of mercury
in the barometer tube. It iz only by accident that an experiment
might happen to be made at this standard temperature and pressure,
and hence it is necessary to reduce the observed result to what the
result should have been at the standard points. If the gas be damp,
it is necessary also to correct for the presence of the watery va.
pour, and hence the determination of the specific gravity of a gas,
all‘.hﬂug[]Jl so simple in theory, is in practice a most delicate opera-
tion, nder the proper heads of the constitution of gases and
vapours, with regard to heat and pressure, the mode of making
these corrections will be deseribed.

The determination of the specific gravity of a solid body involves
in practice some principles in addition to those above stated. We
eannot regulate the bulk of a solid body as we wish, and hence the
volume must be determined indireetly. Thisis done by finding how
muech water it displaces. Thus, if the solid be in many small frae-
ments, weighing altogether, for example, 357 orains, ihey may be
introduced into a specific gravity bottle containing 1000 grains of
water. A quantity of water overflows exactly in bulk to the solid
which is introduced. The bottle being full, the solid body and the
rémaining water are then found to weigh 1285 grains. Now, if no
water had been expelled, the water and solid body should have
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" weighed 1357 grains. The difference 72 is the weight of the water
‘expelled ; and, consequently, the weights of equal volumes, or the
densities of the water and of the solid, are as 72 and 357 ; or, the
specific gravity of the water being taken as 1000, that of the solid
is -:%T x 1000, or 4958. If the solid be unsuited for that method, its
volume is next determined by the principle that a solid body im-
mersed in a fluid is partly supported by the upward pressure of the
liquid which it displaces. The solid, in order to sink in the liguid,
has to displace and push upward a quantity of it equal to its own
bulk, and to resist its weight or tendency to sink down again ; for
this purpose a portion of the weight of the solid must be employed,
and it is only the overplus that is counterpoised by the weights
when we proceed to weigh the solid body immersed in any fluid.
A solid weighs, therefore, less when immersed in a fluid than when
weighed in the ordinary manner, the difference being the portion
of the weight of the solid which is employed to sink it, or to resist
the force of the liquid which tends to float it up, and this is equal
to the weight of the liquid which the solid pushes out of its place,
and which is of the same volume as the su[;id. To effect this op-
eration, a balance, as in :
the figure, is taken, gen-
erally with one scale dish.
The solid is hung to the
other extremity of the
beam by a fine bair or
thread of cocoon-silk, b,
and is thus weighed as
usual ; let us suppose that
it weighed 295 grains. —
A vessel of pure water is then so arranged that the solid shall be
immersed as nearly as possible in the eentre of it (as a in figure),
and it, being then again weighed, is found to be lighter than before ;
let us suppose that it shall weigh 243 grains. This is the overplus
of its weight after having neutralized the tendency of the water to
float it up. The difference of the two weighings 205—243=5%
grains is therefore the amount of the upward pressure, or the
weight of the water which the solid displaced. Equal volumes
thus of the solid and of the water are found to weigh respectively
295 and 52 grains, and the comparison of these numbers, water
being taken as 1000, gives the specific gravity of the solid, which
is 27 1000=5673.

A variety of other instruments are made use of for measuring
the specific gravities of solids and of fluids, as areometers, hydrom-
eters, &ec. ; but as here it is rather the general principles than the
practical details of such operations that are of importance, I shall
not enter into their description.

The specific gravity of compound gases is found to have a highly important rela-
tion to their ultimate constitution, and throws great light upon some of the most
general laws of chemistry ; but as yet, not withstanding some interesting specula
tions of Perzoz and of Boullay which I shall hercaflter notice, no connexion he
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tween the chemical properties or composition of liquid or solid bodies and their
specific gravities has been discovered. 'The physical constitution of vapours and
gases being, however, identical, those bodies which, being volatile, are capable of
assuming the form of vapour, may render, by the examination of the SPE_“!'"‘“ i
ities of their vapours, most interesting indications of the manner In which their
elements are combined, and methods of performing this operation have been con-
trived by some of the most illustrious of chemists, as by Dumas and by Gay Lussae,

The method of Gay Lussac is the simpler of the two, and, for substances which
are volatilized at moderate temperatures, easily applied. A basin, ¢, 18
taken, which rests upon a little furnace, and contains mercury. In
this basin the graduated bell glass, a, is inverted full of mercury. Let
us suppose we wish to determine the specific gravity of vapour of wa-
ter. One or two little bulbs are taken and filled with water as follows :
the bulb is warmed with a lamp, and allowed to cool with the point
dipped into the water ; in this manner a little water gets admission ;
this is then boiled in the bulb until all air has been expelled, and the
bulb is filled with pure steam; the point being then dipped under the
1 surface of the water, as the steam condenses, the watﬂ_r rusll_es up to

3 supply its place, and the whole becomes full; the peint being then
3 touched to the flame of a lamp, it is melted, and the orifice is closed.
A small quantity, three or four grains, of water being thus enclosed,
the little bulbs are passed under the edge of the jar, @, and rise to the
top, where they float upon the mercury ; a glass cylinder, &, open at
both ends, is now placed round the jar, resting on and secured to the
dish, ¢, and into it is poured so much colourless oil as shall completely cover the
jar, a, but allow of the graduation being distinetly seen; the furnace is then light-
ed, and as the temperature of the oil and mercury rises, the water in the little bulbs
forms steam, which at last bursts the bulbs, and the level of the quicksilver in the
jar immediately falls, the steam occeupying the space above it. 'When the mercury
ceases to descend, it is known that all liquid has been converted into vapour; the
temperature of the oil, which is necessanly the same as that of the vapour inside,
is ascertained, and by the graduation on the jar the volume occupied by the vapour
is accurately read off’; the weight of the vapour is known, for it is the weight of
the water in the bulbz, and itz volume at this high temperature is thus found.
Knowing thus the volume of a few grains of steam at 2507, the volume at 32° may
be calculated ; and as the volume of so many grains of air at 32° is already known,
the specific gravity of the vapour of water is obtained. The temperature of the
oil must be at least thirty or forty degrees above the boiling point of the liquid, and
hence it is likely to become coloured, to fame, or even to risk taking fire, unless
great caution is employed.

The method invented by Dumas has the advantage of being applicable to all tem-
peratures below the melting point of glass, and it is consequently by its application
that the greatest benefit has been conferred on science. It is, however, more com-
plex in principle, though not less delicate in practice. A globe holding from ten to fif-
teen cubic inches, and drawn out at its beak to a capillary orifice, is carefully weigh-
ed, containing, as usual, atmospheric air. It is then warmed, and its beak being
dipped into the fluid to be tried, it is allowed to cool, until by the contraction of the

] air a sufficient quantity of the
fluid has made its way in. The
globe is then fitted in a sort of
cage, by which it is securely held
in the centre of the liquid bath,
by which the heat is to be appli-
ed, and which may be water or
_oil, a solution of chloride of zine,
or, best of all, the fusible alloy
of bismuth, tin, and lead. The
capillary beak of tke tube just
prajects over the surface of the
bath, as in the fisure. When the
globe becomes sufficiently heat-
ed, the liquid boils, and its va-
pour, in passing away, carries off
the air which bhad previously fill-
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ed the globe. The liquid should be present in such quantity that its vapour, after
carrying off all air, should occupy the interior of the globe completely pure. The
excess of vapour is known to have passed away when there is no longer a jet pro-

+ eeeding from the eapillary beak, and then by means of a blowpipe the orifice is

elosed, and the temperature of the bath being taken at the same moment, the globe
i8 removed from the bath, perfectly cleaned and weighed. The liquid condensing
as soon as the globe grows cold, leaves its interior practically empty, and, on break-
ing off the capillary beak under the surface of guicksilver, this last enters into the
vessel, and, if the operation had been well managed, fills it completely. The globe,
full of quicksilver, is then emptied into a graduated jar, by w the quantity of
the quicksilver being measured, the volume of the globe is known; when this has
been done, all requisites for ealculating the specific gravity of the vapour have been
abtained. For, knowing the volume of the globe, the weiight of the air it contained
18 known, and, subtracting that from the first weighing of the globe, the weight of
the globe when empty is obtained. Subtracting this from the second weighing of
the globe, the weight of the vapour i obtained ; and as the air and vapour occeupied
the same volume, the densities should be as these weights, if they had been at the
same temperature ; but, as this was not the case, a farther ealeolation is required
to reduce them to the standard, and obtain the numerical specific gravities.

No process has been more fruitinl in important results than this mode of deter-
mining the specific gravity of vapours, for it is only in this way that such substances
as sulphur, arsenie, phosphorus, and mercury, as well as nwmerous compound budies
with high boiling points, could have been tried.

The force of gravity is thus of importance in chemistry, by giv-
ing o measure of the quantity of matter upon which we experiment.
and by aflording characteristics of individual substances, by the
comparison of the quantity of matter they possess in a standard
volume, The force of cohesion, although not so universally exist-
ant as that ol gravity, is of equal interest, from the numerous pecu-
liarities in its activity which almost everybody is capable of pre-
senting, and by which bodies are remarkably distinguished from
each other. To understand, however, the nature of cohesive forces,
and the causes of the variation of their energy, it is necessary to
notice those ideas of the peculiar constitution of matter on which
philosophers have generally agreed, and which result from, while
they best serve to explain, those remarkable phenomena,

I'rom the earliest period in science, discussions have arisen as to
whether the masses of matter which we ordinarily employ should
be considered capable of infinite division, or whether, by continuing
to divide, a term should ultimately be found at which no farther sub-
division could be made ; that thus the ultimate counstituent and indi-
visible particles, or atoms, which, by their aggregation, form sensible
masses, should be discovered. By no appenti to experiment can this
question be resolved; when we call in the assistance of our most
powerful means of mechanical division, we attain only to producing
powders, of which the finest particle is, in miniature, all that the
mass [rom which it had been formed was upon a larger scale, and
eapable evidently of just as much subdivision, if our mechanical
processes were perfect enough to enable us to proceed.

That this divisibility may actually occur to an almost ineredible
degzree, may be easily demonstrated by experiment. In gilding sil-
ver wire, n grain of gold is spread over a surface of 1400 square
inches ; and as, when examined in a microscope, the gold upon the
thousandth of a linear inch, or one millionth of a square inch, is
distinetly visible, it is proved that gold may be divided into particles
of at least r 45055505 ©f @ square inch in size, and yet possess
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the colour and all other characters of the Iargest mass. If a grain
of copper be dissolved in nitric acid, and then in water of ammonia,
it will give a decided violet colour to 392 cubic inches of water.
Even supposing that each portion of the liquor of the size of a grain
of sand, and of which there are a million in a cubic inch, contains
only one particle of copper, the grain must have divided itself into
392 million parts. A single drop of a strong solution of indigo,
wherein at least 500-000 distinctly visible portions can be shown,
colours 1000 eubic inches of water ; and as this mass of water con-
tains certainly 500-000 times the bulk of the drop of indigo solution,
the particles of the indigo must be smaller than 555557555557 the
twenty-five hundred millionth of a cubic inch. A rather more dis

tinct experiment is the following : if we dissolve a fragment of sil-
ver, of 0:01 of a cubic line in size, in nitrie acid, it will render dis-
tinetly milky 500 cubie inches of a clear solution of common salt.
Hence the magnitude of each particle of silver cannot exceed, but
must rather fall far short of, a billionth of a eubic line. To render
the idea of this degree of division more distinct than the mere men-
tion of so imperfectly conceivable a number as a billion could effect,
it may be added, that a man, to reckon with a watch, counting day
and night, a single billion of seconds, would require 31-675 years.

In the organized kingdoms of nature even this excessive tenuity
of matter is far surpassed. An Irish girl has spun linen yarn of
which a pound was 1432 English miles in length, and of which, con-
sequently, 17 lbs. 13 oz. would have girt the globe ; a distinetly visible
portion of such thread could not have weighed more than ;39515 504
of a grain. Cotton has been spun so that a pound of thread was
203:000 yards in length, and wool 168-000 yards. And yet these,
so far from being ultimate particles of matter, must have contained
more than one vegetable or animal fibre ; that fibre being itsell of
complex organization, and built up of an indefinitely great number
of more simple forms of matter.

The microscope has, however, revealed to us still greater wonders
as to the degree of minuteness which even complex bodies are c¢a-
pable of possessing. Each new improvement in our instruments
displays to us new races of animals, too minute to be observed be-
fore, and of which it would require the heaping together of millions
upon millions to be visible to the naked eye. And yet these ani-
mals live and feed, and have their organs for locomotion and prehen-
sion, their appetites to gratify, their dangers to avoid. They possess
circulating systems often highly complex, and blood, with globules
bearing to them, by analogy, the same proportion in size that our
blood globules do to us; and yet these globules, themselves organ-
ized, possessed of definite structure, lead us merely to a point where
all power of distinet conception ceases; where we discover that
nothing is great or small but by comparison, and that presented by
Nature on the one hand with magnitudes infinitely great, and on the
other with as inconceivable minuteness, it only remains to bow down
befare the omnipotenee of Nature’s Lord, and own our inability to
nnderstand Him.

These proofs of great divisibility, however, leave the question of
infinite divisibility quite untouched. There are, however, many ar
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powerful reasons which have decided almost all modern philosophers
to consider the possible division as being finite. On the other view
the mind has no resting-place, until, by the total disappearance ol
material coneeptions, the constitution of bodies resolves itsell into
a collection of mathematical points, from which, as centres, certain
forces are exerted ; but with such abstract speculation chemistry
has no connexion, [Its fundamental condition, that there exist many
kinds of elementary matter, of which the quantity is measured by
their weight, is totally independent of our abstract idea of what mat
ter is, or how its properties have their source.

In proof of the division of matter having a limit, experiments
made principally by Faraday and Wollaston have beenquoted. Thus,
it is ascertained that our atmosphere does not extend into space,
but is confined within comparatively a trifling distance from the
earth, about 45 miles. Wollaston, considering the particles of air
as being balanced between their mutual repulsion and the general at-
traction towards the earth, suggested that, if these particles could be
divided to an infinite degree, there should be an infinite source of
repulsive power, and hence, at a certain distance, this repulsion over-
coming the gravitating force, the atmosphere should spread into
gpace, and, being attracted to the other planets in proportion to their
masses, should form round the larger, as Jupiter, and especially the
Sun, vast and dense atmospheres, the existence of which should
easily be recognised. No such atmospheres exist, and hence, as
was argued by Wollaston, the foree of repulsion must have a finite
limit, and the number of repelling particles cannot be infinite. In
like manner, Faraday found that bodies, in evaporating, form atmo-
gpheres of certain definite depths above the surface of the body, and
drew from hence the same conclusion. This areument cannot, how-
ever, be considered as decisive. It is not at all certain that, because
the elasticity of air is thus found to have a limit, the number of
particles of air, in a given space, might not be infinite.

I shall consider the masses of matter, whose properties we pur-
pose to examine, as being made up of a great number of lesser masses,
to which the name of molecules or particles may be assigned. It
is totally indifferent whether these molecules may be infinitely di-
visible or not ; there is no fact in either chemistry or physics which
requires the positive adoption of either one side or the other. These
molecules are subjected to the influence of two forces, which oppose
each other, and by the relative balancing or preponderance of which,
all the forms and physical properties of ordinary substances are pro-
duced. One of these forces is attractive ; it is the attraction of ag-
gregation, as it has been termed, or cohesion. If itacted unimpeded,
the molecules of every portion of matter would cohere with insuper-
able power ; unconquerable solidity, hardness, and tenacity would
alone characterize external nature. The other force is one of repul-
sion, which, from a variety of evidence, is assumed as identical with
the cause of heat. If it alone prevailed, no other form of matter
could exist but that of gas; the solid globe, the liquid waters, would
change to atmospheres of vapours, and the beneficent uses to which
our earth is now adapted could not exist.

Such is, perhaps, approximatively what occurs in those extreme
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members of our planetary system, Herschel and Mereury. ‘The for-
mer receiving from the Sun but ;}; part of the heat which our earth
derives, must be reduced to the temperature of empty space ; and,
with few exceptions, the bodies which on this earth are gaseous or
liquid, if they exist, are there as rocky masses. The latter must at
certain periods be so hot, that quicksilver would naturally be a gas
upon its surface, and those metals which here constitute our examples
ol sﬂlidhy, should there form liguid oceans. On this earth, however,
according as the forces of heat and cohesion vary in different bodies,
they pass through different states of aggregation, Those budieq in
which cohesion prevails are solid, and by their tenacity and resist-
ance to breakage or change of form, display the force which binds
their molecules together. Where cohesion has been suppressed, and
the repulsive agency of heat acts uncontrolled, the body becomes
gaseous, and its particles, devoid of the least trace of cohesive power,
repel each other. In intermediate cases, where the two forces ap-
pear balanced, the particles do not cohere, and hence may move
upon and separate from each other without any external force ; but
they do not repel, and thus remain in contaet if no external force
tends to disturb them. This is the liguid condition; it is that of
water, of alcohol, of oil, while air and steam are gaseous, and iron,
wood, and stone are instances of the solid form.

The peculiar nature of each body determines whether, under com-
mon eircumstances, it shall have one or the other of these forms;
but there are few bodies which are not capable of assuming all the
three. This is artificially effected by diminishing or increasing the
degree of heat, and thus by cooling a liquid, it may, by the cohesion
becoming greater, be converted into a solid; or by increasing the
heat to which a solid is subjected, it may be converted into a li-
quid, and from thence into a gas. One liguid, pure aleohol, has not
yet been frozen ; some solids, as charcoal, have not yet been melted :
organized bodies are generally decomposed too easily to allow of
a change of state; but, with these exceptions, the principle of the
change of form, artificially caused by the increase or diminution of
the quantity of heat, is universal. '.Fhese forms of matter, consid-
ered as efleets of heat, will require and obtain hereafter a more
extended notice.

This force of molecular cohesion acts only at distances so minute
as to escape the most delicate examination. The fragments of a
piece of g‘]uss or metal which has been just broken, when laid ever
so closely together, have no tendency to unite again ; but, if the
surfaces be pressed together, union may take place, though only
in a few points, and imperfectly. Yet, when pieces of plaie glass,
laid flat on each other, and subjected to considerable pressure, are
allowed so to remain for a certain time, they are found to grow to-
gether so completely, that thick masses may often be ground as if
they had always formed a single piece. I two surfaces of lead be
cut quite clean and bright, and forcibly pressed together, they unite
also, and may require a force of eighty or ene hundred pounds to
effect their separation. In fluids, although the force of cohesion
is very nearly absent, yet it is not entirely so; the viscidity of
fluids depending upon the traces of it which remain. The olobular
form of a rain drop, or of a drop of any fluid allowed to fall from
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a point, arises also from the cohesive attraction of its particles, and
different fluids differ remarkably in their relations to heat, from the
various degrees of force with which this residue of cohesion is ex-
erted. The particles of a fluid cohere not only to each other, but
even more powerfully to solid bodies in many cases. It is thus
that solid bodies are wetted by fluids. If the finger be dipped into
water, the particles of the water in contact with the finger adhere
to it more powerfully than they de to the other particles of the
fluid, and when the finger is removed, they accompany it, and thus
it becomes wet.  Mercury does not wet the finger, for its particles
cohere too powerfully to each other ; but mercury adheres to, or
wets a piece of gold, as water wets the finger. From this cohe-
sion of fluids to solids, all the phenomena of capillary attraction
result, as the filtering of liquids in pharmacy and chemistry, to sep-
arate solids which had been mixed with them; the absorption of
liquids by porous solid bodies, and many others.

The existence of this form of cohesion may be very simply shown
by an experiment, such
as is illustrated in the
figure. A disk of any
substance which may
be wetted by water is
to be hung evenly from
the extremity of the
beam of the hu'lanl::{:,
and brought exact :
into cunt:ﬁ:t with lhz - =
water in the eunp be-
low. Itwill be found necessary to augment considerably the weights
in the scale dish opposite, to separate them ; and, when the disk has
been torn away from the surface of the water, the force overcome
will be found to have been, not that of the solid to the liguid, which
was still more intense, but the cohesion of the liquid particles to each
other; for the solid is found to be wetted by a layer of liquid par-
tieles which it had torn from the general mass of liguid underneath.
If the experiment be tried with a disk of polished iron, and mercury
as the fluid, there is no wetting, and the force measured is really
the cohesion of the solid to the fluid.

[Clairaut found, as the result of his mathematical investigations,
that all the phenomena of capillary tubes depend upon the relation
of two forces: 1st, The cohesion of the particles of the fluid for
each other ; and, 2d, The attraction of the particles of the solid for
those of the fluid. When a glass tube is dipped inte different
liquids: if the force of attraction of the glass is less than Aalf the
force of cohesion of the fluid, the fluid will be — — —

depressed, and not rise to its hydrostatic level ; F d 7]
if it be equal to half, the fluid will come pre- a4
cisely to its level ; and if it be more than half,

the fluid will rise in the tube. al—a

Connected with these conditions is the figure
of the boundary surface of the fluid. If three | |
glass tubes, b ¢, de, f g, be placed in fluids which # e e
respectively are depressed, at thetrue level, orat & &=

(=
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an e!evatinn, it will be seen that in b ¢ the surface a a of the fluid
is convex, in d e it is p]nne, and in fgit is concave. |

The particles of a body being held at certain distances from each
other by the balance of their attraction and repulsion : if, by the ap-
plication of an external force, as pressure, they |?l3 brought nearer,
s0 as to occupy a smaller volume, the body is said to be compress-
ible. If, when the external force is removed, the bﬂd}'? l}:," lhE. mutual
repulsion of its particles, regain its original volume, it is said to be
elastic ; if, on the contrary, it remains as when compressed, it is
called ¢nelastic.  In nature there are few bodies perfectly elastic, and
none which ean be said to be pcr['ect]}r inelastic. In solid bodies,
when pressure produces a change of volume, some traces of it are
permanent ; but in liquids and in gases, the restoration to the origi-
nal bulk appears to be complete.

The amount to which solid and liquid bodies may be compressed
is very small, so much so that very delicate methods are necessary
to determine it. Thus it requires a pressure of about 400 Ilbs. upon
each square inch of the surface of water to diminish its volume by
the ;!5 part. In gases, however, the repulsive force acting without
interference, and the particles being at much greater distances from
one another than in the liquid or solid form, the amount of com-
pressibility becomes very much increased, and the law by which it
1s regulated extremely simple, being, that the volume of any gas
varies inversely as the pressure upon it; that it is doubled il the
pressure be diminished to one half, and reduced to one half if the
pressure upon its surface be doubled. Thus, supposing a gas to
measure 100 volumes under the pressure of 20 Ibs.,

Then with pressuresof 80 . 40 . 20 . 10 . 5 lbs.
The volume becomes 25 . 50 . 100 . 200 . 400.

The gases which are used in chemical operations are liable to
constant changes of volume, from the alterations in the weight of
the surrounding atmosphere, by which they are always pressed ; and
hence, before we can tell how much of a gas we really have obtained
by any process, it is necessary to ascertain the amount of atmo-
spheric pressure, and to allow for it. The pressure which the air
exercises is measured by the barometer, in which a column of quick-
silver balances the pressure of the air, and varies in height according
as this changes; the height of this mercurial column being accurately
measured by a scale applied to the tube of the barometer. In these
countries, the height of the barometric column fluctuates between
28 and 31 inches, but the average height of a year is about 29-8
inches. For simplicity, a number very near this, 30 inches, is taken
as the standard pressure ; and whenever the specific gravity, or the
volume of a gas is given, without particular remark, this standard

height of the barometer is understood to be the pressure.

If, therefore, we have a gas at a different pressure, it is usual, and often neees-
sary, to reduce its volume to what it should have been under the standard pressure,
or, as it is generally termed, to correct for pressure : to do this, we use the rule
given above for the change of volume with the pressure. Thus, if, in an analysis
of morphia, we obtdin 454 cubic inches of nitrogen gas when the barometer is at
285 inches. we say that, expressing the volume at 30 inches by V,

V:285::4564:300r v=25_5x4.54=*.31a
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Knowing, then, the weight of 100 eubi. inches of nitrogen gas at 30 inches, the
weight of 4313 is easily obtained. _

In this manner, the corrections for pressure, alluded to in the description of the
modes of taking the specific gravities of gases and of vapours, are introduced.
Thus, in taking the specific gravity of steam by Gay Lussac’s process (page 14),
the vapour occupying but a portion of the tube, lhEre_ remains a column of MeTeury,
suppose 5 inches high : the pressure on the vapour is therefore only the difference
between that and the external pressure, and if this be 30 inches, is (30—5)=25,
Then the measured volume of the steam is to what it should be at the standard
pressure, as 30 1o 25, ;

In certain cases, of which atmospherie air may be taken as an
example, this rule, of the volume being inversely as the pressure,
holds exactly ; but there are many other gases, in which, when the
compression is very great, the particles appear to be brought within
the sphere of their respective cohesive forces, and the volume di-
minishes more rapidly than it ought by the rule. Thus, if a tube
full of air and a tube full of sulphurous acid zas be exposed to ex-
actly the same pressure, the volumes will not diminish m the same

degree when the pressure becomes high, but as follows:

Theairas . . . 10000 ., 863 . 559 . 34,
Sulphurous acid as 1000 . 851 . 554 . 301

In some other gases the same variation has been observed.

If such a gas be still more violently compressed, its particles may
be brought so completely within the sphere of cohesive action, that
this force comes into active Flny, and the body changes from the
%ﬂﬁﬂﬂu& to the liquid form. Thus many gases have been liquefied

y a degree of pressure which differs for each gas, and is at 32°
Fahrenheit as follows:

Mame of gas. Atmospieres ﬂ:‘m
Witrons:Oxide” "0, O 00T 0T 44 (1]
Carbonic Acid . & . . . . . . a6 Hdd)
L T T e e S o4 36U
Sulphuretted Hydroge: Bl iy 15 225
AMMONIRE- . = & & awrs s = s b i
SPRDOEEN. = b Rl n o W 3 45
Solpharous Aeid . . . . . . . . 2 30

Other gases, such as oxygen, hydrogen, and nitrogen, have been
subjected to a pressure of 800 atmospheres, not only without becom-
ing liquid, but without even deviating from the rule which implies
perfect elasticity, and hence without even approximating to the
term at which they should abandon the gaseous state. Notwith-
standing this, we cannot consider that there is any physical differ-
ence of constitution between those liquefiable and non-liquefiable
gases, and hence the conclusion is, that, by a suitable increase of
pressure, the molecules of all gases might be so brought into cohe-
rent approximation, and converted into liguids.

With regard to the means of applying such pressure, and actually
obtaining those gases in the ]iquiLFﬁer, it is necessary to consider
the manner in which such gases are generated, and such methods
will consequently be deseribed in the history of those bodies.

Cohesion is thus antagonistic to the force of heat, which tends to
render the molecules of a body repulsive to each other, and to se
arate them to greater distances from each other than they had been
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before. Cohesion is therefore diminished, and even annulled, by
np];.]f.'ing heat.

hen the cohesion between the particles of a solid and those of
a fluid is more powerful than between the particles of the solid it-
self, the latter is not merely moistened by the fluid, but it abandons
altogether the solid form, and, becoming liquid, mixes uniformly with
the fluid, and is said to have been dissolved by it. By this peculi-
arity of cohesion, bodies are divided into the so/uble and the insoluble.
Thus common salt and Glauber’s salt are soluble, while chalk and
white lead are insoluble, in water. These classes are, however, con-
nected by a series of intermediate degrees of sparingly soluble
bodies, such as cream of tartar and plaster of Paris. Bodies which
are insoluble in water may be yet easily dissolved by other fluids;
thug, resinous bodies, which do not dissolve in water, dissolve in al-
cohol. A great deal of the success of vegetable proximate analysis
depends on the skill with which the solvent powers of various fluids

may be successively applied.

From the tendency of heat to diminish the force of cohesion, it naturally results
that the solubility of most bodies is inereased by heat ; thus, 100 parts of water, at
60° I, dissolve 11 of sulphate of potash, and at 212 dissolve 25. At 602, 32 parts
of dry sulphate of magnesia are dissolved by 100 of water, but 74 at 212°. This,
however, is not always the case; some bodies, as common salt, are exactly equally
soluble in water at all temperatures, while in other cases the solubility is greater at
particular temperatures than either above or below them. Of this peculiarity, the
sulphate and nitrate of soda are examples. Thus, 100 parts of water dissolve of
dry sulphate of soda, at 32°, 502; at 52°, 1022 ; at 769, 28 at 93°, 53; at 122°,
47; and at 2129, 42: the solubility increasing up to 93°, and from thence dimin-
1shing. 100 parts of water dissolve of nitrate of soda, at 21°, 63 ; at 32°, 80 ; at
507, 23 ; 60° 55; and at 246°, 218 parts. Here the peculiarity is of the opposite
kind to what occurs with sulphate of soda : the solubility diminishing up to 50°,
and from thence progressively increasing.

The solubility of bodies in water may be strikingly represented to the eye by
means of a kind of map, such as is given in the figure. The horizontal lines rep-
resent the quantities of the salt dissolved by 100 parts of water, while the vertical
lines represent the temperatures. Thus the line of sulphate of soda commences
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at the temperature of 32° at the horizontal line 5, and, rising rapidly, cuts the hori-
gontal line 10 at 52°, euts the line of 40 at 887, and atains its highest point of 53
at 937 ; from thence it commences to redescend, until at 232°% there are only 42
parts dissolved. The line of chloride of sodium is horizontal, showing that it is
equally soluble at all temperatures, and in the other cases the construction of the
gcale is easily seen on inspection.

In general, when solid bodies dissolve in a fluid, there is cold produced, but oe-
casionally the solution is accompanied with a remarkable evolution of heat ; this
last oceurs when bodies which naturally contain water, chemically combined, are
deprived of it by heat, and when thus dried, dissolved ; in such cases, it is probable
that the one portion of water is taken by the =alt into a state of intimate chemical
combination, and thus more heat produced than counteracts the cold which should
arise from the mere solution of the hydrated salt thus formed. Such examples may
be found in dry chloride of ealeium, the dry sulphates of copper, or of zine and ron.

Selution is very much promoted by agitation, by the minute di-
vision of the solid, and generally by all eauses which tend to facil-
itate the contact of the solid undy]iquid particles. When the liquid
has dissolved as much of the solid as possible, it is said to be saru-
rated. The cohesion of the liquid to the solid having been reduced
to an equality with that of the particles of the solid for each other,
it can dissolve no more.

If a saturated solution be so circumstanced as to diminish the
cohesion of the particles of the solid to each other, a portion of
the solid separates, the amount of which depends on the new con-
ditions under which the liquid is placed. Thus, if to a solution of
nitre in water there be added spirits of wine, the water mixes with
the spirits of wine and abandons the nitre, which is precipitated
If strong muriatic acid be added to a solution of chloride of barium
in water, the water is taken by the acid, and the salt falls down as a
white powder. But the most usual case is where the separation
of the solid is produced by the cohesion of its own particles, which,
slowly abandoning the liquid, dispose themselves according to cer-
tain Hﬂi’s, and, assuming regular geometrical forms, are termed
erystals.  Solid bodies, in separating slowly from liquids in which
they had been dissolved, in general thus crystallize, and the figures
of these crystals being, to a great extent, characteristic of the
bodies, deserve minute attention.

To obtain substances regularly erystallized, several processes
may be followed, according to the nature of the body. here the
substance is soluble, and more soluble in a hot than ina cold liquid,
a saturated boiling solution may be made and allowed to cool. The
excess of the solid body erystallizes out on cooling. Thus, if 151
parts of sulphate of magnesia in erystals be dissolved in 100 parts
of boiling water, and allowed to cool to 60°, a quantity of erystals
will be obtained weighing 86 parts; for at 60" the 100 of water can
only dissolve 65, and the difference between that and the 151,
which had been dissolved by the boiling water, must crystallize.
If the body be, like common salt, equally soluble in water at all
temperatures, the above process cannot be applied, and a quantit
of the liquid must be removed by evaporation ; the portion of saﬁ
corresponding to the quantity of water which has passed away, is
thus obtained solid. If the evaporation be slowly carried on, so
that the formation of the crystals is not disturbed by the boiling of
the liquid, they form regularly, and may attain to considerable size.

In many cases the bodies which it is necessary to obtain erys-
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tallized are not soluble, or it may be wished to obtain erystals oth-
erwise than by solution. By melting a solid substance, its particles
are allowed liberty of motion ; and when it again commences to
solidify, they may arrange themselves regularly, and nr:!'srtalllze.
Almost all bodies, when melted, and then allowed to solidify, _dﬂ'
thus erystallize; but the spaces left between the erystals which
first form being completely filled up by the portions which Hﬂlll‘]}f}r
afterward, there remains only a general crystalline strueture, visi-
ble in the fracture of the vody. Thus cast iron, sulphur, zine, &e.,
have erystalline fractures. The beautiful feathered appearance
given to sheet tin by washing with dilute acid, and which was so
popular some years ago under the name of moirée metallique, was
simply this erystalline structure, displayed by removing the thin
layer of metal on the outside, which had solidified too rapidly to
have acquired any trace of crystallization. To ebtain, therefore,
the metals crystallized by fusion, the excess of liquid metal must
be removed from around the erystals that are first formed. A
quantity of the metal or of sulphur, having been melted in a cup,
is to be allowed to cool until a solid crust has formed upon the
surface and at the sides to a certain depth; two apertures must
~— = . then be made in the upper crust, and the fluid metal

¢ ?hﬁﬂhﬁi remaining be poured out at the one aperture, while

the air enters at the other to supply its place. On
then breaking the vessel, the interior of the solid
layer of metal or sulphur is generally found lined
with well-formed and characteristic erystals, as rep-
resented in the fizure.

Bodies may also be crystallized by sublimation. When a sub-
stance has been eonverted into vapour, and that, in condensing, it
assumes at once the solid form, its particles arrange themselves so
as to form erystals. Thus are obtained in fine erystals, arsenie,
arsenious acid, corrosive sublimate, benzoic acid, &ec. ;

It frequently happens that the same body may be obtained erys-
tallized by more than one of these processes. Thus, corrosive sub-
limate may be crystallized by solution or by sublimation ; sulphur
may be crystallized either by fusion or by selution. It is remark-
able that, when this occurs, the erystals obtained by the two pro-
cesses are never of the same shape ; they have not even any simple
relation of figure to one another, but indicate a totally different
mode of arrangement of particles, induced probably, at least in
part, by the diflerent temperatures at which the change of state of
aggregation may have occurred. A body which erystallizes thus
in two ways is said to be dimorphous, and this character will be
found hereafter of the highest importance in the theory of the
atomic constitution of compound bodies.

The more slowly the change of state occurs, the more regular
and the larger, are the crystals that are formed. Hene e, in praclice’
solutions are left to cool very slowly, or to evaporate Hpmllancuus]}r:
and sublimation is effected by the most gentle heat that can be ad:
vantageously applied. To favour the deposition of the particles
a variety of artilicial acids may be applied. Thus, Ur},'slullizatin:;
takes place better in a pan with some little roughness at the sides
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than when it is quite smooth, and threads are hung in sirup to pro
mote the erystallization of the sugar-candy ; a little erystal of the
same kind of salt is often introduced, to serve as a nucleus round
which the new erystals may gather; and, in a solution containing
many salts, the nature of the salt which shall erystallize may be
determined by the nature of the little erystal introduced : thus, if
equal parts of nitre and of Glauber’s salt be mixed and dissolved
in five parts of water, and the solution divided between two similar
dishes ; on a crystal of nitre being laid in one dish and a ecrystal
of Glauber’s salt being laid in the other, a erystallization of pure
nitre will occur in the former, while nothing but Glauber’s salt will
crirstallize in the latter dish. Salts which are mixed together in
solution may also be separated from one another by their respective
solubilities : thus, if sea-water be evaporated, common salt alone
will be deposited aceording as the liquor boils away ; when it has
been removed from the fire no more common salt separates, but
Epsom salt will erystallize, and, after it has been removed, the liquor
will be found to contain chloride and iodide of magnesium. The
liquor from which ecrystals have separated is called the Mother
liquor.

Crystals occasionally form in a body, although it may remain
completely solid. Thus, when copper wire has heen kept some
time in the laboratory, it becomes a mass of cubical erystals, and
its tenacity is almost completely lost. When sugar is melted and
allowed to cool, it forms a perfectly transparent hard mass, desti-
tute of any trace of crystalline arrangement, but after some months
it becomes opaque and white, having changed into ordinary erystal-
lized sugar. In cases, also, where bodies are dimorphous, one
form is generally unstable, and the body, when crystallized in it,
changes after some time into the other form. This takes place re-
markably with sulphur, and will hereafter be again referred to.

A solution of a salt, saturated at a high temperature, is found
occasionally to remain without erystallizing, although cooled to a
very low degree. In such case, on introducing a little erystal, or
agitating the liquor, it suddenly crystallizes, and frequently solidi-
fies into one mass. Sulphate of soda is remarkable for its tenden-
cy to assume this indifference to erystallization. If two parts of
erystallized su][p]mtc of soda be dissolved in one part of water, at
93 , and the solution be laid aside to cool, without being disturbed,
it remains quite clear and liquid ; but, on producing crystallization
by any of the means just stated, the whole becomes solid.

In all cases of erystallization there is heat evolved, consequent
on the general law of heat being given out when a liguid or va-
pour becomes solid. There is sometimes a remarkable evolution
of light, to which I shall refer again. Indeed, crystallization is
sensibly affected by the presence or absence of light. If a dish,
half covered by paper, be set aside with a solution to erystallize,
but few erystals will form in the dark, although there m;v,y be an
abundant crop on the illuminated portion of the vessel.

It has been noticed, that when a body has been obtained, crys-
tallized at different temperatures, as by solution and fusion, the
erystalline form is generally diﬂﬂrent, and the body is said to be
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dimorphous. In this case, the two forms are totally different in
their geometrical character. But independent of this, a body may,
even simply by solution, be obtained, cr:,rstall_izad in a great variety
of forms. Ina crop of erystals of sulphate of iron or of alum, obtain-
ed by cooling from a hot solution, a great many different figures may
be observed, which, however, are, on examination, all referrible to
one more regular and fundamental form. Each substance has thus
a characteristic form of erystal, which is termed its primary form ;
and it may assume a great variety of figures, produced by modifi-
cations of this form: these are termed secondary forms. Thus,
carbonate of lime has been found crystallized in more than six
hundred different secondary forms, all derivable, however, from the
one original primary figure, the rhombohedron. The growth of a
crystal depending on the deposition of new layers of particles
over its external surface, any change in the quantity deposited on
each side will naturally produce a change of form. It is there.
fore necessary, when erystals are left long in a solution, to turn
them, and change their position frequently, as otherwise the growth
would take place on some sides rather than others, and secondary
forms would be produced, by which the characteristic figure of the

cr__)rstu.l would be injured.

I'he most ordinary source of change of figure consists in the replacement of an
edge or of an angle by a plane. Thus one of the simplest fizures of erystals is
the cube a; it has eight edges and eight solid angles. The effect of substtuting
plane surfaces for the edges is to produce the secondary form &, and by replacing
the solid angles by planes, the form ¢; when these replacements occur together,

L
L e

the more complex figure d is produced. If the edges of the cube be replaced until
all traces of the original planes disappear, the fizure ¢, the rhombic dodecahedron,
is produced ; and if the replacement of the solid angles by planes be carried on to

tne same extent, there is formed a regular octohedron f. These last are again sim-
ple and primary forms, for by a similar move of replacement they may be reduced
to each other or to the cube.

When a crystal augments in size by the deposition of layers of
fresh material upon its faces, the molecular cohesion in each new
layer is greater than its cohesion to the layer underneath, and hence,
by skilful splitting, a crystal may be separated into a number of
plates, exhibiting the order of its formation. The direction in
which a erystal may be split is termed its cleavage, and it is of great
importance in the determination of the primary form of the crys-
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tal, for it often occurs that the same secondary form may be pro-
duced by two different primary forms, and in such case, the cleav-
age being simply related to the surfaces of the true primary form,

determines which it is.

Notwithstanding the immense variety of forms of crystals which exist, they may
yet be reduced to a very few classes, by conceiving them to be formed by their par-
ticles being built up aroond certain axes, which pass through the centre of the crys-
tal, and the relative position and magnitude of which dztermine the manner in which
the particles are arranged. ,

In this way there may be formed six systems of crystallization, charactenized as
follows :

1st System. The Regular System. The three axes are all equal in length, and
are at right angles to each other.

2d System. The Rhombokedral System has three axes equal in length, which
are placed, however, at equal angles (60°) with each other, and are all in the same
plane, while a fourth and unequal axis is at right angles to that plane.

3d System. The Syuare Prismatic System has the three axes at right angles to
each other, but there are only two of them equal ; the third is either longer or shorter
than the other two.

4th System. The Right Prismatic System has the three axes at right angles to
each other, but there are no two of them of the same length.

Sth System. The Obligue Prismatic System has two of the axes making an acute
angle with each other, while the third is placed at right angles to both. The three
axes are all unequal in length.

6th System. The Doubly Obligue Prismatic System has all the axes unequal in
length, and making acute angles with one another.

The various actual forms of crystals, both primary and secondary, are derivable
from the manner in which the plane surfaces of the crystals may be applied around
these axes. In order to conceive the application of the planes, the axes shall be
considered as placed with one in a vertical position, and it is called the principal
axis. The nature of the system determines which axis should be selected.

In the Regular System, the axes being all equoal, it is a matter of indifference
which is chosen as the principal axis, and their perfect symmetry is also a reason
that the portions of the erystal around each axis must be completely similar. The
number of forms belonging to this system is consequently not very large, and they
are remarkable for their simplicity. Thus, when each plane cuts the axes at equal
distances from the centre, the form is the octohedron, and as the planes must be
equally inclined to all the axes, it is the regular octohedron f, of which each plane
is an equilateral triangle.  When each face of the crystal cuts one axis at right an-
gles, and is hence parallel to the other two, the form is the cube . When each
face cuts two axes at equal distances from the centre, and is parallel to the third,
the figure which results is the rhombic dodecahedron e. By the combined positions
of sels of planes, other and more complicated (secondary) b, ¢, d, forms are produced,
arising from the partial coexistence of the conditions of the formation of two sim-
ple forms.

The erystals belonging to this system are generally very well defined and easily
recognised : a great number of important bodies crystallize
in the forms belonging to it : thus common salt, fluor spar,

alena, and iron pyrites, are found in cubes ; alum in octohe-

rons ; the garnet is found in dodecahedrons. When pure
metallic substances are found crystallized, it is always in g
forms belonging to this system; thus, bismuth, copper, sil-
ver, gold, crystallize in cubes, and lead in octohedrons.

A peculiarity of crystals, belonging particularly to this sys-
tem and to the next, is, that every alternate face shall become
developed to such a degree as to obliterate the intervening
planes, and thos to generate a new form, having one hall of
the number of planes. Thus a erystal of alum iz very sel-
dom truly octohedral ; it has usually the figure of ¢ where )
four of the sides of the octohedron have become very large,
while the other four remain very small. When the oblitera-
tion becomes complete, there iz produced the tetrahedron, or
three-sided pyramid of fig. &, which is hence properly called
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the hemioctohedron. Such crystals are called hemihedral, frl:m: llﬁzlzcﬂﬂﬂf?::gf
half the proper number of =sides, (Certain bodies have a !'lat-llml £ 2 ﬁumhﬂr of
hedral crystallization, and are but very rarely found with the prurgrm is the re
planes. The diamond is a remarkable |_u$1nml-.r. qrp:]?i‘ﬁ;:drlalls proper &
ular octohedron, but its crystals are universally It : Fea

Tn the Rhombohedral system, the supplementary, or fourth gt 0 ="
prineipal axis, and the erystals are forme i
by the planes being applied to these axes,
a8 in the former system. If the plﬂ'l’lﬂs
be all inclined at the same angles to the
three horizontal axes, and cut the verti-
. cal axis, there is formed a double six-
sided pyramid (1); and when the planes
are perpendicular to the horizontal axes,
and parallel 1o the vertical axis, the six-
sided prism (£) is produced. ‘These forms

: generally coexist in quartz, as n the fizure
k. By the replacement of the edges in these forms there may
be produced others with twelve sides in place of six ; as a twelve-
gided prism and a twelve-sided pyramid, of which quanz also
affords examples, )

This system is more remarkable for its modified forms than for those simple fig-

: ures above deseribed, although the six-sided prism and six-
I\ sided pyramid are characteristic of very many substances. If
we suppose, in the terminal six-sided pyramid, every alternate
side, above and below, to grow at the expense of those next
it at each side, { will be formed. Ultimately the sides of the
prism disappear, and there will remain t
a figure of six planes, of which all the
gides shall be equal and similar rhombs,
the rhombohedron, m, which gives its
name to this system, although it be but
a hemihedral modification of the true
typical form. The principal axis of the
rhombohedron is the vertical axis of the
pyramid, and the horizontal axes are found by joining the
solid angles to the centres of the opposite faces, where ori-
ginally the lateral angles of the pyramid had been.

The carbonates of lime, of iron, and magnesia are remarkable for erystallizing
with this hemihedral igure. Even in the six-sided prism of carbonate of lime, the
rhombohedral tendency is evident by the erystal being terminated, not by the six-
gided prism, as in quartz, but by its three hemihedral replacing planes.

3. The Square Prismatic System.—The crystals of this class differ from those of

the regular system in the vertical axis not being necessarily

n equal to the other two ; but, on the contrary, being in almost

all cases either longer or shorter. Where there 15 formed

an octohedron, =, it differs from the regular octohedron in

the terminal angle of each plane being not 60°, but more or

less. Tis basis is, however, a square ; and

* to distinguish it from the octohedron of the \ o

following system, it is termed the octohedron with the square base, 7 e

By the application of planes perpendicular to the horizontal axes, a

four-sided pyramid with a square base is formed, o, and by the re-

placement of the terminal edges of this prism, four-sided pyramids

may be formed on its base and summit. By this property the square

prisms and octohedrons are distinguished from all modifications of

the cube and octohedron of the regular system. When the edge

of a cube is replaced, the plane substituted for it gains equally on

the two surfaces, and hence, when one is effaced, the other must V.

be g0 zlso.  But in the square prisms the replacement may efface the terminal plane,

giving a four-sided pyramid, and yet the lateral planes be but little encroached upon.

The sides of the crystal in this system are thus independent of the top or hottom,

and may be modified, while the top and bottom remain unaltered ; this never takes

place in the regular system, where, there being no one side particularly upper or
ower, all modifications must affect all sides alike.

4
i
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4. The right Prismatic System.—In this system the three axes
being all unequal, the length, breadth, and thickness of the crys-
tal may be different from each other. Thus, in the octohedron.p,
formed by the application of planes, each connecting the extremi- P
ties of the three axes, the three dimensions of the erystal, as in
the figure, which is the primitive form of sulphur, are unequal ;
the octohedron has a rhombic base ; and by planes which are in-
elined to the horizontal axes, and parallel to the vertical axis, a
prism with a rhombic base may be produced. This also, by com-
bination of the two forms, may obtain pyramidal terminations, as
in some forms of native sulphur.

An important character of this system, which arises from there

being no necessary connexion between the two
q horizontal axes, is, that the lateral edges may be
alternately modified i oa different manner ; or, in other words, that,
looking at the erystal, its back and front may be differently affected
from its sides. Of this an example may be found in a common
modification of the sulphur octohedron given in figure g.

5. The obligue Prismatic System.—From the manner in which
the crystals belonging to this system form, one of the oblique axes
is generally by mueh the most developed, and is taken as Lthe prin-
eipal axis. The remaining axes, which are at right angles to each
other, are taken as horizontal, the prineipal axis making with them the acute angle,
which belongs to the peculiar body.

By means of planes which are inelined to all the axes, there is formed the ob-

> lique rhombie octohedron, such as characterizes gypsum
(sulphate of lime), as in figure r; and by means of planes
which are inclined to two axes, but parallel &
to the third, an oblique rhombic prism may
be formed, s. A remarkable character of £ | e
these erystals is, that from the crossing of the axes and their inde-
pendence of each other, the front and back of the erystal may be
quite different in relation to the sides. The erystals of sulphate
ol soda, of carbonate of soda, of borax, of sulphate of iron, and of
feldspar, may be taken as examples of the numerous forms deriva-

ble trom this system. a
6. The doubly obligue Prismatic System.—The axes are all une- | /7
qual, and all form acute angles with each other, and it is hence in-

different which is taken ag the principal axiz of the crystal. The
consequence is complete absence of symmetry between any two surfaces of the
erystal, except such as, being at the ends of the same axis, are parallel to each other.
The complexity of erystals of this system is hence usually
¢ very great.  The simplest forms are the oblique rhombic
octohedron, ¢, and the oblique rhombie prism, formed by
planes inclined to all the axes, or to two, and parallel to the
third, respectively. The soda feldspar (albit) and sulphur
of copper are examples of this system ; the oclohedron of
this system is figured in the margin.

It might be at first supposed that the assumption of these axes, or lines round
which we have supposed the crystalline particles to be regularly arranged, was
merely a geometrical fiction, by which the form of the crystal might be more easily
represented to the mind ; but such is not the ease. Evidence derived from a vari-
ety of sources agrees in demonstrating that this diversity of crystalline systems
arises (rom fundamental differences in the laws of molecular echesion, by which
the formation of the erystal is regulated, and that these axes, which have heen so
much alluded to, are real centres, the proportion and position of which determine
all the physical properties of the body. It is peculiarly from the action of crystal-
lized bodies upon light that accurate and extraordinary information has been ob-
tained of their internal structure, and the discoveries that have been made in this
department were the means of advaneing the physical theory of light to its present
almost perfeet state. :

Substances may assume crystalline forms which do not properly belong to them
in many ways. Thus, a group of crystals being imbedded in a rock, they may, by
the filtration of the water of springs across the rock, be dissolved out, leaving a hol-
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low mould of their form ; and, subsequently, substances of another kind may be in-
troduced into this eavity, and, solidifying there, may simulate the external form of
the original inhabitant.  But these are no more real crystals than a mass of plaster
of Paris, which has solidified in a hollow mould, and comes out as an Apollo’s head,
can be said to have so crystallized. By cleavage, and by the operation of polarized
light, the unsuited internal structure is recognised, qnd the erystal is stated to have
been merely pseudomorphous.  Another mode in which a body may come to have a
form not its own, is by remaining behind after the decomposition of the substance
which had really erystallized. Thus, when hydrated chloride of copper, which
erystallizes in fine green prisms, is carcfully heated, the water is expelled, and the
chloride of copper remains dry, and of a fine yellowish-brown colour, in the original
erystalline form, and with the surfaces quite bright. The red iodide of mercury
combines with ammonia to form a substance which crystallizes in long prisms of a
snow-white colour ; these, when exposed to the air, lose all ammonia, and the
iodide of mercury remains behind, pure, and of a brilliant red, but with the perfect
fignre, and bright, smooth surfaces and sharp angles of the body originally crys-
tallized. i

It has been thought that the presence of foreign bodies in a solution. even where
they did not enter into combination with the substances which erystallized from it,
might modify their form. Thug, when common salt crystallizes in a solution of
ured, it is deposited in octohedrons, and by dissolving alum in a solution of urea, it
may be obtained erystallized in cubes.  But in this case, the substaneces which crys-
tallize are no longer common salt nor alum, but the one, a combination of urea with
common salt, and the other, a basic alum produced by the mutoal decomposition
of the urea and the alom. The presence of a trace of lead or tin in a large quanti-
ty of iodide of potassium, has been supposed to modify its form ; but it 12 more likely
that the mechanical presence of an impurity of the kind may be supposed to produce
a tendency to macled crystals, and thus the external form be somewhat altered, al-
though the true constitution of the cerystal may remain the same.

Certain bodies, when they exist together in solution, may re-
markably modify each other’s form, by erystallizing together so
completely that every individual erystal shall contain a quantity of
each. Yet these bodies will not have combined chemically with
each other, for the quantity of each present in each erystal is quite
indefinite ; they are mixed together mechanically in the erystals,
and hence the form of the actual erystal is intermediate between
those which the separate bodies should have had if they were
pure. In order that bodies may so erystallize together, it is not
only necessary that they should be of the same crystalline system,
but the crysta’tline forms must resemble one another very closely
in all their angles and sides. Thus, not only will iodide of potas-
sium and sulphate of soda, which belong to different systems of
erystallization, not erystallize together, but Glauber salt a:;d car-
bonate of soda, which do belong to the same system, will not crys-
tallize together, because the relations of their angles and sides be-
ing completely different, they cannot mix together so as to form a
uniform solid. But sulphate of zine and sulphate of magnesia be-
long not n:tere]jr to j:hc same crystalline system, but they are al-
most 1dﬂm1c:al in their fizures ; the eye cannot make any distinction
_belween 'r._hmr crysf.n!s; and hence, w']]|.3n a erystal is being fornied
in a solution containing these two bodies, the molecular and ervs-
talline forces being the same for hoth, they coneur in the building
of the erystal without interfering with each other. Hence, as there
is a very small difference between the angles of the rhombie prisms
of the two salts, the one being 90 30", and the other 91 8, if the

be mixed in equal proportions in the crystal, its angle must be 90°
49", Carbonate of lime and carbonate of magnesin are, like the
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sulphates of zinc and magnesia, almost identical in crystalline form,
and they exist in nature mixed together, forming the dolomite or
magnesian limestone. The quantity of earbonate of lime is to the
quantity of carbonate of magnesia as 50-6 to 42'8 ; and as the angle
of the rhomb of carbonate of lime is 105° 4", and ‘that of carbonate
of magnesia is 107° 40°, the angle of the mixed erystal is found
by multiplying the angle of each constituent by its quantity, adding
these products together, and dividing by the quantity of the mixture,
and the result is 106° iﬁ' the angle of the rhombic erystal of mag-
nesian limestone.

The peculiarity of erystallization which such bodies possess may
be illustrated in another manner. Ordinary alum is a sulphate of
alumina and potash ; but there are a great variety of other double
sulphates which erystallize in the same form, and which constitute
a well-defined erystalline genus. If an octohedral erystal of com-
mon alum be placed in a solution of the sulphate of alumina and
ammonia, the erystal augments in size by the addition of layers of
it. If it be then removed to a solution of sulphate of potash and
peroxide of iron, it acquires another layer; by a solution of sul-
phate of ammonia and peroxide of iron another still ; and by means
of solutions of the alums, which consist of oxide of chrome united
to potash or ammonia, with sulphurie acid, the crystal may grow to
a still greater size, The chemical constituents of the erystal may
thus vary, but it retains its form ; the number of equivalents of
chemical substances contained in it remains also the same, although
thc} may not remain identical in nature. The potash am:l the am-
monia on the one hand, the oxide of iron, the alumina, and the ox-
ide of chrome on the other, agree in prmlumuu' the same erys-
talline arrancement of pnrtILIEs, in impressing upon their com-
pounds, with the same bodies, the same erystalline form. Bodies
so related are called :mmarpﬁum. Oxide of zine and magnesia are
isomorphous ; while lime is a dimorphous body, being in one form
isomorphous with magnesia, and in the other with oxide of lead.
Isomorphous bodies are rcm’nrkah]} similar in their ehemical prop-
erties ; they follow generally the same laws of combination, and
hence, as shall be farther shown in the chapter on chemical aﬂ'imt:,r,
the prmmple of somorphism has been of the highest importance
in developing the true relations of chemieal substanees to each
other, and the intimate connexion of the forces which produce the
chemical combination, and those which direct the erystalline ar-

rangement of the particles of bodies.

It was, some time ago, considered an important question, whether the ultimate
particles of bodies had the same figure as their primary erystalline form, or wheth-
er they were globular or ellipsoidal. The law of issmorphism was considered, at
one time, to result (rom the ultimate particles of those bodies, being themselves
isomorphous ; and hence, when entering into similar combinations, giving to them
also the same form. It was at another time referred to the principle that, in any
chemieal combination, the erystalline lorm was determined by the number of mole-
cules or atoms present, and was independent of their nature. Neither of these
1deas has heen found sufficient ; but the complete discussion of the relations of the
isomorphous bodies will be found in a futare chapter.

The angular dimensions of erystals being thus the measures by
which they are recognised and compared with one another, the

instruments by means of which their measurement is effected re-
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quire a few words’ notice. They are called goniometers (yovtoc, an
ancle 3 METPW, I mea{;ure}, The simp],{::il form consists ﬁr a E’ETI'IH:'HT'
cular scale of degrees attached to a pair of blades, wl_] ich, crossing
each other at the centre, allow of the erystal being adjusted exactly
to their edges, and then show the value of the angle by the number
of degrees intercepted on the scale between the blades. For all
purposes requiring accuracy, the goniometer of Wollaston must‘he
applied. In it the angle of the crystal is determined by measuring
the number of degrees through which it is necessary to turn the
erystal in order that two rays of light, reflected successively from
the two surfaces, including the angle, may be in exactly the same
direction. To the adoption of this principle of measurement we
owe almost all the great advance that has been lately made in the
relations of the crystalline forms of bodies to their chemical and
molecular constitution.

In all that has formed the suhject of the chapter which has now
closed, the forces brought into play, and the effects which were pro-
duced by means of their action, were not such as to involve the
principle upon which all purely chemical phenomena are based, the
existence of a variety of elements. The laws of cohesion, from its
simplest action in a liquid to its most complex manifestation in a
double oblique crystal, might have existed in nature, and, being
studied, make a part of science, independent of any consideration
of true chemical force, although serving most usefully for the iden-
tification of chemical substances, and capable of modifying the cir-
cumstances of their mutual action in an eminent degree.

CHAPTER IIL
OF THE PROPERTIES OF LIGHT AS CHARACTERIZING CHEMICAL SUBSTANCES

I snarL not attempt to enter into the details of the history of the
mechanical properties of light, as they constitute one of the most
purely mathematical of the physical sciences, and have but indirectly
a relation to chemical phenomena: a short notice of these properties
is, however, necessary, in order that the means of recognising chem-
ical substances may be fully given.

Light, emanating from any luminous body, moves in straight lines
the smallest portion of it which can be admitted through an aperture
being termed a ray. When a ray of light falls upon the surface of
a body, it is either bent back again, or it passes into the substance
of the body; the bending back is termed reflection, and is reculated
by the law, that the angles of incidence upon the m:rface,ﬂnnd of
reflection from it, are always equal. It is thus that the images are
formed in a looking-glass ; for we see objects in the direction in
which the ray of light arrives at the eye, and hence we judge the
image to be as much behind the mirror as the object is before it.

When the ray of light has passed into the substance of the body,



FPROPERTIES OF LIGHT. 35

it may be absorbed, in which case the substance, not sending any light
to the eye, appears completely black, or is, rather, totally invisible,
except by contrast with some other body placed behind it; or the
light may be transmitted, in which case the body 1s said to be trans-
parent, as the light may arrive at the eye alter passing through the
substance. Bodies which do not transmit light are said to be opague ;
but there are two kinds of opacity, that of blackness, where the light
which falls upon the object 1s totally lost by being absorbed, and that
of whiteness, where the light is reflected, and we can see the object
itself, though we cannot see anything through it. Where, in an
opague body, the light is partly reflected to the eye and partly ab-
sorbed, there arises the diversity of colours which opague bedies
may possess.

Vhen the ray of light is neither totally reflected from the surface
nor lost within the substance of the body, but passes through it, it
is refracted ; that is, its direction is changed ; and if its path be rep-
resented by a line, it is broken at the surface of the medium, and
hence the name. It is thus that an oar, partly immersed in water,
appears broken at the surface. Any substance throngh which light
is moving is termed a medium, and the refraetion oceurs at the lim-
iting surface of the two media, as air and water, air and glass, though
not to the same degree as if the light had passed into the most re-
fractive medium directly from an empty space. This refractive
power is of importance as a characteristic properiy of bodies, but
to the chemist it is specially of use in the study of crystallized bodies;
and it is hence with reference to the prineciples of the molecular
structure of those substances already noticed, that the refraction
of white light shall be examined.

This reflection, absorption, or transmission of the luminous rays
which fall upon the surface of a body is, however, in no case abso-
lute and simple. All bodies reflect some light, and there are none
which allow light to pass through them without its undergoing some
absorption. In general, light incident upon a body is divided into
three unequal parts, of which one is reflected, another absorbed, and
the third transmitted, and the nature of the body determines which
action shall be most powerful.

In uncrystallized bodies, a ray of light, in passing from a rarer
to a denser medium, is generally bent towards a line perpendicular
to the surface of the medium, and in passing from a denser to a rarer
medium, the refraction is from the perpendicular. In this case, the
law of refraction is such that the sines of the angles of incidence
and refraction are to each other in a constant proportion, no matter
how the direction of the incident ray may change, and the number
which expresses this ratio is called the index of refraction.

The velocity with which light is transmitted is exceedingly great ;
the light of the sun arrives at the earth in eight minutes, being at
the rate of 195,000 miles in a second. 'This, however, is but the
mean velocity of the coloured lights which a solar ray contains, for
these differ in veloeity, those which are least refrangible being trans-
mitted with the greatest quickness. The velocity of light is changed
when it passes from one substance to another, and it is this change
n which originates refraction. In general, the denser the medium
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the more is the velocity diminished ; and it was by the experimental
proof of this that one of the most triumphant testimonies in favour
of the undulatory theory of light was found.

The refractive power of a body is not connected with its chemical
constitution in any positive manner ; but inflammable substances
are ocenerally possessed of high refractive powers. It was this
which led Newton to the celebrated prophecy that the diamond
should be combustible, and that water should possess an inflammable
constituent ; but many bedies of high refracting powers are not at

all combustible.

The refracting power, as measured by the refractive index, is given for some of
the more remarkable bodies in the following table :

Realgar . - : . 2540 Garnet . : . 1 B15
Octohedrite . - . 2500 Oil of cassia . . 1614
Diamond . : . 2439 Plate glass . . 1-542
Nitrate of lead . . 2822 Oil of turpentine . 1475
Phosphorus . F . 22 ‘Water : . . 1336
Sulphur . : : . 2148 Chloring . ; . 1000772
Flint glass, from . . 2028 A, ! : . 1000294
1o - - . 1830 YVacuum . . . 1000000

In unerystallized bodies, the molecular arrangement being irreg-
ular and indefinite, the action upon light is the same in every diree-
tion, and hence a ra?r of light undergoes, when passing from air into
‘water or glass, simple ordinary refraction ; it is bent out of its path
by an angle which depends upon the angle of incidence, by the law
of the proportionality of their sines. In bodies which erystallize
in the regular system, where there are three precisely similar axes,
the molecular constitution, although subjected to definite laws, must
be the same in all directions, and hence a ray of light will be acted
upon, in such a erystal, in the same manner, no matter in what di-
rection it may go. Hence, in crystals of the regular system, there
is only ordinary refraction and a single image.

When a ray of light passes, however, into a erystal of the rhom-
bohedral system, it is differently acted upon, according to the part
of the crystal it passes through. If it pass along the prineipal axis,
it is equally related on all sides to the crystalline forces, and hence,
as in the crystals of the regular system, there is only a single re-
fracted ray. But if the light pass in any other direction, it is divi-
ded into two portions, one of which is refracted according to the
ordinary law of the sines, while the other, following a totally new
law, is termed the extraordinary ray. The angle which these two
rays make with each other inereases according as the path of the
incident ray is farther from the principal axis ; and when the licht
falls perpendicular to the sides of the prism, and hence to the p:in-
cipal axis, the divergence of the two refracted rays is the oreatest
possible. In the square prismatic system, the same peculiar action
upon light exists ; when a ray of light passes along the prineipal
axis of the erystal, it undergoes simple refraction according to the
ordinary law, but in any other direction the ray is subdivided into
two, of which one is refracted in the ordinary way, and the other
follows a new and peculiar law.

The existence of double refraction, and the change in its amount
according to the direction in which the light passes through s
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erystal, may easily be observed. If a round dot be marked with
ink on a sheet of paper, and a rhomb of calc-spar be laid upon it,
the dot will appear double, and on moving the crystal round, one
image will be seen to revolve round the other. By changing the

nsition of the eye, the distance between the two images of the dots
will be found to change; it will be greatest when the eye is in a line
connecting a solid angle and the centre of the opposite plane ; but
to efface the double image and obtain single refraction, new sur-
faces would require to be eut perpendicular to the principal axis. In
a natural erystal there are, therefore, always two images of an object

seen through it. :

In the remaining three classes of erystals, where the rhombic octohedron,
whether right or oblique, gives the predominant character to the forms, the exist-
ence of a molecular constitution, regulated by the same cause as the external fig-
ure, ig displayed in a peculiarly striking manner. There is no longer a zingle line
in the erystal, in which ordinary refraction alone oecurs, but there are two such
lines, or axes of simple refraction. These axes, however, do not now eoncide
with the principal erystalline axis, as was the case when there was only one, but
their position is so dependant on that of the erystalline axes as to show that they
are the resultants of the forees which emanate from them, and which govern all
the molecular actions of the erystal.  If the ray of light does not pass exactly along
one of these axes, but at some distance from it, it is divided into two rays; and
of these rays, both follow new and peculiar laws of refraction, the proportionality of
the gines being totally abandoned. ‘The real distinction of the erystalline systems
is thus completely proved by the existence of these remarkable optical properties
by which they are characterized ; and so perfect is this distinction, that in cases
where the external form and cléavage would lead us totally astray, the optical
Erapcnies of the body may show us its true crystalline position. Thus the mineral

oracite (borate of magnesia) erystallizes in cubes, which are remarkable, how-
ever, for an anomalous replacement of the opposite solid angles by triangular planes.
When, however, horacite was optically examined, it was found to possess double
refraction, and to appear cubieal only from the accidental circumstances of its ree-
tangular axes being exactly equal to each ather.

hen a ray of white light, S, P, admitted into a darkened room
through an aperture,
148 H, passes into a re-
~1u fracting substance, a,
A, B, C, whose surfa-
ces are parallel, its
path after refraction

is parallel to its ori-

L ginal course, and the
ol ray continues white ;
<p but if the surfaces of

the refracting medium be not parallel, if it be a prism, A B, C, the
ray of white light is separated into a number of rays of light, of
different colours and of different reflrangibilities, as at g ; and if it
has been derived from the sun, in place of a round white image, P,
there is formed a series of solar imares of different colours, which,
overlapping each other, produce a long band, which is termed the
prismatic spectrum, or image of the sun. The order of colours, the
gsame as that seen in the rainbow, is, commencing with the rays of
greatest refrangibility, violet, indigo, blue, green, yellow, orange,
and red ; the length of the speetrum, and the space occupied {y
each colour, varying with the nature of the refracting body, ac-
cording to what is termed its dispersive power. White light is,
therefore, not a simple, but a highly complex phenomenon, con-
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sisting of impressions made simultaneously on the eye by 1h_“
lizhts of these various colours. This may be verified by experi-
ments of very simple performance : if a circular disk be pu:uted
with the colours of the spectrum, in segments proportional to the
spaces which each colour occupies in the length of the spectrum,
and then be made to revolve rapidly on a central axis, the eye loses
the sensation of the individual colours, and a uniform orayish-
white tinge is produced : if we had colours as perfect as those of
pure solar light, their reunion would form pure white, and this ac-
tually may be produced by receiving the spectrum on i lens, by
which all the coloured rays are brought to bear upon a single point,
the focus, where reproduction of the original white light takes place.

Herschel has recently discovered that there exists in the spec-
trum, beyond the limits of the violet rays, other rays of a still
higher refrangibility, and of a colour which he proposes to term
lavender. This lavender light cannot be merely a weaker form of
violet light ; for, on concentrating it by means of a lens, it remains
still unaltered, and appears to have no tendency to assume a violet
tinge when it becomes more intense. If this proposal be adopted,
there are then eight prismatic colours; and although some peculi-
arity of vision, with regard to colours, may cause a difference of
opinion, yet the evidence obtained by Herschel of the real exist-
ence of simple lavender-coloured light appears to be satisfactory.

Of the seven prismatic colours, there are four which cannot be
considered as simple lights, but as being formed by the mixing of
rays of two different colours having the same refrangibility : these
are orange, green, indigo,and violet; the first being the mixture
of the superposing extremes of the red and yellow, the second of
the yellow and blue, and the third and fourth of blue with red re-
maining in excess. There are, in fact, blue, red, and yellow lights
spread over every portion of the spectrum ; and if they were so in
equal quantities, the spectrum would be white, and we could not
have any decomposition of light by refraction ; but, although there
are blue rays of every degree of refrangibility, yet the ]argcr pro-
portion of them have a refrangibility greater than those of any
other colour, and they are hence collected nearer the upper extrems-
ity of the spectrum. A portion of red light is spread also over the
whole surface, but the majority of the red rays, having low refran-
aibility, are thrown to the opposite extremity, while
the great proportion of the yellow rays, having a mean
refrangibility, occupy the centre. In every portion of
the spectrum there is therefore mixed, blue, red, yel-
low, and hence white light ; but where these simple
lichts prevail, the colours of the spectrum are pro-
duced, and where two are present in excess over the
quantities which form white light, the secondary col-
ours, orange, green, indigo, and violet, are formed.
The intensity of these spectra of simple light in each
portion of the prismatic spectrum is represented in
the figure by the distance of the curved lines, R, Y, B
from the ground, M, N. Where the red rises lz;ey:mui
the yellow and blue, the red space of the spectrum is produced ;
where the curve of the yellow light prevails, the space is coloured
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yellow, and similarly in the blue; at the point where the curves
of the red and yellow meet, the tint is orange ; where the yellow and
blue are equal, the colour produced is green ; and where the red and
blue are both in excess over the intermediate yellow, there is violet.
This view of the constitution of the solar spectrum, leading to
the remarkable and unexpected consequence that there may be
white light unalterable by the prism, its coloured rays having all the
same degree of refrangibility, was obtained by Brewster, by means
of the absorbing power of coloured bodies. If a ray of white light
be ineident upon a glass coloured red by suboxide of copper, it is
decomposed in passing through it, the yellow and blue lights being
intercepted or absorbed, and the red rays alone being transmitted.
A glass does not possess this property of absorbing certain kinds
of light, because 1t is coloured ; but it appears coloured to our vi-
sion, because it acts so upon white light. The colours so given to
lass are of great importance, from the use which is made of them
or ornamental purposes in the arts; but they afford also to the
chemist one of the most delicate and most certain means of detect-
ing many metallic substances, thus:

Cobalt is known by colouring glass blue.
(13 (14

Nickel 1 orange.

Chrome and vanadium L green.

Copper &t L green or red.
Iron & :: :: yvellow or green.
Manganese purlp]c.

Silver - 8 #“  yellow or orange.

Gold “ L " crimson.

And these are not the only cases in which colours are produced.

The colours of chemical compounds are so varied, that there
cannot be laid down any principle by which they could be arranged :
thus, lead forms with other simple bodies compounds which are
brown, or red, or yellow, or white; mercury has a still greater
range. There are, however, certain general facts worth bearing in
mind, in which classes of bodies, to a certain extent, are character-
ized by colour: thus, the ordinary compounds of copper are usn-
ally green or blue ; those of nickel, green; those of eobalt, - .uk
or blue; those of chrome, green or purple. A singular property
of certain bodies consists in what is termed dichroism, that is, when
seen by light which has passed in different directions, they appear
of different colours, which are often complementary, or such as,
when mixed together, would form white light, This dichroism oc-
curs only in crystals which refract doubly, and in which the absorp-
tion takes place unequally along the two refracted rays.

The colours of natural bodies, seen by transmitted light, depend
thus upon the analysis which they effect of the light incident upon
them, and of which they absorb one portion and transmit another.
Where the object is seen by reflected light, its colour is generally
different from that given by transmitted light, for it frequently re-’
flects, in considerable quantity, the light which it does not transmit.
Thus, solution of litmus, when seen by transmitted light, is of a
rich reddish purple, but, seen by reflected light, of a fine, pure blue,
In general, a portion of the light is reflected from the second sure
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face, tinged like the transmitted portion, which, mixing with Ehﬂ-
properly reflected at the first surface, modifies its colour. I'he
transmitted and reflected lights are sometimes 1;r.u|3r complementa-
ry; thus, sea-water, seen by reflection, is of a fine green, but the
light which it transmits is pink. :

When a ray of light is reflected from any Sllﬂ;ﬂﬂf ﬂt{ a P“Ttlﬂl_llﬂl'
angle, which is for glass 56° 45, and for water 53° 11, it acquires
peculiar properties which it had not previously possessed, and is
said to be polarized. If the ray be then made to fall upon a sec-
ond reflecting surface, the effect varies according to [hc position
of the plane of the second reflected ray. The reflection, if it be
in the same plane as the first, is complete ; but if it be at right an-
gles to the first, there is no light reflected : in intermediate positions,
the quuntity of light reflected varies according to the angle which
the second makes with the original plane. Light is thus said to be

olarized by reflection. In all cases of reflection there is some of
the light thus modified ; for, although the angles above mentioned
are those at which alone the polarization is complete, at all other
angles the light, reflected is partially polarized in a degree, accord-
ing to its deviation on either side from the proper angles.

Polarization may be effected by various other means, as by re-
fraction or absorption. Even in ordinary refraction some of the
light transmitted is polarized, but it is mixed with so muéh ordina-
ry light that its properties are obscured: however, if the same
quantity of light be refracted often, it may be polarized completely ;
and hence, transmitting a ray of ordinary light, at a certain angle,
through a pile of parallel gfass plates, 1s a usual mode of polari-
zing it. In double refraction, the polarization of the refracted light
is perfect, and the two emergent rays are found to be polarized in
planes at right aneles to each other. If these proceed together to
the eye, they mix again, and thus recompose the original ray of
common light ; but by contrivances, such as in Nichol’s prism, one
may be turned aside or absorbed, and then the other used. In po-
larizing light by absorption, the mineral tourmaline is generally
used ; this is a doubly refracting substance, of such a nature that
it absorbs completely one refracted ray and transmits the other. It
therefore gives only a single image of any objeet, but this image
is formed by light completely polarized. If two pieces of tourma-
line be laid together, and the direction of their erystalline axes
be the same in both, they act similarly upon the light, and, the same
polarized ray being transmitted by both, the brightness of the im-
age is almost the same with the two as with only one ; but if they
be placed with their erystalline axes at right angles to each other,
the ray that is transmitted by the first is absorbed by the second,
and no light can pass. Il a ray of light be polarized by reflection
or refraction, it is known that the polarization has been complete
when the ray is totally absorbed by a tourmaline, the axis of which
is perpendicular to the plane of polarization of the ray.

Wiien a ray of light so polarized passes through a doubly refracting substance, it
undergoes double refraction like a beam of ordinary light, being divided into twe
rays, polarized in two new planes at right angles to each other; and when these
two rays are received upon another polarizing instrument, they are each divided
into two portions, again at right angles, which unite, as the planes of polarization
coincide two and two, and by their union produce some of the most beautiful phe.
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momena in opties ; for as, in the doubly refracting substance through which the ray
has passed, the two portions move with different velocities aceording to the refract-
ive indices of the body, one issues in advance of the other by a certain distance,
and according to this distance, which depends on the difference between the two
refractive indices of the body, a series of colours is produced the most gorgeous
that can be imagined, for every little difference of thickness a different colour is
ghown ; with the same thickness the colour passes through all the prismatic tints,
according as the plane of polarization of the ray of light is altered, and thus the an-
tion exercised upon the ray by the doubly refracting substance, shows itself in a
manner equally beautiful and strange.

The apparatus used, in so employing polarized light to exhibit these properties of
bodies, consists in, first, a means of polarizing the ray, which may be any of those
before deseribed, but which is generally a flat plate of obsidian or blackened glass,
by which a polarized reflected ray is given. ‘The substance to be examined is sup-
ported upon a frame, in a plane perpendicular to the direction of the ray ; or, if it be
fluid, a glass tube is filled with it, and, being closed by plates of glass with parallel
surfaces, it is so placed that the ray shall pass along the axis of the tube. The ray,

after emergence, 18 examined in order to detect the modifications which it has un-
dergone, by an apparatus termed the analyzing piece, which way be, where two
images are required, a doubly refracting prism, or, where only one, the Nichol's
prism, a doubly refracting prism in which one image is destroyed ; a tourmaline
might also be used, but the brown or olive eolour which tourmalines possess would
deprive the phenomenon to be observed of much of the interest it derives ﬁ'om the
beautiful display of colours.

In mothing is the action of polarized light so interesting as in the evidence which

: it gives of the internal constitution of erystals
of the difftrent systems that have been deseri-
bed ; for the real difference of molecular ar-
rangement in erystals helonging to these various
systems, is rendered still more remarkably dis-
tinct by the action which they exercise upon
light in this peculiar state of plane polarization.
ga. 1T a ray of polarized light pass along the princi-

¥ pal axis of a erystal belonging to the rhombo-
" hedral or to the square prismatic system, and
on issuing be examimed hy means of an analy-
zing plate, the axis of the crystal is seen to be
surrounded by a series of beautifully rainbow-
coloured rings, the centre being oceupied either
by a eross which is alternately black and white,
according as the analyzing plate revolves, as
with cale spar, fig. a, or a circular space which is occupied successively by a series
uf colours similar to those which form the rings, as in quartz.

If the n::r_fstal belong to any of the more complex systems, and its optical axes

i be not mueh inclined to one another, there will
be seen, on transmitting a ray of polarized light
along the crystalline
axis intermediate to the
two, a dounble system
ol rings, which, uniting,
form a very beautiful
curved fizure, such as
is reprezented in figure  §
::. . b which is the phenom- Jf &
@ enon as seen with ni- § 3

=0 tre. The curves are § §
crossed by two bands, §f § ¢
black or white, accord- § §
Ing as the analyzing
plate  revolves,  hat
whieh, when the crys-
tal is turned round on
its prineipal axis, open
out, revolving each on
its axis, A or B, and
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bend with the convexity towards the centre of the figure. In substances, f-llﬂ- tﬂp;:l
and carbonate of soda, where the axes make a large angle with each m: ier, the
complete system of rings cannot be at once seen, and only one half, or the P'-'_r!iﬂh
round one axis, as in the case of topaz in figure ¢, is visible in one dlreqrtmn.:
The angle of the axes in topaz is 187 307, but in other cases it may be much greater ;
thus with green sulphate of iron they are at right angles with E:u?h other.

The physical production of these beautiful phenomena involves optical principles
too recondite to be here introduced. It is, for the purposes of the chemist, sufficient
to say that they arise from the mutual action of the two rays, which are produced
by-the double refraction of the erystal; and henee, if there be not douhle rel‘racuol_i,
there can be no colours produced. With erystals of the regular system there ia
consequently no such result, and hence such crystals are recognised by the com
plete absence of coloured rings. ot

The optical properties of the different systems of crystallization may be thus
summed up.

1. Regular system. Single refraction. No rings by polarized light
2. Rhombohedral system . . ) Double refraction { Simple system of rings by
3. Square prismatic system . . with one axis. polarized light.
;- lﬁﬁmgrﬁ:g::;%?:;:ﬁm ik s Double refraction % Double system of rings by
8. DD'I:I:.I!IJ" oblique prismatic system with two axes. polarized light.

When erystals form in a crowded or confused manner, it frequently happens that
not merely are their surfaces modified in a complicated way, but that several erys-
tals become soldered together so completely as to simulate a single form which
does not belong to the substance of which the erystal is composed. These crystals
are called macles, or twin or hemitrope crystals. Some bodies have a remarkable
tendency to crystallize in this way ; thus, sulphate of potash had been long consid-
ered as crystallizing in six-sided prisms, terminated by six-sided pyramids ; and
such erystals of it occur with almost exactly the proportions of the rhombohedral
system ; but by optical examination, this figure was found to be composed of three
or six of the true crystals, which are right rhombic prisms of the fourth system.
These being laid together, form, by their angles exactly joining, a six-sided prism;

e — but when tested by polarized light, they show, in place
of the system of rings which a true ¢rystal should pro-
duce, the tesselated structure of the fizure. In many
cases, the agglutination of the erystals is less complete,
= and irregular figures, with the sides channelled by the
*9 imperfect joints, are found. A substance which il-
lustrafes remarkably this tendency to the macled form
is the mineral analeime, which is termed also cubizite,
from its forms belonging most perfectly, so far as ex-
ternal characters go, to the regular system. It has,

k however, no distinct cleavage planes, and refracts
doubly. When examined hy a ray of polarized light, the cube of analcime gives a
_ g nost beautiful appearance. The diagonals of each
H surface become occupied by lines, which are alter-
i vately black and white, according as the analyzer
fi] s made to revolve, and in the intervening triangu-
lar spaces the richest colours of the rainbow suc-
ceed one another, aceording to the optical laws,
This crystal is therefore made up of a great number
of other erystals belonging to some one of the
more complex systems; but its structure is s0 ex-
{ traordinary, that the determination of the form of
@#) its real crystal has been as yet impossible In
this instance, and in that of boracite alrea ¥ To=
M o N ticed, the optical properties have been the means
of showing the true nature of bodies which, from their external form, should oth-
erwise have been ranked among those which erystallize in the forms of the regular
gystem.

It has been moticed as a general character of the erystals of the rhombohidral
and square prismatic systems, that by the analysis of a beam of polarized light
transmitted along the principal axis, there is seen a system of coloured rings trav-
ersed by a cross, alternately black and white, as the analyzing plate revolves, bug

g
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farther, that in the case of quartz the cross is not produced, the central space being
oceupied in succession by all the prismatic colours. Even in quartz there have
been found two modifications of this property ; with one, the analyzing plate must
be turned from right to left, to obtain the speetral colours from red to violet: but
with the other, the rotation must be in the opposite direction, to show them in the
same order. The molecules of the quartz cause these colours to appear along the
axis by turning the plane of polarization of each colour round in a different degree,
and thus opening odt into a fan shape those combined lights, which bad previously
affected the eve only as white or black. This faculty does not depénd upon the
manner of arrangement of the particles of the quartz ;' it involves the chemical na
ture of the molecules; and, although some observations appeared to connect it with
the erystalline structure, it is now fully established to be independent of it. In
fact, this property of circular polarization, as it is termed, belongs to certain bodies,
mdependent of their arrangement, and even in many cases accompanies them wheg
they enter into combination. It is even found in liquids, particularly the volatil:
oils ; and when oil of turpentine is converted into vapour, its molecules preserve
unaffected their rotative power., Its existence is, however, subjected to remarka-
ble anomalies ; thus, when oil of turpentine combines with muriatic acid and forms
artificial camphor, it retains its power of rotation ; but n the artificial camphor
is decomposed and the oil of turpentine got back again, its power of changing the
plane of polarization of the ray of light has totally disappeared.

[These phenomena of circular polarization may be readily traced. If from a
erystal of quartz a disk iz cut transversely, a system of rings will be seen enclosing
a circular coloured space. If the disk be turned round, no change takes place ; but
if the analyzing plate turns, the colour passes through a series of tints, which, after
100° of rotation, may end in a sombre violet. If, now, we cut from the same crys-
tal another disk twice the thickness of the former, and make use of it, we shall find
the tint different from what it last was; but, by turning the analyzing plate 1002,
we may bring it back again to the same sombre violet : with a plate three times
as thick, we should have to turn 100 still farther to produce the same tint, and for
each additional thickness an additional 100°.  We therefore infer that, when polar-
ized light passes along the axis of a erystal of quartz, its planes of polarization ro-
tate eircularly, or, rather, spirally, in the erystal ; and this takes place in some spe-
cimens from right to left, and in others from left to right. Under these circum-
stances, light is said to undergo circalar polarization. ]

In cases, therefore, where bodies exhibit this action upon light, their power of
rotation becomes an important numerical fact in their deseriptions, and it may he
measured by the angle through which a certain thickness ol the body is capable of
moving the plane of polarization of a ray of homogeneous light, such as the pure
red given by glass coloured by sub-oxide of copper. It may also be expressed,
when white light is used, by the angle at which the pure violet is produced, and the
~ direction of rotation is expressed by an arrow turned either to the right or left, ae-
cording as it is necessary to make the analyzing crystal revolve to the one or the
other side. Thus, the rotative power of oil of turpentine, contained in a tube six
inches long, is for red light 45°<—a=, and of ol of lemons, in the same length,
B1° ms—>. The rotative power of quariz is about 68-5 times greater than that of
oil of turpentine. This property is beautifully applied to trace the changes which
oceur during the saccharine fermentation: a solution of stareh possesses a high
s—> power; but it gradually changes into the sugar of grapes, the rotative power
of which is «—a=. Hence the action of the starch, when fermentation has com-
menced, rapidly diminishes, until there ie so much sugar formed that the ss—s- and
«—ae 0Xactly balance, and the solution is totally without action upon a polarized
ray ; after that, the quantity of sugar still inereasing, the rotation becomes <—sss,
and increases until all the starch has been decomposed. With such a solution,
knowing the total quantity of starch originally dissolved, the measure of its rotative
power enables the quantity of sugar present to be at once caleulated. The juices of
plants which contain sugar, as the beet-root, the maple, the sugar-cane, may be ex-
actly valued by a simple determination of their rotative power eompared with their
specific gravities. This property of the eircular polarization of a ray of light, which
at the frst aspect might appear so far removed from proper chemical inquiry
or useful application, becomes thus an instrument from which the distiller or sugar-
boiler may every day derive advantage ; and when we come to discuss the means
by which we endeavour to learn the internal constitution of bodies produced by
chemical affinity, we shall find that the tiglﬁ which ordinary polarization throws upen

4
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the internal mechanical structure of the erystal is not more brilliant than t.'n?_t Tm
we obtain of the arrangement of the chemical constituents by their circularly po-

larizing power. : - .
Sﬂmgl;pspecimens of quartz appear destitute of this rotative power : the purple

y . —— ari i dinary black
uartz, amethyst, is generally so, and gives with polarized light the or

gmss. But lh::fse pt‘ﬁuli:ﬂ.rill{i of quartz are related to their crystalline arrangement.
Thus, in those specimens which possess rotative power, the solid angles of the pyr-
amid (k, page 28) are generally replaced by planes which are unequally inclined to
the axes; and where these planes are present, the direction of the rotation can be
foretold, it being to the right or Lo the left, according as these unsymmetrical faces
are inclined. Such erystals are termed plagihedral ; as in the cases where no such
faces can be traced, the rotative power is generally absent, and this arises, as is re-
markably evident in amethyst, from the erystal being formed of separate [:rjstgh
rolled up together; and as these may possess opposile rolalions, and so neutralize
each other, the action on light should be like that of calcareous spar, which has no
rotative power. Such crystals are truly macles : and hence the circular polarization
may show a still more intimate crystalline arrangement than could be detected by
light in its ordinary polarized condition. :

With such an example, it was not difficult to conclude that the power of rotation
depended on the crystalline arrangement, particularly as quartz, in all its unerys-
tallized conditions, is devoid of all rotative power ; and, accordingly, until the dis-
covery of the power of rotation in liquids, and that this property was found 1o ac-
enmpany the molecules of the body through all states of aggregation, it was con-
sidered to have its origin in the mechanical structure of the body ; but we must now
invert the argument, and infer that the difference of rotative power in right-handed
and left-handed quartz does not result from the difference of crystalline arrangement,
but that this last is caused by actual difference of properties in the molecules them-
selves, of which the most remarkable is detected by the opposite actions upon light.

The impression of light was at one time considered to be produ-
ced by a series of exceedingly minute particles, of a peculiar sub-
stance, emanating from the sun and from burning or luminous bodies,
and which strike upon the eye. This idea has been, however, now
almost totally abandoned, and all the phenomena are considered to
arise from the vibrations of an exceedingly attenuated medium,
thrown into waves by luminous bodies of every kind, and which, fll-
ing all space, and being diffused through the substance of the most
solid bodies, and occupying the spaces between their more substan-
tial molecules, transmits and modifies these vibrations, and confers
upon substances transparency or opacity, eolour, and all other proper-
ties of acting upon light which they may possess.

This mediom, or lufninil"erﬂus elhf:r, as it is termed, is supposed
capable of vibrating in waves of different lengths, and from this
difference in length of wave arises the difference in colour of the
light produced. The shortest wave produces violet, the most re-
frangible light; the longest wave, red, the least refrangible light :
the length of the wave being in fﬂl cases inversely proportional to
the refrangibility of the light. The impression of the ditferent col-
ours arises, therefore, precisely as the impression of different sounds
is produced, by a differenee in the length of the waves in the vibra-
ting air; 1t}!e Ehﬂttﬂf&t wave, in sm}md.ﬂ giving the highest note and
in llght giving the violet colour The actual length of these waves
of light is extremely small: for violet light there are 57-490 in an
inch ; for red, 39*18}); thg average of the different colours being
50000 ; and hence, in white light, there acts upon the eye in every
second 610-000000-000000 luminiferous vibrations,

In the case of doubly refracting crystals with one axis, that is,

those belonging to the rhombohedral and the square prismatic sys-
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tem, the elasticity of the ether is supposed to be so far modified
by the arrangement of the molecules of the body, that the velocity
of propagation of the waves is more rapid in one direction than in
another at right angles to it, and hence there are two refracted rays.
In the three systems, the erystals of which have double refraction
with two axes, the elasticity of the ether is supposed to be differ-
ent in each of three perpendicular directions, and hence neither
refracted ray can follow the ordinary law. It is thus, as has been
already stated, that the classification of all crystallized bodies in
these systems is shown, not to be an arbitrary assumption, but a
principl}; based upon our most decisive evidence of molecular ar
rangement.

'lglm rays of light derive some of their most remarkable proper
ties from the principle that the vibrations are accomplished in a
direction perpendicular to the direction of the rays. Thus, if we
conceive a ray of licht moving from north to south, the little vi-
brations which constitute it are eflected in a direction east or west,
and in every other direction equally perpendicular to its path ; and
ordinary light is characterized by the fact that its vibrations are
accomplished in every imaginable plane. If we reduee these vi-
bratory movements to a single plane, the light becomes polarized,
and is then in the condition for dissecting the interior of crystal-
lized bodies, and exhibiting the beautiful illustrations of their strue-
ture that have been already noticed. But it would lead us too far
away from our proper subject to enter into the deseription of polar-
izing apparatus, or even of its principles, in detail, as the indication
Just given of its nature is sufficient.

Perhaps the most remarkable and the most important principle
of the theory of waves is, that two portions of light may act on
each other so as to interfere and produce darkness, though at an-
other point they may form light of double brillianey. To effect
this, it is only necessary they should be in opposite states of vibra-
tion, that is, while the waves of one ray should be rising up, those
of the other should be falling down: these motions then eompen-
sate each other, and the result is the same as il no vibratory mo-
tion had existed, that is, as if no light had arrived at the points
where the rays met. It is only, however, when one of the simple
coloured lights is employed, that actual blackness occurs by the
mutual destruction of the rays: il white light be used, there is pro-
duced a brilliant series of prismatic colours; for at the moment
when the red light is destroyed, the remaining blue and yellow form
a bright green ; when the yellow is destroyed, the red and blue pro-
duce a purple. Cases of this kind of interference are extremely
common: it is thus that the coloured rings of crystals, and the
eolours of the soap-bubble or oil-film are produced, The brilliancy
of the plumage of birds, the lustre of many minerals, as of labrado-
rite, arise from the interference of the portions of light which after
reflection thus act on each other.

Under ordinary eircumstances, light is always associated with
heat ; the sun, the source of warmth to the surface of our globe,
being also the natural origin of light : and in most cases where light
is artificially produced, it is associated with heat, which is also ca-
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pable of being transmitted in a radiant form. It was, indeed, once
considered, that at certain temperatures heat became converted
into lizht, and that the colour of the light depended on the degree
of heat; a body, when first rendered luminous by being heated,
emitting a dull red light, which eradually becomes brighter asllhe
temperature rises, until at the highest degree of heat the light
emitted is pure white, and similar in constitution to the solar ray,
The powers of emitting heat and of emitting light are, however,
althouzh so frequently associated, quite independent and distinet
and the rays of heat and those of light may be perfectly separated
from each other. It would anticipate too much the account of radi-
ant heat to deseribe the means of separating the heating from the
luminous qualities of ordinary light; but elsewhere they will be
described in full. A body may become luminous when very mod-
erately heated, as is the case with many minerals, as fluor spar
Light may be produced also by the friction of bodies, as by rubbing
two pieces of sugar briskly together, or by striking together two
pieces of quartz; and in these cases it is difficult to assign its true
origin, as, pussihl‘y, a minute trace of the substance may be very
intensely heated. There are also many bodies which, when ex-
posed to the lizht of the sun after having been made red hot, ap-
pear to ahsorb a portion of it, and become capable of emitting it
slowly, giving a pale bluish light for some time afterward in the
dark. This occurs particularly with chloride of barium, native sul-
phate of barytes, carbonate of lime, and a great number of other
bodies, Such substances are said to be phosphorescent. Thus fluor
spar is rendered so by heat, sugar and quartz become so by friction,
and the eleetric spark is capable of conferring the phosphorescent
property on a great variety of bodies.

Organized substances become phosphorescent in the first stages
of their decay ; thus, rotten wood, and fish before actual putrefac-
tion has eommenced. The light emitted is, in such cases, the re-
sult of an exceedingly slow but distinet process of combustion ; it
requires the presence of atmospheric air, or oxygen, although an
exceedingly small quantity may sufiice, and it is extinguished and
revived by all such means as facilitate or retard the chemical ae-
tion of the air upon organic bodies. 'The light emitted by the glow-
worm and the fireflies, as well as by the great variety of marine
zoophytes, appears also to be not merely an evolution of light as a
product of vital actien, but to arise similarly from the secretion of
a substance, which, sl«:nn.'.']%r combining with the oxygen of the at
mosphere, produces the light as a consequence of combustion
Animal phosphorescence is, therefore, to be ascribed to chemical
action.

The white light, derived from different sources, does not always
possess the same physical constitution. If the coloured spectrum
produced by the solar ray be closely examined, it will be found
erossed by a multitude of black lines, indicating the total absence
in the sun’s light of rays of certain refrangibilities. That this is
inherent in the lig]‘!t is shown by the fact, that when we change
the nature of the prism, the position of the space in which these
black lines oecur may alter, but the lines preserve all their relative
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distances from each other totally unchanged. Hence, in place of
referring to the eolours of the spectrum in order to characterize its
properties, those lines, of which the most remarkable is a double line
situated in the yellow space, are used as marks. The light of the
sun, of the moon and planets, as well as white light produced by
our processes of combustion, all consist of the same elements of
‘ellow, red, and blue, and all are distinguished by the same set of
?ines- In the light of some of the fixed stars the same lines are
found, as is the case with Pollux; but in the spectrum formed by
rays from Sirius or from Castor, this double line does not oceur,
but is replaced by one broad line in the yellow space, and two re
markable dark lines in the blue. It is very curious, that if we ex-
amine the spectrum through certain coloured media, as the vapours
of iodine or bromine, we find additional black lines, and by using
gaseous nitrous acid these become almost mnumerable, and in-
crease so much when the gas is heated that the spectrum is oblit-
erated and the gas becomes opaque. It is possible that such
takes place at the origin of the light of the heavenly bodies, and
that the sun and the fixed stars are involved in absorbing atmo-
spheres, which allow only certain rays to pass, and that hence there
may exist in mature kinds of light from which the eye of man is
screened forever by means of such an impervious veil. .
Some classes of chemical substances are, to a certain extent,
characterized by the facility with which they are decomposed when
under the influence of light. The salts of silver, of gold, of plati-
na, and, in some instances, of mereury, are subject to this influence.
A great variety of vegetable and animal bodies undergo important
changes in their constitution by the action of the sﬁar rays, the
development of certain colours requiring the ageney of light, and
the majority of colours being destroyed when its action is too great :
hence the fading of dyes arises. The power of light thus to mod-
ify the affinity by which chemical eombination is produced, has
been found to be exercised specially by the violet or more refran-
gible extremity of the spectrum, and even with great intensity by
invisible rays quite outside of the luminous space, and extending
beyond the lavender-coloured prismatic space of Herschel. It has
been also considered that the rays of the red extremity of the spec-
trum possessed chemical properties of an inverse kind, and that the
decomposition produced by violet light might be counteracted, and
the elements brought to recombine by the red rays. This is not
- eertain.  All that has been established is, that there exist in solar
light, and probably in all light derived from sources of combustion,
three distinct sets of rays, the one of proper lizght, which produces
only luminous effects, the second of radiant heat, the nature of
which will be specially examined in the following chapter, and the
third of rays which, though neither luminous nor heating, exercise
an influence on chemical affinity, and the nature of which will be
discussed with more detail when the subject of chemical aflinity
and its relations to the other physical forces has been described. .
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CHAPTER III.
OF HEAT CONSIDERED AS CHARACTERIZING CHEMICAL SUBSTANCES.

At almost every step of chemical inquiry it is necessary to in
troduce the action of heat, either as modifying the results of the
chemical action of bodies upon each other, or as nﬁbr:‘.’ling characs-
ters by which the substances we operate upon may be distinguished.
The doctrine of heat and the history of its eflects have consequent-
ly, at all periods, formed an important portion of the studies of the
chemist ; and it is, indeed, only lately, since the brilliant course ot
discoveries that was opened, and so successfully prosecuted
Melloni and by Forbes, has identified the theories of heat and light,
that this subject has been contemplated in its proper aspect as a
physical science, and its applieation and influence in chemistry have
ceased to be considered as making up the science, properly so call-
ed, of heat.

Of all the physical sciences, however, that of Heat, or Thermotics,
as it is now termed, is the most important to the chemist in guiding
him in his operations, and in the accurate deseription of their results
On this account it will be necessary to describe the properties of heat
more in detail than those of any other of the physical agents, and
to illustrate these properties by more numerous references to cases
in which their utility in chemistry is apparent.

The effects of heat, by which, according to their degrees, bodies
may be characterized, are,

15!:. Change of volume for a given change of temperature. Exz

ston.

2d. Quantity of heat required to produce a given change of texw
perature. Specific eat.

3d. Temperature necessary for liquefaction. Melting points.

4th. Temperature necessary for giving a certain elasticity t5 a
vapour. JBoiling points.

5th. Quantity of heat required to produce a given change of ag:
gregation. Latent heat of liguids and vapours. i

6th. Manner and rapidity of communicating or receiving heat
Conduction and radiation of heat.

The subject of heat will therefore be studied specially under
these heads; and it will be necessary to introduce an account of
our mode of measuring heat and temperature by the thermometer
a_nd pyrometer, ﬂn-:?_u to add some observations on the physical rela-
tions of heat and light, and on the physical theory of heat,

SECTION L
OF EXPANSION.

When describing the Etﬂ'ccts of cohesion, I have already noticed
that the molecular constitution of all bodies might be considered
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to depend on the relative power of the attractive force, colesion,
and tﬁe repulsive force of heat, upon their particles. That where
the attraction was in excess, the molecules were knitted firmly to-
gether to form a solid body ; but that where repulsion was most pow-
erful, all eohesion was lost, and the body assumed the form of a va-
pour or a gas. In the intermediate condition, where the forces ap-

eared to be nearly in equilibrium, the liquid state was produced,
in which the molecules of the body appeared still to unite by a trace

of remaining cohesion. but that they moved among one another

with perfect ease, and the slightest external force might disarrange
them entirely. Now the change from one to the other of any two
of these conditions is not quite abrupt. If a cold body be gradu-
ally heated until it shall begin to liquefy, its particles do not remain
in the same condition up to the moment when they separate so far
as to change their state of ageregation; on the contrary, from the
instant that the substance becomes warm, the change begins; the
molecules of the body gradually separate, ocecupy more space than
before, and from the very commencement of the increase of heat,
the body, though it may remain solid, yet expands. In the same
manner, if a liquid be heated, the change of aggregation does not
commence until the inerease of heat has reached a certain degree ;

but from the beginning a change of volume occurs, the increase of

which marks the gradual diminution of cohesion. In gases there
can take place no farther change of form, and the only effect which

heat can produce upon them is expansion.

This power of repulsion which we suppose heat to exercise, in causing the tran-
gition from one state of aggregation to another, as well as the expanzion which oe-
curs without change of form, may become directly evident to the senses, at least
in a partial way, in many cases. Thus, many powders, il sprinkled on a warm
eapsule, or, still better, on a silver plate, are thrown into violent motion, and dissi-
pated by the mutual repulsion of their particles, independent of any currents of air
which might affect them. When liquids, particularly aleohol and the oils, ara
brought to boil, the drops which are mechanically thrown up out of the liquid do
not mix with it on falling back, but roll about on the surface, and appear to re
each other, and tu be repelled by the hot glass of the vessel in a remarkable
gree. I a brass poker, strongly heated, be allowed to rest against a cold iron bar,
or, still better, il a rounded bar of brass be made very hot and laid upon a flat block
of lead, the surface of the cold metal becoming heated, repels the warmer brass,
which instantly falls down again, by its weight overcoming the repulsion, when the
metal cools. When the brass again touches the metal or lead, the latter is again
heated at the point of contact, and again there is repulsion succeeded by a new
contact, and these repeated motions throw the bar of brass into a state of tremulous
agitation, which being conveyed to the ear by the intervening air, gives a remark-
ably distinct and agreeable musical tone. The better conductor, the heated body,
and the worse eonductor (provided both are metals), the cold body can be, the more
successful is the result.

This force of repulsion is made still more distinet, and even measurable, by an
experiment devised by Powell.  When a flat and a convex glass plate are strongly
pressed together, they still do not touch, but are separated by an exceedingly thin
space, by the action of light on which there are produced coloured rings, like those
seen on the surface of a soap-hubble, or in a film of oil floating upon water. Each
eolour belongs to a distinet and measurable thickness of this space ; and when such
an apparatus is gradually heated, the rings close in towards the centre, showing
that the glass plates recede from one another, and the degree of repulsion may be
determined from the narrowing which oceurs in the breadth of any particular col-
oured ring, according as the temperature rises.

In gases, the expanding effect of heat is unaffected by any dis-
turbing cause ; there is no cohesion remaining to impede its oper-
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ation ; hence a certain increase of heat affects all gﬂ-‘{ﬂﬁ_-"l'kei and
no matter how hot or how cold a gas may hﬂ., a certaln Increase of
heat prnduggs the same inerease of volume I every case. .l]'] sol-
ids and in liquids, however, it is different ; the expansion which oe-
curs is but the result of the opposing forces of cohesion and of
]j.,;-“.'[1l and hence the amount of ﬂxpml.‘t'lull d[t]]f:]‘ldt-] not ﬂl'l]:f on the
quantity of heat which is applied, but also on the power of cohe-
sion by which it is resisted, and which depends upon the nature of
the body. Consequently, every fluid and every solid expands in a
degree which is peculiar to it. There is yet another consequence
of the influence of cohesion upon the expansion of solids and of
liquids. Let us represent the cohesive force of a certain Sllbstaqce,
for example, copper, by 10, and let us suppose that we upp];,: to it a
quantity of heat which will expand it through a space which we
will eall 1, and will diminish its cohesion from 10 to 9. If, then,
we apply another quantity of heat exactly equal to the former, it
will not have to contend against a cohesion of 10, but of 9, and
will, consequently, be able to produce an expansion of more than
1, say 1{, and it will reduce the cohesion more than it did before,
as from 9 to 7. If, then, another equal quantity of heat be added,
it having still less opposing force to overcome, will act still more
powerfully, reducing, for example, the cohesion from 7} to 5, and
the increase of volume becoming, in place of 1}, 2. In solids and
liquids, the rate of expansion inereases thus, with the temperature,
from the diminution of cohesion ; but in gases, where the cohesion
remains the same, or, rather, is completely absent, the expansion is
proportional to the additional quantity of heat, no matter how much
mﬁiy have been sensibly present in the gas before.

shall now proceed to consider in detail the rates of expansion
of various bodies, commencing with those of gases, for which the
simplest results have been obtained. Before doing so, however, it
is necessary to study the means by which we ascertain the guanti-
ties of heat which we add or subtract from bodies to effect their
expansion or contraction ; to investigate, in fact, the principle on
which the thermometer and pyrometer are founded, and such de-
tails of their construction as shall hereafter be found necessary to
be known.

Let a b be a glass bulb with a long and narrow neck, which is divided
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by a scale, as in the fizure, of which each division is a certain part, as
155 of the volume of the bulb. Let us suppose the bulb a to be fill-
ed with pure dry air, at the same degree of heat as that at which ice
melts, and separated completely from the external air by means of
a globule of mercury, ¢, which is exactly settled at the commence.
ment of the scale. If, now, the instrument be warmed, the air in
the bulb expands, and, according as it inereases in vn]uine pushes
before it into the tube the globule of mercury. This last serves
therefore, as an index of the inerease of volume which the air gail:nu:I
as it is heated, and by its position we can read off the exact propor-
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ton. If the source of heat be water boiling, under ordinary cir-
eumstances, at Dublin, at the level of the sea, as soon as the air
has been heated to exactly the same degree as the water, the glob-
ule will be found to have arrived at the 365th division on the seale.
Therefore, 1000 measures of air, on being heated from the degree
of melting ice to that of boiling water, become 1365. Now as, from
the constitution of air and gases, the effect of each increase of
heat is the same, we may consider the whole quantity of heat which
it received from the boiling water to be divided into 365 parts or
degrees, and each of these parts beipz applied separately to the
bulb, should have increased the volume of air by ;5 part, or should
have converted the 1000 volumes into 1001. There is thus obtain-
ed a scale of expansion which is quite artificial and arbitrary cer-
tainly, but which, having been once contrived, may be with perfect
accuracy applied to measure different quantities of heat. Thus, if
we warm water to blood heat, and immerse in it the air bulb as de-
seribed, the expansion of the air will move the globule of mercury
to the degree 122, which is almost exactly the one third part of
the 365, and hence the water, in being heated from the degree of
melting ice to that of blood heat, received almost exactly one third
of the quantity of heat which should have made it boil, and its tem-
perature is one third as high.

I have here spoken of measuring the sucecessive quantities of
heat which the air received, and in this ease the manner of expres-
sion is sufficiently aceurate, as well as the most simple. But it is
necessary to explain the true meaning of the words quantity of heat
and temperature. The amount of expansion which a hot body is
capable of producing in the air or mereury of the thermometer,
measures truly what is called its temperature. The temperature has
nothing whatsoever to do with the quantity of heat which the body
may contain, it refers only to its expanding power. If a quantity
of water, of oil, of ether, of mercury, or of iron produce all the
same amount of expansion in the air or mercury of the thermometer,
we say they have the same temperature, without pretending to know
anything of the quantity of heat which they may actually possess.
The thermometer and pyrometer are therefore instruments for
measuring, not heat, but temperature, and we denote by degrees of tem-
perature the amount of expansion produced, marked off on any arbi-
trary scale which we may think proper to adopt.

Gases expanding more than any other bodies, the air thermom-
eter is the most sensible that can be made, and in the form just
described it is an exact measure of heat, subject only to one cor-
rection, which is, that although the air, in being heated from the
degree of melting ice to that of boiling water, actually expands
75 of its volume, yet that expansion is not all visible, for the glass
bulb expands also on being heated, although in a very small propor-
tion, and holds ;;;; more than it did when cold ; the visible expan-
sion on the scale is therefore only 363 degrees, and this must be
aliowed for to have complete accuracy. The form of the air ther-
mometer which has been just described is, however, quite unfit for
ordinary use ; the adjustment of the index globule, the necessity
that the instrument should be perfectly horizontal, which is quite

G
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impossible in the majority of practical cases, renders this kind of
an air thermometer too unmanageable ; and since the air changes its
volume very much for every change of pressure, 111]1':] our atmo-
sphere varies in its weight almost every hour, an air the_rmﬂmeter
left open, as at the orifice 5, would change continually without ref-
erence to the degrees of heat at all, and would thus give false in-
dications. The end of the tube must therefore be accurately
closed. 3 1
When, however, the air inside is thus confined, the simple rule
of the dilatation being proportional to the increase of heat, ceas-
es completely. For if the point & be closed, and the bulb & be
heated, the globule of mercury, in moving along lhe_scale, con-
denses the air before it, and thus generates an elastic force, by
which the expansion is resisted and diminished in amount j the de-
grees would therefore be no longer equal, but rapidly diminish in
size, so that on the upper parts of the secale they could not be dis-
tinguished from one another, and would hence be ug{:!css. But h_y
having a second bulb, in the next figures, the elasticity of the air
sompressed in the cold bulb increases much less rapidly, and the
geale to be applied to the stem connecting the bulbs is easily con-
structed. As the stems of these air thermometers are generally
upright, mercury would be too heavy a fluid to introduce in a column,
and the mere globule which we supposed in the example first taken
would not answer, from the facility with which it might be broken
or displaced : to any watery or spirituous fluid there is also an ob-
jection, that the amount of expansion would be increased to an
uncertain degree by the portion of fluid converted into vapour. To
avoid these errors, oil of vitriol may best be employed, and it is
generally eoloured red to render the motion of the fluid column
more easily visible.
An air thermometer, elosed perfectly, indicates a change of tem-
werature only by the difference between the elasticity of the air in
(™) the two bulbs. No matter how high or how low
¥ the temperature may be, if it affects both bulbs to
the same degree, the air in each bulb presses on
the liguid cuﬁlmn with the same force, and exactly
balances the other. The 8
instrument indicates, there- '
fore, such temperatures only
as affect one bulb and not
the other; the difference, in
fact, between the tempera-
il tures of the two bulbs, and
§ J hence is properly called the
: Y’ differential thermometer. In
fig. A the one bulb is much above the other.
“In fig. B the stem which terminates above in
‘a bulb is open below, and plunges into the
fluid which the inferior bulb contains. This
Jower bulb is soldered or cemented at its or-
ifice round the tube, so as perfectly to pre- - Goems
vent the action of the air. Fig Crepresents ——c—v
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the most ordinary form j the bulbs are on a level, and are connected
by a U-shaped stem.

The air thermometer is thus, in all its forms, liable to so many in-
conveniences from the limited range of its seale, if it be not open
to the air, and from the complex form which the scale assumes if
the external air be prevented from communication, that it is never
made use of in practice except in some particular eases, which
shall hereafter be specially noticed. We are therefore obliged to
have recourse, for our accurate measures of temperature, to other
bodies, which, though not so sensible as air, offer more practical
advantages. J

The liquids which are generally used to measure, by their expan-
sion, change of temperature, are alcohol and mereury. The former,
in being raised from the melting point of ice to that at which itsell
boils, expands 2;, whereas air within the same limits would have
expanded 22, being about three and a half times as much as alco-
hol: and wercury, in having its temperature raised from the melt-
ing point of ice to the boiling point of water, expands ;}1;, or
about J'; of the quantity of air. Hence these liquids are much less
sensible, as thermometers, than air ; but their other advantages are
decidedly in their favour. Alecohol is only employed where the
objeet is to measure very great degrees of cold; and for this pur-

ose it is admirably fitted, as it is the only liquid that has not yet
geen frozen. Mercury, on the other hand, may be applied to an
extensive range of temperatures, as it freezes only by the applica-
tion of an intense cold ; and it does not boil until it arrives nearly
at a red heat. It has the largest interval between its freezing and
boiling points of any liquid that is known. Mereury is also admi-
rably suited to be a measure of heat, by the accidental circumstance
that its expansion, when contained in a glass bulb, is accuratel
rmpmtiunal to the temperature, and its indications therefore abso-

utely true.

This is occasioned by the circumstance that, as in all liquids and solids the ex-
pansion increases with the temperature, the rate of inerease of the capacity of the
glass bulb exactly corresponds to the increase of the rate of expansion of the mer-
eury, and absorbs it ; so that the visible expansion of the mercury is uniform. and a
degree in every part of the seale iz of the same length. For instanee, if mercury
and air be together heated from the freezing Lo the boilling point of water, 1-000
measures af air become 1365, and 10000 measures of mercury become 10-180.
If, then, they be both heated as moch more, the air, expanding at the same rate,
becomes 1730 ; but the mercury, expanding more rapidly, becomes 10-363: and
hence, il a scale was so applied, there would be shown 180 degrees in the lower,
and 183 degrees in the upper part of the seale, to the same quantity of heat. This
is corrected by the expansion of the glass bulb which liolds the mercury. At the
temperature of melting ice, the bulb holds, for example, 100000 measures. of mer-
cury ; but, on being heated to that of boiling water, it holds 10026, The mercury,
however, having become 10-180, the difference, (10°180—10'028)=154 measures,
passes into the stem, and makes the rise of temperature upon the seale. When,
now, the second portion of heat is applied, the mereury becomes 100363 ; and she
glass hulb, expanding at the same time, becomes able to hold 10-055: and hence
the difference, (10°363 —10°055)=308 measures, passes into the stem and moves
along the scale. Thus the visible portion of the expansion is rendered exactly pro-
portional to the increase of heat; and the mercurial thermometer becomes, not
merely the most convenient, but the most accurate measure of heat which we
possess,

In constructing a thermometer, the first requisite is, that the bore of the tube
shall be perfectly uniform, for otherwise the result above described, which gives all
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its real value to the quicksilver thermometer, would be completely inapplicable fm
practice. This is ascertained by finding that a small quantity of mercury, moved up
and down the tube, occupies exactly the same lengih in every part. A proper tube
having been thus obtained, one extremity is closed, and a bulb is blown upon it ;
another 1s ﬂ:rn‘.ﬂd near the um l:‘:'l'“J' ]E’ﬂ"i’iﬂg i S hL:E“'EE" the two hulbs :‘.iﬂll:lﬂh
what In“ge.r than the thermometer 15 inlﬂlld[‘d LE1] |'H_z.. T'he lu!!H} and balbs ha\-’l“g
been heated, are allowed to cool, with the open end immersed in pure and recently-
boiled mercury. By the contraction of the internal, and the pressure of the exter-
nal air, a quantity of mercury is forced into the first bulb, and ultimately the bulb
at the closed end is filled completely by a repetition of the process.  When the in-
troduction of the mercury has been completed, the open end of the fnbe is closed
‘by a little sealing-wax, to prevent the admizzion of air or dust, and the tube 15 al-
lowed to eool with the terminal bulb down. When it has cooled completely, it is
again heated to the highest degree it is intended to indicate ; and the fine fiame of
a blowpipe being directed upon the point which is to be the extremity of the tube,
it is melted, and the orifice completely closed. When the instrument then cools,
there remaing over the mercury in the stem a perfectly empty space.

It remains, then, to attach the scale. When deseribing the general principle of
the thermometer, in the example of dry air, pushing, by its expansion, an index
globule of mercury along the stem, the scale which included the interval from the
freezing to the boiling points of water was supposed to be divided into 365 parts.
This was, however, merely because the 1000 measures of air, in being heated
through that interval, expand in that proportion. The scales that are actually vsed
are different, although quite as arbitrary. The simplest scale is that in which the
interval between the freezing and boiling points of water, which is universally ta-
ken as the standard, is divided into 100 parts; it is tenned the centigrade scale,
and is employed in France, and generally in Germany and the north of Europe. In
it ice is said to melt at 0%, and water Lo boil at 100°.  On the scale generally used
in this country and Great Britain, the standard interval is divided into 180 degrees,
but the melting point of ice is not taken as 0°, but as 32°, from a very absurd idea of
Fahrenheit, who was the inventor of this scale. He mixed together snow and salt,
and having thus produced a more intense cold than anybody before him had done,
he imagined that he had attained a point at which the bodies had no heat at all,
that he had arrived at what was afterward called the absolute zero, and he called
that point 07 ; the melling point of ice was then 32°, and water boiling at 180°
higher, its temperature was marked 212°.  There is anotlier scale, sometimes, but
not often used; that of Reaumur, in which the melting point of ice is the com-
mencement or 0%, and the boiling point of water is marked 80°. The first step in
the graduation is to mark the extreme points of the standard interval : the melting
point of ice, and the boiling point of water. To do this correctly, some precautions
must be taken. I have frequently spoken of the melting point of ice and the freez-
ing point of water as meaning the same temperature, and under ordinary circum-
stances they do so; but they do not so nece=sarily. The freezine of water is a
erystallization, and, like all other cases of erystallization, may take pﬁue with great-
er or less facility.  If water be agitated, or if it be contained in rough vessels, af-
fording prominences to which the crystals of ice may attach themselves, it freezes
exactly at 32° on Fahrenheit's scale ; hut if the water be kept carefully at rest, and
be contained in smooth glass vessels, free from dust, it may be easily cooled 1o 25°
2nd has been cooled even to 15, without becoming solid. Henee, if we wished 1.::
determine the zero hy means of freezing water, an error might casily be committed
Iee, however, under all circumstances, melts at 32°: and hence, by plunging the hu’!l;
of the thermometer into a mixture of ice and water, and marking on the stem the
point at which the level of the mercury settles, the first fixed point upon l-h A
had. To determine the second point, that at which water boils, it is necessary Lo at-
tend to the condition nfllhe barometer. It will he hereafter d-l};surilnrd hors l?e 'h::'!-
'ng ]}EI_IIZ“‘. “r E'llﬂry IIqU]d ‘fﬂ.r_"?ﬂ. Wllh thﬁ alﬂlub"phﬂl‘iﬂ PI‘CEEIII‘Q: 'it, is here 'E‘I'I{ll:lgh
to notice, that either the boiling point must be determined when the barometer
stands at 20°8 inches, or a correction, which will be hereafier given, applied fi
difference of h_mgl:l which may exist. The water must boil 6o in. &p'ﬁml_?tall:w any
sel, for water in a glass or porcelain vessel has its boiling point somewhat i _"E;—
and as the thermometer is to be used for chemical purposes, the bulb andm?& 4
small portion of the stem should be immersed in the boiling water. The tw '}2 IE:
puints having been thus obtained, the interval is to be divided into 180 ; .::,f -
or -.im or th; lprdmar}r scale of Fahrenheit, and then 32 of “m':g depam
coun wnward from the point of melting ice to obtain the zero i fur the zero



THERMOMETRIC SCALES. 53.

et he truly got in the manner in which Fahrenheit is supposed originally to
have mvented it, for a mixture of snow and salt is found to produce always a cold
of about 2° below Zero, or —2°. As our range of temperature passes [ar below
the zero of the scale, we count downward precisely as we count upward, only
prefixing in the former ease the — minus sign, whereas, in the degrees above zero,
the 4 plus sign is usvally omitted. Thus, 4502, or siinply 50° is fifty degrees
above zero, but —50% is the same number below zero. To construct the centi
grade scale, the method is precisely the same, except that we make the point of
melting ice 0%, and that of boiling water 100°, and a degree being the i, of the
wterval, we count up and down from zero, precisely as in the other case. -

It is generally proper to lay a thermometer aside for a few weeks after having
filled it before proceeding to apply the scale. For it is found that as there is a vae-
uum in the instrument above the mercury, the external pressure acting on the thin
glass of the bulb gradually changes its form a little, and would move up the fixed
points, sometimes through one or two degrees, i they had been marked before the
change.

The centigrade scale is of such extensive use in the works of most distinguished
chemists, that it is well to show more closely its relation to the ordinary scale of
Fahrenheit, and the means of reducing one to the other. The standard interval is
divided into 1802 Fahrenheit, and into 100 centigrade degrees, and hence a degree
of the former is equal to |33, or jths of a centigrade degree. 'To reduce any inter-
val in centigrade degrees to Fahrenheit's, it is therefore to be multiplied by 9 and
divided by 5; and for the reduction from Fahrenheit to centigrade, the number is
to be multiplied by 5 and divided by 9: but as the degrees do not in number start
from the same point, the Fahrenheit scale being already 32° when the eentigrade
begins, it is necessary to add 32 to the number of Fahrenheit degrees which have
been attained by caleulation from the centigrade, and to subtract 32° from the num-
ber of Idcgrem on Fahrenheit, which are to be converted into degrees upon the oth-
er scale. '

Thus, to reduce 167° of Fahrenheit, we proceed :

167—32=135, and 135 x §=75%,
ana find it to correspond to 75° centigrade.  And to reduce 65° centigrade to Fah-
renheit’s scale, we say,
65 % §=117, and 117432=149°,
sarresponding, therefore, to 1492 of Fahrenheit.

Reaumur’s scale being to the centigrade scale as 4 to 5, similar reductions are

made to and from it, by using § in place of §, as has been employed in the example.
The range of temperatures observable with a mercurial thermom-

eter on Fahrenheit’s scale is from —39° to 4+630". The mercury
freezes a little below —40° ; and though it does not boil until it ar-
rives at 660°, yet the quantity of vapour which it forms when very
near its boiling point, prevents its indications from being quite ex-
act between that point and 630°.

Our means of estimating temperatures above the boiling point
of mercury are not at all so perfect as those that have been de-
scribed for the lower degrees of heat. Mercury, when boiling, is
not in the slichtest degree luminous, but the temperature at which
a heated body becomes visible in the dark, by emitting a dull red
light, is not much higher. Numerous instruments have been in-
vented for the purpose of determining the higher temperatures,
particularly of furnaces, and hence they have been called pyrome-
ters. Of these, the only one which appears to give accurate re-

sults, and henece deserves deseription, is that of Daniell.

In this pyrometer, the change of temperature is shown by the excess of the ex-
pansion of an iron bar over the expansion of a black-lead case in which it is en-
closed. The iron rod a is somewhat shorter than the black-lead-ware case, and a
'plllg of earthenware, b, which fits tight in the case, abuts against the iron rod in-
side, and projects as at ¢ in the fizure. Let us suppose the length of the case to be
6 inches, that of the iron rod 4} inches. and that of the earthenware plug to be 1
inch. If the whole be heated until the case shall have expanded by 12 parts, the
ron rod will have increased in length by 44, and the carthenware piece by 7, which,
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added to 44, makes 51. If the black-lead case did not inerease in size, all thess
61 parts should project: but as there is additional room made for 12, the prujeﬂ];
ing portion is only 39. If the parts of the apparatus were all free to move, eacl
contracting again on cooling, the result would be that all would be restored 1o ﬂlen‘
original position ; but this is not the case. The bar of iron, in expanding, pushes
out before it the plug of earthenware, which, however, is held so t':gh's in the case
that it cannot go back again when the apparatus has become cold. The ];Irl:!-'l‘uﬂ'rulrl
of the earthenware plug is therefore a permanent index of the greatest amount o
expansion that had been produced while the instrument was exposed to heat. This
expansion is, however, very small. The three pieces being, as stated, 5, 4}, and 1
ineh, the expansion, when heated from 32° to 2122, is only 134 of an mc'rlu and as
this indicates 180 degrees, the expansion for a degree is only about g5y of an
inch. It is therefore necessary to magnify this expansion, in order that the indi-
cation may be read of; and this is done by means of a graduated mr:::u]a‘r arch, d ¢
£, with a movable index, kept by means of a spring constantly at 0° when undis-
turbed. On fitting this scale to the pyrometric black-lead case, after it has been
in the fire, the projection of the earthenware plug, ¢, catches in the prolonged heel
of the index, ¢, and moving it round, the point of the index travels over a portion
of the graduated seale, and indicates the number of degrees through which the
temperature had been raised. This instrument is not always made of the same
size, and hence the absolute amount of expansion may vary, which, however, s re-
dueed to the same proportion on the scale, by which, also, the increase in the rate
of expansion of the metallic bar at very high temperatures must be allowed for.
By means of this very ingenious and useful instrument, Professor Daniell has de-
termined the melting point of most of the important metals, and also several other
temperatn es at which remarkable phenomena oceur.

The p ‘rometers of Wedgewood, of Guyton, and many others
that have heen proposed, must be considered as now totally aban-
doned, and do not require notice.

The most delicate, and perhaps the most important, measure of
heat that has been contrived, is one totally independent of expan-
sion, and founded on the measurement of an electric current which
a change of temperature produces under eertain circumstances. It
is the Thermo-multiplier invented by Nobili. The principle which
the instrument involves in its construction and its form will be de-
seribed under the head of electricity, and the remarkable results
obtained by means of it, and which have completely remo.lelled
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our ideas of the physical constitution of heat, will be noticed in
another place.

It may be of interest to subjoin the temﬂeratures on Fahrenheit's
geale at which some of the most remarkable effeects of heat are
produced :

— 135°. The greatest eold that has been produced.

— 1217, The solid compound of alcohol and carbonic acid

melts.
91°, Greatest cold by ordinary freezing mixtures.
587, Temperature of the planetary spaces.
60°. Greatest cold observed in the arctic regions.
47°. Sulphuric ether congeals.
45°. Nitric acid congeals.
39°. Mereury congeals.
1°. Oil of vitriol freezes.
14°. Oil of turpentine freezes.
20°. Wine freezes.
25°, Blood freezes.
32°, Iee melts.
36°. Olive oil freezes,
98°. Heat of human blood.
108°. Phosphorus melts.
174°. Alecohol boils.
201°. Rose’s metal melts.
211°. Newton's metal melts.
212", Water boils.
218°, Sulphur melts.
662°, Mercury boils.
810°. Antimony melts.
980°, Red heat,
+ 1141°. Heat of a common fire.
+ 1569°. Brass melts.
4+ 1873°. Silver melts.
1996°, Copper melts.
2200°. Gold melts.
2786°. Cast iron melts.

The details which have been given, regarding the construction of the air ther-
o aneter, will show sufficiently the prineiple upon which the determination of the
re.¢ of expansion of gaseous bodies has been effected.  The exact amount of dila-
ta son was first ascertained by Dalton and Gay Lussac nearly at the same time.
The apparatus of Gay Lussac consisted of a tin vessel, A, having five apertures

++++++++ A L]
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and arranged with the araduated seale and

, containing air dried by the tube & &', 5" By the opposite orifice, o, is

0 i eury m, as described in page
mxag 1;h?zlll':::imfwTeErr. b .::: the bulb & of which is on the same level as the bulb of
the air tube. By means of the central orifice in the top, a second t}":’m:“mﬂle}'fhﬂn
is introduced, the bulb of which is situated exactly in the centre o t n:ts HOX. i e
other orifices in the top are for the free escape of mpnrr:i. Ihe HPE:"; ?ﬁtm ucmn
arranged, water, rendered ice-cold by some snow or 166 uatmgd on II & cRs
until the thermometers and the air bulbs are covered to the depth o ‘}‘::’UP : ?
inches, and the index globule of mercury is thus brought to tLh{:| ZE1T 0 flf,?;a ?
The box is then placed on a furnace, B, and gradually heated : the rise IU I er P|B= -
ature is indicated by the thermometer, £, the exXpansion by the motion o Lha lEn ex
globule, and at each degree the mﬁ.rul?fmmm and air bulb may be compared to-

[ » water 15 brought to boil. .
Eefll;ﬁrs:jlr:éililtnt:?ng i:ufjnl.h:rt‘ mlhs!ﬁntﬂs for water, s_m:'h_ as oil, or a hath of fusible metal,
the rate of expansion may be determined for still hlnglmr temperatures, and has been
thus ascertained by Dulong and Petit up to the hoiling pont of mercury.

From such experiments, conducted by Dalton, Gay Lussac, and Dulong, it result-
ed, that 1000 volumes of air, when heated from 32° to 212°, became 1375, and that
the change was in proportion for higher or lower temperatures. I'he numbers ae-
tnally obtained may be stated as in the fullowing table :

Temperature o0& al ooy vojumes Expansion  for T;
METB:T;;:- ol Alr L 320 in I*h"‘lu:' :Elltﬁ';ﬁlh
renheit's Scale, +  wme at 30,

— 33 850 20077

+ 32 10000
212 13750 20-8.3
300 15576 20-70
387 17389 20:82
473 19189 2084
559 20076 20°83
660 23124 20-90

The mean of these results gives the expansion for one degree at 2081, or almos!
exactly ;35 of the volume at 32°, which result had been adopted universally, with-
out any suspicion of its being imperfect. Circumstanees having, however, induced
Rudberg to submit the subject to an accurate reinvestigation, conducted with ex-
ceeding care and attention, particularly to the state of dryness of the air employed,
he has found that the amount of expansion assigned by Gay Lussac and Dalton is
somewhat too great, and that a volume of air, in being heated from 32° to 212°,
expands from 1000 volumes to 1365,

The method which he employed was almost exactly the inverse of that of Gay
Lussac. Having dried with great care the air in a glass bulb, the tube of which
was drawn to a fine point, like that desecribed, page 14, for taking the specific gravity
of vapours, he heated it for a long time in a vessel of boiling water, taking care
that all parts of the bulb and tube were equally heated, and then, being completely
certain that all the air had attained the maximum temperature, he sealed, by the
blowpipe, the minute orifice, and thus had the bulb containing air in the expanded
state. The vessel being then removed to a trough of mercury, the orifice of the
tube was placed deep below the surface, and carefully opened; a quantity of ice
was then laid upon the globe, and being supplied as fast as it melted, the whole
was thus lefl for some hours until the temperature was well established at 32°,
and all the mercury which would rise into the globe by the contraction of the air
by cooling, had entered. “The height of the mereury was then noticed, and the
height of the barometer, and the corrections necessary for its positive amount, or
for any change which cecurred during the experiment, allowed for, as already de-
geribed. The volume of the mercury which had entered into the globe was then
ascertained, and the volume of the globe itself also determined ; and by a compar-
ison of these, eorrected for the expansion of the glass, and for any variation in the
boiling point from 212°, the rate of expansion and its amount were caleulated,

From very numerous experiments, Rudberg inferred that, in being
heated from 32° to 2127, 1000 volumes of air became between 1364

and 1366-4 ; we may consider 1365, which is between the two, as
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being absolutely the most correct, and hence that for each degree
1000 volumes expand $§5=2:028, or ;%5 of its volume at 32°,

In all operations upon gaseous mixtures, the rate of expansion
of air comes into play ; for as all gases expand alike, and the vapours,
even of these bodies which are least volatile, as camphor and cor-
rosive sublimate, expand, while in the elastic form, precisely as

ses do, their volumes are corrected for temperature and pressure
in the same manner. In determining the specific gravity of a va-
pour, it is also usual to reduce it to the same standard as those of
gases, that is, air at 32°, even where the substance is of sucha na-
ture as that at 32° it may not produce any sensible vapour at all,
In doing so, it is assumed that the vapour should, in cooling to 32°,
follow the same law as common air ; and hence an error, even though
very slight, in the rate of expansion of air, might lead to incorreet

results in many cases.

The application of such corrections follows very simply from what has been de-
seribed.  If there be a cerlain quantity, as 155 cubie inches of hydrogen gas at 1427
Fahrenheit, and we wish to know the volume there should be when cooled to 33°,
we say that, as 1422 is 110° above 32°, the 155 cubic inches are equal to the vol-
ume at 32°, and in addition to } 15 of it; that being the quantity by which it is ex-
panded from 32° to 142°. ‘Therefore, denoting the volume at 32% by the letter V,
there is the equation : .

11 493 < 155
186=V+V o3 o Y =Tsa 110
1205 cubie inches are therefore the volume at 329,

If, on the other hand, we have a gas at a low temperature, and we wish to as-
certain what its volume should be at 32°, it is evideot that the mode is the same,
except that, in place of subtracting the amount of expansion, we add it to the origi-
nal volume. Thus, if the 155 cubie inches of hydrogen had been at 6° Fahrenheit,
then the aqua'{iun slmulll'_;m?;ﬂgucu 32°—6" being 26.

2 155 X e -
166=V i"ﬁm, or Y= 56— 1683 cubie inches in exact numbers,

It (requently happens that it is necessary to reduce a gas at one temperature to
1ts volume at another, neither of which being 32°, it would require two different sums
to be worked by the above process.  But it may be effected as follows by a single
caleulation.

The volumes at the two temperatures are to one another in the same propor-
tion as the standard volume, 493, increased by the amount of expansion proper to
the temperatures.  Thus, at the temperatures of 75° and 422, the standard volume,
which is 493°, at 32° becomes respectively 536 and 503. Now any volume of
gas, when heated from 42° to 75°, or cooled from 75° to 42°, changes its volume
in these proportions ; and hence, if we have, for example, 127 cubic inches of a gas
at 75°, and we wish to caleulate its volume when at the temperature of 42°, we
say, calling the unknown volume V :

V. 127 :: 503 : 536, and V=

The formul® for these corrections may be very simply written in a general form ,
thus, to reduce a volume to 32°, denoting the temperature on Fahrenheit's scale
by ¢; by V, the volume of gas which we have measured at that temperature ; and
by Vy, the volume at 32°, the formula is:

Vv 498
A9 T (1 —a20)
And to reduce, without reference to 32° ; denoting the known volume by V, and
the uuknown by Vi, the temperature of V by ¢, and that of V, by ¢, there is found :
Vi 493 (4,—32) ol vj__‘_,dﬂs-,t (H—32)

1295

127 % 503
T 1192,

_ . V493 + (1—32) 493 F (1—32)"
Air which has been heated becomes, from its great increase in
volume, specifically much lighter than cold air, in which it there-

fore ascends with a velocity due to the difference between their
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specific gravities. It is thus that over every lamp or candle there
may be felt a eurrent of heated air ascending from the flame ; that
the heavy dark smoke rises in its heated form from the chimneys of
our houses ; and that, in crowded apartments or theatres, the upper
portion of the space will be occupied by oppressively hot air, while
that near the floor will be quite cool. By the ascent of the heated
air from our furnaces and fireplaces, there is generated the draught
which gives the supply of air necessary for continued burning ; and
as the intensity of the combustion and consequent heat pml:lut:'ed
depends on the rapidity of draught, the hot air is kept from being
eooled by mixing with the cold external air, by being collected in
the chimney, where it obtains an ascensional power corresponding
to its height, an which we are enabled to regulate with accu-
its height, and by which bled to regulate with
racy the temperature which shall be produced. On this ascensional
R;‘.-wer of heated air is founded also the construetion of the fire or
ontgolfier balloon, a bag of hot air, rising in the surrounding colder
atmosphere, precisely as a light flask, filled with oil or aleohol,
would ascend if let loose at the bottom of a vessel full of water.
It has been already noticed that liquids do not, in expanding,
follow any simple proportion, such as that which exists for gaseous
bodies, but that each fluid has a peculiar dilatability of its own, and
that the rate of expansion varies with the temperature, being greater
in the higher portion of the thermometrie scale than in the lower,
Liquids expand much less than gases, but much more than solids;
for, as is particularly instanced in the thermometer, the visible ex-
pansion of a fluid is, in most cases, only the excess of its expansion
over the expansion of the solid vessel in which it may be contained.
To measure the amount of expansion in liquids, they may be introduced into
graduated thermometer tubes ; and then, when exposed to the same degree of heat,
they will indicate temperatures proportional to their expansibilities.  Thus alcohol
rising more into the stem than water, and water more than mercury, will stand at
different marks on the stem, although the temperature be really the same. [t may,
however, be more easily and more accurately done by means of ihe apparatus in
; - the figures. a d bis a glass tube, the neck of
ﬂzf;’ i which .}sh}rery hr;arruw. and bent as in either fig-
: e is tube is to be filled completely, at t
lowest temperature, with tht? liquid, whose expansion is to be {-.xnmirr.ued ai?nd l,h:::
weighed, the weight of the tube itself being previously
known, and the quantity of liquid which it contains is thus
j determined. The tube is to be then placed upright in a
cylinder of water or oil &, to which heat may be applied
by a furnace below ; and the liquid expanding according
as its temperature is raised, the excess of volume flows
out at the capillary beak ¢, and may be collected as in i, or
let to waste.  When the apparatus has been brought to the
highest temperature required, and all farther expansion has
ceased, as is known by no more liguid passing oul at ¢, the
s tube isto be removed from the bath, carefully cleaned, ;md.
" when again cool, accurately weighed.  The loss of weight
. is the quantity of liquid that had heen expelled, and this
cpmpcared with the whole original quantity of liquid. gives the proportion .ul' EX ﬂn:
gion. In 1I!|s manner, however, the result appears 1o be less than it reall j-pt‘
the expansion of the glass tube itsell diminishes the quantity of liquid {g{ f:i]ET
Such results require, therefore, to be corrected for the expansion of the glass F:N-h' h
1z, however, so small, that in the more dilatable liquids it may be negle-':-u:-d “;
mercury, however, it affiects the apparent expansion very much : mercury E:;.'. % .-.l' o
in %]-E.EB through 180%, augments in volume only a' While its real ExpansiuL ir; :I:Ig
he amount of expansion of diffirent fiuids in passi ' 2 :
heit is thus found to he : e EhIoueh 180°;af Fabiren
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T R Oil of turpentine . . . 4
Nitncgeld .. . . . i Sulphuricacid . . . .

Fizelafl ..o L0000, Waler . & o e vy
Sulphuric ether . . . . E Mercury . ... - « - %

The actual amount of expansion, independent of the expansion of the containing

vessel, is best observed by the apparatus used by Dulong and Petit.l. It consists of
a glass tube a & ¢, bent in the form of a

e u U, of which the horizontal portion ¢ i nar-

row, but the vertical legs pretty wide. .

When mercury is poared into the tube, it

stands at the same height in both legs if

7 the temperature be the same ; but one leg

{ being immersed in a vessel of oil or water

I, by which heat can be applied to it, and

" thereby the mereury in it caused to expand,

the height of the lignid column must in-

crease in order to balance the colder eolumn of mercury in the proportion of the

augmented volume. The difference between the heights being read off, by means of

an accurate scale, with a telescope o, the amount of absolute expansion may be ea-
sily caleulated from it.

By means of this instrument Dulong and Petit determined the rate at which the
expansion of mercury increases with the temperature, as has been noticed generally
in the description of the thermometer. Their result was, that between 32° and 212°,
measured on the air thermometer, the expansion is 'y, From 212° to 392°, it is

Y555 and from 3929 to 572°, it is ', The consequence is, that, measured by
its own expansion, mercury boils at 680° Fahrenheit ; but from the expansion of
the glass of an ordinary thermometer bulb, it boils at 660° on the wvisible scale,
whieh coincides almost exactly with 6629, the temperature given by the dilatation
of air. The apparent expansion of mercury in glass is therefore taken as being
uniform for 1807, 4 of its volume.

Considerable simplicity is given to the laws of dilatation of liquids by an observa-
tion of Gay Lussac, that, in order to obtain any common rule for them, such as is
found for gaseous bodies, we must examine them when in the same molecular con-
dition ; that is to say, the cohesive powers of the liquids we employ must be brought
into the same state. This is most nearly done by taking these liquids when heat-
ed to their boiling points, for then the cohesion of each liquid is about to cease alto-
gether.  ‘Thus aleohol boils at 173°, water at 212°, sulphuret of earbon at 134°, and
sulphuric ether at 96:3°; and, taking 1-000 volumes of each at their boiling points,
and allowing them to cool, they contract as follows : ,

] i | A | T e
18° 661 | 1143 | 12:01 | 16:17
36° | 13:15 | 24-34 | 2380 | 3183
64° | 1885 | 3474 | 35°06 | 4642
727 | 2410 | 45°68 | 4577 [ 5877
90° | 28°56 | 5602 | 5628 | 7201

108° | 3242 | 6596 | 6621 | . ...

We by this means find a very interesting relation between alcohol and sul-
phuret of earbon, two fluids remarkably different in their specific gravities, and in
their chemical constitution and properties. It appears that their molecular force
must increase at the same rate; for in cooling the same number of degrees below
their boiling points, they contract to exactly the same amount : and a still farther
connexion is exhibited between their molecolar eonditions by the remarkable faet
that, in being converted into vapour, the angmentation of volume which they un-
dergo is the same.

any liquids possess the property of contracting, by reduction

of temperature, only to a eertain point ; below which, if the cool-
ing be continued, they expand. As the volume at this temperature
is the least possible, it is called the point of maximum density.
This peculiarity was first recognised in water ; but it has since been
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found in many other fluids, even in a still more remarkable degree
It is, however, in water that the phenomenon is of most importance,
in consequence of the extensive agency of that fluid in natural op-
erations. The point of maximum density of water has been deter-
mined by the experiments of very many persons 1o be 39.5° of Fah-
renheit.. When water below that temperature is heated, it con-
tracts; when heated above it, it expands: when conled from above
it, it contracts ; when cooled below it, it expands : and when the
experiment is made in glass vessels, the contraction of the glass has
_ne effect of rendering the expansion of cooling below, or of heat-
g above, through the same number of degrees, exactly equal. Thus
100-000 volumes of water become 100-012 equally by being cooled
from 395 to 32°, or by being heated from 39-5 to 46, and the spe-
cific gravity of water at 46 and at 32° is consequently the same.

A great deal of the permanence of the existing or er of nature
depends upon this property of water: it is by means of it that the
great mass of water in our lakes and rivers is preserved from being
converted into solid ice. When, by the cooling process of the
winds, the water has been all reduced to the temperature of 39-5%,
the surface acts as a screen to prevent the farther loss of heat, and
thus retains the deeper portions at a temperature sufficiently high
for the existence of its organized inhabitants ; for, by the continued
action of the cold wind, the superficial water being cooled below
39-5°, it becomes lighter, and floats upon the heavier and warmer
water underneath ; and from the bad conducting power which water
will be hereafter demonstrated to possess, the ]%?ss of heat is eflect-
ually prevented. If it were not for this property of water, all large
collections of it in lakes and rivers would, with few exceptions,
be permanently frozen.

The dilatation of solids is much inferior in amount to that of
liquids, and as with these, the rate of dilatation is not uniform, but
inereases with the temperature. The increase is, however, so ex-
ceedingly minute, that in almost all cases it may be neglected, and
hence need not occupy much attention. The dilatation of solids,
although so small, may yet be demonstrated to be real by many
simple experiments. Thus, if an iron rod be made to fit, when cold,
in length and breadth, an exact scale, it will be found, when heated,
to be too large to enter it. An iron ring, which is, when cold, too
small to pass over a cylinder, becomes sufficiently large on heing
heated ; and if the eylinder could have passed through when cold,
its diameter becomes too great to allow its passage when its tem-
perature is raised. In the arts, the expansion of solids, particularly
of the metals, in this way becomes the source of numerous incon-
veniences, and of many useful applications. Thus, the iron rim of
a carriage wheel is secured by the power of its own contraction,
it having been slipped upon the wooden frame while in a hot and ex-
panded state. The force of contraction of iron bars in cooling has
been applied suceessfully to restore to the proper position hlliitTings
which had been about to fall, and the rate of expansion has also, as
in the pyrometers of Daniell and others, served as a useful meas-
ure of high temperatures ; on the other hand, by the alternate ex-
prnsions and contractions, under the successive influence of win-
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ters and summers, of the metallic bars which had imprudently been
laid in the masonry of some important public buildings, with the
idea of giving additional security, the courses of stone or brick
have been loosened from one another, and reconstruction rendered
necessary, in order to prevent their being gradually pulled to pieces.
In estimating the amount of expansion of a solid body, the greate
difficulty is the accurate measurement of the small inerease in
length which takes place. For this purpose, a great variety of me-
chanical arrangements have been constructed. As they are all in
principle the same, and the detailed description of any exact form
would occupy too much spaee, it will be suflicient to notice one,
which, though not that by which very accurate numbers may be
obtained, is calculated to give a very satisfactory idea of their gen-
eral construction: a
b is the bar of which
the expansion is to
be determined ; it is
fastened securely at
the extremity «, and
rests at fin a groove
along which it is free
to move, as in the
> fizure. This end of
the bar at b presses
against arod ¢, which
is a lever of the sec-
ond order, very near
the fulerum, and this
transfers its motion
to the end of the lev-
er, increased in the proportion of the distance. This lever acts on
another similar one, d, the extremity of which serves as an index
on the graduated circular are ¢, by which the amount of expansion
is re.d off. Thus, if the acting lengths of the arms of the levers
are respectively 1 and 20, and the end of the bar a at b moves
yoos of an inch, the end of the index d will move on the seale e
20x20 4
1000 10
by a microscope and vernier into 200 measurable spaces, so that an
expansion of the two hundred thousandth of an inch can be accu-
rately determined. For a popular illustration, the source of heat
may be lamps, as in the fizure; but for accurate experiments, the
bar is completely immersed in a bath of oil or water, and the tem-

perature ascertaimned by a suitable arrangement of thermometers.
The most important results thus obtained are the following. The temperature
being raised from 32° to 2129, the increase in length of a bar of .

Glass varies from . . . 73 Broel., . oSt

through of an inch, a space capable of being divided

-

RS e God. T e e 4
Copper . .-. . . -« 3% Silver . i TR
T S . Lesd /v (oMo ssie: v etigy
Snﬂ RO L e 2 ) 'I+I Tin. v T Rt T!I-?

The inerease in length is called the linear dilatation of a sub-
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stance, but its increase of volume is called t_hr_-, m}hmnl_ dilatation,
and is three times the former. ‘Thus the cubical dilatation of glass
18 1+% o, OF z7-. Hence a glass ball which holds 428 measures at
Lk 420 : i i s i
32°, becomes capable of holding 429 at 9127 ; or if it ]11:.'-]!1 10000 at
32°, it holds 10-023 at 212°, In this manner t+he_ correction for the
expansion of glass is in all cases made. But it is necessary to ap-
ply the amount of expansion belonging to the pqﬂmular sort of
glass; thus, in the account of the thermometer in page 51, the
cubic dilatation of glass was taken, not as 10-023, but 10-026.

PThe reason that the cubic dilatation may be taken as equal to three times the
lincar, without sensible error, is due to the eircumstance that the linear dilatation
is always a small fraction of the primitive length. If 14/ represent the dilated
length, (140)", or 143 (43 *41° will be the true volume ; but as [ is a small
fraction, its triple square and cube may be neglected.]

Although it is abundantly proved that solid bodies expand more rapidly at high

_ than at low temperatures, vet, except in the case of some particular substances, as

glass, iron, and platinum, whose utility as measurers of heat rendered a knowledge
of the law of their expansion necessary, the subject has been little examined ; the
degree to which the rate of expansion is affected by temperature will be sufficiently
shown in the table which follows, At the temperature of 212° Fahrenhetit, as given
by an air thermometer, the dilatation for one degree is thus, for

| xS

Falimum. Tron. _' Copper. I

r..l_,._ T T
57 6T ATREE0IERTEDIAATED

while at 572° of Fahrenheit it becomes, for

| Glas, Flalinmm Tron, ] Crepjmr |
i 1

]
FOETGI53T 011068, FT60 0!

and the temperature dedueible from the expansion of a thermometer made of each
of these substances should be, in passing from 212° to 572°, as compared with air,

Air. Gillaes, I'I.nl_l_lu_t-_nL Trom, _l'-:tw_r._
arae t 66T | 692° | TOR® | 623° ‘

Platinum expands thus the most regularly of those bodies, and should, therefore, be
best fitted for a metallic thermometer. J
It is remarkable that the rate of expansion is not inereased by

rise of temperature for all solid bodies, but, on the contrary, in
some cases there exists, for solids as for liquids, a peint of maxi-
mum density, so that the body shall expand whether it be cooled
or heated from that degree. This is peculiarly the case in Rose’s
fusible metal, which has been so often mentioned as a means of ap-
plying a steady heat. When heated from 32 to 111 | this metallic
alloy increases in volume from 100-000 to 100-830 parts, but there
the expansion stops, and when farther heated it contraets. until
when at 1567, the volume is only 99.29], being less than at 32°.
By a farther rise of temperature it again expands, and at 178 is at
its original volume of 100:000, and continues expanding until, being
100-862 at 201 , almost exactly what it had been at IFI“, it !Imgina

“to melt. It is curious that it has no point of maximum density

when in the liquid state.

The different rates of expansion of different solid bodies are sub-
servient to some very important uses in the arts and jin i
research. Thus, the difference between the expansibilities of plati-
num and brass, or any other two metals which differ mucl, rmI: i
used as a very delicate thermometric means. If we take it i ::u]e
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of platinum exactly ten inches long at 327, and lay it on a similar
rule of brass, to which it is firmly serewed at one extremity, and
on which, at the free end, there is engraved a scale of parts of an
inch for a small space, the compound rule will serve as a thermom-
eter. For the two rules being exactly of the same length at 327, if
we place them, fastened together, in boiling water, the brass rule
will be elongated by 0-:019, while the platina rule will expand only
through 0:009 ; henee the end of the brass rule will project beyond
the platina rule by 0-010 of an inch ; and as the expansion is uniform
for these moderate temperatures, each degree of Fahrenheit’s scale
will be indicated on the scale of the brass rule by 7= of
an inch. In this form the spaces would be too minute to be easily
determined ; but by modifying the form, and connecting the rules
through their whole length, the beautiful metallic thermometer of
Breguet has been invented. Its principle is as follows: if the two
rules be soldered completely together, as in «, in place of being con-
nected only at a single point, the result of the unequal expansion is
to bend the bar, as in &, until, the most expansible metzl being on

a0 e the outside, it forms an arch longer than that
formed by the inside rule, by the difference

ﬁ of their expansions. If the compound bar be
b already bent into a circle, the ends of which
are not opposed, the effect of the expansion is to make these edges
project, and to diminish the diameter of the circle; by having a
number of such cireles, the expansion of all being added together,
a considerable cireular motion is produced in the extremity. In
the thermometer of Breguet there is such a
compound spiral &, b, fastened at the upper end,
and having attached to its lower extremity an
index, ¢, which moves round a dial, d, d, and
indiecates the temperature of the instrument.
On this relative expansion is also founded the
construction of the compound pendulum. A
metallic bar, when used, as in an ordinary clock,
to measure time by its vibrations, being con-
stantly changing in length according as the ex-
ternal temperature varies, aflects the rate of the
clock, making it go too {ast or too slow by its
shortening or elongation. This is corrected by having two or more
bars, by the expansion of one of which the vibrating length of the
pendulum is increased, while by the expansion of the other it is
Just 4s much shortened ; the consequence of this opposing action
is, that the pendulum remains indifferent to all changes of temper-
ature, and the clock becomes an exact measure of time at all sea-
SOns.

SECTION II.
OF SPECIFIC HEAT.

It is now necessary to examine into the quantity of heat which
each substance requires to raise its temperature a certain number
of degrees; for, although it be quite impossible to assign the absolute
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proportion, yet, by obtaining the relative r_:ropﬂrtiﬂ“ﬁr we may ﬂ"‘":
at results which may serve to characterize those substances, an
may, as shall be hereafter shown, lead us to ‘ml"“",““t_"m“'sluf the
relations between their physical and chﬂl_lllﬂﬂl constitution. T liF rel-
ative quantity of heat necessary to raise the tetnp*grﬂt“re “] any

y body through a certain number of degrees, as ten, for example, is
termed its specific heat. ’ :

If we take a pint of water at 1507, and another pint of water at
50, and mix them well in a very thin vessel, the temperature of
the mixture is found to be, if we allow for some sources of er-
ror to which this process is exposed, exactly 100°. Thus the one
part of the water has transferred to the other a quantity of heat
sufficient to raise its temperature 50° ; and whether this addition was
from 50 to 100 , or from 100 to 150°, the result was the same. In
water, therefore, the specific heat does not change within these
limits ; but it will be found that in high temperatures a trifling in-
crease does occur ; for the present purpose, however, it may be neg-
lected. 1f, now, a pint of water be taken at 150° as before, and a
pint of mercury at 50°, and they be well and rapidly mixed together
until both have attained the same temperature, this will be found to
be 118°. The mercury here rises from 50° to 1187, through 687,
while the water cools only through 32, or not quite half as much,
so that the same quantity of heat can raise the temperature ol mer-
cury through twice as many degrees as that of water.

Taking thus equal volumes, the specific heats of water and mer-
cury are as 68 : 32; or water being adopted as the standard for
liquid and solid bodies, and its specific heat taken as 1, the specific
heat of mercury is 0-47 nearly. Such bodies are, however, gener-
ally taken, not in equal volumes, but in equal weights, and hence
it 1s necessary to divide the 047 by 13:5, the specific gravity of mer-
cury, and thus there is obtained 0-033, its specific heat.

The process now given is known as the method of mixtures, and
has been selected for example, as that by which the meaning of the
term specifie heat is best explained ; but it is not the only one, nor
even, perhaps, the best, by which specific heat may be determined.
The sources of error are, that a certain quantity of heat is absorbed
by the vessel in which the mixture is made, and that, as the mixture
requires some time to make, a certain loss occurs by the cooling
power of the air. But it is, however, in skilful hands, capable of ex-
ceeding aceuracy ; and, with the recent improvements that have been
made in its details by Regnault, it has yielded resulis of the highest
value to science. The various forms of apparatus used in such ex-
periments need not be described. For the use of the method of
mixtures, it is not necessary that the two bodies should be liquid.
Thus, il a pound of pure copper in a bar be heated in an oil bath to
300, and be then immersed in a pound of water at 50°, the copper
will give out its excess of heat to the water, and both will arrive at
a temperature of 72°. The copper has therefore lost 298 | and the
water has gained 22, :m-:_i the specific heats being inversely as these
aumbers, that of copper is found thus to be #2%=0-096, water being
1-000.

One process employed by Dulong and Petit consisted in heating
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to the same degree the bodies to be tried, and allowing them to cool
exactly under the same eircumstances. It is evident that, if we know
exactly the rate at which a body cools, and the time which it takes to
cool, we can calculate exactly {mw much heat it parts with. Thus,
if we have two bodies heated to 300, and circumstanced in all re-
spects alike, one requires 15 minutes to cool to 507, and the other
25, the latter will have parted with more heat, in the proportion of
25 to 15, and the specific heat is expressed by the quantity of heat
the body gives out in cooling. Hence those substances which have
high specific heats require more time to heat or cool, through a cer-
tain number of degrees, than those bodies whose specilic heat is less.

It was by a process of this kind that the relative specific heats of
bodies was first discovered. Boerhaave having remarked that, when
two thin glass vessels, containing, one a pound of water and the
other a pound of mercury, were equally exposed to the heat at the
front of a strong fire, the temperature of the mercury rose much
more rapidly than that of the water, and that it attained its greatest
degree in one half of the time which the water required ; and also,
when both, equally hot, were removed from the fire, the mercury
cooled twice as fast. For accurate purposes, however, there are
many precautions neeessary in order to place the substances under
the same conditions, so as to render the rapidity of cooling depend-
ant only on their different specific heats ; thus, equal weights of
the different bodies are placed in the same thin polished silver ves-
sel, so that their external surface may be the same in extent and na-
ture, and this vessel cools in an exhausted receiver in order that
there may be no loss of heat from contact with the external air.
The internal surface of the receiver must also be always in the same
state, that the heat given out may pass off in all cases with equal
facility.

An extensive series of researches on the specific heats of bodies, conducted by
the illustrious associates Lavoisier and Laplace, has been found on repetilion to
have been rendered useless by the imperfections of the apparatus they employed :
it was termed the Calorimeter, and eonsisted of a vessel containing ice, in the centre
of which the heated body was placed, and the guantity of heat this gave out in
cooling was measured by the quantity of ice which was melted into water. Outside
there was another case of ice to defend the instrument from the action of the air.
It was found in practice impossible to collect all the water. A quantity remained
infiltrated among the ice, some solidified in one part of the vessel after having been
melied in another, and, consequently, the numbers given by two of the greatest men
that have ever been attached to scienee must be considered as quite without au-
thority. In cases, however, where the quantity of heat was very large, as when
the Calorimeter was employed to determine the quantity of heat produced in com-
bustion, these sources of error became less influential, and such results will be util-
izedl in & future chapier.

The specific heats of a number of the most important solid and
liquid bodies, determined by such methods, are given in the follow-

ing table:
Waler . . . .« o o =100 L e e — IO 3
Ether . . . . . . =05820 Copper . . . . . .=0085
Aleohol . . . . . =0660 Tead . . . . . .=0081
Sulphuric acid . . . =0333 Gold . . . . . .=0032
Nitricacid . . . . =0442 Antimony . . . . . =0051
Bulphur . . . o« o =02 Tm. . . , « « .=U056
Carbon. . . . . . =241 Ilodine . . . . . . =0054
Merewry ... . . .=0033 Phosphorus . . . . =0-188
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Arsemic . . . . .=0081 G185 il e w zgé:'i‘
Platinam . . . . . =0032 Calomel . o « &

Silver . . . . . .=0057 Common salt . . . =025
e . c . .y e =0095 N_itralﬁ ofsoda . . . =03240
Telloripm . . . . . =005l Lime . .+ <« & =0205
Nickel .. . 0v . » »=0109 Magnesia . . . « - =276
Cobalt . . . . =0-107

The numbers gi‘l.?‘l.’:l]‘al‘e generally those lately obtained by Reg-
nault.

The specific heats of bodies are not the same at all temperatures ;
thus Dulong and Petit have found that the specific heats, calculated
from the change of temperature from 32° to 212°, and from 32° to

572, differ, as in the following table :

L s
~.£., Heat (ram! 5p. Heat from

Substanee. LT :I_IE‘-‘ PO 40 STES.
Mercury . . . . | 00330 | 00350
Zine . . - - .| 00927 | 011015
Antimony . . . | 00507 | 00549
Silver . . . .| 00557 | 00611
Copper . . . .| 00949 0-1013
Platinum . . . | 00355 | 0-0397
Glass . . . .| 01770 | 0-1900
lron . . . . .| 01098 | 01218

The specific heat increases, therefore, with the temperature, and
Nauman and Regnault have found that this holds, even with water ;
for, according to their experiments, the specific heat of water at 32°
being 1:000, that water at 212 is 1:010, consequently the equal dis-
tribution of heat between warm and cold water, which was described
at the commencement of this section, does not exactly hold ; the
temperature of the mixture should be a very little above the mean.
This was, however, omitted, in order not to complicate the account
of that manner of finding the specifie heats.

The specific heats of bodies are connected very intimately with
their chemiecal and moleeular constitution, although we are not yet
able to trace the exact cause of this connexion in all its forms. The
discovery of such connexion was the most remarkable result of the
experiments of Dulong, and it may be expressed as follows. If we
take the specific heats of any of the bodies given in the table, and
divide by each of them the number 3-1, we obtain a series of num-
bers which are found to be either those which shall be hereafter
described as the chemieal equivalents of the bodies, or to stand in
some remarkably simple relation to those equivalents, thus:

Lukatypce, p. !IEI-H,IL ‘Troe
Sp. Meat. | Fguivalent,
Lead . . .. . |0031[1000] 1036
Tin . . - . . |0H056] 554| 579
Zine . . . . L ]0095] 826 223
Bismuth. . . . |0030 (1007 710
Carbon .. . . . |024 129 61
lodine . . . . |0054| 574| 1263
Phosphorus . . |0-188| 165| 314
Silver . . . . |0057| 544]| 108

In the first division of this table, the quotient is so close to the
true equivalent as sufficiently to show that, were it not for the un
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avoidable errors of experiment, they wovld coincide. In bismuth
the result is 1} times the true equivalent. In carbon it is double
the true equivalent. In iodine, in phosphorus, and in silver, it is
one half. Each of these illustrations might be much extended, their
numbers being only intended as examples of the fact.

"The above are all simple bodies ; but Nauman and Avogadro have
shown, that also in compound bodies this connexion between the
equivalent number and the specific heat exists, although the connect-
ing dividend is no longer 3-1, but is a different number for each
class of bodies.

Thus, for the following carbonates, the specific heats being made
the divisors of the number 10-4, there is—

| |t True
Bubstances. Ep. Hear, |- e [Equivalent.

Carbonate of hme . . (02044 5089 | 506
Carbonate of iron . . |[0°1819] 572 | 581
Carbonate of zine . . li'lTlﬂ| 607 | 624
Magnesian limestone . |[(°2161] 48°1 | 467

For certain sulphates the number is 12:4 Thus:

|_ Bulatances. Sp. Heal. |- — il.‘uquiu]ﬂl.

dp, Hirat,
Sulphate of barytes . |0-L068| 116°1| 1161
Sulphate of strontia . [0°1300] 954| 919
68 6

Sulphate of lime . . [0°1854| 668

For a number of metallic oxides, the constant appears to be 54
Thus:

d

Sulsianees, Sp. Heat, Im-| Erpulvalesi,
Magnesia . . . . |0276) 19.6]| 207
R.:f oxide of mercary |0 0491102 1094
Oxide of Zine . . . |013%3] 40.9| 403
Oxide of copper . . ]D-IB? 94| 306

The relation between the specific heats of bodies and their chem-
ical equivalents is thus remarkably shown to extend not merely to
the simple substaneces, but even to saline bodies, and indieates a con-
nexion between the chemical equivalents and the molecules upon
which the heat exerts its action, of an intimate deseription.  In faet,
the specific heat of a certain weight of any body is thus shown to be
proportional to the number of chemically equivalent masses contain-
ed in that weight ; and the constant numbers, which were divided
by the specific heats, are the specific heats of the ultimate chemi-
cally equivalent particles. Thus, the specific heat of chemical mole-
cules of zine, of lead, and tin, is 3-1; that of the oxides of zine, of
copper, and of mereury, 54 ; the specific heat of the chemical atom
or ultimate particle of carbonate of lime or of zine, 10-4; and that of
the sulphates of barytes, strontia, and lime, 12:4  Attempts have been
made to connect these constants together, but without good found-
ation ; for 54 and 12-4, although nearly the double and quadruple
of 31, are yet too far removed to show any necessary connexion,
and 10'4 is completely out of the series of 31, though nearly the

double of 54,
I shall have oceasion to discuss this remarkable relation between the physical and



63 HEAT BY CHEMICAL COMBINATION.

chemical characters of these bodies when I come to examine the subject of the laws
of chemical combination in their full extent. For the present, the detaills now given
are sufficient. : i .

It is not likely that any law connecting the specific heats of dif-
ferent bodies can be obtained perfectly consistent, for the various
bodies necessary cannot be examined exact:lg,r i the same state.
Regnault has well observed, that the quantity of heat which we
measure as specific heat consists of sm:'erul different portions: 1st,
the true specific heat ; 2d, the heat which produces dilatation ; 3d,
the heat which causes the rise of témperature ; and, 4th, when a
solid is near its fusing point, the quantity employed in giving the
softness and ductility, which most bodies at certain temperatures ac-
quire. These last three portions being very small, do not conceal
the law by which the true specific heat is regulated ; but they influ-
ence it so far as to prevent the law from being verified in its nu-
merical results with the aceuracy which otherwise might have been
obtained. ’

When bodies combine chemically, there is generally found to be
a diminution of specific heat ; and it has been attempted to account
thereby for the rise of temperature, by whieh combination is in most
cases accompanied. Thus, the specific heat of sulphuric acid is
0-33 ; and when mixed with an equal weight of water, LP:E specilic

heat of the mixtures should be, were there no action, —=0,665;

but the true specific heat of the combined acid and water is found
to be only 0:587. The excess, therefore, 0-665—0-587=0-078, be-
comes free, and shows itsell by raising the temperature of the mix-
ture ; and, accordingly, on mixing together sulphuric acid and water,
it is well known that a temperature higher than that of boiling water
may be produced. It was even supposed at one time, when heat
was looked upon as being a positive substance which combined with
bodies in different proportions, that the absolute quantity of heat
which a body contained might be determined by such an experi-
ment, thus: if the rise of temperature produced by 0.07S of heat
becoming free is expressed by 180” above 32°, then the quantity of
heat which stays behind must be greater than that in the proportion
of 587 to 78 ; and hence is equivalent to == 180=1335": and thus, at
the temperature of —1303° of Fahrenheit’s scale, a body should con-
tain no heat at all ; it should be the absolute zero. But no two such
experiments, with different bodies, ever gave the same result : and
it 15 evident, from the fact of the specific heat diminishing as the
temperature sinks, that the term at which the two quantities should
vanish must be infinitely remote, and that there is no such thing as
an absolute zero at all. In fact, the physical existence of an abso
lute zero is inconsistent with the more accurate ideas of the nature
of heat, which modern investigation has sugoested.

The development of heat, in chemical eombination, is alse only
in some cases accompanied by a diminution of specific heat; in at
least as many it is, on the contrary, remarkably augmented.

The specilic heat of gases and vapours has obtained considerable
attention; and yet, from the extreme delicacy of the processes neces-
sary, and the small quantity of material which can be operated on,
the results hitherto obtained have not acquired that degree of posi-
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tive accordance which should render repetition unnecessary. The

rincipal experimenters in this department have been Delaroche and
Bumrd, Delarive and Marcet, Hayeraft, Dulong, and, latterly, Apjohn
and Suerman.

The method adopted by Hayeraft, and by Delaroche and Berard,
eonsisted in heating a quantity of gas to a certain temperature, l_mtl
then, by passing it through a tube in a vessel of water, determinin
how much it raised the temperature of the water in being coole
through a certain number of degrees. In principle, this mode is
perfect ; but the extreme accuracy necessary in the management of
the apparatus does not appear to have been attained by Haycraft:
and Delaroche and Berard deprived their results of most of their
value by the oversight of using the gases in a damp state. The pro-
cess of Delarive and Marcet was not such as could lead to results
worthy of much confidence. A glass globe full of gas, to which
was attached a thermometer, with the bulb exactly in the centre,
was plunged into a vessel of hot water, in the expectation that the
time occupied by each gas, in having its temperature raised a cer-
tain number of degrees, would be proportional to the specific heat
under a constant volume. But the communication of the heat
would be so much and so variously affected by currents, according
to the density of the gas and the quantity of heat absorbed by the
Eﬂﬂ, so trifling in comparison to that which would be required to

eat the globe, that the amount of liability to error was very great.

The process employed by Dulong was very beautiful in principle,
and caleulated to give experimental results of great accuracy. It
consisted in determining the velocity of sound in each gas, which
was measured by finding the note the same organ-pipe gave with
each: from this, by very ingenious methods, which, however,
need not here be introduced, farther than that the gases with highe:
specific heats give more acute tones, he calculated the specific heats.

he calculations were, however, based on certain other principles,
which are not necessarily true.

The method contrived by Apjohn is that which appears to be the
best calculated to give accurate results, and those which he obtained
have been verified by the experiments of Suerman.

Apjohn’s method cannot be completely described until we come to speak of the
latent heat of vapours and their relation to space ; but the general prineiple of it is,
that if several gases be employed to convert a certain quantity of water into vapour,
the gases will be cooled thereby in inverse proportion to their specific heats.  Thus,
if one gas have double the specific heat of another, it will saturate itself with va-
pour by eooling through only half the number of degrees necessary for that with
the less specific heat ; and thus, by measuring simply the cooling power of each
gas, the specific heat may be caleulated.

The numbers obtained by Delaroche and Berard, by Dulong and by Apjohn, for
the specific heats of the gases in equal volumes, are given in the follow:ng table :

Gases, | Apjehn. |Delaroche. | Dalong.
BIE . . 2 « o« (1000} 1-000 1-000
Nitrogen . « o+ . (1048] 1006 1-000
Oxygen . . . . . |-808| -976 il-ﬂ[}ﬂ.
Hydrogen . . . . [1'459( -900 /1-300|
Carbonic acid . . . |l-195 1-258 (1172
Carbonic oxide. .. . | "996] 1-034 |l'0!ll]
Nitrous oxide . . . |1193] 1:350 |1-159
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These numbers show the diversity which exists among even the best expen:
menters ; and they also show that the different gases fullow no simple law regard-
ing their specific heats. ‘The principle laid down by Haycraft, Delarive, and Marcet,
that in equal volumes all gases have the same specific heat, is thus shown, by the
combined evidence of all the best results, to be totally unfounded.

[t is sometimes necessary to compare the specific heats of gases

with that of water; this being 1:000, that of air is 0-267 for equal
weirhts, and so on for the other gases in proportion.

We do not know the specific heats of many bodies in the state
of vapour. For watery vapour, however, it is found to be 0-847,
water being 1-000, or 3:172, air being 1000, for equal weights.
Water is thus the only substance of which we know the specific
heat in the three states of aggregation, that of ice being -900, water
1-000, and steam 847, for equal weights.

When the volume of a gas or of a vapour increases, its specifie
heat increases also, and vice versa. Hence, when air is suddenly
condensed, so much heat is evolved that tinder may be lighted, and
the barrel of a condensing syringe may become too hot to hold;
thus, also, in some kinds of machinery where air suddenly expands,
so oreat a degree of cold is produced that water may be frozen.

The exact degree of connexion between the amount of expansion
of the gas and the increase, or of condensation and the diminution
of specific heat, has not been ascertained. They are not propor-
tional ; that is to say, when the volume of a gas is doubled, its spe-
cific heat is not doubled, and vice versa ; and yet it would appear
that it does not fall much below that ratio.

SECTION IIL
OF LIQUEFACTION.

It has already been frequently explained, that by the application
of heat to a solid body, it commences, when its temperature has
risen to a certain degree, to become liquid, and that this point, the
melting point of such solid body, is one of the most determinate
and characteristic of its physical properties. Accordingly, the
melting point is often used as a means of distinguishing and recog-
nising substances otherwise very similar in properties; as, for ex-
ample, the numerous fatty acids can scarcely be otherwise distin-
guished from each other, exclusive of analysis, than by the tem-
peratures at which they melt. There has been already given a list
of the meltin Enims of a number of solid bodies, and, in the his-
tory of each individual substance, its fusibility will be described

he change from the solid to the liquid state is ﬁncﬂmpnni;:d
however, by a phenomenon differing from any yet deseribed an{i
deserving of great attention from the important consequences which
flow from it. It is, that at the moment of liquefaction a very lar
quantity of heat is absorbed, combining, as it were, with the solid
to form the liguid body, and after combination Bolns insenaibls
the thermometer, and having thence obtained the name of Jatent heat
A pound of water at 32" and a pound of ice at 32’ give on the
thermometer precisely the same degree, and yet, independent of all
considerations of specific heat discussed in the last section. a &
which we now lay aside, the water contains, in a state of inti,mar;.e
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combination, a great quantity of heat, by virtue of which it is liquid
water, and by losing which it would be reduced to the state of solid
ice. In melting, therefore, every body renders latent a quantity of
heat.

This principle may be demonstrated by experiments of a very sim-
ple kind. Thus, if a pound of ice be taken at 32°, and added to a
pound of water at 1727, the ice dissolves immediately, but the tem-

erature of the resulting two pounds of water is found to be 32°
here has thus disappeared a quantity of heat, which had previous-
ly raised the temperature of the water to 172’ or through 1407,
':E'(his heat has been absorbed by the ice in becoming liquid, and ren-
dered latent ; and it is therefore said that the latent heat of liquid
water is 140°, If a vessel of water, at the temperature of 52, be
exposed freely to air below the freezing point, it will rapidly cool
until it arrives at 32°, but there the lowering of the temperature
ceases ; it begins to freeze, and, until the entire mass is reduced to
solid ice, no E::ss of heat sensible to the thermometer is observed :
yet it must still be giving out heat precisely as it was when it cool-
ed from 527 to 327, this heat being, however, that which gave to it
the form of liquid water, and which had been perfectly insensible,
or latent, until the formation of ice commenced. If the water had
taken ten minutes to cool from 527 to 327, it will be found to require
one hour and ten minutes to become completely frozen ; and hence,
as in the same time it loses the same quantity of heat, the external
air remaining equally cold, the latent heat is 207 x 7=140", as in the
former experiment. Another mode of verifying the result consists
in exposing a pound of ice at 32', and a pound of water at the same
temperature, to the same source of heat, as on a steady fire, and it
will be found that, by the time the ice has completely melted, the
tnn‘?&)cmmru of the water will have risen to 172 .
ater is, of all liquids, that which contains the greatest quantity
of latent heat, and hence that which ehanges from the liquid to the
solid state most slowly; and inversely, ice is the solid which ab-
sorbs most heat, and requires most time to liquefy. This property
of water is of the highest importance in the economy of nature,
for by means of it the ehange of seasons is rendered much less
sudden than could otherwise occur. If water passed from 32° to
31°, and became solid by losing only the same quantity of heat as
it gives out in cooling from 33 to 32, the change of seasons would
be so rapid and so nncertain as to interrupt almost entirely the
proper cultivation of the soil, and, by the vicissitudes of heat and
cold, become injurious to the health. But, as these properties of
water are now arranged, each particle, in freezing, becomes a source
of warmth to all around, and mitigates the severity of the cold;
there can be but a comparatively small quantity of water rendered
solid ; and when, on the return of a warmer season, a sudden ligue-
faction might prove equally injurious, ice and snow, in melting, ab-
sorb all excess of heat, and render the change gradual, and suitable
to the functions of those plants and animals to which a sudden tran-
sition might prove fatal.

We do not know the latent heat of many liquid bodies, but those

given in the following table will suffice to show the remarkable
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pre-eminence of water in that respect. The numbers are given in
two columns; the first showing the interval through which the
body itself, in its liquid form, would be heated by the heat it absorbs
in melting, and the second showing the interval t]r_rough which
that heat would elevate the temperature of an equal weight of water.

Thus:
Latent Heat of Meawared by il Meayured by Water
Water TR IR | || R e e 140
SUIRHALE - o = e = AT Rl G RR PR 2714
J o e L SRl el o R v || Bl PR R H i 110
s 0 e L o ey SR st e g el S 483
34T 110 LUl - | O - Sl = 2820

In every case a solid body begins to melt at the same temperature
Thus, ice never begins to melt until it arrives at 32°, and can never
be raised above 32° without melting ; consequently, the fixed point
is the melting point of ice, and not the freezing point of water ; for,
if water be cooled earefully without agitation, its temperature may
he lowered easily to 25°, and has been reduced to 15° without so-
lidifying. This is a phenomenon like that which has been (page 25)
noticed in the crystallization of sulphate of soda, where the solution
may remain perfeetly liquid until agitated, and then suddenly crf's-
tallizes with the evolution of considerable heat. If water, so cooled
below 32°, be agitated, it freezes suddenly, and the temperature
rises to 327 ; the latent heat of that portion which freezes becoming
sensible, and thus warming the entire mass.

Substances which erystallize easily generally expand in solidify-
ing, and in doing so exert great force. Thus water is capable of
bursting the strongest vessels if they be filled completely with it,
and tightly closed so as to prevent expansion otherwise. It is by
the agency of this force that the gradual deterioration of the sur-
face of rocks, and the formation of the soil on the lower grounds,
depends ; the rain-water being absorbed into the pores and small
eavities which even the hardest rocks contain, and being there, in
winter, frozen, breaks open the substance of the rock, and causes
it gradually to fall to powder, thus generating the soft and porous
soil fitted for the reception and sustenance of the seeds and roots
of plants. It is also by the action of this foree of expansion, exert-
ed by many bodies wl?lren they erystallize, that we are enabled to
take accurate copies of the moulds into which such substances, in
the liquid state, are poured. Cast iron, antimony, and the alloy of
antimony used for printers’ types, the alloy used for stereotype
plates, brass, bronze, and all such bodies, are capable of making
good castings by virtue of this expanding power; while bodies
which do not dls_.ulnct]y erystallize, as zold, silver, and copper, are
not capable of giving accurate castings, and hence the coinage of
these metals is made by stamping the necessary marks upon them

means of a violent blow.

By the addition of small quantities of salts or vegetable aciils,
the freezing point of water may be considerably lowered : thus, sea.
water does not easily freeze. When sueh a solution js bruuth to
solidify, it is pure ice which first crystallizes out. Thus. from a
strong solution of potash, ice has been obtained in large s:ixvsidcd
prisms; and the ice mountains which form in the Polar Seas are
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found to be almost completely fresh. This principle has been ap-

lied also to the concentration of vinegar auflemun-juice by freez-
ing, a large quantity of mere ice being formed round the sides of
the vessel, and a central cavity remaining filled with concentrated
acid.

The principle of latent heat has been applied to the production
of artificial cold. For if a solid body suddenly liquefies withouy
the application of external heat, it must abstract from the surround
ing bodies the heat necessary to its liquefaction, and thus reduce
their temperature and its own. Hence, when salts are dissolved in
water without any chemical combination, there is cold produced.
Thus, by mixing nitrate of ammonia with an equal weight of water,
the thermometer sinks 46° ; and carbonate and sulphate of soda,
dissolved in three times their weight of water, reduce the temper-
ature, the first 16%, and the second 12°.

In many cases where, by double decomposition, those soluble
substances may be formed, more powerful effects are produced by
mixing two sul{s together than by either separately. Thus neither
mitre nor sal ammoniac produce much cold, but when mixed they
generate nitrate of ammonia, which is very powerful, and hence
canse a reduction of 40°. In other cases the cold results from a
quantity of water of crystallization being set free and suddenly
liquefying. Thus, when erystallized sulphate of soda is dissolved
in muriatic acid, there are formed bisulphate of soda and chloride
of sodium, with which but ! of the quantity of water remains ; and
the remaining { being disengaged, and abstracting from the sur-
rounding bodies the heat necessary for their liquefaction, depress
the temperature through 50°.

By using snow or pounded ice, freezing mixtures of still greater
power may be produced. The cold is the greatest when a substance
is employed which contains itself a large quantity of water in a
combined from. Thus crystallized chloride of caleium contains
half its weight of water, and, when mixed with an equal weight of
snow, the whole becomes liquid, and the quantity of heat absorbed
is proportionally large. By combining such freezing mixtures in-
tense degrees of cold have been produced ; Mr. Walker, to whom
the invention of most of them is due, having obtained a depression

of temperature to —91” of Fahrenheit.

The fullowing table contains the proportions for some of the most useful freezing
mixtures, and the degree of cold which can be obtained by means of them. [t is to
be remarked, that in using freezing mixtures a great deal of the suceess depends on
the rapidity with which the liquefaction is produced ; the thinnest possible vessels,
and a tolerably large quantity of materials should be used. For producing a great
degree of cold, it is also necessary to cool the materials previously as much as pos-
sible ; thus, to produce the intense cold of —91°, Mr. Walker had cooled the sub-
stances to be mixed down to —68° by means of other freezing mixtures.

K
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FRIGORIFIC MIXTURES WITHOUT ICE.

Thermomeler sloks Hﬂ:

E]’ru:m +50° 1o 4-4° 46°

Maxtures,

Mitrate of ammonia . .
e e e e T e

Muriate ol ammonia . .
Mitrate ol potash . . .
Ly A e S e

Sulphate of soda . .- .
Diluted nitrie acid . . .

Iﬁ_ﬁiptmm of soda c
Muriate of ammonia . -
Nitrate of potash . . .
Diluted nitric acid . :
Sulphate of soda . .
Nitrate of ammonia
Diluted nitric acid .
Sulphate of soda .
Muriatic acid

Phosphate of soda . :
Nitrate of ammonia . .
Diluted nitric acid . .

E from 450° to 10| 40°

}fmm 4-50° to —3° | 58°

}fmm +50° to —10°| 60°

%frmu 50° to —14° 647

} from -+50° 0. 0° | 50°

-
-

% from 0° to —34° a40

FRIGORIFIC MIXTURES WITH ICE.

Mixiures. Farts. Thermomeler sisks ;‘"‘m'ﬁ

Snow or pounded ice . to.— 58 *
Common salt o

Snow or pounded ice . E]

Common salt . . . . E to —12° *
Sal ammoniac . 2

Snow or pounded ice . . £

Common =alt . . : % __1R®

Sal ammoniae . . . . :n: to—18 s
Mitrate of potash =

Snow or pounded ice . . £

Common salt . . . . i to —25° .

Mitrate of ammonia

sﬂ?ﬁ:ml.ni{riu.ac‘id + ey { from <32 to —30° | 60°
glr]_::: muriate of lime }ﬁ'n-m +32° to —50°| 82°
SR  from 432° to —51° | 83°
%?‘I‘::tved.nil.‘riganid ‘ } from 0° to —46° 46°
%:: imireate of e :' from 0° to —66° 66°
Snow

— 1 —_— —E
QWFM—|HWJ-€‘-W|WEI'?*-I|EI'IENWJ'DIUIQ ]l-"ﬁl'.'lll-"ﬂ

Diluted sulphuric acid { from —66° to —91° | 25°

In the ordinary experiment of freezing mercury by a mixture of snow and crys-
tallized chloride of calcium, suceess is seldom obtained unless by having two por-
tions of the mixture, and either cooling the materials for the second by means of the
first, or plunging the tube of mercury, when it has exhausted the cooling powers of
the first, into the second and fryﬁhiyfnlaixq,-d portion of materials.

There are many cases in which heat is evolved from solid bodies

without our being able positively to ascertain its source, and where,
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consequently, it may be considered as having previously been latent.
Thus, by the friction of two different bodies together, as when the
axle of a carriage becomes hot, or when, as among savage nations,
fire is obtained by rubbing two pieces of wood together. But it is
rather a misuse of words to say that the heat eveolved had previousl
been latent, for the latent heat of a body should properly be *.':t:nmsinf:v
ered as that by which the fluid eondition is conferred upon it, and
hence a solid body cannot be said to have such latent heat at all.
It is most likely that, as a diminution of specific heat accompanies
the inerease of density which oceurs when oil of vitriol and water
are mixed together, so where, by compression, the density of a solid
body is inereased, its specific heat may be diminished, and hence
sensible heat evolved. Although our knowledge of this subject is
not at all as satisfactory as its importance merits, it has been ascer-
tained that, when iron 1s violently eompressed, as in boring cannon
or h;; repeated hammering, its specific heat becomes much less, and
the heat evolved is so considerable that the metal may easily be
made red hot. It would be well to distinguish between heat, cer-
tainly before latent, which may thus be rendered sensible, and the
true latent heat which is absorbed during liquefaction, and which
can be only given out again by the reassumption of the solid form;
and this might be done, perhaps, and its connexion with specific heat
made evident, by adopting the word special feat, or heat peculiar to
the body. Thus liguids and vapours only ean contain latent heat;
but every body contains a quantity of special heat, equally insensible
to the thermometer, but becoming manifest when the specific heat
is diminished. The special heat is thus the heat which gives to the
body the temperature which it possesses, and the quantity of special
heat necessary to produce a rise of temperature measures the spe-
cific heat.

Many bodies undergo, before liquefaction, remarkable changes 1n
their molecular constitution: thus iron, wax, and glass become
soft and pasty, so that different pieces may be pcrfect%r united into
one ; and it is, indeed, on this property that the most useful appli-
eations of glass and iron in ordinary ?'il'r: depend. This has been
referred to a certain quantity of latent heat having already entered
into the body, and giving an intermediate condition, that of semiflu-
idity. There is no proof either for or against this view, as no exact
experiments have been made upon such bodies. In other cases,
where semifluidity is produced, as in lard, tallow, &e., it is plainly
seen to arise from the substance being a mixture of two bodies, of
which one melts easily, and, being then liquid, forms with the other,
which remains still solid, a kind of pulp, which gradually becomes
less thick, according as the temperature rises, until all is liquefied

SECTION IV.
OF VAPORIZATION.

By the application of a higher temperature than that which was
necessary for liquefaction, the generality of fusible bodies are capable
of being converted into vapour. In this form they resemble, in mole-
eular constitution, the most permanent of the gases, and are subjected
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to precisely the same laws of change of vn!umc, for any nlteratiqn
of temperature or pressure, as atmospherie air, as_lmlg as ll}e clastic
form is preserved. This passage from the solid or liquid to the
gaseous state of aggregation, may occur either slowly and silently,
or with violence and rapidity ; the body may either evaporate or
lllJil- f[\hE E*.-‘llpﬂrﬂtiu“ may o on at any tE]]].PE[‘ﬂtllrE', even at ?]]E
lowest ; but boiling commences ouly at a certain temperature, which
dgpﬂnds on the nature of the I_'l-l:]dl'l!i", and upon the ‘I'I'I"EEEUTE Lo “’h'lﬂh
it is subjected. Each of these modes of generating vapour will re-
quire to be specially examined ; but it is necessary to attend, in the
first place, to the phenomenon which accompanies and may be sup-
posed to produce the change of form, the absorption of the heat of
vaporization ; for precisely as a solid absorbs heat in becoming liquid,
go does a liquid, in assuming the vaporous condition, render heat la-
tent, and even in still greater quantity.

If we place upon a steady fire or over a lamp a cup of water, we
shall observe that its temperature rises until it begins to boil, but
then remains perfectly stationary until the last drop of the water
shall have been boiled away. If we remark the time, we shall find
it to be in the following proportion. Let us suppose the temperature
of the water to have been originally 62°, and that at the end of six
minutes it began to boil, having attained the temperature of 212°,
In each minute, therefore, there entered into the water a quantity
of heat sufficient to raise its temperature *:==25° Now, the

source of heat remaining perfectly stead'ly, it will be found neces-
sary to apply it during 40 minutes to boil away all the water ; and
as in each minute there enters heat enough to raise the temperature
of the same weight of water 25°, the total quantity of heat absorbed
by the water in being converted into steam would have raised its
temperature, had it remained liquid, 25 < 40=1000°, or just to red-
ness.  And yet this becomes perfectly latent, the temperature of the
vapour formed, that is, of the steam, being exactly 212°, that of the

water it is formed from.

By the inverse process a corresponding observation may be made. Thus, water
being boiled in a vessel, as in
the figure, the steam may be
conducted by a tube into a glass
containing a weighed quantity
of cold water, the temperature
of which is aceurately marked.
The steam, by condensing in
the cold water, raises its tem-
perature ; and when a suffi-
cient rise has been produced,
the steam may be shut off, and
the glass with the warm water
weighed again. It is found to
be heavier than before, from
the quantity of water added to
it by the condensation of the
steam; and the quantity of heat
G e e e T 3R e, ETYEN ot by the atedm. in 80
condensing may easily be cal-
culated. Thus: let us suppose that there were eight vnnees of water, at 60°, ori-
ginally used, and that, at the termination of the experiment, there were nine ounces
at the temperature of 188°. It is then evident that one ounce of steam, in condens
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sing, had raised the temperature of the eight ounces 128°. The temperature of one
ounce might have been, therefore, raised 128 x8=1024° : but this was not all la
tent heat ; for the steam, by merely condensing, should have formed liquid water at
212°, whereas it cooled to 188°, The difference, =24°, must be subtracted from
the 10247 ; and thus the latent heat of steam determined to be 10007, as it had been
found by the previous process.

The great quantity of heat thus contained in an insensible form in
steam is very generally made use of for warming apartments and
for chemical operations, in which exposure to the direct action of a
fire, or even to a sand bath, might be injurious. By means of a
series of pipes, steam from a boiler, placed at a distance, is brought
to circulate through every part of the most extensive buildings, and
condensing gradually as it passes along the cooling surfaces, the
liquid water is conducted back again to the boiler, there to be recon-
verted into steam. In large manufacturing laboratories, such as those
of the Apothecaries’ Halls of Dublin and of London, there are steam
ranges, or series of evaporating pans and stills, set in cast-iron cases,
within which steam is introduced, and thus the most delicate vege-
table preparations, such as extracts and inspissated juices, prepared
at temperatures which, being completely under the eontrol of the
operator, allows all the freshness and active properties of the plants

to be perfectly preserved.

By means of apparatus similar in principle to that in the last figure, the latent
heats of the vapours of many fluids have been determined. It has been found that
the latent heat of equal weights of the vapours of the following bodies would have
raiged the temperature of an equal weight of water in condensing :

MR v b i Y M saiia T volon 10000
Aleohol . . . R TRl T N
] B e o e [ o e |
0il of turpentine . el e e el TERE
Nitrie acid . e R

The latent heats of bodies, such as vinegar and water of ammonia, which have no
definite chemical constitution, but contain mixed water, do not possess any value
or importance.

In changing from the liquid to the gascous state, the volume is
imereased in a very great degree ; the amount of increase, in some
instances, which may be taken as examples, is given in the following
table.

e 07 fting of Vapour| olome | Speeific

G it e S e
Water . . . , | 1000{212° 1696 | 1696 | 620
Alehal . . . . 907|172 488 519 | 1601\
Ether . . . .| 715/ 97°| 240 | 289 | 2583
Oil of turpentine . | B867315° 221 | 192 | 4763
Mercury . . . | 13500)BG0°| 3395 | 1938 | 6960

In the first column are the names of the bodies ; in the second, thei specific
gravities, water being 1000 ; in the third, their boiling points; in the fourth, the
number of volomes of vapour furnished by one volume of each fluid at its boiling
point ; in the fifth, the number of volumes of vapour reduced to a standard temper-
ature, 212°, which one volume of fluid may produce ; and in the sixth, the specific
gravity of the vapour, air being 1000.

It has been imagined that there should exist some physical connexion between
the increase of volume produced by the change from the liquid to the gaseous
slate, and the quantity of heat rendered latent during the change; and it is, in
fact, fgeneral]f true, that those bodies which have small latent heat expand least, as
oil of turpentine and ether. But, as yet, from the few experiments that have been
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made upon latent heats, with substances sufficiently pure to be taken as the basis
of caleulation, nothing positive can be considered to be known. ;
The passage from the liquid condition to the state of vapour is

distinguished from the change of a solid to a fluid, by the impor-
tant fact that, while liquefaction is definitely produced at one tem-
perature, and at that alone, vaporization oecurs at ,“” tempera-
tures; and it is only from the influence -f]f external circumstances
that the change is accompanied, at a particular temperature, by the
phenomenon of boiling. The coldest water is capable of forming
vapour ; even ice evaporates ; and, in order to do so, it is not neces-
sary that it shall previously melt; it is thus that snow will gradually
disappear from the ground, even when shaded from the sun’s rays,
and though the air shall have continued below the melting point.
Other solid bodies also evaporate without previous melting, as cam-
phor ; and arsenic cannot be melted ; for, when heated, it is convert-
ed at once from the solid to the vaporous condition. The particles
of volatile bodies appear thus, at all temperatures, to repel each
other to a certain degree, and to spread abroad, in the form of va-
pour, until they occupy completely the space in which the body is
contained, and exercise a pressure which is equal to the force of
their mutunal repulsion, and which is termed the elasticity of the va-
our.
: The amount of elasticity, or, as it is often called, tension of a va-
pour, is determined by very simple methods. Thus, for elasticities
P . below that of atmospheric air, a series of barom-
eter tubes arranged in a stand, P P « a, are to be
d carefully filled and inverted in a basin of mercury,
¢ ¢, as in the figure. One such tube, d d, is to be
kept untouched, to measure the elasticity of the ex-
ternal air. If a little water be allowed to pass up
into the next tube, and there float upon the surface
of the mercury, it immediately forms vapour, which
spreads through all the empty space, and, pressing
against the upper surface of the mercurial column,
connteracts a portion of the pressure of the exter-
nal air. The remaining pressure of the air is able
to support, therefore, only a shorter column of mer-
cury, and the height of the mercury in the tube
diminishes. If into another tube some alcohol be
mtrm]ut:ed, there is a similar, but still greater de-
pression of the mercurial column caused, and with
il , ether the height of the mercurial column is still
Hoe more diminished. The atmospheric pressure in
- TRHTEE these cases balances the shortened column of mer-
(R cury added to the elasticity of the vapour, and this
it last is consequently measured by the height of the
column of mercury which it is capable of replacing that is by the
space through which the mercury has been dﬁ]ﬁirE?ssnd 1‘-"hich is
reat_l off by the rule and index, r » r, Thus, if the hﬂru;neter be at
30 inches and the temperature 80°, the mercury will stand in the
tube with watery vapour at 29 inches, in that with aleohol at 28-1
and in that of ether at 10 inches. The elasticities of thase ve ﬂur;
are therefore at the temperature of 80°, P
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Yepour of water . fudamallan, Bt %t o e o Tliinch.
R T T M SR £ e o R P K
T T T e e T LT s . [

In order to ascertain how the elasticity of a vapour changes with
the temperature, it is only necessary to enclose the upper part of the
tube in a cylindrical case containing water or oil heated to the
necessary degree. As the heat increases the height of the mercu-
rial column will diminish, and at each temperature the elasticity is
so determined. The apparatus may be modified by bending the
tube so as to immerse the bent portion containing the vapour into
a globe of water or oil to which heat may be applied, but the prin-
ciple remains the same. In this way a table of the elasticity of a
vapour at all temperatures below their boiling points may be form-
ed ; and as there will be frequent reference hereafter to the tension

of the vapour of water, the following table is introduced for use
and as an example :

E|m1um Elasterity, of Temperature.)  Elu icity.
32° | 0200 g 90° 136
40° | 0283 g|| 100° 186 =
50° | 0375 £l 1200 333 g
55° | 0-443 ; 140° | 574 F
60° | 0524 ol 160° | 946 3
G5° 0616 (| 180° | 1515 =
70° | o721 || 200° | 2364 E
80° 1000 || 212> | 3000 =

When a liquid, in such an apparatus, is heated until the vapour
formed occupies all the tube and expels the mercury, the elastici-
ty of the vapour is equal to that of the air, and the liquid exposed
to the air boils; the phenomenon of boiling arising simply from
the fact that the elasticity of the vapour balances the pressure
of the air while the bubble is passing through the fluid: thus,
suppose a vessel of water exposed to the air at 200°, and a bub
ble of steam to form in it; the pressure exercised by that bubble
being equal to its tension, is equivalent to a column of 23:64 inches
of mercury ; but the external pressure being 30 inches, the bub-
ble is crushed in by a force equal to the difference (636 inches
of mercury), and, consequently, dispersed. If the water, however,
be heated to 212 | the elasticity becomes equal to 30 inches, and
then the external and internal pressures being equal, the bubble
rises in the liquid without injury, and maintains itself at the surface
until its investing film of water is ruptured by other causes, when
the vapour mixes uniformly with the air.

It is the bursting of the steam bubbles that are first formed in
this manner that constitutes the simmering of a boiler or the sing-
ing of a kettle on the fire. The bottom of the vessel heats more
strongly the layer of water in contact with it, so that the steam has
there a high degree of elasticity, and forms a multitude of minute
bubbles ; when these separate from the hot metal, they are immedi-
ately burst in by the greater external pressure, and the mass of
water is thus thrown into a state of exceedingly rapid and uniform
vibration, which fall upon the ear so regularly, in many cases, as to
produce a musical and often agreeable tone, which may become
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graver or more acute, according

rapidly after one another. 1 _ :
The elasticity increases very rapidly with the temperature, as 1§
seen in the table, where, in Tising from 1807 to

912", the elasticity is doubled. For high tem-
eratures the rate of increase is still more rapid.
T'o determine the elasticity at temperatures
above the ordinary boiling point, an apparatus
il completely cut off from the external air is made
1 use of. In the figure there is a globular vessel
t of strong metal, @, into which is introduced by

as the bubbles burst more or less

the stopcock d, the fluid to be experimented on,
as, for example, water. In the aperture ¢ is
fitted a thermometer, the bulb of which dips
| into the fluid near the centre, and shows its tem-
perature. A quantity of mercury being in the
bottom of the vessel, the tube b dips under its
surface, and, rising to the necessary hei ht, has
attached to it the scale divided into ]nc%;es and
their parts. When the apparatus is heated, as
the vapour produced cannot escape, all june-
tures being perfectly steam-tight, the tempera-
ture rises continuously in place of stopping at
the boiling point, and the vapour formed press-
ing on the surface of the remaining liquid, and
by it on the mercury underneath, forces the
mercury up the tube b until the mercurial eol
amn shall have attained such a height as to counterbalance by its
weight the elasticity of the vapour. In these cases the elasticity
is generally reckoned by atmospheres, each atmosphere being equiv-
alent to a mercurial cuirumn thirty inches high. In this manner the
vapour of water has been found to exert a pressure of

1 atmosphere at 212° 16 atmospheres at 398°
2 atmospheres at 250° 20 g L 418°
2759

b | 4E [ 25 " i 435“

4 4L [ 2941' 3'} [ [ 1519

(T R S T R AT

E ] il 34929 '5“. i 1 51 ﬂ.ﬂ
L Wl

It is necessary, in order to understand such tables, to observe
that this great increase of the elasticity of steam, as the tempera-
ture rises, results not from the expansion of steam already formed,
but from the constant addition of new quantities of steam for every
variation of temperature. If a globe full of steam at 212°, but
containing no liquid water, were heated to 2947, it would tend to
expand precisely as air or any other gas, and the increase of elas-
tieity would be only from 30 to 34 inches, or from 1 atmosphere
to 11 ; but if the globe contain liquid water, there is such an addi-
tional quantity of vapour formed and compressed into the same
space, that the elasticity becomes equal to four atmospheres, or to
120 inches of the mercurial column. Also, when the pi‘ﬂﬁﬁ:ll'e on
a vapour is made to vary, the result deviates from the rule laid down

L]
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in page 20, for the action of pressure upon gases ; for the elasticity
of a vapour cannot be really increased by any increase of pressure:
it remaimns the same, but a quantity of the vapour becomes liquid,
and there continues in the state of vapour only as much as occupies
with the same elasticity the diminished volume which the column
of mercury leaves, Thus, if we consider the bent b

tube a b, of which the extremity at a is closed, B

and the leg o occupied from the dotted line ¢ d

by vapour of ether at its boiling point, and bal- :
ancing in the leg b a column of mercury thirty

inches high. If; now, without allowing the tem- “pf--

perature to change, mercury be poured in at the :
orifice of & until it shall rise in @ up to the line f
g, and oceupy exactly one half of that leg, the va-
pour will not be compressed into half its volume,
and, acquiring a double elustitilfr, support 60
inches of mereury as a gas should do, but one
half of the ether will assume the liquid form, and
the remainder, occupying the remaining half of
the original volume, will balanee 30 inches of mer-

cury precisely as it did before, and the pressing ; \ J

column, counting from the line g, will terminate g\ et i

at f.
If, however, in place of attempting to increase the pressure on a
vapour, we diminish it, then the vapour preserves its elastic form,

and its elasticity diminishes in all respects as if it were a gas.

The specific gravity of a vapour, formed at any certain temperature, should be
proportioned simply to the elasticity, if the volume were not altered by the change
of temperature, and it should be inversely as the volume if it could all remain un-
condensed ; but, in reality, the relation is more complex, and may be calculated
upon the following principles. Thus, if we wish 1o know the specifie gravity of va.
pour of water having an elasticity expressed by 742 inches of mercury, and the
temperature 1502, we proceed as follows : the specific gravity of steam at 30 inches
and 212° is 620'2; and hence, if the volume did not change, the specific gravity of
the vapour at 150° should be 6202 4% =153-39; but in cooling from 212° to
150°, the portion of steam which retains its elastic form is compressed within a
smaller volume, and henee has its speeific gravity inereased in proportion to the
change, and therefore the 153-30 obtained above must be increased in the propor-
Lion of the volome at 150 to the volume at 212°, or as 611 : 873, and thus becomes
16924, The subjoined table contains specific gravities for some temperatures cal-
culated in that way, and accompanied by the lemperatures, the elasticities, and the
weight in grains of 100 cubic inches of the vapour.

)=
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Edastirily in) i ravity, | Weight
Tempenature. | Inchen of - |SPECEE G OE
32° 0200 568 | 01361
50° 0375 | 10017 | 02474 |
60° 0524 1406 | 03387
100° 1860 | 46:36 | 11028
150° 7420 | 16924 | 40543
212° | 30:000 | 62020 |14-9600

There is some reason to suspect, however, that vapours do not follow exactly the
theoretic rules upon which such tables are constructed, and which, in reality, apply
only to gaseous bodies. Thus, Despretz has found the specific gravity of the va-
pour of water to be at 67° 7-72, while by this calculation it should be 1726, air at
2127 being 1000 ; his results cannot be considered as decisive, although they show
the necessity for an accurate ru—emminnlﬁm of the subject. At very high tempera-
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tures, the elasticity does certainly not increase with the specifie grmril}' when the
volume remains constant.  Fther is found to become gaseous, and to occupy only
twice the volume it had when liquid, at the temperature of 3207, and its elasticity
in that state equals 38 atmospheres, whereas, by caleulation, its elastic force should
be 168 atmospheres.  Alcohol, enclosed in tubes hermetically sealed, is totally con-
verted into vapour, occupying only three times the volume of the liquid at 4047, and
then exerts a pressure only of 129 atmospheres, while by theory the pressure should
equal 221. Water, also, was obtained by Cagniard de la Tonr gaseous in four
times its liquid volume at 773°, and should then, by theory, have an elasticity of
780 atmospheres, a force far above what the glass tube employed could possibly
have-resisted. It would appear, therefore, that vapours, so far as the relation be-
tween their specific gravity and their elasticity is concerned, do not follow exactly
the same law as gases except within certain limits ; but that, when the elasticity is
much smaller or mueh greater than the atmospherie pressure, variations which are
very remarkable, though not as yet well understood, present themselves.

When a vapour, as, for example, steam, which has been generated
in close vessels, and attained a great elastieity, is suddenly allowed
to escape into the air, its temperature is suddenly reduced in a re-
markable degree, even independent of condensation. If the steam
had been formed under a pressure of four atmospheres, its volume
is but one fourth of what it should become when free, and hence,
on escaping, it expands in that proportion; under that pressure
its temperature had been 2947, but by the increase of latent heat
it falls immediately to 212°; there, however, the expansion does
not stop ; the impulse of the particles of vapour carries them much
farther ; and as the specific heat increases so as nearly to be doubled
when the volume becomes doubled, a considerable reduction of the
temperature below 2127 oecurs, which is still farther increased by
admixture of cold air which presses into the rarefied space left by
the expansion of the steam. Hence it is that steam escaping into
the air from under considerable pressure possesses much less heat-
ing power than steam arising from water boiling in an open vessel :
it 1s much less liable to seald.

The prineiple of the conversion of a selid or liquid body into a
vapour at all ordinary temperatures is true, even where the body
may be very little volatile. Thus the space over the mercury in the
best barometers is not truly empty, but contains a quantity of mer-
curial vapour, exercising a certain elasticity, and, by depressing the
liquid c¢olumn, making the pressure of the external air appear small-
er than it really is. It would appear, however, that there are, for
some bodies at least, temperatures below which evaporation does
not go on; thus no mercurial vapour can be detected unless the
temperature be above 40°, and oil of vitriol requires to be heated to
120" before any vapour forms from it: it is probable, however, that
even in these cases the general prineiple holds good, and that it is
only from the minute quantity of vapour eluding our means of re-
search that the existence of a limit to evaporation was believed,

The boiling point of a liquid being that at which its vapour can
support the external pressure, it is liable to constant fluctuation as
the pressure changes, and hence the fixing of the temperature of
boiling water upon the thermometer requires the care and attention
already noticed. If the barometer stood at 23-64, water would boil
at 200° in place of 212° ; and so close is the connexion between the

ressure and boiling point, that the height of any place abave the
evel of the sea may be determined by the temperature at which
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water boils there. Thus, if, on heating some water on the summit
of a mountain, it be found to boil at 203°, we find, by reference to a
table, that the elasticity of its vapour is then 251 inches, and hence
that in the same place, at the same moment, the column of mercury
in a barometer should have been at that height. Then, by the or-
dinary caleulation, the height of the mountain may be found with
as much accuracy as if the barometer itsell had been carried up. On
the summit of Mount Blane, the highest point of Europe, water has
been found to boil at 184°,

By reducing, artificially, the amount of pressure upon a fluid, as
hF‘F{aning the vessel containing it under the receiver of an air-pump
and exhausting the air, the boiling point is lowered in a remarkable
degree. If the vacuum were perfect, a fluid would boil even at the
lowest possible temperature ; but this is not practicable, as the va-
pour formed cannot be so perfectly removed but that it will exer-
cise some pressure ; but, with a good air-pump, fluids may be got
to boil 145° below their ordinary boiling points ; thus water will
boil at 67 | alcohol at 327, ether at a temperature at which quicksil-
ver would freeze. If, at the moment that such a fluid is in violent
ebullition, the working of the pump be stopped, the vapour aceumu-
lates, and, exercising on the surface of the fluid an amount of press-
ure corresponding to its elasticity at the existing temperature, rais-
es the boiling point, and thus stops the ebullition. This fact may
be shown in a very simple and singular manner, by half filling a
flask, B, with water, and boiling the water until all the air in the

g flask shall have been expelled, and then care-
) fully elosing the mouth of the flask, b, by an air-
tight cork. On removing the source of heat,
the upper part of the flask, B, when inverted
as in the figure, remains full of vapour, which,
Frpssing upon the liquid water, arrests the ebul-
ition. If then, a jet of cold water, p, be allowed
to play upon the flask, the vapour 1s condensed,
and, a vacuum being thus produced, the water
begins to boil; if a jet of warm water be em-
ployed, the vapour retains its elastic form, and
the ebullition ceases, so that in this apparatus
the application of cold may appear to cause,
and that of heat to prevent, the water’s boiling.

The temperature at which a liquid boils is thus totally dependant
on the amount of pressure to which it is subjected. But the limits
within which that pressure varies near the level of the sea, in ordi-
nary cases, are so small, that the boiling point may be looked upon
as one of the most important characteristic properties of a volatile
substance ; and from the facility with which it may be determined,
it is almost universally capable of being applied. Henee, in descri-
bing such bodies, the huillling point will be in all cases given ; but,
for illustrating the present subject, a table of the boiling points of
some of the most remarkable liquids is subjoined :
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Muriatic ether . . . . 52° Water: 5100 o iie 212:
Sulphuric ether . . . 96° Nitie acid .. .. . .+ - 248
Sulphuret of carbon . . 116° Oil of turpentine . . . 315:'
Pyroacetic spirit . . . 132° Phosphorus . « . - 554:.
Water of ammonia . . 140° Sulphor . . . . . . 60 S
Pyroxylic spirit . . . 151° Sulpluric acid . . . . ﬁ:-llﬂc
Aleohol: , . = s 1737 Mercury . : . - - 660

The boiling point is influenced by some other circumstances than
the atmospheric pressure ; the nature of the vessel may alter it sev-
eral degrees. Thus, in a glass or glazed porcelain vessel, water
boils, under a pressure of 30 inches, not at 212°, but 2147 ; and in

raduating a thermometer, it is hence necessary to use a metallie
vessel, This latter appears to favour ebullition by the minute irreg-
ularities on its surface, affording a nucleus for the steam to form, as
a erystal dropped into a saline solution facilitates the crystallization ;
and if the smooth surface in the glass vessel be removed in a single
point by a scratch with a diamond, the bubbles of steam will be seen
to form there before the general mass of liquid comes to boil. The
influence of roughened or angular surfaces in thus favouring the
escape of steam, may be shown very well by heating water in a glass
flask to boiling, and then allowing it to cool a little, so that the boil-
ing shall completely cease ; if, then, a little filings of copper, or a
platina wire, be dipped into the liquid, if the cooling had not gone
too far, the boiling will inmediately recommence, the steam forming
at the edges and angles of the rough substances introduced.

The temperature of the steam produced is not affected by the
boiling point of the liquid. Thus, although by dissolVing salts, such
as chloride of calcium, in water, its boiling point may be raised to
2647, the temperature of the vapour immediately over the solution
is found to be but 2127 ; for, though the temperature of a steam bub-
ble which rises up through such a solution must be 264°, yet, as its
elasticity and latent heat are proportional to that temperature, it ex-
pands on mixing with the less elastic atmospheric air, and is cooled
down instantly to the ordinary boiling point. The heat of a water-
bath may thus be increased Ej' the addition of saline bodies; but
the temperature of a steam-bath depends only on the elasticity of
the steam.

A curious, though only apparent, anomaly in the relations of liguids
to their boiling points consists in the possibility of the vessel con-
taining the liguid being heated even to redness without the liquid
boiling, though exposed only to the ordinary pressure. This may
easily be shown by heating a platina crucible to redness, and drop-
ping into it a small quantity of water ; the water remains on the red-
hot metal without disturbance, and appears scarcely to evaporate ;
but if anether crucible be heated to 300, and the water be poured
out of the first into the second, it instantly boils, and is dissipated
in a gush of vapour. The reason is, that in the red-hot erucible the
water is not really in contact with the metal, and hence the heat
passes to it with extreme slowness; but the water wets the colder
crucible, a_nd, absorbing ~l‘"rrnm it all theé necessary heat, is instantly
cnm'erti_atl into steam. "l he cohesive force of the metal to the water
being diminished considerably, this lies in a red-hot crucible as a
clean steel needle floats on water, or a globule of mercury moves
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npon glass, and is not affected by the heat until it wets the vessel,
just as the needle does not sink n the water until it is wetted by it.
At certain temperatures all liquids manifest the same peculiarity.
When a liquid evaporates at a temperature below its boiling point,
it still absorbs and renders latent a great quantity of heat, and, in-
deed, more heat than it would render latent when converted into va-
pour by ordinary boiling. It has been found, by accurate experi-
ments with water, and there is good reason for supposing it to hold
also with liquids in general, that ne matter at what temperature a
liquid vaporizes, it absorbs the same total quantity of heat. The
more of this that becomes sensible, the less is the portion which re-
mains latent, the sum of the latent and sensible heats of the vapour
being at all temperatures the same. Thus, with water evaporating at

327, the latent heat is 1180, the sum'being 1212
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There is, therefore, no economy in evaporating or distilling at one
temperature rather than another, as the same absolute quantity of
heat is necessary for the formation of the steam ; but, for other
reasons, the formation of vapours at low temperatures affords to the
chemist processes of the greatest value. Many vegetable substances
undergo important alterations in their chemical constitution and me-
dicinal properties if they be exposed for a long time even to a heat
of 212”; and henee, in the preparation of extracts and inspissated
juices of plants, in pharmacy, forms of apparatus are sometimes
employed, in which the evaporation is carried on in close vessels
connected with an air-pump, and in which a partial vacuum, meas-
ured by a barometer gauge, may be established. In the manufacture
of sugar, this principle of evaporation at low temperatures, by re-
moval of the atmospheric pressure, was the source of great improve-
ment, as the true erystallizable sugar is converted into the unerys-
tallizable sugar (treacle) with great rapidity at the temperature of
boiling sirup, and was hence, to a great extent, lost to the manu-
facturer. By later improvements in the mode of applying heat, the
necessity of evaporating the sirup in vacuo has been, however,
completely obviated.

The absorption of heat in the conversion of a liquid into a vapour
at ordinary temperatures, may become the source of considerable
eold ; and it is, indeed, in this way that the greatest cold yet gener-
ated has been produced. The cold which is felt when a little ether
or spirits of wine is dropped on the hand, arises from this fact ; and
by surrounding the bulb of a mercurial thermometer with some loose
cotton, and moistening it with liquid sulphurous aeid, the quicksilver
in the bulb may easily be frozen. By placing some ether in a shal-
low, thin metallic eup, which rests in a glass vessel containing a
small quantity of water, and produeing, by the air-pump, the rapid
vaporization of the ether, the water may be so frozen that the two
eups shall adhere firmly together by the intervening sheet of ice.

Water may be even frozen by its own evaporation, as in the cry-
ophorus, which consists of a long tube terminating in bulbs which
contain some water, and from which the air had been carefully ex-
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pelled by boiling before the apparatus was completely closed. The
s b cEae space above the wa-

ter remains then oe-
cupied only by wa-
tery vapour. If all
the water be brought
into one bulb, and
the other bulb be im-
mersed in a freezing
mixture, the vapour
will condense there,
7 : and new vapour be-
e = o formed, a distil-
lation will be produced from the one to the other bulb. The vapour
which forms in the warm bulb must derive its latent heat from the
water which remains behind, and this is gradually cooled to the
freezing point, and ultimately completely frozen ; the latent heat
of about eight parts of water being given up to form the latent heat
of one part of vapour at 32°, Even without the application of arti-
ficial cold, water may be frozen by its own evapo-
ration. Thus, if under the receiver of an air-pump
we arrange two flat dishes, the upper containing
water, the lower containing oil of vitriol, and then,
having removed the air, we leave the apparatus for
a short time to act, we shall find the water in the
upper vessel converted into ice. Accordingly, as
any portion of vapour forms, it is immediately ab-
sorbed by the sulphuric acid, which has a great af-
finity for water ; and the vapour being thus prevented
) from collecting, the loss of heat by evaporation pro-
ceeds unceasingly, until so much heat has been re-
moved that the residual water is converted into ice.

In fluids more volatile than water, this synchronous freezing and
E'.'aIumtiun may occur still more simply. Thus, if strong prussic
acid be allowed to form a pendant drop from a glass rod, the drop
will become solid by the evaporation of one portion of it, and the
cooling of what remains. The remarkable phenomenon of the so-
lidification of carbonic acid arises from the same principle. A jet
of liquid carbonic acid being allowed to escape into the air, one
portion instantly flashes into the state of gas, and absorbs so much
heat that the portion which remains is converted into a compact
solid mass.

In warm climates, the evaporation of water is commonly employ-
ed to moderate the sultriness of the air, by the agreeable cold and
* freshness it produces. The Spanish alcarrazas are earthen vessels,
so porous that any liguid which is put in them oradually filters
through, and, evaporating from the outer surface, cools the interior
mass. In chemieal 0])!':Tiﬂiﬂl'lﬂ1, the same mode of refriceration is in
constant use ; and when destrihing these operations, Ei;he action of
this principle, in the construction of the apparatus used, will be re-
ferred to.

The conversion of a liquid into vapour at ordinary temperatures
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15 often called spontaneous evaporation; and in the case of water,
from the great extent to which 1t becomes subservient to the econ-
omy of nature, this process is one of high importance. It was for-
merly supposed that the atmosphere was necessary to evaporation;
and this idea was strengthened by the fact, that by a current of air
the evaporation is much assisted ; but it is now established that the
pressure of air is really an obstacle to evaporation, and that a cur-
rent is useful, not by supplying new quantities of air, but by re-
moving the vapour according as it is formed, and leaving fresh
spaces into which it may expand. When a liquid forms vapour,
the quantity formed is determined only by the space into which
the vapour may spread, and by the temperature. It is no matter
whether the space be occupied before by other vapours or by air,
or whether it be a vacuum ; the quantity of vapour which can form in
it is in all these cases the same.

Dalton was the first who clearly showed that different gases and
vapours offer no resistance to each other's elasticity : thus, that the
particles of watery vapour in the air are not subjected to the press-
ure of the atmosphere, but only influenced by the pressure of the
particles of the same kind ; and hence, that at 32°, when the elas-
ticity of vapour is only 0-200 inch, it retains perfectly its elastic
constitution, though diffused through an atmosphere, the elasticity
of which may equal thirty inches. If we moisten the interior of a
bell glass, filled by air, with ether, aleohol, sulphuret of carbon, and
water, all mixed together, there will be formed in the bell as much
of the vapour of each substance as if the bell had been completely
emptf of the others; each vapour will exercise a pressure propor-
tional to its elastieity, and by the sum of all these pressures, the

ressure of the external air will be equilibrated. It is, consequent-
y, possible to produce the rapid evaporation of one fluid, while an-
other beside it, or even mixed with it, shall not evaporate at all; it
being only necessary to remove the vapour of the one as rapidly as
it is formed, while the portion of the vapour of the second produ-
ced in the first instance shall remain, and prevent its farther change.
Thus, by placing a shallow dish of dilute alcohol under the receiv-
er of an air-pump, with a quantity of quicklime, the latter combines
with and absorbs the watery vapour as fast as formed ; and there
is, hence, a continual evaporation of the water, while the aleohol,
after generating as much vapour as once fills the receiver, is press-
ed upon by it, and cannot form any more. In this manner, alcohol,
almost quite pure, though much the more volatile, in the ordinary
sense, may be obtained by the evaporation of its solution in water,
as it were to dryness.

If the liquid be in excess, the vapour possesses the elasticity
belonging to its temperature ; but if there be not liquid enongh to
form so much vapour, the vapour formed then expands, so as to oc-
cupy the entire space, and its elasticity diminishes in proportion to
the increase of volume ; vapours being regulated by the same law
of pressure which holds with gases.

If, thus, a bell glass of atmospheric air be confined over water at the tempera-
ture of 80°, a quantity of vapour diffuses itself through the air, and, as there is

water in excess, the elasticity of that vapour will be 1:00 inch. Now if we suppose
the elasticity of the air to have been previously 30 inches, it will become, by the
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addition of the vapour, 29, for the vapour counteracts one inch of the external at-
mospheric pressure ; the air in the bell glass will then expand in the _prlupurl:iun of
30 to 29 ; or, what is the same in practice, the volume of the damp air is T_.Ile sdme
as the volume which the vapour should occupy, it condensed in the proportion of its
own elasticity to the atmospheric pressure, added to the volume occupied by the
air when dry. It is thus that the volumes of gases collected over waler are cor-
rected for the watery vapour that is mixed with them. T_]\I]_S, in the analysis of a
substance containing nitrogen, let us suppose that 8:54 cubie inches of nitrogen have
been eollected over water at the temperature of 63° and the barometric pressure
being 29-35 inches ; at that temperature the elasticity of vapour is 0-58, and hence
that of the dry air is 29 35—0-58-=28-77. The volumes which they oceupy are as
these numbers, and hence the 854 of damp gas consists of fﬁﬁ- =B =017 of
watery vapour, and 2277 % 8:54=8 87 of dry nitrogen.

This volume should still be corrected for temperature and pressure hefore the
quantity of nitrogen by weight could be obtained from it.

Where the air is not completely saturated with the watery va-
pour, it is not ‘'so easy to determine the exact quantity of vapour
which it contains. One of the best methods consists in cooling it
until its volume is so much diminished that the quantity of vapour
is sufficient to saturate it, and from the temperature at which this
occurs the quantity of vapour may be calculated. This temperature
is termed the dew point of the air or gas, because, if cooled in the
least below that point, a quantity of liquid water is deposited in the
form of dew upon the neighbouring cold bodies. This may be ea-
sily done by taking a tumbler of water somewhat too warm, and
cooling it gradually by dissolving in it a little mixed nitre and sal
ammoniae, until a slight deposition of dew is perceptible on the ex-
terior of the glass; the water is then at the temperature of the dew
point. Another method consists in observing the rapidity of evap-
oration from the surface of the bulb of a thermometer which is
covered with muslin kept wet by water. The thermometer so ar-
ranged is always at a lower temperature than an ordinary thermom-
eter, from the quantity of heat carried away by evaporation, and
the temperature will be lower in proportion to the amount of evapo-
ration. In dry air, evaporation is quickest; in air saturated with
moisture evaporation ceases, and in all intermediate degrees there is
a connexion between the quantity of moisture already present in the
air and the depression of temperature, which accompanies the forma-
tion of as much more as will saturate it. This method is peculiarly
of interest from the means which it afforded to Apjohn of ascertain-
ing the specific heats of the gases already noticed, and it is easy
now to understand the general principle upon which his process
was established. If we consider a certain space which may be fill-
ed by the different gases in succession, and these gases being dry,
they are made to saturate themselves with watery vapour, for the
formation of which they themselves supply the heat, it will be ea-
sily seen, that as the quantity of heat to be given out is the same
for all, their temperatures will be reduced in a degree inverse to
their specific heats. Hydrogen with a high specific heat will only
require to cool about one third the number of degrees necessary for
air or other gases. The numerical results obtained by this process
have been already given.

Instruments fur the purpose of determining the quantity of the watery vapour
which the atmosphere contains are termed hygrometers, and that of Daniell is ona
of the most elegant and most useful. It is a cryophorus, a b ¢, which in place of
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water contains ether, and in one bulb of
which, bd, is fixed a very delicate thermom-
eter. This bulb is made of blackened glass,
and the other bulb, 4, is covered with a little
bag of muslin. All the ether having been
made to pass into the black glass bulb, a little
ether is poured on the mushn envelope of the
other. This, by condensing the vapour inside,
causes the ether to distil f;‘um the blackened
bull, and thus cools it and the air in contact
with it, until it arrives at the point of satura-
tion, when a dew of liquid water begins to be
deposited, which is at onee observed upon the
A hlackened glass. The internal thermometer
shows the temperature of the bulb, which is
the dew point, and a thermometer which is
attached to the support of the instrument
shows the temperature of the external air.
When the dew point has been thus deter-
4 mined, the subsequent caleulation is very
simple. Thus, if there be air at 72°, of
which the dew point is 45°, the harometric pressure being 20 inches, the elasticity
of steam at 45° 1s 0-316 ; and as the elasticity diminishes aceording as the volume
increases from 45° to 72°, the elasticity of the vapour in the air at 72° is030; and
the atmospheric pressure of 30 inches is produced by the dry atmosphere, which
balances 29-70, and the watery vapour which balances 0-30; and the respective
volumes are as these pressures. v
Gay Lussac has sought to establish a close relation between the manner in which
golid bodies dissolve in liquids, and that in which vapours diffuse themselves through
gpace. Thus,if a solid body dissolved only because the liquid diminished the co-
hesion of its particles, the diminution of that cohesion in another way should in-
crease the solubility very much : this, however, does not oceur.  When paraffine
dizsolves in alcohol, the solubility increases steadily with the temperature, and does
not change more rapidly at the temperature when the paraffine melts than at any
other. This 15 the case also with many other casily fusible bodies.  Hence he com-
pares the diffusion of particles of the solid through the liquid to the diffusion of par-
ticles of vapour of water through the air, which 15 not affected by the solid or liquid
form of the water, but depends only on the temperature ; and certainly this view,
though not applicable to all, or even the majority of cases of solution, is of much in=
terest, as pointing out & similarity between solution and vaporization previously un-
noticed, and which may be applied to the explanation of many anomalous facts,
The employment of steam as a moving power is of so much im-
portance to science and to the arts, that it would be improper to
terminate a discussion of the properties of wlllpuurs without an
allusion to the manner in which it 1s utilized. The little steam eyl-
inder of Wollaston figured in the margin contains all
that is essential to the application of steam, in princi-
FI&, to produce motion. A pglass tube, terminating be-
ow in a bulb, is fitted with a little steam-tight piston,
which slides up and down, the rod passing through the
brass eap at top. If, now, a little water be placed in
the bulb and boiled, its steam, pressing on the bottom
of the piston, forces it up; and when at top, if the bulb
be dipped into cold water, the steam condenses, and
the pressure of the external air forces the piston down
again. This may be repeated any number of times,
and is the essential element of the atmospheric steam
engine of Newcomen. It was in this form when Watt
commenced his improvements on it; and by applying

all the resources of the exact knowledge of the properties of heat
M
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then first obtained by himself and his illustrious associate Black,
he converted it, though still without changing its fundamental prin-
ciple, from the machine of Newcomen, which had been rejected
from practice for its inefficiency and expense, into the instrument
which, after the art of printing, must be considered as the most

owerful material agent of human improvement and civilization of

which mankind has ever obtained possession. :

The similarity of constitution of gases and vapours has been already pointed out
on many occasions, and particularly,in page 21, the conversion of gases into liquids
by the application of great pressure has been detailed. A hquefied gas so con-
tained in a close vessel is precisely in the condition of water heated in a digester,
as in the apparatus figured in page 80, far above its boiling point, and generating
steam possessed of conziderable tension.  On this analogy has been founded an in-
teresting speculation concerning the temperatures at which the gases would, at or-
dinary pressures, assume their liquid form, that is, their boiling points when liquid,
thus :

At 44-5° the tension of liguid nitrous oxide is 50 atmospheres.
At 3z2-0° i W b 44 e

For 12-5° an increase of tensionof . . . 6 atmospheres.

Steam exerts a pressure ol 50 atmospheres at . . . 5115°
and of 44 ' L R el L 1 i

Fpr gix atmnaa_:-hemls the difference is .« « « « 140° or just the same.
Liguid carbonie acid exerts a pressure of 25 almos. at ?gt' } Difference, 20°

and of 20 &
The t!:nsiulll. of steam is Eg; atmospheres at S il ] ﬁgg: 1_ Difference, 21°
Muriatie acid exerts, when liquid, a mn::l:; :F :l? alanog. at Eg: E Difference, 23°
Steam I:.alalnﬂesﬁg atmus;:ihems at P e ﬂgg: EDiﬂ'erenﬁE, a1°
Ammonia liguefies and exertsa press;ll::?‘e onlf'- g'ﬂ ahl:ﬂS- :E gg: } Difference, 18°
Steam exerts a pressure of gg atmn?Pheres at gﬁg‘_’ﬁu }Di.ﬂ!i:rence. 1859

It is hence evident that, in every case, the rate of increase of elasticity of these
gases with the temperature follows the same law as that of steam ; and there is,
therefore, good reason to believe that, if the elasticity were diminished to one at-
mosphere, the reduction of temperature necessary to effect it should be regulated
by the same law as that of watery vapour ; the gases should then, under the ordi-
:,;rylﬁrﬁgsure of 30 inches, become liquid, and when liquid, their boiling points

o =

Nitrowsoxide . . . . . . . . . = — 252'4° Fahrenheit.
Carbonicacid . . . . . SRS = — 2308° .
Muoriaticaeid . . . . . . . . .= — 2geQe w“
Ammonia . Sl i A e g e e R “

The great increase of elasticity which these liquefied s acquire by a ch
of temperature, limited to a very few degrees, ||;f's led lugmgutni upinigm c::t' ?Eg}g
advantages as a source of power in machines. No experiments at all sufficiently
satisfactory to be decisive upon the question have as yet heen made.

There are some other properties of gases which, although closely connected with
the subject now discussed. I shall postpone, in order to introduce them where they
are found to be of the most practical importance. Thus, the manner in which

spread through each other, in virtue of their diffusive power, will be deseri-
under the head of Atmospheric Air, to the proper constitution of which this
law is indispensable. The relation of gases to water, their solubility in that and
other liquids, and T.he variougz modes of depriving them of moisture for the purpose

of chemical experiments, shall enter into the history of the physical and chemical
properties of water.
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SECTION V.
OF THE TRANSMISSION OF HEAT THROUGH BODIES.

It is a matter of every-day experience, that heat may be propagated
from one part of a body to another, and also that this %rupagution
takes place in unequal degrees with different bodies. Thus, if one
extremity of a poker be heated to bright redness, the other will be-
come so hot as to be intolerable to the hand ; while, if a stick of
the same length be inserted in the fire, the heated extremity may be
completely burned off, without the farther extremity having its tem-
perature raised in any remarkable degree. The extremity of a glass
rod may be melted by the flame of a blowpipe, though held in the
fingers scarcely an inch from the flame : but we shall find it difficult
to melt the extremity of a silver wire, from the heat spreading it-
self generally through its mass, and elevating the temperature of
its entire length almost to the same degree. Bodies which act like
silver are said to conduct heat well, and are termed conductors.
Bodies which intercept it, like wood or glass, are termed non-con-
ductors. It is only a difference of degree, for there is no body
which prevents totally the passage of heat across its mass.

The propagation of heat through a body, in virtue of its conduct-
ing power, is supposed to take place from particle to particle, pre-
cisely as, when we apply a heated to a cold ball of iron, the latter
becomes warmed at its point of contact. If, in place of using balls
of iron, cubical masses were employed, touching by their surfaces,
the communication of heat would be much more rapid, from the
Fruater number of points at which transmission could take place.

n the interior of a body we should expect, therefore, to find the
degree of approximation of the particles to have some influence on
the rapidity of transmission, that is, on the conducting power, or, in
other words, that the power of conducting heat should have some
relation to the density and the cohesion of each body.

Many series of experiments have been made to determine the con-
ducting power of different bodies. Such experiments may be ar-
ranged in a variety of ways. Thus, if a number of similar rods, of
different substances, be coated to a certain distance from one ex-
tremity with wax, and then heat be applied to the other extremity,
the wax will melt according as the temperature of each rod rises,
from the transmission of the heat along it; and the length of the
coating melted at the end of a certain time will be a measure of its
conducting power. Another mode consists in forming the sub-
stances to be tried into disks, and, having placed a small morsel of
Ehusphnrus upon each, warming all equally by laying them on a

eated surface. The phosphorus inflames first upon the disk which
transmits most readily the heat, and on the other disks in the order
of the conducting power of their substance. But such experiments
are only useful in giving the order of conducting power in a gen-
eral way, and are inapplicable to exact purposes,

The best results are those which have been obtained by Despretz,
whose method was the fellowing, All the bars used in his experi-
ments were square prisms, and were all covered with the same black
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varnish, in order that the loss of heat from their surface might be
exactly similar. At every four inches of their length was a hole
bored to half the depth of the bar, which was filled with oil or mer-
cury, into which the bulb of a delicate thermometer dipped, so as
at every instant to show the temperature of the bar at this series of
points.” By means of a lamp applied to one extremity of the bar,
it was strongly heated, and the steadiness of the heat secured by
finding the temperature of the thermometer nearest the lamp l?‘hﬂ
stationary for six hours, the usual time of an experiment. The
temperature of the air of the room, which should scarcely at all
vary during that time, is known by a thermometer.

After the bar has been heated for two or three hours, each ther-
mometer arrives at a temperature which thenceflorth eontinues the
saine as long as the source of heat is kept up. 'This temperature
depends on the difference between the quantity of heat that is props
agated along the bar from the lamp, and the quantity which is lost
by cooling. The excess of the temperatures of the thermometers
attached to the bar above the temperature of the room, forms, there-
fore, a series, the ratio of which depends upon the conducting pow-
er of the bar in a mammer which, though not simply proportional,
is easily deduced from it by calculation. By these principles, of
which the theory was given by the celebrated Fourier, Despretz has
deduced, from his experiments, the following conducting powers,
gold being assumed as the standard for comparison.

oM ot Bt LOKHD ol T I e e 1
b R S Tobad ™ Rt ST D
Copper . . . . . . B98 Marble slwar- . -0 Uooone
Platipum .- .' . <%« 381 Porcelain. . . . . 129
Trani s sl seoidy el TE oalTe B 1 R N |
Y il = i g il oy RO

Although this series presents, when compared with the specific
gravities, or other physical properties of these bodies, very great
diversity, yet it is remarkable that the more expansible and more
fusible metals, tin, lead, and zine, are those which conduet heat
worst. The position of platina is, however, quite anomalous, and
must prevent any attempt at generalization.

The difference of the conducting power of solid bodies is of daily
utility in ordinary life, as well as in chemical operations. It is thus
that substances of exactly the same temperature may produce quite
quositc sensations to the hand. If we grasp in one hand a piece
of metal, and in the other a piece of wood, both at 180°, the hand
will be reddened and blistered by the former, but the latter will feel
only moderately warm. If the metal and wood be both cooled to
327, the former will feel intensely cold, but the latter scarcely at all
so. In the first case, the metal gives out its heat 1o the hand, and
in the second, abstracts it from the hand so rapidly that the nerves
and circulation become acutely sensible of the change; but with
the wood, from its low conducting power, the flow of heat takes
place so gradually in each direction as almost to escape notice.
The brickwork of a fireplace or of a furnace is for the purpose of
keeping the heat generated by combustion {-om spreading to the
surrounding bodies, and so being lost. It wou ld be diffienlt to lighs
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a fire in a massive metallic grate, for the heat would be so rapidly
carried off by its conducting power, that the fuel, if not well lighted
belore being introduced, would be cooled down and extinguished.
Liquids conduct heat but very slowly ; so slowly, that they were
long considered to be true non-conductors. It is now satisfactorily
proved, however, that they do conduct; and although no accurate
numbers have been obtained, their power appears to be generally as
their density ; mercury being the best conductor, and alcohol and
ether being the worst. This low conducting power may easily be
demonstrated by experiment. Thus, if in a jar of water an air ther
mometer be inverted, so that its bulb shall be very
near the surface, and the cup containing ether be laid
floating on the water, as in the fizure, the ether may
be set on fire, and allowed to burn for a considerable ﬂ
time before any action on the thermometer becomes §
sensible, and even then the heat appears to have|
travelled rather by the solid material of the glass
than by the water. If a little water be frozen in the {5
bottom of a narrow tube, and a solid adherent piece §
of ice being so obtained, if more water be poured in§'_
so as to cover the ice to the depth of a few inches, |
on inclining the tube, and applying the flame of a =
lamp to the water near the surface, it may be kept boiling violently,
and [or a long time, before the ice begins to liquefy, and even then
it is by the glass material of the tube that the heat is conveyed.
Notwithstanding such faets, it is still well known that heat may
be communicated through large quantities of fluid, so that the mass
shall be rapidly and uniformly heated. It occurs, then, not by eon-
duction, but by diffusion ; and the source of heat cannot be applied
indifferently to any surface of the fluid, as it might be to a solid
body, but must be applied underneath. When any portion of a
liguid is heated, it expands, and, becoming specifically lighter, as-
cends in the mass, and is replaced by the colder and heavier por-
tions, which, being in their turn heated, ascend also, and —
thus generate a circulating current of ascending warm, {7
and descending cold liquid, as in the figure, by which | '
every particle of the liquid is brought in succession into
contact with the source of heat, and the resulting tem- j§~
perature quickly and uniformly gained. :
In the ease of water, and such liquids as have a point |
of maximum density, this communication of heat, by as- 3
cending and descending currents, occurs in the inverse |
order geluw that point. Thus, to warm water which is
below 39-5°, the heat should be applied above, or to cool |
it farther the heat should be abstracted below. On this }
property depends the preservation of the lakes and rivers
of these countries from total and eternal congelation. |
When the mass of water becomes cooled to 39-5°, the su- ||
perficial layer becoming lighter as it cools more, prevents, | I .
by its non-conducting power, the farther abstraction of ¥ T; 4
heat from the deeper portions ; but when the warm air of 227
spring plays on it, the heat is rapidly diffused from above down-
ward, unti{ the temperature of the entire mass is raised to 39-5°,
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In their mode of communicating heat, gases resemble liquids.
Their true conducting power is quite insensible, but by the currents
which are produced by the ascent of warm and the descent of cold

rticles, they abstract and communicate heat with great rap:d{t .
!EJE difference is easily felt by holding the hand first at the side
and then over the flame of a candle, the distance being the same.
In the latter case the great increase of heat arises from the ascend-
ing current of heated air,which does not affect the hand when at
the side. ] , .

The non-condueting power of gases is practically of great impor-
tance. The different kinds of clothing owe their warmth to the fact
that they prevent the heat of the body from escaping ; this they ef-
fect not so much by the power of their proper solid substance, as
by being of a loose and spongy texture, they imprison in their pores
a quantity of air, which, not being able to form those continual eur-
rents, acts as a non-conductor. The more loose and spongy, there-
fore, the tissue of a cloth may be, the more air does it confine and
the warmer it is. This is fully supported by the experiments of
Rumford, who, having heated to the same degree a thermometer
imbedded in the materials of which clothing is generally made,
found that it cooled through 135 with

Air in BY&"” Raw silk in 1284~
Fine lint s poane Beaver's fur ¢ 1206
Cotton wool 1046~ Eider down * 1305"
Sheep’s wool *  1118" Hare's fur * 1315"

When these bodies are tightly compressed, so as to diminish the
quantity of air confined within their tissue, the power of retaining
warmth diminishes in the same degree.

On standing before a fire, the influence of the heat is felt even
at a considerable distance, although the air is, as has been Just stated,
so bad a conductor that the warmth cannot be ascribed to direet
transmission through its mass; and since a current of air is passing
to the fire in order to supply its conduction and produce the draught
of the chimney, no heat can arrive at the body by the current from
the fire. Also, if a heated iron ball be suspended in a room, it
propagates heat in all directions, although the current of air which,
so far as has been yet described, alone ean convey any great guan-
tity of heat, is directed only upward. Heat is therefore propagated
by a third mode, distinct from diffusion and from combustion ; and
the heated body being supposed to emit actual quantities of heat in
straight lines or rays from every point of its surface, this mode is
termed radiation.

Radiation is remarkably distinet from conduction and diffusion
in not requiring for its existence any material medium. On the
_contrary, the existence of any coherent substance in their path is
an obstacle to the transmission of the rays of heat, and hence in
most solids and liquids there is little heat transmitted by radiation
unless we look upon conduction as a kind of radiation from pﬂrti'l'.'-]ﬂl
to particle in the interior of the mass, and it is only with gases that
radiation is equal to what takes place in empty space. A heated
body tthSL off rays GF heat precisely as a luminous body throws
off rays of light; and in every detail of physical constitution that
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has yet been discussed, there exists a perfect similarity between
heat and light in these radiant forms.

Different bodies radiate heat with different powers, which appear
to depend more upon the mechanical nature of the surface than
upon the internal constitution of the body. When any substance is
interposed in the path of the rays of heat, these are either reflected,
or are absorbed, or they pass through the body without loss. In
general, all these effects are in part produced ; that is to say, one
portion of the incident rays will be transmitted, another portion re-
flected, and a third will disappear by being absorbed. There are
thus in relation to radiant heat four qualities, which various sub-
stances possess in different degrees, the radiating, the absorbing, the
reflecting, and the transmitting power.

The rays of heat may, like those of light, be concentrated by re-
flection or refraction. By the former mode, that originally used by
Prevost and by Leslie, the properties of radiant heat may be de-
monstrated in a simple manner.

The form of apparatus generally employed for demonstrative ex-
eriments on radiant
eat consists of re-

flecting mirrors of pol-
ished silvered copper,
of a paraboloid form,
A B; the property of 4

this figure being that I\

I'-“G

-}
¥ =

rays emanating from
the foeus of one mir-
ror are reflected from
it in parallel directions, and falling thus parallel upon the other, are
brought to convergence in its focus. In this manner the leat ra-
diating from a hody may be concentrated upon a single point, and
all its properties determined with great precision. Thus, a hot iron
ball may be placed at a distance of a few feet from a bit of phos-

horus for any length of time without affecting it; but if the hot
En]l be placed in the focus of one mirror, C, and the phosphorus in
the focus of the other, D, this immediately begins to melt, and after
a moment bursts into flame. If the hand be
held in the focus, it feels hot ; but, on moving
it much nearer to the source of heat, the iron
ball, it feels cooled. It is thus not by the di-
rect conduction of the air, or by diffusion of
warm currents, that the effects are caused,
but from the radiation of heat in a form which,
like light, admits of being reflected from pol-
ished surfaces, and concentrated upon a focus,
and which will be found to follow the analogy
of light through all its branches.

If a thermometer be placed in the focus of
the mirror opposite the heated ball, it imme- b
diately indicates the rise of temperature, and , " ——
may serve to measure it. But it is only the - :
air thermometer which is delicate enongh for
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such experiments, and it is specially for this use that the differen-
tial air thermometer is constructed. One bulb being placed in the
focus, the difference of temperature between the two bulbs is in-
stantly shown ; and it is thus also proved that the rise of tempera-
ture is local, that it is confined to the point where the rays of heat
are brought to meet, for the instrument 1s ]I:lSEl]SI.E:lE to every gen-
eral change of temperature, no matter ih{:r‘w extensive.

By means of this apparatus, the radiating and absorbing, as well
as the reflecting and transmitting powers of bodies may be exam-
ined. The radiating power may be conveniently exhibited by filling
a tin cube, a, with boiling
water, and applying to the
surfaces of the eube the bod-
ies which are to be exam-
ined. Thus, one side being
left brightly polished, an-
other dimmed by being rub-
bed with sand paper, a third
covered by paper, and the
fourth being blacked by the
smoke from a candle, each
side, on being turned towards the mirror ¢, gives out a quantity of
heat proportional to its radiating power, and this being reflected
and brought to bear upon the thermometer in the focus, is measured
by its indication. Leslie thus found the radiating power of the
following surfaces to be relatively,

Lampblack . . . . . . 100 Plumbago : St
Writingpaper . . . . . 98 Tarnished lead ¢ . . . 456
Crown glass . . . a0 Cleanlead . . . W w « 18
TEULL sviia aiascvasaal s oy (00 Polishedivon . ... . . 16
Red Jead . . o o« w . BO Other bright metals , ., . 12

1t is here evident that the radiating power is quite independent of the colour of
the body, and that, in all cases, those bodies with bright metallic surfaces radiate
least, the radiating power of lead being doubled by simply tarnishing its surface.
It has been rendered probable, however, by recent observation, that it is not the
degree of polishing of the surface which influences the radiating power, so much as
the closeness and density of the exeeedingly thin surface layer, on which the quan-
tity of radiant heat depends,  In the process of polishing, the surface of a metallic
plate, particularly if it be rolled, is very much compressed, and in this state radiates
in the lowest possible degree ; but if, by rubbing with sand-paper, that dense film of
compressed metal be removed, the softer material underneath radiates with nearly
double the power. [T a plate of silver be cast without being subjected to any press-
ure, the surface, although perfectly bright, radiates with a power of 22; but if it be
dimmed by rubbing with sand-paper, the compression, even though so slight, di-
minishes the radiating power to 12.  Substances which are highly elastic, as ivory,
or very hard, as agate, radiate in the same degree, no matier what may be the
rough or smooth condition of the surface.

That the texture of the surface should influence the radiating power is easily
comprehended, when we know that it is not from the external surface, but from a
little depth below it, that radiation actually takes place. If radiation were truly
from the surface, every point of it emitting rays in all directions equally intense,
there should occur inequalities in the temperature of the surrounding bodies of the
most remarkable and intolerable kind  Thus, let us suppose two surfaces at right
angles radiating heat, as, for instance, two surfaces of a red-hot poker. A body A
at a certain distance frfzml the angle, should have its temperature raised muuﬁ
more than a body, B or C, directly opposite either side, for it should receive the rays
A M and A M’ equally intense, while the bodies B and C should rececive from the
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same points only the rays B M or C M". But the rays
emanating not from the surface at M or M', but from N and
N, at some depth below, the obligue ray N A has to pass
through so much a thicker stratum of solid matter from N
to P than the direet ray from N to M, that the conjoint
action of the two does no more than enable the sur-
rounding bodies to attain an equable temperature.  Bodies
obliquely exposed to a flat radiating surface receive less
heat ; not that a smaller number of rays impinge upon them,
but that a greater proportion of heat is lost in escaping
from bhelow the surface of the body,

The radiating powers of bodies are the foundation of numerous
applications in the arts. Those bodies which radiate least cool
slowest ; and henee, if it be required to keep any material hot for a
considerable time, it should be enclosed in a vessel with a bright
metallic surface, that being the kind which retards most the escape
of heat. If, on the contrary, the object be to diffuse heat, the best
radiating surface should be made use of. It is thus that the tubes
by which heated air, or water, or steam is supplied to buildings, for
the purposes of warmth, should be bright and polished until they
arrive at the precise locality where the heat is to be given out, but
should there be painted with whitelead or lampblack, the surfaces by
which the heat is most rapidly given out.

If two tin vessels, precisely similar in form, but one being painted
and the other polished, be filled with warm water and placed in a cold
room, that which is painted will cool more rapidly than the other, in
consequence ol its greater power of radiation. If the two vessels,
when cold, be placed opposite a steady fire, the temperature of the
water in that which is painted will be observed to rise more rapidly
than that of the other ; it will absorb the heat of the fire, precisely
as it had given out the heat of the water, with most rapidity. The
bodies, therefore, that radiate best, absorb heat, likewise, with greater
power, and those which, when hot, cool most slowly, are those also
which have least tendency to receive radiant heat.

The absorbing and radiating power may even be proved to be exactly propor-
tioned o one another by the following experiment. A large differential thermom-
eler is arranged, whose bulbs are chambers of considerable size, presenting large
and equal plane surfaces on the sides that are towards each other. OF these, one
is polished and the other coated. Midway between them is placed a canister hav-
ing equal plane surfaces, facing each of the former respectively, and one polished,
the other coated with the same pigment as before.  This eanister is filled with hot
water, and is capable of turning on a vertical axis; thus the coated surface of the
canister can be turned to the coated bulb or to the polished ; in the former case, a
great effect is produced upon the coated bulb, and a very small effect upon the
plain ; in the second case, the better radiating surface is directed to the worse ab-
sorbing one, and the worse radiating to the best ahsorbing, and the liquid in the tube
remains perfectly stationary, establishing thereby the exact equality of the absorb-
ing and radiating powers.

Although mﬁur is without influence on the radiating power, it yet
appears to influence the absorbing power in a remarkable degree.
If pieces of cloth of various colours be laid upon snow, and exposed
to the direct solar rays, that which is black will, by absorbing more
heat, melt the snow away from under it, and sink deepest. White
will sink least, and the others in the order of their depth of colour.
It is, therefore, with reason that dark-coloured cloths are preferred

for winter use, and light colours for summer. It is, however, to be
N
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noticed, that it is only upon the ahaan)tion of those rays of heat
which accompany rays of light that eolour has this ]3"1“"33' cp

The great difference of absorbing power of a blackened and of a
metallic surface may easily be shown, by coating one bulb of a dif-
ferential thermometer with silver leaf and blackening the other,
W hen, with the same source of heat, the rays are received upon the
silvered bulb, scarcely any rise of temperature can be ﬂb?erv‘ed ; but
when the blackened bulb is placed in the focus, the rise is much
more than would have oceurred with the thermometer in its ordinary
condition of the bulb with a glass surface.

The mirrors which are used in those experiments do not become
sensibly heated until after a long time ; they nbsur!:l but very little
heat : but if the surface of the mirror be smeared ‘l\:l"llh rlue, it ]?5{!5
to a great degree its power of reflecting ; and having thus obtained
an absorbing and radiating power, it very soon becomes warm., I
it be coated with lampblack, its reflecting power vanishes, and its
surface becomes highly absorbent. The reflecting property is there-
fore possessed by the surfaces of bodies in the inverse degree to the
absorbing and radiating powers, and hence the best absorbers are
those which reflect least.

The heat which is naturally associated with light in the sun’s rays
is capable of being so concentrated by reflection, that in the focus
of a burning mirror, results equal to those of the most intense arti-
ficial heat may be produced. The heat of the su+n’s rays may also be
concentrated by refraction, the heat accompanying the rays of light
in their passage across lenses ; hence the use of the burning glass.
But when we thus come to discuss the property possessed by bodies
of transmitting heat through their substance, it becomes necessary
to look farther to the source and intimate structure of the heat. For
the results which have as yet been described, we are indebted al-
most exclusively to Leslie, but the power of transmitting heat could
only have led to the important consequences deduced from it b;,r
Forbes and Melloni more recently, when the advance of other sci-
ences had placed at the disposal ol the experimenter measures of
temperature infinitely more sensible than any form of thermometer
formerly in use.

It is by means of the thermo-multiplier and galvanometer that the effects of the
transmission of heat require to be observed.

The apparatus employed by Melloni was, in its general arrangement, such as is
represented in the subjoined figure.

On a steady table there rests a frame M M, along the middle of which a slip R R
1s cut, by which the various stands and supports may be moved back and forward,
80 as Lo vary their distances from each other. On the stand 5 is placed the source
of heat ; in the figure it is a coil of platina wire ignited by a spirit lamp; but the
flame may be surrounded by a cylinder of blackened copper, or it may be a vessel
of boiling water, or an argand or Locatelli lamp. The rays proceeding from it are
received by the thermo-multiplier P, from which the wires ' F convey the eleetri-
city gemamtml to the gal'-‘anr:mmer %, which for steadiness is placed at a distance,
and on brackets secured against a wall ‘These parts, P and G, will be represented
in full in the chapter on electricity.  If it be required to study the action of a plate
of any substance upon the rays of heat, the screen E is interposed, having an aper-
ture O, somewhat smaller than the plate to be employed. This last is then sup-
ported immediately behind the aperture by means of the little frame §', so that no
heat can reach the thermo-multiplier unless afier having passed through it. As it

is of great importance to have the end of P farthest from the lamp uninfluenced by
any disturbing causes, the screen E” is placed immediately behind it, to protect it
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trom irregular radiation and from currents ; and as the action of the heat upon the
pile must be limited to the actual time of the experiment, the double screen E' is
interposed immediately next the lamp, and, being provided with a hinge, is rased
or lowered at the moment when the rays of heat are to be allowed to pass or are
to be intercepted.

The orifice of the thermo-multiplier is occasionally fitted with a conical tube of
plated brass, for the purpose of collecting the rays of heat in greater number ; but
that is not often wanted.

The reflecting power of bodies has been exactly determined by
Buff to be as follows. Of 100 rays incident at an angle of 60° from

the perpendicular, there are reflected, by
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Brasa without polish . . . . . « + « & & ., B3
Polishied brass varpigshed . . . . . . . . o . . . 4l
(ilass plate blackened on back SR P - e
Bookingglass™. 0 o L Ld e O E L L |
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The power of a body to transmit heat is termed transcalescence,
and of intercepting heat intranscalescence. These properties are to-
tally independent of the power of transmitting light, as will be at
once seen from the following table. Of 100 rays proceeding from
the flame of an argand lamp, there are transmitted by

Rock salt . . . . |colourless|92|Glass coloured . | yellow |22
Calespar . . . . do. |62 1 v R blue |21
Smoke topaz . . .| brown |67[Sulphuric ether . |colourless|21l
Plate glass . . . . |colourless{40| Gypsum e i do. |20
‘White agate . . . do.  |35||Tourmaline . .| green |18
Glass coloured . . . violet |34|Opaque glass . .| black |16
N o b v 4 red |33|Citric acid . . . |colourless|1
{Chromate of potash . | orange (33| Alcohol , . . do. |15
Borax . . . . . . |colourless{28}iAlum . . . . do. |12
Glass coloured . . . | green |230Water . . . . do. |1

Rock salt is thus the most transcalescent substance that has beem



100 PERMEABILITY OF BODIES TO HEAT.

found. Glass arrests more than one half of all the heat which it re-
ceives, while colourless and transparent alum, and the most limpid
water, arrest more of the heat which they receive than the dfepl_rﬂt
coloured glasses, or topaz, or quartz, so brown as to be quite
opagque. ]
. But not merely do different bodies act differently on rays pro-
ceeding from the same source, but the same body may allow the
heat from one source to pass freely lhrﬂugh_ its substance, and inter-
eept partially or completely the heat radiating from another. Thus
using, in his experiments, the heat emanating from five lf:lm]s of
source, first, the argand lamp ; second, the lamp of Locatelli, which
is remarkable for the steadiness of its flame ; third, a red-hot spiral
of platina wire ; fourth, a blackened copper plate heated to 734°;
and, fifth, a blackened copper plate heated to 212° by boiling water,
Melloni found the heat arising from these sources to be transmitted
i the following proportion per cent. ; the results with the argand
lamp, having been given in the last table, are here omitted.

o | e R
Free radiation . | 100 | 100 | 100 | 100
Rocksalt . . .| 92| 92| 92| 92
Fluorspar . .| 78| 60| 42 | 33
Calcspar . . .| 29| 28 i 1]
Plate glass . 39| 24 6 (1]
Apate . : 23| 11| 2| o
Gypsum . . .| 14 b 0 0
Alum - s w 9 2 ] (1]
e 6 (1] ] 0

Rock salt is thus not only the most transcalescent body, but it is
that which alone is equally transcalescent to heat of all tempera-
tures. The rays of heat evidently acquire a greater power of trans-
missibility as the temperature of the source increases, and hence
glass arrests searcely any portion of the direet solar heat, while
from the argand lamp it intercepts 47 ; from Locatelli’s lamp, 61;
from ignited platina, 72 ; from copper at 734", 94 ; and from cop-
per at 212°, 100 per-cent. The action of these media upon radi-
ant heat consists not merely in stopping a certain portion of it, but
in separating it into two portions, physically distinet, of which one
is capable of transmission, while the other is absorbed. Hence a
second plate, of the same kind of substance, exerts but a very slight
action upon the heat which has already passed through the ﬁ?st.
Thus, though a plate of alum allows only 9 in 100 of the direct rays
of the lamp to pass, yet it admits of the passage of 90 in 100 of
rays which have already passed through a plate of the same sub-
stance : and cale spar, which transmits only ;%2 of the direct heat,
transmits 91 of that which had passed through alum, and 89 of that
which had passed through gypsum. On the other hand. a green
tourmaline, which transmitted 18 out of 100 rays direct]]: incident
upon it, intercepts %; of those which had previously passed through
alum, but gives passage to %% of radiant heat which had passed
through black glass.

The nature of the physical distinction between the intercepted
and the transmitted portions of the heat is to be found in the differ-
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ent refrangibility of the rays of heat emanating from sources of va
rious temperatures. If the rays of heat emanating from a lamp be
incident upon a rock-salt prism, they will undergo refraction, sub-
ject to the same law of the sines as in the case of ordinary light,
and there will be obtained a band or spectrum of rays from the
lamp ; the most refrangible will coincide with about the middle of
the luminous spectrum, while the least refrangible will extend far
beyond the limits of the least refrangible rays of light. The mean
refrangibility of heat is therefore less than that of white light, and
the iungth of its undulation, if that theory be adopted, longer in
proportion.

If, now, the heat spectrum so obtained be examined by means of
the media which have been already noticed, the explanation of the
]Jecu]iurif.ies in their action will be at once observed. Rock salt al-
ows the rays of all degrees of refrangibility to permeate its mass;
it is to heat what perfectly colourless glass 1s to white light ; it acts
equally on all portions of it. Alum stops all but the very least re-
frangible rays; it is to heat what ruby-coloured glass is to light,
which allows only the rays of the least refrangible extremity of the
spectrum to pass through., Glass, gypsum, and such bodies as give
passage to the rays of least and of mean refrangibility, resemble
those orange-coloured glasses which exclude the blue and violet
rays of light, but admit the others.

After long search, Melloni at last found that by coating with soot
the surface of a plate of rock salt, it became to heat what blue glass
is to light ; it excluded the rays of inferior refrangibility ; and when
a plate so prepared was combined with a plate of alum, all heat was
intercepted, precisely as when, by laying a plate of blue and a plate
of orange glass together, perfect opacity is produced, the one ab-
sorbing the portion ef light which alone the other is capable of
transmitting.

The rays of heat derived from sources of different temperatures
are thus analogous to the rays of licht of different colours. The
higher the temperature of the source, the more does it resemble red
light ; the lower its temperature, the greater is its ﬂna]u%}* with the
violet rays. Hence alum absorbs all the heat from boiling water,
but gives passage to that from the argand lamp; but alum is like a
glass so deeply coloured red that it is almost opaque, and trans-
mits only a small portion even of its own coloured light that may

fall upon it.

When a ray of heat is incident upon a doubly-refracting substance, it follows
precisely the same law as light, and is refracted doubly. In this case, also, the
rays after emergence are found to be polarized in planes perpendicular 1o each
other ; and all those consequences of the mutual action of polarized rays which give
rise to such magnificent phenomena of colours in the case of light, must occur with
heat, and be made sensible if our organs or our instruments were of a construc-
tion suitable for their appreciation. = As yet, however, the fact which alone remains
wanting towards a physical theory of heat has not been observed—that of interfe-
rencé ; up to the present time, the actual production of cold by the combined action
of two rays of heat has not been seen ; but the closeness of the analogy, which in
this case alone requires additional observation between light and heat, is so remark-
able, that we can have little hesitation in referring these agents, in their radiant
form, to the same kind of physical arrangement.

There is no difficulty in conceiving radiant heat to consist in vibrelion= =f the
same ethereal mediom which produces light, and in considering that th- d Hsxence
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between heat and light should be mn the magnitude of the vibrations, and the conse-
quent refrangibility of their rays. On the contrary, it is not reasonable to sup-
pose, that while we are conscious of the waves in air, although they may vary in
Iength from 32 feet to ', of an inch, the limits of our sensibility to the ethereal
waves should be =0 narrow that the shortest (violet) is to the longest (red) as 60 to
38 ; it is more consonant to our idea of the various and beautiful uses to which
every ohject of creation is made subservient,to believe that, while the waves with-
in these limits produce upon the eye the sensation of coloured light, another range
of lengths, greater than those of light, should give to our organs the sensation of ra-
diant heat; and that a third order of vibration, still shorter, and more refrangible
even than violet light, is capable of acting upon the elementary constituents of bod-
ies, and constitute the chemical rays. The coexistence of these three kinds of rays
in solar light is an argument remarkably in favour of this view ; for we can well
imagine that, by whatever means the sun communicates lo the etliereal expanse
the vibrations of various lengths which constitute the rays of light, that vibrations
of other magnitudes, greater or less, should be at the same time produced ; and
thus the light, which exhibits to us the beauty of the external world, be aceompa-
nied by the heating power which animates all living nature, and without which the
universe would be a tenantless and barren void.

These arguments, however natural, and in appearanee sound, are met by facts
which, if not positive against light and heat differing only in the length of the
waves by which they are produced, are at least of so much importance as to de-
serve attentive study. If it were so, then the heating rays of the spectrum should
be thrown always below the coloured space, being less refrangible ; and it is found
thay, with a flint glass prism, the greatest heat is produced outside the visible con-
fines of the spectrum at the limit of the red light. This is, however, only accident-
al, from the nature of the prism; for if a prism of erown glass be employed, the
rays of heat are collected in the middle of the red space : with a prism of sulphune
acid, in the orange ; and by a prism of oil of turpenting or water, they may be col-
lected into the centre of the yellow light.

The rays of heat, therefore, although generally less refrangible than those of
light, are still not necessarily, or even always so. There is distributed over the en-
tire visible spectrum a heating spectrum, which has its peculiar point of greatest
energy, and which may be refracted more or less quite independently of the lumi-
nous space, and may be brought to overlap it at either end, or to lie evenly upon it.
The ethereal mediom, if it be the means of transmitting radiant heat, must be ca-
pable of two distinet methods of vibration, by which rays of equal refrangibilities,
but totally different properties, may be produced.

The physical independence of solar light and heat was beautiful-

ly shown by Melloni, who, using quartz and black mica, perfectly
opaque, upon the one hand, and rock salt made perfectly opaque by
soot upon the other, obtained radiant heat of all refrangibilities to-
tally free from light ; and on the other hand, by combining a plate of
alum with a glass coloured green by oxide of copper, he obtained a
brilliant beam of light, which, when concentrated by a lens upon the
most delicate thermoscope he could apply, exhibited no trace of any

heating power whatsoever.

An interesting property of radiant heat, and one which shows the remarkable
distinction between it and light ia a very evident manner, is, that the heat may
change its degree of refrangibility ; and hence, if it be vibrations, one wave may
break it up into severzl, or several smaller waves may unite to form one. The
light of the sun, dep.ived of all the more refrangible rays by passage through a

te of alum, may be received on a blackened surface, the temperature of whch
will be thus elevated, and which, in turn, will become a source of radiant heat.
But the heat so radiated is found to have totally changed its properties ; it can no
longer pass through alum ; it has passed from the stale of heat of the lowest to the
stale of heat of the highest refrangibility. In like manner, if the most refrangible
yays emanaling from a source at 212° be concentrated by a rock-salt lens, and
brought to act on a small surface, they may raise the temperature of this surface
above 212°, and radiate from thence in a less refrangible condition than before.
The parallel case to this has never been found with light. Red light has never
changed into blue, nor violet into orange ; and there must be in the physical theory
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of radiant heat some general principle of so high an order, that the physical optics
of the present day is but a particular case of it. -

This change of radiant heat from one degree of refrangibility to another occurs
in nature very often, and is the source of some remarkable phenomena.  Thus the
heat of the sun's rays, being of low refrangibility from their intensely-heated source,
18 transmitted casily by ice or snow, and henee a layer of snow upon a field, ex-
posed even to the powerful action of the sun, is but slowly melted ; if, however, a
dark-coloured object, as a branch of a tree, be laid upon the surface, it absorbs the
golar heat, and becoming a source of radiation of heat of great refrangibility, which
the snow absorbs completely, this is melted under the stick, which sinks and
gradually disappears beneath the surface. The earlier melting of snow upon the
branches and round the stems of plants, which was supposed to demonstrate a
kind of natural warmth belonging to the living vegetable, arises from this merely
phiysical conversion.

From this results also the influence of colour on the power of bodies to ahuorb
the heat of the sun or of a fire ; the stripz of colonred cloth (page 97) melted the
enow beneath them, not merely because they absorbed more heat in proportion to
the depth of colour, but beeause they in that proportion possessed the property of
changing the heat, which would be transmitted into the heat which would be ab-
sorbed by the snow on which they rested.

The construction of a theory of heat would be, even were an undulatory hypoth-
esis adopted for its radiant form, invelved in dificulties which may require many
years of research to render them even clearly understood. The relation between
radiation and conduction ; the connexion between specific and latent heat; the
laws of eohesive furce against which heat aets in causing the expansion of a body,
will all require to be comprehended within the folds of whatever principle shall
hereafter be made the basis of thermotics.  Buot it is no disvespect to the illustrious
names that have been conneeted with speculations on this subject, to conelude, that
none of the views brought forward appear positive or clear enough to be described
in a work of an elementary nature like the present.

SECTION VI.
OF THE COOLING OF BODIES,

Bodies at an elevated temperature are capable of giving out the
heat which they contain by every method by which, when cold, they
become heated at the expense of the surrounding warmer bodies.
Cooling may oecur, therelore, by contact or by radiation. The rapid-
ity of cooling by the immediate contact of the hotter with the colder
body depends on the degree of intimacy of the contact, and on the
conducting powers of the bodies. Thus solids, which merely touch
at a few points, communicate their relative temperatures but ve
slowly, w';lile with liquids or gases which may mix completely wi:ﬁ
each other, the establishment of a uniform temperature is almost
instantaneous. The colder body becomes heated to the original
temperature of the hotter only when there is a continual supply of
heat to maintain that temperature, as in a furnace ; in other cases
the hotter body cools in proportionasthe colder becomes warm, and
the resulting temperature depends on the specific heat of each, as has
been described, page 62.  In determining, therefore, the temperature
of a body by a thermometer, it must not be forgotten that the ther- »
mometer, in becoming hot, cools the body, so that, unless there be a
continuous source of heat, the true temperature of a body is never
given by the instrument. Where the substances, being solid, can
only come into external contact, the rapidity with which heat passes
from one to the other depends upon their condueting power ; thus,
a cold brick may be laid upon a heated brick for a considerable time
without much heat changing place, but a plate of red-hot iron laid
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upon a plate of cold iron, abandons its excess of temperature so
rapidly, that a mean temperature is attained by both in a very short
time.

The cooling of bodies by radiation is governed by the principle
that all bodies in nature are in a continual state of '}“Fr‘:hﬂﬂgﬂ of
heat ; no matter how hot or how cold a body nuq;_h!:r, it 1s constantly
giving out radiant heat to other bodies, and TecoIvIng i exchange,
and absorbing the heat which radiates from them. The quantity of
heat thus radiated depends on the temperature of the body ; the
higher this is, the greater quantity of heat is l_hru'-:vu off'; the lc::w'er
the temperature, the less heat does a bﬂdi\; radiate in a certain time.
Hence, if we conceive aball heated to redness, and suspended in the
centre of a number of similar but colder balls, each will radiate and
absorb, but the hotter ball will give out more than it can gain i re-
turn, and will hence cool, while the surrounding colder bodies, ab-
sorbing more of the radiant heat than they return, will have their
temperature raised. Every body in nature, therefore, no matter how
its temperature may, by peculiar or local means, be elevated or de-
pressed, tends ultimately to an equilibrium with all the neighbouring
bodies; and hence, the instant we remove a substance from our fur-
naces or freezing mixtures, it begins to cool or to become less cold.
This principle explains, in a very perfect manner, a singular but in-
structive experiment which may be made with the concave mirror
apparatus described, page 95. In the ordinary form, the thermom-
eter and the heated ball tend, by radiation, to assume a common
temperature, and the thermometer, being the colder body, becomes
heated ; but if, in place of the heated iron ball, a mass of ice be sub-
stituted, the temperature of the thermometer in the focus of the op-
posite mirror immediately sinks helow that of the surrounding air.
The explanation consists simply in the fact that the thermometer
is now the hotter body, and hence, giving out to the ice more heat
than the ice gives back, has its temperature reduced. At first this
effect appeared to demonstrate the existence of rays of cold, which
were reflected, radiated, and absorbed like rays of heat.

In this principle of the unifermity of temperature being sustained
by the equivalent radiation and absorption of the bodies at the sur-
face of the earth, we find the solution of many interesting natural
phenomena. The production of dew and frost are to be thus ae-
counted for. 11_1 the absence of the sun, the surface of the earth
losing by radiation a great quantity of heat, would have its temper-
ature considerably lowered, were it not that the canopy of clouds
which generally lies above it radiate in retu ri, and thus maintains the
temperature almost the same. If, then, the clouds be absent, all the
heat radiated by the earth is lost in the pla netary spaces, and the

w temperature of its surface brought many degrees below that of the

atmosphere. The stratum of air which Ties in contact with the sur-
face of the ground is then cooled by contact, and a portion of the
watery vapour which it had possessed in its elastic form is denoss
ited as liquid water. If the temperature of the air be itself low
and the night very clear, the cooling may proceed so far that the:
drops of dew at the moment of their deposition shall be frozen. and
thus form frost. The truth of this explanation is demenstrated by
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the fact that it is only on the surface of good radiators, and durin?-
elear starlit nights, that dew or frost is found. If a plate of pol-
ished metal be laid on the centre of a rough board, and exposed to
the air of a frosty night, the rough surface will be found in the
morning covered with copious frost, but on the bright metal no trace
will be deposited. It is thus that, by lightly covering a thin layer of
water with straw to increase the radiating power, a sheet of ice may
be obtained in a single night between the tropics, where the actual
temperature of the air may have continued far above the freezing
point. That the cooling effect is produeced by the loss of heat in
its radiant form, and not by the contact or diffusion of the particles
of the air, may be proved by the interposition of a screen of any
substance which igltercepts the passage of radiant heat, when the de-
positionf of dew or frost instantly ceases, and the surface cools no
more. Thus plants are protected by mats from the frost of spring
and autumn, and thus the screen of snow, which covers the surface
in the depth of winter, prevents the loss of heat from the soil below,
and favours the vegetation of the seed.

The rapidity of cooling depends upon the difference of tempera-
ture of the radiating bodies, but it is not proportional to this differ-
ence except within a very narrow range of temperature. Newton
having experimentéd onby within that limit, announced that law as
ceneral ; but the establishment of the true law is due to Petit and
Dulong. It is, that the rapidity withawhich a body cools, for a con-
stan} excess of temperature, increases in a geometrieal proportion,
of which the ratio is 1-161, :{\‘rh(qthe temperatures inerease in an ~
ayithmetical proportion. Bodies™at moderately high temperatures
cool, therefore, much more rapidly than they should do by New-
tom’s law, \

The Il-z’b{'muans of which we produee a rise of temperature, or any other of
the eifects whicli have been described, may be dervived from any one of a variety of
sourees,  To the earth at large the sun is the source of warmth : and by his vary- ’ ,?""
ing position in the heavens, by which his rays strike upon the surface with different i
inclinations, and, passing through the different thicknesses of atmosphere, undergo 8
absorption o a variable amount, the change of seasons as to temperature is pro- "
duced ; and the alternation of vital activity and torpor which characterizes the ve-
getable world, and a great portion of the animal creation, is occasioned.  Although
at the surface the temperature of the earth is solely dependant upon the radiating
power of the sun, yet it is found that it contains within itself a souree of Beat, which,
in ages excessively remote, must have retained the general mass of all constituents
of the mineral globe in igneous liquefaction. In fact, if we dig below the surface *
of the earth, we arrive, at a depth of about forty feet, at a layer of which the tem-
perature is in winter and in sunimer exactly the same. It is termed the stratum of
mvariable temperature, and is in general of the mean temperature of the place ; that
is, the temperature of the surface falls in winter as much below that of dhe invari-
able stratum, as in summer it is raised above it by the excessive action of the solar
rays. The heat of the sun, falling upon the surface, is transmitted inward in virtue
of the conducting power of the ground ; and thus, each summer, a thin layer of el
vated temperature moves inward, those of successive summers being separat
from each other by the intervening colder shell, which marks the period of dimin-
ished heat in winter, until they mix and confound themselves in the layer of con-
stant temperature, below which the influence of the sun is felt no more.  But, on
deseending beyond this depth, the temperature steadily increases, and, althou
et m‘irmgulariliw consequent on the different condueting powers of th rnc%:a
fleregl countries, the augmentation is in general about one degree for ever
forty-twoeet, or about 120° for every mile. At a depth of two miles, therefore,
waler could not exist as a liguid, unless from the great pressure to which it would
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be subjected : at four miles’ depth tin and bismuth would naturally be Tiquid ; and
at five miles, lead. At a depth of thirty miles the temperature would be =0 high as
to melt iron ; and still more easily, almost without exception, the rocks, which con-
stitute the solid earth which we inhabit. The central heat, therefore, although in-
sensible at the surface, is still, there is every reason o huhe!}ru, in x'mlunll. activity
at a small depth below : we live upon a pellicle of solid crystalline rocks, with which
the melted mass has become skinned over, and which extends but to 115 of the
distance to the centre.  Hence we can well imagine, that in many places where
arifices or cracks in this solid erust might form, violent manifestations of the inter
nal fire should be produced, and the magnificent phenomena of volcanoes and
earthquakes should thus arise.

For artificial purposes, the source of heat is generally chemical combination.
The details of this mode of generating heat will réquire to be carefully and minutely
considered hereafter, under the heads of Combustion, and the Relﬂtiqns of Heat 1o
Chemical Affinity. By mechanical causes, as pnmusainnﬁ::d frictiong heat may
also be =et free: but such cases arise from 2 change in specific heat of the
hodies before and after the mechanical action ; and hence, although onee fonsidered
as influencing ‘our ideas of the nature of heat, do not now require special®notice. A
very interesting source of heat consists in the respiration of certain kinds of animals,
and constitutes an important branch of chemical physiology, which shall e dis-
enssed in its proper place : and, finally, one of the most remarkable sourees of heat
is to be found in the properties of electricity, in its varions forms ; and to the de
scription of this interesting and important agent we shall now proceed.

W T

CHAPTER 1V.

" 0
. ]
\-, OF ELECTRICITY CONSIDERED AS CH&AE’IEBIE]HG CHEMICAL SUBSTANCES.
i " -

Amone the various forces which concur to the produ?:tiﬁn of mat-
ural phenomena, there are few whose agencies are morg rkable
or more general than those of electricity ; and so intimately does it
arpear to be connected with chemical action, becoming sensible in
all eases of union or decomposition, and being even eveloped in
a degree proportional to their amount, that the most eminent phi-
losophers have not hesitated to consider electrical and chemical

t agencies as being, if not identical, at least intimately connected with
each othegr.

It is not the object of this work to enter into the minute desecription of electrical

. phm:-:-_me::.a, nor to attempt the detailed diseussion of their causes : as for a complete
examination of the subjeet, it must he considered as one, and certainly not one of
the least extensive branches of natural philosophy ; it is only with regard to the in-
fluence which eleetricity exercises in the operations and the theorv of chemistry,
and the means which the electrical properties of bodies afford for their recognition,

. _ that it requires notice here ; and hence, although it is necessary to describe the pe-
culiar origin and characters of each form which eleetricity assumes, yet that shall
he acp_c:-ump]nshed within the shortest limits that are consistent with the importance

f of this branch of science. In the present chapter the subject will be studied-in ita

+ general history, and considered as affording useful characteristics of substances, the

properties of which we have to learn; and in a future place the influence which it

exercises upon chemieal affinity, and the opinions which have been advanced con-

cerning its relation to purely chemical furces, shall he carefully discussed, p

the true nature of electricity nothing is positively knos
whether it be a mere property of matter like attraction or cahesi
mere force acting independently of all interposed material, or wheth-
er, like lizht, it consists in the undulations of an et,hpreal.n;cdium fill-

~-e
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i ot be determined. Indeed, the ordinary views of its
nature consist in supposing the existence of one or of two fluids of
electricity, of exceeding tenuity and of perfect elasticity ; and that,
according as ordinary bodies were supposed to contain more or less
of these fluids of elegtricity, they acquired or lost the properties of
-electrical excitation. ) Of these opinions it is exceedingly difficult
to say which is the more reasonable or more consonant to experi-
mental truth, so far as the explanation of phenomena is concerned ;
but no positive evidenece has ever been obtained of the existence of
such an electric fluid : it has never been found capable of being sep-
arated from the ordinary particles of matter, of which it appears
always as angadditional property assumed under peculiar eircumstan-
ces, an as a siperadded constituent. I consequently incline to
the id 1at, in the phefiomena of electricity, we have exhibited
only the#results of new mechanical conditions of the ordinary par-
ticles gf matter, produced by the action of forces which may be called
into glay in a variety of ways, and which may be either totally new
forces which are first generated at the time, or modifications of the
forces of gravity and cohesion which exist already. But, although
such may be the true condition of the electric properties of bodies,
yet such views are far too abstract and indefinite to be as yet carried
out into the detailed explanation of experiments; and hence, in the
greuent chapter, | shall adopt the language of that view, which has

een 5o long in use as to have become incorporated with science,
and s{eak of an electrie fluid uniting with or separating from ordi-
nary bodies, without being cunsidq;nd as at all believing in its attual
existence, . -

This electrie fluid, whether it be looked upon as of one or of two &
kingds, may, like air or water, be examined in a state of rest or in “p
motion ;-and the science of electricity may be thus divided into e
electrodynamics and electrostatics. The Jentricit}r'generated by
friction, or by change of state of aggregation, is ranked under the
latter head ; while the effects of electricity in motion are found to
include the phenomena of magnetism, of galvanism, and their rela-
tions to each other, electro-magnetism and magneto-electricity, and
also those of the eleetricity produced by a change of temperature in g
bodies. Under these heads, therefore, the subject will be treated of
at present.

SECTION I.

OF STATICAL ELECTRICITY. ol -’
Electricity, in its statical condition, may be evolved in various -
ways, of which one of the most remarkable, and that most commenly
employed, is friction. If a piece of silk, or a handkerchief, wa
and dry, be rubbed briskly against the surface of a dry glass rod, a
peciliar odour will become manifest ; and in the dark, the surface
of the glass rod will appear covered with a peculiar phosphores-
cent glow. If the rod be brought near the cheek, a sensation s if
a spider’s web had been drawn across the face will be felt; and on
approaching to the rod, as in the figure, any very light bodies, as a
silk thread, a feather, balls of elder pith, or little bits of paper, they

. ‘
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e, will suddenly spring towards the rod, and be-
T come attached to it for a moment ; alter
ilY  which they will spring from it, and fall away
: with eqimi power, ussumi‘ng the pl}ﬁltwn:i- of
the dotted lines. The rgd which has acquired
: . these properties is said ‘10 have been E!,El:ll':l-
L & & fied by friction with the silk handkerchief; it
\ has become excited, and the phenomena pro-
duced are known ; the phosphorescent appear-
ance, as the electrinulplight; the motion to
and from the rod by the light bodies, as elee-
trical attraction and repulsion ; in which also, acting on the minute
down of the cheek, the sensation above descriigd has \l§ source,
It is not alone by rubbing together silk and olass t_hnt thes h_enpm—
ena may be produced; two pieces of silk, by their mutual*{riction,
become electric also, particularly if they be of different m*:urs;
thus, on laying flat together slips of black and of white ribandjand
drawing them smartly through the fingers, each will attract the
feathers or pith balls; and being both light bodies, they will also
attract each other. A piece of sealing-wax, or any other resinous
body, when rubbed with flannel or a woollen eloth, becomes similar-
ly excited. Sulphur and amber, in which last, indeed, the property
was first discovered, and from the Greek name of which, niecrpoy,
the seience eleetricity has its mame, assume this excited state with
remarkable facility and power. g
It is mot every substance which may be thus electrified by frie-
tion, and even the same substance may often become incapable of
being excited; thus, if the silk or flannel be not completely dry,
if the glass rod be damp, no electric properties can be confersed
upon them. But it matters not how much care we use in drying a
metallic surface which rests upon the ground, or which we support
by the hand, it cannot be electrically excited by any amount of fric-
tion. Such a body is termed a non-electric ; dry glass, resin, sul-
phur, silk, &e., being called electrics. Excitation may therefore be
produced by rubbing together two electrics, but by the friction of
non-electrics no electrical effects can be observed. This distinction
is, howewer, not real ; it arises from the construction of the appara-
tus; for if; in place of resting the metallic rod or plate upon the
round, or grasping it in the hand, we support it on a pieee of seal-
mg-wax, or hold it by a glass or resinous handle, it becomes, when
rubbed with the silk, as highly electrified as any of the electrics;
and in this way, by suitable arrangement of supports, all bodies in
nature may be made to assume electric properties by friction.
To account for this diversity of character, bodies are supposed to
tain the electric fluid upon their surface with different degrees of
ower, according to their nature. When by friction electricity has
been accumulated upon the surface of a glass rod, it being a highly
elastie fluid, its particles repel each other, and tend, consequently,
to eficape from the limited space which it occupies, precisely as air
tends to escape from a vessel into which it has been powerfylly
condensed. Glass, resin, sulphur, amber, silk, flannel, and such
bodies, do not allow of such escape of the electricity, and it is hence
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retained in its elastie form upon their surface, and produces all the
effects of excitation. They are electrics because they are non-con-
ductors ol electricity. But such is the molecular constitution of the
metals, that they allow of the escape of all that is set free upon
their surface, un{cﬁs its passage away to other bodies is intercepted
by the interposition of some non-conducting substance. A metal
is thus a non-electric because it is a conductor of electricity ; and
when, by supporting it upon a non-conductor, we oblige it to retain
its charge of electricity, it is said to be insulated. Ice isanon-con-
duetor of electricity, and by rubbing a stick of ice it becomes ex-
eited ; but it must not melt upon the surface, for liguid water, al-
though inferior to the metals in conducting power, is yet so excel-
lent a conductor, that it allows the electricity which we might de-
velop to” pass totally away. Hence the necessity of drying care-
fully the substances which are, by their friction, to produce the
electricity, and also the reason that insulating bodies must be kept
free from damp; for if the thinnest layer of moisture be deposited
upon their surface, the eleetricity will instantly escape by the path

so opened for it.
The conducting powers of bodies have as yet been scarcely as-

certained with aceuracy enough to iiusatii'},r their being expressed in
numbers, at least for the non-metallic bodies. The general order
appears to be, commencing with the best insulators or worst con-

ductors :

Dry air. Glass. Strong acids.
Shell-lac. Spermaceti. Fused saline hodies.
Resins, Damp organic bodies. Charcoal.

Oil of turpentine. Damp air. Metals.

Sulphur. Water.

The worst metallie conductor is many thousand times better than
water, and by the following method an idea of their relative power
may be formed. A wire, across which an electrie discharge is passed,
becomes heated in proportion to the resistance offered to the motion
of the electricity, and therefore the rise of temperature is inversely
proportional to the conducting power. By such experiments Harris
found that, with
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These numbers are merely comparative, and can only be looked
upon as approximations.

The difference of the conducting power explains the fact that,
when we excite by friction the surface of a glass plate or rod, it is
nn‘lly at the points actually rubbed that electricity at first appears,
and it requires considerable time to creep over the other portions;
but on exciting an insulated metallic rod or plate, no matter how ex-
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tensive or how long, the electricity, when evolved by friction at a
single spot, appears uniformly distributed over the entire. Hence,
also, a spark may be obtained by electricity passing instantly along
& great extent of metal surface, but is interrupted by a narrow inter-
val filled by any non-conduecting matter. ;

The rapidity with which the electric impulse is propagated has
been examined by Wheatstone in a very ingenious manner, the de-
tails of which could not be well introduced here, but which enabled
him to determine an interval of the ;4555 of a second ; he found
that the impulse of the shock of a Leyden jar is transmitted from
each end of an interposed wire, and arrives latest at the centre, so
far appearing favourable to the idea of the existence of two fluids
rather than of only one, and that the velocity of transmission of this
impulse is greater than that with which light passes through the
planetary space, that is, at the rate of more than 195,000 miles in a
second of time.

The electricity, when thus evolved, accumulates upon the surface
of the body, not penetrating to any appreciable depth, but forming a
layer of fluid, which by its elasticity, and hence expansive power,
tends constantly to break away and pass to other bodies which
are not excited. [t thus passing through air produces the electric
spark, and is accompanied by a snapping report. The tendency to
escape under the form of the spark depends upon the thickness of
the layer of eleetricity, and is accurately proportional to its square ;
so that if we excite a brass ball with double or treble the quantit
of electricity, the force of the electricity to pass away will be quad-
rupled, or increased ninefold. Hence it requires exceedingly good
insulation to retain electricity of great intensity.

These principles may be easily demonstrated by means of the appa-
ratus in the ficure. A is a hollow sphere of some conducting sub-
stance, and B B are hemispheres of gilt paper or thin metallic foil,
which, when closed upon the globe, cover its surface accurately.
They are provided with insulating handles, C C. The hemispheres
being placed on the globe, if the whole be excited by friction or by a
spark from the machine, the electricity will be foun uniformly diffu-
sed over the whole external surface ; and if the hemispheres be sud-
denly removed by means of the handles, the globe A wiﬁ remain total-
ly deprived of its electricity, which will be found all collected on the
surf ces of B and B; but it will be no longer uniformly spread ; its
intensity will be found much greater on and near the edges of the
hemispheres, and towards the centres of the surfaces the signs of
excitation will be extremely feeble,

The form of a body has a remarkable influence upon the manner,
in which the electricity is distributed upon its surface. In a sphere
the layer is everywhere of equal thickness, but in an elongated body
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it accumulates more at the extremities of the longest axis. Hence
on a wire or a needle, the electricity is accumulated almost exclu-
sively on the ends ; and even though the total quantity of electricity
may not be large, it is there so thiekly heaped that it breaks off and
rapidly escapes. - Hence electrical apparatus should be completely
smooth except where a point or projection is intentionally attached,
and many remarkable experiments are founded upon the escape of
electricity from points. Electricity is not merely prevented from
aceumulating upon a pointed body itself, but it cannot collect upon
any surface near it, the point abstracting the electricity. Thus, a
point held near to the exeited glass tube used in the experiments
first described may prevent the attraction of the light bodies, which
demonstrates its excited state, by concentrating all the action upon
itself, The detailed theory of this power of points to dissipate their
own electricity and to absorb that of other bodies, will be hereafter
fully noticed ; at present it is sufficient to refer it to the thickness
and high elasticity of the layer of eleetrie fluid which forms upon
them.

It has been already stated that, when two slips of silk riband are
excited by rubbing against each other, the electricity appeared to be
equally evolved upon each. This occurs in all eases of excitation
by means of friction. Thus, when silk and glass are rubbed together,
the silk acquires as much electricity as the glass, but by the silk
being held in the hand, the electricity escapes by the dampness which
is always present, and is lost. If, however, the silk be insulated ;
if a disk of dry wood covered with some folds of silk be held upon
an insulating handle, and rubbed against a similar disk of glass, then
the same phenomena are produced in an equal degree hy both, The
attraction and repulsion of light bodies, the odour and the phospho-
rescence belong to both, and thus in every case where bodies are
rubbed together, the excitation is completely mutual. There is,
however, a profound and curious difference between the two condi-
tions : separately they attract and repel other bodies exactly in the
same way ; together they produce neither attraction nor repulsion:
separately they may manifest the most remarkable evidence of ten-
sion, giving sparks and shocks; but when combined, all signs of free
electricity are lost, and the body on which they are collected appears
as destitute of excitation as if the power had never been called into
existence. The states of the two bodies are therefore so far op-
posed that they may interfere ; and as from the action of two lights
there may be produced total darkness, so from the coalition of the

excitation of the two bodies which had been rubbed together, abso-
lute indifference may result.

This neutralizing power of the excitation of each body for that of the other may
be shown by very sunple means. If a feather be suspended by a silken string, and
upon the one side there be presented to it the disk of glass, and upon the other the
disk of silk. which had been rubbed together, it may be brought to remain, by man-
aging the distance, perfectly at rest.  1f there be the glass alone, it instantly at-
tracis the feather ; the silk alone acts in the same way ; but no matter how strong
the power of each may be, when at equal distances the feather remains indifferent
to both. In order, however, to obtain perfect demonstration of this principle, it is
useful to examine it by means of more exact instruments than the feather or other
light bodies, which hitherto have been sufficient, and for this purpose the gold-leaf
electroscope is best adapted : deferring the description of its principle to another
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place, I shall here only notice its construction and the indications which it gives
- A glass jar, A, is closed at the top by a metallic (brass) plate,
B, to which are attached below, by a wire, two slips of gold leaf,
lfjng. when '|||;||_".l{fj_!,ﬂﬂ. flat on one another, and Tﬁﬂ.ﬂlllﬂg below
the middle of the jar. The jar rests on a wooden or metal foot,
with which are connected two slips of tin foil, applied to the in-
side of the glass, and rising so far that the gold leaves,on open-
ing out,may ecome into contact with them.  When this oceurs
- 2l — there is evidently a free condueting medinm from the upper me-
= S tallic plate 1o the ground ; but, except when the gold leaves touch
S e~ the slips of tin fuil, the cap and leaves are perfectly insulated,
if the instrument be keptdry.  When this electroscope is hr:gqght near Lo an exel-
ted hody, the gold leaves diverge, and remain so, in the position of the figure, as
long as the excited body be kept near.  But if the instrument be not touched, the
leaves collapse on its removal, and all remains indifferent, as it had been before.
By the divergence of the gold leaves, therefore, the existence of free electricity act-
ing on the electroscope is made known.

No matter what may be the nature of the excited body acting on this instrument,
it gives the same indication of its presence, but when exposed to the action of the
two hodies which had been rubbed together, the gold leaves Tf.'.l'l'lilil! quiescent. 1
they be made to separate by the influence of the glass, and the excited silk be then
slowly approximated, the divergence gradually diminishes, until at last the leaves
lie close together. I the silk be then brought still nearer, there is a new divergence,
but it is due to the execss of power of the silk after the neutralization of the glass.
On removing either of the exeited bodies when the instrument is in the neutralized
condition, the leaves diverge, from that remaining being free to act. Not merely
is the exeitation assumed by the two bodies immediately rubbed together, of these
opposite kinds, but it may be shown that this peculiar power may exist in the eon-
ditions of two bodies rubbed by a third, as if a glass be rubbed with silk, and an in-
sulated metal rod be likewise excited by rubbing with silk, the glass and metal rod
assume electricitics which destroy each other, or the silk is related to the metal as
the glass had been to the silk.  Bodies rubbed by different other substances are also
so circumstanced ; il a stick of gealing-wax be rubbed by flannel, it will assume op-
posile cxeitation to that of glass when rubbed with silk, and would counteract its
influence ; and, consequently, the condition of the flannel in the one case, and the
gilk in the other, would be opposite also. This assumption of opposite states of ex-
citation may be canszed by trifling mechanical eonditions : thus, if smooth glass and
muffed glass be both rabbed with silk, they become oppositely electrified ; and two
pieces of silk, which differ markedly in colour, neutralize each other when electrified
by their mutval friction. The peculiar characters of these two forms of excitation
extend, however, much farther than the prineiple of mutual destruction.  If we hang
by a dry silk thread, varnighed with shell-lae in order to render it a better insulator,
a little eylinder of gilt paper, and bring near it an excited body, the eylinder is at-
tracted, and moves towards the body until it touches, when it is immediately and
forcibly repelled. It has by contact participated in the state of excitation of the
body, and, when that is so, they mutually repel each other. In all cases, bodies
which are in the same electrical condition repel each other ; and it is thus that the
gold leaves of the electrozcope become an index of any eléctricity which may bhe
present ; for as both slips of leaf are necessarily exeited in the same way, they repel
each other, and, eonsequently, they diverge.

If, now, the insulated gilt paper eylinder which has been, as above deseribed, re-
pelled by the glass rod, after having shared its electricity, he brought near the silk
against which the glass rod had been rubbed, or to any body which is in the same
stare of {rxnitglinn as the silk, attraction will ensue, and this will he found more

rful than if the body had previously been neutral.  If two such gilt paper cyl-
inders be touched, both with the glass rod or both with the silken disk, they will
repel each other ; but if one be touched with the glass and the other by the silk,
they will attract each other, and move until they touch, when the states of excita-
tion neutralize each other, and they become inactive,

‘When bodies are rubbed together, therefore, they become elec-
tric, and with such properties, that while each when separate gives
signs of powerful excitation, together they destroy each other’s

power. Bodies when thus oppositely electrified attract each other;
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bodies which are excited in the same manner repel each other;
and these attractions and repulsions arise from the exertion of a
force which, like that of gravitation, diminishes in intensity ac-
cording as the square of the distanee between the bodies becomes
greater.

This law, which is of the greatest importance for the theory of eleciricity, was
discovered by Coulomb by means of the torsion electrometer. 'The rold-leal appara-
tus, though exceedingly sensible as a test of the presence of free electricity, is yet
not susceptible of bemg used to measure its amount. It is an electroscope, but not
an electrometer.  The torsion balance of Coulomb consists of a ¥ o
glass droum, a, on the centre of which rises a glass tube, b, to the "'L":'l'l.’
heighit of one or two feet.  From the top of this tube is hung, by
a fine thread of glass or of cocoon silk, a very light wooden beam,
¢, 1o which is attached at one end a ball of dry elder pith, and at
the other a piece of gilt paper, which serves as a counterpoise,
and by its surface preventsarregular motions of the beam. The
pith ball is usually gilt, to give it a more uniform surface. In €0
the top of the drum there is an aperture, by means of which a
second gilt pith ball, d, may be introduced, and made to touch
that of the balance ; and around the centre of the drum is fixed
a geale of degrees, by which the angular distance to which the
balls scparate after repulsion may be measured. Now let us
suppose that, by touching the second, or, as it is called, the car-
rymg ball, to an exeited body, we charge it with electricity, and,
having inserted it in the aperture, it touches the ball of the bal- &
ance, which is immediately repelled : in moving away, this twists .
the thread by which it is suspended, and the amount of the twisting which is ne-
cessary in the opposite direction to bring it back again, and maintain it at a certain
distance, measures the force of repulsion the balls then exercise. This measure-
ment s effected by the glass or silken thread being attached, not to the tuhe, hut to
a stem carrying an index, which shows, on a graduated circle, the number of de-
grees through which the thread is twisted ; and as the thread is exceedingly long
n proportion to its thickness, and its elasticity almost exact, the force of torsion is
taken as proportional to the angle through which the index moves.

By this instrument, into the detail of experiments with which it would be impro,
here to enter, Coulomb established the fundamental law of electrical attraction and
repulsion ; and it has been found, that from this law all the results of the distribu-
tion of electricity on bodies, its accumulation on and escape from points, that have
been noticed, might be deduced.

The fundamental prineiples of electrical excitation, the distribution of electricity
on bodies, and the manner in which the electric siates of the excited bodies are re-
lated to each other, having been thus deseribed, I shall pass to the explanation of
the general prineiples under which those phenomena and laws have been arranged,
and a knowledge of which we shall find necessary 1o our future progress. 1 shall
lay aside all consideration of the more abstract theories of electricity, which refer
it to mere molecular disturbance or to vibrations, and consider only those views
which suppose the existence, in the one case, of two eleetrie fluids, the theory of
Dufay, and, on the other, that of a single fluid, the theory of Franklin.

Theor :'.-Tf two Fluids.—It is assumed that there exist in nature two
kinds of electricity, each a highly elastic fluid, whose particles repel
each other according to the law of the inverse square, while the
attract the particles of matter, and also attract each other, aceord-
ing to the same law: that every body in nature contains usual
an exactly equal quantity of each fluid ; that bodies then are in their
ordinary state ; and hence, manifesting no unusual properties, we
look upon them as being quiescent: but if a body contains more
of one fluid than ef another, it comes into an extraordinary state,
and, acquiring new properties, we say that it has become exeited,

Upon this view, the phenomena of electricity are capable of very
simple explanation. When two ].\Pudies are rubbed together, the re-
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sult is, that one electric fluid accumulates in excess upon the one,
and the other upon the other body. They are thus both b]fought
into a state of excitation ; and as the excess of the one fluid mus
be exaetly equal to that of the other, the excitation of both is equal,
and, being opposite, must ]ll‘_‘.l!lrn“?:l:: i':‘:llt:h other \\'!lcn they are
brought to reunite. Of these electricities, that which passes to
glass when it is rubbed with silk is termed, in the language of Du-
fay, vitreous electricity, and that which accumulates on resin when
rubbed with flannel is ealled resinous.  There are few bodies which
may not assume vitreous or resinous excitation, according to the
substance by which the frietion is produced, and hence these names
are liable to some objeetion, and are not much ﬂlnp]uyed.

Since the eleetrie fluids and matter attract each other, the bodies
upon which the electricities become free appear to attract or repel
earh other according as they are invested by the same or opposite
fluids, in consequence of the necessity of accompanying these flu-
ids in their action on each other. Hence the electric attractions
and repulsions which manifest themselves in all eases of exeitation,
and hence the bodies return to their indifferent condition as soon
as the éxcess of electricity they contain is neatralized. It was for
a long time supposed that the atmosphere, by its mechanical press-
ure, assisted in retaining the free electricities upon the surface of
the excited bodies ; but this is not the case. The air acts as an in-
sulator of the exeited body, without which no aceumulation of free
electricity could occur; but the mechanical pressure of the air may
be removed without affecting the electrical conditions.

Theory of one Fluid.—In the hypothesis of Franklin there is as-
sumed to exist but one electric fluid, of which, in its ordinary state,
every substance contains a certain guantity. This fluid is consid-
ered to be highly elastie, to repel its own particles with a force
varying as the inverse square of the distance, and to attract the par-
ticles of matter according to the same law. A substance with its
proper. share of electricity is therefore in its indifferent condition,
%nssessing no properties beyond what we ordinarily attribute to it.

ut when two such bodies are rubbed together, a quantity of elee-
tricity abandons one and collects upon the other, and thus both are
brnlug]n into an :ﬂ:marmzfl state, and assume the unusual properties
which constitute excitation. The excitation is equal, for the one
has gained precisely what the other lost; and by recombination
they destroy each other’s action, for they are brought to their ori-
ginal ordinary state. The excitation being produced, according to
this view, _h}* one body ha'.'_ing electricity in exeess, while that of
the other is deficient, one is said to be plus and the other minus
e,le::u:lﬁed; or, more generally, the one to be positively, the other
n.:ega_!wcfy excited, and the signs + and — are often used as abbre-
viations for these words.

The particles of the eleetric fluid being mutually repulsive, and at-
tracting those of matter, it is natural that two bodijes having elec-
tricity in excess shall mutually repel, and that a body having an
excess of electricity shall attract one having an excess of matter.
Tiodies both -+ therefore repel, a 4 and n — body attract each other.
But, to explain the mutual repulsion of bodies both in the negative
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condition, an assumption is required which at first sight appears to
militate considerably against our reason ; for as it is matter which
is in excess in that condition, we must consider that the particles
of matter mutually repel each other, according to precisely the same
law, as it is demonstrated by the whole construction of the universe,
that the particles of matter mutually attract each other. There is
not, however, any real contradiction in these principles ; the law of
gravitation applies to matter in its ordinary state, in which it con-
tains its natural quantity of electricity ; and it affords no grounds
for supposing that, if matter were deprived of that natural electri-
city, it would continue to attract. There is, consequently, nothing
illegitimate in that assumption ; and the theory of a single fluid may
be as easily and successfully applied to the explanation of phenom-
ena as that of the two fluids betore deseribed.

Already, indeed, considerable progress has been made towards a theory of elee-
tricity upon this idea.  In order to account for the ordinary molecular constitution
of matter, it is necessary to suppose that the forces which act upon its particles
may change from altractive to repulsive, and again from repulsive to attractive, ac-
cording as the distance between the particles is made to vary; and Mosotti has
shown that it is only necessary to assume that the mutual repulsion of matter,
when destitute of electricity, is inferior to its attraction for electricity, and to the
mutual repulsion of the electricity itself, and the law of gravitation becoines a neces-
sary consequence of the conditions under which alone electrical equilibrium can be
eslublished.

Such are the theories of eleetricity that have hitherlo met with most general ae-
eeptation.  In the succeeding portions of this work, I shall adopt the language of
the theory of the two fluids, except that 1 shall vse the words positive and negative
fluids in place of vitreous and resinons ; but 1 do so0 merely from convenience, and
seek not to connect the idea of a fluid in any way more intimately with the troe
causes of the electrical properties of bodies.

Before passing to the deseription of the phenomena, and the dis-
cussion ol the principles of electricity which yet remain, it is ne-
cessary to notice the construction of some electrical apparatus, which
is employed in all ca-
ses where it is desira-
ble to operate upon
this agent in a state
of high intensity and
power. Of these the
most important is the
electrieal machine.

The machine is in

rineiple only a mod-
ﬁicatiun of the glass
tube which, by fric-.
tion with a pieee of
silk, evolved the elec-
tricity in the first ex-

eriments described. _
t consists of a glass G
having such a form
as to expose a great
extent of surface,and
generally being used
i the shape of a cyl-

E
*.
g
:
|




llﬂ ELECTR! AL MACHINES.

inder, A, or of a plate. There are hence the cylinder and the plate
machines. To produce the friction, an elastic rubber, B, is covered
with silk, and made to press against the surface of the glass accord-
ing as the plate or eylinder is turned round by means of the handle.
The rubber being generally insulated, the electricity evolved upon
it is at once collected, and may be transferred along conductors, or
drawn as sparks from the knob of brass attached to it at the back.

The electricity which is diffused upon the glass passes from its sur-
face to that of a brass eylin-

der, termed the prime con-
ductor, C, being collected by
means of a series of pointed
wires, which graze the sur-
face of the eylinder accord-
ing asit is turned round. The
prime eonductor is also insu-
lated ; and in the case of a
eylinder machine, the glass
itself is often supported upon
insulating pillars, by which
the loss of electricity is pre-
vented. To inerease the en-
ergy of the machine, the silk
of the rubber is generally
smeared over with a mixture
of grease and an amalgam of

: tin and zine, and a silken-
apron extends from the rubber half over the eylinder or plate to con-
duct the electricity to the points, and prevent its being carried away
by the air.

Although I shall have occasion, when we have examined the rel-
ative action of excited bodies and conductors somewhat better, to
notice the true theory of the prime conductor, yet for the present it
may be considered as simply, from its proximity, collecting the free
electricity on its points from the surface of the glass eylinder or plate,
and by thus accumulating it upon a confined surface, enabling the
expernnenter to apply it or carry it to other bodies at his pleasure.
When the machine is worked, the two portions of electricity become
developed, as in the rubbing of the tube and handkerchief, upon the
silk and glass ; and if all be insulated, they attract each other so in-
tensely that they break through the intervening air, and recombine
across the surface of the cylinder, or round the edges of the plate,
presenting the appearance of a brilliant spark, and accompanied
a snapping noise and a peculiar phosphorescent odour. To prevent
this recombination, which would, of course, render aceumulation up-
on the prime conductor impossible, the rubber, when the machine is
required for active work, is connected with the ground by a wire
or chain, through which the electricity which forms upon the silk
makes its escape ; and as new quantities are then liberated at each
moment, those passing from the glass to the prime conductor, by
the projecting points with which it is always furnished, collect upon
it, and, acquiring a high degree of tension, pass under the form of
sparks to any conducting body which may be brought near.
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By means of a machine of such construction, the opposing prop-
erties of the electricities of the bodies rubbed together may be sim-
ply and completely shown. : _

The degree of excitation of the prime conductor is generally,
though not very accurately, shown by means of the quad-
rant electrometer. This consists of a stem of brass, which 7
rests in a socket in the prime conductor, or, when not in /€0
use, in a wooden foot, as in the fizure. To this is attached F3
an ivory semicircular seale, of which a portion is graduated,
from whence the name; on an axis at the centre of the
ivory scale there is hung, by a light arm of whalebone, a
pith ball, which, when the apparatus is unexcited, lies in
contact with the brass stem, and thus assumes the same elec-
trical eondition with it when the instrument is placed on the '

rime conductor and the machine worked. The stem and the pith

Il then repel each other, and the ball being consequently set in mo-
tion by the united repulsion, its radius moves through an angular
space on the graduated scale, which serves in rough experiments as
an index of the intensity of the excitation. Now if, when this instru-
ment is fixed on the prime conductor, the latter be connected with
the insulated rubber by a chain or wire, no matter how vigorously
the machine may be worked, no signs of excitation can be produced ;
the electricity collected from the glass by the prime conductor
passing along the chain or wire to unite with that which is devel-
oped on the rubber, and the two being evolved in equal q]uantities,
complete neutralization is produced. That bodies similarly electri-
fied repel each other, is shown by the principle of this instrument,
as its indications of free electricity depend upon the stem and ball
being both excited in the same way, and the repulsion being the
same, whether it be fixed upon the rubber or the prime conductor.

To prove on a large scale, by means of the machine, that the op-
posite electricities attract each other, it is only necessary to place
in connexion with the conductor on each side a metallic wire, te
which is hung, by a wetted thread, a ball of pith, or a cylinder of
gilt paper. "hen the machine is turned, the balls attract each oth
er across the eylinder, and touching, interchange the electricities
by which they are excited, and thus the fluids, separated by the
friction, are continually recomposed, being brought together by
their mutual attractions. If to each wire there be hung two such
balls, those of each side will be seen te repel each other, while
they move towards those oppositely excited. Numerous experi-
ments of an amusing kind, which it would be foreign to my purpose
to introduce, are founded on these principles.

There have been now noticed four methods by which bodies may
be electrically excited. 1st, by friction, which is, indeed, the only
true direct excitation. 2d, by contact; as when an insulatea
brass disk excited by friction is touched to another, also insulated
and neatral, a spark passes between them at the moment previous
to actual contaet, and the first is found to have divided its electri-
eity with the second in proportion to its surface. In this case the
two bodies, alter contact, are in the same state of excitation. 3d,
as where the prime conduetor, which is neither itself rubbed, nor




118 EXCITATION BY INDUCTION.

does it touch the eylinder of the machine, yet _gﬂtl"!ﬂ? from it the
electricity which is evolved thereon, and nllpws it to h:e translerred,
under the form of the spark, to other bodies ; ﬂﬂda_._fl'[ﬂ”}rs all the
attractions and repulsions which have bqen ﬂhﬂﬂrv_ﬂ[l indicate a pow-
er of action and excitation even at considerable distances ; and this
mode, which results [rom the Elllrﬂﬂtiﬂllpﬂnd repulsion of the elec-
tric fluids for each other, is, when examined, found really to com-
rehend the second and third modes of excitation, by contact and
y gathering with points. There are, therefore, truly, only two
means of excitation, this at a distance, which is termed induction,
and that by friction. _
It is not difficult to understand how bodies come to be excited by

induction. Let us consider the insulated cylinders, B C, as being
neutral, and having

their natural eleetri-
eities combined, and
distributed uniforms-
_ A ly over their surface.
= 2 [f a globe, A, exei-
e e G e ted, say with posi.
tive electricity, be brought near, it will attract the opposite electri-
city of B to the end which is nearest it, and repel the electricity
of the same name to the farthest extremity ; both electricities of
B will thus become free, and B will be excited by the influence of
the electricity of the body, A, at a distance ; and the condition of
B is characterized by its two extremities being in opposite states,
and hence, at a certain point between them, perfect neutrality re-
maining. The positively excited end of B influencing C in a cor-
responding way, brings it also into an execited state, and this com-
munication of action would go on through any number of bodies,
the foree set free being regulated by the law of the inverse square
of the distance from the original disturbing cause at A. As long
as A remains in its place, the state of electrical excitation is kept
up ; if A be totally removed, the natural electricities of each body
recombine, and all become neutral ; if A be brought very close to
B, or B to C, the attractions between the opposite electricities be-
come so great that they unite across the intervening space of air,
and a spark passes. The bodies are then found to be in the same
state, and the communication by contact, or the exeitation which
occurs, 1s shown to be only the termination of the inductive action.
For suppose that A had 10 parts of 4 electricity, and that, by in-
duction, it set free 5 of the — and 5 of the 4 fluid on the surface
of the body B; then, when the spark had passed, the —5 destroy-
ing +5 of the body A, the two bodies should remain each with
45, and thus the results of contact described already should be
produced.

The distance at which the combination of the electricities of the
indueing and the induced body may oecur, depends upon the inten-
sity of the fluids collected on the parts of the surface nearest to
each other ; and hence, when there is on the body a point on which
the great proportion of the liberated fluid, as has been already de-
scribed, becomes aceumulated, the fluid escapes from thence before
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it is in sufficient mass to break its way under the form of a spark,
and thus the permanent and similar excitation of the body silently
oceurs. This is the true theory of what has hitherto been de-
scribed as the power of points to gather and to disperse the elec-
tric fluid. If a pointed body be exeited by friction, it induces an
opposite state in the particles of air by which it is surrounded, and
communicates to them, with great rapidity, the charge which it had
received. The prime conductor of the machine, being insulated,
has its electricities separated by the inductive action of the excited
glass cylinder or plate ; the negative electricity collected on the
points turned towards the glass escapes from thence, and unites
with the positive fluid which had been set loose by friction, and

roportional quantities of the positive fluid of the prime conductor

eing lelt free upon its surface, it serves the same purpose as a
source of electricity as if it had come directly [rom the glass. A
point placed on the prime conductor prevents the accumulation of
the electricity, because it gives the -+ to the air as fast as the oth-
er points give the — to the glass ; a point held near the prime con-
ductor also prevents its excitation, by giving to it by induction —
electricity as fast as it obtains 4 electricity from the glass of the
machine.

In all these cases of induction where the electricities attraet and
repel each other, the bodies on which the electricities are colleeted
will accompany them in their motions il they be not too heavy.
Henee all the singular motions of bodies, when excited, are ex-
plained upon this prineciple. The variety of dancing figures, ring-
ing bells, revolving wheels, affvighted heads, and so on, that are ex-
hibited in popular lectures on this subject, will serve to practise the
ingenuity of the student in tracing out their theory in the detail,

with whieh it would be quite improper to oceupy this work.

The theory of the Bennet's gold leal electrometer, with which some of (e most
important principles of statical electricity are demonstrated, must not, however, bo
omitted.  When an exeited rod is brought over the electroscope, it separates the
eleetricities of the metallic portions of the instrument, attracting the opposite to the
upper surface of the cap, and repelling that of the same name into the gold leaves,
which, being thus excited with the same electricity, repel each other, and hence
diverge. 1T the exeiting body be 4, it is the 4 fluid by which the instrument ap-
Ewur:s affected ; if it be —, the leaves diverge from the presence of — electricity.

lenee if, when it is upder the influence ol a glass rod rubbed with silk, a stick of
sealing-wax which had been rubbed with flannel be brought near, the divergence
diminishes, until at last the leaves collapse completely, the resin having driven down
as much negative electricity as there had been positive brought into action by the
ﬁm.ss,mnl lience the gold leaves coming into their natural and indifferent condition.

“hat it 15 by this inductive process that the gold leaves act, may be thus shown. If
the cap of the electroscope be rubbed with a dry silk handkerchicf, it becomes excited,
and the leaves diverge with negative eleetricity ; il then an excited glass rod be
brought near, the divergence is neutralized, showing that positive electricity had been
sent down by the glass ; but if an excited resinous bady be approached, the diver-
genee increases, indicating the superaddition of electricity of the same name from
the inducing power of the resin.

If, as in the figure (page 118), the eylinder C he connected with the ground by
means of a wire or a wetted thread, D, the positive electricity passes from that body
through the wire into the earth, where, from the enormous surface of the globe, it
may be looked upon as lost, and the surface of C is altogether in a state of negativ
excitation. If, now, the exeiting body A be taken away, the quantity of positive flui
returns along the wire, and brings the budy C into its neutral state ; but if before the
hody A be taken away, the conducting communication with the ground be cut off by
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the removal of the wire or thread, the body C cannot get its positive electricity back,
and lience remains in a state of negative excitation. In this manner a substance
may, by induction, be made to receive a permanent charge. This is often usefal in
experiments with the electroscope, and the manipulation to charge it permanently is
as follows : If it be desired to charge it positively, an excited stick of resin is held
near, and the cap of the electroscope is touched with the finger. “The negative elec-
tricity then eseapes by the hand into the ground, and the positive electricity, accu-
mulating over the cap and leaves, these last diverge. On then removing the finger,
the leaves are insulated ; and when the stick of resin is taken away, the permanent
charge remains. To charge with negative eleetricity, an excited glass rod is to be
used : and it will be recollected, that where the charge of the leaves 15 temporary,
its electricity is the same as that of the exeiting body ; but where the charge is per-
manent, the clectricity is of an opposite kind. h

After the exciting body, in the latter instance, has been withdrawn, the divergence
of the gold leaves becomes much greater than it had been before.  This arises from
the charge being increased by its action on the surrounding bodies, particularly on
the glass by which the leaves are enclosed. By taking advantage of the increase
of charge, by secondary inductive action, various forms of the eleetrozcope have been
eontrived for rendering it more sensible, and are described in special treatises on
electricity under the name of Doublers and Condensers.  As they do not add anything
to our knowledee of principles, and have no peculiar chemical relations, 1 shall not
enter on their farther consideration.

One of the most interesting instruments in statical electricity,
founded on the principle of induction, is the Leyden Jar, so called
from the city where its construction was discovered.
It consists of a glass bottle, which is coated inside and
outside, to a small distance from the top, with tin foil,
and has fitted to the orifice a wooden or cork stopper,
through which passes a stout wire, touching at the bot-
tom the internal coating, and terminated outside by a
metallic knob. When this jar is insulated, and the knob
= is touched to the prime conductor of the machine, and
oo the handle turned, the positive electricity passes to the
internal coating of the jar, and excites it to an equally powerful de-
gree. This, then, reacting by induction upon the electricities of the
external coating, separates them, attracting the negative to the side
next the glass, repelling the positive to the outer side. The posi-
tion becomes, therefore, + — -+ ; and when the -+ fluid inside
makes up by its greater quantity for the thickness of the glass by
which it is separated from the — fluid, no more can enter into the
jar. In this case the inside of the jar may be considered as being
merely an extension of the prime conductor ; and the electricities
of the external coating, although separated from each other, are
only in the quantities which had been always present. But if the
external coating be connected with the pround, the + fluid, being
repelled by that inside, passes away, and another quantity, entering
from the prime conductor into the jar, decomposes a new quantit
of the natural fluids of the external coating, of which also the posi-
tive escapes and the negative rerm:ﬁns behind, held by the attraction
across the glass to the positive fluid inside. New quantities of pos-
itive electricity entering continually from the machine, the aceu-
mulation of negative electricity on the outer coating proceeds, un-
til the tendeney of the two to combine is so intense as 1o break
their way across the glass, cruck}ng the jar, or to creep over the
mout:h i'r-:::m the edge of one coating to that of the other, and thus
the jar discharges itsell. To discharge a jar in which the elec-
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tnicities are so aceumulated, it is only necessary to connect by a
wire the internal and external coatings; when the extremities of
the wire, which are generally terminated by brass balls, approach,
a large brilliant spark passes, aceompanied by a loud report, and the
jar returns to its orizinal neutral state. :

By thus eollecting oreat guantities of electricity in large jars or
in sets of jars (electrical batteries), the most beautiful and remark-
able phenomena of electrical force may be exhibited.

The principle of the construction of the Léyden jar may be ex-
perimentally demonstrated as follows: First, it has been already
explained that the jar, when insulated, is incapable of receiving any
other charge from the machine than what its internal coating obtains
by forming part of the surface of the prime conductor; the principle
u% induction requiring, in order that one electricity may accumu-
late upon its outer surface, the other shall be dissipntagun the ground.
Second, a light body placed between two balls, connected, one with
the internal, and one with the external coating, is alternately attract-
ed and repelled by each, and thus the aceumulation on the two
coatings is shown to be of opposite kinds. Third, the quantity of
electricity which passes from the external coating may be shown
to be equal to that which passes into the internal coating from the
machine, by insulating the jar, and applying the knob of a second
jar which is not insulated to its outer surface ; this second jar will
be found charged to the same degree as the first, and the inner and
outer coatings will be respectively in the same state.

Statical electricity, thus aceumulated in the Leyden jar, is capa-
ble of giving violent shocks to the animal frame, of evolving light
and heat, and producing also powerful mechanical effects.

An instrument founded on the principle of induetion, and which
is of frequent use in chemical experiments, when an electrie spark
of moderate power is required, is the electrophorus of Volta. It con-
sists of a flat cake of resin, b, which is generally spread on a circu-
lar board of eight or ten inches diameter. There is laid on this
another eircular plate, @, somewhat smaller, and which may be either
of brass or tinned iron, with the edges turned up over a thick wire,
so as to round it, or a board covered with tin foil. To this upper
plate is attached an insulating handle of glass, ¢, and from its edge
projects a wire terminated by a knob. The resin-
ous plate, being warmed, is to be strongly excited
by friction with a warm flannel cloth or a cat’s
skin, and then the upper plate is to be laid on it, and 3=
is touched with the finger. The negative electricity
of this passes, then, into the ground, and the positive
accumulates on the surface next the resin, of which
it, by induction, increases the negative charge. This new portion
of negative fluid decomposes a new quantity of the electricities of
the upper plate, which again reacts, and thus the plates are mutually
brought into a state of very intense excitement. If; then, the finger
be removed, the upper plate is insulated, and its eharge of positive
electricity retained upon it; and on applying the knob of the wire
to any conductor or to the knuckle, a strong spark may be obtain-
ed from it; the instrument may be repeatedly charged and dischar-




122 TRANSMISSION BY INDUCTION.

ged in a few minutes, and retains its charge better than the electrify-

ing machine.

This inductive action of electricity would at first appear to be

exercised at a distance, altogether independent of the interposed
substances, and to produce the motions to which it GINeR TIBF, Sn
gravity causes the revolutions of the planets and their satellites,
without the existence of any interposed medium ; but a more cxact
examination shows that this is not thg case. 1he subsmuqes inter
posed in the path of the indgmtim action are necessary to Its trans-
mission, and modify, by their nature, its direction and amount ; and
it is, indeed, only from mn::-]ecu]ﬁ‘ to molecule of any auhslflgc'c, ris-
eous or solid, that the decomposition of the natural electricities can
take place. # il :

This may be beauntifully shown by p!ungmg in a vessel of oil of
turpentine, which is an excellent fluid insulator, two brass balls, of
which one is in connexion with the electrical machine, and the
other with the ground. On turning the machine, the latter be-
comes exeited by induction. If, now, a number of short shreds of
sewing silk be mixed with the oil of tur]:!entine_, the mcchﬂ:}ismpf
the inductive action is shown by each litile bit of silk acting like
the bodies B and C in the figure (p. 118) ; and attaching themselves
mutually by their extremities, they transmit the eleetricity of the
machine, by a series of decompositions, to the ball which is con-
nected with the ground. If the excitation be very violent, the at-
tractions and repulsions become too strong to be regularly trans-
mitted ; and this induetion is accompanied by a powerful current
of the particles of the oil from the first ball to the second. The
particles immediately in contact with the directly excited ball ae-
quire its state, and, being repelled, immediately pass off to that which
has obtained, by induetion, the opposite condition, and there become
neutralized. Now what here occurs with the oil of turpentine takes
place in ordinary induction with the air; every molecule of it inter-
posed between the solid bodies becomes itself subjected to the in-
ductive action, and forms a chain of alternate positive and negative
poles, by which the effect may be transmitted to any distance. If
the exeitation be very great, the neutralization may occur with vi-
olence and rapidity, and generate currents, as in the oil of turpen-
tine. It is these currents which, heing produced by the repulsion
of the particles of air from execited points, are rendered sensible in
the eflfect termed the elecsrical aura, and are shown by the experi-
ments of revolving flies. A still more violent and rapid recomposi-
tion of the electricities of the air molecules, which had been sep-
arated by induction, gives the electric spark in its various forms,
such as the star, the brush, &e., aceording to the manner in which
it is received and generated,

That the excitation by induction of a body at a distance is eflect-
ed in this manner, from particle to particle of the interposed sub-
stanee, is beautifully shown in the results obtained by Faraday con-
eerning the influence of the nature of the medium on the amount
of inductive charge transmitted. The instrument, which he has
termed an inductometer, consists of-a hollow #phere of brass, a a b,
and a sphere of smaller size, %, also of brass, which is placed exact-
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ly concentric with it. The interval between
these, 0 0, may be oceupied by any substance,
as air, or glass, or sulphur ; and then the central
sphere being insulated from the outer by the
shell-lac eolumn b, and having been excited from
the machine through the ball and wire B, the
outer one is uninsulated, and the whole becomes
a Leyden jar, in which the material may be va-
ried at the will of the experimenter. By means
of the tube and stopcock f d, the air in 0 0 may
be removed, and any other gas substituted for it. 4
The outer sphere opens at b in two, so that
melted sulphur or shell-lac may be poured in to
form the inductive medinm.

When the internal sphere is excited always
to the same degree, the charge of the external
coating should be the same, no matter what
might be the nature of the intervening substance,
if the action took place simply at a distance, after :
the manner of gravitation. But this is not the 8
case. With the same internal charge, the exci- 1
tation of the external sphere was found to be, ff:.'_
that with air being 100, with shell-lac 150, with sl 0l o
flint glass 176, and with sulphur 224. In these cases, therefore,
the molecular excitation was transmitted in proportion to these
numbers, which express, therefore, the degree of excitation that a
common amount of inductive influence is able to produce in masses
of these bodies. All gases, no matter how dif&rent in chemical
properties and constitution, even though the temperature and press-
ure do not remain the same, possessed the same specilic induetive
capacity as air.

This principle is farther shown in an interesting manner by the
fact that the induction is not exercised only in
the straight line connecting the solid inducing
and induced bodies, but that at every intervening
point there is a lateral action exercised by the
mterposed molecules of air, which may be them-
selves considered centres of induetive force,
Thus, if a eylinder, a, of shell-lac be excited by
friction, and a brass hemisphere, A, placed on top
of it, the intensity of the induced eﬁzutrinit}r will
be fouund to depend not merely on the distance
from the excited source and the nature of the
interposed material, but to be more energetie
in certain positions in the air, as when the ear-
rier ball of Coulomb’s torsion electrometer was
placed at o, than when it was lower or higher at
noor p.

Faraday has been led by his experiments to eonclude that the
difference between conducting and non-conducting bodies is, that
the former assume With exceeding rapidity, under an inductive in-
fluence, this condition of molecular excitation, and hence appear to
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allow the E]ectricit}f to pass actually and instantly thr_uugh their
substance, whereas, in reality, it is only that the separation and re-
composition of the electricities of the chain of molecules has been
so accomplished. They lose also this condition as soon as the ex-
citing cause has been removed, whereas non-conductors, when their
]'_iaﬂjclgs have .'.I[:qllil‘-l'_'d electrical exeitation, remain in that state of
tension for a certain time. Thus, if the internal and external coat-
ings of a Leyden jar were connected by a metallic wire, the induet-
ive action would be propagated immediately across it; but the in-
stant that the source of the excitation was removed, the electrici-
ties of the two coatings would recombine, from the facility with
which the molecules of the wire can assume the inverse condition.
But with an interposed plate of glass the result is different ; the in-
ductive action is propagated equally, but more slowly; and that it
is the particles of the glass that really produce the charge by their
excitation, is demonstrated by the fact that the metallic coatings
may be removed, and yet the aceumulated electricities be not dis-
turbed ; the tin foil serving only to discharge at the same moment
every particle of the glass, as il a wire had been individually applied
to each. That the induction has acted on the substance of the
glass explains also the peculiarity of what is called the secondary
or residual charee. When the particles at the surface have been
discharged, they are acted on by the deeper molecules which are
still excited, and henece aequire a second induetive charge ; and with
thick glass, and particularly with bedies which do not insulate quite
so well as glass, there may be even a third or a fourth charge of
this kind.

Conduction is therefore only the highest, most intense, and most
rapid form of induction ; and it appears from Faraday’s investiga-
tions that the permanent excitation of an electrified body has its
origin also in the inductive influence of the bodies that are around.

"The source of the electricity evolved by the electrieal machine
cannot be considered as being positively known. Wollaston in-
stituted a series of experiments, by which it appeared to be demon-
strated that there was no electricity evolved except where chemical
combination took place, and the superior power given to the ma-
chine by the nmalgam of tin and zine being spread upon the rubber
was supposed to verify this idea. These experiments of Wollaston
have been latterly repeated with great care by Peltier, and with
different results; he found that the eleetricity evolved was propor-
tional only to the amount of friction, and was the same under va
rious eircumstances of lability to the presence or absence of chem
ical action of the materials rubbed. It is therefore likely that, at
least, the electricity of the machine may be generated by the sim-
ple molecular derangement and vibration which frietion necessarily
produces ; and this view is very much supported by the undeniable
fact, that by other agencies purely molecular, where no trace of

chemical action can be pretended, the same form of statical elee-
tricity may be produced.

In almost all cases where the particles of hodies are suddenly and violently dis-
arranged, the separaled surfaces are found to be electrically excited ; for instance
if a piece of mica he torn into thin leaves, these are powerfully electrie, In umn;
mineral substances a change of temperature causes a manifestation of electrical
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polarity in a very remarkable degree ; thus, if a long prism of tourmaline be heated,
one extremity becomes positive and the other negative ; when the temperature at-
tains its highest point and becomes stationary, all symptoms of electricity disappear,
but on cooling they return; in the inverse order, however, the end which had
been positive becoming negative, and so on.  In this case it appears as if the par-
ticles, in the internal motion which the expanding foree of heat produces in them,
acquired the same condition of polarity as they would have done by an external
friction. If the expansive effect of heat and the consequent change of pusition
among the particles of the tourmaline had been the same throughout, there would
have been no reason for electrical disturbanee; but this mineral, and some others
which likewise become electric on being heated, as boracite, are exceptions to the
general law of erystalline symmetry, and in other respects, as with regard to light,
indicate a kind of structure which is very complex and peeuliar.  In such cases, an
internal friction by the action of expansion on the unsymmetrically situated mole

cules of the erystal is the origin of the electrical excitation.

The source of statical eleetricity, which is of the greatest importance in nature
from the universality of its action, is that of’ change of state of aggregation. When
any badly passes from the liquid to the solid, or from the liquid 1o the vaporous con
dition, or in the reverse order, from being solid or being gaseous becomes ligquid, dis-
turbance of the previous eleetrical equilibrium resalts.  Thus, if a little melted sul-
phur be poured into a glass, or if melted tallow or resin be poured out on a me-
tallic plate, the bodies after solidification will be found exeited.  If a cup of water
be placed on the plate of the electroscope, and a red-hot ball of metal, or even a
red-hot einder, be dropped into it, the gold leaves immediately diverge by the influ-
ence of the pegative excitement which is assumed by the water which remains,
and which communicates itsell to the metallic cup and to the instrument ; if the
gush of vapour had been allowed to impinge on the plate of another instrument, it
would have shown excitation by positive electricity. This last is one of the mst
abundant sources of electricity ; for as at all ordinary temperatures evaporat.on
takes place from the surface of all the water of the globe, and the vapour produced,
carrying with it the prodigious quantity of positive electricity which isthus set free,
mixes with the air, our atmosphere is almost continually in an eleetrical condition,
Eﬁnerully positive, but at some times, from interfering causes, negidive. The great

dy of vapour, when condensed by the more elevated and colder regions of the
air, collects into the peculiar condition which constitutes a mass of cloud, and
therein is thus concentrated all the eleetricity evolved by evaporation at the sur-
face. The clouds are, therefore, intensely electric ; and when attracted by indue-
tion to each other, or to some prominent object on the earth, as a mountain-peak
or an elevated building, the discharge and neutralization of the electricities take
place with the brilliancy and destructive agency of the lightning, while the report,
re-echoed from the surfaces of the remaining clouds, or by the sides of the adja-
Emﬂmuumaina. produces the effect upon the ear of the continuous rattle of the

under.

There is no doubt, however, but that in many cases of chemical combination

and decomposition electricity in its statical form may be evolved ; thus Pouillet
proved decisively, that when charcoal is burned, the carbonic acid which passes off
i3 in a state of positive excitement, and the residual mass of chareoal hecomes neg-
atively charged. 'When hydrogen burns in air, the vapour of water carries off’ the
positive electricity, while the negative fluid distributes itself on the hydrogen re-
maining, and the vessel from which it issues. ‘There is thus, in the combustion
of our ordinary fuel, a vast souree of the electricity of our atmosphere, in addition
to that evolved by water in evaporating ; and it has been found that the evaporation
of a saline solution, as sea-water, produces a much greater degree of excitement
than when the watér is completely pure, owing, perhaps, to the destruction of the
eondition in which the salt and water had been united. The evolution of statical
electricity occurs, also, when the chemical action is of a much more eomplex and
obscare kind ; thus, in the growth of a seedling plant, the carbonie acid which it
evolves is in a positively excited state, and the substance in which the seed is im-
bedded becomes pegative. It would appear, however, that frequently electricity
that had been imagined to arise from the chemical rélation of the bodies hrought
into contact, arose from their merely mechanical action on each other: thus the
electricities produced by sifting lime and oxalic acid together on the plate of the
electrometer are produced.

The mere contact of bodies has been supposed sufficient to evolve electricity upon
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their surface. The trace of exeitation in such experiments is so small, and dimimn.
ishes so much in proportion as care is taken to avoid friction and other causes,
that we may consider contact as being in nself without power.

The remarkable characteristic of =tatical clectricity developed by any of these
methods, is the amazing energy of its action on bad conductors, and on the best
conduetors i their substance be not of sutficient mass to give it free passage from
one point to another ; while it is only with difficulty that we can obtain, by means
of i, the slightest chemieal decomposition.  In the language of the theory of elee-
trical fluids, the electricity is developed in exeeedingly small quantities by friction
or change of aggregation, and hence can perform but feebly such offices as chemi-
cal decomposition, which depend on the quantity that passes in a given time ; but
this small quantity is gified with immense tension ; the few molecules which be-
come polarized are so to an intense degree, and the attractive and repulsive forces
which they exert are then suficient to cause the greatest mechanical effects

SECTION IL
OF DYNAMICAL ELECTRICITY.

The sources from which electricity is derived in a continually
circulating form, so that its properties shall result from its uninter-
rupted motion, must necessarily consist in arrangements from which
all insulating substances are to be earefully excluded. In statical
electrieity, the connexion, by a condueting medium, of the opposite
extremities of an inductively excited body, caused all electrieal in-
dications instantly to disappear, while that kind of connexion is ab-
solutely necessary to the continuous flowing of the electricity which
constitutes its dynamical condition ; and when the conducting circle
is broken by the intervention of the smallest portion of insulatin
matter, either all electrical excitation ceases, or at most a feeble
trace of it remains, with the properties which characterize its stat-
ical condition.

1st. Electricity thus cireulating through conductors is found
naturally existing in those substances which thereby possess mag-
netic properties. There is every reason to believe that the native
loadstone, as well as all our artificial steel and iron magnets, are
closed eircles of dynamical electricity, set in motion by forces
which depend on the chemieal and mechanical constitution of these
bodies. 2d. When any closed conducting circuit is at the same
time unequal in mechanical constitution and in temperature, so that
the current may pass more easily through one point than another,
such a current is generated, flowing from the portion where the ob-
stacle is greatest to that part where it is least. 3d. When subs '
stances capable of mutual chemical combination or decomposition
act on one another, there is a current of electricity produced. In
the case of simple union or double decomposition, the cirele is in-
ternally closed, like that of a steel magnet ; but where there is sim-
ple decomposition or replacement, the current may be directed
through any kind of circuit; and thus cnnstituting the most impor-
tant branch of dynamical electricity, is called Galvanism or Voltaism
from the names of its most illustrious investigators, :

4th. By means of organized structures, of which it is only lately,
by the researches of Matteucci, that the true nature and funutiﬂné'
h'ave become known, certain fishes possess the power of transmit-
ting a current of electricity across even imperfect conductors, and
employ, instinctively, the effect of this current upon the livin
frame of smaller animals in order to obtain them for food. The
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identity of the electricity from this animal origin, with the f!llid of
the other dynamie sources, has been completely prp'-'cd, particular
ly by Faraday ; and as the question of the anatomical structure of
ti:f: eleetric organ, and of the peculiar part of the brain from which
the electric nerves arise, interests the physiologist rather than the
chemist, | shall merely state that the current so obtained possesses
all the properties that will be described as characterizing galvanic
electricity of very high tension, and allude no farther to it.

To the chemist, the electricity of the Galvanic or Voltaic battery
is the most interesting of all the forms which this agent may as-
sume, from the intimate relation which exists between it and the
force by which the elements of bodies are bound together in chem-
ical combination. To it, therefore, I shall especially direct atten-
tion, and consider the remaining sources only so far as the electri-
city which they yield may differ from it. I shall endeavour, also,
to consider it only as characterizing bodies by their properties of
exciting the current, or of conducting it when excited, deferring
the important topic of the action of the current upon compound
bodies until the nature of chemieal affinities has been deseribed.

Galvanic Electricity—The manner in which this form of excita-
tion oceurs may be very simply shown. If a slip of perfectly pure
zine be partly immersed in a eup of dilute muriatie acid,
this last remains totally witheut action on it, and there T\E
is no appearance of electrical disturbance ; but if a slip =
of copper be introduced, which touches the zine at C,
out of the liquid, active decomposition of the muriatic | | ] \l
acid begins, the chlorine combining with, and dissolving
the metallie zine, and the hydrogen making its appearance under the
form of minute bubbles on the surface of the copper. At the same
moment a remarkable state of electrieal excitation is produced, in
which the zine resembles a body to which negative electricity, in a
state of exceedingly low tension, is uninterruptedly supplied, while
an equal quantity of the positive fluid flows along the copper, and
these, uniting at the point of contact, produce the effects which are
spoken of as those of the electrie current, the passage of which may
be rendered evident in a great variety of ways.

The precise manner in which the electrical excitement is here
produced, may be explained sufficiently well without involving any
consideration of the theory of chemical decomposition, which at
the present moment would require a knowledge of prineiples that
have not been as yet deseribed.  We may suppose, simply, that the
ehemical relations of the zine and muriatic acid are such, that when
placed in contact they mutually induce on each other a development
of electricity : that part of the zine which is immersed becoming -+,
and that out of the aeid —, while the molecules of the acid near the
zine become —, and the general mass of the fluid obtains 4 excita-
tion j the + eleetricity of the zine being, however, balanced between
the fluids of its own mass and of the acid, and the — fluid of the
acid being in equilibrium between the + fluids of the zine and of
its own particles, it results that this condition of inducedexcitation
may remain for any length of time without increasing or diminishing
in intensity, the apparatus being in the condition of a very feebly
charged Leyden jar: and on applying the slip of copper by which
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the excited surfaces, the zine and acid, are placed in communication,
the negative electricity of the zine unites with l;‘hl: positive of the
copper, whether by direet translation or by inductive action, and the
positive electricity of the liquid unites with the negative of the cop-
p:r to produce neutralization ; at the same time the 4 of llu_:: zine
and the — of the acid combine.  As, on the theory of Franklin, the
single electric fluid is supposed to pass {rom the
body which is positively to the body which is neg
atively excited, it is usual to imagine this exchange
of electricities to take place by a current, which in
this case, as shown by the arrows in the fizure, is
from the copper to the zine at the superior junction,
but from the zine to the copper in the acid under-
neath. At every moment, according as the neutral
ization of the electricities is eflected, the system is
competent to generate new quantities, and hence the
analogy of the weakly-charged Leyden jar, noticed above, does not
completely hold ; for, to be accurate, it would require the jar to pos-
sess a power of charging itsell as rapidly as it could be discharged

The passage of the current is accompanied by the solution of the
zine and the liberation of the hydrogen. This hydrogen accompa
nies the positively electrified molecules of the acid across the fluid,
and is discharged under the form of gas upon the surface of the
copper plate.

The essential elements of an arrangement by which a current of
electricity may be produced are, therefore, first, two bodies, one
simple and one compound, which act chemically upon one another
im such a way as that the simple element shall be substituted for a
constituent of the other, which shall be expelled ; and, second, a
eonducting substance, which is indifferent in a chemical point of

view, and only furnishes a route for the ﬂui{}]s of the
actual elements to recombine continually with each

“ 1] C ) other. In the example given just now, this conduet-
or was a slip of copper ; but it may be of any form, or
" almost :11:-{}r substance j thus, as in the figure, a wire
= may be soldered to the end of each slip, and on bring-
ing these wires into contact at X, the current passes
i i"x precisely as if the contact of Z with C had been direet.

: Such an arrangement is termed a simple circle.
It is not even necessary that the conductor should be solid or me-
tallic ; it is, indeed, only for convenience that the ordinary conduct-
sy ing plates and wires are metallic. Thus, in the figure,
z ~ 2 W,aplate of zine is in contact on the one side witk
m muriatic acid, A, and on the other with water, W, %o
which a better conducting power has been given by dis-
=TT sulv}ng in it a little common salt. The current is then es-
<| e tablished, being from the conduetor to the zine, and from
the zinc to the acid, precisely as in the former instances.
The passage of the current under these various circumstances
may be shown, and also that, for its erigin and transfer, metallie
communication between the plates Z and C is not necessary, by
a very simple experiment. If the slip of zinc be bent, as in B, and
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a hit of paper moistened with iodide of potassium be laid
upon it, and the wire from A be then brought to touch the
upper surface of the moistened paper, the current passes in A/
the direction of the arrow, and 10dine is evolved at the
point of contact of the wire. If the surface of the paper
next the zine plate, B, be examined, it will be found to be
alkaline, from free potash, Thus the chemical action of
the current, which will hereaflter assume so important a
pnnlti:;n, may here be simply used as a test of its having F
assed.
: The direction of the eurrent depends upon the nature of the chem-
ical action which is produced at the period of its passage, and on
this principle is founded one of the most cogent and reasonable ar-
guments in favour of the idea that the current is produced by the
chemical decomposition, and not by the contact of the metals, as
has been maintained. Thus, if a slip of iron and a plate of copper
be immersed in muriatic acid, the action is altogether on the iron,
and the current passes from the copper to the iron at the point of
contact. But if the metals be immersed in a strong solution of am-
monia, which acts upon the copper, but not upon the iron, the cur-
rent is produced in the reverse direction. If persulphuret of lime,
dissolved in water, be used as the exciting fluid with iron and cop-
er, the current is from the copper to the iron throngh the fluid ;
ut on using zine and copper with the same fluid, the direction of
the current is reversed ; in the first case the copper, and in the last
the zine, is acted on: with acid solutions the eopper would have es-
caped action, and the current would be in both cases from the iron
or zine to it, through the liquid.

It thus appears that the relation between the current and the
chemieal action is of the most intimate nature possible ; the one, as
Faraday and others have decisively shown, cannot exist in such ar-
rangements without the other, and the nature and tendencies of one
determine the power and the direction of the other ; for the quantit
of electricity which is set in motion in such an arrangement depend{
strictly on the amount of chemical decomposition which occurs in
the liquid element, and is simply proportional to it.

It is usual to arrange the various bodies in a list with relation to a fluid, in which,
if they be immersed and brought to touch outside, a current is generated from that
of the two metals which stands highest in the scale to that which is below ; the
current through the fluid is, of course, in the opposite direction. The metals ar-

range themselves, however, very diflerently with different fluids, according to their
liabulity to chemical action from them, as may be seen in the following table «

gl T il B P A By o
Platinum. |Platinum. |Platinum. |Platinum. | Platinum,
Silver. Nickel, Antimony. Silver. Iron.
Copper.  |Silver. Silver. Nickel. Nickel.
Antimony. | Antimony.|Nickel.  [Copper. Bismuth.
Bismuth. |Copper. |Bismuth. |Iron. Antimony.
Nickel. Bismuth. (Copper. |Bismuth. | Lead.
Tron. [ron. Iron. | Lead, Silver.

Tin. Tin. Lead. Antimony.| Tin.

Lead. Lead. Tin. Cadmium. | Cadmium.
Cadminm. | Zine. Cadmiom. | Tin. Copper.
Zine, Cadmium. | Zine. Zine. Zine.

R
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At the head of each column is placed the name of the exciting fluid ; on taking
.nr- twin ul’ the mmlE ol the list hcngalh. and m,akmg them the solid elements of
the circle, the current is, at the point of contact, from the upper to the lower, and
is more powerful in proportion as the metals are farther separated from one another
in the list; thus, with dilute nitric acid and with solution of caustic potash, the
most powerful current is, after platmum, by silver and zinc ; with muriatic acid by
antimony and zine, and with persulphuret of potassivm with iron and zine.

If the metals in contact with the exciting liquid be such as that one is totally
without chemical action on it, it serves only as a means of mechanically transmit-
ting the inductive foree, and the current is simply due and iz proportional to the
electricity evolved by the action of the acid on _I.hc other. But il both mc-gals ha
such that either would act upon the acid if by itself, and thus produce execitation,
as when zine and copper are placed in dilute nitric acid, then the molecules of acid
are submitted to two polarizing forces in opposite directions, whieh, it c:qual, would
exactly neutralize ; but in practice they are not equal, and a current is produced
proportional to their difference.  Henee, the more nearly the metals resemble each
other in their chemiecal relations to a given liquid, the weaker is the current they
produce ; but, though acting similarly to one liquid, they may be oppositely related
to another, with which, therefore, they become a source of powerful excitation.
Thus copper and zine, being both acted on vielently by sulphuret of potassium,
generate but a feeble eurrent, while with dilute acids, which act very differently
on each, the current is very powerful ; and thus platinum, which is inattackable by
almost all liquids, forms the best possible element in every instance.

The metal which is used as the conducting medinm conducts by having its natn-
ral polarity inverted ; and hence, in place of a disposition to combine with the oxy-
gen or chlorine of the liquid, it would, if already combined, abandon it ; hence this
metal remains clean and bright.  On this principle was founded the mode of protect-
ing the copper sheathing of ships, by attaching small portions of iron of about !
of the surface ; the chlorine of the salt in the sea-water being thus transferred to
the iron, and the copper, in place of becoming covered with the green rust of
oxychloride of copper, remaining completely bright. This process succeeded in
practice somewhat too well; for the negative elements of the sea-water being
transferred to the iron, the positive bases present, lime and magnesia, were depos-
ited upon the copper, and thus affording points of adhesion for marine plants and
shell-fish, cansed the bottoms of the vessels to become so foul as materially to in-
jure their sailing powers. The process at present so extensively employed, of fix-
ing a layer of zinc upon iron surfaces, acts in protecting them from rust in the
Same meAnner.

This transfer of the elements of the exciting liquids has become recently, in the
hands of Spencer, the basis of one of the most beautiful and important of the ap-
plications of science to the arts. If one of the exciting liquids be a solution of sul-
phate of copper, as in Daniell’s battery (page 136), the metallic copper which sep-
arates is deposited upon the surface of the plate to which the current passes in the
liquid, and there is formed a layer of metal, which may be obtained, by slow and
long-continued action, as dense and homogeneous as the best hammered copper.
Any prominences or depressions, even a scratch of a pin, drawn on the plate on
which the deposite forms, are accurately represented on its internal surface : and it
15 upiy necessary 1o use as the negative mmal;m element 3 medal in relievo or in-
taglio, to reproduce, with an aecuracy equalling the powers of the most finished
hand or machine, the finest works of art. ‘This principle has been shown by Mr.
Spencer to be applicable to the copying of all varieties of designs, and may be looked
upon as the most important means of facilitating the possession of works of arl,
and thus elevating public taste, that has been made sinee the discovery of the method
of transferring engravings to any number of steel plates.

4 The EIFC’-"“'FY which is ﬂ"U]}'l‘fd by the chemical action of such
simple circles is remarkably different in its characters from that

form which has been described as its statical condition. Although
present in much greater quantity than ean be developed by friction
with the most powerful machines, yet, from its state of continued
recombination, it cannot acquire intensity ; it hence can pass only
through good conductors ; pure water, which, from the faeility with
which it allows of the passage of machine electricity proves the
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great source of failure and uncertainty in our experiments, inter-
cepts almost completely the current from a simple circle, and the
wires which are used to effect communication may be touched with
the fingers without any tendency to lateral shock becoming evi-
dent ; and yet the disproportion in quantity between the fluid, which
bursts through the strongest insulating bonds of our apparatus, or
breaks from the clouds, devastating forests, as the lightning, and
that which passes silently across the wires of the voltaic circle, is
such as almost to surpass belief. By actual experiment, the im-
mersion of two wires, one of platina and the other of zine, each
0-06 inch in thickness, to a depth of five eighths of an inch, in di-
lute sulphurie acid for three seconds, gave as much electricity as
could be generated by thirty turns of the most powerful machine
of the Royal Institution. Indeed, Faraday has shown that, in the
current which passes during the decomposition of a grain of water,
there is contained more electricity than in the brightest flash of
lightning.

If the metallic elements of a simple circle be connected, not di-
rectly by metallic contact or by a wire, but by ineans of one or more
other similar simple cireles, interposed in the course of the current of
its electricity, it i1s not at all interfered with, but the quantity of elee-
tricity which circulates is precisely equal to what iﬂfgenumted by
the chemieal action which takes place in each cell:  For, consider-
ing the circle of four cells, represented in the figure, consisting of

- + +
-
T———

copper and zine plates, acted upon by muriatic acid, the copper of
each cell discharges its positive electricity upon the negative fluid
of the zinc in the adjoining cell, and hence there is neutralization
of effect at the points a, b, and ¢; and it is only the amount of elee-
tricity liberated upon the copper and zine plates in the terminal
cells that passes along the wires, and, recombining at d, produces
the phenomenon of the current ; but this is the same quantity as
should be evolved by any one of these simple cells by itself, and
hence the remarkable result, which has been fully demonstrated by
experiment, that no matter how we may increase the number of the
elements of a galvanic cirele, the quantity of e]actricity assing in
the current is equal only to that e!.’ﬂ]'-'ecf' by a single ccﬁ. If the
chemical action be not of the same energy in all the cells, there
passes little more electrieity than what is generated where the de-
composition is least active ; for, as the excess would have to pen-
etrate through the liguid conductor in all the cells, the obstacle af-
forded to its progress is so great that it is almost totally absorbed.
Although the increase in number of the elements of the galvanie
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circuit is inefficient towards augmenting the quantity of electricity
which passes, yet it changes the character of the current in a very
remarkable degree, and coufers upon the fluid an intensity which,
in a simple circle no matter of what magnitude, it never can possess.
It has been seen, that by the state of mt{tual_ excitation into w nc_h the
zine and acid are thrown before the circuit is completed, the inten-
sity of the evolved fluids is limited to that which will
not suffice to enable the excited particles of acid to dis-
charge themselves upon the oppositely excited particles
of zine; for if this discharge occurred, all should be
brought back to the neutral condition. Now, if there be
interposed a second cell, containing an equal quantity of
the same liquid as the first, its particles must be brought into an
equally excited state before discharge can occur; and as the elec-
tricity has then to pass through a bad conductor of double the
length, it will require much greater hll&l]ﬁllf’ to penetrate it. The
process, in virtue of which, therefore, the electric ethbn}:m s in
the first instance disturbed, continues, even before contact is made,
until the intensity aceumulated is sufficient to propel the current
across the interposed retarding liquid, and is hence proportional
to the number of cells, or, as it is usually stated, to the number of
pairs of plates. The peculiar character of intensity may be suppo-

sed to arise, also, from the electricity generated by the outside
plates obtaining additional velocity, in passing across the intermedi-
ate cells, in each of which it meets an equal quantity of fluid moving
in the same direction, and whose motion it absorbs, restoring them

to rest, and being thereby hurried itself enward in proportion.

The intensity of the electricity which is thus excited is very slight, even where
the number of eombinations is considerable ; thus, it requires a series of al least
200 pairs of plates, four inches square, immersed in dilute sulphuric acid, to cause a
sensible divergence of the gold leaves of the most delicate electroscope. It is only
where the arrangement involves some thousands of couples that electricity 18
evolved of sufficient tension to produce a spark across a non-conduetor, such as that
given by the eleetrical machine, or to cause any of those attractive and repulsive
motions by which the feeblest form of statical eleetrieity is recognised ; to obtain
these effects also, the circuit must be broken, for even with the most powerful com-
binations the current of electricily is without any action of intensity. 'Where, how-
ever, by means of a sufficient number of elements, intensity Las been given, the
quantity of electricity which accumulates, and the quantity of chemical action from
which it has its origin, are exceedingly minute. This is exemplified in the dry piles
of Zamboni, the form in which electricity may be considered as connecting its purely
dynamical and properly statical conditions. The pile of Zamboni contains no ap-

rent liguid clement ; it consists of disks of gilt paper, and of exceedingly thin zine

oil, laid alternately over one another, to the number of from five to twenty thousand,
care heing taken to turn all the gilt suriacea
the same way. These are enclosed in a glass
tuhe, and terminated at each end by a brass
cap with a pressure screw. The paper con-
taining in ils pores, when not artificially dried,
a small quantity of water, this gradnally acta
opon the zine, and electricity is evolved, which,
from the great ohstacle presented to its recom
bination through the disks internally, and by
the atmospherie air outside, attains a degree
of intensity so high that it acts decidedly upon
the electroscope, as shown in the figure. and
15 amusingly applied to produce various at-
———— e WTACLIVE and repulsive molions, such as ringing
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bells, &e ; for there being a continual source of electricity in the action of the
muisture of the paper on the zine, these phenomena may continue manifested for
years without diminution.

Such a dry pile, when insulated, shows opposite electrical excilation at the two
extremities, these being, however, of equal force, and hence producing neutrality
when combined.  [If, therefore, the two ends of a dry pile be connected by a wire,
the electricities which had aceumulated recombine, and the pile becomes inert, and
requires a certain tune before it can recover a charge equal to that which it had
lost.  When the pile is examined at a distance from its ends, the exeitation is found
to be less powerful, until at the centre it is exactly neutral. This arises from the
actwon at each point being the resultant of the opposing actions of the two extrem-
ities, and vanishing at the centre where these last are equal, precisely as there ex-
ists a neotral place upon the surface of any body inductively excited by ordinary
electricity. If the pile be held in the hand by one extremity, the eleetricity of that
end is dissipated, and the other end becomes capable of acting more powerfully
upon the electroscope, from the opposing influence being removed.

No principle has ever been discovered in seience more rich in consequences than
this of the increase of tension given to electricity in motion by the connexion of a
number of simple galvanic circles.  Hence, deservedly, the instrument so formed
has obtained the name of the Voltaic pile. It has enriched chemistry with a crowd
of important substances discovered by its means, and has led, by its results, to the
euggestion of the most plausible theory of chemical combination that has been as yet
proposed.  In physical science it became the origin of all subsequent improvement
in the domain of electricity, for without its agency it is hard to see how the steps
which followed could have been made.

The form in which the Voltaic pile was first constructed was sim-
ilar to that of the dry pile noticed above. The disks were of zine
and silver or copper. The fluid conductor, which was rendered
more capable of acting on the zine by the addition to it of some
acid or of common salt, was imbibed in disks of common cloth,
which were interposed between every pair of metallic disks. There
were thus, copper-zine, acid, copper-zine, acid, copper-zine, and so
on to an indefinite extent. It is a peculiarity of this instrument,
which, as it extends to many forms of it even now in use, and affects
our chemical nomenclature remarkably, it is necessary to notice,
that the current in the connecting wires appears to be in a direction
opposite to that deseribed in the battery of cells of page 131; for
the outer copper plate at the one end, and the outer zine plate at
the other, having no communication with the exciting acid, trans-
mit the current merely as portions of the attached wires, and hence
the direction of the current is in appearance {rom the zine to the
copper end, while it is properly the copper from which the positive
fluid emanates, and it is the negative which arises from the zine.
This diversity had its origin in the circumstance that the theory of
the pile maintained by Volta, and even at the present moment sup-
ported by some illustrious men, ascribed the origin of the electri-
city ot to the action of the acid upon the zine, but to the contact
of the zinc with the copper ; the point where the metals touched
being supposed to be a continual source of positive electricity to
the copper. It was even attempted to prove this by soldering to-
gether plates of zinc and copper, and testing their electrieal condi-
tion by the gold-leal condenser, which was supposed to indicate a
permanent state of excitation, independent of all fluid or chemically
acting media. It has been fully proved, however, that, according
as such contact experiments are made with increased care, the re-
sults become less evident in favour of that theory. Such trials tend
to show the evolution of minute traces of statical electricity, where-
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as the simple galvanic circle is charaeterized by the grcal_t]uﬂnt‘ity
of electricity it may yield, and by its total want of statical intensity.
Even, therefore, if it were proved, which it is not, that the mere
contact of bodies evolved electricity aﬁ'f:cting the gold-leafl c:lqctro.
scope, it would be as far from accounting for the totally different
kind of electrical excitement by which the galvanic battery is cre-
ated, as it would be from giving a true or satislactory theory of the
cause of magnetism.

But the pretended excitation by contact, or the electromotor force,
as it was termed by Volta, must be carefully dﬁstingulshed from the
capability of inductive excitement, which bodies capable of chemi-
cal action, as a slip of zinc and muriatic acid, mutually confer upon
each other. "

This last arises from the possible substitution of the zinc for the
hydrogen of the acid, which does occur as soon as the mterchange
of the electricities allows of the transfer of elements; for on the
first immersion of the zine, the equilibrium of the chlorine and hy-
drogen, which had previously been totally engaged with each other,
is interrupted, and that of the particles of the zine, which had be-
fore been all circumstanced alike, is disturbed by some of them be-
ing nearer the acting muriatic acid than the others, and thus the in-
duced condition of both arises. On this positive and necessary
principle, the theory of the simple and compound circles already
described has been given ; and although it will require to be again
noticed in describing the phenomena of decomposition which ac-
company the passage of the current, yet, [or the only purpose which
we here require, of studying the manner in which the current of
electricity of the battery has its rise, the peculiar and important in-
fluence exercised by the chemical reaction among the elements of
which it consists has been sufficiently described.

It is now necessary to notice more in detail the construction of
some of the more usual forms of
the Voltaic or Galvanic battery.
The first improvement on the pﬂe
of Volta consisted in placing it
horizontally in a wooden trough,
-~  _ _  .— - andreplacing by cells containin
dilute acid the moistened disks of cloth employed by the uriginagl-
mventor. It being difficult to cleanse the surfaces of the plates,
which in that form were per-
manently cemented into the
trough, this was made of delft-
ware divided into cells, and the
plates, being soldered together
by projecting bands at the top,
were hung upon a rod, as in the
figure, so that, when wanted,
they may be immersed with
great rapidity, and withdrawn
as easily from the liquid when
the battery is not wanted. The
power of such troughs is in-
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ereased by one half when the copper slip is doubled over so as to
oppose both surfaces of the zine. Batteries intended rather for in-
tensity than for quantity, and which consequently consist of a great
number of plates of moderate dimensions, are generally employed
on this last construction : each delfiware tmughio]ding ten pairs of
plates, and any number of troughs that may be required being rap-
idly and easily arranged together., When a current of electricity
of great quantity, but not of intensity, is required, it is usual to em-
pll:?r a few, or even only one pair of plates of considerable size. Thus,
a sheet of copper and a sheet of zine, each of from 20 to 120 square
feet of surface, being kept separated by ropes of horsehair, have
been rolled up together and immersed into a large tub of acid, form-
ing thus a simple cirele, giving a current so feeble in intensity as to
pass with difficulty through a short column of distilled water, and to
be quite insensible to the feeling, but which fused down into globules
the most refractory metals, and gave with charcoal points a light of
brilliancy insupportable to the eye. The copper plate may be very
conveniently made to act as the cell containing the acid: cylindrical
batteries of moderate size are very frequently so constructed.

I have supposed, in the description of the nature of simple and
compound Voltaic circles, that the zine employed was completely
pure, in which state, when lirst immersed in the acid, there is no chem-
ical action, but only the preparatory inductive state produced, the
decomposition of the acid by the zine commencing only when the
circuitis completed. But such pure zine is too expensive for ordinary
use, and the commercial zine contains always traces of impurities,
particularly iron, from which it acquires a power of generating a
multitude of little secondary currents across the fluid, and thus pre-
venting to a great extent the formation of the proper current. For
suppose that there is on the centre of a plate of zine a little piece of
iron or of copper, this serves to return to the zine from the acid the

ositive electricity, which had passed away from it precisely as it
it had been a copper wire, which touched the acid with the one end,
and the zine plate with the other. Such a plate is therefore oceu-
pied almost solely with its own self-contained currents, and scarcely
assists in generating the eleetricity which is brought into play in the
battery at large. To this cause must be assigned the property which
ardinary zinc possesses of dissolving readily in an acid, and of evolv-
ing hydrogen upon its own surface. It evolves the hydrogen upon
those points of its surface on which foreign metals being deposited,
serve to complete its circuits. This injurious property of ordinary
zine is remedied by coating the surface of the plate with mereury,
or, as it is termed, amalgamating it. By this means the whole sur-
face of the metal is brought into the same state, and must hence act
in the same manner on the acid. Any secondary current which
might arise could therefore find no means of discharge, and such
zine is not acted on until the eircuit is completed, and then all hy-
drogen is carried by the excited molecules of acid to the copper
plate, and there evolved as gas.

To amalgamate the zine plates of a battery, a quantity of mercury
is to be laid in a flat dish, sufficient to cover the bottom ; moderately
dilute nitric acid, to which a small quantity of nitrate of mercury
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has been added, is to be then poured on the mercury, so deep that
the zinc plate, when floating on the mercury, shall be covered by
the acid. Before immersing the zinc plate, it should be, if not new,
cleaned as well as possible with sand-paper from adhering dirt, and
then it combines with the mercury very rapidly, so as to form a sur-
face which, by rubbing with a little flannel, may be rendered com-
pletely uniform. The zinc should not be too !ughl:-,r IIIJUI"ULII’IH].IEBd,
for then it becomes extremely brittle, and requires considerable care
in using it. The power of a battery may often be quadrupled by
this method. A source of great inconvenience in the ordinary bat-
teries arises from the hydrogen acting on the oxide of zine which
is dissolved, and reducing it to the metallic state, when it is carried,
with the remaining hydrogen, to the copper plate, and deposited upon
it. In this way there is gradually formed a second zine surface
opposite to the proper zine plate, and which, tending to transmit a
current in the reversed direction, neutralizes a certain proportion of
the power of the cirele, and may even destroy it altogether. Hence
an ordinary battery is most active when first brought into play, and
diminishes very rapidly in power until, after the lapse of some hours,
even though the acid be not saturated, its action ceases.

This disadvantage has been beautifully removed by the principle
of absorbing the hydrogen by means of a solution of sulphate of
copper, which it decomposes, and precipitates upon the surface of
the copper plate a layer of clean, new, metallic copper, in the best
possible condition for supporting the action of the battery. The
simplest arrangement of this kind is that of Mullins ; the mechani-
cal construction is most perfect in Daniell’s constant battery. Mul-

== ling’ battery consists of a delftware trough, D, in

which the cylindrical zinc plate B, of nearly the
same diameter, is placed, and inside of which, again,
is the copper cylinder A, which is close, and acts
only by its external surface ; round the upper edge
of the copper cylinder C is tied a bladder, into which
fluid may be introduced by means of a row of ap-
ertures in the rim to which the bladder is attached.
A solution of sulphate of copper is poured into the
bladder, and its state of concentration is kept up by
heaping some coarsely-pounded crystals on the top of the copper
cylinder. Into the trough in contact with the
zinc is then poured dilute sulphuric acid. When
the action commences, the hydrogen is transfer-
red through the membrane, and, meeting there
the solution of sulphate of copper, is absorbed
in the production of metallic copper. The cop-
per cylinder never wears nor dirties, The metal
is all recovered from the sulphate of copper,
and the only thing necessary is that the plates
of zine shall be renewed from time to time.
Daniell’s battery has the advantage that the cop-
per 1s outside, and hence is capable, with ex-
til| posure of the same surface of zine, of producing
& much more powerful current. The cell con-
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sists of a copper cylinder, a, ¢, near the top of which is attached
a perforated plate, P, on which, when the cell has been filled with
the solution of sulphate of copper, a quantity of crystals are laid,
to be dissolved according as they are required. A solid zine rod,
m, supported at the top of the copper cylinder by a wooden cross-
piece, i1s contained in a membranous bag, formed of the gullet of an
ox, &, h, and into this is poured the dilute acid, which consists of
one part of oil of vitriol and eight parts of water. Any number of
these cells may be arranged together so as to give a battery, which,
if all the coppers be connected upon the one hand, and all the zine
rods upon the other, will evolve large quantities of electricity of
low tension ; but when the copper and zine elements are alternately
connected with each other, the tension of the electricity evolved is
much increased, though at the expense of the quantity generated.

The great advantage of such batteries is the perfect uniformity
of their action, by which they deserve fully the name applied by
Daniell to his construction, of the constant battery ; with such an
instrument, the conditions of the current may remain for days per-
fectly unaltered ; and thus the laws of action of the current have
been determined, particularly in its cheémical relations, with com-
plete suecess, and views of the analogies between aflinity and elec-
tricity, equally novel and important, which will be discussed in an-
other place, have been arrived at by its means.

Latterly, the membranous bags, originally used by Daniell and
others as the diaphragm between the acid solution and that of the
sulphate of copper, have been with great advantage replaced by
porous cells of biseuit-ware, such as is represented in the figure by

ol

g Some forms of battery have recently been propesed, in which,
under a small compass, very great power is obtained, by, 1st, bring-
ing the plates very near each other; 2d, seleeting solid elements,
which differ as much as possible in their chemical relations ; and,
3d, using as the exciting fluids those of the most intense action,
and of the highest conducting power. In this way, the most pow-
erful Voltaie combination that has been yet made is that of Mr.
Groves. Plates of zine and platina are separated by diaphragms of
porouns earthenware, the zine being acted upon by dilute sulphurie
acid mixed with some nitrie acid, and the platina being in contact
with tolerably strong nitric acid.” The hydrogen El"l.'.lifﬂd by the
zine is completely absorbed by the nitric acid on which it aets,
forming nitrous acid which remains dissolved ; and the metals, being
those most opposite in their electrical relations, give the most pow-
erful eurrent possible.

The conducting powers of various bodies for this form of electri-
city has been determined with great care by Pouillet, whose results
are, that the relative conducting powers of the various metals are
expressed by the following numbers :

Palladiom . . . 5791 Brass from. . . . 900
Silver D0 d ¢ D102 ko o w2
Gold e e o o DTS Cast steel from . . 800
Copper ., . . . JB38 0 .« - tBDD
Platind, , . . . 85§ Teom % . O R T
Bismuth . . . . 354 % Mercury . 100

L




138 RELATIVE CONDUCTING POWERS,

He ascertained, also, the relative conducting powers of the saline
solutions usually contained in the cells of the Galvanic battery ;
and it appears that the conducting power of platina is two million
and a half times that of a saturated solution of sulphate of copper,
and hence that of copper is sixteen million times as great. The
conducting power of the saturated solution of the sulphate of cop-
per being taken as 10:000, he found that of

a saturated solution of sulphate of zine to be . 4170

distilled water . . . . . . . . . . . 0025
distilled water with 35455 of nitric acid . ., 0:150

The great retardation which occurs when the current has to pass
through any considerable length of liquid, will now be easily under-
stood. Pure water may be considered, with feeble circles, as an
absolute non:conductor ; and even with the most powerful combi.
nations that have been yet made, the current is unable to force its
way through the smallest measurable interval of air. It was not
long ago believed that, even with simple circles, a spark indicating
the passage of a current was seen on making contact, and hence
that the electricity had passed before the metals had touched, and,
consequently, that the chemical action should be alone considered
as the source of the electricity. It is, however, now acknowledged,
that no spark ean pass until the wires have touched and are again
separated, and the passage of the electricity is then accomplished,
not by the action of the excited molecules of air, as oceurs with the
machine, but by the violent inductive polarization of the particles of
the terminal conductors, which are torn off and pass from one pole
to the other. :

When the current of electricity is retarded by means of an in-
sufficient conducting medium, the centre of the conductor becomes
hot, and thus the most brilliant effects of heat and light may be pro-
duced ; even the most refractory.metals, as gold and platina, being,
when in thin foil or wire, dissipated actually in smoke. By termi-
nal points of well-burned charcoal, this phenomenon is beautifully

roducéd, the ignition being totally independent of combustion, for
1t takes place in vacuo or in carbonic acid gas; and when the points
are separated from one another to a certain distanee, the interval
becomes occupied by a splendid arch of light, formed by the induc-
tively excited particles of charcoal, which, in a state of intense ig-
nition, abandon the positive to attach themselves to the necative
extremity of the conductor. v

The action of galvanic electricity upon the animal frame does not

properly fall within the scope of the present work, but in termina-

& ting the subject, the mode in which the
first view of this important science was
obtained may with propriety he noticed.
Galvani was professor of anatomy at Bo-
logna, and, while preparing frogs for
some physiological experiments, he hap-
pened to touch, by one extremity of a
metallie wire, the lumbar nerves which
still remained attached to the spine, while
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the other extremity of the wire was in contact with the muscles of
the leg ; these last were instantly thrown into strong couvulsions.
To perform this experiment with success, the legs of the frog are
to be left attached to the spine by the crural nerves alone, and then
a copper wire and a zinc wire being either twisted or soldered to-

ther at one end, the nerves are to be touched with one wire,
while the other is to be applied to the muscles of the leg.

(alvani erred in the explanation of this remarkable eflect ; he look-
ed upon the body as being in the state of a charged Leyden jar, of
which the nerves and muscles were the external and internal coat-
ings, and that, on connecting these by the conducting wire, the elee-
tricities recombined, and the passage renewed for the instant the
phenomena of life. Volta pointed out, however, that, in order to
produce full eflect, the presence of two metals in the conductor was
required, and he ascribed the origin of the electricity not to the
body, but to the contact of the two metals, and supposed the con-
vulsive motions to be merely the indication of the passage of the
current across the body of the frog. This view has also been since
modified by aseribing the electricity to minute traces of chemical
action on the wires; but it was so fruitful in results, of which the
construction of the Voltaie pile is the most remarkable, that Volta
is, with justice, looked upon as the true originator of this branch of
electricity as a science, although it was Galvani who observed the
first fact belonging to it.

The frog so prepared is a most delicate test of the passage of a
Galvanie eurrent; it is truly a galvanoscope, corresponding to the
gold-leal electroscope for ordinary electricity ; but it does not meas-
ure the quantity or intensity of the electricity which passes. As
yet we have no exact measure of the intensity of Galvanic electri-
city ; but that its quantity may be exactly determined, two of its
properties may be applied: the first consists in determining the
quantity of a given chemical substance, as water, which the current
can decompose in a certain time, for the quantity decomposed is
proportional to the quantity of electricity which passes ; the second
consists in observing the degree to which the current is able to de-
flect the magnetic needle from its natural position of north and
south, for the angle of deflection is connected with the quantity of
electricity in the current by a very simple law ; we are not yet in a
position to understand fully the theory either of the chemical or
the magnetic galvanometer, and hence I merely indicate, for the
present, their existence and their names.

Thermo-electricity.—If heat be applied to a wire, uniform in tex-
ture and thickness, bent into a ring, there is no disturbance of elee-
trical equilibrium; but if any obstacle to the transmission of the
heat, such as a knot or a cﬂiir in the wire, exist, a cur-
rent will be established, of which the direction will be
from the point of the cireuit to which the heat is applied
towards the point where the retarding cause exists, If
in place of merely causing an artificial obstacle on a
uniform wire, two metals, « b, be selected, which differ
in conducting power, and the point at which they touch
one another, ¢, be kept at a different temperature from ==
the rest, a current is also produced from the latter point towards
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the metal which is the worst conductor. The more unlike the met-
als are in molecular constitution, and the greater the difference be-
tween their conducting powers, the more energetic 1s the eurrent.
The best combinations are therefore of a erystalline and a non-
erystalline metal, or of two metals which erystallize in different sys-
tems. Bismuth and antimony, which are the worst conductors of
the metals, are also among the most crystalline and while bismuth
crystallizes in cubes, the form of antimony 1s a rhombohedron ; these
metals, therefore, combine all the essential qualities for generating
a current when unequally heated, and they are, consequently, the
most powerful sources of thermo-electricity that have been found.
The results obtained with other metals will be understood by wri-
ting them down in the following order, any two of them being
capable of forming a current when their junctions are unequally
heated, the current being from the metal highest to that which is
Jowest in the list, and the power of the current being greater in
proportion to the distance between the metals in the following or-
der : bismuth, platinum, lead, tin, copper or silver, zine, iron, anti-
mony. The molecular texture would appear from this list to have
more influence on the production of the current than the mere dif-
ference of condueting power.

The intensity of the thermo-electric current so excited is exceed-
ingly small; it is only capable of passing through very good con-
ductors, and it requires the combination of a number of exciting
couples to give sufficient tension to enable it to produce a spark, or
to show any signs of chemieal influence. It then, however, agrees
in all respects with the electricity of the Galvanic battery when in
an excessively feeble state of tension, and it resembles remarkably
the hydro-eleetric current, in being able to reproduce at a distance
the circumstanees in which it originates ; for precisely as a current
passes through a combination of antimony and bismuth when its
junctions are at unequal temperatures, so, when a similar current
from any other source is passed throvgh the metallic couple, a chan
of temperature is produced at the place where the two unite; if the
eurrent pass from the bismuth to the antimony, the junction becomes
heated ; but if the electricity pass in the opposite direction, the june-
tion is cooled to a remarkable degree, so that, if a little hole be
bored where the metals touch, and a drop of water be laid therein,
it is frozen after a few moments. This result, which was first ob-
tained by Peltier, and has been confirmed by Bottger, is one of the
most remarkable proofs of connexion between the physical sources
of temperature and electrical equilibrium that has been as yet dis-
covered, and may influence our theories of the nature of heat in no
inconsiderable degree.

The principle of strengthening the thermo-electric eurrent, by
combining together the action of a
number of metallie couples, is due to
Nobili. If we consider a number of
bars of antimony and bismuth, a &,
soldered together alternately at their
ends, so that every alternate soldering
shall be in the same plane, and the
extremities of the terminal bars be
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connected by a wire, on applying heat to the alternate solderings,
a current is generated at each, which, being all in the same diree-
tion, travel together through the system, and thus increase its en-
ergy in proportion to the number of combinations. The important
distinetion between this and the combination of elements in the
Voltaic pile is, that in the latter the increase of number affects only
the tension of the current, but leaves the quantity the same as the
single couple ; but in the thermo-electrie pile, although the intensity
is increased, yet the quantity which passes in the current is aug-
mented also.

It is this prineiple which has been applied by Nobili to the con-
struction of the thermo-multiplier or thermu-eﬂctrﬂﬂnpe used by
Melloni and Forbes in their researches on radiant heat, of which a
sketch has been given in the last chapter. The thermoscope con-
sists of fifty small bars of bismuth and antimony, placed parallel be-
side one another, and forming a single prismatic bundle, F, F’, about
1! inch long and ? inch square in section. The two terminal faces
are blackened. The bars of bismuth, which are arranged alternately
with those of antimony, are soldered at their extremities, and sep-
arated all through their length by an insulating substance. To the

first and last bars are attached cupﬁcr wires, which terminate in the
pins C C, of the same metal, passing across a piece of ivory fixed
on the ring A A. The space between the interior of this ring and
the elements of the pile is filled by insulating material. 'The free ex-
tremities of the two wires are put in communication with the ter-
minal wires of a maguetic galvanometer, the needle of which indi-
cates by its motions when the temperature of the anterior surface
of the thermo-electric pile is raised or lowered, in comparison to that
of the posterior surface. (See P in figure, page 99.)

By means of a jointed support, the axis of the pile may be turned
in any direction that may be wished ; and to protect its surface from
lateral radiation, the metallic tubes B B, brilliant externally and black
ened on the inside, are attached to the extremities of the ring A A.

If by changing through one degree the temperature of a single
soldering, a current of a certain power be obtained, there should be
with fifty solderings a current filty times as strong, or an equal
current when the temperature of the solderings varies through one
fiftieth of a degree. It has been ascertained that instruments of
this kind may be made to indicate a variation of temperature of
of a degree on Fahrenheit’s scale.

The electricity which is thus evolved by change of temperature
in conducting bodies, although so feeble in quantity and intensity
as to be uttﬂﬁy devoid of those brilliant qualities which attach much
popularity to the phenomena of Galvanism and of machine electri-
city, has thus been found the means of assigning the true laws of
some of the most interesting and important branches of the physical
sciences ; and it will be hereafter seen that thermo-electric currents,

]
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excited in the superficial stratum of the globe by the inequality of
temperature which arises from the action of the sun, may generate
not only the magnetic properties on which are founded the com-
mercial intercourse of eivilized nations, but, by influencing the affin-
itary powers of the elementary constituents of our planet, may have
been the agent in silently, but effectively, regulating the constitution

of inorganic nature. 4

[From the extensive employment of thermo-electric currents as measures of tem-
perature, it is desirable to understand their habitudes. Dr. Draper has shown that
equal quantities of heat do not set in motion equal quantities of electricity ; with
certain combinations of metals the proportion increases, and with others decreases.
For this reason, temperatures estimated in this way must always undergo corree-
tion, as the following table shows :

E-ﬂ boids | Mercury Baoils
te= Mercurial thermometer . 212 Gl
= fﬂﬂp].u':r andiron . . .| 202 257
£ £ | Silver and palladium . | 235 840
E 1! Tron and palladium . .| 211 539
EZ Platina and copper . .| 244 | 1030
ES | Tron and sitver . . .| 170 279
& 2 1ron and platina . . .| =1z | 829

We therefore infer, that in these six systems of metals, the developments of electu.
city do not inerease proportionally with the temperatures, but in some with greater
rapidity, and in others with less.

The tension of these currents undergoes a slight increase with increase of tem-
perature : a phenomenon due to the inereased resistance to conduction of metals
when their temperature rises,  In hydro-clectric pairs, the quantity of electricity
evolved depends on the surface of the plates ; but in thermo-electric arrangements,
the quantily of electricity is independent of the amount of heated surface, a mere
point being just as efficacious as an indefinitely extended surface.  And in a com-
pound series of many pairs, the quantity of electrieity evolved is direetly proportional
to the number of pairs.

Thermo-electric currents traverse metallic masses only on account of differences
of temperature existing at different points.  When a current flowing from the poles
of a battery is made to traverse a wide motallie sheet, the whole of it does not

pass in a straight line from one pole to

2 « the other, but diffuses itself through the
metal, diverging from one pole and con-
verging to the other. For these reasons,

b there are certain forms of construction

\v:

3

which give thermo-eleetric arrangements
peculiar advantages. For example, the sur-
faces united by soldering must not be too
massive, Let a, fig. 1, be a bar of anti-

mony, and & a bar of bismuth ; let them be
b soldered together along the line ¢ o, and at

the point d let the temperature be raised,

a current is immediately excited ; bat this
does not pass round the bars a b, inasmuch as it finds a shorter and readier chan-
nel through the metals between ¢ and d, circulating, therefore, as indicated by the
arrows. Nor will the whole current pass round the bars until the temperature of
the soldered surface has become uniform.

An obvious improvement on such a combination is shown in fiz. 2, which econ-
sists of the former arrangement cut out along the dotted lines ; here the whole cur-
rent, as s00n as it exists, 1s lorced to pass along the bars.  And because the mass
of metal has been diminished along the line of junetion, such a pair will change its
temperature very quickly.

One of the very best forms for a thermo-electrie couple is given in fig. 3, where a
is a semi-cylindrical bar of antimany, & one of bismuth, united together by the oppo-
site corners of a lozenge-shaped piece of copper, e From its exposing so much
surface, the copper hecomes hot and cold with the greatest promptitude ; and from
its guod conducting power, it may be made very thin without injury to the current.]
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Muagnetic Electricity.—The properties which are now known as
netic were first recognised in a peculiar ore of iron, found in

the vieinity of the town Magnesia, in Asia Minor, from which the
names of tir: substance and of the science have been derived. The
native magnetic ore or londstone consists of ironand oxygen. This
mineral, although quite inert with regard to all other bodies, actracts
iron and steel with great power; and the pieces of iron and steel,
while in contact with the loadstone, participate in its powers, and
are capable of attracting other pieces to themselves. Iron and steel,
though both attracted by the magnet, differ remarkably in the fact
that iron, although magnetic while in contact with the loadstone,
loses all its properties when it is removed ; while steel, which is at
first attracted with inferior power, when it has become magnetie by
contact with that mineral, retains that condition after separation,
and thus becomes a permanent artificial magnet, A steel magnet
thus formed may in its turn be used in place of a loadstone to form
others ; and almost all the magnets we employ in experiments have
thus obtained their power, as native loadstone is not found in suf-
ficient quantity, or sufficiently intense in action, for our purposes.
The steel bars which are magnetized are generally straight, but often
also bent in the centre, so that the halves are nearly parallel, and
are then called horseshoe magnets.

When a magnetic bar is dusted over with iron filings, it will be
found that the filings attach themselves to g s
the extremities of the bar, and scarcely at =4
all to the eentre ; the magnetic power is “505" : TR
thus seen to exist only near the ends of the bar. Each filing being
itself for the time a magrnet, attracts others, so that they form strings,
which arrange themselves, according to definite laws, in an order
which is termed the magnetic curves, and from the disposition of
these curves it is evident that the action of the magnet emanates
from a single point, P, near each = : RN )
extremity ; these points being the
centres of action of the magnet,
are termed its poles. Thus, in the
figure, the bar being a magnet, the
points P and P are the poles, and
the directions of attractive force
are indicated by the diverging]
lines, which, uniting on the inner |
side, form the magnetic curves. T :

The utility of the magnet in navigation is well known ; it arises
from the pul}es of the magnet being attracted by the earth in such a
way, that, when free to move, the magnet rests in a direction nearly
north and south ; the pole of the magnet which is turned to the
north is termed the north pole, the other the south pole. 1If two
magnets be brought into the seighbourhood of one another, they do
not attract indifferently, as either would attract a mass of iron ; but
the north pole of one magnet attracts the south pole of the other,
and is attracted by it, while the north poles of the two, or the south
poles, if brought near each other, repel as powerfully. In magnets,
therefore, poles of the same name repel, and poles of opposite names

Rl
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attract, a condition precisely similar to that which holds between the
electricities evolved by friction. In magnetism, also, the attractions
and repulsions follow the law of the inverse square of the distance,
and thus complete the superficial analogy which led astray for so

many years the investigators of this branch of science. .

The action of the earth upon magnets at its Su!‘ﬂ‘lﬂf} can only be EXPIHH‘IIB:I% hy
Bupposing the earth itself to possess magnetic properties. The northern portions
of the earth attract the north pole of a magnet, and must therefore possess south-
ern polarity ; the southern portions of the earth attracting the south pole of the
magnet, must possess northern polarity.  The action of the earth cannot be ex-
plained, however, by supposing it to be a simple magnet with a pole at each ex-
tremity. [t possesses at least two eentres of force or poles in the north, one in
Siberia and one in North America, while the exact distribution of the centres of
magnetic foree in the southern hemisphere has not been yet made out.  These cen-
ires themselves are, however, not fixed ; the needle is continually changing in di-
rection ; at present it points to 244° west of north ; but in the year 1664 it pointed
to the north, and it had previowsly pointed in an easterly direction, towards which
it is now relurning.

Prior to the discovery, by Ampere, of the true nature of magnetic

henomena, a theory similar for the most part to that of the two
electrical fluids was maintained ; two magnetisms were supposed to
exist, the particles of the same fluid repelline each other, but the
particles of one fluid attracting those of the other. The assumption
of magnetic properties by a piece of iron or steel in contact with a
magnet became, therefore, a phenomenon of induction similar to
that described under the head of statical electricity, the constitution
of iron being such that the fluids recombined on the disturbing eause
being removed ; the constitution of steel, on the contrary, prevent-
ing their reunion. There existed, however, one great difference
between a magnetie bar and a body excited by induction with ma-
A C B chine electricity. If the bar A, C, B, excited
i ) by induction, and of which the portion A is
positive, and B negative, the middle C being
neutral, be cnt in two at C, the portions A
and B retain their peculiar states, one posi-
tive and the other negative. But if the mag-
netic bar A, C, B be broken across at the
- meutral portion C°, then each half becomes
. a perfect magnet of half the strength of the
* entire; the points C° and C”, which had
been neutral, acquire magnetic power ; and
if these portions be again broken, each frag-
) T ment is a perfect magnet. Magnetism be-
longs, in this way, to the inmost particles of the body, and in the
general mass each magnetic molecule is still active and independ-
ent; a magnet resembles, therefore, an exceedingly bad conductor,
which has been inductively excited hy common electricity, and the
particles of which retain for an indefinite length of time their state
of polar excitation. i
In order to understand the real nature of maenetic action, we
must free ourselves, however, from all these am.]';giﬂs to maciﬁne
electricity, no matter how well grounded they may appear to be
when superficially examined. The electricity of the magnet is
constantly circulating, and it possesses so little tension that it

AR
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never leaves the magnetic element, or molecule of iron or steel, in
which it has its origin ; in lact, every current of electricity possess.
es magnetic properties, and simulates the action of a magnet situ-
ated transversely to it. Thus, i[ a needle be held transversely on a
wire carrying an electrie current, it becomes magnetic precisely as
if it had been laid parallel to a magnet ; and by bending the wire
round so as to form a coil, the magnetism which it confers being
increased in proportion to the number of turns, may be rendered so
intense as to surpass that of the most Fig. 1.
fuwnrl'u] steel magnets that are made.
n fiz. 1 a small coil is represented, by
which magnetism is conferred upon the
Fig. 2. bar of steel inside. And
: in fic. 2, a large horse-
> shoe of solt iron, by being covered by a helix of many
% hundred turns, may become able to raise a weight of
2 some hundreds of pounds by the magnetism it ac-
{ quires,

The coil of wire carrying the current may be
shown, also, to possess magunetie properties by its
attractive and repulsive action on a magnet. A coil
as in flig. 3, suspended so as Fis. 3.
to be able to move [reely, is i
attracted and repelled by the
poles of a magnet precisely

: as if it also had a magnetie
ole at each end. A flat coil, as in fig. 4,
1s also found to be magnetic, the poles be-
ing indefinitely near each other at the cen-
tre of the coil. A beautiful form of the ex-
Fig. & periment consists 61
in a long wire, W m
which is made into a close coil, and connect-
ed at the ends with a pair of little plates of
zine and copper, asin fig. 5. On placing this
system, huoyed by a piece of cork, in a dish
= of acidulated water, it settles itsell at right
~— angles to the direction of the magnetic nee-
dle, and behaves in all respects like a mag-
net situated in the centre of the coil, and
— perpendicular to its plane.
: -~ It is now necessary to examine into the
= - relation which the direction of the current
bears to the poles of the magnets which it forms, or which might
represent its action. If A B be a wire in which a current
is descending, as marked by the arrow, and a needle, N 8, 'Ek
is placed transverse to it, the right-hand end of the needle ——
becomes the north, and left-hand end of the nee- 5 | ¥
1 dle the south pole ; if the direction of the carrent  ¥B
5 H be reversed, the north pole is formed at the left. In a
B circular current, the position of the pole may be, conse-
quently, easily seen; the current A B, which descends in front

Fig. 4.
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of, and ascends behind the needle, produces in the bar, N 5, a
northern polarity to the right, and a southern to t_'llﬂ left ; lh? ac-
tion of magnetic currents upon each other ?—'“T—'F‘]}CE the explana-
tion of these phenomena. If two wires carrying Galvanie currents
be brought near each other, there is attraction or repulsion, accord-
ing to the direction of the currents; if the two currents be in the
same direction, the wires attract ; if in nppgmmfllrectlﬂns:,tlle wires
; w repel each other. The cause 1s evident on inspecting
' ¥ the figure: the upper wires being arrows which carry
;]}:L‘::E currc]ils in the same diﬂ!l:l..lﬂn} LIIGF act on each ﬂtltﬂf‘,
as should a pair of magnets placed transverse to their
direction ; the ends of the magnets which are juxtaposed
¥ 4 have opposite polarities, and attract ; while in the lower
S 5% arrows, where the currents are in opposite directions,
BY¥5R® the effect is the same as would result from the magnets
of which the contiguous poles are of the same name, and hence re-

pulsion. ; : X
A wire earrying an electric current being thus a magnet, it acts
upon permanent magnets, attracting or repelling, according to its
position, and generally, from the combination of the two [orces,
senerating very complex and singular motions. These actions
have heen so minutely and so extensively studied as to constitute
a distinet branch of this department, termed electro-magnetism ; but
being unimportant in detail except in physical l:clutmnﬂ, | sha_ll
only notice the experiments by which (Ersted first ereated this
branch of science, and which have ultimately led to one of the best

weasures of electricity, the multiplying galvanometer.
If a Galvanic current be passed over a magnet in the direction of
the arrow in the figure. and the
e needle be movable on its centre,
T )l it endeavours to assume a ipl::siliﬂn

I !

b
-
S

=
-

such as will bring it parallel, and
- with opposite poles presented to
the magnet which the wire repre-
é) sents ; and hence, in the figure, the
< motion would be to bring the south
Enlc above the plane of the paper, and to depress the north pole
elow it, until the needle had assumed a position perpendicular to
the conducting wire. If the current had been in the opposite di-
rection, the action would have been reversed, and the north pole
would have been turned up from the paper; but il the current be
reversed at the same time that it is brought under the needle, as in
the figure, it causes a deflection similar to that of the superior por-
tion, and hence the angle through which the needle moves is much
increased. If the needle were affected only by the current passing
over or under it, its ultimate position would be, in all cases, at right
angles to the current ; but as the magnetic action of the earth tends
constantly to bring it back to its direction of north and south, the
position which it ultimately assumes is the resultant of the two
forces.
The deflection of the needle being thus an indication of the pas-
gage of an electric current through the wire, it is desirable in prac
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tice to give the power of the current as much effect as possible,
and at the same time to diminish as much as can be done the action
of the terrestrial magnetism. The first is effected easily by increas-
g to the desired degree the number of turns which the wire makes
round the needle ; for the total effect, as will easily be understood
from the description of the figure above, is proportional to the num-
ber of eoils ; but the diminution of the effect of the earth upon the
needle requires some more care. If the needle be made but feebly
magnetic, the power of the current to turn it diminishes just as
much as the power of the earth to prevent its turning, and there is
hence nothing gained ; but the object is effected by using a combi-
nation of two, three, or four powerful needles, so arranged that
with regard to the earth they are made to represent one very feeble
needle. Thus, in the figure, the three magnets N and S, being
suspended with their opposite poles next one
another, act on each other so powerflully that B N
the remote and weaker opposing action of the ? R . )E
earth becomes almost insensible. A current cr‘*"&:j—)
ansinrr in the direction of the arrows, C, E,
; will tend to depress the north poles of the
upper and lower, and the south pole of the middle needle below the

lane of the paper; and when it passes under the middle needle,
its action upon it will be the same, since its direction is reversed.
The amount of deflection of such a system of needles will still be
regulated by residual terrestrial influence ; but as this may be ren-
dered as small as may be wished, the delicuc]); of the apparatus may
be increased without limit. It is not desirable that the system of
needles should be completely astatie, that is, indifferent to the earth,
for then the degree of deflection by a given current would be af-
fected by wrivial and accidental causes; but by leaving a small resi-
due of terrestrial magnetic eflect, the current acts against this, and
thus produces a deflection subject to an assignable law, by which
the strength of the current may be determined. Within a certain
limit, about 30, the angle of deflection is proportional to the quan-
tity of electricity flowing along the wire, but beyond that it follows
a more complicated law, which, as invelving mathematical relations,
[ shall not admit here. To obtain a greater degree of delicacy and
uniformity of action, the system of needles is in all good instruments
hung by a thread of glass or of silk, like the beam of Coulomb’s
balance (page 113). The deflecting force then acts against the force
of torsion, and the resistance to be overcome is reduced to its sim-
plest possible conditions.

The galvanometer, such as, with the thermo-pile, constitutes the
thermo-multiplier, is represented in section and in perspective in
the following fizures ; the samme letters apply to both. A, B, Cisthe
frame around which the copper wire is coiled, the ends T of which
terminate in the metallic tubes F, F'.  This frame is fixed on a hor-
fzontal plate D, E, which can tarn in its own plane around its cen-
tre by means of a toothed wheel and endless serew, which are put
in motion by the button G. (@, M, N is the support of the astatie
system of two macrnetic needles, suspended to a thread of cocoon
silk V, L. R, S is the glass eylinder, secured by brass rings P, S,

i e e 0
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Y, Z, which covers the apparatus, and rests on the base K, I. A
gradunted semicirele, aceurately divided, is drawn upon the card,
and by means of the supporting screws, and the movement of the
frame A, B, C, the upper needle is brought to be exactly parallel to
the coils, and to pomt to the commencement of the scale, being
regulated in its height by means of the screw X, with which the
silk thread is in connexion. 4

Where the current to be measured by the galvanometer is deri-
ved from a thermo-eleetric combination, it is necessary that the
wire should be much thicker than for a similar current from a hydro-
electric source, as the low intensity of the fluid thrown into motion
bir heat might cause false indications of its quantity, unless an am-
ple path were opened through the best eonductors for it; the num-
ber of coils for a thermo-electrie galvanometer should also, for the
same reason, be as few as possible. It is, therefore, not usual to
employ the same instrument for these two kinds of researches.
The position of the galvanometer in employing the thermo-electrie
pile in the researches on radiant heat, has been described, page 98,
and its use in measuring the quantity of electricity flowing from
galvanic sources, which has been already partly noticed, will be far-
ther deseribed in a future place.

The passage of an electric current in the vicinity of any substance
capable of assuming magnetic properties is thus, by what has pass-
ed, shown to be sufficient for their excitation, and conversely if a
magnet, whether permanent or temporarily produced, be brought
near a substance through which an electric current may ecirculate,
a current is immediately formed, the direction of which is always
the same as that of a pre-existing current, which would have con-
ferred on the magnet the properties which it actually has. In like
manner, one current may gencrate another in a closed conductor
near it, prEl‘:—lEE]}f as one magnet may produce another, or that a
body statically excited may induce the electric condition on the
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bodies in its neighbourhood ; but such peculiar influences are too
removed from the proper domain of chemistry to justify any detail-
ed description of tﬁem.

In concluding this section of the subject of electricity, it is, however, important
to prevent its being supposed that, by the omission of such considerations, they are
to be considered as of inferior interest in the phenomena of nature. It is s0 much
the reverse, that perhaps one of the most active sources of the electricity which
we shall find to play a most important part in chemical combination, is derived from
the induction of the magnetic influence of the earth itself : for the earth being ren-
dered magnetic by means of the thermo-electric currents which ecirculate around
it spirally from the equator to the poles, it is sufficient to bend a hit of copper wire
into a ring, and whirl it round the finger in the plane of the magnetic equator, to
obtain a current through the wire. A disk of copper revolving in this plane is a
source of electricity derived from the inductive influence of the earth, differing, in-
deed, amazingly from the brilliant excitation of the thunder-cloud, but surpassing
it far in real power of effect, and in the quantity of the electric fluid actually brought
into play. We arrive here, indeed, at the extreme modification of this active and
omnipresent foree : we found it in the commencement, though existing in exeeed-
ingly small quantity, preservable only by the very best insulating means, and mani-
festing its tendency Lo escape by the attractions, the flashes, the meéchanical vio-
lence which characterize machine electricity ;: while, in the form of magnetism, or
of a magneto-electric current, though present in a quantity many millions of times
greater, it flows uniformly, and almost insensibly, along the perfect conductors
through which alone it is competent to pass, and it requires partieular care to suc-
eceed in demonstrating its heating, its luminous, or its mechanical effects ; but we
recognise in it, nevertheless, the untiring agent by which the inorganic superstrue-
ture of the habitable globe has been produced, by which the depositories of the most
important metals in the clefts of rocks have been accumulated, and which being
thus the safeguard of navigation, the source of all metallurgic industry, becomes not
less important to the civilization of mankind at large, than it is found, from its par-
amount intuence on chemical affinity, its power to separate those elements most
intimately joined, and to effect the union of those which appear most adverse to
mutual combination, as well as the faeility with which its principles may be applied
to the explanation of the laws of chemical phenomena, to be available in the hands
of the philosopher for the advancement of science.

To the chemist, therefore, the most useful property of electricity is the power
which it possesses of modifying, annulling, or superseding chemical affinity. 1 have
hitherto avoided as much as possible involving any ideas of chemical decomposition
in the account of eleetricity just given, restricting myself to narrate such circum-
stances as wight serve for the recognition of bodies by means of their electrical
properties, independent of their chemical constitution. But the question whether
electrical influence and affinity are identical, or what are their exaet relations,
and the discussion of the theory of electro-chemical combination, still remain, and
will be examined when, first, the pature of affinity and the distinction between it
and the action of cohesive force have been described, and the general system of nom -
enclature by which chemical substances are designated has been briefly noticed

CHAPTER V.
OF CHEMICAL NOMENCLATURE.

Tue general properties and laws of the physical agents, cohesion,
light, heat, and electrieity, having been now described so far as was
necessary, that we may avail ourselves of those properties in chars
acterizing the substances, elementary or compound, whose more pe-

culiarly chemical relations we shall now proceed to study, it is ne-
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cessary to prefix to the description of the forees by which chemical
union 1s effected, and of the Jaws by which it 1s controlled, a short
statement of the principles upon -.rhiuh11||r.: names ol the substances
to which there will be frequent occasion to refer have been con-
structed. ‘ j
There are at present known fifty-five substances which the chemist
has not been as yet able to separate into other elements. These are

distinguished by the following names:

[Oxvgen, 10, ||Potassium, |K. || Arsenie, AS.
Hydrogen, (H. [|Sodiam, Na.||Antimony, |Sh.
Nitrogen, |(N. ||Lithium, Li. |{Tungsten, |W.
Carbon, C. ||Barium, Ba. |[Molybdenum,|Mo.
Boron, B. |/Strontium, |Sr. ||Tantalum, |Ta.
Silicon, =i. |{Caleium, |Ca.||/Chromium, [Cr.
Sulphur, S, |IMagnesium,|Mg.|| Vanadiom, [V.
Selenium, |Se. [|Alominam, |Al |{Uraniom, 1.
Phosphorus,|P. ||Glueinum, |G. [|Gold, A,
Chlorine, |CL ||Zirconium, [Zr. ||[ridiom, Ir.
lodine, I. [[Thorium, |Th.||Osmiom, s,
Bromine, |Br. || Yttrium, Y. |{Platinum, Pl.
Fluorine, F. ||Cerium, Ce. || Tin, Sn.
Tellurinm, |Te. ||Lanthanum,|Ln. ||Lead, Ph.
Mercury, |Hg | Manganese, Mn.||Bismuth, Bi.
Zine, Zn. |{Iron, Fe. ||Silver, Ag,
Cadmium, |Cd. ||Copper, Cu. |Palladium, |Pd.
Cobalt, Co. [{Titanium, |Ti. |thm]ium. R.
MNiekel, MNi. i

By the combination of these bodies among each other, the various
substances which exist in nature are produced.

These simple bodies have been divided, from the earliest days of
accurate chemistry, into two classes, the metallic and the non-me-
tallic elements. The first thirteen in the list are non-metallic ; the
remaining bodies are metallic. It is found, however, that this di-
vision is only popularly correct; no matter how we may define a
metal, we cannot avoid breaking through connexions of the most in-
timate and important kind if we endeavour to retain the class of
metals as one founded on really existing chemieal principles. Thus,
in density and lustre, arsenie and tellurium are indubitably metals;
and yet, if we class these bodies with copper or lead, we break through
all laws of chemical analogy, for in their combinations they assim
ilate themselves most perfectly, one to sulphur, and the other to
phosphorus.  In selenium, also, the metallie characters are so feebly
marked, that even did we not know that by its properties it must be
classed with sulphur, we could not place it as a metal without great
doubt.

In deseribing the simple bodies, I shall retain as a division the
chemistry of the metals, for the classification, like all those which
have been long in extensive use, has in some respects much utilit
and truth; but in cases where the study of certain bodies will be fa-
cilitated by departing [rom it, [ shall not hesitate to do so. In order
to avoid confusion subsequently, I shall here describe, as suceinetly
as possible, the nomenclature which has been adopted in chemistry ;
for in a science where the multiplicity of objects to be noticed is
so great, it is of the highest importance that the principles upon
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which the names of these objects are founded should be clearly
understood.

In all conditions of science, the nomenclature has been regulated
by the prevalent theoretical ideas of the timne, and it is probably vain
to look for a system of names which shall tell what the bodies really
are, and not pretend to tell more ; for that would suppose that we
knew what the bodies are, whereas, in the most perlect state of
science, we only know what we believe them to be. Thus, at a time
wheu, by a mal-application to chemistry of the analogy of the human
body and its soul, all bodies were looked upon as having a velatile
and a fixed, an active and an inert element, the names of spirit of
wine, spirit of hartshorn, and spirit of salt were invented ; at a later
period, when the theory of FElﬂgi$lGn prevailed in the minds of
chemists, the spirit of salt beeame dephlogisticated marine acid ;
when the important funetions of oxygen were pointed out by Lavoi-
sier, the name was in his theory changed to oxymuriatic acid ; and,
finally, when the present view was introduced by Davy, the name
hydrochloric acid became the most correct. The cause of this is,
that in a good system of chemiecal nomenclature, we require two con-
ditions which it is very difficult to suceessfully combine ; that the
name shall not only tell us that the substance is an independent sub-
stance, but that it shall give to us an idea of its most important chem-
ical character, its composition ; thus the name prussic acid is less
strictly seientifie than that of hydrocyanie acid, which shows us that
its elements are hydrogen and eyanogen ; and iron pyrites gives a
less perfect picture of the body it deseribes than the words bisulphuret
of iron. The necessity [or indicating by the chemical name of a
burljy its chemicul composition, is thus what renders chemical nom-
enclature at once so variable and so complex, but it is also that which
alone enables us to conneet distinet ideas with our words.

The benelit conferred upon chemistry by the nomenclature intro-
duced by Lavoisier and Guyton was scarcely inferior in its impor-
tance to the accurate ideas of combination in which it had its origin.
The removal of the unconnected and unfounded names, which had
been invented by the older chemists, and the invention of the idea
that every name ol a compound body should express its composition,
involved the increase of accuracy in the minds of those chemists b
whom science was subsequently to be prosecuted, which may be
looked upon as the most fertile source of the discoveries made up
to the present day.

The names most employed in chemistry are acid, base, and salt.
The word acid signifying originally sour, was applied to all bodies
which tasted like vinegar. The word buze signifies any substance
which, uniting with an acid, forms a compound, of which it is the
basis or foundation ; and the compound formed by their union, being
generally similar to common salt in superficial characters, is termed
a salt. Thus, oil of vitriol tasting, when mixed with water, sour, is
an acid ; soda is a base, and, when combined, they form the well-
known =alt called after Glauber, who discovered it. Such are the
names of those classes of bodies, the discovery of whieh dates from
n remote period.

Acting on the principle that, in naming a simple substance, the
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name shonld be derived from its most characteristic property, La-
voisier formed the word “ oxygen” from ofue, acid, and yervaw, I
generate, to signify the important substance, the functions of which
he was the first to show, and which he imagined to have the peculiar
property of forming acids. In like manner, he cnnstru{:f:ﬁa.ii the w:urd
“hydrogen” from vdwp, water, and yevvaw, 10 express its most im-
portant property, of being an element of water. This principle can,
however, seldom be rigidly acted on; for example, oxygen is as
much a water former as hydrogen; and the name of oxygen itsell is
not without objection, as the pre-eminence as acid former, which
Lavoisier imagined it to possess, has been ]ntte.:rly overthrown. In
the case of simple bodies, names derived from quite arbitrary sources,
as tellurium from tellus, the earth; selenium from oy2iney, the moon;
vanadium and thorium from Vanadis and Thor, deities ol Secandi-
navian mythology ; chlorine from yiwpoc. yellowish green (its col-
our) ; and similarly iodine from toecdye (like a violet), have a great
superiority over those which, by attempting to teach more when
first invented, have the disadvantage of teaching falsely at a future
period.

The simple bodies, combining with each other, form compound
bodies of the first order, or binary compounds. The names of those
binary compounds which contain oxygen are of two kinds, according
as the compound possesses acid properties or not ; if it be an acid,
the word acid is added to that of the other body to which the ter-
mination ic is joined. Thus the acid compound of sulphur and
oxyzen is sulphuric acid ; the acid compound of phosphorus and
oxygen is phosphoric acid. It frequently happens that the same
body forms with oxygen two acids, in which case, that containing
most oxygen retains the terminal 7c, while that in which there is
least oxygen ends in ous. Thus there is sulphurous acid, and phos-
phorous acid, consisting of sulphur united with less oxygen than
could form the sulphuric or the phosphorie acids. Many bodies form,
however, with oxygen more than two acids, and in this case a
new prineiple of nomenclature has been introduced: the words
vmo, hypo, and ¥mep, hyper, under and over, are prefixed to the de-
grees terminating as before stated. Thus there is an acid of sul-
phur containing less oxygen than the sulphurous acid, and it is call-
ed Aypo-sulphurous acid ; and also an acid containing more oxygen
than the sulphurous, but less than the sulphurie acid: this might be
called either hyper-sulphurous or hypo-sulphuric acid ; the latter name
has been universally adopted. Chlorine forms, with oxygen, four
acids, which are the Aypo-chlorous acid, chlorous acid, chloric acid,
and hyper-chloric acid, or, as it is often called, substituting the short-
er Latin per for the Greek dmep, perchloric acid, '

In cases where the compound formed with oxygen is not an acid,
it is termed an oxide of the substance with which the oxygen is unis
ted. Thus oxide of lead, oxide of iron, oxide of co pgr, are re-
spectively the compounds of oxygen with lead, with iron, and with
copper. In many cases, where oxygen unites with bodjes in more
than one proportion, one E:r_r-mpm_md may be an acid, and the other
not. Thmj manganese, uniting with oxygen,gives manganic acid and
permanganic acid, but in a lower degree of oxidation it forms several
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oxides of manganese, TFor as a substance uniting with oxyren may
form many acids, so may it form many orides also ; and in such
cases it becomes necessary to distinguish them from one another.
This is done by the adoption of the Greek words mporoc, devrepo,
rperoc (first, second, third), prefixed to the word oxide. Thus we
gay protoxide of lead, deutoxide of lead, tritoxide of iron ; the ox-
ide which contains most oxygen is often called the peroxide, and that
which contains least the suboxide, as peroxide of manganese, suboxide of
copper. The word sesqui (one and a half) is also used for oxides in-
termediate between protoxides and deutoxides, but the nomenclature
then involves numerical proportions, which will require to be de-
scribed herafter.

Some other simple non-metallic bodies, in combining with the met-
als, form compounds, of which the names are constructed on the same
plan as those of the metallic oxides. Thus,

Chlorine forms Chlorides. Bromine forms Bromides.
lodine “  Jodides. Fluorine ¢ Fluorides.

The compounds of sulphur with the metals having been popularly
named before Lavoisier’s time, and it being desirable to retain, as
much as possible, the names already in common use, a different
I'anm of termination is adopted for that body and some others.

hus,

Sulphur  gives Sulphurets. Nitrogen gives Nitrurets,
Selenium | *  Seleniurets. Phosphorus * Phosphurets
Tellurium *  Tellurets. Arsenic “  Arseniurets.
Carbon “  Carburets.

To distinguish between the different sulphurets or chlorides, &e.,
of the same metal, the Greek prefixes are adopted, as in the case of
oxides. We have thus proto chloride and deuto-chloride of manga-
nese ; also perchlorides and subchlorides. The Latin bis is often
substituted for the Greek deuto, as the bichloride of tin in place of
the deuto-chloride. Among Continental chemists, names which
should be translated chloruret in place of chloride, and sulphide in
place of sulphuret, are frequently employed ; but as these are found-
ed on certain theoretical ideas that have not yet been discussed, the
propriety of adopting such additional terminations cannot be con-
sidered until we have proceeded farther. ;

Where two non-metallic bodies are united, it is a question how
the name of the compound should be formed. Thus, in a compound
of chlorine and phosphorus, should it be called chloride of phos-
phorus or phosphuret of chlorine? This is decided by referring to
the classification of the simple bodies which will be herealter given,
and which is founded on a view of all their chemical properties taken
together. Whichever element stands highest in the scale gives
the characteristic name to the compound body. Thus chlorine is
above phosphorus, and we say chloride of phosphorus. lodine is also
above phosphorus, and we say todide of phosphorus ; but iodine is
below chlorine, and we hence call the compound which they form
ehloride of iodine.

The combination of the metals with each other, except in some

U
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peculiar instances, are termed alloys. Thus we say brass is an all

of copper and zine ; fusible metal is an alloy of bismuth, tin, an
lead. Where one metal is mercury, the alloy is termed an amalgam
of the other metal; thus, an amalgam of silver is an alloy of mercury
and silver ; an amalgam of tin is analloy of mercury and tin.  Arse.
gic and tellurium are so far removed from the metals by their
chemical characters, that their compounds with the proper metals
have the peculiar termination in *uret. )

By the union of two primary compounds there is formed a sec-
ondary compound. These secondary compounds are generally termed
salts.” The word salt is, however, applied to numerous classes of
primary compounds. Thus, the metallic iodides, chlorides, bromides,
and fluorides are recognised as salts. It is now also a debated ques-
tion whether the bodies formed by the direct union of an acid and
an oxide are really primary or secondary compounds; but I shall
now describe only the ordinary nomenclature of those bodies, post-

oning the discussion of their intimate constitution to another place.
q‘a’hen an acid and a metallic oxide, both primary compounds, com.
bine to form a secondary compound or a salt, the specific name of
the salt is that of the base, without any change ; we thus say a salf
of soda, a salt of oxide of copper ; the generic name is taken from the
acid, the word acid being omitted, and the final 7¢ being changed into
ate, or the final ous into ite. There is thus formed from sulphurie
acid and soda sulphate of soda. From nitric acid and oxide of lead,
nitrate of exide of lead. From sulphurous acid and potash, sulphite
of potash. From hypochlorous acid and lime, Aypochlorite of lime.
Where the salt contains an oxide of one of the common metals, it
is usual to suppress the words of oxide in its name, and thus to say
sulphate of copper in place of sulphate of oxide of copper; nitrate
of lead in place of nitrate of oxide of lead. The strict correctness
of language is thus saerificed ; but if the idea of the composition of
the sait be held clearly in the mind, the abbreviation is not injuri-
ous ; this mode of naming salts is so universal, that breaking in on
it might be productive of more injury than allowing it to remain ; I
shall therefore say, for example, nitrate of lead, understanding, how-
ever, that the nitrie acid is combined not with lead, but with oxide
of lead.

[t requently happens that a metal forming with oxygen two ox-
ides, will form with acids a class of salts for each oxide. In this
case the words proto, deuto, sesqui, or per, by which the oxides are
distinguished from each other, are prefixed to the generic name of
the salt. We thus say proto-sulphate of iron, persulphate of iren ;
indicating that there is in one salt the protoxide, and in the other
the peroxide of iron. We have sesqui-sulphate of manganese, and
deunto-sulphate of platinum. The relative quantity of acid and base
being liable to variation, there are acid salts with an excess of acid,
and basic salts with an excess of base. In such case, the proportion
of acid is marked by the Latin i, ter, &e., as bisulphate of potash, and
the proportion of base where it is in excess by the Greek dic, Tpic,
&c., as di-sulphate of zine, tri-sulphate of mercury ; or still better
by thepwurds hl-‘hﬂmfh tri-basie, &e., to indicate the quantity of base;
there is thus tribasic-sulphate of mercury, quadribasic-sulphate of
eopper, and so on.
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There are many other kinds of secondary compounds than the salts
just noticed. Thus water enters into numerous compounds, which
are called Aydrates. 'This water may act in very many different ca-

acities, and its nomenclature must be varied accordingly, as will

e seen under its proper hiead ; but where we wish to indicate that
a body contains water, without determining more nearly the S(Fmiﬁc
function of the water, we describe the body as being Aydrated.

Oxides and chlorides combine together to form secondary com-
pounds, which are ealled oxychlorides, as the oxychlorides of mercury,
the oxychloride of lead. Oxides and sulphurets combining form oxy
sulphurets, as oxysulphuret of antimony. Chlorides and sulphurets
form by their union chlore-sulphurets, as chloro-sulphuret of mercury.

When two chlorides combine, the compound is termed a datme
chloride, or a chloride of the metals; as the chloride of gold and sodi-
um, the chloride of copper and potassium. In the same way there are
double todides and dowble bromides. But where two-sulphurets unite,
the nomenclature has received an important change.

Berzelius has proved that, in very numerous cases, where a body
forms an acid with oxygen, which acid uniting with a metallic oxide
forms a salt, that body, uniting alse with sulphur, gives a sulphur
acid, which, uniting with a sulphuret of a basic metal (a sulphur
base), forms what he terms a sulphur salt. Thus double sulphurets
are salts, consisting of a sulphur acid united to a sulphur base.
Henece, as arsenic combining with oxygen forms arsenious acid, so,

=
uniting with sulphur, it produces su/pho-arsenious acid, which, uniting

with l;-liphl-li‘l‘.‘-t of lead, forms sulpharsenite of lead, precisely as the
oxyegen acid, uniting with oxide of lead, produces what should be
called oxyarsenite of lead. 'The prefix oxy is, however, not used;
the ordinary salts are supposed to contain the oxygen acid, and it
is only where a salt does not contain an oxygen acid that an addi-
tional word is necessary to point out what sort of aeid it does con-
tain, Tellurium and se{cnium act like sulphur ; there are tellurium
acids and tellurium bases, selenium acids and selenium bases, and hence,
in place of calling the compound of seleniuret of antimony and se-
leniuret of sodiom a double seleniuret, it is called the selenio-sti-

biate of sodium.

An attempt was made to assimilate the nomenelature of the ehlorine and iodine
bodies to that of the oxygen and sulphur compounds ; thus, to call ehloride of mer-
cury a chlorine acid, and chloride of sodium a chlorine base, and the compound
which they form a chlorine salt, chlorohy drargyrate of sedium. This idea, howev-
er, has not been received into science ; for, indeed, now the direction of the ideas
maost popular among chemists points precisely contrary, and in place of assimilating
the double chlorides to ordinary oxygen salts, there is a general tendency Lo class
the ordinary salls along with the simple chlorides.

Ternary compounds are formed by the union of two secondary com-
pounds. Thus dry alum is a compound of sulphate of potush and sul-
phate of alumina. Compounds of this order seldom exist in more
than one proportion. Alum combining with water to produce the
crystallized alum, genevates a quaternary compound ; and even more
complicated stages may be attained ; but they are so rare, and of so
little seientifie impnrtaume, that they do not require notice here.

In organie ehemistry, the principles of nomenclature are for the
most part identical with those now stated ; where deviations occur,
they will be noticed under their proper heads. The progress of se1
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ence has, however, introduced remarkable changes in the mode of
representing the constitution of bodies, particularly by means of the
symbolical nomenelature now universally adopted after Berzelius,

In the list of the simple bodies in page 150, the name of each
substance is nccompanied by its symbol, which is generally the in-
itial letter of its Latin name ; and in cases where the name of more
than one body begins with the same letter, they are distinguished
by adding to the symbols of all the hodies but one a second letter
in smaller type, which may be the second letter of the word, or
whatever letter will best serve to characterize the name.

If there be but one non-metallie substance in the group, it is gen-
erally selected to be denoted by the single letter, as C. and P. for
carbon and phosphorus, while the metals whose symbols have the
same letter are denoted by Ca., Co., Cd., Ce., and Pl-.,,‘Pb-, Pd. Where
there are more than one non-metallic body commencing with the
same letter, it is a matter of indifference which is designated by
the one or by the two, but the single letter is generally attached to
the body which is of most importance in chemical phenomena,
Thus S. is sulphur, while Si. and Se. denote silicon and selenium
respectively.

he symbols of compound bodies are constructed by grouping to-
gether the symbols of their constituents; thus Ph.O. represents a
compound of oxygen and lead ; C.H.N.O. a compound of earbon,
hydrogen, nitrogen, and oxygen. The algebraie sign of addition is
frequently used to connect symbols, as CL.4S., chloride of sulphur;
I +K., iodide of potassium, But I shall use that sign only where |
wish to express that the bodies so connected are united by an infe-
rior degree of affinity 3 thus Cl.Ca. is chloride of calcium dry, but
when erystallized it becomes CLCa.46H.0., in which the -}- sign is
used to show that the water is united with the Ca. Cl. by a power
distinet from, and inferior to, that which retains Ca. and Cl in com-
bination. Water thus combined is often represented by the symbol
Aq., for water is eapable of acting in a variety of ways in combina-
tion, and, as will be shown when we come to speak of the chemieal
relations of water, it requires to be expressed sometimes as H.O. and
sometimes as Aq.

But that which requires special notice in speaking of symbolical
nomenclature is, that it involves essentially the idea of numerical
relations. Thus the symbols Pb. or Cu. do not call up to the mind
of the chemist the simple ideas of lead or copper, but of a quantity
of lead and of a quantity of copper, in the prDPurliﬂn of 1036 and
31-7, which is termed an equivalent of each. Thus, also, the sym-
bol If'h.{}. signifies not merely a compound of lead and oxygen, but
specially a compound of an equivalent of lead and an equivalent
of oxygen, in the proportion by weight of 103-6 of lead and 20 of
oxygen. It is thus that the symbol Pb.0,, or Pb.+20., which rep-
reaenta_a]so a compound of lead with oxyzen, shows to the chemist
that this second body contains to the same 1036 of lead twice as
much, or 16:0 of oxygen, as had existed in the former. Pb.0. is
therefore prnmra'de, and llh.ﬂz 1s the Fcro-,ride rff lead, .

The details of the application of those symbols involve thus the
numerical laws of constitution, which have yet to be described ; and
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henee it is unnecessary to develop their arrangement farther at
present. It was necessary to allude so far to them when speakmg
of nomenclature, as I may have oeeasion to introduce some of them
in a general way in the next chapter.

CHAPTER VI

OF CHEMICAL AFFINITY, AND IT8 RELATIONS TO HEAT, TO LIGHT, AND To
COHESION. y

Tue peculiar power by which we suppose chemical phenomena to
be produced, is specially distinguished from cobesion, and from all
other forces in nature, by exerting in the different kinds of element-
ary or compound substances various degrees of energy ; and by its
capability of acting upon certain bodies exclusively, and in prefer-
ence to acting u{mn others, which, so far as i)hysical circumstances
go, appear equally exposed to its effects. Thus, if to some liquid
muriatic acid there be added a mixture of lime and magnesia, the
lime will all dissolve in the acid before any trace of the magnesia
will be taken up. If a slip of iron be placed in a cup of nitric acid,
a large quantity of deep red fumes is immediately expelled from
the acid, with an appearance of boiling or eflervescence ; and the
iron disappears, being taken up by the liquid in place of the sub-
stances which had been expelled. If a slip of copper be dipped in
the acid, the same effect is produced; but if the iron and copper be
left together in the acid, no action takes place upon the copper until
the iron shall have been totally dissolved. The muriatie acid, there-
fore, presented equally to lime and magnesia, combines with the
lime in preference, and the nitric acid takes up copper, giving off,
to make room for it, a quantity of gaseous elements (nitrous acid
fumes) it had previously contained ; but it will take iron in prefer-
ence to copper, if the two be presented to it at the same time,
Chemical affinity is therefore elective ; it chooses among a variety
of bodies which it will act upon, and is thus different from cohesion
or gravity, which will act upon all bodies equally exposed to their
influence at the same time.

In the example of the metal and nitric acid, there is involved a
second phenomenon, which, equally with elective affinity, is char-
acteristic of chemical force. It is decomposition. The copper ean-
not dissolve in the nitrie acid without the expulsion of another sub-
stance. By a simpler example, the decomposition may be rendered
more evident. Sulphuret of hydrogen consists of sulphur and hy-
drogen ; il it be brought into contact with iodine, the jodine expgli'a
the sulphur and takes the hydrogen ; the sulphuret of hydrogen is
decomposed, and a new body, iodide of hydrogen, is formed. Here
the hydrogen chose between iodine and sulphur, and preferred the
former: the greater affinity for the iodine caused the decomposition,
Hydrogen has, however, a still more decided tendency to combine
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with chlorine ; and if chlorine be brought into contact with iodide
of hydrogen, the iodine is in its turn expelled, and chloride of hy-
drogen formed. Here is a series of decamlpusi!tﬂlllﬂ depending on
the relative power of the affinities of chlorine, m‘fh“'3= ‘““:_l sulphur
for the one body, hydrogen. Thus, by the elective affinity of an
uncombined body, choosing among a variety of other bodies all
equally uncombined, there is produced a new combination, contain-
ing that for which its affinity was strongest, But when an uncom-
bined body is put in contact with two substances already united, it
tends to separate them, to combine with one and to set the other
free.

If we could combine any one body, as hydrogen, for example,
with every other of the simple substances, we might, by m{i:h ex-
periments as those deseribed with the sulphuret of hydrogen, iodine,
aud chlorine, obtain an idea of the exact order of intensity of the
affinity of each of them for hydrogen, and could easily represent,
under a tabular form, such an idea. This has accordingly been tried,
and was, indeed, the result of the first sound ideas of the nature of
chemical affinity which were obtained. It was not done completely
in any case, [or even at present our knowledge is not sufficient to
enable us to form a series, including all the simple bodies. It was
particularly in the chemistry of the salts that the benefit of this
prineiple was found, and it was to explain and predict the result of
the decomposition of salts that tables of the elective affinity were
constructed.

It has been stated that, if lime and magnesia be placed together
in contact with muriatie acid, the acid will dissolve all the lime be-
fore it acts upon the magnesia; the affinity of lime for muriatie acid
is therefore greater than that of magnesia for the same acid, and
hence, if to a solution of magnesia there be lime added, the mag-
nesia will be expelled and the lime will take its place. If to the
lime solution of soda be added, the lime will separate, and soda may
be in turn expelled by potash. On the other hand, there are many
metallic oxides which enjoy a still more feeble affinity than magne-
sia ; thus, if to a solution containing oxide of iron, magnesia be
added, the oxide of iron is thrown down and the magnesia taken in
its place. In this manner may be arranged a series of compounds,
consisting of different bases, in union with the same acid ; and by
observing the order of decomposition by each other, a view of the
relative affinities which they exercise may be fovmed. If, also, a
series of acids be combined with the same base, a similar view of
their relative affinities may be drawn up. Thus, when a solution
of potash is exposed to the air, it absorbs carbonic acid, for which,
therefore, the potash has an affinity of a certain energy ; on adding
acetic acid, the carbonic acid is expelled, and acetate of potash
formed ; on adding nitrie acid, the acetic acid is expelled from it,
and nitrate of potash formed ; and from this, by means of sulphurie
acid, the nitric acid may be recovered, the potash remaining in the
state of sulphate.

. The results so described may be exhibited as follows, by writi
in a column the names of the different acids, in the order of their
effinities for a certain base (soda), which is placed at top. Similarly
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in a column, at the top of which is placed the name of a given acid,
the various bases in the order of their affinities may be written.
Thus:

Soda. Muriatic Acid.
Sulphurie acid. Potash.
Nitrie acid. Soda.
Muriatic acid. Lime.

Acetie acid. Magnesia.
Carbonic acid. Oxide of iron.

For the simple bodies similar lists might be constructed : thus, in
the same way as the series of affinities for hydrogen already noticed,
a table of affinites of the different metals for oxyeen may be drawn
up from observation. If to a solution of nitrate of silver, in which
the silver is combined with oxygen, a globule of mercury be placed,
it dissolves, and the silver is set free. By dipping into the solution
of nitrate of mercury a slip of copper, the mereury is thrown down,
and the copper takes its place. From the nitrate of copper the
metal may be thrown down by lead, and the lead again precipitated
by a plate of zine. The affinities of the simple bodies for each other
may be therefore expressed, taking hydrogen and oxygen as illus
trations, by the following columns:

Hydrogen. Orygen.
Chlorine. Zine,
lodine. Lead.
Sulphur. Copper.
Mercury.
Silver.

m which any one body in the list may expel all below it from com-
bination, and will itself be expelled by every body below which it
stands.

Such is simple elective affinity ; but it often manifests itself in a
more complex form, as when it acts among a greater number of
bodies than three; and by the mutual action of two compound bod-
ies, two new ones may be formed. Thus, when nitrate of lime is
decomposed by potash, there is simple decomposition, and the lime
is set {ree ; but if, in place of pure potash, we employ carbonate of
potash, the result is the formation of carbonate of lime ; for when
the potash leaves the carbonic acid to go to the nitric acid, and
the nitrie acid leaves the lime to go to the potash, the ecarbonie
acid and the lime, finding themselves in presence of one another,
unite, and precipitate as carbonate of lime. The nature of the de-
composition may be more clearly shown from the figure :

Nitrie acid. Potash.
g Lime. Carbonie acid. f

The bodies existing before mixture being composed of those writ-
ten above one another, and those formed by decomposition consist-
ing of those which are in the same horizontal line.

This action is termed double decomposition. In the example just
stated, the difference between it and simple decomposition may
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the potash acting precisely as if it

had been free, and the lime and carbonic acid uniting only because
they came into contact, without any other ties, and he“‘{“{ com-
bined together; but the peculiarity of duuhlf_z decomposition is,
that by means of it reactions may occur which could net have
been produced by simple affinity, and which, on the contrary, ap-
pear to have been produced in opposition to it. Thus, amnonia
cannot decompose nitrate of lime ; on the contrary, lime will take
nitrie acid from ammonia ; and yet, if we mix a solution of nitrate
of lime and carbonate of ammonia, they decompose each other,
and, by double elective affinity, there are formed nitrate of ammo-
nia and carbonate of lime. As in the former diagram, the com-
pounds, before and after mixture, are found arranged in the hori-

zontal and vertical lines of the diagram:

Nitric acid. Ammonia.
Lime. Carbonic acid.

In fact, in order to understand the cause of such double decompo-
sition, we must take into account not merely the affinity of the
ammonia for the nitrie acid, but that of the lime for the carbonie
acid. Thus, if the affinity of lime for nitric acid be represented
by 80, and that of ammonia for nitric acid be represented by 70,
the lime will be the stronger, and can, when by itself, expel ammo-
nia ; but if the earbonic acid intervene, and the affinity of lime for
earbonie acid be 50, and of ammonia for the same acid be 30, then
decomposition must occur ; for the forces preventing decomposi-
tion are the affinities of nitric acid for lime, and of carbonic acid
for ammonia ; that is, 804+30=110; while those tending to cause
decomposition are the affinities of nitric acid for ammonia, and of
carbonic acid for lime, =70 +50=120; the latter are the more
powerful, and the constituents of the two salts consequently ex-
change places. The former affinities are termed the guiescent, the
latter the divellent affinities ; and whenever the sum of the divel-
lent is greater than that of the quiescent affinities, decomposition
must occur.

Thus the simple affinity of hydrogen for sulphur is much greater than that of
mercury for sulphur, and the affinity of mercury for chlorine is much greater than
its affinity for sulphur; and yet, on bringing chloride of mercury into contact with
eulphuret of hydrogen, complete decomposition ensues, ehloride of hydrogen and
gulphuret of mercury being produced. In this case, the affinity of mercury for

chlorine being 20, and for sulphur being 10; the affinity of hydrogen being for suk
phur 15, and for chlorine 30, the result may be shown as follows :

a0

e ]

Chlorine. Hydrogen.
ﬂl}{ Mereury. $ulphiﬁ‘(,m i i

e

10
the force producing decomposition being 30-4-10=40, and greater than those,
20-4-15=35, which tend to keep the elements as they were.

Such are the results of chemical affinity manifesting itself in its
simple and in its more complex form; hence there would appear
to be nothing more easy than to determine the scale of affinities,
and to construct a series of tables in which all existing substances

appear to have been aceidental,
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ghould find their place, and all possible cases of chemical decompo

sition might be foretold with the same accuracy as the law of grav-
itation allows the disturbing effects of a new planet to be caleulated ;
but, unfortunately for the simplicity of expression which the laws of
chemical affinity would thus assume, new and unexpected compli-
cations arise, and embarrass all our explanations ; thus, if we take
muriatic acid, and form a table of the affinities of bases for it, we
shall find that it is as given in No. 1, and constructing for sulphuric
acid an independent ecolumn, we shall find it to be as in No. 2.

No. l.—Muriatic Aeid. No. 2 —Sulphuric Acid.
Oxide of silver. Barytes.
Potash. Strontia.
Soda. Potash.
Barytes. Soda.
Strontia. Lime.
Lime. Magnesia.
Maguesia. Oxide of silver.

Here the order is quite reversed, for oxide of silver, the strong-
est base in one column, is the weakest in the other; and barytes
and strontia, which manifest the most intense affinity for sulphurie
acid, are found but midway among the bases arranged in order of
strength for muriatic acid.  Which column must be taken as repre-
senting the true order of affinities? What principle is there by
which these conflicting testimonies of experiments may be brought
to correspond? The answer is, that neither table is exclusivel
correct ; that these lists, although showing the order of decomposi-
tion, and thus exhibiting to the eye, most usefully, the result of a

reat number of experiments, must not be supposed as strietly show-
ing to us the order of the affinities of these bodies, unless we apply
thereto a number of corrections, arising from those numerous and
important causes which influence and disturb the simple action of
affinity, and frequently invert altogether the results, which, if unim-
peded, it would have produced.

For the chemical action of two bodies does not arise simply from
their chemical affinities, but results from the combined influences of
heat, eleetricity, cohesion, and other physical agencies, which fre-
quently modify the chemical forces to a remarkable extent. By a
change of temperature, an affinity originally weak may be made ta
preponderate over one previously much stronger; by electrieal
conditions, the strongest and most direct chemical affinities may be
overcome ; according as the cohesion of the acting bodies may pre-
vail, decompositions, simple or compound, may be produced in op-
posite ways; and thus a chemical result is not the simple conse-
quence of affinity direetly acting, but is the resultant of a number
of forces acting in different directions, and with variable intensities,
of which affinity is but one, although that one which, for our ob-
ject, is the most important.

It is indeed fortunate for the intellectual progress of mankind that it is so ; for on
the variability of the intensity with which chemical affinity may be exerted depends
the existence of the infinite variety of organized and inorganic beings which people
and beautifly this earth. Had mere affinity been omnipotent; had those bodies
which attract each other most powerfully been in all cases able to combine ; and

.
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had there been no means of dissolving their connexion when once formed, |mm_eg1:-
ately on the origin of our globe, those bodies which have the most powerful affinities
would have satisfied them by entering into eternal union ; those next in power would
subsequently have satisfied their tendency to combine, and longsince all nature would
have been arranged into some few chemical l.'u]"lllllt'!.ﬂ‘f.lﬂl'lsi the breaking up of which
could not be aceomplished by any existing force. The complex changes of animal
and vegetable digestion and respiration could not go on; the working of the metals,
the chemical arts of eivilized life, could not have been |n'.r|3n!led X _:un.t the planet which
we inhabit would have revolved in space a barren and uninhabitable ball.

The action of these modifying causes may he easily exhibited by one or two ex-
amples. [t has been already described how a solution of muriate of lime is decom-
posed by carbonate of ammonia ; carbonate n[ lime being P_TEE_EPIIHT.{'IL and muriate
of ammonia remaining in the liquor ; but if; in place of bringing these substances
into contact in solution, they be brought to act on each other at a high temperature,
the result is exaetly the reverse. If muriate of ammonia and carbonate qf lime be
heated together without water, carbonate of ammonia is I'ullnlli to be sublimed, and
muriate of ime remains behind.  If watery vapour be brought into contact with me-
talliciron heated to bright redness, it is decomposed, one of its constituents, oxygen,
combining with the iron, the other, hydrogen, being set free ; here evidently the af-

finity of won for oxygen is greater than that of hydrogen. DBut if oxide of iron be,

heated to redness also, and hydrogen gas be passed over it, the oxygen is totally re-
moved by the hydrogen in the state of water, and metallic iron is set free; herethe
order of affinity is exactly the reverse, and we shall soon discover the cause to
which it must be attributed.

The philosopher who first declared that the order of decomposi-

tion was not the order of affinity, and pointed out the importance
of attending to the other forces that modify it, was led by his ob-
servations to assert that the power to which we have attached so
much importance, elective affinity, had no real existence ; he said
that chemical union diflfered from mechanical cohesion only in bein
exerted between the particles of different substances, and that in,nﬁ
cases where certain bodies combined in preference to others, the
source was to be found in the accidental and external circumstances.
On his ideas, the foree by which the particles of a fragment of sul-
phate of soda are united, differs from the force by which the sulphu-
ric acid is united to the soda only in the fact that the cohesion
unites particles of the same kind, while affinity unites particles of
different kinds. A salt dissolved in water is thus held in solution
by chemical attraction. Two pieces of lead which adhere together
are retained by mechanical cohesion ; but if a piece of lead adhere
to a piece of tin, or a drop of water to a surface of glass or metal,
the union should be attributed to chemical affinity. It will be seen
hereafter that a great deal of this peculiarity of view arose from the
principle of indefinite chemical combination, which, although sup-
ported by the amazing talents of Berthollet, has been finally and to-
tally given up. We do not now consider such phenomena as solu-
tion to be produced by chemical affinity, for we require that a chems-
ical compound should have parted with the properties of its constit-
uents, and acquired peculiar properties of its own, in order to prove
its title to the name.

But it is still by no means easy to fix upon the limits beyond
which the change of properties must pass. A change of state of ag-
gregation is one of the most common evidences of chemical combi-
nation, as where muriatie acid and ammonia, both gases, become sol-
id; oxygen and hydrogen, both gases, become liquid ; water and
hiﬁhlﬂridﬂ Of t-itl, hﬂth ]iqlﬂd, hﬂﬂ{lmﬂ Sﬂlid’ ﬂ-[l.d innumeru h]e ﬂther
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cases. The production of heat, and often light, is one of the most
universal attributes of chemical action ; and hence for many ages
the explanation of the phenomena of combustion included all that
was of importance in the philosophy of chemistry. A change of
volume is also very frequent, though not so universal; and conse-
quent on this change of volume, a change, generally an increase, of
the specific gravity of the body from the mean specific gravity of its
constituents ; thus, when oxygen and nitrngen unite to form nitrous
oxide, the volume of the compound is but § of that of the mixed
constituents ; when nitrogen and hydrogen unite to form ammonia,
the resulting volume is but § of that of the gases mixed before com-
bining ; if 100 volumes of alcohol be mixed with 100 volumes of
water, the mixture will oceupy but 196 volumes; and on mixing
similar quantities of water and oil of vitriol, the resulting volume is
but 185. Change of colour also frequently oceurs; but in all these
cases, although such marked results indicate an intimacy of union
that can scarcely be explained by mere eohesion, yet other physical
forces may intervene, and in addition to the evidence of chemical
action already stated, the most important and necessary still remains,
change of chemical properties.

I have on several occasions mentioned change of propertie# as
characteristic of chemical combination, but it may be proper here
to enter into a few detailed examples of its nature and its source
Chemical affinity is not a single foree, giving to all bodies within
its influence the same properties, though it may be in different de-
grees. On the contrary, the power which confers upon bodies their
chemical properties is of two kinds, antagonistic to each other,and
such that, by acting with equal energies, their eflects are mutuall
destroyed. Gravity, in acting upon bodies, acts upon all bodies in
the same manner ; the molecular forees, which determine the hard-
ness, the duetility, the solid, or liquid condition of bodies, may make
one body more or less hard or ductile than another, or they may
render one bhody solid and another gaseous ; but it is not in the na-
ture of cohesive forces to render the hardness of one body opposite
to the hardness of another, so that together they shall produce soft-
ness, Yet such is the nature of the sources of chemical activity ;
thus sulphuric acid and soda are actuated by affinities for each oth-
er ; the same force which gives to them their tendeney to combine,
gives to one the properties of an intense acid, and to the other the
character of a powerful alkali; yet these forces are so peculiarly
related to each other, that, when the bedies have combined, the
acid and the alkaline properties disappear, and there results a sub-
stunce, formed by their union (Glauber’s salt), innocent, inactive,
with little tendency to combine, destitute of chemieal affinity for
other bodies, yet containing in itself constituents which may be
again set free, and exhibited with all their active properties.

The foree of chgmical affinity is therefore exerted only between
bodies possessing®pposite qualities, and by their union a substance
is produced possessing quafities which are not the mixed qualities
of its components. The forces which produce cohesion and solu-
tion are found most active where the resemblance between the
bodies is most complete. Thus metals adhere most powerfully to
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other metals, and for their solution, mereury, a liquid metal, can
a]une hﬂ used i Eﬂ.]lﬂ di.s,s[}]"e i_n water RIWEI:,FS PJTI‘{)Et EHSI]]" thn t]]e

show their resemblance to it by already containing water of crystal-
lization in their mass; inflimmable bodies, as sulphur and phospho-
rugt dﬂ not diﬁﬁﬂl"ﬂ in “*I]t[,'_"r‘ nor i[l ﬂﬂ'lds, h“t- m Ilqllld_s., thﬂms&lvﬂﬂ
inflammable, as ether, sulphuret of carbon, and the oils; camphor,
the resins, the fatty matters, require also, for their solution, fluid
menstrua of analogous, oily, and spirituous natures. It is the con-
trary with chemical combination ; the more complete the opposition
of properties may be, the more intense is the Iaf[imtj_r by virtue of
which combination is effected: a metal combines with oxygen or
chlorine : ether, or a metallic oxide, combines with the acids to form
salts, In all these cases the opposition of properties is the cause
of the chemical affinity, and the neutralization or change of proper-
ties is its eflect. Thus the gases, ammonia, and muriatic acid, a
caustic alkali, and an intense acid, form the solid sal ammoniac, a
neutral salt, destitute of the active p:ro?c:rlics of its constituents:
thus carbon, hydrogen, and nitrogen, elements of our daily food,
combine to generate the most active poison that has been found,
the prussie acid ; and this prussic acid, by farther combination with
oxide of iron and with potash, may generate a yellow salt, which
is perfectly without action on the living body, and which, under the
name of [erro-prussiate of potash, is of daily extensive employment
in the arts.

The elements which, mixed together, constitute our atmospheric
air, combined in one proportion, form a gas which, when breathed,
produces agreeable intoxication (nitrous oxide); in other propor-
tions, a deep orange-coloured gas (nitrous acid), which, by intense
¢old, may be obtained liquid ; and in an intermediate form, a gas
colourless and transparent (nitrie oxide), which, when mixed with
air, produces, by combining with its oxygen, the nitrous acid. In
all these eases new properties are assumed, the characters of the
constituent elements furnishing no means of predicting the proper-
ties of the eompound.

This clear distinction between chemical affinity and cohesion was
not perceived by Berthollet; and hence, misled by the supposed
existence of compounds which connected together the extremes of
chemical and mechanical force, he advanced the principle that the
differences observed between them arose solely from external cir-
cumstances. This principle has been rejected ; but the discussion
to which it was subjected showed the importance of attending to
the influence which external circumstances really do exercise, and
which is frequently, in practice, more powerful than the force of af-
finity itself. It is therefore necessary to study in detail the influ-
ence of the external physical agents upon chemical affinity.

Ist. Influence of Cohesion.—A diminution of cohesive power
among the particles of one body, allows those of another to come
Into closer ap ruxlmntmn Loy thﬂ“&* and favours the ﬂhlﬂnliﬁﬂl action
of the two bﬂ_ ies. Thus the ancient chemists expressed the influ.
ence of mhgsmn by the Latin proverh : Car_pora non agunt nisi sint
soluta ; bodies du: not act unless they be dissolved. And of all
forms of matter, hiquidity is that in which chemical action is most
rapid and most energetic.

e
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There are many instances of bodies acting on each other, although
in the solid form. Thus, when chlorate of potash and sulphur, or
chlorate of potash and sulphuret of antimony, are rubbed together,
the mixture explodes from the rapid decomposition which ensues.
When fulminate of silver, or iodide of amidogen, is even slightly
touched, detonation follows. In these cases, the original arrange-
ment of particles must have been so instable, that the imperfect ap-
proach produced by mechanical mixture, or the slight change of po-
sition arising from a sudden shock, was sufficient to cause a new
mode of combination. But, if such cases as these be considered as
exceptions, we may look upon solid bodies in general as being with-
out chemical action on one another.

In the gaseous form of matter, chemical affinity appears to be
controlled and weakened by the mutual mechanical repulsion of the
gaseous particles. Thus, oxygen and hydrogen, bodies whose af-
finities are so strong, may remain in contact as gases for an indefi-
nite period. Nitrogen and hydrogen have no apparent tendency to
unite when mixed. Hydrogen, in the form of a gas, is without ac-
tion on carbon, or arsenic, or phosphorus, although under other
cireumstances it unites with them, forming characteristic bodies.
In order to obtain the full chemical action of gaseous bodies, they
must be brought into play at the moment of their being set free or
formed ; in their nascent state, as it is termed. It may well be, that,
when water is decomposed and hydrogen is liberated, there is a
moment before the hydrogen actually assumes the permanently elas-
tic form ; and being then, perhaps, liquid, and in a highly concentra-
ted econdition, its affinities are manilested with extrunri;nary force.
It is the same with other gases; they act always with their full
power only in their nascent state.

The influence of cohesion in determining chemical action is,
however, of much greater importance in another way, as serving,
upon the principles of Berthollet, to explain the anomalous discord-
ance between those experiments upon which the tables of the affin-
ities of bodies for each other had been eonstructed. Thus it has
been shown, that in a table of affinities of the bases, oxide of silver
would appear to be the strongest base if we used muriatic acid:
barytes should be looked upon as the most powerful if sulphuric
acid had been employed ; while, if the relation of the bases to nitrie
acid were taken as the standard, potash would be found to excel the
others. In such cases, the diversity is to be ascribed to the influ-
ence of cohesion; and in all cases of the mutual action of various
bodies in solution, the result is found to be the formation of such
compounds as are least soluble.

Let us imagine a quantity of sulphate of soda and nitrate of potash
to be dissolved in water. Each acid is attracted at the same mo-
ment by both bases, and each base by both acids, so that there oc-
curs a division of each acid between the two bases, and of each
base between the two acids. There are thus in solution sulphate
of soda and sulphate of potash, nitrate of soda and nitrate of potash ;
and while the solution is dilute, all remain so; but if the liquor be
very much concentrated, the sulphate of potash, being a sparil:fly

{es

soluble salt, is deposited in crystals, and a new distribution
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Supposing all sulphate of potash re-

place in the mother liquid. hate bf s0dd. nitrets ol soda, and

moved, and that there remain sulp

nitrate of potash, the remaining potash divides itself again between

the acids, and a new portion of sulphate of potash is I'd:rrnmd., Wli;jlh
by a new crystallization, may be Sﬂpﬂrﬂtﬂqn In this way, according
as the evaporation is continued, new quantities of sulphate of potash
are consecutively formed, until there remains in sc-_lutmI} lnm!ht_ar
potash nor sulphuric acid, but only soda in combination with Ii;llll'lﬂ
acid. Here, then, supposing the c_hcmmal affinities of potash and
soda, of sulphuric and of nitric acids, to be Exnct]}? equal, the de-
composition which actually oceurs, and the manner in which it real-
ly takes place, are Ex]]]aine!:l perfectly by the greater r::qhusmn of
the sulphate of potash, and its consequent sparing solubility.

In like manner, ordinary hard water contains soda, muriatic acid,
lime, and sulphuric acid. The sﬂ!iﬂ. is certainly the stronger base,
and the sulphuric the stronger Il(:hii : ar_ld yet, on evaporating such
water, the salt which first erystallizes is sulphate of lime ; and on
continuing the evaporation, all sulphurie acid may be removed in
combination with the lime. But the acids and bases bcmg_ divided
among one another in solution, there coexist sulphate of lime, sul-
phate of soda, muriate of lime, and muriate of soda. But when the
liquor is concentrated, the sulphate of lime is first deposited, and‘a
new quantity being formed, all its constituents are eliminated in
combination, precisely as the sulphate of potash was separated in
the former case.

In these instances the separation of the least soluble ingredients
took place by degrees, and, as it were, artificially ; but if any one
of the substances produced be perfectly insoluble, it is at once and
in full quantity expelled. Thus, when we mix together solutions of
nitrate of barytes and sulphate of soda, there is instant formation of
sulphate of barytes, and the solution contains only nitrate of soda.
But even here, although the formation of the sulphate of barytes ap-
pears instantaneous to the senses, it yet may, in point of fact, be
just as gradual as in other cases. Thus there may have been a mo-
ment after mixing the solutions when there were present, dissolved
torether, nitrate of barytes, nitrate of soda, sulphate of soda, and
sulphate of barytes; in the next moment the latter precipitates, and
the barytes in solution, still dividing itself between the two acids,
another quantity is formed. This then preecipitates, and thus, in a
space of time t{at is too small to be detected, the quantity of ba-
rytes in the solution is reduced to the mere trace of sulphate which
the quantity of water can dissolve, and which is too small to be de-
tected by our ordinary tests.

The nature of r.lﬂub?e decomposition depends thus on the relative
solubility of the compounds formed. In whatever way the most in-
soluble bodies may be generated, the decomposition oceurs. It is
thus that, on mixing solutions of carbonate of ammonia and »f nitrate
of lime, there are formed carbonate of lime and nitrate of ammonia ;
not merely that the divellent affinities were more powerful than the
quiescent forces, but that the insolubility of the carbonate of lime

produced its separation from the liquid, and hence the union of the
substances which compose it
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'I'he inversion of affinity which is produced by the influence of
cohesion is not limited to cases of double decomposition. There
is no doubt but that acetic acid is a stronger acid than earbonic acid ;
and on adding acetic acid to a solution of carbonate of potash in
water, the carbonic acid is expelled, and acetate of potash formed.
Yet, if a stream of carbonic acid gas be passed into a solution of
acetate of potash in alcohol, the salt is decomposed, acetic acid be-
ing set free, and carbonate of potash formed. The cause of this is
the insolubility of the carbonate of potash in aleohol ; for, on the
first nction of the earbonic acid, the potash divides itself between
the two acids, and there is formed some carbonate, which is thrown
down ; then another quantity, which also separates, until ultimately
all is precipitated, and thus one of the feeblest acids may overcome
the affinities of another which is much stronger.

By this principle of distribution of acids and bases, we are thus
enuﬂied to account for a variety of facts, which appear totally op-
posed to affinity, if it were not subject to such modifications ; but,
although it is so convenient for explanation, it should net be ad-
mitted as a principle in science if there could not be adduced evi-
dence of its actual and independent truth. That it does oceur in
many cases cannot well be doubted ; thus the solution of sulphate
of copper in water is of a rich blue colour, and that of muriate
(chloride) of copper of an emerald green. Now, on mixing mu-
riatic acid with a solution of sulphate of copper, the blue solution
is immediately changed to green, showing that the weaker acid has
divided the oxide of copper with the stronger, although, so far
from precipitation ocecurring, the new compound is the more solu-
ble of the two. Also, on mixing a solution of sulphate of iron with
sulpho-cyanie acid, the liqguor becomes intensely blood-red colour-
ed, showing that a quantity of sulphﬂ-c}'unidﬁ of iron has been
formed, although the sulpho-cyanie acid is much weaker than the
sulphurie, and no preecipitation oceurs to favour its production.

These, and many other such examples which might be brought
forward, show that the opinion of Berthollet, that the acids and
bases, when mixed together in solution, arrange themselves so that
ench base shall be divided among all the acids, and each aeid among
all the bases, is in a great many cases true, and that it is one of the
most fruitful sources of the decompositions which oceur in our ex-
periments ; but it remains to be decided whether it is universally
true, and whether, if all acids and bases act thus equally on one
another, we should abandon the idea of chemical affinity being
elective.

The answer to this question has been long since received in sei-
ence. The principle of Berthollet does not hold always, for nu-
merous instances may be produced where this partition of acids or
of bases does not take place. Thus boracie acid and sulphuric
acid both redden litmus, but the former colours it of a port-wine
colour, while the latter tinges it of the red of an onion-skin. If a
quantity of borax (borate of soda) be dissolved in water coloured
blue by litmus, and some sulphuric acid added thereto, the liguor
becomes coloured wine-red from free boracic aeid; but, although
the slightest trace of sulphuric acid in excess would show itself %}r
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changing the red to that of the oniom-skin, no sign of it is found
until all the boracie acid has been expelled. Here, timrel'nre:, ““-’-‘!"
is no partition of the base between two acids ; all the E}I]Phl,.ll'll.:. acid
which is added unites with the soda, and all the boracie aeid is ex
pelled. If a solution of carbonate of soda be coloured blue by
litmus, and sulphuric acid added, it may 315_'3' hﬂlﬂhu:‘-\'": by the ab-
sence of the peculiar red which free sulphurie acid gives, that thf;
is no division of base between the two. The carbonic acid is to-
tally expelled, and the sulphuric acid combines exclusively with the
soda. If the solution be dilute, the earbonie acid remains dissolved
in the liguor; if it be concentrated, it is evolved in the gaseous
form ; that makes no difference. _

Affinities are not, therefore, as Berthollet considered, all the same
in power. The framers of the tables of affinity were right as to
the general principle, that different bodies have different degrees
of affinity for each other ; but they erred in supposing that they
could construct a table for the absolute order of affinities.

To sum up the details that have been given of the influence of
cohesion on the affinities of bodies acting on each other in solution,
it may be said that, 1st, In almost all cases of precipitation, the na-
ture of the double decomposition is determined much more by the
fact of one of the bodies formed being insoluble, than by the result-
ant of the united affinities of the bodies which are engaged. 24,
That where there is no separation of an insoluble or of a sparingly
soluble compound, the acids and bases, il they differ very much in
energy, are exclusively united, the strongest acid with the strong-
est base, and the weakest acid with the weakest base ; and if there
be not base sufficient to neutralize all of the acids, a corresponding
quantity of the weakest acid being left out of combination alto-
gether ; but, 3d, That if the acids and bases be not very different
in energy of affinity, they arrange themselves in such a manner
that each base shall be divided between all the acids, and each acid
divided between all the bases, in proportions which depend upon
the quantities of each acid and of each base that may be present,
and on its affinitary force. Thus, if there be two acids and two
bases present, there will be four salts; if three acids and three
bases, nine different salts; and generally, the number of com-
pounds in solution will be equal to the whole number of acids mul-
tiplied by the whole number of bases present.

2d. The Influence of Elasticity—The absence of cohesion, or, still
more, the substitution for cohesion of its antagonist power repul-
sion, as shown by the property of elasticity in the form of gas or
vapour, modifies ehemical affinity in a perfectly analogous manner
to that which has been already described ; for, precisely as the
formation of an insoluble substance in a liquid will enable lower
degrees of affinity to preponderate by removing the body which is
formed by its insolubility, so will repulsion or elasticity determine
the production of such substances as by their volntiﬂty- may be
driven off, even though the affinities of their elements may be much
feebler than those of other bodies. In all such cases the same
principle of distribution, so fully deseribed already, may be suppo-
sed to hold: thus a solution of sulphate of magnesia is perfectly.
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decomposed by ammonia, the magnesia being precipitated ; but, on
mixing sulphate of ammonia with dry magnesia, and applying heat,
the ammonia is expelled, and the sulphuric acid remains, united
exclusively with the magnesia. Supposing that there is little dif
ference between the affinities of these two bases for sulphuric acid,
the acid in the mixture may be divided between the two ; in each
case there is free magnesia and free ammonia, for the acid is only
able to saturate a part of each. In the solution the excess of mag-
nesia is insoluble, and it is expelled ; in the dry“way the excess ot
ammonia is gaseous, and it is driven off'; and thus, with the same
substances and the same affinities, precisely opposite decomposi-
tions are produced by the influence of cohesion and elasticity.
The decomposition of muriate of lime by carbonate of ammonia
in solution has been already noticed, where earbonate of lime is
formed in consequence of its insolubility. If the carbonate of
lime and the muriate of ammonia so produeed be dried and heated,
the precigely reversed decomposition will take place ; there are at
first produced muriate and carbonate of lime, muriate and carbonate
of ammonia ; and this latter, being volatile at the high temperature
which is used, is driven off, and new portions formed until the in-
terchange of elements is complete. '

The boracie acid has been already noticed, as being one so fee-
ble in its affinities that the law of the division of acids and bases
does not hold with it, but that sulphurie acid ean deprive it of every
]mrtic]e of base. Thisis quite true as long as these acids are in the

iquid form, but at a high temperature the reaction is reversed.
If a mixture of sulphate of soda and boracic acid be heated to redness
in a crucible, the sulphuric acid will be driven off in consequence of
its volatility, while the fixed boracic acid will remain combined with
the whole quantity of base. The white, inert, earthy substance, sil-
ica (powdered flints), the acid properties of which are so feeble
that it is only from analogy that it is recognised by chemists to be
an acid, may, at a high temperature, expel the most powerful acids
from their combinations; thus the commonest sort of pottery is
glazed by throwing over it, when at a bright red heat, handfuls of
common =alt ; thisis instantly decomposed ; the silica of the earthy
material of the vessels combines with the soda of the common salt,
and the muriatie acid is driven off in white clouds of elastic vapour.
Here the acid, which is the feeblest when dissolved in water, may
expel the strongest when the temperature is raised ; and admitting
that in the commeneement a partition of the base between the two
took place, even to a very small extent, the final and complete ex-
pulsion of the more volatile must result.

From the great variety of compounds into which water enters, it
is easily expelled, not that it is inferior in affinity to most other
bodies, but from its greater volatility. We shall hereafter see reason
for looking upon water as being a base of considerable force, and
entering into combination in forms which should possess consider-
able stability ; but when a compound of water is subjected to heat,
the elasticity of the water diminishes its affinity so far that it may
easily be expelled.

The elasticity which certain elements possess when free, may be

Y
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a cause why the compounds which they form are easily dec?mpused
h r hﬂﬂ.t.' i_r their ﬂc[ual ufﬁ_"il}' to one ﬂ.ﬂ_.ﬂthﬂ-!' he not (:Drlﬁtdﬁl‘ﬂ.h]?.
Thus the nitrate of barytes, which contains mtrogen and oxXygen in
combination with barytes, gives, when heated, a mixture of nitrogen
and oxygen gases: nitrate of lead gives, when heated, pure oxygen
and nitrous acid fumes. Chlorate of Pﬂt““l'v by a high temperature,
abandons all its oxygen gas ; and the remaining elements, having a
powerful affinity for each ?ther, resist the increase of heat, and re-
main as chloride of potassium. :

When the decomposition of a body by heat is thus determined
by the elasticity of one of its constituents, it is necessary, for the
success of the process, that this constituent should be allowed freely
to escape. If it be forced to remain enveloping the residual sub-
stance, the decomposition ceases. Thus, by heating carbonate of
lime to redness, it is resolved into lime and carbonic acid; but if the
carbonic acid be not removed, the decomposition would immediately
cease, and the carbonate of lime might be melted without being de-
composed. The removal of the carbonie acid is accomplished, in
burning lime on the large scale, by the limestone being heated in a
kiln, through which there is a continnous draught, by which the car-
bonic acid is earried ofl’ according as it is formed. The necessity
for the removal of the carbonic acid may be shown by placing bits
of white marble in a porcelain tube, heated to redness in a furnace,
connected with a pneumatic trough, and fitted to a retort at the other
end, by which steam may be passed into the tube ; at first scarcely
any carbonie acid is set {ree ; but, by keeping up a supply of steam,
the gas is rapidly produced, and the lime becomes very soon com-
pletely caustie.

It is in this way, also, that we may explain the contrary order of
decomposition that may be produced by oxygen, hydrogen, and iron.
If metallic iron be in the tube, and the latter be kept full of steam,
every particle of hydrogen which is formed is carried off'; and there
being then a space provided into which the hydrogen can easily
spread itself, the steam will be decomposed, and the iron converted
into oxide. If, on the contrary, the tube contain oxide of iron, and
be kept full by a current of hydrogen gas, there is presented to
every molecule of steam produced room for its escape ; and the
formation of steam being thus favoured by its elastieity being al-
lowed fu]]j)ln;-,r, the reduction of the metal is completed.

Independent of its influence on cohesion, a change of tempera-
ture is capable of modifying the affinities of bodies in a remarkable
degree. "Thus charcoal is not capable of being melted or vaporized,
and yet, although at ordinary temperatures quite inert, few bodies
can resist its deoxidizing action at a red heat. Bodies which take
fire when heated do so in consequence of their affinity for oxygen
being laugmentr_gd by the Inerease of temperature. The action of the
electric spark in producing the explosion of gaseous mixtures, de-
pends on its heating very much the few particles of gas which lie
immediately in its path, and the combustion being communicated
by them to the general mass. The affinities of bodies for each other
appear to be thus exalted by the agency of heat in many cases, but
the exaltation does not appear to be the same for all. l'{enl; appears
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often to diminish the affinity of bodies; thus the explosion of de-
tonating compounds was so explained ; but this appears to arise
from the heat really exalting the affinity of the more powerful con-
stituents, so that new and more permanent hodies may be formed :
thus fulminating silver explodes, not that its elements may separate,
but that bodies of a more permanent constitution may be formed
The iodide and chloride of azote were looked upon as being exam-

les of mere separation of elements on the application of heat ; but
Elarclmnd and 1 have found that these bodies contain hydrogen, and
that they are decomposed in consequence of the formation of h{-
drochloric or hydriodic acid. To produce many bodies of instable
nature, it is necessary to avoid the use of heat ; not that heat dimin-
ishes the affinities of their elements in general, but that the heat
enables those elements to satisfy their affinities better, by combining
in a more stable form.

It has been mentioned that Berthollet considered affinity as be-
ing not elective, but that the combination of one body to another
was determined by the circumstances under which they were placed;
and that, in cases where many bodies of equal solubilities existed
together, they were divided among one another in proportion to
their masses ; but he in this case introduces a term which has caused
irent difficulty in the discussion of the doctrines which he advanced.

e says that the bodies mixed together combine, not only in pro-
portion to their masses, but of their affinities ; and hence might ap-
pear to admit that bodies had different degrees of affinity, and that
this might, therefore, be elective ; but, if I conceive his opinions
rightly, the affinity of which he spoke was not the force to which
we assign the power of choice of one body over another, but he car-
ried on the analogy to cohesion, and considered that the affinity of
one body, A, to another, B, might be greater than to a third, C, not
g0 as to make A unite with B in preference to C, but that, when it
had been united with B, it would hold it more firmly than it could
retain C. This is like what is found with cohesion; if several
bodies be placed beside each other, they show no power of elective
cohesion ; but il they be brought into actual close contact, the degree
of cohesion may be different for each. It is in this way that Ber-
thollet recognises a difference of affinity, and hence the obscurity
that is often ascribed to his statement of his views, from the sense

which he attached to the word affinity being mistaken.

We owe to this philosopher an attempt at measuring this power of affinity,
which, though incorrect, yet, as being one of the first steps made towards numeri-
cal laws in chemistry, deserves notice.  He looked upon the neutralizing power of
a hody as being the measure ot its affinity for another, and considered that the de-
Viations from this rule arose from the influence of cohesion or of elasticity : thus
the same quantity of potash is saturated by

Sulphuric acid . . . 40 parts. Muriatic acid . . . 365 parts.
Nitricaeid . .. . . ...564 ¢ Aceticacic ., . . Bl «
Carbonicacid . . . 2% « Oxalicacid . . . 3§

Hence, if mere affinity was allowed to act, carbonic acid should be the strongest,
and nitric acid the weakest in the list; in like manner, the same quantity of sul-
phuric acid neutralizes

Potash . . . . . 48 parts. Vo LR R T T
e R AT - TAOTIN . o cas s it e T
Ammonia. . , , ., 17 = Magnesia . . . . ., 18
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and ammonia and magnesia should be the strongest of all bases, were it not for
the insolubility of the one and the volatility of the other body. .

These numbers, which are now known as expressing the quantities of substan-
ces that are equivalent to each other in combination, are fully recognised as totally
independent of the force of affinity exercised by each body. As yet we have no
other measure of affinity than the order of decompesition, controlled by the esti-
mate of the influence which cohesion and elasticity may exercise. From !Im
electrical relations of bodies, attempts have been made to estimate the relative
affinities of chemical substances, the results of which will be described in their

proper place.

Of the Influence of Light on Chemical Affinity.—Although attention
has latterly been very much directed to the influence of light on
chemical affinity, from the accidental discovery of some ver{ res
markable circumstances connected with it, yet there have not been
discovered as yet any general principles to which those results can be
reduced ; and the greater number of the investigations that have been
made are oceupied by experiments of detail, which, from their want
of connexion and their multiplicity, eannot be successfully eontem-
plated from any general point of view at the present moment. So
far, however, as positive facts have been discovered, and as even
plausible explanations of those facts have been suggested, I shall en-
deavour to represent, briefly, the actual condition of our knowledge
of this department.

In many cases, bodies which in obscurity remain totally without
action on one another, are brought into combination by exposure to
light, and the rapidity of their reaction is proportional to the brilliancy
of the light. Thus chlorine and hydrogen mixed remain unaltered
for any period in the dark ; if exposed to the diffuse daylight, they
silently combine, but explode suddenly if a direet ray of sunshine
fall upon the mixture. Chlorine dissolved in water, if kept in the
dark, remains a long time unaltered, but if exposed to sunshine, is
rapidly converted into chloride of hydrogen, water being decompo-
sed, and oxygen eliminated in a gaseous form. Chlorine unites with
earbonic oxide only under the influence of light, whenee the name
Phosgene, a light-formed gas, was given to the compound by its dis-
coverer, Dr. Davy. Chlorine and sulphurous acid unite also only
when exposed to brilliant sunshine ; so much so, that in Dublin but
few days in summer are found bright enough to form it. The de-
composing action of chlorine, iodine, and bromine upon organic
bodies, which consists in the separation of hydrogen, and the as-
sumption generally of a corresponding quantity of chlorine, &e., in
its place, is regulated also in a remarkable degree by the brilliancy
of the light under which this operation is carried on. Thus, even
in summer, in Dublin, I never could deprive acetone of more than
one third of its hydrogen, forming from C, H, O., the body €, H, CL
0. ; but in Paris, in summer, the chlorine removed another equiva-
Jent of hydrogen, and Dumas and I succeeded in obtaining the body
C;, H. Cl, 0. In ]ll_'[ﬂ manner, in bright sunshine, the action of
chlorine on pyroxylic spirit is so violent, that unless the vessel be
carefully isha ed, the decomposition proceeds by a series of explo-
sions, while I have found it exeeedingly difficult in gloomy weather
to produce any action whatsoever. Instances of this kind might be

very much multiplieq, but those described are sufficient to point out
the general manner in which light is found to act,
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The action of light appears occasionally limited to the simple
separation of bodies previously combined. Thus colourless nitrie
acid, when exposed to sunshine, evolves oxygen gas, and becomes
eoloured yellow from nitrous acid which remains. The fading of
Prussian-blue patterns on cotton, which Chevreul found to depend
on the escape of cyanogen, and the conversion of the blue into a
white compound, containing less cyanogen, is also an example of this
principle.

Setting aside, for the present, the influence of light on the pro-
duction of colouring matters in organic bodies, which will be de-
scribed as a portion of the chemical history of the individual sub-
stances, | shall now only advert to the action of light upon the com-
pounds of the easily-reducible metals, particularly silver, by the study
of which such remarkable results have latterly been obtained.

Scanlan first showed that, when nitrate of silver blackens under
the influence of light, its decomposition is produced by organic
matter, as by contact with paper, or by the organic substanece, which
even distilled water contains in small quantity. Chloride of silver
also is affected by light only when in contact with organiec matter or
with water, and in the latter case, also, most probably from acting on
the orcanic matter which the water held in solution. When oil of
vitriol is poured over chloride of silver, this is not altered by the
light, the sulphuric acid eombining with the water, and probably de-
stroying the organic matter therein dissolved. I apprehend that in
most, if not all cases of the decomposition of a metallic salt and the
reduction of the metal under the influence of light, a substance cons
tniining hydrogen, exclusive of the water of selution, must come into

iy .

: The decomposition of the salts of silver in contact with paper
under the influence of light, has become of interest to the arts as a
process of obtaining accurate outlines, and is called photography, or
f.hm'ngmpﬁic d'rawt'nf. If a sheet of paper be washed with a very di-
ute solution of chloride, iodide, or, better, bromide of potassium,
and then with a selution of nitrate of silver, there is formed in the
substance of the paper chloride iodide, or bromide of silver, which,
being in contact with abundance of organic matter, is blackened by
a very short exposure even to moderate light. If an opaque body
be laid between a sheet of such paper and the light, the portions to
which the light arrives become dark, while that under the object re-
mains white, and thus the most delicate and complicated outlines of
foliage or fibres may, by a few minutes’ exposure to the solar rays,
be fixed upon the paper with a degree of aceuracy inimitable by the
hand. To render such a drawing permanent, it 1s necessary to re-
move the silver compound under the pattern ; for if it remained, the
blackness would gradually become uniform over the entire surface,
and the picture would be effaced. This is effected by washing the
paper, after the image has been completely formed, by a solution of
some substance capable of dissolving out all of the undecomposed
salt of silver ; for this purpose, ammouia, hypo-sulphite of soda, and
strong solution of common salt are those generally employed.

The most remarkable features mnnectefwi:h the chemieal agen-
cies of light result from the recent experiments of Herschel. He
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has shown, as was slightly noticed when deseribing the general char-
acters of light, that the chemical effects are not regulated by, nor
\imited to the luminous spectrum, but by totally distinct rays, which,
according to the substance employed to show their decomposing ac-
tion, may extend far beyond the visible limits on either side, or may
stop short in the middle of the coloured space ; and that the greatest
effect, which generally oceurs at the violet extremity of the spectrum,
may be produced at other and widely-distant points.

A singular, and at present unaccountable, consequence of the ae-
tion of the prismatie speetrum on paper impregnated with chloride
of silver is, that the spaces on which the coloured rays fall become
coloured, acquiring a tint corresponding to that of the light incident
upon them, so that the spectrum fixes its own image on the paper,
Thus the colours impressed were in one experiment :

£ Speetrumn Colowrs, Codours formed om the Paper:
Extreme red. None.

Mean red. None.

Orange. Faint brick red.

Orange vellow. |Brick red, pretty strong.
Yellow. Red, passing into green.
Yellow green. Dull bottle green.

Green. Do., passing into bluish.
Blue green. Very sombre blue.

Blue. Black, passing into metallic yellow.
Violet, Do, Do,

Beyond the violet. [Violet, or purplish black.

It is in the lavender-coloured space that the chemical effects are
gerlerall_v most intense ; when the light of it had been concentrated

v a lens, and received on a piece of prepared paper, the blacken-
ing was instantaneous, precisely as if a red-hot hody had been ap-
plied behind, or a smoky flame directed on the paper over all the
space illuminated, and accurately marking its outline.

In the table of impressed colours just given, the red rays appear
to have produced no effect ; but they are by no means destitute of
action. When a quantity of diffused light ‘is allowed to fall upon
the paper, in addition to the more brilliant spectral colours, the
chemical image is found to acquire a pure white prolongation be-
%:und the red space, in which the darkening action of the diffuse
ight appears to have been suspended. The opposite extremities of
the spectrum appear, therefore, to have different powers, the dark-
ening quality of white light being due to the difference between the
two in favour of the violet end; and it is probable that by a balance
of action, a §c_nsi1'.iv_e paper might }}e exposed to the action of united
beams of brilliant violet and red light, and remain perfectly unalter-
ed in its eolour. Herschel did not, however, suceeed so far: paper
blackened by violet light has that blackness removed by the action
of red light upon it; but it was found impossible to eatch the point
where the paper should be white ; for, according as the black of the
violet end passed off, the red impression was substituted for it.
When, however, the different coloured rays were made to fall si-
multaneously on the paper, the neutralizing power of the opposite
ends of the spectrum was beautifully shown. The blackening pow-
er of the more refrangible rays was suspended over all the space
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upon which the less refrangible rays fell, and the shades of green
and sombre blue, which the latter would have impressed upon a
white paper, were produced on that portion which, but for their
action, would have been merely blackened. :

The paper with which those results were obtained derived its
sensibility to light from chloride of silver; but the action of other
salts of silver gives such anomalous and variable effects, that no

neral principle whatsoever can be deduced from them ; thus,
with bromide of silver, the blackening proceeds uniformly over the
whole of the visible spectrum, and the whitening effect is produced
beyond it to a considerable distance. The subject has been shown
by Herschel to be one of eonsiderable importance and great extent ;
and from the popular interest it excites, some clew to a more gen-
eral knowledge of its principles will probably be soon obtained.

The process lately discovered by ﬁnguerm, of fixing the images
of external objects upon a prepared metallic plate, is one which also
deserves attention, as being founded upon the chemical agencies of
light, although hitherto there has been but little success in the at-
tempts made to assign a theory of it. It is not complicated in de-
tail. A plate of silvered copper is cleaned with dilute nitrie acid,
o that the surface of silver may be absolutely pure, and is then ex-
posed to the vapour of iodine until a gold-coloured pellicle of iodine
of excessive tenuity is deposited upon it. In this state it is very
sensible to light. The plate so prepared is placed in a camera-ob-
scura, and the image of the object required is allowed to remain on
it for a space of time, which varies with the brightness of the light.
When it has been sufficiently exposed, it is removed, and submit-
ted to the action of the vapour of mercury, by which the picture is
rendered visible. As there still remains, however, a general sensi-
bility to the farther influence of light, this is removed by dissolving
away all the iodine and iodide of silver by a solution of hyposul-
phite of soda. The shadows remain then marked by smooth amal-
gamated surfaces, and the lichts, by the corresponding portions be-
mg of a dull gray colour, possessing only a power of diffuse reflec-
tion.

The explanation of this process, which, from my own observations, I am disposed
to sugzest, iz, that the iodine combines with the silver, and forms iodide of silver,
which 1= spread in an amorphous state, forming an excessively thin layver, like var-
nish, over the surface of the plate. Under the influence of the light, [ consider that this
erystallizes as melted sugar does, but so minutely as to be invisible to the eve, and
the closeness and completeness of the erystalline strueture being proportional to the
duration and intensity of the light to which it had been exposed.  When, then, the
vapour of mercury attacks the plate, the iodide of silver in both conditions is de-
composed, and the iodine being replaced by mercury, an amalgam of silver is form-
ed, uniform in surface, and perfectly metallic in its lustre, over the shaded portions;
but the erystalline todide, in being decomposed, gives a erystalline amalgam, which,
from the minuteness of its particles, presents only a grayish tint, and, being mixed
with interspersed points of bright, smooth amalgam where the light had been less
powerful, shades off proportionally all the intermediate effects.

The application of the mercurial fumes cannot be pushed far enough to decom-
pose all the iodide of silver, for it would injure the picture by depositing itsell irreg-
ularly and in exeess, [t is therefore necessary, as soon as enough has been acted
on by the mercury to bring out the picture in a distinel manner, o remove the re-
mainder by the washing which has been deseribed.

The influence of colour on the production of pictures by Da-
guerre's process is very marked; the images of green ohjects are
scarcely at all defined, so that the method is scarcely applicable to
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taking landscapes. Red and orange are also very feeble in their ef-
fect ; but blue, even so intense as to be not at all bright, is more
powerful than a brilliant white light. In order, thel’lefﬂrﬂ, to produce
good effects, objects should be selected either white, or ‘ﬂf colours
from which red and orange should be absent. The fixation of col-
ours in a manner similar to that discovered h}' Herschel, and already
noticed, has been remarked in Daguerre’s process, although so ir-
regularly that no advantage has as yet been taken of it for technical
uses ; but I have m}-’ﬁelf SEen, on more than one Dl:.‘l:asiﬂ]l, where H
deep blue sky was interspersed by patches of bright white elouds,
a perfect picture of the sky in its natural colours to be formed upon
the plate. ‘Time-worn stains, and marks upon the surface of stone
buildings, are also oecasionally represented in their natural colours.
In the majority of cases, however, where colours are produced upon
the plate, they do not correspond in position or tint to those of the
natural objects whese image had been obtained.

[Since the preceding paragraphs were written by Dr. Kane, nu-
merous improvements have been made in this beautiful chemical
art in America and elsewhere: the theory of the process is also
much better understood. The most important of these improve-
ments is the application of Daguerre’s process to taking portraits
from the life. This is due to Dr. Draper, who succeeded with it
soon after the French process was known in this country. At first
the direct or reflected rays of the sun were required; but modes of
preparation, giving the plate more sensitiveness, have been since dis-
covered, so that the ordinary diffused light of day is now sufficient.

The best process for obtamning portraits is as follows: The plate,
having been carefully cleaned, is iodized to a pale lemon colour ; it
is then exposed to the vapour of bromine for a sufficient length of
time to bring it toa golden yellow. ltis a great advantage to keep
it in total darkness for three or four hours before using it. The
person whose portrait is to be taken, having been seated in a suita-
ble chair, with a support to keep the head perfectly steady, before a
window, so that the light shall illuminate all those portions seen in
the camera with proper strength, the plate is to be exposed to the
focal image for a time, which may be tﬁ:termined by previous trials.

Much of the beauty of the picture depends on the object glass of
the camera; very good proofs may be had by an arrangement of
uncompensated convex lenses four inches in diameter and eight
inches in focus ; but the most finished pictures are obtained by the
use of achromatics, which ought always to be preferred.

The process of exposing the proof to the mercurial vapour is one
of great delicacy ; sometimes the object is suddenly evolved, some-
times 1t requires the mercury to be maintained at 175 Fahrenheit
for a long time. Experience alone can determine when the full ef-
feect has been obtained.

After the picture has been brought out, and the coating of iodide
of silver removed, it remains only to effect the gilding. This is ac-
qomphshed by pouring all over the silver surface a very weak solu-
tion of the chloride of gold in hyposulphite of potash, and warming

it gently with the flame of a spirit-lamp. At a particular tempera--

ture, Ehe shadows increase in depth and the lishts in brillaney ; the
plate is then to be thoroughly washed. The gﬁdiug serves to render
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the picture immovable by ordinary exposure or accident, and im-
rts to it a beautiful satiny lustre, and chatoyant play of colour.
The great difficulty in the management of the Daguerreotype lies

in the circumstance that the iodide of silver is not affected corre-
spondingly by lights that are of different degrees of brilliancy, if
they should be of different colours. And it is only under particular
circumstances, not easy to reproduce, that lights of the same colour,
but of different strengths, produce a corresponding degree of white-
ness on the plate.  Often, when the light is too active, the proof
takes on an unpleasant slate-blue colour, from the exterior portions
of the iodide assuming a state of solarization before those beneath
have had time to undergo change ; a phenomenen resembling what
takes place when a sheet of paper is held before a very bright fire,
the exposed surface becoming seorched, while the back has scarce-
ly had time to become warm.

As respects the theory of this process, [ do not coincide with the
views expressed by Dr. Kane. In the shadows no mercury exists;
the lights are an amalgam. When a Daguerreotype is exposed to
the vapour of mercury to bring out its picture, a decompusition of
all those portions of the iodide which have been exposed to the
light ensues ; an amalgam is formed, and the iodine expelled unites
with the metallic silver behind, effecting, therefore, a corrosion of
the plate; no iodine is evolved, and for obvious reasons such an
event is impossible. The lizht therefore imparts to those portions
of iodide on which it has impmged, the quality of being decomposed
at a lower temperature by the vapour of mercury than the temper-
ature at which an unexposed iodide ean be decompesed ; an amal-
gam therefore forms on such positions when the temperature does
not rise beyond 175° F., though the whole surface might be decom-
posed and whitened if the temperature were carried high enough,

The chemical rays which affect the iodide of silver are chiefly
those of high refrangibility, and these rays manifest many habitudes
resembling those of radiant heat.  They are absorbed and lost in
effecting the change, so that a ray of light which has once fallen
on a Daguerreotype plate, and is reflected by it, has lost all its activ-
ity. Whatever, therefore, will interfere with the absorption, will in-
terfere with the sensitiveness of different compounds. Thus it has
long been known that there is a proper colour to which the plate
may be brought when it possesses the maximum of sensitiveness :
this is the golden yellow; when it is red, or green, or blue, it is
much less sensitive ; and when of a lavender colour, hardly sensitive
at all. This arises from the circumstance that under these condi-
tions the optical character of the plate is such that it reflects the
active rays in part or altogether.

I have already remarked that lights which vary in intensity do
not affect these plates in a eorresponding way ; this arises (rom the
eircumstance that, as the jodide of silver is undergoing change, a
large quantity of light becomes latent, precisely as a piece of ice in
the act of melting absorbs a large quantity of heat, not discoverable
by the thermometer ; this phenomenon accompanies the blueness
which the compound assumes as it changes into the condition of a
subiodide. ]

Z
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CHAPTER VIL
OF THE LIGHT AND HEAT DISENGAGED DURING CHEMICAL COMBINATION,

It has been already noticed that the union of substances having
chemical affinity for each other is accompanied by increase of tem-
perature ; and in cases where the affinity m‘puwerﬁ:ll,lhu etlect may
be so great that the bodies shall become luminous: in such instances
the chemical action is said to be accompanied by combustion. In eon-
sidering the relations of this phenomenon to affinity, it will be ne-
cessary to notice, first, the general circumstances of combustion;
secondly, the relation between the amount of affinity and the quan-
tity of heat evolved; and, finally, the explanations that have heen
offered of the origin of the light and heat.

In ordinary language, a body is said to burn when its elements
unite with the oxygen of the air, and form new products. The ac-
companying phenomena are in general those on which popular at-
tention becomes fixed, and for which the process is generally car-
ried on ; and hence, to the world at large, combustion is of impor-
tance only as a source of heat and light. One of the bodies, as hy-
drogen or sulphur, is termed the burning or combustible body, and
the oxygen is said to be the supporter of combustion ; but this lan-
guage, although convenient for common use, is incorrect as a scien-
tific expression ; for oxygen may be burned in a vessel of hydrogen,
as well as hydrogen may be burned in a vessel of oxygen gas, the
one and the other being equally active in the process, and being re-
lated to each other in every way alike. In combustion, as, indeed,
in all cases of combination, no particle of matter becomes lost or
annihilated ; it assumes new forms, in general gaseous and invisible
to the eye of popular observation, but easily collected, weighed,
and analyzed by the means that chemistry possesses. The solid
coal or wood which burns to ashes, changes but its external aspect ;
mixing with the general mass of air under the form of carbonie acid
gas and watery vapour, its elements become the food of living plants,
which in their turn, cut down or fossilized, form to suceeeding ages
the stores of light and warmth such as we now enjoy.

There are but few bodies endowed with so great an affinity for
oxygen as to enter into combustion at ordinary temperatures by
contact with it. If they do combine at ordinary temperatures
with oxygen, the products are not those which combustion would
tend to generate, but a distinet class of substances, containing a
smaller proportion of oxygen combined. Thus nitric oxide gas
ﬂﬂmh.‘]“es 1“rith ﬂI}'gEl‘l, even '“u'hl_"!'l] qllitﬁ ﬂﬂ{d’ rﬂ.rming red fumﬂs
of mitrous acid gas, which is an inferior degree of oxidation.
Phosphorus, when burning at common temperatures, emits but
little light, and forms phosphorous acid ; if it be heated, it bursts
into brilliant fiame, and forms phosphorie acid, which contains



PRODUCTS OF BLOW COMBUSTION. 179

fths more oxygen. Potassium combines at eommon temperature
with oxygen, forming potash ; but when heated it burns with flame,
and combines with three times as much oxygen. In the complete
combustion of organic matters, the products are always water and
carbonic acid. Thus, woody fibre, which is C.H.O., combines with
20. to form C.0, and H.0. ; and aleohol, which is C,H,0., combines
with 60. to form 2(C.0,) and 3(H.0.). But at common tempera-
tures the slow oxidizement of woody fibre produces the black ve-
getable mould, a form of ulmine, the C.H.0. taking 0. to form C.H.0,.
At common temperatures alcohol becomes acetic acid, the C,H,0.
combining with 20. to form C,H,0, and H.O. The pyroxylie spirit
at common temperatures becomes, by slow combustion, formie acid,
CH, 0, taking O, to form C,H,0, and 2(H.0.).

This slow combustion produces heat, although so much less than
is evolved by the more rapid process that it may easily be over-
looked. But if a number of sticks of phospherus be laid together
and allowed to oxidize, they will warm each other so much as to
melt and burst into vivid flame. The oils and tallow, if there be a
Jarge surface exposed to the air, as when cotton or linen rags im
bibed in oil lie in a heap, combine so rapidly with oxygen as to
form a sort of resin, that by the heat evolved the mass will be set
on fire ; and hence the origin of those spontaneous fires, so called,
which consumed the naval arsenal at St. Petershirgh, and, in many
cases, cotton-mills in England. To this eause also may be ascribed
the light which issues from points in the surface of a marsh or bog,
and the luminous appearance which fish assumes when decomposi-
tion has just commenced. The energy of this slow combustion
may be much inereased by heat applied {elﬂw the point which pro-
duces rapid action: thus tallow, when heated below redness, burns
with a pale lambent flame, invisible in daylight, but still so marked
that, if it be plunged into a vessel of oxygen, the whole mass bursts
into brilliant combustion, forming then the ultimate products, wa-
ter and earbonie acid.

On this fact of the increased energy in the process of slow com-
bustion produced by a heat below that at which the body is in-
flamed, is founded the construction of the lamp without flame, or
the aphlogistic lamp. If a wine-glass be taken, and rinsed inside
with strong alcohol or ether, and then a coil of fine platina wire,
or a ball of spongy platina heated to redness, be suspended in the
middle of the glass, it will remain red until all the aleohol or ether
has been exhausted. The glass becomes filled with a mixture of
air and inflammable vapour, which, by the influence of the heated
Elatinn, is enabled to combine, and form acetic and formie acids.

y this combination heat is evolved, which prevents the cooling of
the wire or ball, and thus, as long as any combustible material re-
muins, the platina is kept iznited. The platina ball or wire may
also be (and in practice generally is) fixed over the wick of a spirit-
lamp, and the lamp having been ignited, is blown out as soon as the
Elntmn; has become red, which then continues to glow until the Ia

8 been emptied of the spirit, the latter ascending through the
capillary wick, and forming over its top a little explosive atmo-
lp}:ere, in which the ball of platina is immersed and works.
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_ This property of platina appears to depend on the power which
1t possesses of attracting to its surface in a condensed form a layer
of particles of whatever gaseous mixture it is immersed in. Hence,
if its surface is in the slightest degree soiled, it ceases to exert this
aetion ; and by increasing the surface, its energy may be augmented
n a remarkable degree. The form in which 1t is most powerful is
that of the slightly coherent spongy mass, obtained by reducing at
a full red heat the ammonia chloride of platinum; if a ball of the
metal so prepared be plunged into a vessel of oxygen and hydrogen,
mixed in suitable proportions to form water, the gases instantly ex-
plode ; for the oxygen and hydrogen, being absorbed by the spongy
platina, are brought into intimate contact upon its surface, and unite,
evolving so much heat as to raise the temperature of the platina
ball to redness, and thereby inflame the remaining gas. The action
of the spongy platina may be weakened by mixing it with some pipe-
elay, or using, as in the aphlogistic lamp, the platina in the form of
plate or wire. In this way all combustible gases may be caused to
combine gradually with oxygen, but they require different temper-
atures, and the action is modified by the presence of other gases
in a manner which is often taken advantage of in gaseous analysis.

The most remarkable application of this property is to procure
instantaneous light by means of the hydrogen gas
lamp. A vessel, f, contains dilute sulphuric acid, into
which the tube of the vessel g & dips nearly to the bot-
tom, having attached a piece of ordinary zine, e.  The
vessels being ground air-tight where they fit to one
/' /... another, when the stopeock & is closed, and the acid
il:£=H¢2 acts on the zine, the hydrogen evolved cannot escape,

and, pressing on the L’quid in f, forces it up into A,
until the acid falling below the level of the zine, the
action ceases. To the stopeock b is attached a jet,
: ¢, in front of which is fixed a ball of spongy platina, e,
which, being in the air, has always condensed in its pores a quantity
of oxygen gas; on opening the stop-cock, the hydrogen, issuing
from the jet, strikes upon the platinum, and combining with the ox-
yzen, heats the ball so highly that it inflames the jet of gas, and
thus affords a flame at which any other substance may be lighted.
This lamp has assumed a variety of forms, of which the above is
that which best shows its principle. All bodies possess this prop-
erty to a slight extent, particularly when hot ; but in none is it ae-
tive enough to be uselully applied, except in platinum.

The temperatures at which bodies enter into rapid combustion
are very various; thus phosphorus inflames at a temperature of
120° F., and sulphur at 300" F. Phosphuretted hydrogen gas in-
flames at all ordinary temperatures, while hydrogen requires a dull
red, and carburetted hydrogen a bright red heat before they will
take fire. The inflammability of phosphorus has been shown by
(Graham to be affected by the presence of small quantities of varions
substances in a very curious manner ; thus phosphorus may be sub-
limed in air saturated with vapour of oil of turpentine, without an
tendency to combustion, or combination with oxygen, being evinced.

Combustion occurs only at the point where the two substances
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which enter into union are in contact. Thus, in an ordinary flame,
the true combustion is limited to a thin sheet, the inside of which
is totally dark, and occupied by the combustible material of the
burning body in a state of gas. This is easily shown by holding
over the flame of a candle or a spirit-lamp a piece of wire gauze:
the burning sheet is marked by a ring of light, but the interior is
dark, although full of inflammable vapour, which passes through un-
inflamed, uni may be ignited on the opposite side of the gauze. In
the flame of an ordinary candle, a, four distinet portions may be ob-
served, having totally distinet constitutions ; at the base
of the flame, ? i, a pale, blue-coloured light is emitted, for
there the air is in excess, and the combustion is at once
complete ; higher up, from ¢ 7 to ¢, the combustible material
is in excess, and the most brilliant light is produced by the
active combination ; this portion is surrounded by a sheet
of much paler and yellower light, ¢ e, which is observable
particularly at the sides of the flame, while the inside of
the flame, b, remains completely black, and is occupied only
by vapour incapable of burning from having no access to
the external air. The light emitted arises also from the
circumstances of the combination ; the temperature of flame is in
all cases exceedingly high, although often but little luminous, for
it is found that a current of air hot enough to brilliantly ignite a
solid body, is itsell not at all incandescent. Henece, in all cases
where bright light is produced in combustion, one of the bodies en-
gaged must be solid, and the light is really derived from its becom-
g ignited.  Thus hydrogen and sulphur give, in burning, very little
light, because the one is a gas, and the other, when burning, is in
the state of vapour, and the products of combustion are, when form-
ed, in both cases gaseous. Phns?]mruﬁ, when it, in burning, forms
a volatile body, zives but little light, but when it forms a fixed prod-
uct, is one of the most brilliant instances of combustion. Iron and
zine, which form solid oxides, burn with great light, and carbon, al-
though forming a gas, being itsell solid, produces light also. In the
ease of a candle, the source of light is to be found in the decompo-
sition which the inflammable vapour inside of the flame undergoes
from the high temperature to which it is subjected ; one half of its
carbon is deposited in the solid form, forming smoke, and it is this
smoke which, becoming ignited, constitutes the great source of
light. A body which could not form smoke, could not give out
much light in burning. The separation of this carbon (soot) in the
flame may easily be shown by placing over the flame of the candle
a sheet of wire gauze: below the middle of the luminous space the
flame becomes dull, and the carbon, which in burning should have
rendered it brilliant, passes as smoke through the gauze, and may
be inflamed above ; when the supply of air is insufficient, this smoke
is not completely burned, and a corresponding quantity of heating
and lighting material is lost ; and as it carries off with it a great
uantity of the heat already formed, it actually cools the flame.

"hen, therefore, a high temperature, or a clear flame without smoke
is required, all the carbon must be consumed. This is effected by
a variety of contrivances: in the burner of the Argand lamp or gas
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jet, a current of air is established through the centre of the flame,
and thus the combustion of the inflammable vapour much aecelera-

ted ; in the flame of the blowpipe the same effect is produced by
the current of air from the he‘;lm-.fs or the mouth ; and on a large
scale by the numerous ways of burning smoke, so necessary in fac.
tories situated in large cities. In the employment of the blowpipe,
the constitution of the flame is of great importance ; for according
as the body to be heated is placed at 6, where the
oxygen ol the air preponderates, or between a and
b, where it is immersed in an atmosphere of inflam-
mable material, the most opposite effects of violent
oxidation, and of reduction from the state of oxide,
may be produced. Thus a glass of copper be-
comes green at b, and red from @ 1o b; a glass of
manganese is rendered purple at b, but colourless from ato 6 ; there
being few bodies whose relations to the blowpipe can be completely
known without a comparison of the effect of the oxidizing and re-

ducing flames.

During combustion, the heat evolved is at first absorbed by the body which is
then produced ; but it is alterward distributed through the mass of all neighbour.
ing bodies in proportion lo their conducling powers. It is easy to calculate the
temperature to which the product of the combustion is in the first place raised,
Thus eight parts of oxygen unite with one part of hydrogen by weight to form nine
of water. If watery vapour had the same capacity for heat as water, the tempera-
ture of the 