The conservation of energy : being an elementary treatise on energy and
its laws / by Balfour Stewart.

Contributors
Stewart, Balfour, 1828-1887.

Publication/Creation

London : Henry S. King, 1877 (Beccles : Caxton.)
Persistent URL

https://wellcomecollection.org/works/n9mvpebq

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

i VU ! B i LU TR AT oy 1) x
% \ 4 -
5
N x
-I g
oy 5 ket 3 [N P
b =
L
v | - e kb
is
# ol i gt r_..- el
. A i Fu’ . Eadl = {
. 1 '] | 1
¥ o
i

. "1

i 1] __..'I e

i ¥ | ¥ sy el R g I

: L AR LR G P .',&_

’
L LR LT

R s s iy P S T Fies T



TR

22102384870













THE INTERNATIONAL SCIENTIFIC SERIES.

Works already published.
I. THE FORMS OF WATER IN CLOUDS AND RIVERS,

ICE AND GLACIERS. By JouN Try¥pALL, LL.D,, F.R.8. 25 Ilustrations. Sixth Edition. Price b
II. PHYSICS AND POLITICS; or, THOUGHTS ON THE AFFLICATION

OF THE PRINCIFLER OF " NATURAL BELECTION™ AND ** INHERITANCE" T0 FPOLITICAL BOCIETY,
By WALTER BAGEROT. Third Edition. Price ds.

III. FOODS. By Epwagp Surrs, M.D,, LL.B,, F.R.S. Profusely Illustrated.
Fourth Edition. Price 5s.
IV. MIND AND BODY: Tue Turorres oF THEIR REraTioN. By

ALEXANDER BAI¥, LL.D., Professor of Logic at the University of Aberdesn. Four Illustrations. Fifth
Edition, Price 4.

V. THE STUDY OF SOCIOLOGY. By Herpeer Spexcer. BSixth
Edition. Price 5,

VI. THE CONSERVATION OF ENERGY; being an Elementary

Treatise on Energy and its Laws. By BALFOUR STEWART, M.A, LL.D, F.R.E. 14 Ilustrations.
Third Edition. Price 5s.

VII. ANIMAL L{}G{)MDTIGH; ok, WALKING, SwiMMING, AND FLYING.
By J. BELL PRTTIGREW, M.D., F.R.8. 130 Illustrations. Second Edition. Price bs.

VIII. RESPONSIBILITY IN MENTAL DISEASE. By Hesey
Mavpsiuy, M.D., Fellow of the Royal College of Physicianz, Second Edition. Price Sz

IX. THE NEW CHEMISTRY. By Josiag P. Cooks, Jun., Erving

rofessor of Chemistry and Mineralogy in Harvard College. 31 Iustrations. Third Edition. Price 5.

X. THE SCIENCE OF LAW. By Saecpor Awmos, M.A., Barrister-
t-Law. Second Edition. Price 5s

XI. ANIMAL MECHANISM. By E. J. Marey, Professor at the
Collegs of France, 117 Illustrations, Second Edition. Price Gs.

XIL. THE DOCTRINE OF DESCENT AND DARWINISM.
By O8oAR ScaMIDT, Professor in the University of Strasburg, 26 Illustrations, Third Edition. Price bs.

XML HISTORY OF THE CONFLICTEETWEEN RELIGION
AND SCIENCE. By JoHN WILLiAx DrArer, M.I., LL.D. Eighth Edition. Price S

XIV. FUNGI: THEIRNATURE, INFLUENCES,AND USES.

By M. 0. CooKE, M.A., LL.D, Edited by the Rev. M. J. BEREELET, M. A., F.L.5. Profusely IMustrated.
Second Edition. Price Ss

XV. THE CHEMICAL EFFECTS OF LIGHT AND PHOTO-

GRAPHY. By HerMANN Vosierl, Fh. D., Polytechnic Academy of Berlin. 100 Ilustrations. Third
Edition, thoroughly revised. Price fa.

XVI. THE LIFE AND GROWTH OF LANGUAGE, By Witriau

DwIGHT WHITNEY, Professor of Sanskrit and Comparative Philology in Yale Collage. Becond
Edition. Price 5s.

XVIL. MONEY AND THE MECHANISM OF EXCHANGE.

By W. Sraxiey Jevoss, M.A., F.R.B. Third Edition. Price Bs

XVIIL THE NATURE OF LIGHT; with a General Account of Physical

Optics. By Evaese LoaMEL, Professor of Physics in the University of Erlangen. 183 Mustrations.
Becond Edition. Price bs.

XIX. ANIMATL PARASITES AND MESSMATES. By P. J. vax

BexEDRY, Professor of the University of Louvain. 83 Tlustrations, Second Edition. Price Gs.

XX. ON FERMENTATION. By P. Scnurzessercer, Director of the
Chemical Laboratory at Sorbonne 28 Ilustrations.  Second Edition, FPrice b

XXI. THE FIVE SENSES OF MAN. By JuLus BerNsTEIN, Professor
of Physlology In the University of Halle. 01 Illustrations. Becond Edition. Price Se.

XXII. THE THEORY OF SOUND IN ITS RELATION TO

MUSIC. Ry Professor PIRTRO BLASERNA, of the Royal University of Rome. Numerous Illusirations.
Becond Edition, Price bs,

HENRY 8. KING & C0O., LONDON.




S 9752

TR

CONSERVATION OF ENERGY

BEING AN ELEMENTARY TREATISE

ON ENERGY AND I7TS LAWS

BY

Barrour StEwarT, M.A. LL.D. F.R.S.

FROFESSOR OF NATURAL PHILOSOPHY AT THE OWENS COLLEGE,
MANCHESTER

WITH FOURTEEN ILLUSTRATIONS

FOURTH EDITION

Henry S. Kine & Co., LonNpon
1877




i WELLCOME INSTITUTE “II
LIBRARY
coll.| welMOmec
Call
No. G)— LILOAD

LN

SEe

N

{ The rights of translation and of reproduction are reserved.)



PREF ACE.

— el

WE may regard the Universe in the light of a wvast
physical machine, and our knowledge of it may be

conveniently divided into two branches.

The one of these embraces what we know regarding
the structure of the machine itself, and the other what

we know regarding its method of working,

It has appeared to the author that, in a treatise like
this, these two branches of knowledge ought as much
as possible to be studied together, and he has therefore
endeavoured to adopt this courge in the following pages.
He has regarded a universe composed of atoms with
some sort of medium between them as the machine,
and the laws of energy as the laws of working of this

machine,




Vi PREFACE.

The first chapter embraces what we know regarding
atoms, and gives also a definition of Energy. The various
forces and energies of nature are thereafter enumerated,
and the law of Conservation is stated. Then follow the
various transmutations of Energy, according to a list, for
which the author is indebted to Prof. Tait. The fifth
chapter gives a short historical sketch of the subject,
ending with the law of Dissipation ; while the sixth and
last chapter gives some account of the position of living

beings in this universe of Energy,

The Owens College, Manchester,
August, 1873,
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THE CONSERVATION OF ENERGY.

CHAPTER L
WHAT IS ENERGY?

Owr Ignorance of Individuals.

1. VERY often we know little or nothing of individuals,
while we yet possess a definite knowledge of the laws
which regulate communities.

The Registrar-General, for example, will tell us that
the death-rate in London varies with the temperature in
such a manner that a very low temperature is invariably
accompanied by a very high death-rate. But if we ask
him to select some one individual, and explain to us in
What manner his death was caused by the low tempera-
ture, he will, most probably, be unable to do so.

Again, we may be quite sure that after a bad harvest
there will be a large importation of wheat into the
e?untry, while, at the same time, we are quite ignorant

B



2 THE CONSERVATION OF ENERGY.

of the individual journeys of the various particles of flour
that go to make up a loaf of bread.

Or yet again, we know that there is a constant carriage
of air from the poles to the equator, as shown by the
trade winds, and yet no man is able to individualize
a particle of this air, and describe its various motions.

9. Nor is our knowledge of individuals greater in the
domains of physical science. We know nothing, or next
to nothing, of the ultimate structure and properties of
matter, whether organic or inorganie. :

No doubt there are certain cases where a large number
of particles are linked together, so as to act as ome
individual, and then we can predict its action—as, for
instance, in the solar system, where the physical astro-
nomer is able to foretell with great exactness the posi-
tions of the various planets, or of the moon. And so, In
human affairs, we find a large number of individuals
acting together as one nation, and the sagacious states-
man taking very much the place of the sagacious
astronomer, with regard to the action and reaction of
various nations upon one another.

But if we ask the astronomer or the statesman to
select an individual particle and an individual human
being, and predict the motions of each, we shall find that
both will be completely at fault.

3. Nor have we far to look for the cause of their igno-
rance. A continuous and restless, nay, a very complicated,
activity is the order of nature throughout all her indi-
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viduals, whether these be living beings or inanimate
particles of matter. Existence is, in truth, one continued
fight, and a great battle is always and everywhere raging,
although the field in which it is fought is often com-
pletely shrouded from our view.

4. Nevertheless, although we cannot trace the motions
of individuals, we may sometimes tell the result of the
fight, and even predict how the day will go, as well as
specify the causes that contribute to bring about the
1ssue.

With great freedom of action and much eomplication
of motion in the individual, there are yet comparatively
simple laws regulating the joint result attainable by the
community.

But, before proceeding to these, it may not be out
of place to take a very brief survey of the organic and
morganic worlds, in order that our readers, as well as
ourselves, may realize our common ignorance of the
ultimate structure and properties of matter.

5. Let us begin by referring to the causes which bring
about disease. It is only very recently that we have be-
gun to suspect a large number of our diseases to be caused
by organic germs. Now, assuming that we are right in
this, it mnst nevertheless be confessed that our ignorance
about these germs is most complete. It is perhaps
doubtful whether we ever saw one of these organisms,*

* 1t is said that there are one or two instances where the microscope
bas enlarged them into visibility,
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while it is certain that we are in profound ignorance of
their properties and habits.

We are told by some writers* that the very air we
breathe is absolutely teeming with germs, and that we
are surrounded on all sides by an innumerable array of
minute organic beings. It has also been conjectured
that they are at incessant warfare among themselves, and
that we form the spoil of the stronger party. Be this as
it may, we are at any rate intimately bound up with,
and, so to speak, at the mercy of, a world of creatures, of
which we know as little as of the inhabitants of the
planet Mars.

G. Yet, even here, with profound ignorance of the
individual, we are not altogether unacquainted with some
of the habits of these powerful predatory communities.
Thus we know that cholera is eminently a low level
disease, and that during its ravages we ought to pay
particular attention to the water we drink. This 1s a
general law of cholera, which is of the more importance
to us because we cannot study the habits of the in-
dividual organisms that cause the disease.

Could we but see these, and experiment upon them, we
should soon acquire a much more extensive knowledge of
their habits, and perhaps find out the means of extirpat
ing the disease, and of preventing its recurrence.

Aoain, we know (thanks to Jenner) that vaccination
will prevent the ravages of small-pox, but in this in-

# See Dr. Angus Smith on Air and Rain.




WHAT IS ENERGY ? 5

stance we are no better off than a band of captives who
have found out in what manner to mutilate themselves,
so0 as to render them uninteresting to their victorious foe,

7. But if our knowledge of the nature and habits ot
organized molecules be so small, our knowledge of the
ultimate molecules of inorganic matter is, if possible, still
smaller. It is only very recently that the leading men
of science have come to consider their very existence as a
settled point.

In order to realize what i3 meant by an inorganic
molecule, let us take some sand and grind it into smaller
and smaller particles, and these again into still smaller,
In point of fact we shall nmever reach the superlative
degree of smallness by this operation—yet in our imagi-
nation we may suppose the sub-division to be carried on
continuously, always making the particles smaller and
smaller. In this case we should, at last, ecome to an
ultimate molecule of sand or oxide of silicon, or, in other
words, we should arrive at the smallest entity retaining
all the properties of sand, so that were it possible to

divide the molecule further the only result would be to
~ separate it into its chemical constituents, consisting of
silicon on the one side and oxygen on the other.

We have, in truth, much reason to believe that sand,
or any other substance, is incapable of infinite sub-
division, and that all we can do in grinding down a
solid lump of anything is to reduce it into lumps similar
to the original, but only less in size, cach of these small
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lumps containing probably a great number of individual
molecules.

8. Now, a drop of water no less than a grain of sand is

built up of a very great number of molecules, attached to
one another by the force of cohesion—a force which is
much stronger in the sand than in the water, but which
nevertheless exists in both. And, moreover, Sir William
Thomson, the distinguished physicist, has recently ar-
rived at the following conclusion with regard to the size
of the molecules of water. He imagines a single drop of
water to be magnified until it becomes as large as the
earth, having a diameter of 8000 miles, and all the mole-
cules to be magnified in the same proportion; and he
then concludes that a single molecule will appear, under
these circumstances, as somewhat larger than a shot, and
somewhat smaller than a cricket ball.
i 9. Whatever be the value of this conclusion, it enables
us to realize the exceedingly small size of the individual
molecules of matter, and renders it quite certain that we
shall never, by means of the most powerful microscope,
succeed in making visible these ultimate molecules. For
our knowledge of the sizes, shapes, and properties of such
bodies, we must always, therefore, be indebted to indirect
evidence of a very complicated nature.

It thus appears that we know little or nothing about
the shape or size of molecules, or about the forces which
actuate them ; and, moreover, the very largest masses of
the universe share with the very smallest this property

e e oM, T
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»f being beyond the direct serutiny of the human senses
__the one seb because they are so far away, and the other
because they are so small.

10. Again, these molecules are not at rest, but, on the
contrary, they display an intense and ceaseless energy in
their motions. There is, indeed, an uninterrupted warfare
going on—a constant clashing together of these minute
bodies, which are continually maimed, and yet always
recover themselves, until, perhaps, some blow is struck
sufficiently powerful to dissever the two or more simple
atoms that go to form a compound molecule. A new
state of things thenceforward is the result.

But a simple elementary atom is truly an immortal
being, and enjoys the privilege of remaining unaltered
and essentially unaffected amid the most powerful blows
that can be dealt against it—it is probably in a state of
ceaseless activity and change of form, but it is neverthe-
less always the same.

11. Now, a little reflection will convince us that we
have in this ceaseless activity another barrier to an in-
timate acquaintance with molecules and atoms, for even
if we could see them they would not remain at rest
sufficiently long to enable us to serutinize them.

No doubt there are devices by means of which we can
render visible, for instance, the pattern of a quickly
revolving coloured dise, for we may illuminate it by a
flash of electricity, and the dise may be supposed to be
stationary during the extremely short time of the flash.
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But we cannot say the same about molecules and atoms,
for, could we see an atom, and could we illuminate it by a
flash of electricity, the atom would most probably have
vibrated many times during the exceedingly small time
of the flash. In fine, the limits placed upon our senses,
with respect to space and time, equally preclude the
possibility of our ever becoming directly acquainted with
these exceedingly minute bodies, which are nevertheless
the raw materials of which the whole universe is built.

Action and Reaction, Equal and Opposite.

12. But while an impenetrable veil is drawn over the
individual in this warfare of clashing atoms, yet we
are not left in profound ignorance of the laws which
determine the ultimate result of all these motions, taken
together as a whole.

In « Vessel of Goldfish.

Let us suppose, for instance, that we have a glass globe
containing numerous goldfish standing on the table, and
delicately poised on wheels, so that the slightest push, the
one way or the other, would malke it move. These gold-
fish are in active and irregular motion, and he would be
a very bold man who should venture to predict the move-
ments of an individual fish. But of one thing we may
be quite certain: we may rest assured that, notwith-
standing all the irregular motions of itsliving inhabitants,
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the globe containing the goldfish will remain at rest
upon its wheels.

Even if the table were a lake of ice, and the wheels
were extremely delicate, we should find that the globe
would remain at rest. Indeed, we should be exceedingly
surprised if we found the globe going away of its own
accord from the one side of the table to the other, or from
the one side of a sheet of ice to the other, In consequence
of the internal motions of its inhabitants. Whatever be
the motions of these individual units, yet we feel sure
that the globe cannot move itself as @ whole. In such a
system, therefore, and, indeed, in every system left to
itself, there may be strong internal forces acting between
the various parts, but these actions and reactions are
equal and opposite, so that while the small parts, whether
visible or invisible, are in violent commotion among them-
selves, yet the system as a whole will remain at rest.

In a Rifle.

13. Now it is quite a legitimate step to pass from this
instance of the goldfish to that of a rifle that has just
been fired. In the former case, we imagined the globe,
together with its fishes, to form one system; and in the
latter, we must look upon the rifle, with its powder and
ball, as forming one system also.

Let us suppose that the explosion takes place through
the application of a spark. Although this spark is an
external agent, yet if we reflect a little we shall see that



10 THE CONSERVATION OF ENERGY.

its only office in this case is to summon up the internal
forces already existing in the loaded rifle, and bring them
into vigorous action, and that in virtue of these internal
forees the explosion takes place.

The most prominent result of this explosion is the out-
rush of the rifle ball with a velocity that may, perhaps,
carry it for the best part of a mile before it comes to
rest; and here it would seem to us, at first sight, that the
law of equal action and reaction is certainly broken, for
these internal forces present in the rifle have at least pro-
pelled part of the system, namely, the rifle ball, with a
most enormous velocity in one direction.

14. But a little further reflection will bring to light
another phenomenon besides the out-rush of the ball.
1t 1s well known to all sportsmen that when a fowling-
piece is discharged, there is a kick or recoil of the piece
itself against the shoulder of the sportsman, which he
would rather get rid of, but which we most gladly wel-
come as the solution of our difficulty. In plain terms,
while the ball is projected forwards, the rifle stock (if
free to move) is at the same moment projected backwards.
To fix our ideas, let us suppose that the rifle stock weighs
100 ounces, and the ball one ounce, and that the ball is
projected forwards with the velocity of 1000 feet per
second ; then it is asserted, by the law of action and re-
action, that the rifle stock is at the same time projected
backwards with the velocity of 10 feet per second, so
that the mass of the stock, multiplied by its velocity of

- ——
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recoil, shall precisely equal the mass of the ball, multiplied
by its velocity of projection. The one product forms a
measure of the action in the one direction, and the other
of the reaction in the opposite direction, and thus we .
see that in the case of a rifle, as well as in that of the
globe of fish, action and reaction are equal and opposite.

In a Falling Stone.

15. We may even extend the law to cases in which we
do not perceive the recoil or reaction at all. Thus, if I
drop a stone from the top of a precipice to the earth, the
motion seems all to be in one direction, while at the
same time it is in truth the result of a mutual attraction
between the earth and the stone. Does not the earth
move also ? We cannot see it move, but we are entitled
to assert that it does in reality move upwards to meet
the stone, although quite to an imperceptible extent,
and that the law of action and reaction holds here as
truly as in a rifle, the only difference being that in
the one case the two objects are rushing together, while
in the other they are rushing apart. Inasmuch, how-
ever, as the mass of the earth is very great compared
with that of the stone, it follows that its velocity must be
extremely small, in order that the mass of the earth,
nultiplied into its velocity upwards, shall equal the mass
of the stone, multiplied into its velocity downwards.

16. We have thus, in spite of our ignorance of the
ultimate atoms and molecules of matter, arrived at a



ik THE CONSERVATION OF ENERGY.

general law which regulates the action of internal forces.
We see that these forces are always mutually exerted, and
that if A attracts or repels B, B in its turn attracts or
repels A.  We have here, in fact, a very good instance of
that kind of generalization, which we may arrive at, even
in spite of our ignorance of individuals.

But having now arrived at this law of action and
reaction, do we know all that it is desirable to know ?
have we got a complete understanding of what takes
place in all such cases—for instance, in that of the rifle
which is just discharged? Let us consider this point a

little further, '

The Rifle further considered.

17. We define quantity of motion to mean the product
of the mass by the velocity; and since the velocity of
recoil of the rifle stock, multiplied by the mass of the
stock, is equal to the velocity of projection of the rifle
ball, multiplied by the mass of the ball, we conceive
ourselves entitled to say that the quantity of motion, or
momentum, generated is equal in both directions, so that
the law of action and reaction holds here also. Never-
theless, it cannot but occur to us that, i some sense, the
motion of the rifle ball is a very different thing from that
of the stock, for it is one thing to allow the stock to
recoil against your shoulder and discharge the ball into
the air, and a very different thing to discharge the ball
against your shoulder and allow the stock to fly into the

I, S S
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air. And if any man should assert the absolute equality
between the blow of the rifle stock and that of the rifle
ball, you might request him to put his assertion to this
practical test, with the absolute certainty that he would
decline. Equality between the two —Impossible ! Why,
if this were the case, a company of soldiers engaged in
war would suffer much more than the enemy against
whom they fired, for the soldiers would certainly feel
each recoil, while the enemy would suffer from only a
small proportion of the bullets.

The Rifle Ball possesses Energy.

18. Now, what is the meaning of this great difference
between the two? We have a vivid perception of a
mighty difference, and it only remains for us to clothe
our naked impressions in a properly fitting scientific
garb.

The something which the rifle ball possesses in contra-
dustinction to the rifle stock is clearly the power of
overcoming resistance. It can penetrate through oak
wood or through water, or (alas! that it should be so
often tried) through the human body, and this power of
penetration is the distinguishing characteristic of a
substance moving with very great velocity.

19. Let us define by the term energy this power which
the rifle ball possesses of overcomi ng obstacles or of doing
work. Of course we use the word work without refer-
ence to the moral character of the thing done, and con-
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ceive ourselyes entitled to sum up, with perfect propriety
and innocence, the amount of work done in drilling a hole
through a deal board or through a man.

20. A body such as a rifle ball, moving with very great
velocity, has, therefore, energy, and it requires very little
consideration to perceive that this energy will be pro-
portional to its weight or mass, for a ball of two ounces
moving with the velocity of 1000 feet per second will be
the same as two balls of one ounce moving with this
velocity, but the energy of two similarly moving ounce
balls will manifestly be double that of one, so that the
energy is proportional to the weight, if we imagine that,
meanwhile, the velocity remains the same.

21. But, on the other hand, the energy is not simply
proportional to the velocity, for, if it were, the energy of
the rifle stock and of the rifle ball would be the same,
masmuch as the rifle stock would gain as much by its
superior mass as it would lose by its inferior velocity.
Therefore, the energy of a moving body increases with the
velocity more quickly than a simple proportion, so that
if the velocity be doubled, the energy is more than
doubled. Now, in what manner does the energy increase
with the velocity ? That is the question we have now to
answer, and, in doing so, we must appeal to the familiar
facts of everyday observation and experience.

22. In the first place, it is well known to artillerymen,
that if a ball have a double wvelocity, its penetrating
power or energy is increased nearly fourfold, so that it

i A e e
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will pierce through four, or nearly four, times as many
deal boards as the ball with only a single velocity—in
other words, they will tell us, in mathematical language,
that the energy varies as the square of the velocity.

Definition of Work.

23. And now, before proceeding further, it will be
necessary to tell our readers how to measure work in a
strictly scientific manner. We have defined energy to be
the power of doing work, and although every one has a
general notion of what is meant by work, that notion
may not be sufficiently precise for the purpose of this
volume. How, then, are we to measure work? For-
tunately, we have not far to go for a practical means of
doing this. Indeed, there is a force at hand which enables
us to accomplish this measurement with the greatest pre-
cision, and this force is gravity. Now, the first operation
in any kind of numerical estimate is to fix upon our unit
or standard. Thus we say a rod is so many inches long,
or a road so manymiles long. Here an inch and a mils
are chosen as our standards, In like manner, we speak of
£0 many seconds, or minutes, or hours, or days, or years,
choosing that standard of time or duration which is most
convenient for our purpose. So in like manner we must
choose our unit of work, but in order to do so we must
first of all choose our units of weight and of length, and
for these we will take the kilogramme and the metre,
these being the units of the metrical system, The kilo-




106 THE CONSERVATION OF ENERGY.

gramme corresponds to about 15,482 -85 English grains,
being rather more than two pounds avoirdupois, and the
metre to about 39 - 371 English inches.

Now, if we raise a kilogramme weight one metre in
vertical height, we are conscious of putting forth an
effort to do so, and of being resisted in the act by the
force of gravity. In other words, we spend energy and
do work in the process of raising this weight.

Let us agree to consider the energy spent, or the work
done, in this operation as one unit of work, and let us call
it the kilogrammnetre. :

24. In the next place,it is very obvious that if we raise
the kilogramme two metres in height, we do two units of
work—if three metres, three units, and so on.

And again, it is equally obvious that if we raise a
weight of two kilogrammes one metre high, we likewise
do two units of work, while if we raise it two metres high,
we do four units, and so on.

From these examples we are entitled to derive the
following rule :—Multiply the weight vraised (in kilo-
gramvimes) by the vertical height (in metres) through which
it 48 raised, and the result will be the work dome (in

klogramumetres).

Relation between Velocity and Energy.
25. Having thus laid a numerical foundation for our
superstructure, let us next proceed to investigate the rela-
tion between velocity and energy. But first let us say a
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fow words about velocity. This is one of the few cases in
which everyday experience will aid, rather than hinder,
us in our scientific conception. Indeed, We have con-
stantly before us the example of bodies moving with
variable velocities.

Thus a railway train is approaching a station and is
just beginning to slacken its pace. When we begin to
observe, it is moving at the rate of forty miles an
hour. A minute afterwards it is moving at the rate
of twenty miles only, and a minute after that it is at
rest. For no two consecutive moments has this train
continued to move at the same rate, and yet we may
say, with perfect propriety, that at such a moment
the train was moving, say, at the rate of thirty miles
an hour., We mean, of course, that had it continued to
move for an hour with the speed which it had when
we made the observation, 1t would have gone over
thirty miles. We know that, as a matter of fact, it did
not move for two seconds at that rate, but this is of no
consequence, and hardly at all interferes with our mental
grasp of the problem, so accustomed are we all to cases
of variable velocity.

26. Let us now imagine a kilogramme weight to be
shot vertically upwards, with a certain initial velocity—
let us say, with the velocity of 98 metres in one second.
Cravity will, of course, act against the weight, and
continually diminish its upward speed, just as in the
railway train the break was constantly reducing the

C
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velocity. But yet it is very easy to see what is meant
by an initial velocity of 9 - 8 metres per second; it means
that if gravity did not interfere, and if the air did not
resist, and, in fine, if no external influence of any kind
were allowed to act upon the ascending mass, it would be
found to move over 9 '8 metres in one second.

Now, it is well known to those who have studied the
laws of motion, that a body, shot upwards with the
velocity of 9°'8 metres in one second, will be brought
to rest when it has risen 4 -9 metres in height. If, there-
fore, it be a kilogramme, its upward velocity will have
enabled it to raise itself 4 °9 metres in height against the
force of gravity, or, in other words, it will have done 49
units of work ; and we may imagine it, when at the top of
its ascent, and just about to turn, caught in the hand and
lodged on the top of a house, instead of being allowed to
fall again to the ground. We are, therefore, entitled to
say that a kilogramme, shot upwards with the velocity
of 98 metres per second, has energy equal to 49, inas-
much as it can raise itself 4 -9 metres in height.

97. Let us next suppose that the veloeity with which
the kilogramme is shot upwards is that of 196 metres
per second. It is known to all who have studied dy-
namics that the kilogramme will now mount not only
twice, but four times as high as it did in the last in-
stance—in other words, it will now mount 196 metres
in height.

Evidently, then, in accordance with our principles of
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measurement, the kilogramme has now four times as
much energy as it bad in the last instance, because it
can raise itself four times as high, and therefore do four
times as much work, and thus we see that the energy is
mcreased four times by doubling the velocity.

Had the initial velocity been three times that of the
first instance, or 29 -4 metres per second, it might in like
manner be shown that the height attained would have
been 44 -1 metres, so that by tripling the velocity the
energy is inereased nine times.

28. We thus see that whether we measure the energy
of a moving body by the thickness of the planks through
which it can pierce its way, or by the height to which it
can raise itself against gravity, the result arrived at is
the same. We find the energy to be proportional fo
the square of the welocity, and we may formularize
our conclusion as follows :—

Let » = the initial velocity expressed in metres per

Of

second, then the energy in kilogrammetres — -1—;_6.

course, 1f the body shot upwards weighs two kilogrammes,
then everything is doubled, if three kilogrammes, tripled,
and so on; so that finally, if we denote by m the mass of

the body in kilogrammes, we shall have the energy in kilo-
2

grammetres = To test the truth of this formula,

196
we have only to apply it to the cases described in Arts,
26 and 27.
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29. We may further illustrate it by ome or two
examples. For instance, let it be required to find the
energy contained in a mass of five kilogrammes, shot up-
wards with the velocity of 20 metres per second.

Here we have m = 5 and v = 20, hence—
5(20)° 2000

19:6 =196

Again, let it be required to find the height to which the
mass of the last question will ascend before it stops. We
know that its energy is 102 - 04, and that its mass is 5.
Dividing 102 - 04 by 5, we obtain 20 - 408 as the height
to which this mass of five kilogrammes must ascend in
order to do work equal to 102 - 04 kilogrammetres.

30. In what we have said we have taken no account
either of the resistance or of the buoyaney of the atmo-
sphere ; in fact, we have supposed the experiments to be
made in vacuo, or, if not in vacuo, made by means of a
heavy mass, like lead, which will be very little influenced
either by the resistance or buoyancy of the air.

We must not, however, forget that if a sheet of paper,
or a feather, be shot upwards with the wvelocities men-
tioned in our text, they will certainly not rise in the air
to nearly the height recorded, but will be much sooner
brought to a stop by the very great resistance which they
encounter from the air, on account of their great surface,
combined with their small mass.

On the other hand, if the substance we make use of be
a large light bag filled with hydrogen, it will find its way

Energy = = 102 * 04 nearly.
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upﬁfa,rds without any effort on our part, and we shall cer-
tainly be doing no work by carrying it one or more
metres in height—it will, in reality, help to pull us up,
instead of requiring help from us to cause it to ascend.
In fine, what we have said is meant to refer to the force of
oravity alone, without taking into account a resisting
medium such as the atmosphere, the existence of which
need not be considered in our present calculations.

31. It should likewise be remembered, that while the
enﬁrg}r of a moving body depends upon its velocity, it is
independent of the direction in which the body 1s
moving. We have supposed the body to be shot up-
wards with a given velocity, but it might be shot hori-
zontally with the same velocity, when it would have
precisely the same energy as before. A cannon ball, if
fired vertically upwards, may either be made to spend
its energy in raising itself, or in piercing through a
series of deal boards. Now, if the same ball be fired
horizontally with the same velocity it will pierce through
the same number of deal boards.

In fine, direction of motion is of no consequence, and
the only reason why we have chosen vertical motion 1is
that, in this case, there is always the force of gravity
steadily and constantly opposing the motion of the body,
and enabling us to obtain an accurate measure of the
work which it does by piercing its way upwards against
this force.

32. But gravity is not the only foree, and we might
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measure the energy of a moving body by the extent to
which it would bend a powerful spring or resist the at-
traction of a powerful magnet, or, in fine, we might make
use of the force which best suits our purpose. If this
force be a constant one, we must measure the energy of
the moving body by the space which it is able to traverse
against the action of the force—just as, in the case of
gravity, we measured the energy of the body by the space
through which it was able to raise itself against its own
weight,

33. We must, of course, bear in mind that if this force
be more powerful than gravity, a body moved a short
distance against it will represent the expenditure of as
much energy as if it were moved a greater distance
against gravity. In fine, we must take account both
of the strength of the force and of the distance moved
over by the body against it before we can estimate in an
accurate matter the work which has been done.
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CHAPTER IL
MECHANICAL ENERGY AND ITS CHANGE INTO HEAT.

Energy of Position. A Stone high wp.

34 IN the last chapter it was shown what is meant
by energy, and how it depends upon the welocity of
a moving body; and now let us state that this
same energy or power of doing work may neverthe-
less be possessed by a body absolutely at rest. It
will be remembered (Art. 26) that in one case where
a kilogramme was shot vertically upwards, we supposed
it to be caught at the summit of its flight and lodged on
the top of a house. Here, then, it rests without motion,
but yet not without the power of doing work, and hence
not without energy. For we know very well that if we let
it fall it will strike the ground with as much velocity, and,
therefore, with as much energy, as it had when it was
originally projected upwards. Or we may, if we choose,
make use of its energy to assist us in driving in a pile, or
utilize it in a multitude of ways.

In its lofty position it is, therefore, not without energy,
but this is of a quiet nature, and not due in the least to
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motion. To what, then, is it due? We reply—to the
position which the kilogramme oceupies at the top of the
house. For just as a body in motion is a very different
thing (as regards energy) from a body at rest, so is a body
at the top of a house a very different thing from a body
at the bottom.

To illustrate this, we may suppose that two men of
equal activity and strength are figchting together, each
having his pile of stones with which he is about to be-
labour his adversary. One man, however, has secured for
himself and his pile an elevated position on the top of a
house, while his enemy has to remain content with a
position at the bottom. Now, under these circumstances,
you can at once tell which of the two will gain the day
—evidently the man on the top of the house, and yet not
on account of his own superior energy, but rather on
account of the energy which he derives from the elevated
position of his pile of stones. We thus see that there
is a kind of energy derived from position, as well as a
kind derived from velocity, and we shall, in future, call
the former energy of position, and the latter energy of
motion.

A Head of Water.

35. In order to vary our illustration, let us suppose
there are two mills, one with a large pond of water near
it and at a high level, while the other has also a pond,
but at a lower level than itself. We need hardly ask
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which of the two is likely to work—clearly the one
with the pond at a low level can derive from it no advan-
tage whatever, while the other may use the high level
- pond, or head of water, as this is sometimes called, to
drive its wheel, and do its work. There is, thus, a great
deal of work to be got out of water high up—real sub-
stantial work, such as grinding corn or thrashing it, or
turning wood or sawing it. On the other hand, there is no
work at all to be got from a pond of water that is low down.

A Cross-bow bent. A Watch wound up.

6. In both of the illustrations now given, we have
used the force of gravity as that force against which we
are to do work, and in virtue of which a stone high up,
or a head of water, is in a position of advantage, and has
the power of doing work as it falls to a lower level. But
there are other forces besides gravity, and, with respect to
these, bodies may be in a position of advantage and be
able to do work just as truly as the stone, or the head of
water, in the case before mentioned.

Let us take, for instance, the force of elasticity, and
consider what happens in a cross-bow. When this is
bent, the bolt is evidently in a position of advantage
with regard to the elastic force of the bow ; and when
it is discharged, this energy of position of the bolt is
converted into energy of motion, Just as, when a stone on
the top of a house is allowed to fall, its energy of posi-
tlon is converted into that of actual motion,
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In like manner a watch wound up is in a position of
advantage with respect to the elastic force of the main-
spring, and as the wheels of the watch move this is
oradually converted into energy of motion

Advantage of Position.

97. It is, in fact, the fate of all kinds of energy of
position to be ultimately converted into energy of motion.

The former may be compared to money in a bank, or
capital, the latter to money which we are in the act of
spending; and just as, when we have money in a bank, we
can draw it out whenever we want it, o, in the case of
energy of position, we can make use of it whenever we
please. To see this more clearly, let us compare together
a watermill driven by a head of water, and a windmill
driven by the wind. In the one case we may turn on
the water whenever it is most convenient for us, but 1n
the other we must wait until the wind happens to blow.
The former has all the independence of a rich man; the
latter, all the obsequiousness of a poor one. If we pursue
the analogy a step further, we shall see that the great
capitalist, or the man who has acquired a lofty position,
is respected because he has the disposal of a great
guantity of energy; and that whether he be a nobleman
or a sovereign, or & general 1n command, he is powerful
only from having something which enables him to make
use of the services of others. When the man of wealth
pays a labouring man to work for him, he is in truth
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converting so much of his energy of position into actual
energy, just as a miller lets out a portion of his head of
water in order to do some work by its means.

Tramsmutations of Visible Energy—A Kilogramme
| shot upwards.

38. We have thus endeavoured to show that there is
an energy of repose as well as a living energy, an energy
of position as well as of motion; and now let us trace
the changes which take place in the energy of a weight,
shot vertically upwards, as it continues to rise. It starts
with a certain amount of energy of motion, but as it
ascends, this is by degrees changed into that of position,
until, when it gets to the top of its flight, its energy is
entirely due to position.

To take an example, let us suppose that a kilogramme
1S projected vertically upwards with the velocity of 19 -6
metres in one second. According to the formula of Art.
28, it contains 19 -6 units of energy due to its actual
velocity.

If we examine it at the end of one second, we shall
find that it has risen 14 -7 metres in height, and has now
the velocity of 9-8. This velocity we know (Art. 26)
'denotes an amount of actual energy equal to4 9, while
'the height reached corresponds to an energy of position
‘equal to 14*7. The kilogramme has, therefore, at this
' moment & total energy of 196, of which 14 7 units are
| due to position, and 4 9 to actual motion,
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If we next examine it at the end of another second, we
shall find that it has just been brought to rest, so that its
energy of motion is 24l ; nevertheless, it has succeeded in
raising itself 196 metres in height, so that its energy of
position is 19 * 6.

There is, therefore, no disappearance of energy during
the rise of the kilogramme, but merely a gradual change
from one kind to another. It starts with actual energy,
and this is gradually changed into that of position; but
if, at any stage of its ascent, we add together the actual
energy of the kilogramme, and that due to its position,
we shall find that their sum always remains the same.

39. Precisely the reverse takes place when the kilo-
gramme begins its descent. It starts on its downward
journey with no energy of motion whatever, but with a
certain amount of energy of position; as it falls, its
energy of position becomes less, and its actual energy
oreater, the sum of the two remaining constant through-
out, until, when it is about to strike the ground, its
energy of position has been entirely changed into that
of actual motion, and it now approaches the ground
with the velocity, and, therefore, with the energy, which
it had when it was originally projected upwards.

The Inclined Plane.

40. We have thus traced the transmutations, as regards
encrgy, of a kilogramme shot vertically upwards, and
allowed to fall again to the earth, and we may now
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vary our hypothesis by making the kilogramme rise
vertically, but descend by means of a smooth inclined
plane without friction—imagine in fact, the kilogramme
to be shaped like a ball or roller, and the plane to be
perfectly smooth. Now, it is well known to all students
of dynamics, that in such a case the velocity which the
kilogramme has when it has reached the bottom of the
plane will be equal to that which it would have had if
it had been dropped down vertically through the same
height, and thus, by introducing a smooth inclined plane
of this kind, you neither gain nor lose anything as regards
energy.

In the first place, you do not gain, for think what
would happen if the kilogramme, when it reached the
bottom of the inclined plane, should have a greater
velocity than you gave it originally, when you shot it up.
It would evidently be a profitable thing to shoot up the
kilogramme vertically, and bring it down by means of
the plane, for you would get back more energy than you
originally spent upon it, and in every sense you would
be a gainer.  You might, in fact, by means of appropriate
apparatus, convert the arrangement into a perpetual
motion machine, and go on accumulating energy without
limit—but this is not possible,

On the other hand, the inclined plane, unless it be
rough and angular, will not rob you of any of the energy
of the kilogramme, but will restore to you the full amount,
when once the bottom has been reached. Nor does it

L&
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matter what be the length or shape of the plane, or
whether it be straight, or curved, or spiral, for in all
cases, if it only be smooth and of the same vertical
height, you will get the same amount of energy by causing
the kilogramme to fall from the top to the bottom.

41. But while the energy remains the same, the time
of descent will vary according to the length and shape of
the plane, for evidently the kilogramme will take a longer
time to descend a very sloping plane than a very steep
one. In fact, the sloping plane will take longer to gene-
rate the requisite velocity than the steep one, but both

.- Will have produced the same result as regards
energy, when once the kilogramme has arrived
at the bottom.

Functions of a Machine.

42. Our readers are now beginning to per-
ccive that energy cannot be created, and that
by no means can we coax or cozen Dame
Nature into giving us back more than we are
entitled to get. To impress this fundamental
principle still more strongly upon our minds,
let us consider in detail one or two mechan-
ical contrivances, and see what they amount
to as regards energy.

Let us begin with the second system of
pulleys. Here we have a power P attached
to the one end of a thread, which passes
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over all the pulleys, and is ultimately attached, by its
other extremity, to a hook in the upper or fixed block.
The weight W is, on the other hand, attached to the
lower or moveable block, and rises with it. TLet us
suppose that the pulleys are without weight and the
cords without friction, and that W is supported by six
cords, as in the figure. Now, when there is equilibrium
in this machine, it is well known that w will be equal
to six times P ; that is to say, a power of one kilogramme
will, in such a machine, balance or support a weight of
six kilogrammes. If P be increased a single grain more,
it will overbalance w, and P will descend, while w will
begin to rise. In such a case, after P has descended, say
Six metres, its weight being, say, one kilogramme, it has
lost a quantity of energy of position equal to six units,
since it is at a lower level by six metres than it was before,
We have, in fact, expended upon our machine six units
of energy. Now, what return have we received for this
expenditure ?  Our return is clearly the rise of w, and
mechanicians will tell us that in this case w will have
risen one metre.

But the weight of w is six kilogrammes, and this
having been raised one metre represents an energy of
position equal to six. We have thus spent upon our
machine, in the fall of P, an amount of energy equal to
§iX units, and obtained in the rise of W an equivalent
amount equal to six units also, We have, in truth,
neither gained nor lost energy, but simply changed it
into a form more convenient for our use.
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43. To impress this truth still more strongly, let us
take quite a different machine, such as the hydrostatic
press. Its mode of action will be
perceived from Fig. 2. Here we
have two cylinders, a wide and
a, narrow one, which are con-
nected tocether at the bottom by
means of a strong tube. Each of
| these cylinders is provided with
a water-ticht piston, the space beneath being filled with
water. It is therefore manifest, since the two cylinders
are connected together, and since water is incompressible,
that when we push down the one piston the other will be
pushed up. Let ussuppose that the area of the small pis-
ton is one square centimetre,* and that of the large piston
one hundred square centimetres, and let us apply a weight
of ten kilogrammes to the smaller piston. Now, it is
known, from the laws of hydrostatics, that every square
centimetre of the larger piston will be pressed upwards
with the force of ten kilogrammes, so that the piston waill
altogether mount with the force of 1000 kilogrammes—
that is to say, it will raise a weight of this amount as it
ascends.

Here, then, we have a machine in virtue of which a
pressure of ten kilogrammes on the small piston enables
the large piston to rise with the force of 1000 kilo-

g L1111 1T 11 e

# That is to say, n square the side of which is one centimetre, or the
hundredth part of a metre.
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grammes. But it is very easy to see that, while the
small piston falls one metre, the large one will only rise
one centimetre. For the quantity of water under the
pistons being always the same, if this be pushed down
one metre in the narrow cylinder, it will only rise one
centimetre in the wide one.

Let us now consider what we gain by this machine. The
power of ten kilogrammes applied to the smaller piston is
made to fall through one metre, and this represents the
amount of enerey which we have expended upon our
machine, while, as a return, we obtain 1000 kilogrammes
raised through one single centimetre. Here, then, as in
the case of the pulleys, the return of energy is precisely
the same as the expenditure, and, provided we ignore
friction, we neither gain nor lose anything by the machine.
All that we do is to transmute the energy into a more
convenient form—what we gain in power we lose in
space ; but we are willing to sacrifice space or quickness
of motion in order to obtain the tremendous pressure or
force which we get by means of the hydrostatic press,

Principle of Virtual Velocities,

44. These illustrations will have prepared our readers
to perceive the true function of a machine. This was
fivst clearly defined by Galileo, who saw that in any
machine, no matter of what kind, if we raise a large
weight by means of a small one, 1t will be found that the
small weight, multiplied mnto the space through which it

D
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1s lowered, will exactly equal the large weight, multiplied
into that through which it is raised.

This principle, known as that of virtual velocities,
enables us to perceive at once our true position. We see
that the world of mechanism is not a manufactory, in
which energy is created, but rather a mart, into which
we may bring energy of one kind and change or barter it
for an equivalent of another kind, that suits us better—
but if we come with nothing in our hand, with nothing
we shall most assuredly return. A machine, in truth,
does not create, but only transmutes, and this principle
will enable us to tell, without further knowledge of
mechanics, what are the conditions of equilibrium of any
arrangement.

For instance, let it be required to find those of a lever,
of which the one arm is three times as long as the other.
Here it is evident that if we overbalance the lever by a
single grain, so as to cause the long arm with its power to
fall down while the short one with ifs weight rises up,
then the long arm will fall three inches for every inch
through which the short arm rises; and hence, to make up
for this, a single kilogramme on the
long arm will balance three kilo-
grammes on the short one, or the
power will be to the weight as one
is to three.

45. Or, again, let us take the in-
clined plane as represented in Fig. 3,
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Here we have a smooth plane and a weight held upon
it by means of a power P, as in the figure. Now,
if we overbalance P by a single grain, we shall bring
the weight w from the bottom to the top of the plane.
But when this has taken place, it is evident that
P has fallen through a vertical distance equal to the
length of the plane, while on the other hand w has only
risen through a vertical distance equal to the height.
Hence, in order that the principie of virtual velccities
shall hold, we must have P multiplied into its fall equal
to W multiplied into its rise, that is to say,

P X Length of plane = w x Height of plane,

P Height.
or— =— -
W Len gth,

What Friction does.

46. The two examples now given are qaite sufficient to
enable our readers to see the true function of a machine,
and they are now doubtless disposed to acknowledge that
no machine will give back more energy than is spent
upon it. It is not, however, equally clear that it will
not give back less; indeed, it is a well-known fact that
it constantly does so. For we have supposed our
machine to be without friction—but no machine is with-
out friction—and the consequence is that the available
out-come of the machine is more or less diminished by
this drawback., Now, unless we are able to see clearly
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what part friction really plays, we cannot prove the con-
servation of energy. We see clearly enough that energy
cannot be created, but we are not equally sure that it
cannot be destroyed; indeed, we may say we have
apparent grounds for believing that it is destroyed—
that is our present position. Now, if the theory of the
conservation of energy be true—that is to say, if energy
is in any sense indestructible—friction will prove itself
to be, not the destroyer of energy, but merely the con-
verter of it into some less apparent and perhaps less
useful form.

47. We must, therefore, prepare ourselves to study
what friction really does, and also to recognize energy
in a form remote from that possessed by a body in visible
motion, or by a head of water. To friction we may
add percussion, as a process by which energy is appa-
rently destroyed ; and as we have (Art. 39) considered
the case of a kilogramme shot vertically upwards, de-
monstrating that it will ultimately reach the ground
with an energy equal to that with which it was shot
upwards, we may pursue the experiment one step further,
and ask what becomes of its energy after it has struck
the ground and come to rest? We may vary the ques-
tion by asking what becomes of the energy of the smith’s
blow after his hammer has struck the anvil, or what of
the energy of the cannon ball after it has struck the
target, or what of that of the railway train after it has
been stopped by friction at the break-wheel 2 All these
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are cases in which percussion or friction appears at first
sight to have destroyed visible energy ; but before pro-
nouncing upon this seeming destruction, it clearly be-
hoves us to ask if anything else malkes its appearance at
the moment when the visible energy is apparently
destroyed. For, after all, energy may be like the Eastern
magicians, of whom we read that they had the power of
changing themselves into a variety of forms, but were
nevertheless very careful not to disappear altogether.

When Motion is destroyed, Heat appears.

48. Now, in reply to the question we have put, it may
be confidently asserted that whenever visible energy is
apparently destroyed by percussion or friction, something
else makes its appearance, and that something is heat.
Thus, a piece of lead placed upon an anvil may be greatly
heated by successive blows of a blacksmith’s hammer.
The collision of flint and steel will produce heat, and a
rapidly-moving cannon ball, when striking against an
iron target, may even be heated to redness. Again, with
regard to friction, we know that on a dark night sparks
are seen to issue from the break-wheel which is stopping
a railway train,and we know, also, that the axles of rail-
way carriages get alarmingly hot, if they are not well
supplied with grease.

Finally, the schoolboy will tell us that he is in the
habit of rubbing a brass button upon the desk, and ap-
plying it to the back of his neighbour’s hand, and that
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when his own hand has been treated in this way, he has
found the button unmistakeably hot.

Heat a species of Motion.

49. For a long time this appearance of heat by friction
or percussion was regarded as inexplicable, because it
was believed that heat was a kind of matter, and it was
difficult to understand where all this heat came from.
The partisans of the material hypothesis, no doubt,
ventured to suggest that in such processes heat might
be drawn from the neighbouring bodies, so that the
Caloric (which was the name given to the imaginary
substance of heat) was squeezed or rubbed out of them,
according as the process was percussion or friction.  But
this was regarded by many as no explanation, even
before Sir Humphry Davy, about the end of last cen-
tury, clearly showed it to be untenable.

50. Davy’s experiments consisted in rubbing together
two pieces of ice until it was found that both were
nearly melted, and he varied the conditions of his ex-
periments in such a manner as to show that the heat
produced in this case could not be abstracted from the
neighbouring bodies.

51. Let us pause to consider the alternatives to which
we are driven by this experiment. If we still choose to
regard heat as a substance, since this has not been taken
from the surrounding bodies, it must necessarily have
been created in the process of friction.  But if we choose




MECHANICAL ENERGY AND ITS CHANGE INTO HEAT. 39

to regard heat as a species of motion, we have a simpler
alternative, for, inasmuch as the energy of visible motion
has disappeared in the process of friction, we may sup-
pose that it has been transformed into a species of mole-
cular motion, which we call heat; and this was the con-
clusion to which Davy came.

52. About the same time another philosopher was
occupied with a similar experiment. Count Rumford was
superintending the boring of cannon at the arsenal at
Munich, and was forcibly struck with the very great
amount of heat caused by this process. The source of
this heat appeared to him to be absolutely inexhaustible,
and, being unwilling to regard it as the ecreation of a
species of matter, he was led like Davy to attribute it to
motion.

53. Assuming, therefore, that heat is a species of
motion, the next point is to endeavour to comprehend
what kind of motion it is, and in what respects it is
different from ordinary visible motion. To do this, let us
imagine a railway carriage, full of passengers, to be whirl-
ing along at a great speed, its occupants quietly at ease,
because, although they are in rapid motion, they are all
moving at the same rate and in the same direction. Now,
suppose that the train meets with a sudden check ;—a
disaster is the consequence, and the quiet placidity of the
occupants of the carriage is instantly at an end.

Even if we suppose that the carriage is not broken up
and its occupants killed, yet they are all in a violent
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state of excitement ; those fronting the engine are driven
with force against their opposite neighbours, and are, no
doubt, as forcibly repelled, each one taking care of him-
self in the general scramble. Now, we have only to sub-
stitute particles for persons, in order to obtain an idea of
what takes place when percussion is converted into heat.
We have, or suppose we have, in this act the same violent
collision of atoms, the same thrusting forward of A upon
B, and the same violence in pushing back on the part of
B—the same struggle, confusion, and excitement—the
only difference being that particles are heated instead of
human beings, or their tempers.

54. We are bound to acknowledge that the proof which
we have now given is not a direct one ; indeed, we have,
in our first chapter, explained the impossibility of our
ever seeing these individual particles, or watching their
movements ; and hence our proof of the assertion that
leat consists in such movements cannot possibly be direct.
We cannot see that it does so consist, but yet we may
feel sure, as reasonable beings, that we are right in our
conjecture.

In the argument now given, we have only two alter-
natives to start with—either heat must consist of a
motion of particles, or, when percussion or friction is con-
verted into heat, a peculiar substance called caloric must
be created, for if heat be not a species of motion it must
necessarily be a species of matter. Now, we have pre-
ferred to consider heat as a species of motion to the alter-
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native of supposing the creation of a peculiar kind of
matter.

55. Nevertheless, it is desirable to have something to
say to an opponent who, rather than acknowledge heat
to be a species of motion, will allow the creation of matter.
‘To such an one we would say that inmumerable experi-
ments render it certain that a hot body is not sensibly
heavier than a cold one, so that if heat be a species of
matter it is one that is not subject to the law of gravity.
If we burn iron wire in oxygen gas, we are entitled to
say that the iron combines with the oxygen, because we
know that the product is heavier than the original iron
by the very amount which the gas has lost in weight.
But there is no such proof that during combustion the
iron has combined with a substance called calorie, and
the absence of any such proof is enough to entitle us to
consider heat to be a species of motion, rather than a
species of matter.

Heat a Backward and Forward Motion.

56. We shall now suppose that our readers have
assented to our proposition that heat is a species of
motion. It is almost unnecessary to add that it must
be a species of backward and forward motion; for
nothing is more clear than that a heated substamce is
not in motion as a whole, and will not, if put upon a
table, push its way from the one end to the other.

Mathematicians express this peculiarity by saying that,
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although there is violent internal motion among the par-
ticles, yet the centre of gravity of the substance remains
at rest; and since, for most purposes, we may suppose a
body to act as if concentrated at its centre of gravity, we
may say that the body is at rest.

57. Let us here, before proceeding further, borrow an
illustration from that branch of physics which treats of
sound. Suppose, for instance, that a man is accurately
balanced in a scale-pan, and that some water enters his
ear: of course he will become heavier in consequence,
and if the balance be sufficiently delicate, it will exhibit
the difference. But suppose a sound or a noise enters
his ear, he may say with truth that something has entered,
but yet that something is not matter, nor will he become
one whit heavier in consequence of its entrance, and he
will remain balanced as before. Now, a man into whose
ear sound has entered may be compared to a substance
into which heat has entered ; we may therefore suppose a
heated body to be similar in many respects to & sounding
body, and just as the particles of & sounding body move
backwards and forwards, so we may suppose that the
particles of a heated body do the same.

We shall take another opportunity (Art. 162) to enlarge
upon this likeness ; but, meanwhile, we shall suppose that
our readers perceive the analogy.
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Mechanical Equivalent of Heat.

58. We have thus come to the conclusion that when
any heavy body, say a kilogramme weight, strikes the
ground, the visible energy of the kilogramme is changed
into heat; and now, having established the fact of a re-
lationship between these two forms of energy, our next
point is to ascertain according to what law the heating
effect depends upon the height of fall. Let us, for in-
stance, suppose that a kilogramme of water is allowed to
drop from the height of 848 metres, and that we have
the means of confining to its own particles and retaining
there the heating effect produced. Now, we may suppose
that its descent is accomplished in two stages ; that, first
of all, it falls upon a platform from the height of 424
metres, and gets heated in consequence, and that then
the heated mass is allowed to fall other 424 metres. It
is clear that the water will now be doubly heated ; or, in
other words, the heating effect in such a case will be pro-
portional to the height through which the body falls—that
1s to say, it will be proportional to the actual energy which
the body possesses before the blow has changed this into
heat. In fact, just as the actual energy represented by a
fall from a height is proportional to the height, so is the
heating effect, or molecular energy, into which the actual
energy 1s changed proportional to the height also. Having
established this point, we now wish to know through
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how many metres a kilogramme of water must fall in
order to be heated one degree centigrade.

59. For a precise determination of this important
point, we are indebted to Dr. Joule, of Manchester, who
has, perhaps, done more than any one else to put the
science of energy upon a sure foundation. Dr. Joule
made numerous experiments, with the view of arriving
at the exact relation between mechanical energy and
heat; that is to say, of determining the mechanical
equivalent of heat. In some of the most important of
these he took advantage of the friction of fluids.

60. These experiments were conducted in the following
manner. A certain fixed weight was attached to a pulley,
as in the ficure. The weight had, of course, a tendency
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to descend, and hence to turn the pulley round. The
pulley had its axle supported upon friction wheels, at f
and f, by means of which the friction caused by the
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movement of the pulley was very much reduced. A
string, passing over the circumference of the pulley, was
wrapped round 7, so that, as the weight descended, the
pulley moved round, and the string of the pulley caused
¢ to rotate very rapidly. Now, the motion of the axis
was conducted within the covered box B, where there
was attached to » a system of paddles, of which a sketch
is given in figure; and therefore, as » moved, these
paddles moved also. There were, altogether, eight sets
of these paddles revolving between four stationary vanes.
If, therefore, the box were full of liquid, the paddles and
the vanes together would churn it about, for these sta-
tionary vanes would prevent the liquid being carried
along by the paddles in the direction of rotation.

Now, in this experiment, the weight was made to
descend through a certain fixed distance, which was
accurately measured. As it descended, the paddles were
seb in motion, and the energy of the descending weight
was thus made to churn, and hence to heat some water
contained in the box B.  When the weight had descended
a certain distance, by undoing a small peg p, it could be
wound up again without moving the paddles in B, and
thus the heating effect of several falls of the weight
could be accumulated until this became so great as to be
capable of being accurately measured by a thermometer.
It ought to be mentioned that great care was taken in
these experiments, not only to reduce the friction of the
axles of the pulley as much as possible, but also to
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estimate and correct for this friction as accurately as
possible ; in fact, every precaution was taken to make the
experiment successful.

61. Other experiments were made by Joule, in some of
which a dise was made to rotate against another dise of
cast-iron pressed against it, the whole arrangement being
jmmersed in a cast-iron vessel filled with mercury.
From all these experiments, Dr. Joule concluded that the
quantity of heat produced by friction, if we can preserve
and accurately measure it, will always be found propor-
tional to the quantity of work expended. He expressed
this proportion by stating the number of units of work in
kilogrammetres necessary to raise by 1° C. the tempera-
ture of one kilogramme of water. This was 42%; as
determined by his last and most complete experiments ;
and hence we may conclude that if a kilogramme of
water be allowed to fall through 424 metres, and if its
motion be then suddenly stopped, sufficient heat will be
generated to raise the temperature of the water through
1° ¢, and so on, in the same proportion.

62. Now, if we take the kilogrammetre as our unit of
work, and the heat necessary to raise a kilogramme of
water 1° C. as our unit of heat, this proportion may be
expressed by saying that ome heat unit is equal to 424
wnits of work.

This number is frequently spoken of as the mechanical
equivalent of heat; and in scientific treatises it is
denoted by J., the initial of Dr. Joule’s name.
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63. We have now stated the exact relationship that
subsists between mechanical energy and heat, and before
proceeding further with proofs of the great law of con-
servation, we shall endeavour to make our readers
acquainted with other varieties of energy, on the ground
that it is necessary to penetrate the various disguises
that our magician assumes before we can pretend to
explain the principles that actuate him in his trans-
formations,
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CHAPTER IIL

THE FORCES AND ENERGIES OF NATURE:
THE LAW OF CONSERVATION.

64. IN the last chapter we introduced our readers to
two varieties of energy, one of them visible, and the other
invisible or molecular ; and it will now be our duty to
search through the whole field of physical science for,
other varieties. Here it is well to bear in mind that all
energy consists of two kinds, that of position and that of
actual motion, and also that this distinction holds for
invisible molecular energy just as truly as it does for that
which is visible. Now, energy of position implies a body
in a position of advantage with respect to some force, and
hence we may with propriety begin our search by
investigating the various forces of nature.

Gravitation.

65. The most general, and perhaps the most important.
of these forces is gravitation, and the law of action of this
force may be enunciated as follows :—Every particle of
the umiverse attracts every other particle with a jorce
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depending jointly upon the mass of the attracting and
of the attracted particle, and varying inversely as the
square of distance between the two. A little explanation
will make this plain. |

Suppose a particle or system of particles of which
the mass is unity to be placed at a distance equal to unity
from another particle or system of particles of which the
mass i also unity—the two will attract each other. Let us
agree to consider the mutual attraction between them
equal to unity also.

Suppose, now, that we have on the one side two such
systems with a mass represented by 2, and on the other
side the same system as before, with a mass repre-
sented by unity, the distance, meanwhile, remaining
unaltered. It is clear the double system will now attract
the single system with a twofold force. Let us next
suppose the mass of both systems to be doubled, the
distance always remaining the same. It is clear that we
shall now have a fourfold force, each unit of the one
system attracting each unit of the other. In like manner,
if the mass of the one system is 2, and that of the other
3, the force will be 6. We may, for instance, call the
components of the one system A A and those of

the other A A A and we shall ha,ve 1—'&. pulled towards
A ﬂ a.nd A mth a threefold fmce and .A. pulled

tnwa,rds A, A; and A with a threefold fcarce making
altogether a force cqua.l to 6.
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In the next place, let the masses remain unaltered, but
let the distance between them be doubled, then the foree
will be reduced fourfold. Let the distance be tripled,
then the force will be reduced ninefold, and so on.

66. Gravitation may be deseribed as a very weak foree,
capable of acting at a distance, or at least of appearing
to do so. It takes the mass of the whole earth to pro-
duce the force with which we are so familiar at its
surface, and the presence of a large mass of rock or
mountain does not produce any appreciable difference in
the weight of any substance. It is the gravitation of the
earth, lessened of course by distance, which acts upon
the moon 240,000 miles away, and the gravitation of the
sun influences in like manner the earth and the various
other planets of our system,

FElastic Forces.

67. Elastic forces, although in their mode of action
very different from gravity, are yet due to wvisible
arrangements of matter ; thus, when a cross-bow is bent,
there is a visible change produced in the bow, which, as a
whole, resists this bending, and tends to resume its
previous position. It therefore requires energy to bend
a bow, just as truly and visibly as it does to raise a
weight above the earth, and elasticity is, therefore, as
truly a species of force as gravity 1s. 'We shall not here
attempt to discuss the various ways in which this force
may act, or in which a solid elastic substance will resist
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all attempts to deform it; but in all cases it is clearly
manifest that work must be spent upon the body, and the
force of elasticity must be encountered and overcome
throughout a certain space before any sensible deforma-

tion can take place.

Force of Cohesion.

68. Let us now leave the forces which animate large
masses of matter, and proceed to discuss those which
subsist between the smaller particles of which these large
masses are composed. And here we must say one word
more about molecules and atoms, and the distinction we
feel ourselves entitled to draw between these very small
bodies, even although we shall never be able to see either
the one or the other.

In our first chapter (Art. 7) we supposed the eontinual
sub-division of a grain of sand until we had arrived at
the smallest entity retaining all the properties of sand
—this we called a molecule, and nothing smaller than
this is entitled to be called sand. If we continue this
sub-division further, the molecule of sand separates itself
into its chemical constituents, consisting of silicon on
the one side, and oxygen on the other. Thus we arrive
at last ab the smallest body which can call itself silicon,
and the smallest which can call itself oxygen, and we
have no reason to suppose that either of these is capable
of sub-division into something else, since we regard
oxygen and silicon as elementary or simple bodies. Now,
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these constituents of the silicon molecule are called afoms,
so that we say the sand molecule is divisible into atoms
of silicon and of oxygen. Furthermore, we have strong
reason for supposing that such molecules and atoms really
exist, but into the arguments for their existence we can-
not now enter—it is one of those things that we must
ask our readers to take for granted.

69, Let us now take two molecules of sand. These,
when near together, have a very strong attraction for
each other. It is, in truth, this attraction which renders
it difficult to break up a crystalline particle of sand or
rock crystal. But it is only exerted when the molecules
are near enough together to form a homogeneous erystal-
line structure, for let the distance between them be some-
what increased, and we find that all attraction entirely
vanishes. Thus there is little or no attraction between
different particles of sand, even although they are very
closely packed together. In like manner, the integrity
of a piece of glass is due to the attraction between its
molecules ; but let these be separated by a flaw, and it
will soon be found that this very small increase of dis-
tance greatly diminishes the attraction between the par-
ticles, and that the structure will now fall to pieces from
the slightest cause. Now, these examples are sufficient
to show that molecular attraction or colesion, as this is
called, is a force which acts very powerfully through a
certain small distance, but which vanishes altogether
when this distance becomes perceptible. Cohesion 1s

——
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strongest in solids, while in liquids it is much diminished,
and in gases it may be said to vanish altogether. The
molecules of gases are,in truth, so far away from one
another, as to have little or no mutual attraction, a fact
proved by Dr. Joule, whose name was mentioned in the
last chapter.

Force of Chemvical Affinity.

70. Let us now consider the mutual forces between
atoms. These may be characterized as even stronger
than the forces between molecules, but as disappearing
still more rapidly when the distance is increased. Let
us, for instance, take carbon and oxygen—two substances
which are ready to combine together to form carbonie
acid, whenever they have a suitable opportunity. In
this case, each atom of carbon will unite with two of
oxygen, and the result will be something quite different
from either. Yet under ordinary circumstances earbon, or
its representative, coal, will remain unchanged in the
presence of oxygen, or of atmospheric air containing
oxygen. There will be no tendency to combine together,
because although the particles of the oxygen would appear
to be in immediate contact with those of the carbon,
yet the nearness is not sufficient to permit of chemical
affinity acting with advantage. When, however, the
nearness becomes sufficient, then chemical affinity begins
to operate. We have, in fact, the familiar act of com-
bustion, and, as its consequence, the chemical union of the
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carbon or coal with the oxygen of the air, carbonic acid
being the result. Here, then, we have a very powerful
force acting only at a very small distance, which we
name chemical affinity, inasmuch as it represents the
attraction exerted between atoms of different bodies in
contradistinetion to cohesion, which denotes the attraction
between molecules of the same body.

71. If we regard gravitation as the representative of
forces that act or appear to act, at a distance, we may
regard cohesion and chemical affinity as the representa-
tives of those forces which, although very powerful, only
act or appear to act through a very small interval of
distance.

A little reflection will show us how inconvenient it
would be if gravitation diminished very rapidly with the
distance ; for then even supposing that the bond which
retains us to the earth were to hold good, that which
retains the moon to the earth might vanish entirely, as
well as that which retains the earth to the sun, and the
consequences would be far from pleasant. Reflection
will also show us how inconvenient it would be if
chemical affinity existed at all distances; if coal, for
instance, were to combine with oxygen without the ap-
plication of heat, it would greatly alter the value of this
fuel to mankind, and would materially check the progress

of human industry.
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Remarks on Molecul ar and Atomac Forces.

792. Now, it is important to remember that we must
treat cohesion and chemical affinity exactly in the same
way as gravity has been treated; and just as we have
energy of position with respect to gravity, so may we
have as truly a species of energy of position with
respect to cohesion and chemical affinity. Let us
begin with cohesion. '

73. We have hitherto regarded heat as a peculiar
motion of the molecules of matter, without any reference
to the force which actuates these molecules. But it is
a well-known fact that bodies in general expand when
heated, so that, in virtue of this expansion, the molecules
of a body are driven violently apart against the force of
cohesion. Work has in truth been done against this
force, just as truly as, when a kilogramme 1is raised from
the earth, work is done against the force of gravity.
“When a substance is heated, we may, therefore, suppose
that the heat has a twofold office to perform, part of it
going to increase the actual ‘motions of the molecules,
and part of it to separate these molecules from one
another against the force of cohesion. Thus, if 1 swing
round horizontally a weight (attached to my hand by
an elastic thread of india-rubber), my energy will be
spent in two ways—first of all, it will be spent in com-
municating a velocity to the weight; and, secondly, in
stretching the india-rubber string, by means of the
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centrifugal tendency of the weight. Work will be done
against the elastic force of the string, as well as spent
in increasing the motion of the weight.

Now, something of this kind may be taking place
when a body is heated, for we may very well suppose
heat to consist of a vertical or eircular motion, the ten-
dency of which would be to drive the particles asunder
against the force of cohesion. Part, therefore, of the
energy of heat will be spent in augmenting the motion,
and part in driving asunder the particles. We may,
however, suppose that, in ordinary cases, the great pro-
portion of the energy of heat goes towards increasing
the molecular motion, rather than in doing work against
the force of cohesion.

74. In certain cases, however, it is probable that the
greater part of the heat applied is spent in doing work
against molecular forces, instead of increasing the
motions of molecules.

Thus, when a solid melts, or when a liquid is rendered
gaseous, a considerable amount of heat is spent in the
process, which does not become sensible, that is to say,
does not affect the thermometer. Thus, in order to melt
a kilogramme of ice, heat is required sufficient to raise
a kilogramme of water through 80° C, and yet, when
melted, the water is no warmer than the ice. We ex-
press this fact by saying that the latent heat of water
is 80. Again, if a kilogramme of water at 100° be con-
verted entirely into steam, as much heat is required as
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would raise the water through 537° C,, or 537 kilograimmes
of water through one degree; but yet the steam is mno
hotter than the water, and we express this fact by saying
that the latent heat of steam is 537. Now, in both of
these instances it is at least extremely probable that
a large portion of the heat is spent in doing work against
the force of cohesion ; and, more especially, when a fluid
is converted into a gas, we know that the molecules are
in that process separated so far from one another as to
lose entirely any trace of mutual force. We may, there-
fore, conclude that although in most cases the greater
portion of the heat applied to a body is spent in in-
creasing 1its molecular motion, and only a small part in
doing work "against cohesion, yet when a solid melts, or
a liquid vaporizes, a large portion of the heat required is
not improbably spent in doing work against molecular
forces. But the energy, though spent, is not lost, for
when the liquid again freezes, or when the vapour again
condenses, this energy is once more transformed into the
shape of sensible heat, just as when a stone is dropped
from the top of a house, its energy of position is trans-
formed once more into actual energy. -

75. A single instance will suffice to give our readers a
notion of the strength of molecular forces. If a bar of
wrought iron, whose temperature is 10° C. above that
of the surrounding medium, be tightly secured at its
extremities, it will draw these together with a force of at
least one ton for each square inch of section. In some
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cases where a building has shown signs of bulging out-
wards, iron bars have been placed across it, and secured
while in a heated state to the walls. On cooling, the
iron contracted with great force, and the walls were
thereby pulled together.

76. We are next brought to consider atomic forces, or
those which lead to chemical union, and now let us see
how these are influenced by heat. We have seen that
heat causes a separation between the molecules of a
body, that is to say, it increases the distance between
two contiguous molecules, but we must not suppose that,
meanwhile, the molecules themselves are left unaltered.

The tendency of heat to cause separationis not confined
to increasing the distance hetween molecules, but acts
also, no doubt, in increasing the distance between parts
of the same molecule : in fact, the energy of heat is spent
in pulling the constituent atoms asunder against the force
of chemical affinity, as well as in pulling the molecules
asunder against the force of cohesion, so that, at a very
high temperature, it is probable that most chemical com-
pounds would be decomposed, and many are so, even at a
very moderate heat.

Thus the attraction between oxygen and silver is so
slicht that at a comparatively low temperature the oxide
of silver is decomposed. In like manner, limestone, or
carbonate of lime, is decomposed when subjected to the
heat of a lime-kiln, carbonic acid being given off, while
quick-lime remains behind. Now, in separating hetero-
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geneous atoms against the powerful force of chemical
affinity, work is done as truly as it is in separating molecules
from one another against the force of cohesion, or in separ-
ating a stone from the earth against the force of gravity.

77. Heat, as we have seen, is very frequently influential
in performing this separation, and its energy is spent in
so doing; but other energetic agents produce chemical
decomposition as well as heat. For instance, certain rays
of the sun decompose carbonic acid into carbon and
oxygen in the leaves of plants, and their energy is spent
i the process; that is to say, it is spent in pulling
asunder two such powerfully attracting substances against
the affinity they have for one another. And, again, the
electric current is able to decompose certain substances,
and of course its energy is spent in the process.

Therefore, whenever two powerfully attracting atoms
are separated, energy is spent in causing this separation
as truly as in separating a stone from the earth, and
when once the separation has been accomplished we have
a species of energy of position just as truly as we have in
a head of water, or in a stone at the top of a house.

78. It is this chemical separation that is meant when
we speak of coal as a source of energy. Coal, or carbon,
has a great attraction for oxygen, and whenever heat is
applied the two bodies unite together. Now oxygen, as
1t exists in the atmosphere, is the common inheritance of
all, and if, in addition to this, some of us possess coal in
our cellars, or in pits, we have thus secured a store of
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energy of position which we can draw upon with more
facility than if it were a head of water, for, although we
can draw upon the energy of a head of water whenever
we choose, yet we cannot carry it about with us from
place to place as we can with coal. We thus perceive
that it is not the coal, by itself, that forms the source of
energy, but this is due to the fact that we have coal, or
carbon, in one place, and oxygen in another, while we
~ have also the means of causing them to unite with each
other whenever we wish. If there were no oxygen in
the air, coal by itself would be of no value,

Electricity : its Properties.

79. Our readers have now been told about the force
of cohesion that exists between molecules of the same
body, and also about that of chemical affinity existing
between atoms of different hodies. Now, heterogeneity
is an essential element of this latter force—there must
be a difference of some kind before it can exhibit itself—
and under these circumstances its exhibitions are fre-
quently characterized by very extraordinary and interest-
ing phenomena.

We allude to that peculiar exhibition arising out of the
forces of heterogenous bodies which we call electricity,
and, before proceeding further, it may not be out of place
to give a short sketch of the mode of action of this very
mysterious, but most interesting, agent.

80. The science of electricity is of very ancient origin :
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but its beginning was very small. For a couple of thou-
sand years it made little or no progress, and then, during
the course of little more than a century, developed into
the giant which it now is. The ancient Greeks were
aware that amber, when rubbed with silk, had the pro-
perty of attracting light bodies; and Dr. Gilbert, about
three hundred years ago, showed that many other things,
such as sulphur, sealing-wax, and glass, have the same
property as amber.

In the progress of the science it came to be known
that certain substances are able to carry away the
peculiar influence produced, while others are unable to
do so; the former are called conductors, and the latter
non-conductors, or insulators, of electricity. To make
the distinction apparent, let us take a metal rod, having
a glass stem attached to it, and rub the glass stem with
a piece of silk, care being taken that both silk and glass
are warm and dry. We shall find that the glass has now
acquired the property of attracting little bits of paper, or
elder pith; but only where it has been rubbed, for the
peculiar influence acquired by the glass has not been able
to spread itself over the surface.

If, however, we take hold of the glass stem, and rub
the metal rod, we may, perhaps, produce the same pro-
perty in the metal, but it will spread over the whole, not
confining itself to the part rubbed. Thus we perceive
that metal is a conductor, while glass is an insulator, or
non-conductor, of electricity.
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81. We would next observe that this influence is of
two kinds. To prove this, let us perform the following
experiment. Let us suspend
a small pith ball by a very
slender silk thread, as in Fig. 5.
Next, let us rub a stick of
warm, dry glass with a
piece of warm silk, and with
this excited stick touch the
pith ball. The pith ball, after
being touched, will be repelled
by the excited glass. Let us
next excite, in a similar man-
ner, a stick of dry sealing-wax with a piece of warm, dry
flannel, and on approaching this stick to the pith ball it
will attract it, although the ball, in its present state, is
repelled by the excited glass.

Thus a pith ball, touched by excited glass, is repelled
by excited glass, but attracted by excited sealing-wax.

In like manner, it might be shown that a pith ball,
touched by excited sealing-wax, will be afterwards re-
pelled by excited sealing-wax, bub attracted by excited

glass,

Now, what the excited glass did to the pith ball was
to communicate to it part of its own influence, after
which the ball was repelled by the glass; or, in other
words, bodies charged with similar electricities repel one
amother,
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Again, since the pith ball, when charged with the elec-
tricity from glass, was attracted to the electrified sealing-
wax, we conclude that bodies charged with unlife elee-
iricities atbract one another. The electricity from glass
is sometimes called wvifreous, and that from sealing-wax
resinous, electricity, but more frequently the former is
known as positive, and the latter as negative, electricity—
1t being understood that these words do mnot imply the
possession of a positive nature by the one influence, or
of a negative nature by the other, but are merely terms
employed to express the apparent antagonism which
exists between the two kinds of electricity.

82. The next point worthy of notice is that whenever
one electricity is produced, just as much is produced of
an opposite description. Thus, in the case of glass
excited by silk, we have positive electricity developed
upon the glass, while we have also negative electricity
developed upon the silk to precisely the same extent. And,
again, when sealing-wax is rubbed with flannel, we have
negative electricity developed upon the sealing-wax, and
Just as much positive upon the flannel,

83. These facts have given rise to a theory of elec-
tricity, or at least to a method of regarding it, which, if
not absolutely correct, seems yet to unite together the
various phenomena, According to this hypothesis, a
Deutral, unexcited body is supposed to contain a store
of the two electricitios combined together, so that when-
ever such a body is excited, a separation is produced
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between the two. The phenomena which we have
described are, therefore, due to this electrical separation,
and inasmuch as the two electricities have a great affinity
for one another, it requires the expenditure of energy to
produce this separation, just as truly as it does to separate
a stone from the earth.

84. Now, it is worthy of note that electrical separa-
tion i8 only produced when heterogeneous bodies are
rubbed together. Thus, if flannel be rubbed upon glass,
we have electricity ; but if flannel be rubbed upon glass
covered with flannel, we have none. In like manner, if
silk be rubbed upon sealing-wax covered with silk, or, in
fine, if two portions of the same substance be rubbed
together, we have no electricity.

On the other hand, a very slight difference of texture
1s sometimes sufficient to produce electrical separation.
Thus, if two pieces of the same silk ribbon be rubbed
together lengthwise, we have no electricity ; but if they
be rubbed across each other, the one is positively, and the
other negatively, electrified.

In fact, this element of heterogeneity is an all impor-
tant one in electrical development, and this leads us to
conjecture that electrical attraction may probably be
regarded as peculiarly allied to that force which we call
chemical affinity. At any rate, electricity and chemical
affinity are only manifested between bodies that are, in
some respects, dissimilar,

85. The following is a list of bodies arranged according
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to the electricity which they develop when rubbed to-
gether, each substance being positively electrified when
rubbed with any substance beneath it in the list.

1. Cat’s skin, 8. Resin.

2. Flannel. 9. Metals.

3. Ivory. 10. Sulphur.

4. Glass. 11. Caoutchoue.
5. Silk. 12. Gutta-percha.
6. Woed. 13. Gun-cotton.
7. Shellac.

Thus, if resin be rubbed with cat’s skin, or with

' flannel, the cat’s skin or flannel will be positively, and

the resin negatively, electrified ; while if glass be rubbed
- with silk, the glass will be positively, and the silk nega-
| tively, electrified, and so on.

86. It is not our purpose here to describe at length the
 electrical mackine, but we may state that it consists of
| two parts, one for generating electricity by means of the
| friction of a rubber against glass, and another consisting

of a system of brass tubes, of considerable surface, sup-
| ported on glass stems, for collecting and retaining the
| electricity so produced. This latter part of the machine
118 called its prime conductor.

| Electrie Imduction,.

| 87. Let us now suppose that we have set in action a
rmachme of this kind, and accumulated a considerable
- F
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quantity of positive electricity in its prime conductor abt
A. Let us next take two vessels, B and ¢, made of brass

supported on glass stems. These two vessels are sup-
posed to be in contact, but at the same time to be
capable of being separated from one another at their
middle point, where the line is drawn in Fig. 6.
Now let us cause B and ¢ to approach A together. At
first, B and ¢ are not electrified, that is to say, their two
electricities are not separated from each other, but are
mixed together; but mark what will happen as they
are pushed towards A. The positive electricity of A will
decompose the two electricities of B and ¢, attracting the
negative towards itself, and repelling the positive as far
away as possible, The disposition of electricities will,
therefore, be as in the figure, If we now pull ¢ away
from B, we have obtained a quantity of positive elec- -
tricity on ¢, by help of the original electricity which was
in A; in fact, we have made use of the original stock or
electrical capital in A, in order to obtain positive elec-
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tricity in ¢, without, however, diminishing the amount
of our original stock. Now, this distant action or help,
rendered by the original electricity in separating that of
B and ¢, 1s called electrie induction.

88. The experiment may, however, be performed in a
somewhat different manner—we may allow B and c to
remain together, and gradually push them nearer to A.
As B and ¢ approach A, the separation of their electricities
will become greater and greater, until, when A and B are
only divided by a small thickness of air, the two opposite
electricities then accumulated will have sufficient strength
to rush together through the air, and unite with each
other by means of a spark.

89. The principle of induction may be used with ad-
vantage, when it is wished to accumulate a large quantity
of electricity.

In this case, an instrument called a Leyden jar is very
frequently employed. Tt consists of a glass jar, coated
inside and outside with tin foil, as in
Fig. 7. A brass rod, having a knob at
the end of it, is connected metallically
with the inside coating, and is kept in
its place by being passed through a
cork, which covers the mouth of the
jar. We have thus two metalli =
coatings which are mnot electrically Fig. 7.
connected with one another. Now, in order to charge
'a Jar of this kind, let the outside coating be con-
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nected by a chain with the earth, while at the same
time positive electricity from the prime conductor of
an electrical machine is communicated to the inside knoh.

The positive electricity will accumulate on the inside
coating with which the knob is connected. It will then
decompose the two electricities of the outside coating,
driving the positive electricity to the earth, and there
dissipating it, but attracting the negative to itself. There
will thus be positive electricity on the inside, and
negative on the outside coating. These two electricities
may be compared to two hostile armies watching each
other, and very anxious to get together, while, however,
they are separated from one another by means of an
insurmountable obstacle. They will thus remain facing
each other, and at their posts, while each side is, mean-
while, being recruited by the same operation as before.
We may by this means accumulate a vast quantity of
opposite electricities on the two coatings of such a jar,
and they will remain there for a long time, especially if
the surrounding atmosphere and the glass surface of the
jar be quite dry. When, however, electric connection of
any kind is made between the two coatings, the elec-
tricities rush together and unite with one another in the
shape of a spark, while if the human body be the instru-
ment of connecting them a severe shock will be felt.

90. It would thus appear that, when two bodies
charged with opposite electricities are brought near
each other, the two electricities rush together, forming
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a current, and the ultimate result is a spark. Now,
this spark implies heat, and is, in truth, nothing else
than small particles of intensely heated matter of some
kind. We have here, therefore, first of all, the conversion
of electrical separation into a current of electricity, and,
secondly, the conversion of this current into heat. In
this case, however, the current lasts only a very small
time ; the discharge, as it is called, of a Leyden jar being
probably accomplished in z;th of a second.

The Electric Current.

91. In other cases we have electrical currents which,
although not so powerful as that produced by discharging
a Leyden jar, yet last longer, and are, in fact, continuous
instead of momentary.

We may see a similar difference in the case of visible
energy. Thus we might, by means of gunpowder, send
up in a moment an enormous mass of water; or we
might, by means of a fountain, send up the same mass
in the course of time, and in a very much quieter
manner. We have the same sort of difference in electrical
discharges, and having spoken of the rushing together of
two opposite electricities by means of an explosion and
a spark, let us now speak of the eminently quict and
effective voltaic current, in which we have a continuous
coming together of the same two agents.

ETE. ‘It. 15 not our object here to give a complete de-
scription, either historical or scientific, of the voltaic
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battery, but rather to give such an account as will
enable our readers to understand what the arrangement
is, and what sort of effect it produces; and with this
object we shall at once proceed to describe the battery
of Grove, which is perhaps the most efficacious of all the
various arrangements for the purpose of producing an
electric current. In this battery we have a number of
cells connected toge- 1
ther, as in Fig 8§, -
which shows a battery
of three cells. Each
cell consists of two
vessels, an outer and Fig. 8. =

an inner one; the outer wvessel being made of glass
or ordinary stone ware, while the inner one is made
of unglazed porcelain, and is therefore porous. The
outer vessel is filled with dilute sulphurie acid, and a
plate of amalgamated zinc—that is to say, of metallic
zinc having its outer surface brightened with mercury,—
is immersed in this acid. Again, in the inner or porous
vessel we have strong nitric acid, in which a plate of
platinum foil is immersed, this being at the same time elec-
trically connected with the zine plate of the next outer
vessel, by means of a clamp, as in the figure. Both metals
must be clean where they are pressed together, that is to
say, the true metallic surfaces of both must be in contact.
Finally, a wire is metallically connected with the plati-
num of the left-hand cell, and a similar wire with the

(T,
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zine of the right-hand cell, and these connecting wires
ought, except at their extremities, to be covered over
with gutta-percha or thread. The loose extremities of
.these wires are called the poles of the battery.

93. Let us now suppose that we have a battery con-
taining a good many cells of this deseription, and let the
whole arrangement be insulated, by being set upon glass
supports, or otherwise separated from the earth. If now
we test, by appropriate methods, the extremity of the
wire connected with the left-hand platinum plate, it will
be found to be charged with positive electricity, while
the extremity of the other wire will be found charged
with negative electricity.

94. In the next place, if we connect these poles of the
battery with one another, the two electricities will rush
together and unite, or, in other words, there will be an
electric current; but it will not be a momentary but a
continuous one, and for some time, provided these poles
are kept together, a current of electricity will pass through
the wires, and indeed through the whole arrangement,
including the cells,

The direction of the current will be such that positive
electricity may be supposed to pass from the zine to the
platinwm, through the liquid ; and back again through
the wire, from the platinum at the left hand, to the zinc
at the right ; in fact, to go in the direction indicated by
the arrow-head.

95, Thus we have two things. In the first place, before
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the two terminals, or poles, have been brought together,
we have them charged with opposite electricities; and,
secondly, when once they have been brought together, we
have the production of a continuous current of electricity.
Now, this current is an energetic agent, in proof of which
we shall proceed to consider the various properties which
it has,—the various things which it can do.

Its Magnetic Effects.

96. In the first place, it can deflect the magnetic needle.
For instance, let a compass needle be swung freely, and
let a current of electricity circulate along a wire placed
near this needle, and in the direction of its length, then
the direction in which the needle points will be imme-
diately altered. This direction will now depend upon that
of the current, conveyed by the wire, and the needle will
endeavour to place itself at right angles to this wire.

In order to remember the connection between the
direction of the current and that of the magnet, imagine
your body to form part of the positive current, which may
be supposed to enter in at your head, and go out at your
feet ; also imagine that your face is turned towards the
magnet. In this case, the pole of the magnet, which
points to the north, will always be deflected by the cur-
rent towards your right hand. The strength of a current
may be measured by the amount of the deflection it pro-
duces upon a magnetic needle, and the instrument by which
this measurement is made is called a galvanometer.
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97. In the next place, the current is able, not merely
to deflect a magnet, but also fo render soft iron magnetic.
Let us take, for instance, the wire
connected with the one pole of the
battery, and cover it with thread, in
order to insulate it. and let us wrap
this wire round a cylinder of soft
iron, as in Fig. 9. If we now
make a communication between the
other extremity of the wire, and
the other pole of the battery, so as
to make the current pass, it will be
found that our cylinder of soft iron Fig:9.
has become a powerful magnet, and that if an iron
keeper be attached to it as in the figure, the keeper
will be able to sustain a very great weight.

Its Heatimg Effect.

98. The electric current has likewise the property of
heating a wire through which it passes. To prove this,
let us connect the two poles of a battery by means of a
fine platinum wire, when it will be found that the wire
will, in a few seconds, become heated to redness. In
point of fact, the current will heat a thick wire, but not
50 much as a thin one, for we may suppose it to rush with
great violence through the limited section of the thin
wire, producing in its passage great heat,
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Its Chemical Effect.

99. Besides its magnetic and heating effects, the current
has also the power of decomposing compound substamnces,
under certain conditions. Suppose, for instance, that the
poles of a battery, instead of being brought together, are
plunged into a vessel of water, decomposition will at once
begin, and small bubbles of oxygen will rise from the
positive pole, while small bubbles of hydrogen will make
their appearance at the negative. - If the two gases are
collected together in a vessel, they may be exploded, and
if collected separately, it may be proved by the ordinary
tests, that the one is oxygen and the other hydrogen.

Attraction and Repulsion of Currents.

100. We have now described very shortly the magnetic,
the heating, and the chemical effects of currents; it
remains for us to describe the effects of currents upon
one another.

In the first place, suppose that we have two wires
which are parallel to one another, and carry currents
going in the same direction; and let us further suppose
that these wires are capable of moving, then it is found
that they will attract one another. If, however, the
wires, although parallel, convey currents going in opposite
directions, they will then repel one another. A good way
of showing this experimentally is to cause two circular
currents to float on water, If these currents both go
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either in the same direction as the hands of a watch,
or in the opposite direction, then the two will attract
one another; but if the one goes in the one direction,
and the other in the other, they will then repel omne

another,

Attraction and Repulsion of Magnets.

101. Ampere, who discovered this property of currents,
has likewise shown us that in very many respects a
magnet may be likened to a collection of circular currents
all parallel to one another, their direction being such that,
if you look towards the north pole of a freely suspended
cylindrical magnet facing it, the positive current will
descend on the east or left-hand side, and ascend on the
west or right-hand side. If we adopt this method of
viewing magnets, we can easily account for the attraction
between the unlike and the repulsion between the like
poles of a magnet, for when unlike poles are placed
near each other, the circular currents which face each
other are then all going in the same direction, and the
two will, therefore, attract one another, but if like poles
are placed in this position, the currents that face each
other are going in opposite directions, and the poles will,
therefore, repel one another,

Induction of Currents,

102. Before closing this short sketch of electrical
phenomena, we must allude to the inductive effect of
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cuzrents upon each other, TLet us suppose (Iig. 10) that
. we have two circular
coils of wire, covered
with thread, and placed
near each other. Let
both the extremities of
the right-hand coil be
connected with the poles
of a battery, so as to
make a current of elec-
tricity circulate round
the coil. On the other
hand, let the left-hand
coil be connected with
a galvanometer, thus
enabling us to detect
the smallest current of

electricity which may
pass through this coil.
Now, it is found that
when we first connect
the right-hand coil, so
as to pass the battery
current through 1it, a
momentary current will
pass through the left-
hand coil, and will de-
flect the needle of the
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galvanometer, but this current will go in an opposite
direction to that which circulates round the right-hand
coil.

103. Again, as long as the current continues to flow
through the right-hand coil there will be no current
through the other, but at the moment of breaking the
contact between the right-hand coil and the battery there
will again be a momentary current in the left-hand coil,
but this time in the same direction as that of the right-
hand coil, instead of being, as before, in the opposite
direction. In other words, when contact is made in the
right-hand coil, there is a momentary current in the left-
hand eoil, but in an opposite direction to that in the right,
while, when contact is broken in the right-hand coil, there
is a momentary current in the left-hand coil in the same
direction as that in the right.

104. In order to exemplify this induction of currents,
it is not even necessary to make and break the current
in the right-hand coil, for we may keep it constantly going
and arrange so as to make the right-hand coil (always
retaining its connection with the battery) alternately
approach and recede from the other ; when it approaches
the other, the effect produced will be the same as when
the contact was made in the above experiment—that is
to say, we shall have an induced eurrent in an opposite
direction to that of the primary, while, when it recedes

from the other, we shall have a, current in the same direc-
tion as that of the primary.
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105. Thus we see that whether we keep both coils
stationary, and suddenly produce a current in the right-
hand coil, or whether, keeping this current constantly
gning, we suddenly bring it near the other coil, the
inductive effect will be precisely the same, for in both
cases the left-hand coil is suddenly brought into the
presence of a current. And again, it is the same, whether
we suddenly break the right-hand current, or suddenly
remove it from the left-hand coil, for in both cases
this coil is virtually removed from the presence of a
current.

List of Energies.

106. We are now in a position to enumerate the various
kinds of energy which occur in nature ; but, before doing
so, we must warn our readers that this enumeration has
nothing absolute or complete about it, representing, as it
does, not so much the present state of our knowledge as
of our want of knowledge, or rather profound ignorance,
of the ultimate constitution of matter. It is, in truth,
only a convenient classification, and nothing more.

107. To begin, then, with visible energy. We have
first of all—

Energy of Visible Motion.

(A.) Visible energy of actual motion—in the planets,
in meteors, in the cannon ball, in the storm, in
the running stream, and in other instances of
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bodies in actual visible motion, too numerous to
be mentioned.

Visible Energy of Position.

(B.) We have also visible energy of position—in a stone
on the top of a cliff, in a head of water, in a rain
cloud, in a cross-bow bent, in a clock or watch
wound up, and in various other instances,

108. Then we have, besides, several cases in which

there is an alternation between (A) and (B).

A pendulum, for instance, when at its lowest point, has
only the energy (A), or that of actual motion, in virtue of
which it ascends a certain distance against the force of
gravity. When, however, it has completed its ascent, its
energy is then of the variety (B), being due to position,
and not to actual motion; and so on it continues to
oscillate, alternately changing the nature of its energy
from (A) to (B), and from (B) back again to (A).

109. A vibrating body is another instance of this alter-
nation. Hach particle of such a body may be compared to
an exceedingly small pendulum oscillating backwards
and forwards, only very much quicker than an ordinary
pendulum ; and just as the ordinary pendulum in passing
its point of rest has its energy all of one kind, while in
passing its upper point it has it all of another, so when
a vibrating particle is passing its point of rest, its energy
i1s all of the variety (A), and when it has reached its
extreme displacement, it is all of the var iety (B).
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Heat Motion.

110. (C.) Coming now to molecular or invisible energy,
we have, in the first place, that motion of the
molecules of bodies which we term heat. A
better term would be absorbed heat, to distin-
cuish it from radiant heat, which is a very
different thing. That peculiar motion which is
imparted by heat when absorbed into a body is,
therefore, one variety of molecular energy.

Molecular Separation.

(D.) Analogous to this is that effect of heat which
represents position rather than actual motion. -
For part of the energy of absorbed heat is spent
in pulling asunder the molecules of the body
under the attractive force which binds them
together (Art. 73), and thus a store of energy of
position is laid up, which disappears again after
the body is cooled.

Atomic or Chemvical Separation.

111. (E.) The two previous varieties of energy may be
viewed as associated with molecules rather than
with atoms, and with the force of cohesion
rather than with that of chemical affinity.
Proceeding now to atomic force, we have
a species of energy of position due to the
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separation of different atoms under the strong
chemical attraction they have for one another.
Thus, when we possess coal or carbon and also
oxygen in a state of separation from one
another, we are in possession of a source of
enerey which may be called that of chemical
separation.

Electrical Separation,

112. (F.) The attraction which heterogeneous atoms
possess for one another, sometimes, however,
gives rise to a species of energy which mani-
fests itself in a very peculiar form, and
appears as electrical separation, which is thus
another form of energy of position.

Lilectricity in Motion.

113. (G.) But we have another species of Energy con-
nected with electricity, for we have that due to
electricity in motion, or in other words, an
electric current which probably represents some
form of actual motion.

Radiant Energy.

114. (H.) Tt is well known that there is no ordinary
matter, or at least hardly any, between the sun
and the earth, and yetwe have a kind of energy

G
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which we may call radian: energy, which pro
ceeds to us from the sun, and proceeds also with
a definite, though very great velocity, taking
about eight minutes to perform its journey.
Now, this radiant energy is known to consist o1
the vibrations of an elastic medium pervading
all space, which is called ether, or the ethereal
mediwm. Inasmuch, therefore, as it consists
of vibrations, it partakes of the character of
pendulum motion, that is to say, the energy of
any ethereal particle is alternately that of
position and that of actual motion.

Law of Conservation.

115. Having thus endeavoured, provisionally at least, |
to catalogue our various energies, we are in a position
to state more definitely what is meant by the conserva-
tion of energy. For this purpose,let us take the universe
as a whole, or, if this be too large, let us conceive, if
possible, a small portion of it to be isolated from the rest,
as far as force or energy is concerned, forming a sort of
microcosm, to which we may conveniently direct our

attention,

This portion, then, neither parts with any of its®
energy to the universe beyond, nor receives any from it
Such an isolation is, of course, unnatural and impussible,i
but it is conceivable, and will, at least, tend to concentrate:
our thoughts. Now, whether we regard the great umverse,?
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or this small mierocosm, the principle of the conservation
of energy asserts that the sum of all the various energies
is a constant quantity, that is to say, adopting the lan-
auage of Algebra—

A+E+O+D)+E+E +@)+H) =a

constant quantity.

116. This does not mean, of course, that (A)is constant
in itself, or any other of the left-hand members of this
equation, for, in truth, they are always changing about
into each other—now, some visible energy being changed
mto heat or electricity ; and, anon, some heat or electricity
being changed back again into visible energy—but it
only means that the sum of all the energies taken together
1s constant. We have, in fact, in the left hand, eight
variable quantities, and we only assert that their sum is
constant, not by any means that they are constant them-
selves,

117. Now, what evidence have we for this assertion ?
It may be replied that we have the strongest possible
evidence which the nature of the case admits of The
assertion is, in truth, a peculiar one—peculiar in its mag-
nitude, in its universality, in the subtle nature of the
agents with which it deals. If true, its truth certainly
cannot be proved after the manner in which we prove a
proposition in Euclid. Nor does it even admit of a proof
so rigid as that of the somewhat analogous principle of
the conservation of matter, for in chemistry we may
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confine the products of our chemical combination so
completely as to prove, beyond a doubt, that no heavy
matter passes out of existence that—when coal, for in-
stance, burns in oxygen gas—what we have is merely a
change of condition. But we cannot so easily prove that
no energy is destroyed in this combination, and that the
only result is a change from the energy of chemical
separation into that of absorbed heat, for during the
process it is impossible to isolate the energy—do what
we may, some of it will escape into the room in which we
perform the experiment; some of it will, no doubt, escape
through the window, while a little will leave the earth
altogether, and go out into space. All that we can do
in such a case is to estimate, as completely as possible,
how much energy has gone away, since we cannot possibly
prevent its going. But this is an operation involving
oreat acquaintance with the laws of energy, and very
great exactness of observation: in fine, our readers will
at once perceive that it is much more difficult to prove
the truth of the conservation of energy than that of the
conservation of matter.

118. But if it be difficult to prove our prineciple in
the most rigorous manner, we are yet able to give the
strongest possible indirect evidence of its truth.

Our readers are no doubt familiar with a method
which Euclid frequently adopts in proving his proposi-
tions. Starting with the supposition that they are not
true, and reasoning upon this hypothesis, he comes to
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an absurd conclusion—hence he concludes that they are
true. Now, we may adopt a method somewhat similar
with regard to our principle, only instead of sup-
posing it untrue, let us suppose it true. It may then
be shown that, if it be true, under certain test conditions
we ought to obtain certain results—for instance, if we
increase the pressure, we ought to lower the freezing
point of water. Well, we make the experiment, and
find that, in point of fact, the freezing point of water is
lowered by increasing the pressure, and we have thus
derived an argument in favour of the conservation of
energy.

119. Or again, if the laws of energy are true, it may
be shown that, whenever a substance contracts when
heated, it will become colder instead of hotter by com-
pression. Now, we know that ice-cold water, or water
Just a little above its freezing point, contracts instead
of expanding up to 4°C.; and Sir William Thomson has
found, by experiment, that water at this temperature is
cooled instead of heated by sudden compression. India-
rubber is another instance of this relation between these
two properties, for if we stretch a string of india-rubber it
gets hotter instead of colder, that is to say, its tempera-
ture rises by extension, and gets lower by contraction ;
and again, if we heat the string, we find that it contracts
m length instead of expanding like other substances ag
its temperature increases.

120. Numberless instances occur in which we are
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enabled to predict what will happen by assuming the
truth of the laws of energy; in other words, these laws
are proved to be true in all cases where we can put them
to the test of rigorous experiment, and probably we can
have no better proof than this of the truth of such a
principle. We shall therefore proceed upon the assumption
that the conservation of energy holds true in all cases,
and give our readers a list of the various transmutations
of this subtle agent as it goes backwards and forwards
from one abode to another, making, meanwhile, sundry
remarks that may tend, we trust, to convince our readers
of the truth of our assumption,
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CHAPTER 1V,

TRANSMUTATIONS OF ENERGY.
Energy of Visible Motion.

121, LET us begin our list of transmutations with the
energy of visible motion. This is changed into energy
of position when a stone is projected upwards above the
earth, or, to take a case precisely similar, when a planet
or a comet goes from perihelion, or its position nearest the
sun, to aphelion, or its position furthest from the sun. We
thus see why a heavenly body should move fastest at
perihelion, and slowest at aphelion. If, however, a
planet were to move round the sun in an orbit exactly
circular, its velocity would be the same at all the various
points of this orbit, because there would be no change
in its distance from the centre of attraction, and there-
fore no transmutation of energy.

122. We have already (Arts. 108, 109) said that the
energy in an oscillating or vibrating body is alternately
that of actual motion, and that of position. In this
respect, therefore, a pendulum is similar to a comet or
heavenly body with an elliptical orbit. Nevertheless the



S8 THE CONSERVATION OF ENERGY.

change of energy is generally more complete in a pendulum
or vibrating body than it is in a heavenly body ; for in a
pendulum, when at its lowest point, the energy is entirely
that of actual motion, while at its upper point it is
entirely that of position. Now, in a heavenly body we
have only a lessening, but not an entire destruction, of
the wvelocity, as the body passes from perihelion to
aphelion—that is to say, we have only a partial conver-
sion of the one kind of energy into the other.

123. Let us next consider the change of actual visible
energy into absorbed heat. This takes place in all cases
of friction, percussion, and resistance. In friction, for
instance, we have the conversion of work or energy into
heat, whichis here produced throughthe rubbing of surfaces
against each other; and Davy has shown that two pieces
of ice, both colder than the freezing point, may be melted
by friction. In percussion, again, we have the energy
of the blow converted into heat ; while, in the case of a
meteor or cannon ball passing through the air with great
velocity, we have the loss of energy of the meteor or
cannon ball through its contact with the air, and at the
same time the production of heat on account of this
resistance.

The resistance need not be atmospheric, for we may
set the cannon ball to pierce through wooden planks or
through sand, and there will equally be a production of
heat on account of the resistance offered by the wooden
planks or by the sand to the motion of the ball. We
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'ma.y even generalize still further, and assert that when-
ever- the visible momentum of a body is transferred to a
larger mass, there is at the same time the conversion of
visible energy into heat.

124. A little explanation will be required to make this
point clear.

The third law of motion tells us that action and re-
action are equal and opposite, so that when two bodies
come into collision the forces at work generate equal and
opposite quantities of momentum. We shall best see
the meaning of this law by a numerical example, bear-
ing in mind that momentum means the product of mass
into velocity,

For instance, let us suppose that an inelastic body of
mass 10 and velocity 20 strikes directly another inelastic
body of mass 15 and velocity 15, the direction of both
motions being the same.

Now, it is well known that the united mass will, after
impact, be moving with the velocity 17. What, then, has
been the influence of the forces developed by eollision ?
The body of greater velocity had before impact a
momentum 10 x 20 = 200, while its momentum after
impact is only 10 x 17 =170; it has therefore suffered
a loss of 30 units as regards momentum, or we may con-
sider that a momentum of 30 units has been impressed
| Upon 1t in an opposite direction to its previous motion,
On the other hand, the body of smaller velocity had
 before impact a momentum 15 x 15 — 225, while after
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impact it has 15 x 17 = 255 units, so that its momentum
has been increased by 30 units in its previous direction.

The force of impact has therefore generated 30 units
of momentum in two opposite directions, so that, taking
account of direction, the momentum of the system 1is
the same before and after impact ; for before impact we
had a momentum of 10 x 20415 x 15 = 425, while after
it we have the united mass 25 moving with the velocity
17, giving the momentum 425 as before.

125. But while the momentum is the same before and
after impact, the visible energy of the moving mass is
undoubtedly less after impact than before it. To see
this we have only to turn to the expression of Art. 28,
from which we find that the energy before Impact

=
was as follows:—Energy in kilogrammetres = Tz}ﬂﬁ —
0% 205l i 15 978 nearly ; while that after impact

196

5 x 172
s o 368 menrhy:
196 ok

126. The loss of energy will be still more manifest if we
suppose an inelastic body in motion to strike against a
gimilar body at rest. Thus if we have a body of mass
90 and velocity 20 striking against one of equal mass,
but at rest, the velocity of the double mass after impact
will obviously be only 10; but, as regards energy, that

: 20 x 20* 8000 :
before impact will be —56-6= = 196 while that after
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40x10* 4000
1976~ 196

127. Thus there is in all such cases an apparent loss of
visible energy, while at the same time there is the pro-
duction of heat on account of the blow which takes.
place. If, however, the substances that come together be
perfectly elastic (which no substance is), the visible energy
after impact will be the same as that before, and in this.
case there will be no conversion into heat. This, however,
1s an extreme supposition, and inasmuch as no substance
1s perfectly elastic, we have in all cases of collision a
greater or less conversion of visible motion into heat.

128. We have spoken (Art. 122) about the change of
energy in an oscillating or wvibrating body, as if it were
entirely one of actual energy into energy of position,
and the reverse.

But even here, in each oscillation or vibration, there is
a greater or less conversion of visible energy into heat.
Let us, for instance, take a pendulum, and, in order to
make the circumstances as favourable as possible, let it
swing on a knife edge, and in vaeuo; in this case there
will be a slight but constant friction of the knife edge
against the plane on which it rests, and though the
pendulum may continue to swing for hours, yet it will
ultimately come to rest.

And, again, it is impossible to make a vacuum so perfect
that there is absolutely no air surrounding the pendulum,
30 that part of the motion of the pendulum will always

impact will be or only half the former.
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be carried off by the residual air of the vacuum in
which it swings.

199, Now, something similar happens in that vibratory
motion which constitutes sound. Thus, when a bell is in
vibration, part of the energy of the vibration is carried
off by the surrounding air, and it is in virtue of this that
we hear the sound of the bell ; but, even if there were no
air, the hell would not go on vibrating for ever. For
there is in all bodies a greater or less amount of internal
viscosity, a property which prevents perfect freedom of
vibration, and which ultimately converts vibrations into
heat. .

A vibrating bell is thus very much in the same position
as an oscillating pendulum, for in both part of the energy
is given off to the air, and in both there is unavoidable
friction—in the one taking the shape of internal vis-
cosity, and in the other that of friction of the knife edge
against the plane on which it rests.

130. In both these cases, too, that portion of the energy
which goes into the air takes ultimately the shape of
heat. The oscillating pendulum communicates a motion
to the air, and this motion ultimately heats the air. The
vibrating bell, or musical instrument, in like manner com-
municates part of its energy to the air. This communi-
cated energy first of all moves through the air with the
well-known velocity of sound, but during its progress it,
too, no doubt becomes partly converted into heat.
Ultimately, it is transmitted by the air to other bodies,




TRANSMUTATIONS OF ENERGY. 93

and by means of their internal viscosity is sooner or
later converted into heat. Thus we see that heat is the
form of energy, into which all visible terrestrial motion,
whether it be rectilinear, or oscillatory, or vibratory, is
ultimately changed.

131. In the case of a body in visible rectilinear motion
on the earth’s surface, this change takes place very soon—
if the motion be rotatory, such as that of a heavy re-
volving top, it may, perhaps, continue longer before it is
ultimately stopped, by means of the surrounding air, and
by friction of the pivot; if it be oscillatory, as in the
pendulum, or vibratory, as in a musical instrument, we
have seen that the air and internal friction are at work,
in one shape or another, to carry it off, and will ultimately
succeed in converting it into heat.

132. But, it may be said, why consider a body moving
on the earth’s surface? why not consider the motion
of the earth itself? Will this also ultimately take
the shape of heat ?

No doubt it is more difficult to trace the conversion
in such a case, inasmuch as it is not proceeding at a
sensible rate before our eyes. In other words, the
very conditions that make the earth habitable, and a
fit abode for intelligent beings like ourselves, are those
which unfit us to perceive this conversion of energy
in the case of the earth. Yet we are not without
indications that it is actually taking place. For the
purpose of exhibiting these, we may divide the earth’s
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motion into two—a motion of rotation, and one of reve-
lution,

133. Now, with regard to the earth’s rotation, the con-
version of the visible energy of this motion into heat is
already well recognized. To understand this we have
only to study the nature of the moon’s action upon the
fluid portions of our globe. In the following diagram
(Fig. 11) we have an exaggerated representation of this,
by which we see that the spherical earth is converted

Mﬂ o

Fig. 11.

into an elongated oval, of which one extremity always
points to the moon. The solid body of the earth itself
revolves as usual, but, nevertheless, this fluid protuber-
ance remains always pointing towards the moon, as we
see in the figure, and hence the earth rubs against the
protuberance as it revolves. The friction produced by
this action tends evidently to lessen the rotatory energy
of the earth—in other words, it acts like a break—and we
have, just as by a break-wheel, the conversion of visible
energy into heat. This was first recognized by Mayer
and J. Thomson.

134. But while there can be no doubt about the fact of
such a conversion going on, the only question is regarding
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its rate of progress, and the time required before it can
cause a perceptible impression upon the rotative energy
of the earth.

Now, it is believed by astronomers that they have
detected evidence of such a change, for our knowledge of
the motions of the sun and moon has become so exact,
that not only can we carry forward our caleculations so us
to predict an eclipse, but also carry them backwards, and
thus fix the dates and even the very details of the
ancient historical eclipses.

If, however, between those times and the present, the
earth has lost a little rotative energy on account of this
peculiar acticn of the moon, then it is evident that the
calculated eircumstances of the ancient total eclipse will
not quite agree with those actually recorded; and by
a comparison of this nature it is believed that we
have detected a very slight falling off in the rotative
energy of our earth. If we carry out the argument, we
shall be driven to the conclusion that the rotative energy
of our globe will, on account of the moon’s action, always
get less and less, until things are brought into such a
state that the rotation comes to be performed in the same
time as the revolution of the moon, so that then the same
portion of the terrestrial surface being always presented
to the moon, it is evident that there will be no effort
made by the solid substance of the earth, to glide from
under the fluid protuberance, and there will in conse-
quence be no friction, and no further loss of energy.
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135. If the fate of the earth be ultimately to turn the
same face always to the moon, we have abundant evidence
that this very fate has long since overtaken the moon
herself. Indeed, the much stronger effect of our earth
upon the moon has produced this result, probably, even
in those remote periods when the moon was chiefly fluid ;
and 1t 1s a fact well known, not merely to astronomers,
but to all of us, that the moon nowadays turns always
the same face to the earth.* No doubt this fate has long
since overtaken the satellites of Jupiter, Saturn, and the
other large planets ; and there are independent indications
that, at least in the case of Jupiter, the satellites turn
always the same face to their primary.

136. To come now to the energy of revolution of the
earth, in her orbit round the sun, we cannot help believ-
ing that there is a material medium of some kind between
the sun and the earth ; indeed, the undulatory theory of
light requires this belief. But if we believe in such a
medium, it is difficult to imagine that its presence will
not ultimately diminish the motion of revolution of the
earth in her orbit; indeed, there is a strong scientific
probability, if not an absolute certainty, that such will be
the case. There is even some reason to think that the
energy of a comet of small period, called Encke’s comet, is
gradually being stopped from this cause ; in fine, there can
be hardly any doubt that the cause is really in operation,

* This explanation was first given by Professors Thomson and Tait in
their Natural Philosophy, and by Dr. Frankland in a lecture at the Royal

Institution of London.
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and will ultimately affect the motions of the planets and
other heavenly bodies, even although its rate of action
may be so slow that we are not able to detect it.

We may perhaps generalize by saying, that wherever
in the universe there is a differential motion, that is to
say, a motion of one part of it towards or from another,
then, in virtue of the subtle medium, or cement, that binds
the various parts of the universe together, this motion is
not unattended by something like friction, in virtue of
which the differential motion will ultimately disappear,
while the loss of energy caused by its disappearance will
assume the form of heat.

137. There are, indeed, obscure intimations that a con-
version of this kind is not improbably taking place in the
solar system ; for, in the sun himself, we have the matter
near the equator, by virtue of the rotation of our lumi-
nary, carried alternately towards and from the various

, planets.  Now, it would seem that the sun-spots, or
atmospheric disturbances of the sun, affect particularly
his equatorial regions, and have likewise a tendency to
attain their maximum size in that position, which is as
far away as possible from the influential planets, such as
Mercury or Venus;* so that if Venus, for instance,
were between the earth and the sun, there would be few
sun-spots in the middle of the sun’s dise, because that
would be the part of the sun nearest Venus,

* See De La, Rue, Stewart, and Lnewy’a researches on Solar Physics.

I
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But if the planets influence sun-spots, the action is no
doubt reciprocal, and we have much reason to believe that
sun-spots influence, not only the magnetism, but also the
meteorology of our earth, so that there are most displays
of the Aurora Borealis, as well as most cyclones, in those
years when there are most sun-spots.®  Is it not then
possible that, in these strange, mysterious phenomena,
we see traces of the machinery by means of which the
differential motion of the solar system is gradually being
changed into heat ?

138. We have thus seen that visible energy of actual
motion is not unfrequently changed into visible energy of
position, and that it is also very often transformed into
absorbed heat. We have now to state that it may like-
wise be transformed into electrical separation. Thus, when
an ordinary electrical machine is in action, considerable
Jabour is spent in turning the handle; it is, in truth,
harder to turn than if no electricity were being produced—
in other words, part of the energy which is spent upon
the machine goes to the production of electrical separation.
There are other ways of generating electricity besides the
frictional method. If, for instance, we bring an insulated
conducting plate near the prime conductor of the electrical
machine, yet not near enough to cause a spark to pass,
and if we then touch the insulated plate, we shall find 1t,
after contact, to be charged with an electricity the oppo-

# See the Magnetic Researches of Sir E. Sabine, also C. Meldrom on
the Periodicity of Cyclones.
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site of that in the machine; we may then remove it
and make use of this electricity.

It requires a little thought to see what labour we have
spent in this process. We must bear in mind that, by
touching the plate, we have carried off the electricity of
the same name as that of the machine, so that, after
touching the insulated plate it is more strongly attracted
to the conductor than it was before. When we begin to
remove it, therefore, it will cost us an effort to do so, and
the mechanical energy which we spend in removing it
will account, for the energy of electrical separation which
we then obtain.

139. We may thus make use of a small nucleus of

clectricity, to assist us in procuring an unlimited supply,
for in the above process the electricity of the prime con-
ductor remains unaltered, and we may repeat the
operation as often as we like, and gather together a very
large quantity of electricity, without finally altering the
electricity of the prime conductor, but not, however,
without the expenditure of an equivalent amount of
energy, in the shape of actual work.

140. While, as we have seen, there is a tendency in all
motion to be changed into heat, there is one instance
where it is, in the first place at least, changed into a current
of electricity. We allude to the case where a conducting
substance moves in the presence of an electric current, or
of a magnet,

In Axt. 104 we found that if one coil connected with a
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battery were quickly moved into the presence of another
coil connected with a galvanometer, an induced current
would be generated in the latter coil, and would affect
the galvanometer, its direction being the reverse of that
passing in the other. Now, an electric current implies
energy, and we may therefore conclude that some other
form of energy must be spent, or disappear, in order to
produce the current which is generated in the coil
attached to the galvanometer.

Again, we learn from Art. 100 that two currents going
in opposite directions repel one another. The current
generated in the coil attached to the galvanometer or
secondary current will, therefore, repel the primary
current, which is moving towards it; this repulsion will
either cause a stoppage of motion, or render necessary
the expenditure of energy, in order to keep up the
motion of this moving coil. We thus find that two
phenomena oceur simultaneously. In the first plaee,
there is the production of energy in the secondary coil,
in the shape of a current opposite in direction to
that of the primary coil; in the next case, owing to
the repulsion between this induced current and the
primary current, there is a stoppage or disappearance of
the energy of actual motion of the moving coil. We
have, in fact, the création of one species of energy, and at
the same time the disappearance of another, and thus we
see that the law of conservation 1s by no means broken.

141. We see also the necessary conneaction between the

= - -
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two electrical laws described in Arts. 100 and 104, In-
deed, had these laws been other than what they are, the
principle of conservation of energy would have been
broken.

For instance, had the induced current in the case now
mentioned been in the same direction as that of the
primary, the two currents would have attracted each
other, and thus there would have been the ereation of a
secondary current, implying energy, in the coil attached
to the galvanometer, along with an increase of the visible
energy of motion of the primary current—that is to say,
instead of the creation of one kind of energy, accom-
panied with the disappearance of another, we should
have had the simultaneous creation of both; and thus
the law of conservation of energy would have been
broken.

We thus see that the principle of conservation enables
us to deduce the one electrical law from the other, and
this is one of the many instances which strengthen our
belief in the truth of the great principle for which we
are contending,

142. Let us next consider what will take place if we

cause the primary current to move from the secondary
coll instead of towards it.

In this case we know, from Art. 104, that the induced
cwrrent will be in the same direction as the primary,
while we are told by Art. 100 that the two currents will
now attract each other. The tendency of this attraction



102 THE CONSERVATION OF ENERGY.

will be to stop the motion of the primary current from
the secondary one, or, in other words, there will be a dis-
appearance of the energy of visible motion, while at the
same time there is the production of a current. In both
cases, therefore, one form of energy disappears while
another takes its place, and in both there will be a very
perceptible resistance experienced in moving the
primary coil, whether towards the secondary or from it.
Work will, in fact, have to be spent in both operations,
and the outeome of this work or energy will be the pro-
duction of a current in the first place, and of heat in the
second; for we learn from Art. 98 that when a current
passes along a wire its energy is generally spent in heating
the wire.

We have thus two phenomena occurring together. In
the first place, in moving a current [of electricity to and
from a coil of wire, or any other conductor, or (which is
the same thing, since action and reaction are equal and
opposite) in moving a coil of wire or any other con-
ductor to and from a current of electricity, a sense
of resistance will be experienced, and energy will have
to be spent upon the process; in the second place, an
electrical current will be generated in the conductor, and
the conductor will be heated in consequence.

143. The result will be rendered very prominent if
we cause & metallic top, in rapid rotation, to spin near
two iron poles, which, by means of the battery, we can
suddenly convert into the poles of a powerful electro-
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magnet. When this change is made, and the poles be-
come magnetic, the motion of the top is very speedily
brought to rest, just as if it had to encounter a species
of invisible friction. This curious result can easily be
explained. We have seen from Art. 101 that a magnet
resembles an assemblage of electric currents, and in the
metallic top we have a conductor alternately approaching
these currents and receding from them ; and hence, ac-
cording to what has been said, we shall have a series of
secondary currents produced in the conducting top which
wiil stop its motion, and which will ultimately take the
shape of heat. In other words, the visible energy of the
top will be changed into heat just as truly as if it were
stopped by ordinary friction.

144. The electricity induced in a metallic conductor,
moved in the presence of a powerful magnet, has received
the name of Magneto-Electricity; and Dr. Joule has
made use of 1t as a convenient means of enabling him
to determine the mechanical equivalent of heat, for it
is into heat that the energy of motion of the conductor
is ultimately transformed. But, besides all this, these
currents form, perhaps, the very best means of obtaining
electricity ; and recently very powerful machines have
been constructed by Wilde and others with this view.

145. These machines, when large, are worked by a
steam-engine, and their mode of operation is as follows :—
The nucleus of the machine is a system of powerful
permanent steel magnets, and a conducting coil is made



104 THE CONSERVATION OF ENERGY.

to revolve rapidly in presence of these magnets. The
current produced by this moving coil is then used in
order to produce an extremely powerful electro-magnet,
and finally a coil is made to move with great rapidity
in presence of this powerful electro-magnet, thus causing
induced currents of vast strength. So powerful are these
currents, that when used to produce the electric light,
small print may be read on a dark night at the distance
of two miles from the scene of operation !

It thus appears that in this machine a double use is
made of magneto-electricity. Starting with a nucleus
of permanent magnetism, the magneto-electric currents
are used, in the first instance, to form a powerful electro-
magnet much stronger than the first, and this powerful
electro-magnet is again made use of in the same way as
the first, in order to give, by means of magneto-

electricity, an induced current of very great strength.
146. There is, moreover, a very great likeness between

a magneto-electric machine like that of Wilde's for gene-
rating electric currents, and the one which generates
statical electricity by means of the method already de-
scribed Art. 139. In both cases advantage is taken of a
nucleus, for in the magneto-electric machine we have
the molecular currents of a set of permanent magnets,
which are made the means of generating enormous
electric currents without any permanent alteration to
themselves, yet not without the expenditure of work.
Again, in an induction machine for generating statical
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electricity, we have an clectric nucleus, such as we have
supposed to reside in the prime conductor of a machine ;
and advantage may be taken, as we have seen, of this
nucleus in order to generate a vast quantity of statical
clectricity, without any permanent alteration of the
nucleus, but not without the expenditure of work.

147. We have now seen under what conditions the
visible energy of actual motion may be changed—Istly,
into energy of position; 2ndly, into the two energies
which embrace absorbed heat; Srdly, into electrical sepa-
ration; and finally into electricity in motion. As far as
we know, visible energy cannot directly be transformed
into chemical separation, or into radiant energy.

Visible Lnergy of Position.

14S. Having thus exhausted the transmutations of the
cnergy of visible motion, we next turn to that of
position, and find that it is transmuted into motion, but
not immediately into any other form of energy; we may,
therefore, dismiss this variety at once from our considera-
tion.

Absorbed Heat.

149. Coming now to these two forms of energy which
embrace absorbed heat, we find that this may be con-
verted into (A) or actual visible energy in the case of
the steam-engine, the air-engine, and all varieties of heat
engines, In the steam-engine, for instance, part of the
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heat which passes through it disappears as heat, utterly
and absolutely, to reappear as mechanical effect. There
is, however, one condition which must be rigidly ful-
filled, whenever heat is changed into mechanical effect—
there must be a difference of temperature, and heat will
only be changed into work, while it passes from a body
of high temperature to one of low.

Clarnot, the celebrated French physicist, has ingeniously
likened the mechanical power of heat to that of water;
for just as you can get no work out of heat unless there
be a flow of heat from a higher temperature level to a
lower, so neither can you get work out of water unless it
be falling from a higher level to a lower.

150. If we reflect that heat is essentially distributive
in its nature, we shall soon perceive the reason for this
peculiar law; for, in virtue of its nature, heat is always
rushing from a body of high temperature to one of low,
and if left to itself it would distribute itself equally
amongst all bodies, so that they would ultimately be-
come of the same temperature. Now, if we are to coax
work out of heat, we must humour its nature, for it may
be compared to a pack of schoolboys, who are always
ready to run with sufficient violence out of the school-
room into the open fields, but who have frequently to be
dragged back with a very considerable expenditure of
energy. 0 heat will not allow itself to be confined,
but will resist any attempt to accumulate it into a
limited space. Work cannot, therefore, be gained by
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such an operation, but must, on the contrary, be spent
upon the process.

151. Let us now for a moment consider the case of an
enclosure in which everything is of the same temperature.
Here we have a dull dead level of heat, out of which it
will be impossible to obtain the faintest semblance of
work. The temperature may even be high, and there
may be immense stores of heat energy in the enclosure,
but not a trace of this is available in the shape of work.
Taking up Carnot’s comparison, the water has already
fallen to the same level, and lies there without any
power of doing useful work—dead, in a sense, as far as
visible energy is concerned.

152. We thus perceive that, firstly, we can get work
out of heat when it passes from a higher to a lower
temperature, but that, secondly, we must spend work upon
it in order to malke it pass from a lower temperature to a
higher one ; and that, thirdly and finally, nothing in the
shape of work can be got out of heat which is all at the
same temperature level.

What we have now said enables us to realize the con-
ditions under which all heat engines work. The essential
point about such engines is, not the possession of a
cylinder, or piston, or fly wheels, or valves, but the
possession of two chambers, one of high and the other
of low temperature, while it performs work in the process
of carrying heat from the chamber of high to that of low
temperature.
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Let us take, for example, the low-pressure engine.
Here we have the boiler or chamber of high, and the
condenser or chamber of low, temperature, and the engine
works while heat is being carried from the boiler to the
condenser—never while it is being carried from the con-
denser to the boiler.

In like manner in the locomotive we have the steam
generated at a high temperature and pressure, and cooled
by injection into the atmosphere.

153. But, leaving formal engines, let us take an
ordinary fire, which plays in truth the part of an engine,
as far as energy is concerned. We have here the cold
air streaming in over the floor of the room, and rushing
into the fire, to be there united with carbon, while the
ravefied product is carried up the chimney. Dismissing
from our thoughts at present the process of combustion,
except as a means of supplying heat, we see that there
is a continual in-draught of cold air, which is heated by
the fire, and then sent to mingle with the air above.
Heat is, in fact, distributed by this means, or carried from
a body of high temperature, i.c. the fire, to a body of low
temperature, i.c. the outer air, and in this process of dis-
tribution mechanical effect is obtained in the up-rush
- of air through the chimney with considerable velocity.

154, Our own earth is another instance of such an
engine, having the equatorial regions as its boiler,
and the polar regions as its condensers; for, ab
the equator, the air 1s heated by the direct rays
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of the sun, and we have there an ascending current of
air, up a chimney as it were, the place of which is sup-
plied by an in-draught of colder air along the ground
or floor of the world, from the poles on both sides. Thus
the heated air makes its way from the equator to the
poles in the upper regions of the atmosphere, while the
cold air makes its way from the poles to the equator
along the lower regions. Very often, too, aqueous vapour
as well as air is carried up by means of the sun’s heat
to the upper and colder atmospheric regions, and there
deposited in the shape of rain, or hail, or snow, which
ultimately finds its way back again to the earth, often
displaying in its passage immense mechanical energy.
Indeed, the mariner who hoists his sail, and the miller
who grinds his corn (whether he use the force of the
wind or that of runming water), are both dependent
upon this great earth-engine, which is constantly at work
producing mechanical effect, but always in the act of
carrying heat from its hotter to its colder regions.

155. Now, if it be essential to an engine to have two
chambers, one hot and one cold, it is equally important
that there should be a considerable temperature differ-
ence between the two.

If Nature insists upon a difference before she will give
us work, we shall not be able to pacify her, or to meet
her requirements by making this difference as small as
possible. And hence, ceeteris paribus, we shall obtain a
greater proportion of work out of a certain amount of
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heat passing through our engine when the temperature
difference between its boiler and condenser is as great
as possible. In a steam-engine this difference cannot
be very great, because if the water of the boiler were at
a very high temperature the pressure of its steam would
become dangerous; but in an air-engine, or engine that
heats and cools air, the temperature difference may be
much larger. There are, however, practical inconveniences
in engines for which the temperature of the boiler is
very high, and it is possible that these may prove so
formidable as to turn the scale against such engines,
although in theory they ought to be very economical.
156. The principles now stated have been employed by
Professor J. Thomson, in his suggestion that the appli-
cation of pressure would be found to lower the freezing
point of water; and the truth of thissuggestion was after-
wards proved by Professor Sir W. Thomson. The fol-
lowing was the reasoning employed by the former :—
Suppose that we have a chamber kept constantly at
the temperature 0° C., or the melting point of ice, and
that we have a cylinder, of which the sectional area
is one square metre, filled one metre in height with
water, that is to say, containing one cubic metre of
water. Suppose, next, that a well-fitting piston is
placed above the surface of the water in this cylinder,
and that a considerable weight is placed upon the piston.
Let us now take the eylinder, water and all, and carry
it into another room, of which the temperature is just
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a trifle lower. In course of time the water will freeze,
and, as it expands in freezing, it will push up the piston and
weight about gths of a metre; and we may suppose
~ that the piston is kept fastened in this position by means
of a pee. Now carry back the machine into the first
room, and in the course of time the ice will be melted,
and we shall have water once more in the cylinder, but
there will now be a wvoid space of gths of a metre
between the piston and the surface. We have thus ac-
quired a certain amount of energy of position, and we
have only to pull out the peg, and allow the piston with
its weight to fall down through the vacant space,in order
to utilize this energy, after which the arrangement is ready
to start afresh. Again, if the weight be very great, the
energy thus gained will be very great; in fact, the energy
will vary with the weight. In fine, the arrangement
now described is a veritable heat engine, of which the
chamber at 0° C. corresponds to the boiler, and the other
chamber a trifle lower in temperature to the condenser,
while the amount of work we get out of the engine—or, in
other words, its efficiency—will depend upon the weight
which is raised through the space of Sths of a metre,
so that, by increasing this weight without limit, we may
increase the efficiency of our engine without limit. It
would thus at first sight appear that by this device of hav-
ing two chambers, one at 0° C,, and the other a trifle lower,
Wwe can get any amount of work out of our water engine ;
and that, consequently, we have managed to overcome
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Nature. But here Thomson’s law comes into operation,
showing that we cannot overcome Nature by any such
device, but that if we have a large weight upon our
piston, we must have a proportionally large difference of
temperature between our two chambers—that is to say,
the freezing point of water, under great pressure, will be
lower in temperature than its freezing point, if the
pressure upon it be only small.

Before leaving this subject we must call upon our
readers to realize what takes place in all heat engines.
Tt is not merely that heat produces mechanical effect,
but that @ given quantity of heat absolutely passes out
of existence as heat in producing uts equivalent of work.
If, therefore, we could measure the mere heat produced
in an engine by the burning of a ton of coals, we
should find it to be less when the engine was doing
work than when it was at rest.

In like manner, when a gas expands suddenly its
temperature falls, because a certain amount of its heat
passes out of existence in the act of producing mechani-
cal effect.

157. We have thus endeavoured to show under what
conditions absorbed heat may be converted into mechani-
cal offect. This absorbed heat embraces (Art. 110) two
varieties of energy, one of these being molecular motion,
and the other molecular energy of position.

Let us now, therefore, endeavour to ascertain under
what circumstances the one of these varieties may be

T e e R
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changed into the other. It is well known that it takes
a good deal of heat to convert a kilogramme of ice into
water, and that when the ice is melted the temperature
of the water is not perceptibly higher than that of the
ice. It is equally well known that it takes a great deal
of heat to convert a kilogramme of boiling water into
steam, and that when the transformation is accomplished,
the steam produced is not perceptibly hotter than the
boiling water. In such cases the heat is said to become
latent.

Now, in both these cases, but more obviously in the
last, we may suppose that the heat has not had its usual
office to perform, but that, instead of increasing the
motion of the molecules of water, it has spent its energy
In tearing them asunder from each other, against the
force of cohesion which binds them together.

Indeed, we know as a matter of fact that the force of
cohesion which is perceptible in boiling water is ap-
parently absent from steam, or the vapour of water, because
its molecules are too remote from one another to allow of
this force being appreciable. 'We may, therefore, suppose
that a large part, at least, of the heat necessary to con-
vert boiling water into steam is spent in doing work
against molecular forces.

When the steam is once more condensed into hot water,
the heat thus spent reassumes the form of molecular
motion, and the consequence is that we require to take
away somehow all the latent heat of a kilogramme of

I
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steam before we can convert it into boiling water. In
fact, if 1t 1s difficult and tedious to convert water into
steam, it is difficult and tedious to convert steam into
water.

158. Besides the case now mentioned, there are other
instances in which, no doubt, molecular separation
becomes gradually changed into heat motion. Thus,
when a piece of glass has been suddenly cooled, its par-
ticles have not had time to acquire their proper position,
and the consequence is that the whole structure is thrown
into a state of constraint. In the course of time such
bodies tend to assume a more stable state, and their
particles gradually come closer together.

Tt is owing to this cause that the bulb of a thermo-
meter recently blown gradually contracts, and it is no
doubt owing to the same cause that a Prince Rupert's
drop, formed by dropping melted glass into water, when
broken, falls into powder with a kind of explosion. It
seems probable that in all such cases these changes are
attended with heat, and that they denote the conversion
of the enersy of molecular separation into that of
molecular motion.

159. Having thus examined the transmutations of (C)
into (D), and of (D) back again into (C), let us now
proceed with our list, and see under what circumstances
absorbed heat is changed into chemical separation.

Tt is well known that when certain bodies are heated,
they are decomposed ; for instance, if limestone or car-

1
5
e
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bonate of lime be heated, it is decomposed, the carbonic
acid being given out in the shape of gas, while quick-
Lime remains behind. Now, heat is consumed in this
process, that is to say, a certain amount of heat energy
absolutely passes out of existence as heat and is changed
into the energy of chemical separation. Again, if the
lime so obtained be exposed, under certain circum-
stances, to an atmosphere of carbonic acid, it will
gradually become changed into carbonate of lime ; andin
this change (which is a gradual one) we may feel assured
that the energy of chemical separation is once more con-
verted into the energy of heat, although we may not per-
ceive any increment of temperature, on account of the
slow nature of the process.

At very high temperatures it is possible that most
compounds are decomposed, and the temperature ab
which this takes place, for any compound, has been
termed its femperature of disassociation.

160. Heat energy is changed into electrical separation
when tourmalines and certain other erystals are heated.

Let us take, for instance, a erystal of tourmaline and
raise its temperature, and we shall find one end positively,
and the other negatively, electrified. Again, let us take
the same crystal, and suddenly cool it, and we shall find
an electrification of the opposite kind to the former, so
that the end of the axis, which was then positive, will
now be negative. Now, this separation of the electricities
denotes energy ; and we have, therefore, in such crystals
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a case where the energy of heat has been changed into
that of electrical separation. In other words, a certain
amount of heat has passed out of existence as feat,
while in its place a certain amount of electrical separa-
tion has been obtained.

161. Let us next see under what circumstances heat 1s
changed into electricity im motion. This transmutation
takes place in thermo-electricity.

Suppose, for instance, that we have a bar of copper or

G antimony, say copper, soldered

= to a bar of bismuth, as in Fig.
!Mm 3 E{J 12. Let us now heat one of
_f the junctions, while the other

s remains cool. Tt will be found

— -‘H,m ﬂﬂmm that a current of positive elec-

=

¢ — . tricity circulates round the

" g 12 bar, in the direction of the
arrow-head, going from the bismuth to the copper across
the heated junction, the existence of which may be
detected by means of a compass needle, as we see in the
figure.

Here, then, we have a case in which heat energy
goes out of existence, and is converted into that of an
electric current, and we may even arrange matters
so as to make, on this principle, an instrument which

shall be an extremely delicate test of the existence of

heat.

'
By having a number of junctions of bismuth and E‘

l
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antimony, as in Fig. 13, and heating the upper set, while
the lower remain cool, we get a
strong current going from the bis-
muth to the antimony across the
heated junctions, and we may pass
the current so produced round the
wire of a galvanometer, and thus,
by increasing the number of our f
junctions, and also by using a very I\'qur

delicate galvanometer, we may getl

a very perceptible effect for the Fig. 18.
smallest heating of the upper junctions. This arrange-
ment is called the thermopile, and, in conjunction with
the reflecting galvanometer, it affords the most delicate
means known for detecting small quantities of heat.

162. The last transmutation on our list with respect to
absorbed heat 1s that in which this species of energy is
transformed into radiant light and heat. This takes
place whenever a hot body cools in an open space—the
sun, for instance, parts with a large quantity of his heat
in this way ; and it is due, in part at least, to this process
that a hot body cools in air, and wholly to it that such a
body cools in vacuo. It is, moreover, due to the pene
tration of our eye by radiant energy that we are able to
see hot bodies, and thus the very fact that we see them
implies that they are parting with their heat.

Radiant energy moves through space with the enormous
velocity of 188,000 miles in one second. It takes about
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cight minutes to come from the sun to our earth, so that
if our luminary were to be suddenly extinguished, we
should have eight minutes, respite before the catastrophe
overtook us. Besides the rays that affect the eye, there
are others which we cannot see, and which may therefore
be termed dark rays. A body, for instance, may not be 1
hot enongh to be self-luminous, and yet it may be rapidly
cooling and changing its heat into radiant enercy, which
is given off by the body, even although neither the eye -
nor the touch may be competent to detect it. It may

nevertheless be detected by the thermopile, which was

described in Art. 161. We thus see how strong is the
likeness between a heated body and a sounding one.
For just as a sounding body gives out part of its sound
energy to the atmosphere around it, so does a heated
body give out part of its heat energy to the ethercal
medium around it. When, however, we consider the
rates of motion of these energies through their re-
spective media, there is a mighty difference between
the two, sound travelling through the air with the
velocity of 1100 feet a sccond, while radiant energy
moves over no less a space than 188,000 miles in the
same portion of time.

Chemvical Separation.

163. We now come to the energy denoted by chemical
separation, such as we possess when we have coal or
carbon in one place, and oxygen in another. Very evi-
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dently this form of energy of position is transmuted into
Jeat when we burn the eoal, or cause 1t to combine with
the oxygen of the air; and generally, whenever chemical
combination takes place, we have the production of heat,
even although other circumstances may interfere to pre-
vent its recognition.

Now, in accordance with the prineiple of conservation,
it may be expected that, if a definite quantity of carbon
or of hydrogen be burned under given circumstances,
there will be a definite production of heat; that 1s to
say, a ton of coals or of coke, when burned, will give us
so many heat units, and neither more or less. We may,
no doubt, burn our ton in such a way as to economize
more or less of the heat produced ; but, as far as the mere
production of heat is concerned, if the quantity and
quality of the material burned and the circumstances of
combustion be the same, we expect the same amount of
heat.

164. The following table, derived from the researches
of Andrews, and those of Favre and Silbermann, shows
us how many units of heat we may get by burning a
kilogramme of various substances.

Unirs of Hear developed by CoMpusTioN in OXYGEX.
Kilogrammes of Water raised 1° C.

Subsatance by the combustion of one kilo-
Burned. gramme of each substance.
H}T(-Irﬂgen B R R R EEEEE SR - EEE R Ll 3*}135
GARBONL, . 5o e P EEAAE 7,990

o]t g SR R O R P 2,263
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Kilogrammes of Water raised 1° C.

Substance | by the combustion of one kilo.
Burned. gramme of each substance.

Ehosphomsd . i it s il 5,747

A el e U R 1,301

IrOn s e r s o R G s 1,576

] s TIPS SRR A0 0 . st L et 1,233

Olefiant Gas:” ses oot e 11,900

Aleohol: ittt e 7,016

165. There are other methods, besides combustion, by
which chemical combination takes place.

When, for instance, we plunge a piece of metallic iron
mmto a solution of copper, we find that when we take it
out, its surface is covered with copper. Part of the iron
has been dissolved, taking the place of the copper, which
has therefore been thrown, in its metallic state, upon the
surface of the iron. Now, in this operation heat is given
out—we have in fact burned, or oxidized, the iron, and
we are thus furnished with a means of arranging the
metals, beginning with that which gives out most heat,
when used to displace the metal at the other extremity
of the series.

166. The following list has been formed, on this prin-
ciple, by Dr. Andrews :—

1. Zinc 5. Mercury
2. Iron 6. Silver
3. Lead 7. Platinum

4. Copper
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—that is to say, the metal platinum can be displaced by
any other metal of the series, but we shall get most heat
if we use zine to displace it.

We may therefore assume that if we displace a defi-
nite quantity of platinum by a definite quantity of zine,
we shall get a definite amount of heat. Suppose,
however, that instead of performing the operation in one
step, we make two of it.  Let us, for instance, first of all
displace copper by means of zine, and then platinum by
means of copper. Is it not possible that the one of these
processes may be more fruitful in heat giving than the
other? Now, Andrews has shown us that we cannot
gain an advantage over Nature in this way, and that if
we use our zing first of all to displace iron, or copper, or
lead, and then use this metal to displace platinum, we
shall obtain just the very same amount of heat as if we
had used the zine to displace the platinum at once.

167. It ought here to be mentioned that,very generally,
chemical action is accompanied with a change of
molecular condition.

A solid, for instance, may be changed into a liquid,
or a gas into a liquid. Sometimes the one change
counteracts the other as far as apparent heat is concerned;
but sometimes, too, they co-operate together to increase
the result. Thus, when a gas is absorbed by water,
much heat is evolved, and we may suppose the result
to be due in part to chemical combination, and in part
to the condensation of the gas into a liquid, by which
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means its latent heat is rendered sensible. On the
other hand, when a liquid unites with a solid, or when
two solids unite with one another, and the product
1s a liquid, we have very often the absorption of
heat, the heat rendered latent by the dissolution of
the solid being more than that generated by combina-
tion. Freezing mixtures owe their cooling properties
to this cause; thus, if snow and salt be mixed to-
gether, they liquefy each other, and the result is brine
of a temperature much lower than that of either the
ingredients. :

16S. When heterogeneous metals, such as zine and
copper, are soldered together, we have apparently a
conversion of the energy of chemical separation into
that of electrical separation. This was first suggested
by Volta as the origin of the electrical separation which
we see in the voltaic current, and recently its existence
has been distinctly proved by Sir W. Thomson.

To render manifest this conversion of energy, let us
solder a piece of zinc and copper together—if we now
test the bar by means of a delicate electrometer we shall
find that the zinc is positively, while the copper is nega-
tively, electrified. We have here, therefore, an instance
of the transmutation of one form of energy of position
into another; so much energy of chemical separation
disappearing in order to produce so much electrical sepa-
ration. This explains the fact recorded in Art. 93,
where we saw that if a battery be insulated and its poles
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kept apart, the one will be charged with positive, and
the other with negative, electricity.

169. But further, when such a voltaic battery is in
action, we have a transmutation of chemical separation
into electricity in motion. To see this, let us consider
what takes place in such a battery.

Here no doubt the sources of electrical excitement are
the points of contact of the zine and platinum, where, as
we see by our last article, we have electrical separation
produced. But this of itself would not produce a
current, for an electrical current implies very consider-
able energy, and must be fed by something. Now, in
the voltaic battery we have two things which ac-
company each other, and which are manifestly con-
nected together. In the first place we have the com-
bustion, or at least the oxidation and dissolution, of
the zine; and we have, secondly, the production of a
powerful current. Now, evidently, the first of these is
that which feeds the second, or, in other words, the
energy of chemical separation of the metallic zine is
transmuted into that of an electrical current, the zine
being virtually burned in the process of transmutation.

170. Finally, as far as we are aware, the energy of
chemical separation is rot directly transmuted into
radiant light and heat,
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Electrical Separation.

I71. In the first place the energy of electrical separa-
tion is obviously transmuted into that of wisible motion,
when two oppositely electrified bodies approach each
other.

172. Again, it is transmuted into a current of
electricity, and ultimately into heat, when a spark passes
between two oppositely electrified bodies,

It ought, therefore, to be borne in mind that when the
flash is seen there is no longer electricity, what we see
being merely air, or some other material, intensely heated
by the discharge. Thus a man might be rendered in-
sensible by a flash of lightning without his seeing the
flash—for the effect of the discharge upon the man, and
its effect in heating the air, might be phenomena so
nearly simultaneous that the man might become in-
sensible before he could perceive the flash.

Electricity in Motion.

173. This energy is transmuted into that of wisible
motion when two wires conveying electrical currents in
the same direction attract each other. When, for in-
stance, two circular currents float on water, both going
in the direction of the hands of a watch, we have secen
from Art. 100 that they will move towards each other.
Now, here there is, in truth, a lessening of the intensity
of each current when the motion is taking place, for

5.
1
: |
|
1
i
1
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we know (Art. 104) that when & ¢reuit is moved into
the presence of another circuit conveying a current,
there is produced by induction a current in the opposite
direction ; and hence we perceive that, when two similar
currents approach each other, each is diminished by
. means of this inductive influence—in fact, a certain
amount of current energy disappears from existence
in order that an equivalent amount of the energy of
visible motion may be produced.

174, Electricity in motion is transmuted into heat
during the passage of a current along a thin wire, or any
badly conducting substance—the wire is heated in con-
sequence, and may even become white hot. Most
frequently the energy of an electric current is spent in
heating the wires and other materials that form the
circuit. Now, the energy of such a current is fed by the
burning or oxidation of the metal (generally zinc) which
is used in the circuit, so that the ultimate effect of this
combustion is the heating of the various wires and other
materials through which the current passes.

175. We may, in truth, burn or oxidize zine in two
ways—we may oxidize it, as we have just seen, in the
voltaic battery, and we shall find that by the combustion
of a kilogramme of zinc a definite amount of heat 1s
produced. Or we may oxidize our zine by dissolving it
in acid in a single vessel, when, without going through the
intermediate process of a current, we shall get just as
much heat out of a kilogramme of zine as we did in the



126 THE CONSERVATION OF ENERGY.

former case. In fact, whether we oxidize our zinc by the
battery, or in the ordinary way, the quantity of heat
produced will always bear the same relation to the
quantity of zinc consumed; the only difference being
that, in the ordinary way of oxidizing zine, the heat 1s
generated in the vessel containing the zinc and aeid,
while in the battery it may make its appearance a
thousand miles away, if we have a sufficiently long wive
to convey our current.

176. This is, perhaps, the right place for alluding to &
discovery of Peltier, that a current of positive electricity
passing across a junction of bismuth and antimony In
the direction from the bismuth to the antimony appears
to produce cold.

To understand the significance of this fact we must
consider it in conmection with the thermo-electric
current, which we have seen, from Art. 161, is established
in a ecireuit of bismuth and antimony, of which one
junction is hotter than the other. Suppose we have a

H circuit of this kind with both its _],unr:tmns
at the temperature of 100° C. to begin with.

@7 Suppose, next, that while we protect one

junction, we expose the other to the open

A gir—it will, of course, lose heat, so that

the protected junction will now be hotter

than the other, The consequence will be

(Art. 161) that a current of positive elec-

C tricity will pass along the protected junc-
Fig. 14.  {ion from the bismuth to the antimony.

G
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Now, here we have an apparent anomaly, for the
circuit is cooling—that is to say, it is losing energy
— but at the very same time it 1s manifesting energy
in another shape, namely, in that of an eleetric current,
which is circulating round it. Clearly, then, some of
the heat of this circuit must be spent in generating
this current; in fact, we should expect the circuit to
act as a heat engine, only producing current energy
instead of mechanical energy, and hence (Art. 152) we
should expeet to see a conveyance of heat from the
hotter to the colder parls of the circuit. Now, this is
precisely what the current does, for, passing along the
hotter junction, in the direction of the arrow-head, it
cools that junction, and heats the colder one at ¢,—in
other words, it carries heat from the hotter to the colder
parts of the circuit. We should have been very much
surprised had such a current cooled ¢ and heated H,
for then we should have had a manifestation of current
energy, accompanied with the conveyance of heat from a
colder to a hotter substance, which is against the principle
of Art. 152.

177. Finally, the energy of electricity in motion is
converted into that of chemvical separation, when a
current of electricity is made to decompose a body.
Part of the energy of the current is spent in this process,
and we shall get so much less heat from it in conse-
quence. Suppose, for instance, that by oxidizing so
much zine in the battery we get, under ordinary circum-
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stances, 100 units of heat. . Let us, however, set tho
battery to decompose water, and we shall probably find
that by oxidizing the same amount of zinc we get now
only 80 units of heat. Clearly, then, the deficiency or
920 units have gone to decompose the water. Now, if we
explode the mixed gases which are the resuls of the
decomposition, we shall get back these 20 umits of
heat precisely, and neither more nor less; and thus we
see that amid all such changes the quantity of energy

remains the same.

Radiant Energy.

178. This form of energy is converted into absorbed
heat whenever it falls upon an opagque substance—some of
it, however, is generally conveyed away by reflexion, but
the remainder is absorbed by the body, and consequently

heats it.
Tt is a curious question to ask what becomes of the

radiant light from the sun that is not absorbed either by .

the planets of our system, or by any of the stars. We
can only reply to such a question, that as far as we can
judge from our present knowledge, the radiant energy
that is not absorbed must be conceived to be traversing
space at the rate of 188,000 miles a second.

179, There is only one more transmutation of radiant
energy that we know of, and that is when it promotes
chemical separation. Thus, certain rays of the sun are
known to have the power of decomposing chloride of

——
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silver, and other chemical compounds. Now, in all such
cases there is a transmutation of radiant energy into
that of chemical separation. The sun’s rays, too, decom-
pose carhonic acid in the leaves of plants, the carbon
going to form the woody fibre of the plant, while the
oxygen is set free into the air; and of course a certain
proportion of the energy of the solar rays is consumed
in promoting this change, and we have so much less
heating effect in consequence.

But all the solar rays have not this power—for the
property of promoting chemical change is confined to the
blue and violet rays, and some others which are not
visible to the eye. Now, these rays are entirely absent
from the radiation of bodies at a comparatively low
temperature, such as an ordinary red heat, so that a
photographer would find it impossible to obtain the
picture of a red-hot body, whose only light was in itself.

180. The actinie, or chemically active, rays of the sun
decompose carbonic acid in the leaves of plants, and they
disappear in consequence, or are absorbed ; this may,
therefore, be the reason why very few such rays are either
reflected or transmitted from a sun-lit leaf, in conse-
quence of which the photographer finds it difficult to
obtain an image of such a leaf; in other words, the rays
which would have produced a chemical change on his
photographic plate have all been used up by the leaf for
peculiar purposes of its own,

181. And here it is important to bear in mind that

K



130 THE CONSERVATION OF ENERGY.

while animals in the act of breathing consume the
oxygen of the air, turning it into carbonic acid, plants,
on the other hand, restore the oxygen to the air; thus
the two kingdoms, the animal and the vegetable, work
into each other’s hands, and the purity of the atmosphere
is kept up.
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CHAPTER V.

HISTORICAL SEETCH: THE DISSIPATION OF
ENERGY.

182. Ix the last chapter we have endeavoured to ex-
hibit the various transmutations of energy, and, while
doing so, to bring forward evidence in favour of the
theory of conservation, showing that it enables us to
couple together known laws, and also to discover new
ones—showing, in fine, that it bears about with it all the
marks of a true hypothesis.

It may now, perhaps, be instructive to look back and
endeavour to trace the progress of this great conception,
from its first beginning among the ancients, up to its
trinmphant establishment by the labours of Joule and
his fellow-workers.

183. Mathematicians inform us that if matter consists
of atoms or small parts, which are actuated by forces
depending only upon the distances between these parts,
and not upon the velocity, then it may be demonstrated
that the law of conservation of energy will hold good.
Thus we see that conceptions regarding atoms and their
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forces are allied to conceptions regarding energy. A
medium of some sort pervading space seems also neces-
sary to our theory. In fine, a universe composed of
atoms, with some sort of medium between them, is to
be regarded as the machine, and the laws of energy as
the laws of working of this machine. It may be that
a theory of atoms of this sort, with a medium between
them, is not after all the simplest, but we are proba-
bly not yet prepared for any more general hypothesis.
Now, we have only to look to our own solar system, in
order to see on a large scale an illustration of this concep-
tion, for there we have the various heavenly bodies attract-
ing one another, with forces depending only on the dis-
tances between them, and independent of the velocities;
and we have likewise a medium of some sort, in virtue of
which radiant energy is conveyed from the sun to the earth.
Perhaps we shall not greatly err if we regard a molecule
as representing on a small scale something analogous to
the solar system, while the various atoms which con-
stitute the molecule may be likened to the various bodies
of the solar system. The short historical sketch which
we are about to give will embrace, therefore, along with
energy, the progress of thought and speculation with
respect to atoms and also with respect to a medium, in-
asmuch as these subjects are intimately connected with

the doctrines of energy.
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Heraclitus on Energy.

184. Heraclitus, who flourished at Ephesus, B.C. 500,
declared that fire was the great cause, and that all things
were in a perpetual flux. Such an expression will no
doubt be regarded as very vague in these days of pre-
cise physical statements; and yet it seems clear that
Heraclitus must have had a vivid conception of the
innate restlessness and energy of the universe, a concep-
tion allied in character to, and only less precise than that
of modern philosophers, who regard matter as essentially
dynamical.

Demoeritus on Atoms.

185. Democritus, who was born 470 B.c, was the
originator of the doctrine of atoms, a doctrine which in
the hands of John Dalton has enabled the human mind
to lay hold of the laws which regulate chemical changes,
as well as to picture to itself what is there taking place.
Perhaps there is no doctrine that has nowadays a more
imtimate connection with the industries of life than this
of atoms, and it is probable that no intelligent director of
chemical industry among civilized nations fails to picture
to his own mind, by means of this doctrine, the inner
nature of the changes which he sees with his eyes. Now,
it 1s a curious circumstance . that Bacon should have
lighted upon this very doctrine of atoms, in order to
point one of his philosophical morals.
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“Nor is it less an evil” (says he), “that in their philosophies
and contemplations men spend their labour in investigating
and treating of the first principles of things, and the extreme
limits of mature, when all that is useful and of avail in
operation is to be found in what is intermediate. Hence it
happens that men continue to abstract Nature till they arrive
at potential and unformed matter; and again they continue
to divide Nature, until they have arrived at the atom; things
which, even if true, can be of little use in helping on the
fortunes of men.”

Surely we ought to learn a lesson from these remarks
of the great Father of experimental science, and be very
cautious before we dismiss any branch of knowledge or
train of thought as essentially unprofitable.

Aristotle on a Medium.

186. As regards the existence of a medium, it is re-
marked by Whewell that the ancients also caught a glimpse
of the idea of a medium, by which the qualities of bodies,
as colours and sounds are percewed and he quotes the
following from Aristotle :—

“Tn a void there could be no difference of up and down;
for, as in nothing there are no differences, so there are none
in a privation or negation.”

Upon this the historian of science remarks, “It is
easily seen that such a mode of reasoning elevates
the familiar forms of language, and the intellectual con-
nexions of terms, to a supremacy over facts.”

Nevertheless, may it not be replied that our conceptions
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of matter are deduced from the familiar experience, that
certain portions of space affect us in a certain manner ;
and, consequently, are we not entitled to say there must
be something where we experience the difference of up
or down? Is there, after all, a very great difference
between this argument and that of modern physicists in
favour of a plenum, who tell us that matter cannot act
where it is not ?

Aristotle seems also to have entertained the idea that
light is not any body, or the emanation of any body (for
that, he says, would be a kind of body), and that there-
fore light is an energy or act.

The Ideas of the Amncients were mot Prolific

187. These quotations render it evident that the
ancients had, in some way, grasped the idea of the
essential unrest and energy of things. They had also the
idea of small particles or atoms, and, finally, of a medium
of some sort. And yet these ideas were not prolific—
they gave rise to nothing new.

Now, while the historian of science is unquestionably
right in his eriticism of the ancients, that their ideas
were not distinet and appropriate to the facts, yet we
have seen that they were not wholly ignorant of the
most profound and deeply-seated principles of the mate-
rial universe. In the great hymn chanted by Nature, the
fundamental notes were early heard, but yet it required
long centuries of patient waiting for the practised ear of
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the skilled musician to appreciate the mighty harmony
aright.  Or, perhaps, the attempts of the ancients were
as the sketches of a child who just contrives to ex-
hibit, in a rude way, the leading outlines of a building ;
while the conceptions of the practised physicist are more
allied to those of the architect, or, at least, of one who
has realized, to some extent, the architect’s views,

188. Theancients possessed great genius and intellectual
power, but they were deficient in physical conceptions,
and, in consequence, their ideas were not prolific. It
cannot indeed be said that we of the present age are
deficient in such cdncel}tians; nevertheless, it may be
questioned whether there is not a tendency to rush into
the opposite extreme, and to work physical coneeptions to
an excess. Let us be cautious that in avoiding Secylla, we
do not rush into Charybdis. For the universe has more
than one point of view, and there are possibly regions
which will not yield their treasures to the most defer-
mined physicists, armed only with kilogrammes and .
metres and standard clocks.

Descartes, Newton, and Huyghens on a Mediwm.

189. In modern times Descartes, author of the vortical
hypothesis, necessarily presupposed the existence of a
medium in inter-planetary spaces, but on the other hand
he was one of the originators of that idea which regards
light as a series of particles shot out from a luminous
body. Newton likewise conceived the existence of a
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medium, although he became an advocate of the theory of
emission. Itis to Huyghens that the credit belongs of
having first conceived the undulatory theory of light
with sufficient distinctness to account for double refrac-
tion. After him, Young, Fresnel, and their followers,
have greatly developed the theory, enabling it to account
for the most complicated and wonderful phenomena.

Bacon on Heat,

190. With regard to the nature of heat, Bacon, what-
ever may be thought of his arguments, seems clearly to
have recognized it as a species of motion. He says,
“ From these instances, viewed together and individually,
the nature of which heat is the limitation seems to be
motion ;” and again he says, “But when we say of
motion that it stands in the place of a genus to heat, we
mean to convey, not that heat generates motion or motion
heat (although even both may be true in some cases), but
that essential heat is motion and nothing else.”

Nevertheless it required nearly three centuries before
the true theory of heat was sufficiently rooted to develop
mto a productive hypothesis.

Primciple of Virtual Velocities.

191. In a previous chapter we have already detailed
the labours in respect of heat of Davy, Rumford, and
Joule.  Galileo and Newton, if they did not grasp the
dynamical nature of heat, had yet a clear conception of
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the functions of a machine. The former saw that what
we gain in power we lose in space; while the latter went
further, and saw that a machine, if left to itself, is strictly
Jimited in the amount of work which it can accomplish,
although its energy may vary from that of motion to
that of position, and back again, according to the
geometric laws of the machine.

Rise of true Conceptions regarding Work.

192. There can, we think, be no question that the great
development of industrial operations in the present age
has indirectly furthered our conceptions regarding work.
Humanity - invariably strives to escape as much as
possible from hard work. In the days of old those
who had the power got slaves to work for them ;
but even then the master had to give some kind of
equivalent for the work done. For at the very lowest a
slave is a machine, and must be fed, and is moreover apt
to prove a very troublesome machine if not properly
dealt with. The great improvements in the steam
engine, introduced by Watt, have done as much, perhaps,
as the abolition of slavery to benefit the working man.
The hard work of the world has been put upon iron
shoulders, that do not smart; and, in consequence, we have
had an immense extension of industry, and a great
amelioration in the position of the lower classes of man-
kind. But if we have transferred our hard work to
machines, it is necessary to know how to question a
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machine—how to say to it, At what rate can you
labour 2 how much work can you turn out in a day?
Tt is necessary, in fact, to have the clearest possible idea
of what work 1s.

Our readers will see from all this that men are not
likely to err in their method of measuring work. The
principles of measurement have been stamped as it were
with & brand into the very heart and brain of humanity.
To the employer of machinery or of human labour, a
false method of measuring work simply means ruin; he
is likely, therefore, to take the greatest possible pains to
arrive at accuracy in his determination.

Perpetual Motion.

193. Now, amid the ecrowd of workers smarting from
the curse of labour, there rises up every now and then
an enthusiast, who seeks to escape by means of an artifice
from this insupportable tyranny of work. Why not
construct a machine that will go on giving you work
without limit without the necessity of being fed in any
way. Nature must have some wealk point in her armour ;
there must surely be some way of getting round her ; she
is only tyrannous on the surface, and in order to stimulate
our ingenuity, but will yield with pleasure to the per-
sistence of genius.

Now, what can the man of science say to such an
enthusiast ? He cannot tell him that he is intimately
acquainted with all the forces of Nature, and can prove
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that perpetual motior is impossible; for, in truth, he
knows very little of these forces. But he does think
that he has entered into the spirit and design of Nature,
and therefore he denies at once the possibility of such
a machine. But he denies it intelligently, and works
out this denial of his into a theory which enables him
to discover numerous and valuable relations between the
properties of matter—produces, in fact, the laws of energy
and the great principle of conservation.

Theory of Conservation.

194. We have thus endeavoured to give a short sketch
of the history of energy, including its allied problems, up
to the dawn of the strictly scientific period. We have
seen that the unfruitfulness of the earlier views was due
to a want of scientific clearness in the conceptions enter-
- tained, and we have now to say a few words regarding
the theory of conservation.

Here also the way was pointed out by two philoso-
phers, namely, Grove in this country, and Mayer on
the continent, who showed certain relations between
the wvarious forms of energy; the name of Séguin
ought likewise to be mentioned. Nevertheless, to
Joule belongs the honour of establishing the theory on
an incontrovertible basis: for, indeed, this is pre-
eminently a case where speculation has to be tested by
unimpeachable experimental evidence. Here the magni-
tude of the principle is so vast, and its importance is so




THE DISSIPATION OF ENERGY. 141

oreat, that it requires the strong fire of genius, joined to
the patient labours of the scientific experimentalist, to
forge the rough ore into a good weapon that will cleave
its way through all obstacles into the very citadel of
Nature, and into her most secret recesses.

Following closely upon the labours of Joule, we have:
those of William and James Thomson, Helmholtz, Ran-
kine, Clausius, Tait, Andrews, Maxwell, who, along
with many others, have advanced the subject ; and while
Joule gave his chief attention to the laws which regu-
late the transmutation of mechanical energy into heat,
Thomson, Rankine, and Clausius gave theirs to the con-
verse problem, or that which relates to the transmutation
of heat into mechanical energy. Thomson, especially,
has pushed forward so resolutely from this point of view
that he has succeeded in grasping a principle scarcely
inferior in importance to that of the conservation of
energy itself, and of this principle it behoves us now to
spealk.

Dissipation of Energy.

195. Joule, we have said, proved the law according
to which work may be changed into heat; and Thomson
and others, that according to which heat may be changed
into work. Now, it occurred to Thomson that there was
a very important and significant difference between these
two laws, consisting in the fact that, while you can with
the greatest ease transform work into heat, you can by
no method in your power transform all the heat back
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again into work. In fact, the process is not a reversible
one; and the consequence is that the mechanical energy
of the universe is becoming every day more and more
changed into heat.

It is easily seen that if the process were reversible,
one form of a perpetual motion would not be impossi-
ble. For, without attempting to create emergy by a
machine, all that would be needed for a perpetual motion
would be the means of utilizing the vast stores of heat
that lie in all the substances around us, and converting
them into work. The work would no doubt, by means
of friction and otherwise, be ultimately reconverted into
heat ; but if the process be reversible, the heat could
again be converted into work, and so on for ever. But
the nrreversibility of the process puts a stop to all this.
In fact, I may convince myself by rubbing a metal
button on a piece of wood how easily work can be
converted into heat, while the mind completely fails to
sugeest any method by which this heat can be recon-
verted into work.,

Now, 1if this process goes on, and always in one
direction, there can be no doubt about the issue. The
mechanical energy of the universe will be more and
more transformed into universally diffused heat, until the
universe will no longer be a fit abode for living beings.

The conclusion is a startling one, and, in order to
bring it more vividly before our readers, let us now pro-
ceed to acquaint ourselves with the various forms of use-
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ful energy that are at present at our disposal, and at the
same time endeavour to trace the ultimate sources of

these supplies.

Natural Energies and their Sources.

196. Of energy in repose we have the following
varieties :—(1.) The energy of fuel. (2.) That of food.
(3.) That of a head of water. (4.) That which may be
derived from the tides. (5.) The energy of chemical
separation implied in native sulphur, native iron, &e.

Then, with regard to energy in action, we have mainly
the following varieties :—

(1.) The energy of air in motion. (2.) That of water
in motion.

Fuel.

197. Let us begin first with the energy implied in fuel.
We can, of course, burn fuel, or cause it to ecombine with
the oxygen of the air ; and we are thereby provided with
large quantities of heat of high temperature, by means of
which we may not only warm ourselves and cook our
food, but also drive our heat-engines, using it, in fact, as
a source of mechanical power.

Fuel is of two varieties—wood and coal. Now, if we
consider the origin of these we shall see that they are
produced by the sun’s rays, Certain of these rays,
as we have already remarked (Art. 180), decompose
carbonic acid in the leaves of plants, setting free the
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oxygen, while the carbon is used for the structure or
wood of the plant. Now, the energy of these rays is
spent in this process, and, indeed, there is not enough
of such energy left to produce a good photographic im-
pression of the leaf of a plant, because it is all spent in
making wood.,

We thus see that the energy implied in wood 1s
derived from the sun’s rays, and the same remark apples
to coal. Indeed, the only difference between wood and
coal is one of age: wood being recently turned out from
Nature’s laboratory, while thousands of years have elapsed
since coal formed the leaves of living plants.

198. We are, therefore, perfectly justified in saying that
the energy of fuel is derived from the sun’s rays;* coal
being the store which Nature has laid up as a species of
capital for us, while wood is our precarious yearly income.

We are thus at present very much in the position
of a young heir, who has only recently come into his
estate, and who, not content with the income, is rapidly
squandering his realized property. This subject has been
forcibly brought before us by Professor Jevons, who
has remarked that mnot only are we spending our
capital, but we are spending the most available and
valuable part of it. For we are now using the surface
coal ; but a time will come when this will be exhausted,
and we shall be compelled to go deep down for our

* This fact seems to have been known at a comparatively early period
to Herschel and the elder Stephenson.
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supplies. Now, regarded as a source of energy, such
supplies, if far down, will be less effective, for we have
to deduct the amount of energy requisite in order to
bring them to the surface. The result is that we must
contemplate a time, however far distant, when our sup-
plies of coal will be exhausted, and we shall be com-
pelled to resort to other sources of energy.

Food,

199. The energy of food is analogous to that of fuel,
and serves similar purposes. For just as fuel may be
used either for producing heat or for doing work, so food
has a twofold office to perform. In the first place, by its
gradual oxidation, it keeps up the temperature of the
body; and in the next place it is used as a source of
energy, on which to draw for the performance of work.
Thus a man or a horse that works a great deal requires
to eat more food than if he does not work at all. Thus,
also, a prisoner condemned to hard labour requires a
better diet than one who does not work, and a soldier
during the fatigues of war finds it necessary to eat more
than during a time of peace.

Our food may be either of animal or vegetable origin—
if it be the latter, it is immediately derived, like fuel,
from the energy of the sun’s rays; but if it be the former,
the only difference is that it has passed through the body
of an animal before coming to us: the animal has eaten
grass, and we have eaten the animal.
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In fact, we make use of the animal not only as a
variety of nutritious food, but also to enable us indirectly
to utilize those vegetable products, such as grasses, which
we could not make use of directly with our present
digestive organs,

Head of Waler.

200. The energy of a head of water, like that of fuel
and food, is brought about by the sun’s rays. For the
sun vaporizes the water, which, condensed again in up-
land districts, becomes available as a head of water.

There is, however, the difference that fuel and food are
due to the actinic power of the sun’s rays, while the
evaporation and condensation of water are caused rather
by their heating effect.

Tidal Eneryy.

201. The energy derived from the tides has, however,
a different origin. In Art. 133 we have endeavoured to
show how the moon acts upon the fluid portions of
our globe, the result of this action being a very gradual
stoppage of the energy of rotation of the earth.

Tt is, therefore, to this motion of rotation that we
must look as the origin of any available energy derived
from tidal mills,
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Native Sulphur, &e.

902. The last variety of available energy of position
in our list is that implied in native sulphur, native iron,
&e. Tb has been remarked by Professor Tait, to whom
this method of reviewing our forces is due, that this may
be the primeval form of energy, and that the interior of
the earth may, as far as we know, be wholly composed of
matter in its uncombined form. As a source of available
energy it is, however, of no practical i1mportance.

Air and Water in Motion.

203. We proceed next to those varieties of available
energy which represent motion, the chief of which are
air in motion and water in motion. It is owing to the
former that the mariner spreads his sail, and carries his
vessel from one part of the earth’s surface to another,
and it is likewise owing to the same influence that the
windmill grinds our corn. Again, water in motion is
used perhaps even more frequently than air in motion as
a source of motive power.

Both these varieties of energy are due without doubt
to the heating effect of the sun’s rays. We may, there-
fore, affirm that with the exception of the totally insig-
nificant supply of native sulphur, &ec, and the small
number of tidal mills which may be in operation, all
our available energy is due to the sun.
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The Sun—a Source of High Temperature Heaf.

204. Let us, therefore, now for a moment direct our
attention to that most wonderful source of energy, the
Sun.

We have here a vast reservoir of high temperature
heat ; now, this is a kind of superior energy which has
always been in much request. Numberless attempts
have been made to construct a perpetual light, just as
similar attempts have been made to construct a perpetual
motion, with this difference, that a perpetual light was
supposed to result from magical powers, while a perpetual
motion was attributed to mechanical skill.

Sir Walter Scott alludes to this belief in his de-
scription of the grave of Michael Scott, which is made
to contain a perpetual light. Thus the Monk who buried
the wizard tells William of Deloraine—

¢ Lo, Warrior ! now the Cross of Red
Points to the Grave of the mighty dead;
Within it burns a wondrous light,
To chase the spirits that love the night.
That lamp shall burn nnquenchably
Until the eternal doom shall be.”

And again, when the tomb was opened, we read—

% T would you had been there to see
How the light broke forth so gloriously,
Stream’d upward to the chancel roof,
And through the galleries far aloof!
No earthly flame blazed e’er so bright.”
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No earthly flame—there the poet was richt—certainly
not of this earth, where light and all other forms of
superior energy are essentially evanescent.

A Perpetual Light Impossible.

905. In truth, our readers will at once perceive that
a perpetual light is only another mame for a perpetual
motion, because we can always derive visible energy out
of high temperature heat—indeed, we do so every day
in our steam engines.

When, therefore, we burn coal, and cause it to combine
with the oxygen of the air, we derive from the process a
large amount of high temperature heat. But is 16 not
possible, our readers may ask, to take the carbonic acid
which results from the eombustion, and by means of low
temperature heat, of which we have always abundance at
our disposal, change it back again into carbon and oxygen ?
Al this would be possible if what may be termed the
temperature of disassociation —that is to say, the
temperature at which carbonic acid separates into ifs
constituents—were a low temperature, and it would also
be possible if rays from a source of low temperature pos-
sessed sufficient actinic power to decompose carbonie acid.

But neither of these is the case. Nature will not be
caught in a trap of this kind. As if for the very pur-
pose of stopping all such speculations, the temperatures
of disassociation for such substances as carbonie acid are
very high, and the actinic rays capable of causing their
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decomposition belong only to sources of exceedingly high
temperature, such as the sun.*

Is the Sun an Ezception?

206. We may, therefore, take it for granted that a per-
petual light, like a perpetual motion, is an impossibility ;
and we have then to inquire if the same argument
applies to our sun, or if an exception is to be made in
his favour. Does the sun stand upon a footing of his
own, or is it merely a question of time with him, as with
all other instances of high temperature heat? Before
attempting to answer this question let us inquire into the
probable origin of the sun’s heat.

Origin of the Sun’s Heat.

207. Now, some might be disposed to cut the Gordian
knot of such an inquiry by asserting that our luminary
was at first created hot; yet the scientific mind finds
itself disinclined to repose upon such an assertion. We
pick up a round pebble from the beach, and at once
acknowledge there has been some physical cause for the
shape into which it has been worn. And so with regard
to the heat of the sun, we must ask ourselves if there
be not some cause not wholly imaginary, but one which
we know, or at least suspect, to be perhaps still in opera-
tion, which can account for the heat of the sun.

Now, here it is more easy to show what cannot

# This remark is duoe to Sir William Thomson.
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account for the sun’s heat than what can do so. We
may, for instance, be perfectly certain that it cannot
have been caused by chemical action. The most probable
theory is that which was first worked out by Helmholtz
and Thomson ;* and which attributes the heat of the
sun to the primeval energy of position possessed by its
particles. In other words, it is supposed that these parti-
cles originally existed at a great distance from each other,
and that, being endowed with the force of gravitation, they
have since gradually come together, while in this process
heat has been generated just as it would be if a stone were
dropped from the top of a cliff towards the earth.

208. Nor is this case wholly imaginary, but we have
some reason for thinking that it may still be in operation
in the case of certain nebule which, both in their consti-
tution as revealed by the spectroscope, and in their
general appearance, impress the beholder with the idea
that they are not yet fully condensed into their ultimate
shape and size.

If we allow that by this means our luminary has
obtained his wonderful store of high-class energy, we
have yet to inquire to what extent this operation is
going on at the present moment. Is it only a thing
of the past, or is it a thing also of the present? 11
think we may reply that the sun cannot be condensing
very fast, at least, within historical times. For if the

* Mayer and Waterston seem first to have canght the rudiments of
this idea.
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sun were sensibly larger than at present his total eclipse
by the moon would be impossible. Now, such eclipses
have taken place, at any rate, for several thousands of years.
Doubtless a small army of meteors may be falling into
our luminary, which would by this fall tend to augment
his heat ; yet the supply derived from this source must
surely be insignificant. But if the sun be not at present
condensing so fast as to derive any sufficient heat from this
process, and if his energy be very sparingly recruited
from without, it necessarily follows that he is in the
position of a man whose expenditure exceeds his income.
He is living upon his capital, and is destined to share the
fate of all who act in a similar manner. We must, there-
fore, contemplate a future period when he will be poorer
in energy than he is at present, and a period still further
in the future when he will altogether cease to shine.

Probable Fate of the Universe.

209. If this be the fate of the high temperature
energy of the universe, let us think for a moment what
will happen to its visible energy. We have spoken
already about a medium pervading space, the office of
which appears to be to degrade and ultimately extinguish
all differential motion, just as it tends to reduce and ulti-
mately equalize all difference of temperature. Thus the
universe would ultimately become an equally heated
mass, utterly worthless as far as the production of work
is concerned, since such production depends upon differ-
ence of temperature,
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Although, therefore, in a strictly mechanical sense,
there is a conservation of energy, yet, as regards use-
fulness or fitness for living beings, the energy of the
universe is in process of deterioration. Universally
diffused heat forms what we may call the great waste-
heap of the universe, and this is growing larger year
by year. At present it does not sensibly obirude itself,
but who knows that the time may not arrive when we
shall be practically conscious of its growing bigness ?

210. It will be seen that in this chapter we have re-
garded the universe, not as a collection of matter, but
rather as an energetic agent—in fact, as a lamp. Now, it
has been well pointed out by Thomson, that looked at in
this light, the universe is a system that had a beginning
and must have an end; for a process of degradation
cannot be eternal. If we could view the universe as a
candle not lit, then it is perhaps conceivable to regard it
as having been always in existence; but if we regard it
rather as a candle that has been lit, we become absolutely
certain that it cannot have been burning from eternity,
and that a time will come when it will cease to burn.
We are led to look to a beginning in which the particles
of matter were in a diffuse chaotic state, but endowed
with the power of gravitation, and we are led to look to
an end in which the whole universe will be one equally
~ heated inert mass, and from which everything like life or
motion or beauty will have utterly gone away.
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CHAPTER VL.
THE POSITION OF LIFE.

211. WE have hitherto confined ourselves almost
entirely to a discussion of the laws of energy, as these
affect inanimate matter, and have taken little or no account
of the position of life. We have been content very much
to remain spectators of the contest, apparently forgetful
that we are at all concerned in the issue. But the con-
flict is not one which admits of on-lookers—it is a uni-
versal conflict in which we must all take our share. Tt
may not, therefore, be amiss if we endeavour to ascertain,
as well as we can, our true position.

Twofold mature of Equilibrium.

212. One of our earliest mechanical lessons is on the
twofold nature of equilibrium. We are told that this
may be of two kinds, sfable and wunstable, and a very
good illustration of these two kinds is furnished by an
egg. Let us take a smooth level table, and place an egg
upon 1t; we all know in what manner the ege will lie
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on the table. It will remain at rest, that is to say, it
will be in equilibrium ; and not only so, but it will be in
stable equilibrium. To prove this, let us try to displace
it with our finger, and we shall find that when we remove
the pressure the egg will speedily return to its previous
position, and will come to rest after one or two oscilla-
tions. Furthermore, it hasrequired a sensible expenditure
of energy to displace the egg. All this we express by
saying that the egg is in stable equilibrium,

Mechanical Instability.

213. And now let us try to balance the egg upon its
longer axis. Probably, a sufficient amount of care will
enable us to achieve this also. But the operation 1s a

" difficult one, and requires great delicacy of touch, and even
after we have succeeded we do not know how long our
success may last. The slightest impulse from without, the
merest breath of air, may be sufficient to overturn the
egg, which is now most evidently in unstable equilibrium.
If the egg be thus balanced at the very edge of the table,
it 1s quite probable that in a few minutes it may topple
over upon the floor; it is what we may call an even
chance whether it will do so, or merely fall upon the
table. Not that mere chance has anything to do with
it, or that its movements are without a cause, but we
mean that its movements are decided by some external
impulse so exceedingly small as to be utterly beyond our
powers of observation. In fact, before making the trial
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we have carefully removed everything like a current of
air, or want of level, or external impulse of any kind,
5o that when the egg falls we are completely unable to
assign the origin of the impulse that has caused it to
do so.

214. Now, if the egg happens to fall over the table
upon the floor, there is a somewhat considerable trans-
mutation of energy ; for the energy of position of the egg,
due to the height which it occupied on the table, has all
at once been changed into energy of motion, in the first
place, and into heat in the second, when the egg comes
into contact with the floor.

If, however, the egg happens to fall upon the table, the
transmutation of energy is comparatively small. |

It thus appears that it depends upon some external
impulse, so infinitesimally small as to elude our observa-
tion, whether the egg shall fall upon the floor and give
rise to a comparatively large transmutation of energy, or
whether it shall fall upon the table and give rise to a
transmutation comparatively small.

Chemical Instability.

215. We thus see that a body, or system, in unstable
equilibrium may become subject to a very considerable
transmutation of energy, arising out of a very small
cause, or antecedent. In the case now mentioned, the

force is that of gravitation, the arrangement being one of
visible mechanical instability. But we may have a sub-
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stance, or system, in which the force at work is not gravity,
but chemical affinity, and the substance, or system, may,
under certain peculiar conditions, become chemically
unstable.

- When a substance is chemically unstable, it means
that the slichtest impulse of any kind thay determine
a chemical change, just as in the case of the egg the
slightest impulse from without occcasioned a mechanical
displacement.

- In fine, a substance, or system, chemically unstable
bears a relation to chemical affinity somewhat similar
to that which a mechanically unstable system bears
to gravity. Gunpowder is a familiar instance of
a chemically unstable substance. Here the slightest
spark may prove the precursor of a sudden chemical
change, accompanied by the instantaneous and violent
generation of a vast volume of heated gas. The various
explosive compounds, such as gun-cotton, nitro-glycerine,
the fulminates, and many more, are all instances of
structures which are chemically unstable.

Machines are of two kinds.

216. When we speak of a structure, or a machine, or
a system, we simply mean a number of individual par-
ticles associated together in producing some definite
result. Thus, the solar system, a timepiece, a rifle, are
examples of inanimate machines; while an animal, a
human being, an army, are examples of animated struc-
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tures or machines. Now, such machines or structures
are of two kinds, which differ from one another not
only in the object sought, but also in the means of
attaining that object.

217. In the first place, we have structures or
machines in which systematie action is the object aimed
at, and in which all the arrangements are of a conserva-
tive nature, the element of instability being avoided as
much as possible. The solar system, a timepiece, a
steam-engine at work, are examples of such machines,
and the characteristic of all such is their caleulability.
Thus the skilled astronomer can tell, with the utmost
precision, in what place the moon or the planet Venus
will be found this time next year. Or again, the
excellence of a timepiece consists in its various hands
pointing accurately in a certain direction after a certain
interval of time. In like manner we may safely count
upon a steamship making so many knots an hour, at
least while the outward conditions remain the same. In
all these cases we make our caleulations, and we are not
deceived—the end sought is regularity of action, and the
means employed is a stable arrangement of the forces of
nature.

918. Now, the characteristics of the other class of
machines are precisely the reverse.

Here the object aimed at is not a regular, but a sudden
and violent transmutation of energy, while the means
employed are unstable arrangements of natural forces.
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A rifle at full cock, with a delicate hair-trigger, is a very
good instance of such a machine, where the slightest
touch from without may bring about the explosion of the
cunpowder, and the propulsion of the ball with a very great
velocity, Now, such machines are eminently characterized
by their incalculability.

919, To make our meaning clear, let us suppose that
two sportsmen go out hunting together, each with a
good rifle and a good pocket chronometer. After a hard
day’s work, the one turns to his companion and says :—
“Tt is now six o’clock by my watch; we had better rest
ourselves,” upon which the other looks at his watch, and
he would be very much surprised and exceedingly
indignant with the maker, if he did not find it six o'clock
also. Their chronometers are evidently in the same state,
and have been doing the same thing; but what about
their rifles? Civen the condition of the one rifle, is it
possible by any refinement of caleulation to deduce that
of the other? We feel at once that the bare supposi-
tion is ridiculous.

220. It is thus apparent that, as regards energy,
structures are of two kinds. In one of these, the object
sought is regularity of action, and the means employed,
a stable arrangement of natural forces : while in the other,
the end sought is freedom of action, and a sudden trans-
mutation of energy, the means employed being an un-
stable arrangement of natural forces.

The one set of machines are characterized by their
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calculability—the other by their incaleulability. The
one set, when at work, are not easily put wrong, while
the other set are characterized by great delicacy of con-
struction.

An Animal is a delicately-constructed Machine.

221. But perhaps the reader may object to our use of
the rifle as an illustration.

For although it is undoubtedly a delicately-constructed
machine, yet a rifle does not represent the same surpass-
ing delicacy as that, for instance, which characterizes an
ege balanced on its longer axis. Even if at full cock,
and with a hair trigeer, we may be perfectly certain it
will not o off of its own accord. Although its object is
to produce a sudden and violent transmutation of energy,
yet this requires to be preceded by the application of an
amount of energy, however small, to the trigger, and if
this be not spent upon the rifle, it will not go off. There
is, no doubt, delicacy of construction, but this has not
risen to the height of incalculability, and it is only when
in the hands of the sportsman that it becomes a machine
upon the condition of which we cannot calculate.

Now, in making this remark, we define the position
of the sportsman himself in the Universe of Energy.

The rifle is delicately constructed, but not surpassingly
so; but sportsman and rifle, together, form a machine
of surpassing delicacy, ergo the sportsman himself 18
such a machine, We thus begin to perceive that a
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human being, or indeed an animal of any kind, is in
truth a machine of a delicacy that is practically infinite,
the condition or motions of which we are utterly unable
to predict.

In truth, is there not a transparent absurdity in the
very thought that a man may become able to calculate
his own movements, or even those of his fellow 2

Life is like the Commander of an Army.

222. Let us now introduce another analogy—let us
suppose that a war is being carried on by a vast army,
at the head of which there is a very great commander.
Now, this commander knows too well to expose his per-
son; in truth, he is never seen by any of his subordinates.
He remains at work in a well-guarded room, from which
telegraphic wires lead to the headquarters of the various
divisions. He can thus, by means of these wires, transmit
his orders to the generals of thege divisions, and by the
same means receive back information as to the condition
of each.

Thus his headquarters become a centre, into which all
information is poured, and out of which all commands are
1ssued.

Now, that mysterious thing called life, about the nature
of which we know so little, is probably not unlike such
& commander. Life is not g bully, who swaggers out
mto the open universe, upsetting the laws of energy in
all directions, but rather a consummate strategist, who,

M
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sitting in his secret chamber, before his wires, directs the
movements of a great army.*

223. Let us next suppose that our imaginary army is
in rapid march, and let us try to find out the cause of
this movement. We find that, in the first place, orders
to march have been issued to the troops under them by
the commanders of each regiment. In the next place, we
learn that staff officers, attached to the generals of the
various divisions, have conveyed these orders to the
regimental commanders; and, finally, we learn that the
order to march has been telegraphed from headquarters
to these various generals.

Descending now to ourselves, it is probably somewhere
in the mysterious and well-guarded brain-chamber that
the delicate directive touch is given which determines
our movements. This chamber forms, as it were, the
headquarters of the general in command, who is so well
withdrawn as to be absolutely invisible to all his sub-
ordinates. !

924, Joule, Carpenter, and Mayer were at an early
period aware of the restrictions under which animals are
placed by the laws of energy, and in virtue of which the
power of an animal, as far as energy 1s concerned, is not
creative, but only directive. It was seen thaf, in order

% See an article on “The Position of Life,” by the aunthor of this
work, in conjunction with Mr. J. N. Lockyer, © Macmillan’s Magazine,"”
September, 1868 ; also a lecture on ““The Recent Developments of Cos-
mical Physics,” by the author of this work.
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to do work, an animal must be fed; and, even at a still
earlier period, Count Rumford remarked that a ton of hay
will be administered more economically by feeding a horse
with it, and then getting work out of the horse, than by
burning it as fuel in an engine.

925, In this chapter, the same line of thought has
been carried out a little further. We have seen that hife
i3 associated with delicately-constructed machines, so
that whenever a transmutation of energy is brought
about by a living being, could we trace the event back,
we should find that the physical antecedent was probably
a much less transmutation, while again the antecedent of
this would probably be found still less, and so on, as far
as we could trace it.

226. But with all this, we do not pretend to have dis-
covered the true nature of life itself, or even the true
nature of its relation to the material universe.

What we have ventured is the assertion that, as far as
we can judee, life is always associated with machinery of
" a certain kind, in virtue of which an extremely delicate
directive touch is ultimately magnified into a very con-
siderable transmutation of energy. Indeed, we can
hardly imagine the freedom of motion implied in life
to exist apart from machinery possessed of very great
delicacy of construction.

In fine, we have not succeeded in solving the problem
as to the true mature of life, but have only driven
the difficulty into a borderland of thick darkness, into
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which the light of knowledge has not yet been able to
penetrate.

Orgamnized Tissues are subject to Decay.

927. We have thus learned two things, for, in the
first place, we have learned that life is associated with
delicacy of construction, and in the next (Art. 220), that
delicacy of construction implies an unstable arrangement
of natural forces. We have now to remark that the
particular force which is thus used by living beings is
chemical affinity. Our bodies are, in truth, examples of
an unstable arrangement of chemical forces, and the
materials which composed them, if not liable to sudden
explosion, like fulminating powder, are yet pre-eminently
the subjects of decay.

998. Now, this is more than a mere general statement;
it is a truth that admits of degrees, and in wvirtue of
which those parts of our bodies which have, during life,
the moblest and most delicate office to perform, are the
very first to perish when life is extinct.

¢ Oh! o'er the eye death most exerts his might,
And hurls the spirit from her throne of light ;
Sinks those blue orbs in their long last eclipse,
But spares as yet the charm around the lips.”

So speaks the poet, and we have here an aspect of
things in which the lament of the poet becomes the true
interpretation of nature.
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Difference between Awimals and Inanimate
Machines.

929. We are now able to recognize the difference be-
tween the relations to energy of a living being, such as
man, and a machine, such as a steam-engine.

There are many points in common between the two.
Both require to be fed, and in both there is the transmu-
tation of the energy of chemical separation implied in
fuel and food into that of heat and visible motion.

But while the one—the engine—requires for its main-
tenance only carbon, or some other variety of chemical
separation, the other—the living being—demands to be
supplied with organized tissue. In fact, that delicacy of
construction which is so essential to our well-being, is
not something which we can elaborate internally in our
own frames—all that we can do is to appropriate and
assimilate that which comes to us from without; it is
already present in the food which we eat.

Ultimate Dependence of Life wpon the Sum.

230. We have already (Art. 203) been led to recognize
the sun as the ultimate material source of all the energy
which we possess, and we must now regard him as the
source likewise of all our delicacy of construction. It
requires the energy of his high temperature rays so to
wield and manipulate the powerful forces of chemical
aflinity ; so to balance these various forces against each
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other, as to produce in the vegetable something which
will afford our frames, not only energy, but also delicacy
of construction. '

Low temperature heat would be utterly unable to
accomplish this; it consists of ethereal vibrations which
are not sufficiently rapid, and of waves that are not suffi-
ciently short, for the purpose of shaking asunder the
constituents of compound molecules.

931. It thus appears that animals are, in more ways
than one, pensioners upon the sun’s bounty; and those
instances, which at first sicht appear to be exceptions,
will, if studied sufficiently, only serve to confirm the rule.

Thus the recent researches of Dr. Carpenter and Pro-
fessor Wyville Thomson have disclosed to us the existence
of minute living beings in the deepest parts of the ocean,
into which we may be almost sure no solar ray can
penetrate. How, then, do these minute creatures obtamn
that eneroy and delicacy of construction without which
they cannot live 2 in other words, how are they fed ?

Now, the same naturalists who discovered the exist-
ence of these ereatures, have recently furnished us with
a, very probable explanation of the mystery. They think
it highly probable that the whole ocean contains in
it organic matter to a very small but yet perceptible
extent, forming, as they express it, a sort of diluted soup,
which thus becomes the food of these minute creatures.

939, In conclusion, we are dependent upon the sun and
centre of our system, not only for the mere energy of our
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frames, but also for our delicacy of construction—the
future of our race depends upon the sun’s future. But
we have seen that the sun must have had a beginning,
and that he will have an end.

We are thus induced to generalize still further, and
regard, not only our own system, but the whole materiai
universe when viewed with respect to serviceable energy,
as essentially evanescent, and as embracing a succession
of physical events which cannot go on for ever as they
are.

But here at length we come to matters beyond our
grasp; for physical science cannot inform us what must
have been before the beginning, nor yet can it tell us
what will take place after the end.
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Effect of Current. Art. 99, p. 74
Instability. Art. 215, p. 156
or Atomic Separation. Art. 111, p. 80
Separation. Art. 159, p. 114
Arts. 163-170, pp. 118-123
Art. 177, p. 127
Arts. 179-181, p. 128
Cholera a Low Level Disease. Art. 6, p. 4
Coal. Art. 197, p. 143
Cohesion, Force of. Art. 8, p. 6
Arts. 68, 69, p. 51
Commander of an Army, Life is like the. Arts. 222-226, p. 171
Condition, Change of, accompanies Chemical Action. Art. 167, p. 121
Conditions of Equilibrinm. Art. 44, p. 34
Conductors and Nonconductors. Art. 80, p. 61
Connection between Energies and Forces of Nature. Art. 64, p. 43
Conservation, Law of. Arts. 115-120, pp. 82, 83
Theory of. Art. 194, p. 140
Cross-bow, a bent. Axrt. 36, p. 25
Current, Chemical Effect of.  Art. 99, p. 74
— Heating Effect of. Art. 98, p. 73
Induction of. Art. 102-105, p. 75
Magnetic Effect of. Arts. 96, 97, p. 72
of Blectricity. Arts., 140-143, p. 99
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Current of Electricity. Art. 172, p. 124
Currents, Attraction and Repulsion of. Art. 100, p. 74
Art. 173, p. 124

D.

Davy’s Experiments. Arts. 49-51, p. 88
Decay, Organized Tissues subject to. Arts. 227, 228, p. 164
Decomposition by the Battery. Art. 177, p. 127

Definition of Energy. Art. 19, p. 13

Molecules and Atoms. Arts. 68, 69, p. 51
Velocity. Art. 25, p. 16
——— Work. Art. 23, p. 15
Democritus on Atoms., Art. 185, p. 133
Descartes on a Mediom. Art. 189, p. 136
Description of Electrical Current. Arts. 91, 92, p. 69
Difference between an Animate and Inanimate Machine. Art. 229, p. 165
Direction of Battery Current. Arts. 94, 95, p. 71
Directness of Motion, Energy Independent of. Art. 31, p. 21
Disassociation, Temperature of. Art. 159, p. 115
Diseases caused by Organic Germs. Art. 5, p. 3
Dissipation of Energy. Cap. 5, Arts. 182-210, pp. 131-152

E.

Earth, Falling off in Rotative Energy of. Art. 134, p. 95

Motions on the, Absorbed Heat in. Arts, 123-131, p. 88

The Air Engine. Art. 154, p. 108

Effect, Chemical, of Current, Art. 99, p. 74

Heating, of Current. Art. 98, p. 73

Effects, Magnetic, of Current. Arts. 96, 97, p. 72

Egg, a Balanced. Arts, 212, 213, pp. 154, 155

Elastic Forces. Art. 67, p. 50

Electric Current deseribed, Arts 91, 92, p. 69

Induction. Arts. 87, 88, page 65

——— Machine. Art. 86, p. 65

Arts. 138, 139, p. 98

Electrical Condition of the Poles. Art. 92, p. 71
Hypothesis. Art. 83, p. 63
Separation. Art. 112, p. 81

Arts. 138,139, p. 98

Art. 160, p. 115

Art. 168, p. 122

Arta.. 171, 172, p. 124

Electricity, a Corrent of. Arts. 140-143, p. 99
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Blectricity, a Current of. Art. 172, p. 124
—— in Motion. Art. 113, p. 81
Axrt. 161, p. 116
Arts. 169, 170, p. 123
Arts. 173-177, pp. 124-127
its Properties. Arts. 79-105, pp. 60-75
List of Substances which develop it. Art. 85, p. 64.
Magnetic. Arts. 144-147, p. 103
only produced when Heterogeneous Bodies are rubbed.
Art. 84, p. 64
probably allied to Chemical Affinity. Art. 85, p. 64
remarks on. Arts. 79, 80, p. 60
two kinds of. Art. 81, p. 62 -
always developed together. Art. 82, p. 63.
Energies and Forces of Nature. Cap. 3, Arts. 64-107, pp. 48-78.
—— of Nature enumerated. Arts. 107-114, p. 78-81
Natural, and their Sources. Art. 196, p. 143
chiefly from the Sun. Art. 203, p. 147
Energy, a Machine merely Transmutes it. Art. 42, p. 30
and Velocity, Relation between. Arts. 25-33, pp. 16-21
converted into less useful Form by Friction. Art. 46, p. 85
Percussion. Art, 47, p. 36

Definition of. Art. 19, p.13

Dissipation of. Cap. 5, Arts. 182-210, pp. 131-152

Heating Effects proportional to. Art. 58, p. 43

Heraclitus on. Art. 184, p. 133

Independent of Directness of Motion. Art. 31, p. 24

Mechanical, and its Change into Heat. Cap. 2, Arts: 34-36,
pPp. 23—47

not simply proportional to Velocity. Axrts. 21, 22, p. 14

of Position. Arts. 34-37, p. 23

Arts. 108, 109, p. 79

Arts. 121, 122, p. 87

of Visible Motion. Art. 107, p. 78

Arts. 121-147, pp. 87-102

Arts. 148, 149, p. 105

possessed by a Rifle Ball. Art. 18, p. 13

Problems allied to. Arts. 182, 183, p. 151

proportional to Mass. Art. 20, p. 14

Square of Velocity. Art. 28, p. 19

BRadiant. Axt. 114, p. 81

Art. 178—181, p. 128

the Power of doing Work, Axt. 23, p. 16

There are other varieties of. Axt. 62, p. 47

Tidal. Art. 208, p. 146

Transmutation of. Cap 4, Arts. 121-187, pp. 87-128

Visible, Transmutations of. Arts. 38—41, pp. 27, 28
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Energy, Visible, of Position. Art. 148, p. 105

What is it ? Cap. 1, Art. 1, p. 1

Engine, the Heat. Art. 149, p. 105

the Earth an. Art. 154, p. 108

Engines, Law of Working of Heat. Arts. 150-152, p. 106
———— Remarks on.  Art. 154, p. 108

Enumeration of Energies of Nature. Arts. 107-114, pp. 78-81
Forces of Matter. Arts. 65-78, pp. 48-55
Equal and Opposite, Action and Re-action. Art. 2, p. 8
Equilibrium, Conditions of. Art. 44, p. 34

—————  twofold Nature of. Art. 212, p. 154
Equivalent, Mechanical, of Heat. Arts. 58-63, pp. 4847
Examples. Art. 29, p. 20

Existence a Continued Fight. Art. 3, p. 3

Experiments by Davy. Arts. 49-51, p. 38

Joule. Arts. 59-61, p. 44

Peltier. Arts. 176, p. 126

Bumford. Art. 52, p. 39

F.

Fate, Probable, of the Universe. Arts. 209, 210, p. 152

Falling Stone, Illustration of a. Arts. 15, 16, p. 11

Fire, an ordinary. Art. 153, p. 108

Flunids, Friction of. Art. 69, p. 44

Food. Art.199, p. 145

Force of Chemical Affinity. Arts. 70, 71, p. 53

——— Cohesion. Art. 8, p. 6

Arts. 68, 69, p. 51

Forces and Energies of Nature. Cap. 3, Arts. 64-107, pp. 45-78
other, besides Gravity. Arts. 32, 83, p. 21

Forward and Backward Motion, Heat a. Arts. 56, 57, pp. 41, 42
Freezing Point of Water lowered by Pressure. Art. 156, p. 110
Friction and Percussion, what they do. Arts. 26-48, pp. 35-37
converts Energy into less nseful Form. .Art. 46, p.35
of Fluids. Art. 54, p. 44

Fuel, embracing Wood and Coal. Art. 197, p. 143

Functions of a Machine. Arts. 42, 43, pp. 30-32

G.

Galileo defined Principles of Virtual Velocities. Art. 44, p. 33

true Function of a Machine. Art. 44, p. 30
Galvanometer, the. Art. 96, p. 72 '

Goldfish, vessel of. Art. 12, p, 9
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Gravitation a Weak Force. Art. 66, p. 50
————— its Law of Action. Art. 65, p. 48
Gravity, other Forces besides. Arts. 32, 83, p. 21
Grove on Conservation. Art. 194, p. 140

H.

Head, a, of Water. Art. 35, p. 24

Art. 200, p. 146

Heat, Absorbed. Axrt. 178, p. 128

a Backward and Forward Motion. Axts. 56-59, pp. 41, 42

a species of Motion. Arts. 49-55, pp. 38, 39

(a resisting body). Arts. 174, 175, p. 125

analogy between, and Sound. Art. 57, p. 42

appears when Friction and Percussion destroy Motion. Art. 48,

P-

Bacon on. Art. 190, p. 137

Change into, of Mechanical Energy. Cap. 2, Arts. 34-63, 23-47

Engine, Energy of Visible Motion in the. Art. 149, p. 150

Law of Working of. Arts. 150-152, p. 106

Mechanical Equivalent of. Arts. 58-63, pp. 3447

Motion. Art. 110, p. 50

Origin of the Sun's. Arts. 207, 208, p. 150

Radiant. Art. 162, p. 117

Unit, value of. Art. 62, p. 46

Heated Substance not in Motion as a whole. Art. 56, p. 41

Heating Effect of Current. Art. 98, p. 73

Heating Effects proportional to Energy. Art. 58, p. 73

Helmholtz and Thomson on the Origin of the Sun’s Heat. Art. 207, p. 151

Heraclitus on Energy. Art. 184, p. 133

Heterogeneous Bodies only produce Electricity when rubbed. Art. 84,
p- 64
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Metals Soldered together. Art. 168, p. 122

High Temperature Heat, the Sun the Source of. Art. 204, p. 148
Historical Sketch. Cap. 5, Arts. 182-210, pp. 131-152

Mot and Sounding Body, analogy between. Art. 162, p. 118
Huyghens on a Medium. Art. 189, p. 136

Hydrostatic Press. Art. 43, p. 32

Hypothesis, Hlectrical. Art. 83, p. 63

L

Tce Melted by Friction. Art. 123, p. 88
Ideas of Ancients not Prolific. Arts. 187, 188, p. 135
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Ignorance of Individnals. Arts. 1-4,p. 1
Impossibility of Perpetual Light. Art. 245, p. 149
seeing Molecules. Art. 11, p. 8
Inanimate Machines, difference between Animals and., Art. 229, p. 165
Inclined Plane, Velocity in the. Arts. 40, 41, p. 28
Art. 45, p. 34
Tndividuals, Jgnorance of. Arts. 1-4, p. 1
Induction, Electric. Arts. 87, 88, p. 65
——————— of Currents. Arts. 102-105, p. 75
Inorganic Molecule, an. Art. 7, p. 5

———— World, the. Arts. 5, 6, p. 3

Instability, Chemical. Art. 215, p. 156
————— Mechanical. Arts. 213, 214, p. 155

J.

Jevons, Prof. 8., on Coal Supply. Art. 198, pp. 144, 145
Joule's Experiments. Arts. 59-61, p. 44

K

Kilogramme, Descending. Art. 39, p. 28
shot Upwards. Art. 26, 27, p. 17
Art. 38, p. 27

L.

Latent Heat of Steam. Art. 74, p. 57

Water. Art. 74, p. 56

Law of Action of Gravitation. Art. 65, p. 48

Conservation. Arts. 115-120, pp. 82, 83

Working of Heat Engines. Arts. 150-152, p. 106
Leaves of Plants. Arts. 179-181, p. 128

Lever, Illustration of. Art. 45, p. 34

Leyden Jar. Arts. 89, 90, p. 67

Life like the Commander of an Army. Arts. 222-226, p. 171
——— the Position of. Cap. 6, Arts. 211-232, pp. 154-165
— true Nature of, not discovered. Art. 224, p. 163

—— Ultimate Dependence of, on the Sun. Arts. 230-232, p. 165
Light, Perpetnal, Impossible. Art. 205, p. 249

Radiant, Art. 162, p. 117

List of Substances which develop Electricity, Art. 85, p. 64
Low Level Disease, Cholera a. Art. 6, p. 4
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M.

Machine, Animal ig a Delicately-constrncted. Art. 221, p. 160
—— does not Create. Art. 44, p. 34

Electric. Art. 86, p. 65
Arts. 138, 139, p. 98
Functions of a. Arts. 42, 43, pp. 80-32
described by Galileo. Art. 44, p. 33

merely transmutes Energy. Art. 42, p- 30
Machines of two kinds. Arts. 216-220, p- 1567
Magnet, Attraction and Repulsion of. Art. 101, p. 75
Magnetic Effects of Current. Arts. 96, 97, p. 72
Magneto-Electricity. Arts. 144-147, p. 103
Mass, Euergy Proportional to. Art. 20, p. 14
Meyer on Theory of Conservation. Art. 194, p. 140
——— Tides. Art. 183, p. 94
Mechanical Energy and its Change into Heat. Cap. 2, Arts. 34-63,

PP 2347
Equivalent of Heat. Arts. 58-68, pp. 45-47

—— Instability. Arts. 213, 214, p. 155
Medinm, Aristotle on a. Art. 186, p. 134

Descartes on a. Art.189, p. 136

Huyghens on a. Art. 189, p. 136
——— Newton on a. Art. 189, p. 136
Metallic Precipitates. Arts. 165, 166, p. 120
Metals, soldering together of Heterogeneons. Art. 168, p. 122
Molecules, Activity of. Arts. 10, 11, P-7
————and Atoms Defined. Arts. 68, 69, p. 51
Molecular and Atomic Force, remarks on. Arts, 72-78, p. 55
—— Forces, Strength of. Axt. 75, p. 57
Impossible to become directly acquainted with. Art.

11, p. 8.
———— Separation. Art. 110, p. 80
Motion, Air and Water in. Art. 203, p. 147
Electricity in. Art. 107, p. 88
Art. 161, p. 116
Arts. 169, 170, p. 123
Energy Independent of Direction of. Art. 81, p. 21
of Visible. Axrts. 121-147, pp. 87-103
Arts. 148, 149, p. 105
Heat a Forward and Backward. Arts. 56, 57, pp. 41, 42
a species of. Arts. 49-55, pp. 38, 39
Visible. Arts. 171-173, p. 124
Energy in. Art. 113, p. 81
Motions on the Earth, Absorbed Heat in. Arts. 131, 182, p. 88
Flanetary, Arts. 132-187, p. 93




N.

Native Sulphur, &o. Art. 102, p, 147

Nature, Energies of, Enumerated. Arts. 107-114, pp. 78-81
Forces and Energies of. Cap. 8, Arts. 64-107, pp. 48-78
of, Enumerated. Arts. 65-78, pp. 48-55

of Proof of Law of Conservation. Arts. 117-120, p. 83
Natural Energies chiefly from Sun. Art, 203, p. 147

and their Sources. Art. 196, p. 143

Newton on a Medinm, Art. 189, p. 136

Nonconductors and Conductors. Art. 80, p. 61

0.

Opposite and Equal, Action and Reaction. Art. 12, p. 6
Organic and Inorganic Worlds. Art. 4, p. 3

Germs, Diseases caused by. Art. 5, p. 3

World, the. Arts. 7-9, p. 5

Organized Tissues subject to Decay, Arts. 227, 228, p. 164
Origin of the Sun's Heat. Arts. 207, 208, p. 150,

Other Varieties of Energy. Art. 62, p. 47

P

Peltier's Experiment. Art. 176, p. 126
Percussion converts Energy into less useful Form. Art. 47, p. 36
what Friction and, do. Arts. 26-48, pp. 35-37
Perpetual Light Tmpossible. Art. 205, p. 149
———— Motion. . ‘Art. 193, p. 189
Pith Ball, experiments with. Art. 81, p. 62
Planetary Motions, Absorbed Heat in. Arts. 132-137, p. 93
Plants, leaves of. Arts, 179-181, p, 128
Poles, Electrical Condition of. Art. 98, p. 71
of a Battery, the., Art. 92, p. 71
Position, Advantage of. Art. 37, p. 26
Energy of. Art. 34-37, pp. 23-26
Art. 121, 122, p. 87
the, of Life. Cap. 6, Arts. 211-282, pp. 154-165
Visible Energy of. Arts. 108, 109, p. 79
Art. 148, p. 105
Precipitates, Metallic. Arts. 165, 166, p. 120
Preliminary Remarks. Art. 211, p. 154
Pressure lowers Freezing Point of Water. Art, 156, p. 110
Prince Rupert’s Drops, ~ Art. 158, p. 114
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Principles of Virtual Velocities, Arts. 44, 45, pps 33, 34
—  Art, 191, p. 187
Probable Fate of Universe. Arts. 209, 210, p. 1562
Problems allied to Energy. Arts. 182, 183, p. 181
Properties of Electricity. Arts. 99-105, pp. 60-75

R

Radiant Energy. Art. 114, n. 81
Art. 178, p. 128
Light and Heat. Art. 162, p. 117
Reaction and Action, Equal and Opposite. Arts. 12-16, p. 8
Relation between Velocity and Energy. Arts. 25-83, pp. 16-21
Remarks, Bacon’s. Art. 185, p. 134

on Electricity. Arts. 79, 80, p. 60
Engines. Art. 155, p. 109
Molecular and Atomic Forces. Arts. 72-78, p. 55
Whewell's. Art. 186, p. 184
Repulsion and Attraction of Currents. Art. 100, p. 74
—— of Magmnets. Art. 101, p. 756
Resistance and Buoyancy of Atmosphere disregarded. Art. 30, p. 20
Rifle Ball possesses Energy. Art. 18, p. 13
Further Considered. Art. 17, p. 12
IMlustration of. Arts. 13, 14, p. 9
Rise of True Conceptions regarding Work. Art. 192, p. 138
Rule for Measuring Work. Art. 24, p. 16
Rumford's Experiments. Art. 52, p. 39

S.

Scott, Sir W., on Perpetnal Light. Art, 204, p. 148
' Separation, Atomic or Chemical. Art. 111, p. 80
——————— Chemical. Art. 159, p. 114

Arts. 163-170, pp. 118-123
Arts. 177, p. 127
Arts. 170-181, p. 128
—————— Hleectrical. Art. 112, p. 81
Arts, 138, 139, p. 98

Art. 160, p. 115
Art. 168, p. 122
Arts. 171, 172, p. 124
——————— Molecular. "Art. 110, p. 80
Set of Pulleys. Art. 42, p. 30
BSketch, Historieal. Cap. 5, Arts. 182-210, pp. 131-152
Soldering together of Heterogeneous Metals. Art. 168, p. 122
sound and Heat, Analogy between, Art. 87, p. 42
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Sounding and Hot Body, Analogy between. Art. 162, p. 118
Sources of Natural Energies. Art. 196, p. 143

Square of Velocity, Energy proportional to. Art. 28, p. 19
Stable and Unstable Equilibrinm. Art. 212, p. 154
Statement of Law of Conservation. Art. 115, 116, p. 82
Steam, Latent Heat of. Art. 74, p. 57

Stone, a, high np. Art. 34, p. 23

Strength of Molecular Forces. Art. 75, p. 57

Substances, List of, which develop Electricity. Art. 85, p. 64
Sulphur, Native. Art. 202, p. 147

Sun a Source of High Temperatare Heat. Art. 204, p. 148
Suon Heat, Origin of the. Arts. 207, 208, p. 150

Natural Energies chiefly from. Art. 243, p. 147

no exception. Art. 206, p. 150

—— Ultimate dependence of Life on the. Arts. 250-252, p. 165
Survey of Organic and Inorganic Worlds. Art. 4, p. 3

4

Tait, Professor, on Native Sulphur, &c. Art. 202, p. 147

Temperature of Disassociation. Art. 159, p. 115

Theory, the, of Conversation. Art. 194, p. 140

Thermo-Electricity. Art. 161, p. 110

Thermopile, the. Art. 161, p. 117

Thﬂmpsnnl,ﬁEluir William, and Helmholtz, theory of Sun’s Heat. Art. 207,
P-

on lowering Freezing Point of Water by Pressure,
Art. 156, pp. 110, 111

Size of Molecules. Art. 8, p. 6

Tidal Energy. Art. 201, p. 146

Tissues, Organised, are subject to Decay. Arts, 227, 228, p. 164
Tourmalines, &c., Heated. Art. 160, p. 115

Transmutation of Energy. Cap. 4, Arts. 121-181, pp. 87-128
Visible Energy. Arts. 88-41, pp. 27, 28

True Coneeptions, Rise of, regarding Work. Art. 192, p. 138
Functions of a Machine defined by Galileo. Art. 44, p. 83

Two Forms of Absorbed Heat. Arts. 149-162, pp- 105-118

~—— Kinds of Electricity, Art. 81, p. 62

always developed together. Art. 82, p, 62
Machines. Arts. 216-220, p. 157

Twofold Nature of Equilibrium, Art. 212, p. 164

U.

Ult_imate Dependence of Life on the Sun. Arts. 230-232, p. 165
Universe, probable Fate of the. Arts. 200, 210, p. 162
Unstable and Stable Equilibrium, Axrt, 212, p. 154
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W

Value of Heat Unit. Art. 62, p. 46

Varieties, other, of Energy. Axt. 63, p. 47

Velocities, principles of Virtual. Arts. 44, 45, pp. 33, 34

Art. 191, p. 137

Yelocity and Energy, relation betweén. Arts. 25-83, pp. 16-21
Definition of. Art. 25, p. 16
Energy not simply proportional to. Arts. 21, 22, p. 14
in Inclined Plane. Arts. 40, 41, p. 28

——— Squareof Energy proportionate to. Art. 28, p. 19

Virtual Velocities, principles of. Arts. 44, 45, pp. 33, 34

Art. 191, p. 137

Visible Energy, Transmutation of. Arts. 35-41, pp. 27, 28

of Position. Arts. 108, 109, p. 79

- Art. 148, p. 105

Visible Motion. Arts. 171-173, p. 124

Energy of. Art. 107, p. 78

Arts, 121-147, pp. 87-103

Arts, 148, 149, p. 105

Voltaic Battery, the. Axts, 169, 170, p. 123

W.

Waitch, a, wound up. Art. 36, p. 25

Water and Air in Motion. Art. 203, p. 147

A Head of. Art. 55, p. 24

Art, 200, p. 146

Freezing Point of. Arts. 118, 119, p. 85

lowered by Pressure. Art. 156, p. 110
Latent Heat of. Art. 74, p. 56

Watts' improvements in Steam Engine. Art.192, p. 188

What Friction and Percussion do. Arts. 46-48, pp. 35-37

—— i8 Energy? Cap. 1, Art. 1.p. 1

Whewell’s Remarks. Art. 186, p. 134

Whole of Heated Substance not in Motion. Art. 56, p. 45
Wild’s Machines for obtaining Electricity. Axrts, 144, 145, pp. 103, 104
Wood. Art. 197, p. 143

Work, Definition of. Art. 23, p. 156

How to Measure. Art.23, p. 15

Rise of True Conceptions concerning. Art. 192, p. 138
Rule for Measuring. Art. 24, p. 16

Working Heat Engine, Law of. Art. 150-182, p. 106
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Empson, R.A. With Nine Plates.
Demy 8vo. Cloth, price 6s.

Briefs and Papers. Being
Sketches of the Bar and the Press.
By Two Idle Apprentices. Second
Edition. Crown Bvo. Cloth, price
75, b,

BROOKE (Rev. J. M. 8.), M. A,

Heart, be Still. A Sermon
reached in Holy Trinity Church,
outhall. Impenal 3amo. Sewed,
price 6.

BROOKE (Rev. S. A), M. A.,
Chaplain in Ordinary to Her Majesty
the &ue-en,, and Minister of Bedford
Chapel, Bloomsbury.

The Late Rev. F. W. Ro-
bertson, M.A., Life and Letters
of. Edited by.

I. Uniform with the Sermons.
z vols. With Steel Portrait, Price
a5, Gdl

II. Library Edition. 8vo. With
Two Steel Portraits., Price 125,

III. A Popular Edition, in 1 vol.
8vo. Price 6s.

Theology in the English
Poets. — CowFER, CoLERIDGE,
WorpswoRrTH, and Burxs, Third
Edition. Post 8vo. Cloth, price gs.

Christ in Modern Life.
Ninth Edition, Crown 8vo, Cloth,
price 75, 6.

Sermons. First Series. I:{’inth
Edition. Crown 8vo. Cloth, price 6s.

Sermons. Second Series.

Third Edition. Crown 8vo. Cloth,
price 7s.

Frederick Denison Maurice:
The Life and Work of. A Memonial
Sermon. Crown Bvo. Sewed, price 15.

BROOKE (W. G.), M.A.

The Public Worship
Regulation Act. With a Classified
Statement of its Provisions, Notes,

and Index. Third Edition, revised
and corrected. Crown Bva., Cloth,
price 35. 64,

Six Privy Council Judg-
ments—1850-1872. Annotated hi.-.
Third Edition. Crown 8va. Cloth,
price gs.

BROUN (J. A.).
Magnetic Observations at

Trevandrum and Augustia
Malley. Vol. I.  4to. Cloth,
price &

5.
The 'ié.cpart from above, separately
sewed, price 214,
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BROWN (Rev. J. Baldwin), B.A.
The Higher Life. Its Reality,

Experience, and Destiny. Fourth
Edition. Crown 8vo. Cloth, price
75, G,

Doctrine of Annihilation
in the Light of the Gospel
of Love, Five Discourses. Second
Edition. Crown 8vo. Cloth, price
a5, 6.

BROWN (]. Croumbie), LL.D.

Reboisement in France; or,
Records of the Replanting of the
Alps, the Cevennes, and the Pyre-
nees with Trees, Herbage, and Bush.
Demy 8vo. Cloth, price rzs. 64.

The Hydrologyof Southern
Africa. Demy 8vo. Cloth, price
105, 64,

BROWNE (Rev. M. E.)

Until the Day Dawn. Four
Advent Lectures. Crown8vo. Cloth,
price z5. 64.

BRYANT (W. C.)

Poems. Red-line Edition.
With 24 Illustrations and Portrait of
the Author. Crown 8vo. Clothextra,
price 7s. 6.

A Cheaper Edition, with Frontis-
piece. Small crown 8vo. Cloth, price
34

BUCHANAN (Robert).

Poetical Works. Collected

Edition, in 3 vols.,, with Portrait.
Crown 8vo. Cloth, price 6s. each.

Master-Spirits. Post 8vo.
Cloth, price 105. 6.

BULKELEY (Rev. H. J.).
Walled in, and other Poems.
Crown 8vo. Cloth, price ss.

BUNNETT (F. E.).

Linked at Last. Crown 8vo.
Cloth,

BURTON (Mrs. Richard).

The Inner Life of Syria,
Palestine, and the Holy Land.
With Maps, Photographs, and
Coloured Plates. = wvols. Second
Edition. Demy 8ve. Cloth, price
245,

CADELL (Mrs. H. M.).

Ida Craven: A Novel. 2
vols. Crown 8vo. Cloth.

CALDERON.

Calderon’s Dramas: The
Wonder-Working Magician,—Life is
a Dream—The Purgatory of St
Patrick. Translated by Denis
Florence MacCarthy. 'ost  Bvo,
Cloth, price ros.

CARLISLE (A.D.), B. A.

Round the World in 1870.

A Volume of Travels, with Maps.
New and Cheaper Edition. Demy
8vo. Cloth, price 65,

CARNE (Miss E, T.).

The Realm of Truth. Crown
Bvo. Cloth, price es. 6.

CARPENTER (E.).

Narcissus and other
Poems. Fcap. 8vo. Cloth, price
[

CARPENTER (W. B.), LL.D.,
M.D., F.R.B., &c.

The Principles of Mental
Physiology. With their Applica-
tions to the Training and Discipline
of the Mind, and the Study of its
Morbid Conditions.  Illustrated.
Fourth Edition, 8vo. Cloth, price
125,

CARR (Lisle).

Judith Gwynne. 3 vols.
Second Edition. Crown 8vo. Cloth.

CHRISTOPHERSON (The late
Rev. Henry), M.A,

Sermons. With an Intro-
duction by John Rae, LL.D., F.S.A.
First Series. Crown 8vo. Cloth,
price 75, 6.

Sermons. With an Intro-
duction by John Rae, LL.D,, F.S.A.
Second Series. Crown 8vo. Cloth
price Os,
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CLAYTON (Cecil).

Effie’s Game; How She
Lost and Hew She Won., A
Novel, =z vols. Cloth.

CLERK (Mrs, Godfrey).

'TIim en Nis. Historical
Tales and Anecdotes of the Times
of the Early Khalifahs. Translated
from the Arabic Originals, Illus-
trated with Historical and Explana-
tory Notes, Crown &vo. Cloth, price
TE.

CLERY (C.), Capt.

Minor Tactics. With 26
Maps and Plans. Third and revised
Edition. Demy 8vo. Cloth, price 165

CLODD (Edward), F.R.A.S.

The Childhood of the
World : a Simple Account of Man
in Early Times. Third Edition.
Crown 8vo. Cloth, price 35

A Special Edition for Schools.
Price 1s.

The Childhood of Reli-
gions. Including a Simple Account
of ‘the Birth and Growth of Myths
and Legends. Crown 8vo, Cloth,
price 5s.

COLERIDGE (Sara).

Pretty Lessons in Verse
for Good Children, with some
Lessons in Latin, in Easy Rhyme.
A New Edition. Illustrated. Fcap.
8vo. Cloth, price 35. 64,

Phantasmion. A Fairy Tale.
With an Introductory Preface by the
Right Hon. Lord Coleridge, of
Ottery St. Mary. A New Edition.
Illustrated. Crown 8vo. Cloth,

price 75. 6d.

Memoir and Letters of Sara
Coleridge. Edited byher Daughter.
With Index. 2 vols. With Two
Portraits. Third Edition, Revised
and Corrected. Crown Bvo. Cloth,
price 244 : .

Cheap Edition. With one Portrait.
Cloth, price 75. 64

COLLINS (Mortimer).

The Princess Clarice. A
Story of 1B71. 2z vels. Cloth.

Squire Silchester's Whim.
3 vols. Cloth.

Miranda., A Midsummer
Madness. 3 vols. Cloth.

.Inn of Strange Meetings,
and other Poems. Crown Svo.
Cloth, price ss.

The Secret of Long Life.
Dedicated by special permission to
Lord 5t. Leonards. Fourth Edition.
Large crown 8vo, Cloth, price ss.

COLLINS (Rev. R.), M.A.

Missionary Enterprise in
the East. With special reference
to the Syrian Christians of Malabar,
and the results of modern Missions,
With Four Illustrations. Crown
8va. Cloth, price 6s.

COMGREVE (Richard), M.A.
M.R.C.P.L.

Human Catholicism. Two
Sermons delivered at the Positivist
School on the Festival of Humanity,
87 and 88, January 1, 1875 and 1876.
Demy 8vo. Sewed, price 15

CONWAY (Moncure D.).

Republican Superstitions.
Illustrated by the Political History
of the United States. Including a
Correspondence with M. Louis Blanc.
Crown 8vo. Cloth, price 55

CONYERS (Ansley).

Chesterleigh. 3vols. Crown
8vo. Cloth.

COOKE (M. C.), M.A., LL.D.

Fungi; their Nature, Influ-
ences, Uses, &c. Edited by the Rev.
M. J. Berkeley, M.A., F.L.5
With Ilostrations. Second Edition.
Crown 8vo. Cloth, price 55 _

Volume X1V, of The International
Scientific Series,
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COOKE (Prof. J. P.), of the Har-
vard University.

The New Chemistry. With
ar Illustrations. Third Edition.
Crown 8vo. Cloth, price 55

Volume IX. of Tﬁc International
Scientific Series.

Scientific Culture,
8vo. Cloth, price 1s.

COOPER (T. T.), F.R.G.S.
The Mishmee Hills: an

Account of a Journey made in an
Attempt to Penetrate Thibet from
Assam, to open New Routes for
Commerce. Second Edition.  With
Four Illustrations and Map. Post
8vo. Cloth, price 105, 64,

Cornhill Library of Fiction
{The). Crown 8ve. Cloth, price
3s. 6. per volume.

Half-a-Dozen Daughters. By

. Masterman.
he House of Raby. By Mrs. G.

Hooper.
A lgfght for Life. Ey Moy
‘Thomas.
Robin Gray. DBy Charles Gibbon.

Crown

Kitty. By Miss M. Betham-
Edwards.
One of Two: or, The Left-

Handed Bride.
well.

Ready - Money Mortiboy. A
Matter-of-Fact Story.

God’'s Providence House. By
Mrs. (. L. Banks.

For Lack of Gold.
Gibbon.

Abel Drake's Wife. By John
Sannders.

Hirell. By John Saunders.

CORY (Lieut. Col. Arthur).

The Eastern Menace; or,
Shadows of Coming Ewvents.

By J. Hain Fris-

By Charles

Crown 8vo. Cloth, price &s.
Cosmos.
A Poem. Fcap. 8vo. Cloth, price
35, 64,
COTTON (R. T.).
Mr. Carington. A Tale of

Love and Conspiracy. 3 vols. Crown
Bvo. Cloth. o

CRESSWELL (Mrs. G.).

The King's Banner. Drama
in Four Acts. Five Illustrations.
4to. Cloth, price 105 64,

CROMPTON (Henry).

Industrial Conciliation.
Fcap, 8vo. Cloth, price 25. 64,

CUMMINS (H. 1), M. A.

Parochial Charities of the
City of London. Sewed, price 1s.

CURWEN (Henry).

Sorrow and Song: Studies
of Literary Struggle. Henry Miirger
—Novalis—Alexander Petifi—Hon-
oré de Halzac — Edgar Allan Poe
—André Chénier. 2 vols, Crown
8vo. Cloth, price 1z5.

DANCE (Rev. C. D.).

Recollectionsof FourYears

in Venezuela. With Three Illus-
trations and a Map. Crown 8vo.
Cloth, price 75. 64,

D'ANVERS (N. R.).
The Suez Canal: Letters

and Documents descriptive of its
Rise and Progress in 185456, By
Ferdinand de Lesseps. ranslated
by. Demy 8vo. Cloth, price 10s. 64.

Little Minnie's Troubles.

An Every-day Chronicle. With Four
Illustrations by W. H. Hughes.
Fcap. Cloth, price 3s5. 64.

DﬁvIDSDN{Rw. Samuel), D.D.,

0 &

The New Testament, trans-
lated from the Latest Greek
Text of Tischendorf. A new and
thoroughly revised Edition. Post
8vo. Cloth, price 1os5. 6.

Canon of the Bible: Its
Formation, History, and Fluctua-
tions. Small crown 8vo. Cloth,
price ss,
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DAVIES (G. Christopher).

Mountain, Meadow, and
Bere : a Series of Outdoor Sketches
©f Sport, Scenery, Adventures, and
‘Matural History., With Sixteen Il-
Hustrations by Bosworth W, Har-
ocourt. Crown 8vo. Cloth, price 6s.

‘Rambles and Adventures
.of Our School Field Club. With
Four Illustrations. Crown 8vo.
Cloth, price ss.

1DAVIES (Rev. J. L.), M.A.

Theology and Morality.

Essays on Questions of Belief and
Practice. Crown 8vo. Cloth, price
=z, bd.

DE HKEREKADEC (Vicomtesse
Solange).
A Chequered Life, being
. Memoirs of the Vicomtesse de Leo-
ville Meilhan. Edited by, " Crown
gvo. Cloth, price 75. 6d.

DE L'HOSTE (Col. E. P.).

The Desert Pastor, Jean
arousseau. Lranslated from the
rench of Eugéne Pelletan. Witha

Fromtispiece. New Edition. Fcap.

8vo. Cloth, price 3s5. 6.

DE REDCLIFFE (Viscount
Stratford), P.C., K.G., G.C.B.

Why am I a Christian?
Fifth Edition. Crown Bvo. Cloth,
price 3s.

DE TOCQUEVILLE (A.).

Correspondence and Con-
wversations of, with Nassau Wil-
liam Senior, from 1834 to 1850.
Edited by M. C. M. Simpson. 2
vols. Post 8vo. Cloth, price 215

DE VERE (Aubrey). ¢
Alexander the Great. A

Diramatic Poem. Small crown 8vo.
Cloth, price ss.

The Infant Bridal, and
Other Poems. A New and En-
larged Edition. Fcap. 8vo. Cloth,

price 75. 6.

DE VERE (Aubrey)—confinued :

The Legends of St. Patrick,
and Other Poems. Small crown
Bvo. Cloth, price ss.

St. Thomas of Canterbury.

A Dramatic Poenm.. Large fcap. 8vo.
Cloth, price ss.

DE WILLE (E.).

Under a Cloud ; or, Johan-
nes Olaf, A Novel. Translated by

F. E. Bunnétt. 3 vols. Crown Svo.
Cloth.

DENNIS (].).

English Sonnets. Collected
and Arranged. Elegantly bound.
Fcap. 8vo. Cloth, price 3. 6d4.

DOBSON (Austin).

Vignettes in Rhyme and
Vers de Société, Third Editon.
Fcap. 8vo. Cloth, price s

DONNE (A.), M.D,

Change of Air and Scene.
A Physician’s Hints about Doctors,

Patients, Hygiene, and Society;
with Notes of Excursions for Health.
Second Edition. Large post 8vn.

Cloth, price gs.
DOWDEN (Edward), LL.D.

Shakspere: a Critical Study
of his Mind and Art. Second Edition.

Post Bvo. Cloth, price 1zs.
Poems. Fcap. 8vo. Cloth,
price s5.

DOWHNTOHN (Rev. H.), M.A.

Hymns and Verses. Orni-

ginal and Translated. Small crown
8vo. Cloth, price 35. 64.

DRAPER (J. W.), M.D,, LL.D,,
Professor in the University of New
York.

History of the Conflict be-
tween Religion and Science.
Seventh Edition. Crown 8vo. Cloth,
price ss. 3

Volume X111, of The International
Scientific Series.
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DREW (Rev. G. S.), M.A,

Scripture Lands in con-
nection with their History.
Second Edition. 8vo. Cloth, price
105, 6

Nazareth: Its Life and
Lessons. Third Edidon. Crown
Bvo., Cloth, price 55

The Divine Kingdom on
Earth as it is in Heaven. 8vo.
Cloth, price 1os. G4,

The Son of Man : His Life
and Ministry. Crown 8vo. Cleth,
price 75. 64,

DREWRY (G. 0.), M.D.

The Common-Sense
Management of the Stomach.

Third Edition. Fcap. 8vo. Cloth,
price 25, 6d.

DREWRY (G. 0.); M.D., and
BARTLETT §H. . BhiD.,
F.C.S.

Cup and Platter: or, Notes

on Food and its Effects. Small 8vo.

Cloth, price 2s5. 64.
DRUMMOND (Miss).

Tripps Buildings. A Study

from Life, with Frontispiece, Small

crown 8vo. Cloth, price 35, 64,
DURAND (Lady).

Imitations from the Ger-
man of Spitta and Terstegen.
Fcap. Bva.  Cloth, price 4s.

DU VERNOIS (Col. von Verdy).
Studies in leading Troops.
An authorized and accurate Trans-
lation by Lieutenant H. J. T.
Hildyard, 71st Foot. Parts I. and
II. Demy 8vo. Cloth, price 7s.

EDEN (Frederick).

The Nile without a

l?ragoman. Second  Edition.

Crown 8vo. Cloth, price 75, 64.
EDWARDS (Rev. Basil).

Minor Chords; Or, Songs
for the Suffering: a Volume of
Verse. Fecap. 8vo. Cloth, price
35. 64, ; paper, price 25. 6d.

EILOART (Mrs.).
Lady Moretoun’s Daughter,

3 vols. Crown 8vo. Cloth.

-

ELLIOTT (Ebenezer), The Corn
Law REhymer,

Poems. Edited by his son,
the Rev. Edwin Elliott, of St. John's,
Antigua. 2 vols. Crown 8vo. Cloth,
price 18s.

EMGLISH CLERGYMAN,
An Essay on the Rule of
Faith and Creed of Athanasius.
Shall the Rubric preceding the

Creed be removed from the Prayer-
book? Sewed. 8vo. Price 15

Epic of Hades (The).

By a New - Writer. Author of
* Songs of Two Worlds.” Fcap. 8vo
Cloth, price ss.

Eros Agonistes.
Poems. By E. B: D,
Cloth, price 3s. 64.

Essays on the Endowment
of Research.

By Various Writers.

Feap. 8vo.

LisT oF CONTRIBUTORS.
Mark Pattison, B. .
James 5. Cotton, B. A,
Charles E. Appleton, D. C. L.
Archibald H. Sayce; M. A.
Henry Clifton Sorby, F. R, S.
Thomas K. Cheyne, M, A.
W. T. Thiselton Dyer, M. A,
Henry Nettleship, M. A.

Square crown octavo.
price ros G4,

EVANS (Mark).

The Story of our Father's
Love, told to Children; being a
New and Enlarged Edition  of
Theology for Children. With Four
Illustrations. Fcap. 8vo. Cloth,
Price 3s. 6.

A Bookof Common Prayer
and Worship for Household
Use, compiled exclusively from the
Holy Secriptures. Fcap. 8vo. Cloth,
price =z5. O,

EYRE (Maj.-Gen. Sir V.), C.B,,
K.C.58.1., &c.

Lays of a Knight-Errant
in many Lands. Square crown
8vo. With Six Illustrations, Cloth,
price 78, 6.

Cloth,

A2



10 A List of

FAITHFULL (Mrs. Francis G.).

Love Me, or Love Me Not.
3 vols. Crown 8vo. Cloth.

FARQUHARSON (M.).

I. Elsie Dinsmore.
8vo. Cloth, price 35. 6d.

1I. Elsie's Girlhood. Crown
8vo. Cloth, price 35 6d.

II1. Elsie’s Holidays at
Roselands. Crown 8vo.
Cloth, price 3s. 64.

FAVRE (Mons. J.).

The Government of the
National Defence. From the joth
,}-une to the 3ist October, 1870.
‘ranslated by H. Clark. Demy 8vo.
Cloth, price 105, 6d.

FERRIS (Henry Weybridge).

Crown

Poems. Fcap. 8vo. Cloth,
price 5s.

FISHER (Alice).

His Queen. 3 vols. Crown
8vo. Cloth.

FOOTMAN (Rev. H.), M.A.

From Home and Back; or,

Some Aspects of Sin as seen in the
Light of the Parable of the Prodigal.
Crown 8vo. Cloth, price gs.

FORBES (A.).
Soldiering and Scribbling.

A Series of Sketches. Crown 8vo.
Cloth, price 75. 6.
FOTHERGILL (Jessie).
Aldyth: A Novel.
Crown 8vo. Cloth,

Healey. A Romance, 3 vols.
Crown 8vo. Cloth.

FOWLE (Rev. T. W.), M.A,

The Reconciliation of Re-
ligion and Science. Being Essays
on Immortality, Inspiration, Mira-
cles, and the Being of Christ. Demy
8vo. Cloth, price 1os. 6d.

FOX-BOURNE (H. R.).
The Life of John Locke,

1633—1704. =2 vols. Demy 8vo.
Cloth, price 28s.

2 vols.

FRASER (Donald).

Exchange Tables of Ster-
ling and Indian Rupee Curren-
cy, upon a new and extended system,
embracing Values from One Far-
thing to One Hundred Thousand
Pounds, and at Rates progressing, in
Sixteenths of a Penny, from 1. gd. to
25. 3d. per Rupee. Royal 8vo.
Clntg, price 10s. 6d.

FRERE(SirH. Bartle E.),G.C.B,,
GICE:

The Threatened Famine in
Bengal : How it may be Met, and
the Eecurrence of Famines in India
Prevented. Being No. 1 of ** Occa-
sional Notes on Indian Affairs.”

With 5 Maps. Crown 8vo, Cloth,
price ss.

FRISWELL (]J. Hain).
The Better Self. Essays for
Home Life. - Crown 8vo. <Cloth,
price 65,

One of Two; or, The Left-
Handed Bride. With a Frontis-

piece. Crown 8vo. Cloth, price
35, G
GARDNER (H.).

Sunflowers. A Book of

Verses. Feap. 8vo. Cloth, price ss.

GARDNER (].), M.D.

Longevity: The Means of
Prolonging Life after Middle
Age. Third Edition, revised and
enlarged. Small crown 8vo. Cloth,
price 45.

GARRETT (E.).

By Still Waters. A Story
for Quiet Hours. With Seven lllus-
trations. Crown 8vo. Cloth, price 6s.

GIBBON (Charles).
For Lack of Gold.

Frontispiece. Crown 8vo.
price 35. 6.

Robin Gray. With a Frontis-
piece. Crown 8vo. Cloth, price
35, 6.

With a
Cloth,
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GILBERT (Mrs.).

Autobiography and other
Memeorials. Edited by Jesiah
Gilbert. Second Edition. Inz vols.
With = Steel Portraits and several
Wood Engravings. Post Bvo. Cloth,
price 24s.

GILL (Rev. W. W.), B.A.

Myths and Songs from the
South Pacific. With a Preface by
F. Max Miiller, M.A., Professor of
Comparative Philology at Oxford.
Post 8vo. Cloth, price gs.

GODKIN (James).
The Religious History of

Ireland: Primitive, Papal, and
Protestant. Including the Evange-
lical Missions, Catholic Agitations,
and Church Progress of the last half
Century. 8vo. Cloth, price 125

GODWIN (William).
William Godwin: His

Friends and Contemporaries.
With Portraits and Facsimiles of the
handwriting of Godwin and his Wife.
By C. Kegan Paul. 2 vols. Demy
8vo. Cloth, price 285,

The Genius of Christianity
Unveiled. Being Essays never
before published. Edited, with a
Preface, by C. Kegan Paul. Crown
8vo. Cloth, price 75. 64.

GOETZE (Capt. A. von).

Operations of the German
Engineers during the War of
1870-1871. Published by Authority,
and in accordance with Official Docu-
ments. Translated from the German
by Colonel G. Graham, V.C., C.B.,
R.E. With 6 large Maps. Demy
8vo. Cloth, price z1s.

GOODENOUGH (Commeodore J.
G.), RN, C.B,, C.M.G.

Journals of, during his Last
Command as Senior Officer on the
Australian Station, 1873-1875. Edited,
with a Memoir, by his Widow. With
Maps, Woodcuts, and Steel En-
graved Portrait. Square post 8vo.
LCloth, price 14s.

GOODMAN (W.).

Cuba, the Pearl of the

Antilles. Crown Bvo. Cloth, price
75. 6el.

GOULD (Rev. S, Baring), M. A,

The Vicar of Morwenstow:
a Memoir of the Rev. B, 5. Hawker.
With Portrait. Third Edition, re-
vised. Square post8vo. Cloth, 1os. 62,

GRANVILLE (A. B), M.D.,
F.R.S., &c.

Autobiography of A. B.
Granville, F. K. 5., ete. Edited,
with a brief account of the concluding
rears of his life, by his youngest

aughter, Paulina B. Granville. 2
vols. With a Portrait.  Second Edi-
tion. Demy 8vo. Cloth, price 325.

GRAY (Mrs. Russell).

Lisette's Venture. A Novel,
z vols.  Crown 8vo. Cloth.

GREEN (T. Bowden).
Fragments of Thought.

Dedicated by permission to the Poet
Laureate. Crown 8vo. Cloth, price
75. 6d.

GREENWOOD (].), ** The Ama-

teur Casual."
In Strange Company; or,
The Note Book of a Roving Corre-

spondent. Second Edition. Crown
8vo. Cloth, price fs.

GREY (]John), of Dilston.

John Grey (of Dilston):
Memoirs. By Josephine E. Butler.
Mew and Revised Edition. Crown
Bvo, Cloth, price 35. 64.

GRIFFITH (Rev. T.), A.M.

Studies of the Divine Mas-
ter. Demy 8vo. Cloth, price r2s.

GRIFFITHS (Capt. Arthur).
Memorials of Millbank,and

Chapters in Prison History.
With Illustrations by R. Goff and
the Author. 2 vols, Post8vo. Cloth,
price zis.

The Queen's Shilling, A

INovel. 2 wvols. Cloth.
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GRIMLEY (Rev. H. N.), M.A.,
FProfessor of Mathematics in the
University College of Wales, and
Chaplain of Tremadoc Church.

Tremadoc Sermons, chiefly

on the SPIRITUAL Bopy, the Unseen
‘WorLp, and the Divine HumaniTY.
Crown Bvo. Cleth, price 75. 64,

GRUNER (M. L.).
Studies of Blast Furnace
Phencmena. Translated by L. T
B. Gordeon, F.R.5.E., F.G.5. Demy
8vo. Cloth, price 75. 64,

GURNEY (Rev. A, T.).
Words of Faith and Cheer.

A Mission of Instruction and Sugges-
tion. Crown 8vo. Cloth, price 6s.

First Principles in Church

and State. Demy 8vo. Sewed,
price 1s. 6d.

HAECKEL (Prof. Ernst).

The History of Creation.
Translation revised by Professor E.
Ray Lankester, M.A., F.R.5. With
Coloured Plates and Genenlup{:cnl
Trees of the various groups of both
plants and animals. 2 vols.  Second
Edition. Post 8vo. Cloth, price 3zs.

HARCOURT (Capt. A. F. P.).
The Shakespeare Argosy.

Containing much of the wealth of
Shakespeare’s Wisdom and Wit,
alphabetically arranged and classi-
fied. Crown'8vo. Cloth, price &s.

HAWEIS (Rev. H. R.), M.A.

Current Coin, Materialism—
The Devil—Crime—IDrunkenness—
Pauperism—Emotion—Recreation—
The Sabbath. Crown &vo., Cloth,
price 6s.

- Speech in Season. Third
Edition. Crown 8vo. Cloth, price
05
Thoughts for the Times.
Ninth Edition. Crown 8vo. Cloth,
price 75. 6d.

Unsectarian Family
Prayers, for Moming and Evening
for a Week, with short selected
passages from the Bible. Square
crown 8vo. Cloth, price 35, 64,

e ——

HAWTHORNE (Julian).

Bressant.
vols.

A Romance., 2z
Crown 8vo. Cloth.

Idolatry. A Romance, 2vols.
Crown 8vo. Cloth.

HAWTHORNE (Nathaniel).

Nathaniel Hawthorne. A
Memoir with Stories, now first pub-
lished inthis country. By H. A. Page.
Post 8vo. Cloth, price 75 6.

Septimius. A Romance.
Second Edition. Crown8vo. Cloth,
Price gf.

HAYMAN (H.), D.D.,late Head
Master of Rugby School.

Rugby School Sermons.

With an Introductory Essay on the

Indwelling of the Holy 65;&1&;,
Crown 8vo. Cloth, price ys. &,
Heathergate.

A Story of Scottish Life and Cha-
racter. By a New Author. 2z vols.
Crown 8vo. Cloth.

HELLWALD (Baron F. von).

The Russians in Central
Asia, A Critical Examination,
down to the present. time, of the
Geography and History uf Central
Asia, ranslated by Lieut.-Col.
Theodore Wirgman, LL.B. Large
post 8vo. With Map. Cloth,
price 125.

HELVIG (Capt. H.).

The Operations of the Ba-
varian Army Corps. Translated
by Captain G. 5. Schwabe. With
Five large Maps. Inzvols, Demy
Bvo. CE)L]'I, Price 245,

HINTON (James).
The Place of the Physician.

To which is added EssAYS ON THE
Law oF Humax LiFE, AND ON THE
RELATION BETWEEN ORGANIC AND
InorGanIic WorLDS. Second Edi-
tion. Crown 8vo. Clath, price 35. 64.

Physiology for Practical
Use. By various Writers. With
o Illustrations. 2 wvols. Second
dition. Crown 8vo. Cloth, price
125. 6d.
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HINTON (James)—continned :

An Atlas of Diseases of the
Membrana Tympani, With Des-
criptive Text. Post 8vo. Price £6 6s.

The Questions of Aural

Surgery. With Illustrations. = vols.
Post 8vo. Cloth, price 125 6d.

H:: ] C:
The Art of Furnishing.

A Popular Treatise on the Principles
of Furnishing, based on the Laws of
Common Sense, Requirement, and
Picturesque Effect. Small crown
Bvo. Cloth, price 35 64.

HOCKLEY (W. B.).

Tales of the Zenana; or,

A MNuwab's Leisure Hours. By the
Auther of ** Pandurang Har."” With
a Preface by Lord Stanley of Alder-
ley. =2 vols. Crown 8vo. Cloth,
price 21s.

Pandurang Hari; or, Me-
moirs of a Hindoo. A Tale of
Mahratta Life sixty years ago. With
a Preface by Sir H. Bartle E,
Frere, G.C.S5.1., &c. z2wvols. Crown
8vo. Cloth, price ars.

HOFFBAUER (Capt.).

The German Artillery in
the Battlezs near Metz. Based
on the official reports of the German
Artillery. Translated by Capt. E.
0. Hollist. With Map and Plans.
Demy 8vo. Cloth, price 21s.

Hogan, M.P.
A Movel. 3vols. Crown38vo. Cloth.

HOLMES (E. G. A.).
Poems., Fcap. 8vo. Cloth,
price ss.

HOLROYD (Major W. R. M.)

Tas-hil ul Kalam; or,
Hindustani made Easy. Crown 8vo.
Cloth, price ss.

HOPE (James L. A.).
In Quest of Coolies. With

Illustrations. Second Edition. Crown
8vo. Cloth, price 6s.

HOOPER (Mary).

Little Dinners: How to
Serve them with Elegance and
Economy. Eleventh  Edition.
Crown 8vo. Cloth, price gs.

Cookery for Invalids, Per-
sons of Delicate Digestion, and
Children. Crown 8vo. Cloth, price
35, 64,

HOOPER (Mrs. G.).
The House of Raby. With

a Frontispiece. Crown 8vo. Cloth,
price 3s5. Gd.

HOPKINS (M.).
The Port of Refuge; or,

Counsel and Aid to Shipmasters in
Difficulty, Doubt, or Distress. Second
Edition. Crown 8vo. Cloth, price 6s.

HORNE (William), M.A.

Reason and Revelation :
an Examination into the Nature and
Contents of Scripture Revelation, as
compared with other Forms of Truth.
Demy 8vo. Cloth, price 125

HOWARD (Mary M.).

Beatrice Aylmer, and other
Tales. Crown 8vo. Cloth, price 6s.

HOWARD (Rev. G. B.).

An Old Legend of St.
Paul's. Fcap. 8vo. Cloth, price
45. 6.

HOWELL (James).

A Tale of the Sea, Son-
nets, and other Poems. Fcap.
8vo. Cloth, price 5.

HUGHES (Allison).

Penelope and other Poems.
Fecap. 8va. Cloth, price 45, 6.

HULL (Edmund C, P.).

The European in India.
Witha MepicaL GuUIDE FOR ANGLO-
Inprans. By R. R. 5. Mair, M.D.,
F.R.C.5.E. Second Editicn, Revised
and Corrected. Post Bvo. Cloth,
price 6s.
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HUMPHREY (Rev. W.).

Mr. Fitzjames Stephen and
Cardinal Bellarmine. Demy 8vo.
Sewed, price 1s.

HUTTON (James).
Missionary Life in the
Southern Seas. With Illustrations.
Crown 8vo. Cloth, price 7s. 64.

IGNOTUS.

Culmshire Folk. A Novel.

- New and Cheaper Edition. Crown
8vo. Cloth, price 6s.
INCHBOLD (J. W.).
Annus Amoris. Sonnets.

Foolscap 8vo. Cloth, price 4s. 6d.

INGELOW (Jean).

The Little Wonder-horn.
A Second Series of *° Staries Taold to
a Child.” With Fifteen Illustrations.
Square z4mo. Cloth, price 35 6d.

- Off the Skelligs. (Her First
Fomance.) 4 vols. Crown 8vo.
Claoth.

International Scientific
Series (The).

I. The Forms of Water in
Clouds and Rivers, Ice and
Glaciers. By _][ Tyndall, LL.I.,
F.R.S. With 25 Illustrations. Sixth
Edition. Crown 8vo. Cloth, price 5s.
11. Physics and Politics ; or,
Thoughts on the Application of the
Principles of * Natural Selection”
and ** Inheritance” to Political So-
ciety. By Walter Bagehot. Third
Edition. CrownB8va. Cloth, price 45.
I1I. Foods. By Edward Smith,
M.D., LL.B., I{R.S. With nu-
merous Hlustrations. Fourth Edition.
Crown 8vo. Cloth, price 5.

IV. Mind and Body: The Theo-
ries of their Relation. By Alexander
Bain, LL.ID. With Four Illustra-
tions. Fifth Edition. Crown 8vo.
Cloth, price 45.

V. The Study of Sociology.
By Herbert Spencer. Sixth Edition.
Crown 8vo. Cloth, price 55

V1., On the Conservation of
Energy. By Balfour Stewart, M. A.,
LL.D., F.R.5. With14 Illustrations.
Third Edition. Crown 8vo. Cloth,
price 5.

International Scientific
Series (The)—continued.

VII. Animal Locomotion; or,
Walking, Swimming, and Flying.
By J. B. Pettigrew, M.D., F.R.5.,
etc. With 130 Illustrations. Second
Edition. Crown 8vo. Cloth, price ss.

VIII. Responsibility in Mental
Disease. DBy Henry Maudsley,
M.I). Second Edition. Crown 8vo.
Cloth, price ss.

IX. The New Chemistry. By
Professor J. P. Cooke, of the Har-
vard University. With 3z Illustra-
tions. Third Edition. Crown 8vo.
Cloth, price ss.

¥X. The Science of Law. By
Professor Sheldon Amos. Second
Edition. Crown 8vo. Cloth, price ss.

®XI. Animal Mechanism. A
Treatise on Terrestrial and Aerial
Locomotion. By Professor E. J.
Marey. With 117 Illustrations.
Second Edition. Crown Bvo. Cloth,
price 55

XII. The Doctrine of Descent
and Darwinism. By Professor Os-
car Schmidt (Strasburg University).
With 26 Illustrations. Third Edi-
tion. Crown Bve. Cloth, price 5s.

XIII. The History of the Con-
flict between Religion and Sci-
ence, . W. Draper, M.ID.,
LL.D. Eighth Edition. Crown
Bvo. Cloth, price 55

XIV. Fungi; their Nature, In-
fluences, Uses, &ec. B _M. B
Cooke, M.A., LL.D. Edited by
the Rev. M. J. Berkeley, M.A.,
F.1.5. With numerous Illustrations.
Second Edition. Crown 8vo. Cloth,
price 5s.

XV. The Chemical Effects of
Light and Photography. By Dr.
Hermann Vogel (Polytechnic Aca-
demy of Berlin). Translation tho-
roughly revised. With 100 Illustra-
tions. Third Edition. Crown 8vo.
Cloth, price gs.

¥XVI. The Life and Growth of
Language. By William Diwight
Whitney, Professor of Sanskrit and
Comparative Philology in Yale Col-
lege, New Haven. Second Edition.
Crown 8vo. Cloth, price 5s.
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International Scientific
Series (The)—continued.

XVII. Money and the Mecha-
nism of Exchange. By W. Stan-
ley Jevons, M.A.,, F.R.5. Third
Edition. Crown38vo. Cloth, price ss.

XVIII. The Nature of Light:
With a General Account of Physical
Optics. By Dr. Eugene Lommel,
Professor of Physics in the Univer-
sity of Erlangen. With 188 Illustra-
tions and a table of Spectra in Chro-
mo-lithography. Second Editon.
Crown 8vo. Cloth, price 55.

XIX. Animal Parasites and
Messmates, By Monsieur Van
Beneden, Professor of the University
of Louvain, Correspondent of the
Institute of France, With 83 Illus-
trations. Second Edition. Crown
8va. Cloth, price zs.

XX. Fermentation. By Professor
Schiitzenberger, Director of the
Chemical Laboratory at the Sor-
bonne. With 28 Illustrations. Second
Edition. Crown 8vo. Cloth, price 5s.

XXI. The Five Senses of Man.
By Professor Bernstein, of the Uni-
versity of Halle. With gz lllustra-
tions. Second Edition. Crown 8vo.
Cloth, price s5s.

XXII. The Theory of Sound in
its Relation to Music. By Pro-
fessor Pietro Blaserna, of the Royal
University of Rome. With numerous
Illustrations. Second Edition. Crown
8vo. Cloth, price sr.

Forthcoming Volumes.

Prof. W. Kixcpox CLiFForn, M.A.
The First Principles of the Exact
Sciences explained to the Non-ma-
thematical.

Prof. T. H. Huxrey, LL.D., F.R.5.
Bodily Motion and Consciousness.
Dr. W. B. CarrEntTeEr, LL.D.,
F.R.S. The Physical Geography of
the Sea.

W. Lauper Lmvpsay, M.D.,
F.R.SSE. Mind in the Lower
Animals.

Sir Jouw Lupepock, Bart.,, F.R.S.
On Ants and Bees.

Prof. W. T. Tuiserton Dyer, B.A.,
B.Sc. Form and Habit in Flowering
Plants.

International Scientific
Series (The)—continued.

Mr. J. N. LockyER, F.R.5. Spec-

trum Analysis.

Prof. Micuael FosTeEr, M.D. Pro-
toplasm and the Cell Theory.

H. CuarrToN Bastian, M.D.,
F.R.S. The Brain as an Organ of
Mind.

Prof. A. C. Ramsay, LL.D., F.R.5.
Earth Sculpture: Hills, Valleys,
Mountains, Plains, Rivers, Lakes;
how they were Produced, and how
they have been Destroyed.

Prof. J. RosenTHAL. General Phy-
siology of Muscles and Nerves,

P. BerT (Professor of Physiologr,
Paris). Forms of Life and other
Cosmical Conditions.

Prof. CorrFiELD, DML.A., M.D.
{Oxon.) Air in itsrelation to Health.

JACKSON (T. G.).

Modern Gothic Architec-
ture. Crown 8vo. Cloth, price 5s.

JACOB (Mn&.-Gecn. Sir G. Le
Grand), K.C.8.1., C.B.

Western India Before and
during the Mutinies. Pictures
drawn from life. Second Edition.
Crown 8vo. Cloth, price 7s. 6.

1 JENKINS (E.) and RAYMOND
(J.), Esgs.

A Legal Handbook for
Architects, Builders, and Build-

ing Owners. Second Edition Re-
vised. Crown 8vo. Cloth, price 6s.

JENKINS (Rev. R. C.), M.A.

The Privilege of Peter and
the Claims of the Roman Church
confronted with the Scriptures, the
Councils, and the Testimony of the
Popes themselves. Fecap. 8vo, Cloth,
price 3s. 64.

JENNINGS (Mrs. Vaughan).
Rahel ; Her Life and Let-

ters. With a Portrait from the
Painting by Daffinger. Square post
Bvo. Cloth, price 75, 64,
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JEVONS (W. Stanley),

Money and the Mechanism

of Exchange. Second Edition.
Crown 8vo. Cloth, price 5.

VolumeXVII. of The International
Scientific Series.

KAUFMANN (Rev. M.), B.A.

Socialism : Tts Nature, its
Dangers, and its Remedies con-

sidered. Crown 8vo. Cloth, price
75, 0.

KEATINGE (Mrs.).
Honor Blake: The Story of

a Plain Woman. 2z vols. Crown
8vo. Cloth,

KER (David).

On the Road to Khiva.

Ilustrated with Photographs of the
Country and its Inhabitants, and a
copy of the Official Map in use
during the Campaign, from the Sur-
vey of Captain Leusilin. Post 8vo.
Cloth, price r2s.

The Boy Slave in Bokhara.
A Tale of Central Asia. With Illus-
trations. Crown 8vo. Cloth, price ss.
The Wild Horseman of
the Pampas. [Illustrated. Crown
8vo. Cloth, price ss.

KING (Alice).

Ml ﬁql

A Cluster of Lives. Crown
8vo. Cloth, price 75. 64.
KING (Mrs. Hamilton).

The Disciples. A New
Poem. Second Edition, with some
Notes. Crown 8vo. Cloth, price
75. 6.

Aspromonte, and other
Poems. Second Edition. Feap.

8vo. Cloth, price 4s. 64.

KINGSFORD(Rev.F.W.),M.A.,
Yicar of St. Thomas's, Stamford H:I[
late Chaplain H. E. I. C. (Eengnl
Presidency).

Hartham Conferences; or,
Discussions upon some of the Rchg:-
ous Topics of the Day. *‘ Audi alte-
ram partem.” Crown 8vo, Cloth,.
price 35. 6.

KNIGHT (A. F. C.).

Poems. Fcap 8vo. Cloth,
Price 58. »
KINGSLEY (Charles).

Letters and Memories of
his Life, Edited by his Wire. 2
vols, Demy 8vo. With 2 Steel
engraved Portraits and numerous
Ilustrations on Wood, and a
Facsimile of his Handwriting.
Cloth, price 3fs.

LﬂCORDAIRE (Rev. Pere).
Life: Conferences delivered
at Toulouse. A New and Cheaper
Edition. Crown 8vo. Cloth, price
35. O,

Lady of Lipari (The).
A Poem in Three Cantos.
Bvo. Cloth, price 55,

LAURIE (]J. 8.).
Educational Course of
Secular School Books for India:

The First Hindustani
Reader. Stff linen wrapper, price
el

The Second Hindustani
ﬁlf-';Fadtr. Stiff linen wrapper, price

The Oriental (English)
Reader. Book I., price 64.; II.,
price: 744 ;' IIL., price od.;
price 1s.

Geography of India; with
Maps and Historical Appendix,
tracing the Growth of the British
Empire m Hindustan. Feap. Bvo.
Cloth, price 1s. 6d.

LAYMANN (Capt.).

The Frontal Attack of
Infantry. Translated by Colonel
Edward Newdigate. Crown Svo.
Cloth, price 25. 6.

L. D. S. p
Letters from China and
Japan. With Illustrated Title-page.
Crown 8vo. Cloth, price 75. 6d.

LEANDER (Richard).
Fantastic Stories. Trans-
lated from the German by Paulina
B. Granville. With Eight full-page
Illustrations by M. E. Fraser-Tytler
Crown 8vo. Cloth, price 55.

LEATHES (Rev. 5.), M.A.
The Gospel Its Own Wit-
ness. Crown 8vo. Cloth, price ss.

Feap.
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LEE (Rev. F, GJ), D.C.L.
The Other World; o,

Glimpses of the Supernatural. 2 vols.
A New Edition, Crown 8vo, Cloth,
price 155,

LEE (Holme).

Her Title of Honour. A
Book for Girls. New Edition. With
a Frontispiece. Crown 8vo. Cloth,
price ss. \
LENOIR (].).

Fayoum; or, Artists in Egypt.
A Tour with M. Gérome and others,
With 13 Illustrations. A New and
Cheaper Edition. Crown 8vo. Cloth,
price 3s. 64

Leonora Christina, Memoirs
of, Daughter of Christian IV. of
Denmark. Written during her Im-
prisonment in the Blue Tower of the
Royal Palace at Copenhagen, 1663-
1685, Translated by . E. BunNeTT.
With an Autotype Portrait of the
Princess.. A New and Cheaper
Edition. Medium 8vo. Cloth, price
55.

LEWIS (Mary A.).

A Rat with Three Tales.

With Four Illustrations by Catherine
F. Frere. Cloth, price ss.

LISTADO (J. T.).

Civil Service. A Novel.
z vols. Crown Evn.. Cloth.
LOCEKER (F.).

London Lyrics. A Newand
Revised Edition, with Additions and
a Portrait'of the Author. Crown 8vo.
Cloth, elegant, price 75. 6d.

LOMMEL (Dr. E.).
The Nature of Light: With

a General Account of Physical Optics.
Second Edition. With 188 Illustra-
tions and a Table of Spectra in
Chromo-lithography. Crown 8vo.
Clath, pri{:ﬂi,:.

. Volume XVIII. of The Interna-
tional Scientific Series.

LORIMER (Peter), D.D.

John Knox and the Church
of England : His Work in her Pulpit,
and his Influence upon her Liturgy,
Articles, and Parties. Demy 8vo.
Cloth, price 12s.

| LOTHIAN (Roxburghe).

Dante and Beatrice from
1282 to 1200. A Romance. =2 vols.
Post Bvo. Cloth, price 24s.

LOVEL (Edward).
The Owl’s Nest in the City:
A Story. Crown 8vo. Cloth.
LOVER (Samuel), R.H.A.

The Life of Samuel Lover,
R.H.A.; Artistic, Literary, and
Musieal. . With Selections from his
Unpublished Papers and Correspon-

dence. By Bayle Bernard. =z vols.
With a Portrait. Post 8vo. Cloth,
price 21s.

LOWER (M. A.), M.A., F.S.A.

Wayside Notes in Scandi-

navia. Being Notes of Travel in
the North of Europe. Crown 8vo.
Cloth, price gs.

LUCAS (Alice).

Translations from the

Works of German Poets of the
18th and 1gth Centuries, Fcap.
Bvo. Cloth, price ss.

LYONS (R. T.), Surg.-Maj. Ben-
gal Army.
A Treatise on Relapsing
Fever. Post8vo. Cloth, price 7s5. 64.

MACAULAY (].), M.A., M.D,,
Edin.
The Truth about Ireland:

Tours of Observation in 1872 and
1875. With Remarks on Irish Public
Questions. Being a Second Edition
of “*Ireland in 1872, with a New
and Supplementary Preface. Crown
8vo. Cloth, price 3. 64,

MAC DONALD (G.).

Malcolm. A Novel. 3vols.
Second Edition. Crown 8vo. Cloth.

St. George and St. Michael.

3 vols. Crown 8vo. Cloth.

MACLACHLAN(A.N.C.), M.A,

William Augustus, Duke
of Cumberland : being a Sketch of
his Military Life and Character,
chiefly as exhibited in the General
Orders of His Royal Highness,
1745—1747. With Illustrations. Post
Bvo. Cloth, price 155.
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MAC KENNA (S. J.).
Plucky Fellows. A Book

for Boys. With Six Illustrations.
Second Edition. Crown8vo. Cloth,
price 35. 6d.

At School with an Old
Dragoon. With Six Illustrations.
Second Edition. Crown 8va. Cloth,
price gs.

McCLINTOCK.
Sir Spangle and the Dingy

Hen. Illustrated. Imperial 16mo.
Cloth, price 2s. 6.

MAIR (R. S.), M.D., F.R.C.S.E,

The Medical Guide for
Anglo-Indians. Being a Compen-
dium of Advice to Eurcpeans in
India, relating to the Preservation
and Regulation of Health. With a
Supplement on the Management of
Children in India. Crown 8vo. Lamp
cloth, price 35. 6.

MANNING (His Eminence Car-
dinal).
Essays on Religion and
Literature. B]‘,j various Writers.
2

Third Series. my 8vo. Cloth,
price 1os. Gl

MAREY (E. J.).
Animal Mechanics. A

Treatise on Terrestrial and Aerial
Locomotion. With 1y Illustrations.
Second Edition. Crown 8vo. Cloth,
price 5s.

Volume XI. of The International

Scientific Series.

MARKEWITCH (B.).
The Neglected Question.

Translated from the Russian, by the
Princess Ourousoff, and dedicated by
Express Permission to Her Imperial
and Royal Highness Marie Alexan-
drovna, the Duchess of Edinburgh.
2 vals, Crown 8vo. Cloth, price 14s.

MARRIOTT (Maj.-Gen. W. F.),
Cc.5.1.

A Grammar of Political
Economy. Crown 8vo. Cloth,
price 6s.

MARSHALL (H.).
The Story of Sir Edward’s
Wife, A Novel. Crown 8vo. Cloth,
price 1os. O, :

MASTERMAN (].).

Half-a-dozen  Daughters.
With a Frontispiece. Crown 8vo.
Cloth, price 3s. 6d.

MAUDSLEY (Dr. H.).

Responsibility in Mental
Disease. Second Edition. Crown
Bvo. Cloth, price ss.

Volume VIII. of The International
Scientific Series,

MAUGHAN (W. C.).

The Alps of Arabia; or,

Travels through Egypt, Sinai, Ara-
bia, and the Holy Land. With Map.
Second Edition, Demy 8vo. Cloth,
price ss.

MAURICE (C. E.).
Lives of English Popular
Leaders. No. 1.—STEPHEN Lanc-

ToN. Crown 8vo. Cloth, price 5. 6ed.
No. 2.—TyLEr, Barr, and OLb-

cASTLE., Crown 8vo. Cloth, price
75. b,

Mazzini (Joseph).
A Memoir. By E. A. V. Two

Photographic Portraits. Crown 8vo.
Cloth, price 3s. 6d.

MEDLEY (Lieut.-Col.J.G.),R.E.

An Autumn Tour in the
United States and Canada.
Crown 8vo. Cloth, price ss.

MENZIES (Sutherland).
Memoirs of Distinguished

Women. 2 vols. Post 8vo. Cloth,
price 1os. 6.

MICKLETHWAITE (J. T.),
F.S.A.

Modern Parish Churches:

Their Plan, Design, and Furniture.
Crown 8vo. Cloth, price 7s. 64.

MILNE (James).

Tables of Exchange for the
Conversion of Sterling Money into
Indian and Ceylon Currency, at
Bates from 1s5. 84, to 25 3d. per
Rupee. Second Edition. Demy
8vo. Cloth, price £2 25.
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MIRUS (Maj.-Gen. von).

Cavalry Field Duty. Trans-
lated by Major Frank S. Russell,
14th (King's) Hussars. Crown 8vo.
ﬂ.‘tmh limp, price 7s. 6d.

MIVART (St. George), F.R.S.

Contemporary Evolution:
An Essay on some recent Social
Changes. Post 8vo. Cloth, price

75. b,
MOORE (Rev. D.), M.A.

Christ and His Church.
By the Author of *“ The Age and the

Gospel,” &c. Crown 8vo. Cloth,
price 3s. 6d.

MOORE (Rev. T.).
Sermonettes: on Synony-

mous Texts, taken from the Bible
and Book of Common Prayer, for
the Study, Family Reading, and
Private Devotion. Small crown 8vo.
Cloth, price 45. 6.

MORELL (]. R.).

Euclid Simplified in Me-
thod and Language. Being a
Manual of Geometry. Compiled from
the most important French Works,
approved by the University of Paris
and the Minister of Public Instruc-
tion. Fcap. 8vo. Cloth, price 25. 6.

MORICE (Rev. F. D.), M.A.

The Olympian and Pythian
(Odes of Pindar. A New Transla-
tion in English Yerse. Crown 8vo.
Cloth, price 7s. 6d. f

MORLEY (Susan).

Aileen Ferrers.
2 vols. Crown 8vo. Cloth.

Throstlethwaite. A Novel.
g vols. Crown 8vo. Cloth.

MORSE (E. 8.), Ph,D.

A Novel.

First Book of Zoology.

With numcmus_lllustr_ntin-na. Crown
Bvo. Cloth, price s55.

MOSTYN (Sydney).

Perplexity. A Novel. 3vols.
Crown 8vo. Cloth.

MUSGRAVE (Anthony).

Studies in Political Eco-
nomy. Crown 8vo. Cloth, price 6s.

My Sister Rosalind.
A Novel. By the Author of *‘ Chris-

tiana North,” and * Under the
Limes.” =z vols. Cloth.

NAAKE (J. T.).
Slavonic Fairy Tales.

From Russian, Servian, Polish, and

Bohemian Sources. With Four Illus-

trations. Crown 8vo. Cloth, price 5s.
NEWMAN (J. H.), D.D.

Characteristics from the
Writings of. Being Selections
from his varions Works. Arranged
with the Author’s personal approval.
Second Edition. With - Portrait.
Crown Bvo. Cloth, price 6s.

* % A Portrait of the late Rev. Dr.
J. H. Newman, mounted for framing,
can be had, price 25. 64.

NEWMAN (Mrs.).

Too Late. A Novel.
Crown Svo. Cloth.

NEW WRITER (A).

Songs of Two Worlds.
By a New Writer. Third Series.
Second Edition. Fcap. 8vo. Cloth,
price ss.

The Epic of Hades.
8vo. Cloth, price 5s.

NOBLE (]J. A.).
The Pelican Papers.

Reminiscences and Remains of a
Diweller in the Wilderness. Crown
gvo. Cloth, price 6s.

NORMAN PEOPLE (The).

The Norman People, and
their Existing Descendants in the
British Dominions and the United
Demy 8vo.

2 vols.

Fcap.

States of America.
Cloth, price z1s.

NORRIS (Rev. Alfred).

The Inner and Outer Life
Poems. Fcap. 8vo. Cloth, price 6s.

Northern Question (The);
Or, Russia’s Policy in Turkey un-
masked. Demy 8vo. Sewed, price 15.
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NOTREGE (John), A.M.

The Spiritual Function of
a Presbyter in the Church of
England. Crown 8vo. Cloth, red
edges, price 35, 64,

Oriental Sporting Magazine
(The).
A Reprint of the first 5 Volumes,
in 2 Volumes. Demy 8vo. Cloth,

price 285,

Our Increasing Military Dif-
ficulty, and one Way of Meeting it.
Demy 8vo. Stitched, price 15

PAGE (Capt. S. F.).
Disciplineand Drill. Cheaper
Edition. Crown 8vo. Price 15,

FPALGRAVE (W. Gifford).
Hermann Agha. An Eastern
Narrative. 2 vols. Crown 8vo.
Cloth, extra gilt, price 185

PANDURANG HARI;

Or Memoirs of a Hindoo.
With an Introductory Preface by Sir
H. Bartle E. Frere, G.C.S.1., C.B.
2 vols. Crown 8va. Cloth, price z15.
PARKER Joseph), D.D.

The Paraclete: An Essay

on the Personality and Ministry of |

the Holy Ghost, with some reference

to current discussions. Secn{ld Ed:-

tion. Demy 8vo. Cloth, price 125
FPARR (Harriet).

Echoes of a Famous Year.

Crown 8vo. Claoth, price 8s. 6.
PAUL (C. Kegan).

Goethe's Faust. A New

Translation in Rime. Crown 8vo.

Cloth, price 6s.

William Godwin: His

Friends and Contemporaries.
With Portraits and Facsimiles of the
Handwriting of Godwin and his
Wife. =2 vols. Square post &vo.
Cloth, price 28s.

The Genius of Christianity
Unveiled. Being Essays never
before published. %y William God-
win. Edited, with a Preface, by
C. Kegan Paul, Crown 8vo. Cloth,
price 75, 6d.

PAYNE (John).
Songs of Life and Death.

Crown Bvo. Cloth, price ss.

PAYNE (Prof.).

Lectures on Education.
Price 6. each.

I, Pestalozzi: the Influence of His
Principles and Practice.

I1. Friobel and the Kindergarten
System. Second Edition.

I11. The Science and Art of Educa-
tion.

IV. The True Foundation of Science
Teaching.

A Visit to German Schools:
Elementary Schogls in Ger-
many. Notesof a Professional Tour
to inspect some of the Kindergartens,
Primary Schools, Public Girls
Schools, and Schools for Technical
Instruction in Hamhurgh, Berliu,
Diresden, Weimar, Gotha, Eisenach,
in the autumn of 1874. With Critical
Discussions of the General Principles
and Practice of Kindergartens and
other Schemes of Elementary Edu-
cation. “Crown 8vo. Cloth, price
4%, Oa,

PEACOCKE (Georgiana).

Rays from the Southern

Cross : Poems. Crown 8vo. With
Sixteen Full-pa Illustrations
by the Rev. P. Walsh. Cloth elegant,

price ro. 4.

PELLETAN (E.).

The Desert Pastor, Jean
Jarousseau. Translated from the
French. By Colonel E. P. De
L'Hoste. Witha Frm\LEsEiece. New
Edition. Feap. 8ve. Cloth, price
35, 0.

PENRICE (Maj. J.), B.A.

A Dictionary and Glossary
of the Ko-ran. With copious Gram-
matical References and Explanations
of the Text. 4to. Cloth, price 21s.

PERCEVAL (Rev. P.). :
Tamil Proverbs, with their
English Translation. Containing
upwards of Six Thousand Proverhs.
Third Edition. Demy 8vo. Sewed,
price os.
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PERRIER (A.).

A Winter in Morocco.
With Four Illustrations. & New
and Cheaper Edition. Crown gvo.
Cloth, price 3. 6d.

A Good Match. A Novel.

2 vols. Crown 8vo. Cloth.
PERRY (Rev. S. J.), F.R.S.
Notes of a Voyage to Ker-

elen Island, to observe the
Transitof Venus. Demy8vo. Sewed,

price 25,
PESCHEL (Dr. Oscar).
The Races of Man and
their Geographical Distribution.
Large crown 8vo. Cloth, price gs.
PETTIGREW (J. Bell), M.D.,
F.R.5.
Animal Locomotion; or,
Walking, Swimming, and Flyipg.
With 130 Illustrations. Second Edi-
tion. Crown 8vo. Cloth, price s5.
Volume VII. of The International
Scientific Series.

PIGGOT (].), F.S.A., F.R.G.S.

Persia—Ancient and Mo-
dern. Post8vo. Cloth, price 10s. 64,
POUSHEKIN (A. S.).

Russian Romance.

Translated from the Tales of Belkin,
etc. By Mrs. J. Buchan Telfer (née
Mouravielf). Crown 8vo. Cloth,
price 7s. 6d.
POWER (H.).
Our Invalids : How shall
we Employ and Amuse Them ?
Fcap. 8vo. Cloth, price 2s. 64.
POWLETT (Lieut. N.), E.A.

Eastern Legends and

Stories in English Verse, Crown

fwo,. Cloth, price s5s.
PRESBYTER.

Unfoldings of Christian
Hope. An Essay showing that the
Doctrine contained in the Damna-
tory Clauses of the Creed commonl

called Athanasian is unsx:ripturnl}f
Small crown 8vo. Cloth, price 45. 6.

PRICE (Prof. Bonamy).

Currency and Banking.
Crown 8vo. Cloth, price 6s.

PROCTOR (Richard A.), B.A.

Our Placeamong Infinities.
A Series of Essays contrasting our
little abode in space and time with
the Infinities around us. To which
are added Essays on ** Astrology,”
and “ The Jewish Sabbath.” Second
*]S-_T;dil.ir:m; Crown Bvo, Cloth, price

The Expanse of Heaven.
A Series of Essays on the Wonders
of the Firmament. With a Frontis-
piece. Second Edition. Crown 8vo.
Cloth, price 6s.

PUBLIC SCHOOLEOY.

The Volunteer, the Militia-
man, and the Regular Soldier.
Crown 8vo. Cloth, price ss.

RANKING (B. M.).

Streams from  Hidden
ﬁﬁnumes. Crown 8vo. Cloth, price
Iil

Ready-Money Mortiboy.

A Matter-of-Fact Story. With Fron-
tispiece. Crown 8vo. Cloth, price
5. 6.

REANEY (Mrs. G. S.).

Waking and Working ; or,
from Girlhood to Womanhood.
With a Frontispiece, Crown 8vo.
Cloth, price 55

Sunbeam Willie, and other
Stories. Three Illustrations. Royal
16mo. Cloth, price 1s. 64,

Reginald Bramble.

A Cynic of the NWineteenth Century:.
An Autobiography. Crown 8vo.
Cloth, price 105. 64.

REID (T. Wemyss).

Cabinet Portraits. Bio-
graphical Sketches of Statesmen of
the Day. Crown 8vo, Cloth, price
ns. G,

RHOADES (James).

Timoleon. A Dramatic Poem.
Fcap, 8vo. Cloth, price ss.
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RIBOT (Prof. Th.).

Contemporary English Psy-
chology. Second Edition. A Re-
vised and Corrected Translation from
the latest French Edition. Large
post 8vo.  Cloth, price gs.

Heredity : A Psychological
Study on its Phenomena, its Laws,
its Causes, and its Cm:s.equencex.
Large crown 8vo. Cloth, price gs.

ROBERTSON (The Late Rev.
F. W.), M.A., of Brighton.

The Late Rev. F. W.
Robertson, M.A., Life and Let-
ters of Edited by the Rev. Stop-
ford Brooke, M.A., Chaplain in Or-
dinary to the Queen

2 vols.,, uniform with the Ser-

mons. With Steel Portrait. Crown
8vo. Cloth, price 7s. 62,

II. Library Edhinn, in Demy 8vo.,
with Two Steel Fortraits, Cloth,
price 125

III. A Popular Edition, in 1 val.
Crown 8vo. Cloth, price 6s.

New and Cheaper Editions :—

Sermons. Four Series. Small
crown 8vo. Cloth, price z5. 64, each.

Notes on Genesis. Crown

8vo. Cloth, price 55

Expository Lectures on
St. Paul's Epistles to the Co-
rinthians. A New Edition. Small
crown 8vo. Cloth, price 5s.

Lectures and Addresses,
with other literary remains. A New
Edition. Crown 8vo. Cloth, price ss.

An Analysis of Mr. Tenny-
son's ** In Memoriam.'' (Dedi-
cated Dby Permission to the FPoet-
Laureate.) Fcap. 8vo. Cloth, price
2r.

The Education of the

Human Race. Translated from
the German of Gotthold Ephraim
Lessing. Fcap. 8vo. Cloth, price
o5, 6.

The above Works can alse be had
Dorerd .&ﬂyrnmrﬂcm.
*¢* A Portrait of the late Rev. F. W.
Robertson, mounted for framing, can
b had, price 25 64,

ROSS (Mrs. E.), (** Nelsie Brook").

Daddy’s Pet. A Sketch
from Humble Life. With Six Illus-

trations. Royal 16mo. Cloth, price
15,

RUSSELL (E. R.).

Irving as Hamlet.
Editicn, Demy 8vo.

15,
RUSSELL (W. C.).

Memoirs of Mrs. Leetitia
Boothby. Crown 8vo. Cloth, price
75. O

SADLER (S. W.), R.N.
The African Cruiser. A

Midshipman's Adventures on the
West Coast.  With Three Illustra-
tions. Second Edition. Crown 8vo.
Cloth, price 35. 64.

SAMAROW (G.).

For Sceptre and Crown. A
Romance of the Present Time.

Translated by Fanny Wormald., =

vols. . Crown 8vo. Cloth, price 155,
SAUNDERS (Katherine).

The High Mills. A Novel

3 vols. Crown 8vo. Cloth.

Gideon’s Rock, and other
Stories. Crown 8vo. Cloth, price 65,

Joan Merryweather,and other
Stories. Crown 8vo. Cloth, price 6s.

Margaret and Elizabeth.
A Story of the Sea. Crown 8vo.
Clath, price 6s.

SAUNDERS (John).
Israel Mort, Overman. A

Second
Sewed, price

Story of the Mine. 3 wvols. Crown
Bvo. .
Hirell. With Frontispiece.

Cloth, price 35. 6d.
With Frontis-

Crown Bvo.
Cheap Edition.
piece, price as.

Abel Drake's Wife. With
Frontispiece. Crown 8vo. Cloth,
price 35. 6d.

Cheap Edition. With Frontis-

piece, ‘price 2s.
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SCHELL (Maj. von).

The Operations of the
First Army under Gen. Von
Goeben. Translated by Col. C. H.
von Wright. Four Maps. Demy
8vo. Cloth, price gs.

The Operations of the
First Army under Gen. Von
Steinmetz. Translated by Captain
E. 0. Hollist. Demy 8vo. Cloth,
price 1os. 6.

SCHERFF (Maj. W. von).

Studies in the New In-
fantry Tactics. Parts I. and II.
Translated from the German by
Colonel Lumley Graham. Demy
8vo. Cloth, price 7s. 64.

SCHMIDT (Prof. Oscar).

The Doctrine of Descent
and Darwinism. With 26 Illus-
trations. Third Editon. Crown
8vo. Cloth, price ss.

Volume XI1I. of The International
Scientific Series.

SCHUTZENBERGER(Prof.F.).

Fermentation. With Nu-
merous Illustrations. Crown Bvo.
Cloth, price 55.

Volume }{g{. of The International
Scientific Series.

SCOTT (Patrick).
The Dream and the Deed,

and other Poems. Fcap. 8vo. Cloth,
price 5%

SCOTT (W. T.)

Antiquities of an Essex
Parish ; or, Pages from the History
of Great Dunmow. Crown Bvo.
Cloth, price 55. Sewed, 45. E

SCOTT (Robert H.).

Weather Charts and Storm
Warnings. Illustrated. Crown
8vo. Cloth, price 35. 6d.

Seeking his Fortune, and
other Stories. With Feur Illustra-
tions. Crown 8vo. Cloth, price 35, 6.

SENIOR (N. W.).

Alexis De Tocqueville.
Correspondence and Conversations
with Nassau W. Senior, from 1833
to 1859. Edited by M. C. M. Sim}z-
son. 2vols. Large post 8vo. Cloth,
price 215.

Journals Kept in France
and Italy. From 1848 to 18s2.
With a Sketch of the Revolution of
1848. Edited by his Daughter, M.
C. M., Simpson. =z vols. Post 8vo.
Cloth, price 245.

Seven Autumn Leaves from
Fairyland. Illustrated with Nine
Etchings. Square crown 8vo. Cloth,
price 35. 6d.

SEYD (Ernest), F.8.8.
The Fall in the Price of

Silver. Its Causes, its Consequen-
ces, and their Possible Avoidance,
with Special Reference to India.
Demy 8vo. Sewed, price 25. 64.

SHADWELL (Maj.-Gen.), C.B.

Mountain Warfare. Illus-
trated by the Campaign of 1799 1n
Switzerland. Being a Translation
of the Swiss Narrative compiled from
the Works of the Archduke Charles,
‘]}umini. and others. Also of Notes
y General H. Dufour on the Cam-
paign of the Valtelline in 1635. With
Appendix, Maps, and Introductory
Rﬁimarks. Demy 8vo. Cloth, price
LS.

SHELDON (Philip).

Woman’s a Riddle; or, Baby
Warmstrey. A Novel. 3vols. Crown
Bvo. Cloth.

SHELLEY (Lady).

Shelley Memorials from
Authentic Sources. With (now
first printed) an Essay on Christian-
ity by Percy Bysshe Shelley, With
Portrait, Third Edition. Crown
8vo. Cloth, price 55

SHERMAN (Gen. W. T.).

Memoirs of General W.
T. Sherman, Commander of the
Federal Forces in the American Civil
War, By Himself. 2 vols. With
Map. Demy 8vo. Cloth, price 24s.
Copyright English Edition.
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SHIPLEY (Rev. Orby), M.A,

Church Tracts, or Studies
in Modern Problems. By various

Writers. z2vols. Crown8vo. Cloth,
price 55 each.

SMEDLEY (M. B.),

Boarding-out and Pauper
Schools for Girls. Crown 8vo.
Cloth, price 3s. 64.

SMITH (Edward), M.D,, LL.B.,
F.R.S8.

Health and Disease, as In-
fluenced by the Daily, Seasonal, and
other Cyclical Changes in the Human
oystem. A New Edition. Post 8vo,
Cloth, price 7s. 6d.

Foods. Profusely Illustrated.
Fourth Edition. Crown 8vo. Cloth,
price ss.

Yolume II1. of The International
Scientific Series.

Practical Dietary for
Families, Schools, and the La-
bouring Classes. A New Edition.
Post Bvo. Cloth, price 35. 6.

Tubercular Consumption
in its Early and Remediable
Stages. Second Edition. Crown
8vo. Cloth, price 6s.

SMITH (Hubert).

Tent Life with English
Gipsies in Norway. With Five
full-page Engravings and Thirty-one
smaller Illustrations by Whymper
and others, and Map of the Country
showing Routes. Third Edition.
Revised and Corrected. Post 8vo.
Cloth, price 215,

Some Time in Ireland.

A Recollection. Crown 8vo. Cloth,
price 7s. 6d.

Songs for Music.

By Four Friends.
Hvo. Cloth, price ss. :
Containing songs by Reginald A,
Gatty, Stephen H. Gatty, Greville
J. C?;cst.tr, and Juliana Ewing,

Square crown

SPENCER (Herbert).

The Study of Sociology.
Fifth Edition. Crown 8vo, Cloth,
Price ss,

Volume V. of The International
Scientific Series,

SPICER (H.).

Otho’s Death Wager. A

Dark Page of History Illustrated.
In Five Acts. Fcap. 8vo. Cloth,
price ss.

STEVENSON (Rev. W. F.).

Hymns for the Church and
Home. Selected and Edited by the
Fev. W. Fleming Stevenson.

The most complete Hymn Book
published. o

The H{mn Book consists of Three
Parts (—T. For Public- Worship.—
I1. For Family and Private Worship.
—III. For Children.

*" Published in various forms ana
Prices, the latter vanging from 8d.
fo b5, Lists and full particulars

will be furnished on application to
the .!""ﬂ'g::l'.i'ﬁfr'&

STEWART&P:’UF. Balfour), M.A.,
LL.D., F.R.S8.

On the Conservation of
Energy. Third Edition. With
Fourteen Engravings. Crown 8vo.
Cloth, price &s.

Volume VI. of The International
Scientific Series.

STONEHEWER (Agnes).

Monacella: A Legend of
North Wales. A Poem. Feap. 8vo.
Cloth, price 35. 64

STRETTON (Hesba).
“ Jessica’s First Prayer.”

The Storm of Life.

Ten Illustrations. Royal
Cloth, price 1s. 6d.

The Crew of the Dolphin.

Illustrated. Eighth  Thousand.
Royal 16mo. Cloth, price 15. 64,

Author of

With

16mo.

Cassy. Twenty-ninth Thou-
sand. With Six Illustrations. Royal
16mo. Cloth, price 15 64,
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STRETTON (Hesba)—continued: |

The King’'s Servants.
Thirty-ffth Thousand. With Eight
Illustrations. Royal 16mo. Cloth,
price 15, 64,

Lost Gip. Forty-eighth Thou-
sand. With Six Illustrations. Royal
16mo. Cloth, price 15, 6d.

#* Also a kandsemely bound Ed:-
frone, with Twelve [llustrations,
Price zs. 6d.

Michel Lorio’'s Cross.
Strongly bound in blue cloth, gilt,
price 1s. 6.

Friends till Death, and
other Stories. Strongly bound in
blue cloth, gilt, price 1s. 6.

David Lloyd's Last Will.

Illustrated. Feap. 8vo. Cloth,
price z5. 6d.
The Wonderful Life.

Ninth Thousand. Fcap. 8vo. Cloth,

price 25 Ol

Friends till Death. With

Frontispiece. Fourteenth Thu_us:n.nd.
Foyal 16mo. Limp cloth, price 6.

Two Christmas Stories.
With Frontispiece. Eleventh Thou-
sand. Royal 16me. Limp cloth,
price 6d.

Michel Lorio's Cross, and
Left Alone. With Frontispiece.
Seventh Thousand. Royal 16mo.
Limp cloth, price 64.

0Old Transome. With
Frontispiece. = Ninth Thousand.
Royal t6mo. Limp cloth, price 6.

w® Taken from ““The King's

Servants.”

The Worth of a Baby, and
how Apple-Tree Court was

won. With Frontispiece. Ninth
Thousand. Royal 16mg. Limp
cloth, price 64.

A Night and a Day. With

Frontispiece. Sixth Thousand. Royal
16mo. Limp cloth, price 64.

Hester Morley's Promise,

g vols. Crown Bve. Cloth.
The Doctor’'s Dilemma.
vels. Crown 8ve.  Cloth.

STUMM (Lieut. Hugo), German

Military Attaché to the ivan Ex-
pedition.
Russia's advance East-

ward. Based on the Qfficial Reports
of. Translated by Capt. C. E. H.
VincENT. With ifap. Crown 8vo.
Cloth, price 6s.

SULLY (James), M.A.

Sensation and Intuition.
Demy 8vo. Cloth, price 1os. 64,

Sunnyland Stories.

By the Author of ““ Aunt Mary's Bran
Pie.” Illustrated. Small 8vo. Cloth,
price 35. Gd.

SYME (David).

Qutlines of an Industrial

Science. Crown 8vo. Cloth, price
Gs.

Tales of the Zenana.

By the Author of *' Pandurang
Hari.” 2vols. Crown 8vo. Cloth,
price 215.

TAYLOR (Rev. J. W. A.), M.A,

Poems. Fcap. 8vo. Cloth,
price sr.
TAYLOR (Sir H.).

Edwin the Fair and Isaac
Comnenus. A New Edition.
Fcap. 8ve. Cloth, price 35. 6.

A Sicilian Summer and
other Poems. A New Edition.
Fcap. 8vo. Claoth, price 35 64,

Philip Van Artevelde. A
Dramatic Poem. A New Edition,
Fcap. 8vo. Cloth, price 5s.

TAYLOR (Col. Meadows), C.S5.1.,
M.R.I.A.

The Confessions ofa Thug.

Crown 8vo. Cloth, price 65.
Tara: a Mahratta Tale.
Crown 8vo. Cloth, price 6s.

TELFER(]J. Buchan), F.R.G.S.,
Commander R.IN.

The Crimea and Trans-
Caucasia. With numerous Illus-
trations and Maps. =2 vols. Medium
Bvo., Cloth, price 36s.
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TENNYSON (Alfred).

Harold, A Drama, Crown
8vo.  Cloth, price 6s.

Queen Mary. A Drama.
New Edition. Crown 8vo. Cloth,

price Os.

TENNYSON (Alfred).

Cabinet Edition. Ten Volumes. Each
with Froptispiece. Fcap. 8vo. Cloth,
price 25, 6. each,

CapNET EDITION. 10 v0ls. Com-
plete in handsome Ornamental Case.
Frice 285,

TENNYSON (Alfred).

Author's Edition. Complete in Five
Volumes. Post 8vo. Cloth gilt ; or
half-morecco, Roxburgh style,

Vor. I. Early Poems, and
English Idylls. Price 6s.; Rox-
burgh, 7s5. 64,

VoL. II. Locksley Hall,
Lucretius, and other Poems.
Price 65, ; Foxburgh, 75 64.

Vor. III. The Idylls of
the King (Comglete). Price 75, 6d.;
*Roxburgh, gs.

Vor. IV. The Princess,
and Maud. Price 6s5.; Roxburgh,

75. O
VoL. V. Enoch Arden,

and In Memoriam. Price 65 ;
Roxburgh, 75, 64,

TENNYSON (Alfred).
Original Editions.

Poems, Small 8vo. Cloth,
price 6s.

Maud, and other Poems.
omall 8vo.  Cloth, price 35. 64,

The Princess. Small Svo.

Cloth, price 3s. 6d.

|

TENNYSON (Alfred).
Original Editions,

Idylls of the King. Small
Bvo. Cloth, price zs.
Idylls of the King. Com-

plete. Small Bvo. Cloth, price &s.

The Holy Grail, and other

Poems. Small 8ve. Cloth, price
45. O’

Gareth and Lynette. Small

Bvo. Cloth, price 35

Enoch Arden, &c.
8vo., Cloth, price 35. 6d.

Small

Selections from the above
Works. Super royal :6mo. Cloth.
price 35. 6. Clothgilt extra, price 45

above
Cloth

Songs from the
Works. Super royal 16mo,
extra, price 35. 64,

In Memoriam, Small 8vo.

Cloth, price 45,

TENNYSON (Alfred).

The Illustrated Edition., 1
vol. Large 8vo. Giltextra, price 255.

Library Edition. In 6 vols.
Demy 8vo. Cloth, price ros. 6. each.

Pocket Volume Edition.

11 vols. In neat case, price jis. 6d.
Ditto, ditto. Extra cloth gilt, in case
price 355

Tennyson’s Idylls of the
King, and other Poems. Illustrated
by Julia Margaret Cameron. 2 vols.
Folio. Half-bound morocco, cloth
sides, price £6 6s. each.

THOMAS (Moy).
A Fight for Life.

Frontispiece, Crown 8vo.
price 35 6,

With
Cloth,
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Thomasina.
A MNovel., =2 wvols. Crown Bvo.
Clath,

THOMPSON (Alice C.).
Preludes. A Volume of
Poems. Illustrated by Elizabeth

Thompson (Painter of “ The Roll

Call”). 8vo. Cloth, price 7s. 6d.
THOMPSON (Rev. A. 8.).

Home Words for Wan-

derers. A Volume of Sermons.

Crown 8vo. Cloth, price 6s.
Thoughts in Verse.

Small Crown 8vo. Cloth, price 1s. 6.

THRING (Rev. Godfrey), B.A.

Hymns and Sacred Lyrics.
Fcap. 8vo. Cloth, price ss.

TODD (Herbert), M.A.
Arvan ; or, The Story of the

Sword. A Poem. Crown 8vo. Cloth,
price 75, 6.

TODHUNTER (Dr. J.)

Laurella; and other Poems.
Crown 8vo. Cloth, price 6s. 6.

TRAHERNE (Mrs. A.).

The Romantic Annals of

a Maval Family. A New and
Cheaper Edition. Crown 8vo.
Cloth, price ss.

TRAVERS (Mar.).
The Spinsters of Blatch-

ington. A Novel. zwvols. Crown
&vo. Cloth,

TREMENHEERE (Lieut.-Gen.
C. W.)

Missions in India: the
System of Education in Government
and DMission Schocls contrasted,
Demy 8vo. Sewed, price zs.

TURMNER (Rev. C. Tennyson).

Sonnets, Lyrics, and Trans-
lations. Crown 8vo, Cloth, price
45 G,

TYNDALL (John), LL.D.,F.R.S.

The Forms of Water in
Clouds and Rivers, Ice and
and Glaciers. With Twenty-five
Ilustrations. Sixth Editton. Crown
8vo. Cloth, price 5z ;

Volume I. of The International
Scientific Series,

UMEBRA OXONIENSIS.

Results of the expostu-
lation of the Right Honourable
W. E. Gladstone, in their
Relation to the Unity of Roman
Catholicism. Large fcap. 8vo. Cloth,
price ss.

UPTON (Richard D.), Capt.

Newmarket and Arabia.
An Examination of the Descent of
Racers and Coursers. With Pedi-
grees and Frontispiece. Post 8vo.
Cloth, price gs.

VAMEBERY (Prof. A.).

Bokhara: Its History and
Conquest. Second Edition. Demy
Bvo. Cloth, price 185

VAN BENEDEN (Mons.).

Animal Parasites and
Messmates, With 83 Illustrations.
Second Edition. Cloth, price ss.

Volume X 1X. of The International
Scientific Series,

VANESSA.

By the Author of “ Thomasina *’
&e. A Novel. =2 vols.  Second
Edition. Crown 8vo. Cloth.

VAUGHAN (Rev. C. ]J.), D.D.

Words of Hope from the
Pulpit of the Temple Church,
Third Edition. Crown 8vo. Cloth,
price 5s.

The Solidity of true Re-
ligion, and other Sermons. Preached
in London during the Election and
Mission Week, February, 1874,
Crown 8vo. Cloth, price 35, 64.
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VAUGHAN (Rev. C. J.), D.D.—

continticed.

Forget Thine own People.

An Appeal for Missions, Crown 8vo.
Cloth, price 35. 6.

The Young Life equipping
Itself For God's Service. Being
Four Sermons Preached before the
University of Cambridge, in Novem-
ber, 1872. Fourth Edition. Crown
8vo. Cloth, price 35 64.

VINCENT (Capt. C. E. H.).

Elementary Military
Geography, Reconnoitring,
and Sketching. Compiled for
Mon - Commissioned Officers and
Soldiers of all Arms Square
crown Svo. Cloth, price 2s5. 6d.

Vizcaya; or, Life in the Land
of the Carlists at the Outbreak of the
Insurrection, with some Account of
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