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Drar Sm:—

Ir seems peculiarly appropriste that this volume should be dedicated to
you. Knowing the eminent esteem in which you are held in the circles of
European science, I cannot doubt that the distinguished authors of the fol-
lowing essays would cordially approve this connection of your name with
thelr introduction to the American public.

There is, besides, a further reason for this in that large coincidence of
purpose which is manifest in their labors and your own. For while the per-
vading design of the present collection is to widen the range of thought by
unfolding & broader philosophy of the energies of nature, your own compre-
hensive course of research—beginning with an extended series of experi-
mental investigations in chemical physics and physiology, and rising to the
consideration of thst splendid problem, the bearing of science upon the His-
tory of the Intellectual Development of Europe—has powerfully contributed
to the same noble end ; that of elevating the aim and enlarging the scope of

I gladly avail myself of this occasion to say how greatly I am indebted
to your writings, in which accurate and profound instruction is so often and
happily blended with thecha.rmsofpoetieel&quence. That you may live
long to enjoy your well-won honors, and t¢ contribute still further to the
triumphant advance of scientific truth, is the heartfelt wish of

Yours truly,
- ELY






PREFACE.

——

I his address before the British Association for the Advance-
ment of Science last year, the President remarked that the new
views of the Correlation and Conservation of Forces constitate the
most important discovery of the present century. The remark is
probably just, prolific as has been this period in grand scientific re-
sults. No one can glance through the current scientific publica-
tions without peroeiving that these views are attracting the pro-
found attention of the most thoughtful minds. The lively con-
troversy that has been carried on for the last two or three years
respecting the share that different men of different countries have
had in their establishment, still further attests the estimate placed
upon them in the scientific world. ’

Baut little, however, has been published in this country apon the
subject ; no complete work, I believe, except the admirable volume
of Prof. Tyndall on “ Heat as a Mode of Motion,” in which the
new philosophy is adopted, and applied to the explanation of ther-
mal phenomena in a very clear and forcible manner. I have, there-
fore, thought it would be a useful service to the public to reissue
some of the ablest presentations of these views which have ap-
peared in Europe, in 8 compact and convenient form. The selec-
tion of these discussions has been determined by a desire to com-
bine clearness of exposition with authority of statement. In the
first of these respects the essays will speak for themselves; in re-
gard to the last I may remark that all the authors quoted stand
high as founders of the new theory “ forces. Although I am not
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aware that Prof. Liebig has made any claims in this direction, yet
it can scarcely be doubted that his original researches in Animal
Chemistry tended strongly toward the promotion of: the science of
vital dynamics.

The work of Professor Grove, which is here reprinted in fall,
has a high European reputation, having passed to the fourth edi-
tion in England, and been translated into several continental lan-
guages. It is hardly to the credit of science in our country, that

* this is' the first American edition. The cloquent and interesting
paper of Helmholtz, though delivered as a popular lecture, was
translated for the Philosophical Magazine, and has been very highly
appreciated in scientific circles. The three articles of Mayer,
which were also translated for the Philosophical Magazine, will
have interest not only because of the great ability with which the
subjects are treated, but as emanating from a man who stands per-
haps preéminent among the explorers in this new tract of inquiry.
The researches of Faraday in this field have been conspicuous and -
important, and his argument is marked by the depth and clearness
which characterize, in an eminent degree, the writings of this ex-
traordinary man. The essay of Liebig forms a chapter in the last
edition of his invaluable ‘Familiar Letters on Chemistry,’ which

-~ has not been republished here; and, as it touches the relation of the

sabject to organic processes, it forms a fit introduction to the final
article of the series by Dr. Carpenter, on the ‘ Correlation of the
Physical and Vital Forces.” The eminent English physiologist has
worked out this branch of the subject independently; and the pa-
per quoted gives evidence of being prepared with his usunal care
and ability, A certain amount of repetition is of course unavoida-
ble in such a collection, yet the reader will find much less of this
than he might be inclined to look for, as each writer, in elaborating
the subject, has stamped it with his own originality.

In the intreduction I have attempted to bring forward certain
facts in the history of these discoveries, in which we as Ameri-
cans have a special interest, and also to indicate several applications
of the new principles which are not treated in the volume. It
seemed best to confine the general discussion to those aspects of the
subject upon which most thought had been expended, and which
may be regarded as settled among advanced scientific men. But
there are other applications of the dootrine, of the highest interest,
which though incomplete u}yet oertain, and theee will be found
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instead of helps. We can now see that when the true chemistry
of combustion was once reached, the notion of phlogiston was of
no farther use, and if retained counld only produce confasion and
prevent the reception of correct ideas. So with caloric, and those
false conceptions of the materiality of forces, which it implies: not
only are they errors, but the ideas they involve are radically in-
ocompatible with the higher truths to which science has advanced;
so that while the errors are retained the truths cannot be received.
Nor will it answer merely to mention the new views while
adopting the old, on the plea that the facts are the same in both
_oases. The facts are very far from being the same in both cases. It
is precisely because the old ideas are out of harmony with ) facts,
and can no longer correctly explain and express them, that new ideas
are sought. Was not phlogiston abandoned because it no longer
agreed with the facts? So with the conception of the materiality
of the forces; it contradicts the facts, and therefore, for scientifie
purposes, can no longer represent them. In the workshop it may
perhaps be very well to magnify facts, and depreciate their theoreti-
cal explanations, but not in the school-room ; the business is here not
working, but thinking. It is the aim of art to use facts, but of sci-
ence to understand them. And it is simply because science goes
beyond the fact to its explanation, and is ever striving after the
highest truth, that it is fitted to discipline the thinking and reason-
ing faculties, and therefore has imperative educational claims.
In therefore bringing forward these able and authoritative ex- .
* positions in a form readily accessible to teachers, I trust I am not
only doing them a helpful service, but that they will be led to re-
quire of the preparers of school-books a more conscientious per-
formance of their tasks, and that the interests of sound education
will be thereby promoted.

Nsw Yozx, Oct. 1, 1864
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xii ‘ INTRODUCTION,

Newton, struck away these crude devives, and substittted the action
of a universal immaterial force. The course of astronomic science
has thus been on a vast scale to withdraw attention from the mate-
rial and sensible, and to fix it upon the invisible and supersensuous,
It has shown that a pure principle forms the immaterial foundation

= of the universe. From the baldest materiality we rise at last to a~
truth of the spiritual ‘world, of so exalted an order that it has been
said ‘to connect the mind of man with the Spirit of Gold»

-~ The tendency thus illustrated by astronomy is characteristic in
a marked degree of all modern science. Scientific inquiries are
becoming less and less questions of matter, and more and more
questions of force; material ideas are giving place to dynamical
jdeas. While the great agencies of change with which it is the

! business of science to deal—heat, light, electricity, magnetism, and
affinity, have been formerly regarded as kinds of matter ‘impon-
derable elements,’ in distinotion from other material elements,
these notions must now be regarded as outgrown and abandoned,

1 and in their place we have an order of purely immaterial forces.

Toward the close of the last century the human mind reached
the great principle of the indestructiblity of matter. What the

;L intellectusl activity of ages had failed %o establish by all the re-

| sources of reasoning and philosophy, was accomplished by the in-

. vention of a mechanical implement, the balance of Lavoisier.

- When nature was tested in the chemist’s scale-pan, it was first

- found that never an atom is created or destroyed; that thongh

. matter changes form with protean facility, traversing a thousand

\ cycles of change, vanishing and reappearing incessantly, yet it

" never wears out or lapses into nothing. ’

The present age will be memorable in the history of science for
having demonstrated that the same great principle applies also to
foroes, and for the establishment of a new philosophy concerning
their nature and relations. )Heat, light, electricity, and magnetism
are now no longer regarded as substantive and independent exist-
ences—subtile fluids with peculiar properties, but simply as modes

'
s
I'd
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started with the axiom that matter is indestructible, all disappesr

anoce of material during his operations was chargeable to their im-
perfection. He was therefore compelled to improve them—to ao-
oount in his result for every thousandth of a grain with which he
commenoced; and as & consequence of this inexorable condition,
analytical chemistry advanced to a high perfection, and its conse-
quences to the world®are incalculable. Precisely so with the anal-
ysis of forces. So long as they are considered capable of being
created and destroyed, the quest for, them will be careless and the
results valueless. But the moment they are determined to be in-
destructible, the investigator becomes bound to account for them;
all problems of power are at once aﬁ‘ected, and the science of dy-
namics enters upon a new ers,

The views here briefly stated will be found fully and variously
elucidated in the essays of the present volume; in these introduo-
tory remarks I propose to offer some observations on their history
and the extended scope of their application.

I have spoken of the principles of Correlation and Conservation
of Forces as established ; it may be vrell to state the sense in which
this is to be taken. They have been accepted by the leading scien-
tific minds of all nations with remarkable unanimity; their discus-
sion forms a leading element in scientific literature, while they oc-
oupy the thoughts and guide the investigations of the most philo-
sophical inquirers. But while science holds securely her new pos-
session as a fundamental principle, its various phases are by no
means completely worked out. Not only has there been too little
time for this, even if the views were far less important, but the
questions started lie at the foundation of all branches of scienoce,
and can only be fully elucidated as these advance in their develep-
ment. The new doctrine of forces is now in much the same con-
dition as was the new astronomy of Copernicus. It is not with-
out its difficulties, which time alone must be trusted to remove;

but it simplifies so many problems, clears up so many obscurities,
_—
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periods were ripe for them, and we cannot doubt that if those who
made them hsd never lived, the labors of others would have speed
fly attained the same results. The discoverer is, therefore, in a
great degree, but the mog_t_l;pjeooofhmtnne. Some discern clearly
what is dimly shadowed forth to niany ; some work out the results
more completely than others, and some seize the coming thought
80 long before it is developed in the gemeral consciousness, that
their announcements are unappreciated and unheeded. This view
by no means robs the discoverer of his honors, but it enables us to
place upon them a juster estimate, and to pass a more enlightened
Judgment upon the rival claims which are constantly arising in ‘the
history of sciepoce.

Probably the most important event in the general progrees of
science was the transition from the speculative to the expenmenh!
period. The ancients were prevented from creating science by a
false intellectual procedure. They believed they could solve all the
problems of the universe by thought alone. The moderns have
found that for this purpose meditation is futile unless accompanied
by observation and experiment. Modern science, therefore, took its
rise in a change of method, and the adoption of the principle that
the discovery of physical truth consists not in its mere logical but
in its experimental esteblishment. It is now an axiom that not he
who guesses, though he guees aright, is to be adjudged the true dis-
coverer, but he who demongtrates the new truth, and thus compels
its acceptance into the body of valid knowledge.

Now the later doctrines of the constancy and relations of forces,
and that heat is a kind of motion among the minuter parts of mat-
ter, have had their twofold phases of history, corresponding to the
two methods of inquiry. They had an early and vague recognition
among many philosophers, and may be traced in the writings of
Galileo, Bacon, Newton, Locke, Leibnitz, Des Cartes, Bernoulli,
Laplace, and others; but they were held by these thinkers as un-
verified and fruitless speculations, and the subject awaited the gen-
fus that oould deal with it according to the more effective methods

* of modern science.
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Roysl Society of London, for the reward of discoveries comneeted
with hest and Light; and secondly, by the establishment in 1800 of
the Royal Institution in London, destined, primarily, for the pro-
motion of ariginal discovery, and, secondarily, for the diffosion of &
taste for science among the educated classes. The plan was com-
cess has been greater than eould have been anticipsted. Davy was
there brought into notice by Rumford himself, and farnished with
the means of prosecuting his admirable experiments. He and Mr.
Faraday have given to that institution its just celebrity with Little
intermission for half a century.”

Leaving England, Rumford took up his residence in France, and
the estimation in which he was held may be judged of by the fact
ﬂuthovuelwtedoneoftheughtfmgnmofﬁnw
emy of Sciences.

Count Rumford bequeathed to Harvard University theﬁmb
for endowing its professorship of the Application of Science to the
Art of Living, and instituted a prize to be awarded by the Ameri-
can Academy of Sciences, for the most important discoveries and
fmprovements relating to heat and light. In 1804 he married the
widow of the celebrated chemist Lavoisier, and with her retired
to the villa of Auteuil, the residence of her former husband, where
he died in 1814.

Having thus glanced briefly at his career, I now pass to the dis-
covery upon which Count Rumford’s fame in the future will chiefly
rest. Itis described in a paper published in the transactions of the
Royal Society for 1798,

He was led to it while superintending the operations of the
Munich arsenal, by observing the large amount of heat generated
in boring brass cannon. Reflecting upon this, he proposed to him-
self the following questions: ¢ Whence comes the heat produced
in the mechanical operations above mentioned?” ¢Is it farnished
by the metallic chips which are separated from the metal 1






— quantity which actually raised the tempersture of upward of
118 pounds of gun metal at least 70", could have been farnished by
80 inconsiderable s quantity of metallic dust, and this merely in
consequence of a change in the cspacity for hest? ™

To measure more precisely the hest produced, he next sur-
rounded his cylinder by an oblong wooden box in such a manner
that it could turn water-tight in the centre of the box, while the
borer was pressed agsinst the bottom. The box was filled with
water until the entire cylinder was covered, and the apparatus was
set in action. The temperature of the water on commencing was
60°. He remarks, “The result of this beantiful experiment was
very striking, and the plessure it afforded amply repaid me for all
the trouble I had taken in contriving and arranging the complicated
machinery used in making it. The cylinder had been in motion
but a short time when I perceived, by putting my hand into the
water and touching the outside of the cylinder, that heat was gen-
erated.” .

As the work continued the temperature gradually rose; at two
hours and twenty minutes from the beginning of the operation, the
water was at 200°, and in ten minutes more it actually boiled!
Upon this result Rumford observes, “It would be difficult to de-
scribe the surprise and astonishment expressed in the countenances
of the bystanders, on seeing so large a quantity of water heated
and actuslly made to boil without any fire. Though there was
nothing that could be considered very surprising in this matter,
yetlwknowlodgefﬁrlythst it afforded me & degree of childish
pleasuro which, were I ambitious of the reputation of a grave phj-
losopher, I ought most certainly rather to hide than to discover."

Rumford estimated the total heat generated as sufficient to raise
26.58 pounds of ice-cold water 180°, or to its boiling point; and he
adds, “from the results of these computations, it appears that the
quantity of heat produced equally or in a continuous stream, if I
may use the expression, by the friction of the blunt steel borer
against the bottom of the hollow metallic cylinder, was greatel
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0 man con defive Letter than he &d.  “T am very far from pre-
wading % kaow how. or by wvhat means or mechanical ocontri-
vances, that particelar kind of motion in bodies, which has been
sapposed to comstitute heat, is exerted. comtinmed, and propagated,
and I shall mot presume to trouble the Society with new oonjeo-
twres. Bat although the mechsnism of heat should in part be one-

—-ame of those mysteries of natare, which are beyond the reach of

. human intelligence, this ought by no means to discourage us, or
even Jessen our srdor in our sttempts to investigate the laws of its
operstions. How far can wo advance in any of the paths which
science has opened to us, before we find ourselves emveloped in
thase thick mists, which on every side bound the horizom of the
human intellect.”

Rumford’s experiments completely annihilated the material hy-
pothesis of heat, while the modern doctrine was stated in exphicit
terms. He moreover advanced the question to its quantitative and
highest stage, proposing to find the numerical relation between
mechanical power and heat, and obtained a result remarkably near
90 that finally established. The English unit of force is the foot-
pound, that is, one pound falling through one foot of space; the
wait of heat is one pound of water heated 1° F. Just fifty years
subsequently to the experiment of Rumford, Dr. J. P. Joule,* of
Manchester, England, after a most delicate and elaborate series of
experiments, determined that 772 units of force produce one unmit
of heat; that is, 772 pounds falling through one foot produces suf-
ficient heat to raise one pound of water 1° F. This law is known
a8 the mechanical equivalent of heat. Now, when we throw Rum-
Rad’s results into these term, we find that about 940 units of foree
produced s unit of heat, and that, therefore, on a large scale, and
oA Whe very first trial, he came within twenty per cent. of the true

¢ Jums Prascory Journ, bora December 34th, 1518, at Selford, mear Manchestar,
Naghnl where he pursued the eccupation of s brewer. Loug sad deeply devotad
Welnale tavestigstion, he becatne s member of the Manchester Philessphical 8o~
VG ' VA and of the Royal Seslety of Lenden tn 1500
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of the sources of heat, and demonstrated the falsity of the
prevailing view of its materiality.

III. He first estimated the quantitative relation between the heat
produced by friction and that by combustion.

IV. He first showed the quantity of heat produced by a definite
smount of mechanical work, and arrived at’s result ro-
markably near the finally established law,

V. He pointed out other methods to be employed in detu-mining
the amount of heat produced by the expenditure of me-
chanical power, instancing particnlarly the agitation of
water, or other liquids, as in churning.

V1. He regarded the power of animals as due to their food, there-
fore as having a definite source and not created, and thus
applied his views of force to the organic world.

VII. Rumford was the first to demonstrate the quantitative ocon-
vertibility of force in an important case, and the first to
reach, experimentally, the fandamental conclusion that heat
is but a mode of motion.

In his late work upon heat, Prof. Tyndall, after quoting co-
plounsly from Rumford’s paper, remarks: * When the history of the
dynamical theory of heat is written, the man who in opposition to
the scientific belief of his time could experiment, and reason upon
experiment, as did Rumford in the investigation here referred to,
cannot be lightly passed over.” Had other English writers been
equally just, there would have been less necessity for the foregoing
exposition of Rumford’s labors and claims; but there has been a
manifest disposition in various quarters to obscure and depreciate
them. Dr. Whewell, in his history of the Inductive Sciences,
treats the subject of thermotics without mentioning him. An er-
inent Edinburgh professor, writing recently in the Philosophioal
Magazine, under the oconfessed influence of *patriotism,’ under-
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sinco Newton—fiiled to give currency to the new views. Bat the
salient and impregnable demonstration of Rumford, and the ingen-
jous experiments of Davy, facts which could neither be evaded nor
barmonized with the prevailing errors, were not without influence.
That there was a general, though unoonscious tendenoy toward a
new philosophy of forces, in the early inquiries of the present cen-
tury, is shown by the fact that various scientific men of different
nations, snd with no knowledge of each other’s labors, gave ex-
pression to the same views at about the same time. Grove and
Joule of England, Mayer of Germany, and Colding of Denmark,
announced the general dootrine of the mutual relations of the forces,
with more or less explication, about 1848, and Seguin of Franee,
it is claimed, a little earlier. From this time the subject was closely
parsued, and the names of Helmholts, Holtzman, Claunsius * Faraday,
Thompeon, Rankine,t Tyndall, Carpenter, and others are intimately
associsted with its sdvancement. In this country Professors Henry} -
and Leconte § have contributed to illustrate the organio phase of the
doctrine. .

I cannot here attempt an estimate of the respective shares
which these men have had in constructing the new theories; the
reader will gather various intimations upon this point from the
succeeding essays. The foreign periodicals, both scientifie and lit-
erary, show that the question is being thoroughly sifted, and mate-
rials accumulating for the future history of the subject. The pare-
mount claims are, however, those of Joule, lh;er,.ndGrove.

© Cravstos, Ruporrn Jorivs Ineawvnt was born at Odeltn, Pommern, Jaruary
98,1888, He became Professor of Philosophy and Physics tn the Polytechato Scheol
st Zarieh tn 1635, and them Professor of the Zurlch University (1807). He was sfier
wards teacher of Physics and Artillery tn the School of Berlin, and then private
teacher of the University of thst place.

4 Rawxorn, Wrtzzax Joxx MAOQUOsN was born at Edinburgh, July 0, 1820. HMe
18 a civil engineer in Glasgow, s member of the Philosophical Soclety st that place,
and of the Boyal Boclety of London.

$ Boo the article “ Msteorology,” in the Agricultural Report of the Patent Office, for
1007,
§ Boo the Amariean Journal of Bolence for Nov. 1000,






prime appEcations in advance of sy other thinker, but he bhes
done his work under circumstances snd n a mammer which awa-
kens the kizhest admiration fior his genius.® )

Ar eminert suthority bas remarked - thas ti ese discoveries open
aregion which promises possessions richer than any hitherto
granted to the intellect of man." Involving ss they do a revolution
of fandamental ideas their consequences must be ss comprehen-
give as the range of human thought. A principle has been devel-
oped of sll-pervading application, which brings the diverse and
distant branches of knowledze into more intimate and harmonious
alance. and affords a profoander insight into the universal order.
Xot coly is science itself deeply afected by the presentation of its
questions. in new and suzgestive lizhts bat its method is at once
msade tniversal. There is 3 crude notion in many minds, that it §g
the business of science to occapy itself merely with the study of
matter. When, hitherto. it has pressed its inquiries into the higher

© Prot Tyndall remarks: ~Msyer prodabiy had not the means of making experi-
ments himaelf, but be ransacked the records of experimiental sciwnce for his data, and
thas confsrred upon his writings a strengzh which mere speculativn can naver possess.
From the extricts which I have given, the reader may infer his strong destre for quan-
titative acrurscy. the clearness of his insight, and the firmness of his grasp. Ragasd-
fug the recognition which will be ultimately sccorded to Dr. Msyer, s shade of troable
or doubt bas never ervesed my mind. Individusls may seek 1o pall him down, but
their efforts will be unavailing as long as such evidence of Mis genius exists, snd ag
Jong as the gvneral mind of humanity is iufinenced by considerations of justice aadl
truth.

*The paucity of facts in Mayes’s time has been urged as if it were a reproach o
him; but it ought to be remembered that the quantity of fact necessary to a generaliza-
tion s diffarent fir different minds. *A word to the wise is sufficlent for them,” and
s single fact In some minds bears fruit thst s hundred cannot produce in others,
Msyer's data were comparatively scanty, but his genius went far to supply the lack of
experiment, by ensbiing him to see clearly the bearing of such facts as he possessed.
They enshled him to think out the law of conservation, and his conclusions received
the stamp of certalnty from the subsequent experimcntal labors of Mr. Joule. In ref-
ersnce tn their oomparative merits, I would ssy that as Seer and Generalizer, Mayer,
a my opinion, stands first-—as experimental phflocepher, Joule.”
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% italnge of Lpght, best. sound. odor, taste, pressure, are im-
wakanely followed by physiclogical effects, a» secretion, musonlsr
smcm, &e. Sensstions increase the contractions of the heart, snd
t Das been lstely maintained that every semsstion contracts the
nweelar fibres thronghout the whole vascular system. The res-
Areory muscles also respond to sensations; the rate of breathing
"wig increased by both pleasurable and painful nerve-impressions.
The quantity of sensation, moreover, controls the quantity of emo-
woe.  Loud sounds produce violent starts, dissgreeable tastes canse
wry faces, and sharp pains give rise to violent struggies. Evea
when groans and cries are suppressed, the clenched hands and set
weth show that the muscunlar excitement is only taking amother
direction.

Between the emotions and bodily actions the correlation and
equivalence are also equally clear. Moderate actions, like moderste
somaations, excite the heart, the vascular system, and the glandualar
organs. As the emotions rise in strength, however, the various
systemas of muscles are thrown into action; and when they reach s
oarcain pitch of intensity, violent convulsive movements ensue.
Anger frowns and stamps; grief wrings its hands; joy dances and
Naps—the amount of sensation determining the quantity of correls-
wve movement. )

Dr. Carpenter, in his Physiology, has brought forward numercus
exemplidcations of this principle of the conversion of emotion into
waovenseat, 88 seen in the common workings of human nature,
Wvua porsons have experienced the difficulty of sitting still under
3gd axcitement of the feelings, and also the relief afforded by
walking or active exercise; while, on the other hand, repression of
e wavemeats protracts the emotional excitement. Many iraseible
eeanns get relief from their irritated feelings by a hearty explosion
& veaha others by a violent slamming of the door, or a prolonged
W X grambling. Demorstrative persons habitually expend their
‘wadinge i action, while those who manifest them less retain them
‘agee: Meace the former are more weak and transient in thelr






opinma, hashiish_ nitrous cxide, etc., when absorbed into the blood.
Within the Imits of their pacalisr action upon the nervous centres,
the efiect of each is srictly proportionate to the quantity taken.
Thire it & comstant ratio between the antecedents and consequenta,

-How this metamorphosis takes place—how a foroe existing
& DGR, D, of Sght can become s mode of conscicusness—
how it is pomide for sirial vidrations to generate the sensation
we call soami, o for the forees Eberated by chemical changes in the
Dbrain, % give rise to emtion. these are mysteries which it is im-
pomsible w Sxhom. Bas they are not profounder mysteries than
e Taostormation of he physical forces into each other. They
are 6 mure compiely devoold ovcr comprehension than the
satares of mimd amd maswer. Ihey have simply the same insolu-
DIy as 4l other wWTmate qUaticck.  We can learn nothing more
Yan thas dere i coe o the ceifcmities in the order of phe-

«

The law of cocveiszior eing thes applicable to human energy
8 wall a3 to e powers o Dazre. it mus also apply to society,
WA We cvmgaRIly Wittt the corversion of forces on s compre-
beiive aoain  The powess of Batzre sre transformed into the sctiv-
Wate W i) : watee e, wind-nower, steam-power, and electri-
Yok pawar are prvwd 120 the svial service. reducing human labor,
waltgring e, and castying oo numberless industrial pro-
Newe . ndenk the annversion of these Raeves into social activities
o W the ohief trivmpds of cividization.  The universal forces
of beet il Nhe are transfennad br the vegetalle kingdom into
Whe vital crergy W arganie Smpeamds, and then, as food, are again
aewrtl vt human teings and human power.  The very exist-
e o wall as the activity of swviety are obvicasly dependent upon
e vperativng of voeetatle grvwth. When that is abundant, popu-
Tadiow Wy bedvne dens, aml mvial aetivitios multifarious snd
oomplicatvl, while & swnty vegetation entails sparse population
el SaReblel mwial activi.  Any universal distarbance of the
Mool e, a8 saveeeive Taine o drouth, by reducing the har-






progrem of civilization are direct resultants of the foroes by which
mem are controlled. What we term the moral order of society, im-
Plies & strict regularity in the action of these forces. Modern sts-
tintics dinclose a remarkable constancy in the moral activities man-
ifasted iIn communities of men. Crimes, and even the modes of
erima, have been obeerved to occur with a uniformity which admite
of their prediction. Each period may therefore be said to have its
dutinise amount of morality and justice. It has been maintsined,
B imtance, with good reason, that “the degree of liberty s peo-
P is capable of iz aay given age, is a fixed quantity, and that any
srclinial extemsion of it in one direction brings about am equive-
laat Emitathwe in some other direction. French revolutions show
soarewly any muce respect for individual rights than the despotisme
they sapplant: and French electors use their freedom to put
thanarlves agein in slavery. So in those communities where Btate
ceatreint s Redle we may expect to find it supplemented by the
wecwer restraints of public opinion.” ®

But sviety like the individual is progressive. Although at
eoch stage of individual growth the forces of the organism, physi-
wivgivel, intellectual, and passional, have each a certain definite
smcunt of strength, yet these ratios are constantly changing, and
{t te in thie change that development essentially consists. So with
woiely: the measured action of its forces gives rise to a fixed
eavant of morality and liberty in each age, but that amount in-
creanee with sucial evalution. The savage is one in whom oertsin
Saseen of foclings and emotions predominate, and he becomes civil-
wed just in proporgion as theee feelings are slowly replaced by oth-
wre o & higher character. Yet the activities which determine
hwwan mivancement are various. Not only must we regard the
yhrelvlogical forces, or those which pertain to man’s physical or-
wanivation and oapacitics, and the paychological, or those resulting
M hie intelleotual and emotional constitution, but the influences
W Hhe waternal world, aud thoso of the social state, are likewise to
™ vwshiored, Man and socloty, therefore, as viewed by the eye
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tived, vithout reaching st last s widest treth which cam be mergel
in 3o other, or devived frem 2o other. And wheever contemplats
the relstioa in which it stands w0 the truths of sciemce in gemersl,
will see thet this ruth, transcending demonstration, is the Parsist-
ence of foree.” * * *

“Sach, then, is the foundation of swy pemsible system of post
tive knowiedge. Deeper than demonstration—desper even thm
definite cognition—deep as the very natare of mind, is the pests
late st which we have arrived. Its suthority tramsoends all others
whatever; for not only is it given in the comstitation of cur owa
econsciousness, but it is impossible to imagine s comsciousmess
eonstituted as not to give it. Thought, involving simply the estadb-
lishment of relstions, msy be readily conceived to go om while yst
space and time ; and so there is a conceivable kind of consciousnes
which does not contain the truths commonly called & prieri, in-
volved in the organization of these forms of relations. But thought
eannot be conceived to go on without some element between which
its relations may be established; and so there is no conceivable
kind of consciousness which does not imply continued existemce ss
its datam. Consciousness without this or that particular form is
possible; but consciousness without contents is impoasible.

¢ The sole truth which transcends experience by underlying it, I
thus the Persistence of force. This being the basis of experience,
must be the basis of any scientific organization of experiencea. To
this an ultimate analysis brings us down; and on this a rational
synthesis must be built up.”

To the gquestion, What then is the value of experimental inves-
tigations upon the subject, if the truth sought cannot be estab-
lished by inductions from them? Mr. Spenocer replies: ‘They are
of value as disclosing the many particular implications which the
general truth does not specify ; they are of value as teaching us how
much of one mode of force is the equivalent of so much of another
mode; they are of value as determining under what conditions each






‘pebbles’ gathered from the shores of the great ocean of truth,
what are the mysteries still hidden in the bosom of the mighty un-
. explored? And how far transcending all stretch of thought that
Unknown and Infinite Cause of all to which the human spirit tarns
evermore in solemn and mysterious worship !

It remains only to observe, that so immense a step in tho pro-
gress of our knowledge of natural agencies as the following pages
disclose, cannot be without effect upon the intellectual culture
of the age. To the adherents of that scholastic and verbal edu-
cation which prefers words to things, and ancient to modera
thought; which ignores the study of nature, and regards the pro-
gross of science with indifference or hostility, it matters little what
views of the world are entertained, or what changes these views
may undergo. But there is another, and happily an increasing class,
who hold that it is the true destiny of mind to comprehend the
vast order of existence in the midst of which it is placed, and that
the faculties of man are divinely adapted to this sublime task; who
see that the laws of nature must be understood before they can be
obeyed, and that only through this understanding can man rise to
the mastery of its powers, and bring himself into final harmony
with his conditions. These will recognize that the discovery of
new principles which expand, and elevate, and harmonize our views
of the universe—which involve the workings of the mind itself,
open a new chapter in philosophy, and touch the very foundations
of knowledge, cannot be without & determining influence upon the
fature course and development of thought, and the spirit and
methods of its aoquisition,
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WiLiax Roxzer Grove, an English lawyer and physicist, was born at
Swanses, July 14, 1811. He graduated at Oxford in 1834, and during the
next five years was Professor of Natural Philosophy at the London Inst-
tation. Professor Grove is a rare example of the ability which has achieved
a distinguished eminence in different fields of effort. While pursuing with
marked success the profeesion of an advocate, he has devoted his leisure to
original scientific researches, and obtained a high distinction both as a dis-
coverer and a philosophic writer upon scientific subjects. In 1852 be was
made Queen’s Counsel, and afterwards Vice-President of the Royal Soclety.
He is the inventor of the powerful galvanic battery known by his name, and
his chief researches have been in the field of electricity. Many of bis ex-
perimental results are referred to in the following pages, which will also
attest his high position among the founders of the new philosopby of
foroes. :
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hest appeared, which, though not in terms touching on the mutual
and necessary dependence of all the Physical Forces, yot bears
most importantly upon the doctrine,

‘While my third edition was going through the press I had
the good fortune to make the acquaintance of M. Seguin, who
informed me that his uncle, the eminent Montgolfier, had long
entertained the idea that force was indestructible, though, with
the exception of one sentence, in his paper on the hydraulic ram,
and where he is apparently speaking of mechanical force, he has
left nothing in print on the subject. Not so, however, M. Seguin
himself, who in 1839, in & work on the ‘ Influence of Railroads,’
has distinctly expressed his uncle’s and his own views on the
identity of heat and mechanical force, and has given a calculation
of their equivalent relation, which is not far from the more recent
numerical results of Mayer, Joule, and others.

Several of the great ypathematicians of a much earlier period
advocated the idea of what they termed the Conservation of Force,
but although they considered that a body in motion would so
continue for ever, unless arrested by the impact of another body,
and, indeed, in the latter case, would, if elastic, still continue to
move (though deflected from its course) with a force proportion-
ate to its elasticity, yet with inelastic bodies the general, and, as
far as I am aware, the universal belief was, that the motion was
arrested and the force annihilated. Montgolfier went a step far-
ther, and his hydraulic ram was to him a proof of the truth of
his preconceived idea, that the shock or impact of bodies left the
mechanical force undestroyed.

Previously, however, to the discoveries of the voltaic battery,
electro-magnetism, thermo-electricity, and photography, it was
impossible for any mind to perceive what, in the greater number
of cases, became of the force which was apparently lost. The
phenomens of heat, known from the earliest times, would have
been a mode of accounting for the resulting force in many cases
where motion was arrested, and we find Bacon announcing a
theory that motion was the form, as he quaintly termed it, of
Jeat. Rumford and Davy adopted this view, the former with a
fair approximate attempt at numerical calculation, but no one of
these philosophers scems to have connected it with the inde-
structibility of force. A passage in the writings of Dr. Roget,






The discovery of (Ersted, by which clectricity was made a
Magnetism, soon led philosopbers t0 seek the converse effect ;
educe Electricity from & permanent magnet:—had these
succeeded in their expectations of ing a stationary magnet &
electric-corrents, they woald have realised the ancient dreams of
motion, they would have converted statics into dynamics, they would
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of force such that, considering either as the primary agent, the other be-
comes the re-agent; viewing one in the relation of cause, the other is the
The Science of Thermo-Electricity comnected heat with ity, and
proved these, like all other natural forces, to be capable of reao-
tion.

Voltaic action is Chemical action taking place at a distance or trans-
ferred through a chain of media; and the Daltonian equivalent numbers
are the exponents of the amount of voltaic action for correspanding chemi-
cal substances. . . . .

By regarding the quantity of electrical, as directly proportional to the
efficient chemical action, and by experimentally tracing this ple, I
have been fortunate enough to increase the power of the Voltaic-pile
:xnoretbmsixteenﬁmu,uwmpuedwith any combination previously

own. . . . .

I am strongly disposed to. consider that the facts of Catalysis depend
upon voltaic action, to generate which three heterogeneous substances are
always necessary. Induced by this belief I made some experiments on the
subject, and succeeded in forming a voltaic combination by gaseo!
gaseous-hydrogen, and platinum; by which a galvanometer was d
and water decom| e e

It appears to me that heat and light may be considered as affections;
or, according to the Undulatory-theory, vibrations,of matter itself, and not
of a distinct etherial fluid permeating it: these vibrations would be prop-
agated, just as sound is propagated by vibrations of wood or as waves by
water. To my mind, all the consequences of the Undulatory-theory flow
a8 easily from this, as from the hypothesis of a specific ether; to suppose
which, namely, to suppose a fluid sui generis, and of extreme tenuity pene-
trating solid bodies, we must assume, first, the existence of the fluid itself';
secondly, that bodies are without exception porous; thirdly, these

res communicate; fourthly, that matter is limited in expansibility.
Koone of these difficulties apply to the modification of this theory which I
venture to propose; and no other difficulty applies to it which does not
Sually apply to the received hypothesis. With regard to the
spaces, the diminishing periods of comets is a strong argument for the ex-
istence of an uni -diffused matter : this has the function of resist.






first parnen, snd 1 would beg my readess not to atiribute o me,
from the modes of expression wsed, 2 dogmatiam which is far from
my thought. If my opimions are expressed broadly, it is that, if
opinions sre always hedged in by qualifications, the style becomes
emberrassed and the meaning frequently unintelligible.

As 2 course of lectures can only be useful by inducing the
soditor to comsult works om the subject he hears treated, so the
object of this Essay is more to induce a particular train of thought
on the known facts of physical science than to enter with minute

In one or two of the reviews of previous editions the general
idea of the work was objected to. I believe, however, that will
not now be the case ; the mathematical labours of Mr. Thompeon,
Chausiws, and others, though not suitable for insertion in an
Easay such as this, have awakened an interest for many portions
of the sabject, which promises much for its future progress.

The short and irregular intervals which my profession permits
me to devote to science so prevent the continuity of attention
necessary for the proper evolution of a train of thought, that I
certainly should not now have courage to publish for the first
time such an Eseay; and it is only the favour it has received
from those whose opinions I highly value, and the, I trust pardon-
able, wish not to let some favourite thoughts of my youth lose all
connection with my name, that have induced me to reprint it.

My scientific readers will, I hope, excuse the very short notices
of certain branches of science which are introduced, as without
them the work would be unintelligible to many for whom it is
intended. Ihave endeavoured so to arrange my matter that each
division should form an introduction to those which follow, snd
to assume no more preliminary knowledge to be possessed by my
readers than would be expected from persons acquainted with the
elements of physical science. ’

The notes contain references to the original memoirs in which
the branches of science alluded to are to be found, as well as to
those which bear on the main arguments; where these memoirs
are numerous, or not easy of access, I have referred to treatises in
which they are collated. To prevent the reader’s attention being
interrupted, I have in the notes referred to the pages of the text,
instead of to interpolated letters.
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and dangerous attempt at remodelling the public idess, is
generally enunciated by the discoverers themselves of the
facts, or by those to whose authority the world at the period
of the discovery defers; others are not bold enough, or if
they be so, are unheeded. The earliest theories thus enuncia~
ted obtain the firmest hold upon the public mind, for at such
a time there is no power of testing, by a sufficient range of
experience, the truth of the theory; it is accepted solely or
mainly upon authority : there being no means of contradio-
tion, its reception is, in the first instance, attended with some
degree of doubt, but as the time in which it can fairly be in-
vestigated far exceeds that of any lives then in being, and as
. neither the individual nor the public mind will long tolerate
a state of abeyance, a theory shortly becomes, for want
of a better, admitted as an established truth: it is handed
from father to son, and gradually takes its place in edu-
cation. Succeeding generations, whose minds are thus
formed to an established view, are much less likely to aban-
don it. They have adopted it in the first instance, upon au-
thority, to them unquestionable, and subsequently to yield up
their faith would involve a laborious remodelling of ideas, &
task which the public as a body will and can rarely under-
take, the frequent occurrence of which is indeed inconsistent
with the very existence of man in a social state, as it would
induce an anarchy of thought—e perpetunity of mental revo-
Jutions.

This necessity has its good; but the prejudicial effect
upon the advance of science is, that by this means, theories the
most immature frequently become the most permanent; for
no theory can be more immature, none is likely to be so in-
correct, as that which is formed at the first flush of a new
discovery; and though time exalts the authority of those
from whom it emanated, time can never give to the illustri-
ous dead the means of analysing and correonngotronm
views which subsequent discoveries confer.
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wore or less on the subject. have subsequently been pointed
omt tv me, some of which co back to a distant period. An
attemmpt to analyse these in detail. and to trace how far I
have been anticipated by others. would probably but little
interest the reader. and in the course of it I should constantly
have to make distinetions showing wherein I differed, and
whervin 1 agreed with others. I might cite authorities which
appear to me to oppose, and others which appear to coincide
with certain of the views I bave put forth : but this would
iaterrupt tho consecutive developement of my own ideas, and
wight render me liable to the charge of misconstruing those of
~here; 1 therefore think it better to avoid such discussion in
o text: wnd in addition to the sketch given in the Preface,
o turnish in the notes at the conclusion such references
n dwtorent authors as bear upon the subjects treated of,
wiwh 1 have discovered, or which have been pointed out to
we wnee the delivery of the lectures of which this essay
sua wennl,

% wwore oxtended our research becomes, the more we
fed Wt huowledgo is a thing of slow progression, that the
ww s wawne which appear to ourselves new, have arisen,
Aved perhape in o very indirect manner, from successive
enaitdaitoins of traditional opinions. Each word we utter,
aed Wenght wo think, has in it the vestiges, is in itself the
teqmrewn o wntoeedent words and thoughts. As each ma-
veuie  Ovam, il wo rightly read it, is a book, containing in
et 3¢ st history of the world ; so, different though our
ey Wav ow appear to be from that of our progeni-
vem > ve bur tholtn nidded to or subtracted from, transmitted
awy 2 By (uigh the filter of antecedent, as ours will be
A Nav ut anbmequent, ages.—The relic is to the past as
a A ween we e fiture,

U Wttt vinlunblo fucts, and correct deductions from
QU il meattered amongst the voluminous

s W W wuvient philosophers ; yet, giving them the
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astronomy and mechsnics ; Archimedes, for instance, seems
to have constantly had this end in view; but, while pursaing
nataral knowledge for the sake of knowledge and the power
which it brings with it, the greater number seemed to enter-
tain an expectation of arriving at some ultimate goal, some
point of knowledge, which would give them a mastery over
the mysteries of nature, and would enable them to ascertsin
what was the most intimate structure of matter, and the
causes of the changes it exhibits. Where they could not dis-
cover, they speculated. Leucippus, Democritus, and others,
have given us their notions of the ultimate atoms of which
matter was formed, and of the modus agends of nature in the
various transformations which matter undergoes.

The expectation of arriving at ultimate causes or essences
continued long after the speculations of the ancients had been
abandoned, and continues even to the present day to be a very
general notion of the objects to be ultimately attained by
physical science. Francis Bacon, the great remodeller of
science, entertained this notion, and thought that, by experi-
mentally testing natural phenomena, we should be enabled to
trace them to certain primary essences or causes whence the
various phenomena flow. These he speaks of under the
scholastic name of ¢ forms ’—a term derived from the ancient
philosophy, but differently applied. He appears to have un-
derstood by ¢ form’ the essence of quality—that in which, ab-
stracting everything extraneous, a given quality consists, or
that which, superinduced on any body, would give it its pe-
culiar quality: thus the form of transparency, is that
which constitutes transparency, or that by which, when dis.
covered, transparency could be produced or superinduced.
To take a specific example of what I may term the syn-
thetic application of his philosophy :—In gold there meet
together yellowness, gravity, malleability, fixedness in the fire,
o determinate way of solution, which are the simple natures
in gold ; for he who understands form, and the mauner of
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been a source of great confusion in physical theories, sad
philosophers aro even now by no means agreed as to their
conception of causation. The most generally received view
of causation, that of Hume, refers it to invariable antecedence
—i. e., we call that a cause which invariably precedes, that
an effect which invariably succeeds. Many instances of in-
variable sequence might however be selected, which do not
present the relation of cause and effect : thus as Reed observes,
and Brown does not satisfactorily answer, day invariably
precedes night and yetday isnotthe cause of night. Theseed,
again, precedes the plant, but is not the cause of it ; so that when
we study physical phenomena it becomes difficult to separate the
idea of causation from that of force, and these have been regarded
asidentical by some philosophers. To take an example which
will contrast these two views : if afloodgatebe raised, the water
flows out ; in ordinary parlance, the water is said to flow de-
cause the floodgate is raised : the sequence is invariable; no
floodgate, properly so called, can be raised without the water
flowing out, and yet in another, and perhaps more strict, sense,
it is the gravitation of the water which causesitto fiow. But
though we may truly say that, in this instance, gravitation
causes the water to flow, we cannot in truth abstract the pro-
position, and say, generally, that gravitation is the c¢ause of
water flowing, as water may flow from other causes, gaseous
elasticity, for instance, which will cause water to flow from a
receiver full of air into one that is exhausted ; gravitation may
also, under certain circumstances, arrest instead of cause the
flow of water.

Upon neither view, however, can we get at anything like
abstract causation. If we regard causation as invariable se-
quence, we can find no case in which a given antecedent is
the only antecedent to & given sequent: thus if water could
flow from no other cause than the withdrawal of a floodgate,
we might say abstractedly that this was the cause of water
flowing. If, again, adopting the view which looks to causn~
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Habit and the identification of thoughts with phenomena
80 compel the use of recognised terms, that we cannot avoid
using the word cause even in the sense to which objection is
taken ; and if we struck it out of our vocabulary, our lan-
guage, in speaking of successive changes, would be unintelli-
gible to the present generation. The common error, if I am
right in supposing it to be such, consists in the abstraction of
cause, and in supposing in each case a general secondary
cause—a something which is not the first cause, but which, if
we examine it carefully, must have all the attributes of a first
cause, and an existence independent of, and dominant over,
matter.

The relations of electricity and magnetism afford us a
very instructive example of the belief in secondary cansa-
tion. Subsequent to the discovery by Oersted of electro-mag-
netism, and prior to that by Faraday of ‘magneto-electricity,
electricity and magnetism were believed by the highest author-
ities to stand in the relation of cause and effect—i. e. eloe
tricity was regarded as the cause, and magnetism as the effect ;
and where magnets existed without any apparent electrical
currents to cause their magnetism, hypothetical currents
were supposed, for the purpose of carrying out the caus- °
ative view; but magnetism may now be said with equal
truth to be the cause of electricity, and electricdl currents
may be referred to hypothetical magnetic lines: if therefore
.electricity cause magnetism, and magnetism cause electricity, -
why then electricity causes electricity, which becomes, so to
speak, a reductio ad absurdum of the doctrine.

To take another instance, which may render these posi-
tions more intelligible. By heating bars of bismuth and anti.
mony in contact, a current of electricity is produced ; and if
their extremities be united by & fine wire, the wire is heated.
Now here the electricity in the metals is said to be caused
by heat, and the heat in the wire to be caused by electricity,
and in a concrete sense this is true; but can we thence say
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grounds to those which apply to the word cause, as it repre-
sents a subtle mental conception, and not a sensuous percep-
tion or phenomenon. The objection would take something
of this form. If the string of a bent bow be cut, the bow
will straighten itself; we thence say there is an elastic forcs
in the bow which straightens it ; but if we applied our expres-
sions to this experiment alone, the use of the term force
would be superfluous, and would not add to our knowledge
on the subject. All the information which our minds could
get would be as sufficiently obtained from the expression,
when the string is cut, the bow becomes straight, as from the
expression, the bow becomes straight by its elastic force.
Do we know more of the phenomena, viewed without refer-
ence to other phenomena, by saying it is produced by force?
Certainly not. All we know or seo is the effect; we do not
sco force—we see motion or moving matter.

If now we take a picce of caoutchouc and stretch it, when
ecleased it returns to its original length. Here, though the
subject-matter is very different, we sce some analogy in the
effect or phenomenon to that of the strung bow. If again
we suspend an apple by a string, cut the string, the apple falls.
Here, though it is less striking, there is still an-analogy to
the atrung bow and the caoutchouc.

Now when the ward force is employed as comprehending
these three different phenomena we find some use in the term,
not by its explaining or rendering more intelligible the modus
agendi of matter, but as conveying to the mind something
which is alike in the three phenomena, however distinet they
may be in other respects: the word becomes an abstract or
goncralised expression, and regarded in this light is of high
utility. Although I have given only three examples, it is
obvious that the term would equally apply to 300 or 8,000 ex-
amples. .

But it will be said, the term force is used not as express-
ing the offect, but as that which produces the effect. Thisis
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resist or arrest the motion of the mass of matter appended
to it.

It is difficult, in such cases, not to recognise a reality in
force. We need some word to express this state of tension;
we know that it produces an effect, though the effect be nega-
tive in character : although in this effort of inanimate matter
we can no more trace, the mode of action to its ultimate ele-
ments than we can follow out the connection of our own
muscles with the volition which calls them into action, we
are experimentally convinced that matter changes its state
by the agency of other matter, and this agency we call
force.

In placing the weight on the glass, we have moved the
former to an extent equivalent to that which it would again
describe if the resistance were removed, and this motion of
the mass becomes an exponent or measure of the force exert-
ed on the glass; while this is in the state of tension, the
force is ever existing, capable of reproducing the original
motion, and while in a state of abeyance as to actual motion,
it is really acting on the glass. The motion is suspended,
but the force is not annihilated.

But it may be objected, if tension or static force be_ thus
metion in abeyance, there is at all times a large amount of
dynamical action subtracted from the universe. Every stone
upon a hill, every spring that is bent, and has required foree
to upraise or bend it, has for a time, and possibly for ever,
withdrawn this force, and annihilated it. Not so; what
takes place when we raise a weight and leave it at the point
to which it has been elevated? we have changed the centre
of gravity of the earth, and consequently the earth’s position
with reference to the sun, planets, and stars; the effort we
have made pervades and shakes the universe; nor can we
present to the mind any exercise of force, which is thus not
permanent in its dynamical effects. If, instead of one weight
being raised, we raise two weights, each placed at & point
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bent spring is freed, when the raised weight falls, a converse
series of motions must be effected, and this theory would lead
to a mere reciprocation, which would be equally unproduc-
tive of permanent change with the annihilation of force. If
raising the weight has changed the centre of gravity of the o
earth, and thence of the universe, the fall of the weight, it
will be said, restores the original centre of gravity, and every-
thing comes back to its original status. In this argament we
again, in thought, isolate our experiment; we neglect sur-
rounding circumstances. Between the time of the. raising
and falling of the weight, be the interval never so small,
nay, more, during the rising and during the fall, the earth
has been going on revolving round its axis and round the
sun, to say nothing of other changes, such as temperature,
cosmical magnetism, &c., which we may call accidental, but
which, if we knew all, would probably be found to be as
necessary and as reducible to law as the motion of the earth.
A change having taken place, the fall of the weight does
not bring back the sfafus guo, but other changes supervens,
and so on. Nothing repeats itself, because nothing can
be placed again in the same condition: the past is irre-
vocable.
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nomena of motion are not made evident by the ordinary sen-
suous perception, as for instance the motion of a visibly mov-
ing projectile would be, but by an inverse deduction from
known relations of motion to time and space : as all observe-
tion teaches us that bodies in moving from one point in spaces
to another occupy time, we conclude that, wherever a con-
tinuing phenomenon is rendered evident in two different
points of space at different times, there is motion, though we
cannot sce the progression. A similar- deduction convinces
us of the motion of electricity.

As we in common parlance speak of sound moving,
although sound is motion, it requires no great stretch of
imagination to conceive light and electricity as motions, and
not as things moving. If one end of a long bar of metal be
struck, a sound is soon perceptible at the other end. This
we now know to be a vibration of the bar ; sound is but a word
expressive of the mode of motion impressed on the bar; so
one end of a column of air or glass subjected to a lnminous im-
pulse gives a perceptible effect of light at the other end : this
can equally be conceived to be a vibration or transmitted
motion of particles in the transparent column: this question
will, however, be further discussed hereafter ; for the present
we will confine ourselves to motion within the limits to which
the term is usually restricted.

With the perceptible phenomena of motion the mental
conception has been invariably associated to which I have
before alluded, and to which the term force is given—
the which conception, when we analyse it, refers us to
some antecedent motion. If we except the production of
motion by heat, light, &c., which will be considered in the
sequel, when we see a body moving we look to motion hav-
ing been communicated to it by matter which has previously

moved.
" Of absolute rest Nature gives us no evidence : all matter,
as far as we can ascertain, is ever in movement, not merely






28 COREELATION OF PEYEICAL FORCES.

hand : the motion, which has apparently ceased, is taken uwp
by the air, from the air by the walls of the room,: &ec., and
so by direct and reacting waves, continually comminuted, bat
never destroyéd. It is true that, at a certain point, we lose
all means of detecting the motion, from its minute subdivi-
sion, which defies our most delicate means of appreciation,
but we can indefinitely extend our power of detecting it ac-
cording as we confine its direction, or increase the delicacy
of our examination. Thus, if the hand be moved in uncon-
fined air, the motion of the air would not be sensible to a per-
son at a few feet distance ; but if a piston of the same extent
of surface as the hand be moved with the same rapidity in s
tube, the blast of air may be distinctly felt at several yards
distance. There is no greater absolute amount of motion in
the air in the second than in the first case, but its direction
is restrained, so to make the means of detection more facile.
By carrying on this restraint, as in the air-gun, we geta
power of detecting the motion, and of moving other bodjes at
far greater distances. The puff of air which would in the
air-gun project a bullet a quarter of a mile, if allowed to ee-
cape without its direction being restrained, as by the bursting
of a bladder, would not be perceptible at a yard distance,
though the same absolute amount of motion be impressed on
the surrounding air.

It may, however, be asked, what becomes of force when
motion is arrested or impeded by the counter-motion of another
body? This is generally believed to produce rest, or ‘entire
destruction of motion, and consequent annihilation of force:
so indeed it may, as regards the motion of the masses, but a
new force, or new character of force, now ensues, the expo-
nent of which, instead of visible motion, is heat. I venture
to regard the heat which results from friction or percussion
as a continuation of the force which was previously associa-
ted with the moving body, and which, when this impinges on
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/R present to my mud aay case of heat resulting from frie-
tion whick is not explable by this view : friction. according
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greater is the resultiny heat ; this resuking heat being a con-
tinoation of indestructible force. capable. as we shall pres-
ently see, of reproducing palpable motion, or motion of defi-
nite masses. -

Whatever be the nature of the bodies, rough or smooth,
solid or liquid. provided there be the same initial force, and
the whole motion be ultimately arrested, there should be the
same amount of heat developed, though where the motion is
carried on through a great number of points of matter we do
not so sensibly perceive the resulting heat from its greater
dissipation. The friction of fluids produces heat, an effect
first noticed I believe by Mayer. The total heat produced by
the friction of fluids should, therefore, it will be said, be
equal to that produced by the friction of solids; for although
cach particle produces little heat, the motion being readily
taken up by the ncighbouring particles, yet by the time the
whole mass has attained a state of rest there has been the ~
same impeding of the initial motion as by the friction of sol
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us by the ticking sound. But it will be said, if instead of

allowing the weight to act upon the machinery, the cord by
which it is suspended be cut, the weight drops and the forece
is at an end. By no means, for in this case the house is
shaken by the concussion, and thus the force and motion are
continued, while in the former case the weight reaches the
ground quietly, and no evidence of force or motion is mani-
fested by its impact, the whole having been previously dissi-
pated.

If the initial motion, instead of being arrested by the im-
peact of other bodies, as in friction or percussion, is impeded
by confinement or compression, as where the dilatation of &
gss is prevented by mechanical means, heat equally results:
thus if a piston is used to compress air in a closed vessel, the
compressed air and, from it, the sides of the vessel will be
heated : the air being unable to take up and carry on_ the
original motion communicates molecular motion or expansion
to all bodies in contact with it; and, conversely, if we ex-
pand air by mechanical motion, as by withdrawing the pis-
ton, cold is produced. So when a solid has its particles com-
pressed or brought nearer together, as when a bar of iron is
hammered, heat is produced beyond that which is due to per-
cussion alone. In this latter case we cannot very easily ef-
fect the converse result, or produce cold by the mechanical
dilatation of a solid, though the phenomena of solution,
where the particles of a solid are detached from each other,
or drawn more widely asunder, give us an approximation to
it: in the case of solution cold is produced.

We are from a very extensive range of observation and
experiment entitled to conclude that, with some curious ex-
ceptions to be presently noticed, whenever a body is com-
pressed or brought into smaller dimensions it is heated, i. e.
it expands neighbouring substances. Whenever it is dilated
or increased in volume it is cooled, or contracts neighbouring
substances. .






for instance, the ends of a broken bar. Sach experiments a8
theee will, indeed, be seldom free from shight electrical cur-
rents, on account of the practical difficulty of fulfilling the
condition of perfect homogeneity in the substances themselves,
their size, their temperature, &c.; but the effects produced
are very trifiing and vary in direction, and the resaltant effect
is nought. Indeed, it would be difficult to conceive the con-
trary. How could we possibly image to the mind or de-
scribe the direction of a current from the same body to the
ssme body, or give instructions for a repetition of the exper-
iment? It would be unintelligible to say that in rubbing to
and fro two pieces of bismuth, iron, or glass, a current of
electricity circulated from bismuth to bismuth, or from irom
to iron, or from glass to glass ; for the question immediately
occurs—from which bismuth' to which does it circulate?
And should this question be answered by calling one piece
A, and the other B, this would only apply to the particular
specimens employed, the distinctive appellation denoting a
distinction in fact, as otherwise A could be substituted for B,
and the bar to which the positive electricity flowed would in
turn become the bar to which the negative electricity flowed.
We may say that it circulates from rough glass to smooth,
from cast iron to wrought, for here there is not homogeneity.
It is moreover conceivable, that when the meotion is contin-
uous in a definite direction, electricity may result from the
friction of homogeneous bodies. If A and B rub against
each other, revolving in opposite directions, concentric cur-
rents of positive and negative electricity may be conceived
circulating within the metals, and be described by reference
to the direction of their motion ; this indeed would be a dif-
ferent phenomenon from those we have been considering ; but
without some distinction between the two substances in qual-
ity or direction, the electrical effects are indescribable, if mot
inconceivable.

When, however, homogeneous bodies are fractured oe
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of the fragments cannot be assumed to be molecularly identi-
cal.

The developement of electricity by the common electrical
machine arises, as far as I can understand it, from the sepa-
ration or rupture of contiguity between dissimilar bodies; a
metallic surface, the amalgam of the cushion, is in contact
with glass ; these two bodies act upon each other by the force
of cohesion; and when, by an external mechanical force,
this is ruptured, as it is at each moment of the motion of the
glass plate or cylinder, electricity is developed in each ; were
they similar bodies, heat only would be developed.

According to the experiments of Mr. Sullivan electricity
may be produced by vibration alone if the substance vibra.
ting be composed either of dissimilar metals, as a wire partly .
of iron and partly of brass caused to emit a musical sdund ;
or of the same mectal, if its parts be not homogeneous, as a
piece of iron, one portion of which is hard and crystallised
and the other soft and fibrous ; the current resulting appears
to be due to the vibration, and not to heat ecngendered, as it
ceascs immediately with the vibration.

‘We may say, then, that in our present state of knowledge,
where the mutually impinging bodics are homogeneous, heat
and not electricity is the result of friction and percussion ;
where the bodies impinging are hetcrogeneous, we may safely
state that electricity is always prodaced by friction or percus-
sion, although heat in a greater or less degree accompanies
it ; but when we come to the question of ratio in which fiic-
tional electricity is produced, as determined by the different
characters of the substances employed, we find very complex
results. Bodies may differ in so many particulars which in-
fluence more or less the developement of electricity, such as
their chemical constitution, the state of their surfuces, their
state of aggregation, their transparency or opacity, their
power of conducting electricity, &c., that the norme of their
action are very difficult of attainment. As a general rule, it
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divergence of the electrometer, the revolution of the electri-
cal wheel, the deflection of the magnetic needle, are, when
resulting from frictional electricity, palpable movements re-
produced by the intermediate modes of force, which have
themselves been originated by motion.
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shall presently notice, the effects of what is called heat are
simply an expansion of the matter acted upon, and that the
matter so expanded has the power by its own contraction of
communicating expansion to all bodies in contiguity with it.
Thus, if the body be a solid, for instance, iron, & liquid, say
water, or a gas, say atmospheric air—each of these, when
heated, is expanded in every direction; in the two former
cases, by increasing the heat to a certain point, we change
the physical character of the substance, the solid becomes s
liquid, and the liquid becomes a gas; these, however, are
still expansions, particularly the latter, when, at a certain
period, the expansion becomes rapidly and indefinitely greater.
But what is, in fact, commonly done in order to heat a sub-
stance, or to increase the heat of a substance? it is merely
approximated to some other heated, that is, to some other
expanded substance, which latter is cooled or contracted as
the formerexpands. Letusnow divest the mind of the impres-
sion that heat is in itself anything substantive, and suppose
that these phenomena are regarded for the first time, and
without any preconceived notions on the subject; let us in-
troduce no hypothesis, but merely express as simply as we
can the facts of which we have become cognisant; to what
do they amount? to this, that matter has pertaining to it a
molecular repulsive power, a power of dilatation, which is
communicable by contiguity or proximity.

Heat thus viewed, is motion, and this molecular motion
we may readily change into the motion of masses, or motion
in its most ordinary and palpable form: for example, in the
steam engine, the piston and all its concomitant masees of
miatter are moved by the molecular dilatation of the vapour of
water. .

To produce continuous motion there must be an alternate
action of heat and cold ; a given portion of air, for instance,
beated beyond the temperature of the circumambient air, is
expanded. If now it be made to act on a movable piston, it
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generally considered as strongly in favour of that view which
regards heat either as actual matter, or, at all events, as a
substantive entity, and not a motion or affection of ordinary
matter.

The hypothesis of latent matter is, I venture with diffi-
dence to think, a dangerous one—it is something like the old
principle of Phlogiston, it is not tangible, vigible, audible;
it is, in fact, & mere subtle mental conception, and ought, I
submit, only to be received on the ground of absolute neces- -
sity, the more so as these subtleties are apt to be carried on
to other natural phenomena, and so they add to the hypothe-
tical scaffolding which is seldom requisite, and should be
sparingly used, even in the early stages of discovery. Asan
instance, I think a striking one, of the injurious effects of
this, I will mention the analogous doctrine of ¢ invisible light ;°
and I do this, meaning no disrespect to its distinguished au-
thor, any more thar in discussing the doctrine of latent heat,
I can be supposed, in the slightest degree, to aim at detracte
ing from the merits of the illustrious investigators of the facts
which that doctrine seeks to explain. Is not ¢ invisible light,’
a contradiction in terms? has not light ever been regarded as
that agent which affects our visual organs? Invisible light,
then, is darkness, and if it exist, then is darkness light. I
know it may be said, that one eye can detect light where
another cannot ; that a cat may see where a man cannot ; that
an insect may sec where a cat cannot; but then it is not
invisible light to those who see it: the light, or rather the
object seen by the cat, may be invisible to the man, but it
is visible to the cat, and, therefore, cannot abstractedly be
said to be invisible. If we go further, and find an agent
which affects certain substances similarly to light, but does
not, as far as we are aware, affect the visual organs of any
animal, then is it not an erroneous nomenclature which calls
such an agent light? There are many cases in which a de-
viation from the once accepted meaning of words has so grad-
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vest itsclf of this idea, and to view the phenomena simply in
their dynamical relations. To assist us in so viewing them,
let us first parallel with purely mechanical actions, certain
simple effects of heat, where change of state (I mean such
change as from the solid to the liquid, or liquid to the gase-
ous state) is not concerned. Thus, place within a receiver a
bladder, and heat the air within to a higher temperatare
than that without it, the bladder expands; so, force the air
mechanically into it by the air-pump, the bladder expands ;
cool the air on the outside, or remove its pressure mechani-
cally by an exhausting pump, the bladder also expands ; con-
versely, increase the external repellent force, either by heat
or mechanical pressure, and the bladder contracts. In the
mechanical effects, the force which produced the distension
is derived from, and at the expense of, the mechanical power
employed, as from muscular force, from gravitation, from the
reacting elasticity of springs, or any similar force by which
the air-pump may be worked. In the heating effects, the
force is derived from the chemical action in the lamp or
source of heat employed.

Let us next consider the experiment so arranged that the
force, which produces expansion in the one case, produces a
correlative contraction in the other: thus, if two bladders,
with a connecting neck between them, be half-filled with air,
as the one is made to contract by pressure the other will di-
late, and vice versi ; so a bladder partly filled with cold air,
and contained within another filled with hot air, expands,
while the space between the bladders contracts, exhibiting &
mere transfer of the same amount of repulsive force, the
mobility of the particles, or their mutual attraction, being
the same in each body; in other words, the repulsive force
acts in the direction of least resistance until equilibrium is
produced ; it then becomes a static or balanced, instead of a
dynamic or motive force. .

Let us now consider the case where a solid is to be
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If we compare the action of heat on the two substances,
water and mercury, alone, and throw out of our consideration
the ice, we shall be able to apply the same view : thus, if a
given source of heat be applied to water containing a meren-
rial thermometer, both the water and mercury gradually ex-
pand, but in different degrees; at a certain point the attrac-
tive force of the molecules of the water is 80 far overcome
that the water becomes vapour. At this point, the heat or
force, meeting with much less resistance from the attraction
of the particles of steam than from those of the mercury, ex-
pends itself upon the former; the mercury does not farther
expand, or expands in an infinitesimally small degree, and
the steam expands greatly. As soon as this arrives at a
point where circumambient pressure causes its resistance to .
further expansion to be equal to the resistance to expansion
in the mercury of the thermometer, the latter again rises,
and so both go on expanding in an inverse ratio to their
molecular attractive force. If the circumambient pressure be
increased, as by confining the water at the commencement"
. of the experiment within a less expansible body than itself,
such as a metallic chamber, then the mercury of the ther-
mometer continues to rise; and if the experiment were con-
tinued, the water being confined and not the mercury, until
we have arrived at a degree of repulsive force which is able
to overcome the cohesive power of the mercury, so that this
expands into vapour, then we get the converse effect; the
force expends itself upon the mercury, which expands in-
definitely, as the water did in the first case, and the water
dooes not expand at all.

Another very usual mode of regarding the subject may
embarras at first sight, but a little consideration will show
that it is explicable by the same doctrine. Water which has
ico floating in it will give, when measured by the thermo-
moter, the same temperature as the ice ; i. e. both the water
and ice contract the mercury of the thermometer %o the point
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In the first case, the quantities both of ice and water be-
ing indefinitely great in respect to the mercury, each reduces
it to its own temperature, viz. 32°, and the ice cantiot reduce
the mercury below 32°, becaunse it would receive back repul-
give power from the newly formed water, and this would be-
come ice ; in the second case, where the quantities are limited,
the mercury does lose more repulsive power by the ice than by
the water, and the observations made in reference to the first
illustration apply.

The above doctrine is beautifully instanced in the experi-
ment of Thilorier, by which carbonic acid is solidified. Car-
bonic acid gas, retained in a strong vessel under great pres-
sure, is allowed to escape from a small orifice ; the sudden
expansion requires 8o grest a supply of force, that in furnish-
ing the demands of the expanding gas certain other portions
of the gas contract to such an extent as to solidify : thus, we
have reciprocal expansion and contraction going on in one
and the same substance, the time being too limited for the
whole to assume a uniform temperature, or in other words, a
uniform extent of expansion.

== It has been observed with reference to heat thus viewed,
that it would be as correct to say, that heat is absorbed, or
cold produced by motion, as that heat is produced by it. This °
difficulty ceases when the mind has been accustomed to re-
gard heat and cold as themselves, motion ; i. e. as correlative
expansions and contractions, each being evidenced by relation,
and being inconceivable as an abstraction. )

For instance, if the piston of an air-pump be drawn down
by a weight, cold is produced in the receiver. It may be here
said that a mechanical force, and the motion consequent upon
it, produces cold; but heat is produced on the opposite side
of the piston, if a receiver be adapted so as to retain the com-
pressed air. Assuming them to equivalise each other, the
force of the falling weight would be expressed by the heat of
friction of the piston against its tube, and by the tension or
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always manifested by an expansion of matter. One class of
these exceptions is only apparent: moist clay, animal or
vegetable fibre, and other substances of a mixed nature,
which contain matter of different characters, some of which is
more and some less volatile, i. e. expansible, are contracted
on the application of heat ; this arises from the more volatile
matter being dissipated in the form of vapour or gas ; and the
interstices of the less volatile being thus emptied, the latter
contracts by its own cohesive attraction, giving thus a prima
facie appearance of contraction by heat. The pyrometer of
‘Wedgwood is explicable on this principle. -

The second class of exceptions, though much more limited
in cxtent, is less easily explained. Water, fused bismuth,
and probably some other substances (though the fact asto
them is not clearly established), expand as they approach
very near to the freezing or solidifying point. The most
probable explanation of these exceptions is, that at the point
of maximum density the molecules of these bodies assume a
polar or crystalline condition ; that by the particles being
thus arranged in linear directions like chevaux de frise,
interstitial spaces are left, containing matter of less den-
sity, so that the specific density of the whole mass is dimin-
ished.

Some recent experiments of Dr. Tyndall on the physical
properties of ice scem to favour this view. When a sun-
beam, concentrated by a lens, is allowed to fall on & piece
of apparently homogeneous ice the path of the rays is in-
stantly studded with numerous luminous gpots like minute air
bubbles, and the planes of freczing are made manifest by
these and by small fissures. Stars or flower-like figures of
six petals appear parallel to the planes of freezing, and seem-
ingly spreading out from a central bubble. These flowers
are formed of water. When the ice is melted in warm water
no air is given off from the bubbles, so they seem to be va-
cuous; it is, however, possible that extremely minute parti-
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which they solidify, we get the apparent anomaly that the
motion or mechanical force generated by heat or change of
temperature @ reversed in direction when we arrive at the
point of change from the solid to the liquid state. Thus s
piece of ice at the temperature of Zero, Fahrenheit, would
expand by heat, and produce a mechanical force by such ex-
pansion until it arrives at 82°; but then by an increment of
heat it contracts, and if the first expansion had moved a pis-
ton upwards, the subsequent contraction would bring it back
to a certain extent, or move it downwards, an apparent nega~
tion of the force of heat.

Again with water above 40° i. e, above its point of
maximum density, a progressive increment of cold or decre~
ment of heat would produce contraction to a certain point,
and then expansion or a mechanical force in an opposite direc-
tion. Thus not only heat or the expansive force given to
other bodies by a body cooling would be given out by water
freezing, but also the force due to the converse expansion in the
body itself, and force would thus seem to be got out of noth-
ing: but if water in a confined space be gradually cooled, the
expansion attendaut on its cooling as it approaches the freez-
ing point would occasion pressure amongst its particles, and
thence tend to antagonise the force of dilatation produced in
them by cooling, or to resist their tendency to freeze ; or in
other words, the pressure would tend to liquefaction, and con-
versely to the usual effect of pressure, produce cold instead
of heat, and thus neutralise some of the heat yielded by the
cooling body. Hence we find that it requires a lower tem-
perature to freeze water under pressure than when exempt
from it, or that the freezing point is lowered as the pressure
increases for bodies which expand in freezing—an effect first
predicted by Mr. J. Thompson, and experimentally verified
by Mr. W. Thompson; while as shown by M. Bunsen, the
converse effect takes place with hodies which contract in
freezing. Here the pressure cooperates with the effects of
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crease in temperature increase in specific heat. The ratio
of this increase in specific heat is greater with solids than
with liquids, although the latter are more dilatable; an
effect probably depending upon the commencement of fasion.
Again, those metals whose rate of expansion increases most
rapidly when they are heated, increase moet in specific heat ;
and their specific heat is reduced by percussion, which, by
approximating their particles, makes them specifically more
dense. When, however, we examine substances of very
different physical characters, we find that their specific heats
have no relation to their density or rate of expansion by
heat ; their differences of specific heat must depend upon
their intimate molecular constitution in a manner accounted
for (as far as I am aware) by no theory of heat hitherto
proposed. .

In the greater number, probably in all solids and liquids,
the expansion by heat is relatively greater as the temperature
is higher; or, preserving the view of expansion and contrac-
tion, if two equal portions of the same substance be juxtn-
posed at different temperatures, the hotter portion will con-
tract a little more than the colder will expand; from this
fact, viz. that the coefficient of expansion increases in a given
body with the temperature, and from other considerations,
Dr. Wood has argued, with much apparent reason, that the
nearer the particles of bodies are to each other, the less they
require to move to produce a given eXpansion or contraction
in those of another body. His mode of reasoning, if I rightly
conceive it, may be concisely put as follows :—

As bodies contract by cold, it is clear that, in a given
body, the lower the temperature the nearer are the particles ;
and, as the coefficient of expansion increases with the tem-
perature, the lower the temperature of the substance be, the
less the particles require to move, or approach to or recede
from each other, 8o as to compensate the correlative recession
or approach of the particles in a hotter portion of the same
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So when the structure of a substance is not homogeneous,
we have a change in the conduction of different parts depend-
ent upon the structure. This is beautifully shown with
bodies whose structure is symmetrically arranged, as in crye-
tals. Senarmont has shown that crystals conduct heat differ-
ently in diferent directions with reference to the axis of
svmmetry., but definitely in definite directions. His-mode of
experimenting is as follows :—A plate of the crystal is cut in
a direction. for one set of experiments parallel, and for
anather at right angles to the axis; a tube of platinum is in-
sed through the centre of the plate, and bent at one
eXremity. 5o as to be capable of being heated by a lamp
without the heat which radiates from the lamp affecting the
ervsisl; the surfaces or bases of the plate of crystal are
averd with wax,  Whea the platinum is heated, the direc-
tion of the heat conducted by the crystal is made known by
the meliing of the wax, and a curved line is visible at the
Juncture of the solid and liquid wax. This curve, with
homogenecns substances. as glass or zine, is a circle; it is
alw a circie on plates of cale spar cut perpendicular to the
a\is of svimmetry: but on plates cut parallel to the axis of
svnaneiry, and having their plane perpendicular to one of the
taces of the primitive thombobedron. the curves are well-
definad cliipees, having their longer axes in the direction of
the anis of symmetry, showing that this axis is a direction of
greater aonduetibility.  From experiments of this character
the inforenae is drawn, that ¢ in media copstituted like erys-
tals of the rhombohedral system. the conducting power varies
in such a wanner. that, supposing a centre of heat to exist
within them, and the medium to be indefinitely extended in
all direetions, the isothermal surfaces are concentric ellipsoids
of revolution ronnd the axis of symmetry, or at least surfaces
diftering but little theretfrom.’

Kuoblauch has further shown, that radiant heat is absorb-
od in different degrees, according as its direction is parallel
wr porpendicular to the axis of a crystal.
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ments proved, that when dissimilar metals are made to touch,
or are soldered together and heated at the point of contact, &
current of electricity flows through the metals having a defi-
nite direction according to the metals employed, which cur-
rent continues as long as an increasing temperature is grad-
ually pervading the metals, ceases when the temperature is
stationary, and flows in the contrary direction with the decre-
ment of temperature.

Another class of phenomena which have been generally
attributed to the effects of radiant heat, and to which, from
this belief, the term thermography has been applied, may
also, in their turn, be made to exhibit electrical effects—ef-
fects here of Franklinic or static electricity, as Seebeck’s ex-
periments showed effects of voltaic or dynamic electricity.

If polished discs of dissimilar metals—say, zinc and cop-
per—be brought into close proximity, and kept there for
some time, and either of them has irregularities upon its sur-
face, a superficial outline of these irregularities is traceable
upon the other disc, and vice versd. Many theories have
been framed to account for this phenomenon, but whether it
be due or not to thermic radiations, the relative temperature
of the discs, their relative capacities and econducting’ and
radiating powers for heat, undoubtedly influence the phe-
nomena.

Now, if two such discs in close proximity be connected
with a delicate electroscope, and then suddenly separated,
the electroscope is affected, showing that the reciprocal ra-
diation from surface to surface has produced electrical force.
I cite this experiment in treating of heat as an initial force,
because at present the probabilities are in favour of thermie
radiation producing the phenomenon. The origin of these
so-called thermographic effects is, however, a question open
to much doubt, and needs much further experiment. 'When
I first publmhed the experiment which showed that the mere
approximation of metallic discs would give rise to electrical
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mwed 20 demonstrate this close analogy of heat and light, af
fond & beawridul instance of the assistance which the progress
¢ one Yrsnch of physical science renders to that of another.
T.\ disevveries of Qersted and Seebeck led to the construc-
: 1e3t for measuring temperature, incompara.
¢ than any pregviously known. To distin-
oniizary thermometer. this instrument is
wwrzlrm. It consists of a series of small
=3 r‘:'::non_v. forming one zigzag chain of
atallel 0 each other. in the shape of
E) '.:_s: ke pvints of junction, which are
aelkr~el #1all e sl exposed at the bases of the cylinder:
¢f =iz series are united to a galvano-

X.ke E.i'n..on of wlnch is parallel to

BN ¢ wine, Wolex radiant heat impinges
e ~Is ;7 tZ¢ mulipiler. a thermo-electric
KRS =<. as ail these currents
FORCE dinvotien. the energy of the
" oremsiizy foroes: this carrent,

o~ ‘iz r=eter. cedects the needle

e e c.e‘.m-mgneuc tangential
an e : lefexirm serves as the index
- Y oLw

A A - cazs sZow & remarkable dif-
Won e U0 LTIt TRTANMKANIN, UT Twwer of transmit-

e et : sZus. pestecty transparent
R s e -2tz & 2atk ovloured as to be

. cwlrisy ez Zlsse Melloni found
L R R R N N ] weam ol dellans ﬁ!*ﬂ. while,
: vutd detent no indi-

“ N LU SN (R
RN RN & 20 e riier Zazdl rockesalt. the

ce e wmevsn NS Reower, ey e oovered with soot |
cooa o wen b e frand mratle of transmite
I T R X UK R S g P N Radian: hea:, when
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low light of such purity that other colours exposed to it ap-"
pear black—a phenomenon shown by the familiar experiment
of exposing a picture of bright colours, other than yellow, to
the flame of spirits of wine with which common salt is mixed :
the picture loses its colours, and appears to be black and
white. When the prismatic spectrum of such a flame is ex-
amined, it is found to exhibit two bright yellow lines at a cer-
tain fixed position. If a source of light be employed which
gives no lines in its spectrum, and this, being at a higher
temperature, be made to pass through the sodium flame, two
dark lines will appear in the spectrum precisely coincident
in position with the yellow lines which were given by the so-
dium flame itself. The same relation of absorption to radia-
tion is therefore shown here: the substance absorbs that
light which it yields when it is itself the source of light.
The same is true of other substances, the spectra of which
exhibit respectively lines of peculiar colour and position.
Now, the solar prismatic spectrum is traversed by a great
number of dark lines; and Kirchoff has deduced from con-
siderations such as those which I have shortly stated, that
these dark lines in the solar spectrum are due to metals ex-
isting in an atmosphere around the sun, which absorb the
light from a central incandescent nucleus, each metal absorb-
ing that light which would appear as a bright line or lines in
its own spectrum.
By comparing the position of the bright lines in the spec-
tra of metals with that of the dark lines in the solar spec-
trum, several of them are found to be in identically the same
place : hence it is inferred, and the inference seems reason-
able, that the metals which show luminous lines in their spec-
tra, identical in position with dark lines in the solar spec-
‘trum, exist in the sun, and are diffused in a gaseous state in
its atmosphere. It does not seem to me necessary to this
conclusion to assume that the sun is a solid mass of incandes-
cent matter: it may well be that what we term the photo-
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be made to produce luminous effects, though I am not aware
that the experiment has ever been made.

If we concentrate into a focus by a large lens a dim light,
we inervase the intensity of the light. Now if a heated body
™ takez. which. to the unassisted eye, has just ceased to be
v3:Vx. it sovms probable that by collecting and condensing
*x & xms the ditfierent rays which have so ceased to be visi-
Yaew 7ot would reappear at the focus. The experiment is,
e anns odvious to those acquainted with optics, a difficult

&ni wii) & weoy perfect lens of large diameter and short fo-
ot 1 davwe odained an approximation to the result in the
falrweng wanwes>—In a dark room a platinum wire is
Wene ot uk 10 (¢ point of visible igmition by a constant vol-
s Mesonv: ik 1en viewed. at a short distance, through

T, Uhe wire will be distinetly visible to that
1 thnoagh the opera-glass, and at the same
other and naked eye. It may be
~: thal such experiments prove little more
csiy knows, vir, that by increasing the in-
.t is proviied : they however exhibit this

: #riking form. as bearing on the relations of

MW memnd 10 Shemiian aSniiv and magnetism, perhaps

- v which in strictaess the force of heat may
N and e poninge them s through the medium of electricity,
e aheen cal carreat, preduced. as before described,
tar metals, being capable of deflecting the
iron, and exhibiting the other mag-
efiviz, aud alse of forming and decomposing chemical
Ny, and this iz propertion to the progression of heat :
L1 hag ne:, indewds a8 vet been proved to bear & measurable
Ahantuan e relatien o the other foroes thus produced by it,
bevause g hule of the heat is utilised or converted into elec-
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posed to a temperature of about 800°, they combine and form
water ; heat therefore appears to act differently upon these
elements according to its intensity, in ome case producing
composition, in the other decomposition. No satisfactory
means of reconciling this apparent anomaly have been pointed
out: the best approximation to a theory which I ean frame is
by assuming that the constituent molecules of water are, be-'
low a certain temperature, in a state of stable equilibrium;

that the molecules of mixed or oxyhydrogen gas are, above a

certain temperature, also in a state of stable equilibrium, but

of an opposite character; while below this latter tempera-

ture the molecules of mixed gas are in a state of unstable

equilibrium, somewhat similar to that of the fulminates or

similar bodies, in which a slight derangement subverts the

nicely-balanced forces.

If, for instance, we suppose four molecules, A, B, C, D,
to be in a balanced state of equilibrium between attracting
and repelling forces, the application of a repulsive force be-
tween B and C, though it may still farther separate B and C,
will approximate B to A and C to D, and may bring them
respectively within the range of attractive force; or, sup-
posing the repulsive force to be in the centre of an indefinite
sphere of particles, all these, excepting those immediately
acted on by the force, will be approximated, and having from
attraction assumed a state of stable equilibrium, they will re-
tain this, because the repulsive force divided by the mass is
not capable of overcoming it. But if the repulsive force be
increased in quantity and of sufficient intensity, then the at~
tractive force of all the molecules may be overcome, and- de-
composition ensue. Thus, water or steam below a certain
temperature, and mixed gas above a certain temperature,
may be supposed to be in a state of stable equilibrium, whilst
below this limiting temperature, the equilibrium of oxyhy-
drogen gas is unstable.

This, it must be confessed, is but & crude mode of explaine
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and the complex mechanical contrivances requisite to give
the measure of power vielded by matter in its less dilatable
ferws, would be far beyond our present experimental re-

swees. It would also be difficult to prevent the interference -
"7 wslecular attractions. inertia, &ec.. the overcoming of
niich expends s ram oY e mechanical power generated,
Tt which e sl e =ade to appear in the result.
We could =z #:r ustwnee. 77s:tically realise the above con-
eeption by t2: »uszwenen 1 s wzachine which should act by
the expansicz &2 = =pe22 73 bar of iron, and produce a
power equal t5 2t -7 g w2z iz size, supplied with an equal
quantity of heat.

Carnot, who wrete Iz 231+ &2 :ssay on the motive power
me. prwer prodaced by heat as
~sulting from a transfer o =z ome point to another,
w-rout any ultimate loss of heat tus. in the action of an
—— engine, the Leat ©=rm the furnace having ex-
«-dad the water of the boiler azd raised the piston, a
e teival motion is produced : but this cannot be continued
-« ke vemoval of the heat. or the contraction of the ex-
s~ water,  This is done by the condenser, and the piston

Bt then we have apparently trunsﬁ:rred the heat
Jeemsaow to the condenser, and in the transfer effected

-

o heat, regarded the m::

EOECS U )

- wechanical motion produced by heat be con-
N -2+ of a simple transference of heat from one
.+ ev as tho result of a conversion of heat into

) . . -" . e o© which this motion is the result? This

o N ‘ s motewing s does the heat which generates

to the thermal machine as heat,

S v .wev i he work performed?

. . v o air he heated it is expanded, and
aaic ot loses some of its power of com-
uz bodies. That which we

1 it the expansion of the air had been

e I
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no part of the power can be abstracted so0 as to be employed
for any practical purpose: this question then follows, what
takes place with regard to the initial heat, if, after the ascent
of the piston, the weight be removed 8o as not to help the pis-
ton in its descent, but to fall upon a lever or produce some
extraneous mechanical effect?

To answer this question, let us suppose a weight to rest
on a piston which confines air at a definite temperature, say
for example 50°, in a cylinder, the whole being assumed
to be absolutely non-conducting for heat. A part of the heat
of this confined air will be due to the pressure, since, as
we have seen, compression of an elastic fluid produces
heat.

Suppose, now, the confined air to be heated to 70°, the
piston with its superincumbent weight will ascend, and the
temperature, in consequence of the dilatation of the air, will
be somewhat lowered, say to 69° (we will assume, for the
sake of simplicity, that the heat engendered by the friction of
the piston compensates the force lost by friction).

The piston having reached its maximum of elevation, let
& cold body or condenser take away 20° from the temperature
of the confined air; the piston will now descend, and by the
compression which the weight on it produces, will restore the
1° lost by dilatation, and when the piston reaches its original
position the temperature of the air will be restored to 50°, -
Suppose this experiment repeated up to the rise of the piston ;
but when the piston is at its full clevation, and the cold body
applied, let the weight be removed, so as drop upon a wheel,
or to be used for other mechanical purposes. The descend-
ing piston will not now reach its original point without more
heat being abstracted ; in consequence of the removal of the
weight, there will not be the same force to restore the 1°, and
the temperature will be 49°, or some fraction short of the
original 50°. If this were otherwise, then, as the weight in
falling may be made to produce heat by friction, we should
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preseure increased as the sensible heat. M. Desprets, in
1882, made some cxperiments, which led him to the con-
Susion that the increase was not in the same ratio as the
sonsihle heat. hut that vet there was an increase ; a result
santirmed. and verified with great accuracy by M. Regnault,
it same reeont and clahorate researches. WWhat seems to
Wy accasioned the error in Watt and Clement Desormes’
exnaminmnis was. the idea involved in the term latent heat;
™ winah, supposing the phenomenon of the disappearance of
waneihle  heat 1o be due to the absorption of a material sub-
wmasw hat substance. © ealoric,” was thought to be restored
wAu he vaponr was condensed by water, even though the
wmta was nal subjected to pressure: but to estimate the’
wsin hasi of vapour under pressure the vapour should be
Nundanand w Liie subjected to the same pressure as that under
w1 G e evnetaied, as was done in M. Despretz and M.,
T B N R (R £ N )

N N i i 1IN89, controverted the position that derived
w we aoetk e gab by othe mere transfer of heat, and by
aeiwlua o oetiai known data. such as the law of Mare
St v e Wb eleslae foree of gases and vapours increas-
wonas w o) e unessare @ and assuming that for vapour
Newoe % aed Lo Nentigmade. each degree of elevation
oty s v was wmadaced br a thermal unit, he deduced
A e el o saestsuial wark capable of being perform-
SV e N cevteevoa 0 twit and thus concluded that,

W cvltae v oeuasevs &N one gramme of water losing
W Nate - At woudd henduee a force capable of rais-
A s wee? o NV L wmaraws ihnongh a space of one matre :

A vedan v o o T U N vaad Nad ghven by the converse ex-
v e % Con atvady matad, in which the heat
B e oy wanesi o mechazical action is estimat-
« e ees svan st v amunt of mechanieal work
R R O N N RS L {N‘.‘-lsl.\' of heat has been di-

QN I R, Iagh same appmmﬁn
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i aryued you have a large amount of foel consumed to raise
waies e the boifing point. at which its efliciency as & motive
apess cwnmences.  Afier it has done a small portion of work,
and wiiw & sl remine a very large portion of the heat ori-
coalis coopmarracased 10 . you reject it, and have to start
apain vk a fesk poeior of steam which has similarly ex-
aasend Snal—ir ocher words, you throw away all, and more
ey all the beas which has been emploved in raising the
waner % the bodlime point.  Various plans have been devised
® remnir ks, Usicg again the warm water of the conden-
ser 3 jeed the bodler regains a part, but a very small part, of
the beat.  Emphovizg the steam first for a high pressure, and
thee Defcre s rejection or condensstion using it for a low
preasere. criader. is a second mode; a third is to use the
seeaxe. ader it bas dooe its work on the piston, as a source of
s or aecoed farcace. to boil ether. or some liquid which
VYIRS a3 8 lower temperature than water. These plans
Bave certain aivantages: but the complexity of apparatus,
e dmzer fom combustion of ether, and other reasons,
Bave hberte preciuded their general adoption. Under the
WIw TeivIenaling engine various ingenious combinations
have ately deen suzgested, and some experimental engines
treni, witd what saccess it is perhaps too early at present to
Py sz opizica.  The fundamental notion on which
s ciase F exgize is based is that the vapour or air, when
% dat portoerand a certain amount of work, as by raising a
pasiner, el instead of being condensed or blown off, be
wiated aml again beated to its original high temperature,
winl (ke usd de aove: ar that it should impart its heat to
auue wther subatance, and the latter in tarn impart it to the
ftwah vapour about to act.  The latter plan has been proposed
by Mr. Ericsson: he passes the air which has done its
wuwrk through layers of' wire gaure, which are heated by the
vyjected air, and through which the next charge of air is
Wads tv pass. M. Seguin and Mr. Siemens have counstruct-
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frem a rreer cosamudisn of rimc in & voltsic battery, a far
fresnze machsios: efiecs ccald be prodweed by making it act
i 3w Ionhe o 8 ~ecemivkilled flog, notwithstanding the
MmN ardnms if Suck avn arrangement and its inferiority
e scou i e Evine aximal. than when the same bat-
WY W Mk W yrednce mochanical power, by acting on an
CHE N IBRIDIC € XXher artificial motor apparatus. The ratio
3 b exTermeans was peariv sixtoone.  Thus in all our arti-
nuwdhﬁmnmhqﬂtmﬂhm,mdwiﬁ
I nierwe mrazime 3> that which is pemqnihh n the
CWNDMEY o DASIE.

N+ ¥ made tecer by no mean;
i 7aoT¢ Imikes T2l DeAn: 8O o'er that art,
Wik voz s 335 10 =ascre. is an art
TR e Takes

A sevrisie Lz deve t2rowm ot by Mr. Thompeen,
thas, &8 & owrTs amcat o beat results from mechanical ac-
BOE. cRemial aetiac., .. axd this heat is radiated into space,
ere =2k e & rrwmiaal Emiratioa of temperature for the
earth, br whivk expeniinare. bowerver slow, being continuous,
it woudl ulimaszeir e coveed 10 2 degree incompatible with
the existenve of asimal and vegeiable life—in short, that the
earth and the plasets of cGr svstem are parting with more
heas than they recvive. and are therefore progressively cool-
ing. Gevclogical researches support 10 some extent this view,
as they show that the climate of many portions of the terres-
trial surface was at remote periods hoiter than at the present
time : the animals whose fossilised remains are found in an-
cient strata have their organism adapted to what we should
now term a hot climate. There are, however, so many cir-
cumstances of ditficulty attending cosmical speculations,
that but little reliasce can be placed upon the most profound.
We know not the original source of terrestrial heat; still
less that of the solar heat; we know not whether or not sys-






ity, but that some may be increasing, others' dwindling away,
and so throughout the universe, in the past as in the fatuge.
‘When, however, questions relating to cosmogony, or to the
beginning or end of worlds, are contemplated from a phyu-
cal point of view, the period of time over which our experi-
ence,mltsmostenlargadmse,extendo,usonﬁeﬁm“ly
minute with reference to that which must be required for any
notable change, even in our own planet, that a variety of the-
ories may be framed equally incapable of proof or of dis-
proof. We have no means of ascertaining whether many
changes, which endure in the same direction for a term be-
yond the range of human experience, are really continuous or
only secular variations, which may be compensated for at
periods far beyond our ken, so that in such cases the ques-
tion of comparative stability or change can at best be only
answered as to a term which, though enormous with refer-
ference to our computations, sinks into nothing with reference
to cosmical time, if cosmical time be not eternity. Subjects
such as these, though of a kind on which ‘the mind delights
to speculate, appear, with reference to any hope of attaining
reliable knowledge, far beyond the reach of any present or
immediately prospective capacity of man.
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of a voltaic battery, a molecule of oxygen is supposed to be
displaced by the exalted attraction of the neighbouring eleo-
trode ; the hydrogen liberated by this displacement unites
with the oxygen of the contignous molecule of water ; this in
turn liberates its hydrogen, and so on; the current being
nothing else than this molecular transmission of chemical
affinity.

There is strong reason for believing that, with some ex-
ceptions, such as fused metals, liquids do not conduct eleo-
tricity without undergoing decomposition ; for even in those
extreme cases where a trifling effect of conduction is appar-
ently produced without the usual eliminatiof of substances at
the electrodes, the latter when detached from the cireuit
show, by the counter-current which they are capable of pros
ducing when immersed in a fresh liquid, that their superficial
state has been changed, doubtless by the determination to
the surfaces of minute layers of substances having opposite
chemical characters. The question whether or not a minute
conduction in liquids can take place unaccompanied by chemi-
cal action, has however been much agitated, and may be Te-
garded as inter apices of the science.

Assuming for the moment electrolysis to be the only
known electrical phenomenon, electricity would appear to con-
pist in transmitted chemical action. All the evidence we
have is, that a certain affection of matter or chemical change
takes place at certain distant points of space, the change at
one point having a definite relation to the change at the
other, and being capable of manifestation at any mtermadlm
points.

If, now, the electrical effect called induction be examined,
the phenomena will be found equally opposed to the theory of
a fluid, and consistent with that of molecular polarisation.
‘When an electrified conductor is brought near another which
is not electrified, the latter becomes electrified by influence or
induction, as it is termed, the nearest parts of each of these
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consequent upon electrisstion : A coin is placed on & pack of
thin plates of glass, and then eloctrified. On removing the
coin and breathing on the glass plate, an impression of the
coin is perceptible ; this shows a certain molecular change on
the surface of the glass opposed to the plate, or of the vapours
condensed on such surface. This effect might, and has been
interpreted as arising from a film of greasy deposit, supposed
to exist on the plate; the impressions, however, have been
proved to penetrate 1o certain depths below the sarface, and
not to be removed by polishing.

The following experiment, however, goes farther: On
separating carefully the glass plates, images of the coin can
be developed on each of the surfaces, showing that the mole-
cular change has been transmitted through the substance of
the glass; and we may thence reasonably suppose that a
piece of glass, or other dielectric body, if it could be split up
while under the influence of electric induction, would exhibit
some molecular change at each side of each lamina, however

- minutely subdivided. I have succeeded in farther extending
this experiment, and in permanently fixing the images thus
produced by electricity. Between two carefully-cleaned glass
plates is placed a word or device cut out of paper or tinfoil ;
sheets of tinfoil a little smaller than the glass plates are
placed on the outside of each plate, and these coatings are
brought into contact with the terminals of Rhumkorf’s coil.
After electrisation for a few seconds, the glasses are sepa-
rated, and their interior surfaces exposed to the vapour of
hydrofluoric acid, which acts chemically on glass; the por-
tions of the glass not protected by the paper device are cor-
roded, while those so protected are untouched or less
affected by the acid, so that a permanent etching is thus
produced, which nothing but disintegration of the glass will
efface.

Some further experiments of mine on this subject bring

out in a still more striking manner these curious molecalar
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action of the ges, wMWcM--
they are transmitted.
Theeolonroftheelectncupuk,uoftbevdhwm(i
e. the flame which plays between the terminal points of &
poworfulvoltaiebattay),iadapmdmtnmthm.d
the mietal, subject to certain modifications of the intermedim ;
thus, the electric spark or arc from xinc is blue ; from silver,
green ; from iron, red and scintillating ; precisely the colours
afforded by these metals in their ordinary combustion. A
portion of the metal is also found to be actually tranemitted
with every electric or voltaic discharge: in the latter case,
indeed, where the quantity of matter acted upon is. -gregter
than in the former, the metallic particles emitted by the eleos
trodes or terminals can be readily collected, tested, or even
weighed. It would thus appear that the electrical discharge
arises, at least in part, from an actual repulsion and sever~
ance of the elecmﬁedmﬂarmolf, whioh flies off at the poinds -
of least resistance.
Awefulexammuonofthephenommouudhgﬂn
electric spark or the voltaic arc, which latter is the alsctrie
disruptive discharge acting on greater portions of matter,
tends to modify considerably our previous idea of the nature
of the electric force as & producer of ignition and combustion.
The voltaic arc is perhaps, strictly speaking, neither ignition
nor combustion. It is not simply ignition ; because the mat-
ter of the terminals is not merely brought to a state of incan-
descence, but is physically separated and partislly transferred
from one electrode to another, much of it being dissipated -im
& vaporous state. It is not combustion ; for the phenssaena
will take place independently of atmospheric air, oxygea gas,
or any of the bodies usually called supporters of combustion,
combustion being in fact chemical union attended with heat
and light. In the voltaic arc we may have no chemical wnlon §
forif the experiment be performed in an exhausted receivery of
in nitrogen, the substance forming the elsctrodes is comdensell







sl wnikeaerisesiytes Gelhiie, or s
e e v vussing ssistsrs, bt acts upen & mmeh
ol iy o sssex. I den, & velisic buitery' e
T with s o> aese de sy sad lom G
. e Sesesw of e demisl phesemess approxi-
e e & e stemsiand madhine. I avder to offest this,
e siee of S yane o Ze hutey and thence the quantity
o matesr s ax & enth . mt b veduced, but the
mivee yinpiscsaesned. Thesif inabattery of 100
et shasendoieriedeidel snldhs battery o srranged
= = wr iame 30 yivs. ensh buing helfl the eviginal sise, the
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oven i war cre 3 & small electric spark. ot the points from
whick S dncherge csceter.  The matter of the Serssinals
s vl alivend : and & ramsamivsion of this maiter across
the nmcvening spore it desscaed by the deposition of mimute
quancikies o the mal or substance composing the one, upon the
other termimal.

K the ges or clastic medimm betwoen the torminals be
chaaged, a change takes place in the length or colowr of the -
discharge, showing an affection of the interveming matter.
If the gas be rarefied. the discharge gradmilly changes with
the degree of rarefaction, from a spark to a luminows glow er
diffage light, differing in colowr in different gases, snd capable
of extending to a much greater distance than whea it takes
Place in air of the ordinary density. Thus, in kighly atteme
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nies the transmission of electricity : the wires are heatedin &
degree decreasing as their thickness increases—but by in-
creasing the delicacy of our tests as the heating effects de-
crease in intensity, we may indefinitely detect the aungmenta-
tion of temperature accompanying the passage of electri-
city—and wherever there is augmentation of temperature
there must be expansion or change of position of the mole-
cules. -
Again, it has been observed that wires which have for a
long time transmitted electricity, such as those which have
served as conductors for atmospheric electricity, have their
texture changed, and are rendered brittle. In this observa-
tion, however, though made by a skillful electrician, M. Pel-
tier, the effects of exposure to the atmosphere, to changes of
temperature, &c., have not been sufficiently eliminated to
render it worthy of entire confidence. There are, however,
other experiments which show that the elasticity of metals is
changed by the passage through them of the electric current.
Thus M. Wertheim has, from an elaborate series of ex-
periments, arrived at the conclusion that there is a temporary
diminution in the coefficient of elasticity in wires while they
are transmitting the electric current, which is independent of
the heating effect of the current. '
M. Dufour has made a considerable number of experi-
ments with the view of ascertaining if any permanent change
in metals is effected by electrisation. He arrives at the cu-
rious result that in a copper wire through which a feeble vol-
taic current has passed for several days, a notable diminution
in tenacity takes place; while, in an iron wire, the tenacity
is increased ; and that these effects were more perceptible
when the wires had been electrised for a long time (nineteen
days) than for a short time (four days). The copper wire
was, in his experiment, not perfectly pure ; so that the effect,
or a portion of it, might be due to the state of alloy: in the
case of iron, the magnetic character of the metal would prob-
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transmitting light, is most unfavourable to its tranemission of
electricity, transparent solids being very imperfect conduotors
of electricity; so all gases readily transmit light, but are
amongst the worst conductors of electricity, if, indeed, prop-
erly speaking, they-can be said to conduct at all. :

The conduction of electricity by different classes of bodies
has been generally regarded as a question of degree: thus
metals were viewed as perfect conductors, charcoal less so, -
water and other liquids as imperfect conductors, &c. But,
in fact, though between one metal and another the mode of
transmission may be the same®and the difference one of de-
gree, a different molecular effect obtains, when we contrast
metals with eclectrolytic liquids and these with gases.

Attenuated gases may be, in one sense, regarded as nom-
conductors, in another, as conductors ; thus if gold-leaves be
made to diverge, by electrical repulsion, in air at ordinary
pressure, they in a short time collapse ; while in highly-rare-
fied air, or what is commonly termed a vacuum, they remain
divergent for days; and yet electricity of a certain degree of
tension passes readily across attenuated air, and with diffi-
culty across air of ordinary density.

Again, where the electrical terminals are brought to a
state of visible ignition, there are symptoms of the transmis-
sion of electricity of low tension across gases; but no such
effects have been detected at lower temperatures. All this
presents a strong argument in favour of the transmission of
electricity across gases being effected by the disruptive dis-
charge, and not by a conduction similar to that which takes
place with metals or with electrolytes.

The ordinary attractions and repulsions of electrified
bodies present no more difficulty when regarded as being pro-
duced by & change in the state or relations of the matter af-
fected, than do the attractions of the earth by the sun, or of
a leaden ball by the earth; the hypothesis of a fluid is not
considered necessary for the latter, and need not be so for the
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animal economy, we find that the first rationale given of the
coavulsive effect produced by transmission through the living
or recently killed animal was, that electricity itself, something
substantive, passed rapidly through the body, and gave rise
to the contractions; step by step we are now arriving at the
conviction that consecutive particles of the nerves and mus-
cles are affected. Thus the contractions which the prepared
leg of a frog undergoes at the moment it is submitted to &
voltaic current, cease after a time if the current be contin-
ued, and are renewed on breaking the circuit, i. e. at the mo-
ment when the current ceases to traverse it. The excitabil-
ity of a nerve, moreover, or its power of producing muscular
contraction, is weakened or destroyed by the transmission of
electricity in one direction, while the excitability is increased
by the tfansmission of electricity in the opposite direction ;
showing that the fibre or matter itself of the nerve is changed
by electrisation, and changed in a manner bearing a direct
relation to the other effects produced by electricity.

Portions of muscle and of nerve present different electri-
cal states with reference to other portions of the same muscle
or nerve ; thus the exterpal part of a muscle bears the same
relation to the internal part as platinum does to zinc in the
voltaic battery ; and delicate galvanoscopes will show electri-
cal effects when interposed in a conducting circuit connecting
the surface of a nerve with its interior portions. Matteucei
has proved that a species of voltaic pile may be formed by a
series of slices of muscle, so arranged that the external part
of one slice may touch the internal part of the next, and
0 on.

Lastly, the magnetic effects produced by electricity also
show a change in the molecular state of the magnetic sub-
stance affected ; as we shall see when the subject of magnet- *
ism is discussed.

I have taken in succession all the known classes of elec-
trical phenomena ; and, as far as I am aware, there is not an
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vapour of some substance dissipated by the discharge ; on the
other kand. i seems more consonant with experience to re-
gard these eJects as produced by force, as we have analogous
edecxs prodaced by admined forces, in cases where no one
would invoke the aid of a hypothetic fluid for explanation.
For instance. giasses may be broken by electrical discharges ;
srmay they by sonorous vibrations. Metals electrified or
magnetised will emit a sound ; 8o they will if struck, or if a
mausical note with which they can vibrate in unison be sounded
near to them.

Even chemical decomposition, in cases of feeble affinity,
may be produced by purely mechanical effects. A number of
instances of this have been collected by M. Becquerel ; and
subsiarces whose constituents are held together by feeble af-
finities, sach as iodide of nitrogen and similar compounds, are
decomposed by the vibration occasioned by sound.

It. instesd of being regarded as & fluid or imponderable
matter sui generis. electricity be regarded as the motion of an
cther. equal difficulties are encountered. Assuming ether to
pervade the pores of all bodies, is the ether a conductor or
non-conductor?  If the latter—that is, if the ether be incapa~
ble of transmitting the electrical wave—the ethereal hypothe-
sis of electricity necessarily falls: but if the motion of the
ether constitute what we call conduction of electricity, then
the more porous bodies, or those most permeable by the
ether, should be the best conductors. But this is not the case.
If, again, the metal and the air surrounding it are both per-
vaded by ether, why should the electrical wave dffect the
ether in the metal, and not stir that in the gas? To support
an ethereal hypothesis of electricity, many additional and
hardly reconcilable hypotheses must be imported. '

The fracture and comminution of & non-conducting body,
the fusion or dispersion of -a metallic wire by the eloctrical
discharge, are effects equally difficult to conceive upon the

hypothesis of an ethereal vibration, as upon that of a fiuid,

¢
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give $0 aB electrometer the same smount of slecirieity-as el
do jf, whilst similarly electrified, they.are kept forefbly w0x
gother. This experiment is the: converse of this formerenst
There is an advantage in electrical .experiments of this-clnsd
a8 compared with those on heat, vis. thet though there is me
perfect insulation for electricity, yet our mesns.ef insules
tion are immeasurably superior to suy attsinsble for heat. .
Electricity directly produces Asaf, as shown in the.iguited
wire, the electric spark, and the voltsic arec¢ in the:latter
the most intense heet with which we are scquainted-—eo:in
unu,mdeed,thstnmmthmmuad,uaq-td
matter is dissipated by it
hhﬂwnmnmdwm"“wnb}d
heated conjunctive wire, the relation of force and resistames,
and the correlative character of the two forces, electrisity amd.
heat, are strikingly demonstrated. ILet a thin wire of plati-
num join the terminals of a voltaic battery of suitable  power,
the wire will be ignited, and a certain amount-of chemioal
action will take place in the cells of the battery—a definite:
quantity.of zinc being dissolved and of hydrogen eliminased.
in a given time. If now the platinum Wire be immersed in-
water, the heat will, from the circulating currents of the
liquid, be more rapidly dissipated, and we shall instantly find
that the chemical action in the battery will be increased, more
sine will be dissolved, and more hydrogen eliminsted for the-
same time ; the heat being conveyed away by the watew,
more chemical achonuuqnmdtogmustoit,)utuui-'
foel is required in proportion as evapmhon llﬂo-
rapid.
Bevemtheexpmmmt,mdmmdofphmgﬁowh .
in water, place it in the flame of a spirit lamp, so that the
force of heat meets with greater resistance to its dissipution.
‘We now find that the chemical action is less than in the first
or normal experiment. If the wire be placed in other differ~-
ent gaseous or liquid medin, we shall find that the ehesiioal






matter, 88 Enes of which the extremitics repel each othen in
a dafinite direction; thms, if a line A B represcut a wire
affected by electricity, and superposed on © D & wire affected
b magmation, the extreme points A and B will be repelled to
the farthest distances from the points ¢ and D, and the line &
B be 2t right angles %0 the line ¢ »; and 80, if the lines be
subdivided % any extest, each will have two extremities or _
polne repulsive of those of the other. If the line of matter
affscted by clactricity be a lLiquid, and consequeiitly have
easive mehiliky of particies, a comtinnous movement will be
s R were, % fiy off ¢t & tangent from the magnet: thes,
plote a dat dish containing achiulated water on the poles of a
pewertel magurc. immmerse the terminals of & voltaic battery
i the Byail jat above the magnetic poles, 50 that the lines
of edeccrivity and of magmetiom coincide ; the water will now
SNGNNe & Iovemnent at right amgles to this line, flowing com-
ey, a: if blown by an equatorial wind, which may be
winie taxt or west with reference to the magnetic poles by
alecing the Jirection of the electrical current : & similar effect
war t recdwend with mercury. These cases afford an
sl aryemeat to those previously mentioned of the
porticdes of watter being affected by the forces of electricity
anl wageetian ia a way irreconcilable with the fluid or
ethereal Wepotheds,

The Treprecentation of transverse direction by magnetism
Al Werilr appeers o have led Coleridge to parallel it by
he tramvers oxpamsiva of matter, or length and breadth,
Vg e injured the paraliel by adding galvanism as depth :
whether & thitd furce exists which may bear this relation to
ARy And Wagnetiom is a question upon which we have
we evidence.
boare to the alectric curreat producing it has been investigat-
od by many experimentalists and mathematicians. The data
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are s0 numerous and so variable, that it is difficult to arrive
ot definite results. Thus the relative size of the coil and the
iron, the temper or degree of hardness of the latter, its shape,
or the proportions of length to diameter, the number of coils
surrounding it, the conducting power of the metal of which
the coils are formed, the size of the keeper or iron in which
-.magnetism is induced, the degree of constancy of the bat-
tery, &c., complicate the experiments.

. 'The most trustworthy general relation which has been as-
certained is, that the magnetic attraction is as the square of
the electric force ; a result due to the researches of Lenz and
Jacobi, and also of Sir W. S. Harris.

Lastly, eloctricity produced chemical affinity ; and by its
agency we are enabled to obtain effects of analysis or synthe-
sis with which ordinary chemistry does not furnish us. Of
these effects we have examples in the brilliant discoveries, by
Davy, of the alkaline metals, and in the peculiar crystalline
compounds made known by Crosse and Becquerel.
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M N mivt
W hme s safeenni Swm the surtace of water, glass,
& DEQY AT Twdin, T tmieepres s change which disables it
T nens woun Souiacy tedevoed in 8 direction at right
DMt U oIne w0 vanl T s deen originally reflected.
warn a afiesel x sod w % jeinrimed : it will always be
S 0T neme ~deenei nozimaes tarallel to the plane in
*¥Ind 1 s revn irg ~devani Yat incapable of being re-
i 1 nwaes ¢ Turac suries 1 thac plane. At planes
TTIRS & frwTmer nermednoe deiween the original plane of
sefecocm, snE s Tuse a0 T swries o it. the light will be
sowhv 0 NeTns emaly tedecwed. sod more or less so ac-
~eding s T Eowoee if e seeced plane of reflection is
I0E € R Srizendoas wrd e origial plane.  Light, again,
wive Tl ey s crysaal of Iceland spar. is what is
seerand dradtiy ~imwened. il . split into two divisions or beams,
ek Tavrng 3aT the Szminveity of the original incident light ;
ead o Thear dewms i3 pelarieed in planes at right angles to
ol et axd i ey be intervepted by the mineral tour-
mahae. oo of them i absorbed. so that only one polarised
deam emeryes.  Nimilar effects may be produced by certain
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L
o strong light, the chloride will be decomposed in all thoss
parts of the paper where the light is no¢ intercepted, and we
shall have, by the action of light, & white image of the leaf
on a purple ground. If similar paper be placed in the focus
. of a lens in a camera-obscura, the objects there depicted will
decompose the chloride, just in the proportion in which they
are luminous ; and thus, as the most luminous parts of the im-
age will most darken the chloride, we shall have & pictare of
the objects with reversed lights and shadows. The picture
thus produced would not be permanent, as subsequent expos-
ure would darken the light portion of the picture: to fix it,
the paper must be immersed in & solution which has the pro-
perty of dissolving chloride of silver, but not metallic silver.
Jodide of potassium will effect this; and the paper being
washed and dried will then preserve a permanent image of _
the depicted objects. This was the first and simple process
of Mr. Talbot; but it is defective as to the purposes ajmed
at, in many points. First, it is not sufficiently sensitive, re-
quiring a strong light and a long time to produce an image;
secondly, the lights and shadows are reversed; and thirdly,
the coarse structure of the finest paper does not admit of the
delicate traces of objects being distinctly impressed. These
defects have been to a great extent remedied by a process
subsequently discovered by Mr. Talbot, and which bears his
name, and which has led to the collodion process, and others
unnecessary to be detailed here.

The photographs of M. Daguerre, with which all are now
familiar, are produced by holding a plate of highly-polished
silver over iodine. A thin film of iodide of silver is thus
formed on the surface of the metal ; and when these iodised
plates are exposed in the camera, & chemical alteration takes
place. The portions of the plate on which the light has im-
pinged part with some of the iodine, or are otherwise changed
—for the theory is somewhat doubtful—soas to be capable
of ready amalgamation. When, therefore,the plate is placed .
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graph placed opposite a camera contuining; «- vemnitive rglnte -
will be reproduced, but if the size of the image: be egual #8 " .
the picture, the second picture will be fainter than the fret;
and so on. Thus again, a photograph taken om a dull dey:
cannot, by being placed in bright sunshine be made o repro-
duce a second photograph of the ssme sizse and moredintinets
ly marked than itself; I at least have never suacoseded iw
such reproduction, and I am not sware that others have :-ths
image loses in intensity as light itself does by each tramsmaiex
sion. The surface of the metal or paper may give a brightws
image from its being exposed to & more intenss light, but the
ic details are limited to the intensity of the firs
impression, or rather to something short of this. A guestion
of theoretical interest arises from the consideration of 'thess:
reproduced photographs. We know that the luminosity of .
the image at the focus of a telescope is limited by the avesx
of the object-glass. The image of any given object emsmet
be intensified by throwing upon it extraneous light ; i: is-imx
deed diminished in intensity, and when for certain purposs
astronomers illuminate the fields of their telescopes, they sse
obliged to be contented with a loss of intensity in the telescople
image. 9
Now, let us suppose that the minutest details in the image
of an object seen in a given telescope, and with a given peww
er, are noted ; that then a photographic plate is placed in the
focus of the same telescope 80.as to obtain a permanent im-
pression of the image which has been viewed by the eye-glass.
Could the observer, by throwing a beam of condensed light
upon the photograph, enable himself to bring out fresh detalisd
ormotherwords,conldhennmthndnnhgenhighupw
or applied to the illuminated photograph ?
It is, perhaps, hardly mfetoanswerapmnﬂ:ilquﬁol’
bnttheexponmentofmprodnangphotogmphmnms
show that more than the initial light cannot be got, and thad we:

mmwmwmwm-
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any others; the other colours or shades of colour sink the
more deeply in proportion as they absorb or cause to disap-
peer the more light, until we come to the white cloth, which
remains upon the surface. The heating powers of different
colours are, however, not by any means in exact proportion
to the intensity of their light as affecting the visual organs.
Thus red light, when produced by refraction from a prism of
glass, produces greater heating effect than yellow light in the
phenomena of absorption, as has been observed by Sir W.
Herschel. The red rays appear, however, to produce a dy-
namic effect greater than any of the others; thus they pene-
trate water to a greater depth than the other Colours; but,
according to Dr. Seebeck, we get a further anomaly, vis.
that when light is refracted by a prism of water the yellow
rays produce the greater heating effect. The subject, there-
fore, requires much more experiment before we can ascertain
the rationale of the action of the forces of light and heat in
this class of phenomena.

In a former edition of this Essay, I suggested the follow-
ing experiment on this subject:—Let a beam of light be
passed through two plates of tourmaline, or similar sub-
stance, and the temperature of the second plate, or that on
which the light last impinges, be examined by a delicate ther
moscope, first when it is in a position to transmit the polar-
ised beam coming from the first plate, and secondly when it
has been turned round through am arc of 90°, and the polar-
ised beam is absorbed. I expected that, if the experiment
were carefully performed, the temperature of the second plate
would be more raised in the second case than in the first, and
that it might afford interesting results when tried with light
of different colours. I met with difficulties in procuring a
suitable apparatus, and was endeavouring to overcome them
when I found that Knoblauch had, to some extent, realised
this result. e finds that, when a solar beam, polariged in &
oertain plane, is transmitted perpendicularly to the axis of a
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£o@e 88 30 Thec scOeaTsONe when illuminated, notable differ-
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Tk ;v o isoessis of Koha o the eye, when imping-
romo~rmacs 30dus heocoe luminous when impinging on
TS W oz ohrfmmagite a noem S0 constructed that such
ESATETITS &I sow perminad 1o enter it. which would be
&% 1T =i sasersEsg o e sabstance with which the walls
weme ~nale l. oot I 2l éaviichs the respective coatings
of 12 wals wonhl sppess egualy white ; or, without alter-
inz e cradsy of he wals e room exposed to one class
of mayd mish: te menderad dark by windows which would be
WADSTATEC! 10 Ansiler C.aSS.

It izstead of solar ligh:. the elecirical light be employed
for similar experiments, an equally striking effect can actually
be produced. A design. drawn on white paper with a solu-
tion of sulphate of quinine and tartaric acid, is invisible by
ordinary light. but appears with beautiful distinctness when
illuminated by the electric light. Thus, in pronouncing upon
a luminous effect, rezard must be had to the recipient as well
as to the emittent body. That which is, or becomes, light
when it falls upon one body is not light when it falls upon
another. Probably the retine of the eyes of different per-
gons differ to some extent in a similar manner ; and the same






this gimvec cecifinces sbous thet of the freaxing point of water,
a8 & [ smrgras xmes of our planet. It is true, in this
we amTTe s De ietanee ks changing its state is water,
tar. woshie-Tyr e maTr cose axalogies of this planet with
Qe ear. and the dierzky T acpearance of these very effects
WXl wilas ks puhe oC e earth, i seems a highly probe-
bae scmpcion.

0 & &y oo meass oecessarily follows, that becauss Venus
i earer 0 ke KO tEas the earth. that planet is hotter than
our gobe. The fixee emitied by the sun may take a differ-
ex: character ai the surtace of each different planet, and
regue doferent crzazisms or senses for its apprecistion.
Mrriads of organited beings may exist imperceptible to our
vision. even if we were among them ; and we might be also
imperceptible to them !

However vain i: may be, in the present state of science,
to specuiate upon sach existences, it is equally vain to assume
identiry or close approximations to our own forms in those
beings which mav people other worlds. From analogical
reasoning. or from final causation. if that be admitted, we
may feel convinced that the gorgeous globes of the universe
are not unpeopled deserts ; but whether the denizens of other
worlds are more or less powerful, more or less intelligent,
whether they have attributes of a higher or lower class than
ourselves, is at present an utterly hopeless guessing.

Specific gravity and intelligence have no necessary con-
nexion. On our own planet five senses, and a mean density
equal to that of water, are not invariably associated with in-
tellectual or moral greatness, and the many arguments which
have been used to prove that suns and planets other than the
earth are uninhabited, or not inhabited by intellectual beings,
might, mutatis mutandis, equally be used by the denizens of
a sun or planet to prove that this world was uninhabited.

Men are too apt, because they are men, because their
existence is the one thing of all importance to themselves, to
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philosopher of high repute, I caimot see the force of fhi¢
arguments by which it has been assailed ; and therefore, for
the present, though with diffidence, I still adhere to it. The
fact itself of the correlation of the different modes of foree is
to my mind s very cogent argument in favour of their being
affections of the same matter; and though electricity, magnet-
ism, and heat might be viewed as produced by undulations of
the same ether as that by means of which light is supposed to
be produced, yet this hypothesis offers greater difficulties with
regard to the other affections than with regard to light : many
of these difficulties I have already alluded to when treating of
electricity ; thus conduction and non-conduction are mnot ex-
plained by it; the transmission of electricity throngh loog
wires in preference to the air which surrounds them, and_
which must be at least equally pervaded by the ether, is

irreconcilable with such an hypothesis. The phenomena ex-

hibited by these forces afford, as I think, equally strong evi-

dence with those of light, of ordinary matter acting from par-

ticle to particle, and having no action at a distance. I have

already instanced the experiments of Faraday on electrieal

induction, showing it to be an action of contiguous parhdu,

which are strongly in favour of this view, and many experi-

ments which I have made on the voltaic arc, some of whigh

I have mentioned in this Essay, are, to my mind, confirma-
tory of it.

If it be admitted that one of the so-called imponderables is

8 mode of motion, then the fact of its being able to produce

‘the others, and be produced by them, renders it highly diffi-

cult to conceive some as molecular motions and others as

fluids or undulations of an ether. To the main objection of

Dr. Young, that all bodies would have the properties of solar
phosphorus if light consisted in the undnlations of ordinary

matter, it may be answered that so many bodies have this

property, and with so great a vmetym its duration, that
non constat all may not have it, thongh for & time so short
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sabssarces exposed to the sun, and which are believed to have
;Perzeoe aome chemical change by this exposure. It is
SesTader w0 awais further experiment before forming a decid-
ok Toiee.

The azakwies in the progression of sound and light are
wery e stGs @ each proceed in straight lines, umtil inter-
=trusi . ¢ack 3 refdected in the same manner, the angles of
nndemoe si redexion being equal ; each is alternately nulli-
i a»i drolend in intensity by interference ; each is capable
x ~=Samym wiel passing from media of different density:
> ax efews of socnd. long ago theoretically determined,
e nw: sxowr—wzially proved by Mr. Sondhauss, who con-
Knows 2 e of s of collodion. which, when filled with
sonvee amd. esatonl him 10 hear the ticking of a watch
naass: oo Fwas oF e lens. the ear of the experimenter
™ il r v ocoovsse dwns. The ticking was not heard
w1 o0 waest was oeved aside from the focal point, though
v owemanel s &2 o Exanee from the car.  An experi-
men o W Ty seesss indeed. to show an effect of polari-
[ Sl CARNIE G Lo

T sew neeneza toewezied by heat. viewed according to
M Tetr v eory. e he explained by the motion of an
mANTWUSSWG ater. Yz imweive the molecular actions °£
Asnes ~nnivretie =aster. The doctrine of propagation by
vn e ves s seBTasy smasier s very generally admitted by
M v <aane e Srzamidcal theory of heat; but the
ennAnAn 0 e rdvanee e toesented by heat and light are
a ovse te U sseax s Sow a theory applied to the one
Q" S\ ma Zeossoivadle to the other.  'When heat is
carxen ot v Roanal, wwissoad. or polarised. can we view
A e v ahoe s of codmary maner. and when the same
SN ke max wnd gkt view the phenomena as pro-
Sy M ee needemade ecder, and by that alone?

Vs Wievaw adar smmaadiazely occurs to the mind in
W RWNY W a0 aoderval Brpothesis of light is, that the most
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With regard, however, to liquid and gaseous bodies, there
are very great difficulties in viewing them as consisting of
separate and distant molecules. If, for instance, we assume
with Young that the particles in water are at least as distant
ttem each other comparatively as 100 men would be if dis-
persed at equal distances over the surface of England, the dis-
wasee of these particles. when the water is expanded into
gcam. woald be increased more than forty times, so that the
I men woald be redaced to two, and by farther increasing
¢ tempersture this distance may be indefinitely increased ;
adiizr oo the edects of temperature rarefaction by the air

.g:z;. we¢ may assin increase the distance, so that, if we as-
somwe ary otinizal distapce. we ought. by expansion, to in-
eooase 0 a peint st which the distance between molecule

= kvak stvaid become measurable. But no extent of
=¢tler o beat or the air-pump, or both, makes

& ciazxe iz the apparent continuity of matter;

I mases. 12zl netalz ckeir peculiar character, as far as a

3 te D>rmed from its etfect on the electric

=¥ ¢xzexn: of rarefaction which can exper-

0 tiem: thus the electric spark in prot-

: Lowever arenuated. presents a crimson

ardoziz Jxile a greeaish tint. .

20w, Mowever, exterizg on the metaphysieal enquiry

POE RIS ivn of matter \or whether the atomic phil-

¢ or tne folowens of Bascovich are right), a question
apriiances will never answer: and

¢zhereal medium, not absolutely im-

Petdemaiie as assettad by mazy. but of extreme tenuity, per-

oniizary or nea-cthereal matter itself must
torzant action uren the transmission of
=, wie opposed the theory of Euler, that

-

.
Y

tatve the vibrations of the ponderable matter of the refract-
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Tmoeral scxams of the substance. as constituting together a
~rmreesi e Semeer than pare ether, but not more elas-
2r.  Ethe wirk: a2t be viewed as performing the functions
wia® L dnes vk Tacitg paper. giving continuity to the
DS ¥ s =azer. and in the interplanetary spaces

Sine @2 terdad wiao Huvghens, Euler, and Young, the
Soters f e ToIZiasoTy theory. applied their great minds to
2 st 3 s T exyerimental data has accumulated,
a7 wmFwr v oxabisd bz propositions. that whenever matter
Tamseomey s edecsior Kedt undergoes a structural change,
e e mwe 3 sfweted snd that there is a connection or
TamTe e Serwnr the chacge in the matter and the change
= B gfemre o Ers. aod conversely that light will modify
oF shas o e soworzow of rmatter and impress its molecules
WL Tew Rptertsriases.

ToaosTaoezoT, coaity. refraction. reflection, and colomr
wete tiezoess kows to the ancients. but sufficient attention
S0es T0¢ ATTEAT 10 2awe bwex raid by them to the molecular
®azzs o7 e holies tondaeing these effects; thus the trans-
FaTesey o oTaelty of 3 hady appears to depend entirely upon
its moleeuar amaosement. If striee oceur in a lens or glass
thrvagh wiick oljects are viewed. the objects are distorted :
increase the zumber of these striw. the distortion is so in-
creased thas b2 objects become invisible, and the glass ceases
to be transparen:. thouch remaining translucent; but alter
completely the molecular structure. as by slow solidification,
and it becomes cpague.  Take. again, an example of a liquid
and a gas: a solution of soap is transparent, air is transpar-
ent, but agitate them together 0 as to form a froth or lather,
and this, though consisting of two transparent bodies, is
opaque; and the reflection of light from the surface of these
bodies, when s0 intermixed, is strikingly different from its re-
flection before mixture, in the one case giving to the eye a
mere general effect of whiteness, in the other the images of
objects in their proper shapes and colours.
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sate. i Ao0tiT TeSuTE TG sni It eouoars are shown as in
the inrano: o7 Zas

Submiz & series of £TRAE I I smE exacnination, and
different fizures wil ¢ jiemmel T Eifferert ccy=als, bearing
a constant and defi—ize rzas X 1 sTacze of the partic-
ular crystal examined. a2 iz 1 Zemioa in which, with
reference to crystalline Jor—. 12 Ts7 crosses the ervstal

In the crystallised sals =2 jarsismaric acid. M. Pasteur
noticed two sets of crysals wiick were heminedral in oppo-
sito directions, i. e. the crr=tal:s of one set were to those of
the other as to their own image reflected in a mirror; on
winking a scparate solution of each of these classes of crys-
tals, he found that the solution of the one class rotated the
plane of polarisation to the right, while that of the other
class rotated to the left, and that a mixture in proper propor-
tivas ol the two solutions produced no deviation in the plane
W polariaation,  Yet all these three solutions are what is term-
o weerie, that is, have as far as can be discovered the same
wWhenueal conatitution.,

12 the above, and in innumerable other cases, it is seen
Whe: At alicvation in the structure of o transparent substance
A%e ~ N cbharacter and effects of the transmitted light. The
W vewes of photogeaphy prove that light alters the struc-
1w A ewLwer subwitted to it with regard even to vision it-
w0 At of images on the retina of the eye would
WA atew chgs s structure was changed by the impact
WY N Lumnnews impressions being as it were branded
3¢ memery of the vision being the scar of
Wt Bmonl 0 sexenwe of photography bas reference main-
S 0w v v esaekawt there are many instances of liquid
2 changed by the action of light : thus
4 unniergoes a chemical change and
Las e we cewmaveeus compound by the action of
ST e e YN et gases, when mixed and pre-
Y 3 A A 0N wnite, but when exposed to light
Tyt b Ruewwng Androchloric acid.
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= Az shiectim w which the view I have been advoeating is
ey sni 3 Senadatle coe. is. the necessity mvolved in it of
s Tcvesw v v © jor if Beht. heat, eleetricity, &c., be affec-
= X OmLsT maser. then matter must be supposed to be
verrywnre wheee these phenomena are apparent, and con-
eIy Thire oxX he D0 vacumm.

Theee ixrees sve 1ranamitted through what are called
‘mnméﬂ_‘ew%mmﬁﬂ
& exrc. ymx e T a kighlvr attenuated state. °

E v e ;iei'yn.edth:hnbenoallaﬂmptsdpm-
carrr & tetkes vwss= bave failed. The ordinary air-
yamr rives = caly kirhly raresied air; and, by the principle
of amenTare. even of the best. the operation depends upon
e mirirTe :xsazsia of the volume of air in the receiver;
tvez = Be vawz= wiih is formed in this, 80 great is the
vendrwey of =—swwer to £l cp space. that I have observed dis-
aed water aooiai=aE &3 a vessel within the exhausted receiv-
er of 3 0 alnpoe=p bas a taste of tallow, derived from the
grese. or & eswecial oil contained in it, which is used to
orm a- sincizh: juzetioa between the edges of the receiver
and ke rTmp-place.

The TorticelEse vacuum. or that of the ordinary baro-
meter. is filed with the vapour of mercury; but it might be
worth the troable to ascertain what would be the effect of a
good Torricelian vacuum. when the mercury in the tube is
frozen. which might. without much difficulty, be now effected
by the use of solid carbonic acid and ether; the only proba-
ble difficulty would be the different rates of contraction of
mercury and glass, at such a degree of cold, and more par-
ticularly the contraction of mercury at the period of its
solidification. Davy. however, endeavoured to form a
vacuum, in a somewhat similar manner, over fused tin, with
bat partial success; he also made many other attempts to
obtain a perfect vacoum; his main object being to ascertain
What would be the effect of electricity across empty space :






So wniversal is the tendency of matter to diffese fteell™
inte space, that it gave rise to the old saying that natmré :
shhers a vacuum ; an aphorism which, though cavilled at and
ridicaled by the self sufficiency of some modern philosophers;
containg im a terse, though somewhat metaphorical, form of
expression a comprehensive truth, and evinces a large extent
of cheervation in those who, with few of the advantages which
we pomsess. first generalised by this sentence the facts of
which they had become coguisant. '

E has been argued that, if matter were capable of infinite
divisibilicy, the earth’s atmosphere would have no Limit, and
that comsequently portions of it would exist at points of space
where the attraction of the sun and planets would be greater
than that of the earth, and whence it would fiy off to those
bodies and form atmmospheres around them. This was sup-
ped w0 be pegatived by the argument of the well-known
Foper of Dr. Wollaston ; in which, from the absence of nota-
ble refraction near the margin of the sun and of the planet
Jupiter. be considered himself entitled to conclude that the
expansioa of the earth’s atmosphere had a definite limit, and
was bdulanced at a certain point by gravitation : this deduo.’
tha has been shown to be inconclusive by Dr. Whewell, and
has alny been impugned upon others grounds by Dr. Wilson.
There it a point Dot adverted to in these papers, and which
Wallaxtva dhes not seem to have considered, viz. that there
¥ v evidence that the apparent discs of the sun and of Jupi-
wr show we their real discs or bodies. Sir. W. Herachel
regwnts the margin of the visible discs as that of clouds or a
pecubiar state of atmosphere, and the rapidly changing char-
acter of the apparent surfaces render some such conclusion
wecvesary.  1f this be s0, refraction of an occulted star could
nwt e Jdetected—at all events, in the denser portion of the
atwoaphere.

Sie W. Herechel's observations go to prove that the
sun and Jupiter have dense atmospheres, while Wollaston®s


















.VI_MAGNETISM.

AGNETISM, as was proved by the important discow

ery of Faraday, will produce electricity, but with this
peculiarity—that in itself it is statio; and, therefore, to pro-
duce a dynamic force, motion must be superadded to it : it is,
in fact, directive, not motive, altering the direction of other
forces, but not, in strictness, initiating them. It is difficult
to convey a definite notion of the force of magnetism, and of
the mode in which it affects other forces. The following il-
lustration may give a rude idea of magnetic polarity. Sup-
pose a number of wind-vanes, say of the shape of arrows,
with the spindles on which they revolve arranged in a row,
but the vanes pointing in various directions: a wind blowing
from the same point with an uniform velocity will instantly
arrange these vanes in a definite direction, the arrow-heads
or narrow parts pointing one way, the swallow-tails or broad
parts another. If they be delicately suspended on their spin-
dles, a very gentle breeze will so arrange them, and a very
gentle breeze will again deflect them ; or, if the wind cease,
and they have been originally subject to other forces, such as
gravity from unequal suspension, they will return to irregu-
lar positions, themselves creating a slight breeze by their re-
turn. Such a state of things will represent the state of the
molecules of soft iron ; electricity acting on them—not indeed
in straight lines, but in a definite direction—produces a polar
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I have satisfactorily proved. that whenever any metal suscepti-
ble of marretism is magzretited or demagnetised, its tempera~
tace @s raised. This was shown. first, by subjecting a bar of
oc. zivkei. or cobak to the influence of a powerful electro-
marzet. which was rapidly magnetised and demagnetised in
reverse &rections. the electro-magnet itself being kept cool by
eisweras of water. so that the magnetic metal subjected to the
mduerce of magnetdsm was raised to a higher temperature
than the elecmre-magret itself. and could not, therefore, have
acgui=ed irs eressed temperature by conduction or radiation
of Jeut *vm the electro-magret: and secondly, by rotating
3 Termacer: xeel magmer with its pole opposite to a bar
of imp. 3 hermo<iecmric pile being placed opposite the
Brer.

D>, My aovesed 8 plate of homogeneous soft iron with
3 2= sazd=z.:f wax —ixed with oil. a tube traversed the
enmme avnsh whisk the vapour of beiling water was passed.
The tiaze was made 10 rest on the poles of an electro-magnet,
wizk i imzerpesed. When the iren is not magnetised, the
Teited WiIX sssues 8 ciregiar form. the tube occupying the
cere, bor wher the elevtro-magzet is put in action, the curve
waski= s the doamdasy of the melzed substance changes its form
a=d heerrmes elvmzated in a direction transverse to the line
Nizizg ke toles. showing thar the conducting power of the
frez for Reat is chamsed by magmetisation.

Thus we xxt hes: produced by magnetism and the condue-
don of ke altered by it iz a direction having a definite rela-
tion so the direction of the magretism. Is it necessary to

eall iz aid etker or the substance * caloric’ to explain these
results T is it oot reore ratioral to regard the calorific effects

as chazges iz the meoleculsr arrangements of the matter sub-
Jevtad to magmetism?

There is every probability that maguetism, in the dyna-
mic state, either when the maguet is in motion, or when the

magetic intensity is varying, will also directly produce chemi-
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o iron arrived at a state of magnetic equilibrium, temporary
oveion diminishes the magnetism, and that the untwisting or
return to its primitive state restores the original degree of
magnetisation.

M. Guillemin observed that a bar. slightly curved by its
own weight is straightened by being magnetised. Mr. Page
and Mr. Marrion discovered that a sound is emitted when
fron or steel is rapidly magnetised or demagnetised ; and Mr.
Joule found that a bar of iron is slightly elongated by ma.g-
netisation.

Again, with regard to diamagnetic bodies, M. Ma.tteueea
found that the mechanical compression of glass altered the
rotatory power upon a ray of polarised light which it trans-
mitted. He further considered that a change took place in
the temper of portions of glass which he submitted to the in-
fiuence of powerful magnets. '

The same arguments which have been submitted to
the reader as to the other affections of matter being modes
of molecular motion, are therefore equally applicable to mag-
Detism.
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fito the steam will congumé
ndhptunwnpmmmmboﬂhgpn‘ g

Why chemical action produces hest, or what =
of the molecules of matter when ehemically -hig;
question upon which many theories have =
which may poesibly be never more than
solved.

Somo authors explain it by the condensation wlndw
place ; but this will not sccount for the may instances whers;
from the liberation of gases, a gmumm of volums en<
sues upon chemical combustion, as in the familiar invtauos*
of the explosion of gunpowder: others exphmituw
from the union of atmospheres of positive and negative ‘¢leo- -
tricity which are assumed to surround the atoms of bodies;
but this involves hypothesis apon hypothesis. Dr. Wood has'
lately thrown out & view of the heat of chemical action whick
is more in accordance with & dynamic theory of heat, and-
as such demands some notice. Starting with his proposition,
which I have previously mentioned, ¢ that the nearer the par--
ticles of bodics are to each other the less they require to
move to produce a given motion in the particles of another
body,’ his argument, if I rightly understand it, assumes some-
thing of this form.

In the mechanical approximation of the pu'hdu of s
homogeneous body heat results ; the particles a g of the body
A would, by-their approximation, produce expansion in’ the
neighbouring body B, the more 80 in proportion as they them-
selves were previously nearer to each other. In chemicully”
combining, a a the particles of A are brought into very closs
proximity with b b the particles of B; heat should therefore’
result, and the greater because the proximity may fairly be
assumed to be greater in the case of chemical combination
than in that of mechanical compression. In cases, them,
where there is no absolute diminution of bulk ensuing on
chemical combination, if the greater proximity of the over--
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heat. These experiments give & production of mechanical
work" by chemical action, not, it is true, a direct prodnction,
but, as the heat and work are in inverse, ratios, and each has
its source in chemical action, they prove that they are definite
for a definite amount of chemical action, and as each is pro-
duced respectively by electricity and jnagnetism, these forces
must also bear a definite relation to the initial chemical foree.

The doctrine of definite combining proportions, which so
beautifully serves to relate chemistry to voltaic electricity,
led to the atomic theory, which, though adopted in its univer-
sality by a large majority of chemists, presents great diffical-
ties when extended to all chemical combinations.

The cquivalent ratios in which a great number of sub-
stances chemically combine, hold good in so many instances,
that the atomic doctrine is believed by many to be universally
applicable, and called a law ; and yet, when followed in the
combinations of substances whose natural chemical attractions
are very feeble, the relation fades away, and is sought to be
recovered by applying a separate and arbitrary multiplier to
the different constituents.

Thus, when it was found that a vast number of substances
combined in definite volumes and weights, and in definite vol-
umes and weights only, it was argued that their ultimate
molecules or atoms had a definite size, as otherwise there
was no apparent reason why this equivalent ratio should hold
good : why, for instance, water should only be formed of two
volumes or one unit by weight of hydrogen, and of one vol-
ume or eight units by weight of oxygen; why, unless there
were some ultimate limits to the divisibility of its molecules,
should not water, or a fluid substance approximating to water
in character, be formed by a half, a third, or a tenth part of
hydrogen, with eight parts of oxygen?

It was perfoctly consistent with the atomic view that a
substance might be formed with one part combined with eight
parts, or with sixteen, or with twenty-four, for in such a sub-
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oxygen, phosphorus, and sulphur. In this case we must e
ther divide the atoms of phosphorus and sulphur so as to re-
duce them to small fractions, or multiply the atoms of the
other substances by extravagant numbers; thus to preserve
the unit of one of the constituents of this substance, chemists
say it is composed of 400 atoms of carbon, 310 of hydrogen,
120 of oxygen, 50 of nitrogen, 2 of sulphur, and 1 of phos-
phorus. This is a somewhat extreme case, but similar diffi-
cultics will be found in different degrees to prevail among or-
ganic compounds ; in very many no constituent can be taken

a8 a unit to which simple multiples of any of the others will
give their relative proportions. By the mode of notation

adopted, if any conceivable substance be selected, it could,

whatever be the proportions of its constituents, be termed

atomic. A solution of an ounce of sugar in a pound-of wa-

ter, in a pound and a half, in a pound and a quarter, in &

pound and a tenth, might be expressed in an atomic form, if

we sclect arbitrarily a multiplier or divisor.

It is true that in the case of solution, different proportions
can be united up to the point of saturation without any dif-
ference in the character of the compound, though the same
may be predicated to some extent of an acid and an alkali;
but even where the steps are sudden, and compounds only
exist with definite proportions, they cannot, in a multitude of
cases, be reconciled with the true idea of an atomic combina-

* tion, i. e. one to one, one to two, &c.

Although, therefore, nature presents us with facts which
show that there is some restrictive law of combination which
in numerous cases limits the ratios in which substances will
combine, nay, further, shows many instances of a proportion
between the combining weights of one compound and those
of another ; although she shows also a remarkable simplicity -
in the combining volumes of numerous gases, she also gives
numerous cases to which the doctrine of atomic combinations
cannot fairly be applied.
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Undoubtedly, by approximating in theory the resctions of
inorganic and of organic chemistry, byekeeping the mind
within the limits of a beaten path, instead of allowing it to
wander through a maze of isolated facts, the doctrine of com- -
pound radicals has been of service; but, on the other hand, °
the indefinite variety of changes which may be rung upon the '
composition of an organic substance, by different associations
of its primary elements, makes the binary constituents vary
as the minds of the authors who treat of them, and makes
their grouping depend entirely upon the strength of the anal
ogies presented to each individual mind. From this cause,
snd from the extreme license which has been taken in theo-
retic groupings deduced from this doctrine, a serious question
arises whether it may not ultimately, unless carefully re-
stricted, produce confusion rather than simplicity, and be to
the student an embarrassment rather than an assistance.
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mare thay cme cptic axis, the resultant of these axes points
damaseSaly. The mineral cyanite is influenced by mag-
mican 2w =acksi & mammer that when suspended it will
acmaxge itsei Sai-tely with reference to the direction of ter-
rescia. mazoecam. atd may. according to Pliacker, be used
a8 & cmpass-peede.

There 2 scarceiy azv doabt that the force which is con-
cerned = aprermicon is the same which gives to matter its
ery=allirg Syrm: Dwdeed. a vaxt number of inorganic bodies,
I’ = a”. which appear amorphous are, when closely exam-
ined. fcazi w0 be erystalline in their structure : we thus get a
recipreiry of action between the force which unites the mole-
cu’es of macter and the magnetic force. and through the me-
dizm =f the latter the correlation of the attraction of aggre-
gasicn wizh the other modes of force may be established.

I telieve tkat the same principles and mode of reasoning
a3 have twez adopted in this essay might be applied to the
orzazic 83 well as the inorganic world; and that muscular
forve, animal ard vegetable heat. &c.. might, and at some
time will, be shown to have similar definite correlations ; but I
have purposely aveided this subject, as pertaining to a depart-
ment of science to which I have not devoted my attention.
I ought, however. while alluding to this subject, shortly to
mention some experiments of Professor Matteucci, communi-
cated to the Royal Society in the year 1850, by which it ap-
pears that whatever mode of force it be which is propagated
along the nervous filaments, this mode of force is definitely
affected by currents of electricity. His experiments show
that when a current of positive electricity traverses a portion
of the muscle of a living animal in the same direction as that
in which the nerves ramify—i. e. a direction from the brain
to the extremities—a muscular contraction is produced in the
limb experimented on, showing that the nerve of motion is
affected ; while, if the current, as it is termed, be made to
traverse the muscle in the reverse direction, or towards the
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As by the artificial structure of avoltnie betieny,shwwies
cal actions may be made to cooperate in a definite > -
80, by the organism of a vegetable or animal, the mode.of,,
_ motion which constitutes heat, light, &c., may, without exieney
. vagance, be conceived to be appropriated and changed intey
nutriment, and into nervous agency and musoular pPowaEd,
Indications of similar thoughts may be detected in the writinggy.
of Liebig. - ma

Some difficulty in studying the correlations of vital with;.,
inorganic physical forces arises from the effects of sensation..
and consciousness, presenting a similar confusion to theh,
alluded to, when, in treating of heat, I ventured to suggests:,
that observers are too apt to confound the sensations with the..,
phenomena. Thus, to apply some of the considerations om-,
force, given in the introductory portion of this essay, to cases-:.
where vitality or consciousness intervenes. When a weight. .-
is raised by the hand, there should, according to the doctrine:.
of non-creation of force, have been somewhere an expenditurea. .
equivalent to the amount -of gravitation overcome in raising
the weight. That there is expenditure we can prove, though.
in the present state of science we cannot mesasure it. Thua,::
prolong the effort, raise weights for an hour or two, the vital:.
powers sink, food, i. o. fresh chemical force, is required to
supply the exhaustion. J¥f this supply is withheld and the .
exertion is continued, we see the consumption of force im,
the supervening weakness and emaciation of the body.

The consciousness of effort, which has formed a topic of - -
argument by some writers when treating of force, and is by .
them believed to be that which has originated the ides of
force, may by the physical stadent be regarded as feeling is
in the phenomena of heat and cold, viz. a sensation of the.
struggle of opposing molecular motions in overcoming the
resistance of the masses to be moved. When we say we faal -
‘hot,wefoeloold,wofedthstwomowﬁngm‘m-
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no external work, but is effort alone, than when that effort
and contraction are employed dynamically, so as to raise &
weight or produce mechanical work.

Thus. though we may see no present promise of being
able to resvlve senszations into their ultimate elements, or to
trace, physically, the link which unites volition with exertion
or effort, in terms of our own consciousness of it, we may
hope to approximate the solution of these deeply interesting
queiuons

In the same individual the chemleal and physical state of
the secretions in the warm may be compared with those in
the cold parts of the body. The changes in digestion and
respiration, when the body is in a state of rest, may be com-
pared with those which obtain when it is in a state of activity.
The relations with external matter, maintaining, by the con- .
stant play of natural forces, the vital nucleus, or the organi-
sation by means of which matter and force receive, for a
definite period. a definite incorporation and direction, may be
ascertained. while the more minute structural changes are
revealed to us by the ever-improving powers of the micro-
scope ; and thus step by step we may learn that which it is
given to us to learn, boundless in its range and infinite in its
progress, and therefore never giving a response to the ultimate
—Why?

As the first glimpse of a new star is caught by the eye of
the astronomer while directing his vision to a different point
of space. and disappears when steadfastly gazed at, only to
have its position and figure ultimately ascertained by the em-
ployment of more penetrative powers, so the first scintillations
of new natural phenomena frequently present themselves to
the eye of the observer, dimly seen when viewed askance,
and disappearing if directly looked for. When new powers
of thought and experiment have developed and corrected the
first notions, and given a character to the new image, proba-
bly very different from the first impression, fresh objects are
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sgain glanced at in the margin of the new field of vision,
which in their turn have to be verified, and again lead to
pew extensions; thus the effort to establish one observation -
Jeads to the imperfect perception of new and wider fields of
research ; and, instead of approaching finality, the more
we discover, the more infinite appears the range of the undis-
covered |
: g*
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or resclve them defiwitely into motion ; still we could never
avid e nse of different conventional terms for the different
modes of artion of this one pervading force.

Reviewing the series of relations between the various
forces which we have been considering, it would appear that
in many case: where one of these is excited or exists, all the
othex: sve aiso g2t in action : thus. when a substance, such as
salph=re: of anzimaay. is electrified. at the instant of electri-
smoon it becomes magwetic in directions at right angles to the
hines of ebavzric force : at the same time it becomes heated to
an exton: greater or less according to the intensity of the
electric force. It this intensity be exalted to a certain point
the suphuret becomes luminous, or light is produced : it ex-
pands, conseguently mation is produced ; and it is decomposed,
therefore chemiagi azfion i3 produced. If we take another
sabxtance, say a metal. all these forces except the last are
developed: ard although we can scarcely apply the term
mechazical action to a substance hitherto undecomposed, and
which. under the circumstances we are considering, enters
into no new combination. yet it undergoes that species of
polarisation which. as far as we can judge, is the first step
towards chemical action. and which, if the substance were
decomposable. would resolve it into its elements. Perhaps,
indeed, some hitherto undiscovered chemical action is pro-
duced in substances which we regard as undecomposable :
there are experiments to show that metals which have been
electrised are permanently changed in their molecular consti-
tution. Oxygen, we have seen, is changed by the electric
spark into ozone, and phosphorus into allotropic phosphorus,
both which changes were for a long time unknown to those
familiar with electrical science.

Thus, with some substances, when one mode of force is
Produced all the others are simultaneously developed. With
other substances, probably with all matter, some of the other
forces are developed, whenever one is excited, and all may be
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placed at different stations remained fixed after the connection

- with the battery was made, and while the electric current
acted by induction on surrounding conducting matter, separa-~.
ted from the wires by their gutta percha coating, so that a
sort of Leyden phial was formed ; but as soon as this indune-
tion had produced its effect between each station, or, so to
speak, the phial was charged, the needles successively were
deflected : it is like the case of a pulley and weight, which lat-
ter exhausts force while it is being raised ; but when raised,
the fores is free, and may be used for other purposes.

If a battery of one cell, just capable of decomposing water
and no more, be employed, this will cease to decompose while
making a magnet. There must, in every case, be prepon-
derating chemical affinity in the battery cells, either by the
nature of its elements or by the reduplication of series, to
effect decomposition in the voltameter; and if the point is
just reached at which this is effected, and the power is then
reduced by any resistance, decomposition ceases: were it
otherwise, were the decomposition in the voltameter the
exponent of the entire force of the generating cells, and these
could independently produce magnetic force, this latter
force would be got from nothing, and perpetual motion be
obtained.

To take another and different example: A piece of zine
dissolved in dilute sulphuric acid gives somewhat less heat than
when the zinc has a wire of platinum attached to it, and is
dissolved by the same quantity of acid. The argument is
deduced that, as there is more electricity in the second than
in the first case, there should be less heat ; but as, according
to our received theories, the heat is a product of the electrio
current, and in consequence of the impurity of zinc electrici-
ty is generated in the first case molecularly, in what is called
local action, though not thrown into a general direction,
there should be more of both heat and electricity in the sec-
ond than in the first case, as the heat and electricity due to
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The probability is, that, if not all, the greater number of
physical phenomena are correlative, and that, without a
duality of conception, the mind cannot form an idea of them :
thus motion cannot be perceived or probably imagined with.
out parallax or relative change of position. The world was
believed fixed, until by comparison with the celestial bodies,
it was found to change its place with regard to them: had
there been no perceptible matter external to the world, we
should never bave discovered its motion. In sailing along a
river, the stationary vessels and objects on the banks seem
to move past the observer : if at last he arrives at the convio-
tion that he is moving, and not these objects, it is by correct-
ing his senses by reflection derived from a more extensive
previous use of them: even then he can only form a notion
of the motion of the vessel he is in, by its change of position
with regard to the objects it passes—that is, provided his
body partakes of the motion of the vessel, which it only does
when its course is perfectly smooth, otherwise the relative
change of position of the different parts of the body and the
vessel inform him of its alternating, though not of its pro-
gressive movement. So in all physical phenomena, the effects
produced by motion are all in proportion to the relative mo-
tion : thus, whether the rubber of an electrical machine be
stationary, and the cylinder mobile, or the rubber mobile and
the cylinder stationary, or both mobile in different directions,
or in the same direction with different degrees of velocity,
the clectrical effects are, caterss paribus, precisely the same,
provided the relative motion is the same, and so, without ex-
ception, of all other phenomena. The question of whether
there can be absolute motion, or, indeed, any absolute isolated
force, is purely the metaphysical question of idealism or real-
ism—a question for our purpose of little import; sufficient
for the purely physical inquirer, the maxim ¢ de non apparents-
bus et non existentibus eadem est ratio.’

Thesenselhaveattachedtothewordmohhon,m
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‘Whether the regarding electricity, light, magnetism, &e.,
as simply motions of ordinary matter, be or be not admissi-
ble, certain it is, that all past theories have resolved, and all
existing theories do resolve, the actions of these forces into
motion. Whether it be that, on account of our familiarity
with motion, we refer other affections to it, as to a language
which is most easily construed and most capable of explain-
ing them ; whether it be that it is in reality the only mode in
which our minds, as contradistinguished from our senses, are
able to conceive material agencies; certain it is, that since
the period at which the mystic notions of spiritual or preter-
natural powers were applied to account for physical phenom-
ena, all hypotheses framed to explain them have fesolved
them into motion. Take, for example, the theories of light
to which I have before alluded: one of these supposes light
to be a highly rare matter, emitted from—i. e. put in motion
by—luminous bodies ; a second supposes that the matter is
not emitted from luminous bodies, but that it is put into s
state of vibration or undulation, i. e. motion, by them ; and
thirdly, light may be regarded as an undulation or motion of
ordinary matter, and propagated by undulation of air, glass,
&c., a8 I have before stated. In all these hypotheses, matter
and motion are the only conceptions. Nor, if we accept
terms derived from our own sensations, the which sensations
themselves may be but modes of motion in the nervous fils-
ments, can we find words to describe phenomena other than
those expressive of matter and motion. We in vain struggle
to escape from these ideas; if we ever do so, our mental
powers must undergo a change of which at present we see
no prospect.

If we apply to any other force the mode of reasoning
which we have applied to heat, we shall arrive at the same
conclusion, and see that a given source of power can, sup-
posing it to be fully utilised in each case, yield no mdre by
employing it as an exciter of one force than of another. Let
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"
have shown that the specific heats of certilel vaniiiiley,
when multiplied by their chemical oquivalents, give & i
stant quantity as product—or, in other words, that ‘the ‘édik-
bining weights of such substances are those weights -willh |
require equal accessions or abstractions dhlt,m 3
raise or lower their temperature. To put the propbaiiiia
more in accordance with the view we have taken of thé'flh- |
‘ture of heat: each body has a power of communicating or
receiving molecular repulsive power, exactly equal, weight
for weight, to its chemical or combining power.  Foe'$h-
stance, the equivalent of lead is 104, of sinc 38, or, in roaiid
numbers, as 8 to 1: these numbers are therefore invetsily
the exponents of their chemical power, three times as swuth
lead as zinc being required to saturate the same ‘Guilh-
tity of an acid or substance combining with it; but thifr
power of -communicating or abstracting heat or repulsive
power is precisely the same, for three times as much lead 'ds
gine is required to produce the same amount of expansion ér
contraction in a given quantity of a third mbstanoe,wﬁb
water.

Again, a great number of bodies chemically combine fn
equal volumes, i. e. in the ratios of their specific gravities;
but the specific gravities represent the attractive powers of
the substance, or are the numerical exponents of the forcls
tending to produce motion in masses of matter towards éséh
other ; while the chemical equivalents are the exponents of
the affinities or tendencies of the molecules of dissimilar sub-
stances to combine, and saturate each other; eonnqiunﬂé,
here we have to some extent an equivalent relation betwésn
these two modes of force—gravitation and chemical affrse-
tion. '
Were the above relations extended into an universal Iaw,
we should have the same numerical expression for the three
forces of heat, gravity, and affinity; and as electricify and
magnetism are quantitatively related to them, wé should have
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lance (and in such sense I have used it), to a perpetusl recun
rent motion, e.g. a weight which by its fall would turn &
wheel, which wheel would, in its turn, raise the initial weight,
and so on forever, or until the material of which the machine
is made be worn out. It is strange that to common appre-
hension the impossibility of this is not self-evident : if the in-
itial weight is to be raised by the force it has itself generated,
it must necessarily generate a force greater than that of its
own weight or centripetal attraction ; in other words, it must
be capable of raising a weight heavier than itself: so thas,
setting aside the resistance of friction, &c., & weight, to pro-
duce perpetual recurrent motion, must be heavier than sa
equal weight of matter, in short, heavier than itself.

Suppose two equal weights at each end of an equi-armed
lever, there is no motion ; cut off a fraction of one of them,
and it rises while the other falls. How, now, is the lesser
weight to bring back the greater without any extraneous sp-
plication of force? If, as is obvious, it cannot do so in this
simple form of experiment, it i8 ¢ fortiors more impossible if
machinery be added, for increased resistances have then to
be overcome. Can we again mend this by employing say
other force? Suppose we employ electricity, the initial
weight in descending turns a cylinder against a cushion, and
80 generates electricity ; to make this force recurrent, the
electricity so generated must, in its turn, raise the initial
weight, or one heavier than it, i. e. the initial weight mrast,
through the medium of electricity, raise a weight heavier than
itself. The same problem, applied to any other forces, will
involve the same absurdity : and yet simple as the matter
seems, the world is hardly yet disabused of an idea hﬁh re-
moved from superstition.

But the importance of the deductions to be derived from
the negation of perpetual motion seems scarcely to have ime
pressed philosophers, and we only find here and there a scat-

tered hint of the consequences necessarily resulting from that
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er, of the cylinder and all surrounding bodies. : The fogwe e~
pended in expanding this iron to a very small extent is equal
to that which expands the vapour to & very large extent ;. this
expansion of the iron is capable, in its turn, of produging a
great mechanical force, which is practically lost. Could all
the force be applied to the vapour, an enormous addition qof
power would be gained for the same expenditure: and .pes-
haps even with our present means more might be done in
utilising the expansion of the iron.

Another great difficalty in expenmantdlyamhmm‘th
dynamic equivalents of different forces arises from the effests
of disruption, or the overcoming an existing force. Thus,
when a part of the initial force employed is engaged in twisl-
ing or tearing asunder matier previously held together by
cohesive attraction, or in overcoming gravitation or inertis,
the same amount of heat or electricity would not be evglved
as if such obstacle were non-existent, and the initial force
were wholly employed in producing, not in opposing. 'l‘hn
is a difficulty apparently extreme in devising experiments
in which some portion of the force is not so employed.

Thb initial force, however, that has been employed for such
disruption is not lost, as at the moment of disruption the
bodies producing it fly off, and carry with them their force.
Thus, let two weights be attached to a cord placed across a
bar ; when their force is sufficient to break the cord or the
bar, the weights fall down and strike the earth, making it
vibrate, and so conveying away or continuing the force ex-
pressed by the cohesion of the bar or cord. If, instead of
breaking a cord, the weights be employed to bend a bar, their
gravitating force, instead of making the earth vibrate, pro-
duces heat in the bar, and so with whatever other force be
employed to produce effects of disruption, torsion, &c., 80
that, though difficult in practice, the numerical problem of
the equivalent of the force is not theoretically irresolvable.

The voltaic battery affords us the best means of ascertain-
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ing. The impossibility, humanly speaking, of creating o
annihilating matter, has long been admitted, though,pchp,
its distinct reception in philosophy may be set down to the
overthrow of the doctrine of Phlogiston, and the reformation
of chemistry at the time of Lavoisier. The reasons for the
admission of a similar doctrine as to force appear to be equally
strong. With regard to matter, there are many cases in
which we never practically prove its cessation of existencs,
yet we do not the lees believe in it: who, for instance, can
trace, 50 as to re-weigh, the particles of iron worn off
the tire of a carriage wheel? who can re-combine the parti-
cles of wax dissipated and chemically changed in the burning
of a candle? By placing matter undergoing physical or
chemical changes under special limiting circumstances, we
may, indeed, acquire evidence of its continued existence,
weight for weight—and so we may in some instances of force,
as in definite electrolysis : indeed the evidence we acquire of the
continued existence of matter is by the continued exertion of
the force it exercises, as, when we weigh it, our evidence is
the force of attraction; so, again, our evidence of force is
the matter it acts upon. Thus, matter and force are corre-
latgs, in the strictest sense of the word; the conception of
the existence of the one involves the conception of the exis-
tence of the other: the quantity of matter again, and the de-
gree of force, involve conceptions of space and time. But
to follow out these abstract relations would lead me too far
into the alluring paths of metaphysical speculation.

That the theoretical portions of this essay are open to ob-
jection I am fully conscious. I cannot, however, but think
that the fair way to test a theory is to compare it with other
theories, and to see whether upon the whole the balance of
probability is in its favour. Were a theory open to no ob-
jection it would cease to be a theory, and beccme & law;
and were we not to theorise, or to take generalised views of
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iz, shiuld the acience continne to progress, either gives place
u-aIre: sannee and wider generalisation, or becomes, by the re-
wrew o otaestons, extablished as a law.  Even in this more
sfcunnel cape. wards importing theory must be used, but
Themamens soe 20w intelligible and connected, though express-
ar 17 vaoal Jooms of speech.

T: sumk o¢ nasare is 10 theorise ; and difficult it is not
N i b the eoctinnities of natural phenomena to the-
s wiok scoesr forced and unintelligible to those who
vt pos pacsoed the same path of thought: which, more-
ooy © alrwes o i an undue influence, seduce us from
e Tl Wt i the sale obiect of our pursuit.

W 30 Zaw the ime—where to say thus far we may
oo a1 B0 saTiber. in any particalar class of analogies or re-
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918 INTERACTION OF NATURAL FORCES.

rectly ; the writing boy of the older, and the pisno-forte plxy-
er of the younger Droz: which latter, when performing, fol *
lowed its hands with his eyes, and at the conclusion of the
piece bowed courteously to the audience. That men like
those mentioned, whose talent might bearcomparison with
the most inventive heads of the present age, should spend so
umdxtxmemthoeomtmcnonoftheseﬁgum,whwhmst
present regard as the merest trifies, would be incomprehensi-
ble, if they had not hoped in solemn earnest to solve a gress
problem. The writing boy of the elder Droz was publicly
exhibited in Germany some years ago. Its wheel-work is so
complicated, that no ordinary head would be sufficient to
decipher its manner of action. 'When, however, we are in-
formed that this boy and its constructor, being suspected of the
black art, lay for a time in the Spanish Inquisition, and with
difficulty obtained their freedom, we may infer that in those
days even such a toy appeared great enough to excite doubts
a8 to its natural origin. And though these artists may not
have hoped to breathe into the creature of their ingenuity &
sou. gifted with moral completeness, still there were many
who would be willing to dispense with the moral qualities of -
their servants, if, at the same time, their immoral qualities
could also be got rid of ; andaceept,mstaadofthemmbihy
of flesh and bones, services which should combine the regu-
larity of & machine with the durability of brass and steel.
The object, therefore, which the inventive genius of the past
century placed before it with the fullest earnestness, and not
as a piece of amusement merely, was boldly chosen, and was
followed up with an expenditure of sagacity which has contri-
buted not a little to enrich the mechanical experience which a
later time knew how to take advantage of. We no longer
seek to build machines which shall fulfil the thousand services
required of one man, but desire, on the contrary, that a ma~
chneshaupu-formommme,bntahdloecnpymdmngit
thopheeofsthmndm.
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ing brains, to lead them round a circle for years, decsiving
ever with new expectations, which vanished upon nesrer ap-
proach, and finally reducing these dupes of hope to open in-
sanity. The phantom could not be grasped. It would be
impossible to give a history of these efforts, as the clearer
heads, among whom the elder Droz must be ranked, convinced
themselves of the futility of their experiments, and were
naturally not inclined to speak much about them. Bewildered
intellects, however, proclaimed often enough that they had
discovered the grand secret; and as the incorrectness of their
proceedings was always speedily manifest, the matter fell into
bad repute, and the opinion strengthened itself more and more
that the problem was not capable of solution; one diffeulty
after another was brought under the dominion of mathemati-
cal mechanics, and finally a point was reached where it could
be proved, that, at least by the use of pure mechanical forces,
no perpetual motion could be generated.

- We have here arrived at the idea of the driving force or
power of a machine, and shall have much to do with it in
fature. I must, therefore, give an explanation of it. The
idea of work is evidently transferred to machines by compar-
ing their arrangements with those of men and animals to
replace which they were applied. We still reckon the work
of steam engines according to herse-power. The value of
manual labor is determined partly by the force which is ex-
pended in it (a strong laborer is valued more highly than a
weak one), partly however, by the skill which is brought into
action. A machine, on the contrary, which executes work
gkilfully, can always be multiplied to any extent; hence its
skill has not the high value of human egkill in domains where
the latter cannot be supplied by machines. Thus the idea of
the quantity of work in the case of machines has been limited
to the consideration of the expenditure of force ; this was the
more important, as indeed most machines are constructed for

the erpress purpose of exceeding, by the magnitude of their
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Sauiis suf gases. could only be sought afier by bewildered
mwi jnecwed pecoke. But there are still other natural
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The magnets-clectric machines often made mee of in the eass
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which remained to be proved. If a single one of them could
be proved false, then a perpetual mbtion would be possible.

The first who endeavoured to travel this way was a French-
man, named Carnot, in the year 1824. In spite of a too
limited conception of his subject, and an incorrect view as to
the nature of heat, which led him to some erroneous conclu-
sions, his experiment was not quite unsuccessful. He dis-
covered a law which now bears his name, and to which I will
return further on.

His labors remained for a long time thhont notice, and it
was not till eighteen years afterwards, that is, in 1842, that
different investigators in different countries, and independent
of Carnot, laid hold of the same thought.

The first who saw truly the general law here referred to,
and expressed it correctly, was a German physician, J. R.
Mayer, of Heilbroun, in the year 1842. A little later, in
1843, a Dane, named Colding, presented a memoir to the
Academy of Copenhagen, in which the same law found utter-
ance, and some experiments were described for its farther
corroboration. In England, Joule began about the same time
to make experiments having reference to the same subject.
We often find, in the case of questions to the solution of
which the development of science points, that several heads,
quite independent of each other, generate exactly the same
series of reflections.

I myself, without being acquainted with either Mayer or
Colding, and having first made the acquaintance of Joule’s
experiments at the end of my,investigation, followed the same
path. I endeavoured to ascertain all the relations betwaeen the
different natural processes, which followed from our regarding
them from the above point of view. My inquiry was made
public in 1847, in a small pamphlet bearing the title, ** On
the Conservation of Force.”

" Since that time the interest of the scientific public for this
subject has gradually augmented. A great number of the
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In the collision and friction of bodies against each ether;-
the mechanics of former years assumed simply that liviag
force was lost. But I have already stated that each eollision
lnduchnctofﬁwhongenmmhm and, moreover, Jogle
has established by experiment the important law, that for
every foot-pound of force which is lost, & definite quantity of *
heat is always generated, and that when work is performed
by the consumption of heat, for each foot-pound thus gained a

" definite quantity of heat disappears. - The quantity of heat
necessary to raise the temperature of a pound of water a de-
gree of the centigrade thermometer, corresponds to a mechani-
cal force by which & pound weight would be raised to the -
height of 1850 feet; we name this quantity the mechanical

® equivalent of heat. I may mention here that these facts con-
duct of. necessity'to the conclusion, that the heat is not, as
was formerly imagined, a fine imponderable substance, but
that, like light, it is a peculiar shivering motion of the ulti-
mate particles of bodies. In collision and friction, according
to this manner of viewing the subject, the motion of the mass
of a body which is apparently lost is converted into a motion
of the ultimate particles of the body; and conversely, when
mechanical force is generated by heat, the motion of the ulti-
mate particles is tonverted into a motion of the mass. '

Chemical combinations generate heat, and the quantity of
this heat is totally independent of the time and steps through

" which the combination has been effected, provided that other
actions are not at the same time brought intoplay. If, however,
mechanical work is at the same time accomplished, as in the
case of the steam engine, we obtain as much less heat as is
equivalent to this work. The quantity of work produced by '
chemical force is in general very great. A pound of the
purest coal gives, when burnt, sufficient heat to raise the tem-
perature of 8086 pounds of water one degree of the centi-
grade thermometer ; from this we can calculate that the mags
nitude of the chemical force of attraction between the parti-






228 INTERAOTION OF NATORAL FOSCEE. ~

force, and which Clausive was the first to modify in swlcs
manner that it no longer contradicted the abeve gemeral law,
expresses & certain relation between the compressihility, the
capacity for heat, and the expansion by heat of all bodies. 1
is not yet considered as actually proved, but some remarknble
deductions having been drawn from it, and afterwards proved
to be facts by experiment, it has aitained thereby & grest
degree of probability. Besides the mathematical form in
" which the law ‘was first expressed by Carnot, we can give it
the following more general expression :—* Only when -hest
passes from a warmer to a colder body, and even thea ocaly
partially, can it be converted into mechanical work.” :

The heat of a body which we caxmot cool farther, cannot
be changed into another form of force; into the electric or
chemical force, for example. Thus, in our steam engines,
we convert a portion of the heat of the glowing coal into
work, by permitting it to pass to the less warm water of the
boiler. If, however, all the bodies in nature had the same
temperature, it would be impossible to convert any partion of
their heat into mechanical work. According to this, we ‘can
divide the total force store of the universe into two parts, one
of which is heat, and must continue to be such ; the other, to
which a portion of the heat of the warmer- bodies, and the
tohlmpsy of chemical, mechanical, electrical, and magneti-
cal forces belong, is capable of the most varied changes of
form, and constitutes the whole*wealth of change which takes
Pplace in nature.

Bat the heat of the warmer bodies strives perpetuslly to
pass to bodies less warm by radition and conduction, and thus
to establish an equilibrium of temiperature. At each motion
of a terrestrial body, a portion of mechanical force passes by
friction or collision into heat, of which only s part can be
converted back again into mechanical force. This is also
generally the case in every electrical and chemieal process.
From this, it follows that the first portion of the store of fores,
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, the viswss. the weods. snd the Evingbulngs sromnd we. Wil
mpnding the lxws which have boen deduced from the physd-
aal procemmes of texvestrial bedies, as applicable aleo to the'
Tessenly bodies. ket me remind you that the same foree which,
. soimg = the cartk’s surface, we call gravity (Schwere), acts
as gzawintion in the cclestinl spaces, and also manifests its
power in the metion of the immessurably distynt double stars
which ave geverned by cxactly the same laws as those sub-
sming between the carth snd moon; thet, therefore, the
gt and heat of wrvestrial bedies do not in any way differ
esmiallv frem those of the sun. or of the most distant fixed
s thas the metearic stones which sometimes fall from ex-
. tormal space wpen the carth are composed of exactly the same
-* chemiral substamces as thoee with which we are
scquainted. We meed. therefore. feel no scruple in granting
that general laws w0 which all terrestrial natural processes
are subject. are aleo valid for other bodies than the earth.
We will. therefore. make use of our lnaw to glance over the
homsehold of the universe with respect to the store of force,
enpabl: of action. which it possesses.
Anmherofmgnhrpeuliammthemncun-eofm
plametary svstem indicate that it was once a connected mass
with a wniform motion of rotation. 'Without such an assump-
thom. it is impoesible to explain why all the planets move in the
same direction round the sun, why they all rotate in the same
direction round their axes, why the planes of their orbits, and
thoee of their satellites and rings all nearly coincide, why all
their orbits differ but httle from circles, and much besides.
From these remaining indications of s former state, astrono-
mers have shaped an hypothesis regarding the formation of
our planetary system, which, although from the nature of the
case it must ever remain an hypothesis, still in its special
traits is s0 well supported by analogy, that it certainly de-
serves our attention. It was Kant, who, feeling great inter-
est in the physical description of the earth and the planetary
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themselves into single planets, or, similar to the great orig
nal sphere, into planets with satellites and rings, until finally
the principal mass condensed itself into the sun. With
regard to the origin of heat and light, this view gives us no
information. ’

‘When the nebulous chaos first separated itself from other
fixed star masses, it must not only have contained all kinds
of matter which was to constitute the future planetary sys-
tem, but also, in accordance with our new law, the whole
store of force which at one time must unfold therein its wealth
of actions. Indeed in this respect an immense dower was
bestowed in the shape of the general attraction of all the par-
ticles for each other. This force, which on the earth exerts
itself as gravity, acts in the heavenly spaces as gravitation.
As terrestrial gravity when it draws a weight ‘downwards
performs work and generates vis viva, so also the heavenly
bodies do the same when they draw two portions of matter
from distant regions of space towards each other.

The chemical forces must have been also present, ready
to act; but as theSe forces can only come into operation
by the most intimate contact of the different masses, con-
densation must have taken place before the play of chemical
forces began.

Whether a still further supply of force in the shape of
heat was present at the commencement we do not know. At
all“events, by aid of the law of the equivalence of heat and
work, we find in the mechanical forces, existing at the time
to which we refer, such a rich source of heat and light, that
there is no necessity whatever to take refuge in the idea of a
store of these forces originally existing. When through con-
densation of the masses their particles came into collision,
and clung to each other, the vis viva of their motion would be
thereby annihilated, and must reappear as heat. Already in
old theories, it has been calculated, that cosmical masses must
generate heat by their collision, but it was far from any body’s


















288 INTERACTION OR NATURAL SIORGEE: __:.: 1

-ﬁnnpnwﬁd\nmmmmW'
ﬁomﬁmﬁndhﬂm&hﬂ,chmﬂ

is thereby generated in an animal body. ' Unfortunately; the
difficulty of the experiments is still very grest; but. wighia
those limits of accuracy which havebeen as yet attainable, the
experiments show that the heat generated in the animsl bedy
corresponds to the amount which would be generated bry: the
chemical processes. The animal body therefore does not differ
from the steam-engine, as regards the manner in which i
obtains heat and force, but does differ from it in the man-
ner in which the force gained is to be' made use of... The
body is, besides, more limited than the machine in the choloe
of its fuel ; the latter could be heated with sugar, with starch-
flour, and butter, just as well as with coal or wood ; the ani-
mal body must dissolve its materials artificially, and distribute
them through its system ; it must, further, perpetually renew
the used-up materials of its organs, and as it cannot itself
create the matter necessary for this, the matter must come
from without. Liebig was the first to point out these various
uses of the consumed mutriment. As material for the perpet-
ual renewal of the body, it seems that certain definite albumi-
nous substances which appear in plants, and form the chief
mass of the animal body, can alone be used. They form only
a portion of the mass of nutriment taken daily; the remain-
der, sugar, starch, fat, are really only materials for warming,
and are perhaps not to be superseded by coal, simply because
the latter does not permit itself to be dissolved.

If, then, the processes in the animal body are not in this
respect to be distinguished from inorganic processes, the queg-
tion arises, whence comes the nutriment which constitutes
the source of the body’s force? The answer is, from the
vegetable kingdom ; for only the material of plants, or the
flesh of plant-eating animals, can be made use of for food.
The animals which live on plants occupy s mean position
between carnivorous animals, in which we reckon man, and
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tographs. Here compounds of silver are decomposed at the
place where the sun’s rays strike them. The same rays over-

power in the green leaves of plants the strong chemical affinity
of the carbon of the carbonic acid for oxygen, give back the
latter free to the atmosphere, and accumulate the other, in
combination with other bodies, as woody fibre, starch, oil, or
resin. These chemically active rays of the sun disappear
completely as soon as they encounter the green portions of the
plants, and hence it is that in daguerrotype images the green
leaves of plants appear uniformly black. Inasmuch as the
light coming from them does not contain the chemical rays, i
is unable to act upon the silver compounds.

Hence a certain portion of force disappears from the sun-
light, while combustible substances are generated and accumu-
lated in plants; and we can assume it as very probable, that
the former is the cause of the latter. I must indeed remark,
that we are in possession of no experiments from which we
might determine whether the vis viva of the sun’s rays which
have disappeared, corresponds to the chemical forces accumu-
lated during the same time ; and as long as these experiments
are wanting, we cannot regard the stated relation as a cer-
tainty. If this view should prove correct, we derive from it
the flattering result, that all force, by means of which our bodies
live and move, finds its source in the purest sunlight; and
hence we are all, in point of nobility, not behind the race of the
great monarch of China, who heretofore alone called himself
Son of the Sun. But it must also be conceded that our lower
fellow-beings, the frog and leech, share the same ethereal
origin, as also the whole vegetable world, and even the fuel
which comes to us from the ages past, as well as the youngest
offspring of the forest with which we heat our stoves and set
our machines in motion.

You see, then, that the immense wealth of ever-changing
meteorological, climatic, geological, and organic processes of
our earth are almost wholly preserved in action by the light






Saoam. viw: ywwe sround the sum, sad by their matml
Erawuy e ioe “amees sad distarbances in each other’s
mas Neemeps lagmce. = bis great work, the Mices
e Tremz. I WTON 2ac 1T owr planetary system all thes
aETrmses ImTwaMe s Soorish periodically, and ean never
Sremst ==-Nn Imms. N hec ¥r this canse the eternal exis-
ImE I I DEMCEY SR 3 Thendangered.

3wz - zevm sr=afr nsnei Teo assemptions which must be
AR ITE ZaC e Ssescn soeces must be absolutely empty;
N eesmdv. e e A AbI peacwts must be solid bodies.
T XS > X tmx e ceN a5 5T as astronomical observe
W “MA. 1T Y naTz mver been able 10 detect any retar
DS 3 Ox REGES. ST YGal oocur if they moved in s
wowry meaimn. S e & 202y of less mass, the comet of
Sy sasves g~ Omerral I sach & nasure : this comet de-

ae...::uxm:mmm..ue becoming gradually
et Coms ol X mooce. wii:k certainly corresponds
Lo Mo Semr eI te actually due to the ex-
RUAT L s 4 Yeedomr 3 == wil come when the comet
il xmss e sy axd 3 Soias end threatens all the planets,
SZNESE adur 3 Toe. T exra2 o which baffles our imagina-
[ . soeme o .0 Bas ever shoakd the existence of a re-
RN TOULOR ASCVES LTSS W ax there is no doubt that
O hasen 4™ e waeay srezzoeed of solid materials which
A~ mevatshT Naxd age@er.  Sikras of the existence of an
a3ncouees AN sowermal fc e Sxa. on Venus, Mars, Jupi-
2 s Neutz Sz of water and ice upon Mars; and
ar s e Iivarwed ¥ s 2tid portion on its surface,
and ceowass 4 sl greaser portion of fluid within it.  The
wocves o e zdes 2owever., produce friction, all friction
SOV S 2w e ad 3¢ hows in this case can only affect the
s v of e TASelary sysem. We come thereby to the
saveaiade noovizsicn. thas every tide, although with infinite
swwaesd, ki with certainty, diminishes the store of mechani-
cal forve of the s¥stem ; and as & consequence of this, the ro-












CoTL LT

946 = INTERAOTION OF NATURAL JORONS

' Tt R e
bmimdepmM
astonishment, aad despair of being abls to earry our )
back to a period s0 remote. Sﬁllmﬂﬂnm:'nhpg
Nincveh could have been erected. We estimate the duratiop,
of human history at 6000 years ; but immeasurable as this tima,
may appear to ws, what is it in comparison with the time dwer_
ing which the earth carried successive series of rank . plants,
and mighty animals, and no men ; during which in our neigh-_
bourhood the amber-tree bloomed, and dropped its costly gum_
om the earth and in the sea; when in Siberia, Europe sad,
North America groves of tropical palms flourished ; where,
gigantic lizards, and after them elephants, whose mighty re-
mains we still find buried in the earth, found & home? Dif-.
ferent geologists, proceeding from different premises, have
sought to estimate the duration of the above creative period,
and vary from a million to nine million years. .And the time
during which the earth generated organic beings is again
small when we compare it with the ages during which the
world was a ball of fused rocks. For the duration of its cool-
ing from 2000° to 200° centigrade, the experiments of Bishop
upon basalt show that about 350 millions of years would be
necessary. And with regard to the time during which the first
nebulous mass condensed into our planetary system, our most
daring conjectures must cease. The history of man, therc
fore, is but & short ripple in the ocean of time. For a much
longer series of years than that during which man has already
occupied this world, the existence of the present state of in-
organic nature favourable to the duration of man seems to be
secured, so that for ourselves and for long generations after
us, we have nothing to fear. But the same forces of air and
water, and of the volcanic interior, which produced former
geological revolutions, and buried one series of living forms
after another, act still upon the earth’s crust. They more
probably will bring about the last day of the humen race then
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Jurrcs Roszzr Mavz was born at Heifbronn, November 23, 1814 He
received a medical education, and became first, county wound-physician and
sfterwards city phyzician of Heilbroun. But few particulars of his Bfe have
besn obtained. In 1840 he made a voyage on a Dutch freighter to Java,
snd it was the accident of bleeding a feverish patient in this country, sad
observing that the venous blood in the tropics was of a much brighter red
than in colder latitudes, that led him to those investigations of matural
forces, the chief results of which are given in the following essays. Two
yoars after his attention was drawn to tle subject—in 1842, he published
his first paper on the “ Forces of Inorganic Nature.” It was put together
briefly, and published in Liebig’s journal to secure the public recognition of
his claims. His second publication, “On Organic Motion and Nutrition "
(1845), an able essay of one hundred and twelve pages, is not yet translated.
His third paper, on * Celestial ics,” was published®in 1848 ; and his
fourth, on the “ Mechanical Equivalent of Heat,” appeared in 1851.

These vast and rapid labors were too much for his strength. His over-
tasked mind gave way, and he was taken to an insene asylum. He, how-
ever, fortunately recovered, snd is now reported as oocupled with the cultl-
vation of the vine in Heilbronn.

”
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there mnst be still further: effects corresponding to this re

maining canse : the total effect of ¢ would thus be > e, which
woeud be cootrary to the supposition c=e. Accordingly,
sizee : bevermes ¢ and e becomes f, &c., we must regard these
Yrarivgs magvitades as different forms under which one and
the saxw cbhecs makes its appearance. This capability of
asREminz vasiocs forms is the second essential property of all
csawex. Takinz both properties together, we may say, causes
axe | jzactoacively) indestructidle and (qualitatively) convert-
WGie cBeves.

Twe ciasses of camses occur in nature, which, so far as
eXperiove ZOes. dever pass one into another. The first class
Jvosives of sach canses as poesess the properties of weight
axd impepecrabilicy : these are kinds of Matter: the other
chass i3 =ade wp of causes which are wanting in the proper-
s ‘ux mectvoed. aamely Forces, called also Imponders-
Yors, vz e aegpsdve property that has been indicated.
Forees are iteteiore indetructidle, convertidble, smponderable
STV

We will iz the irst instance take matter, to afford us an
example of vauses and effects. Explosive gas, H4-0O, and
water. HUO, ane related to each other as cause and effect,
tieretore H—-O0=HO. Bat it H+O becomes HO, heat, cal.,
makes iz arpearance as well as water: this heat must like-
wize have a vause, r. and we have therefore H+0O+4-z=HO
—ouzl. It might. however, be asked whether H4 O is really
=HO, and r=cui.. and not perhaps H4+-O=cal., and z=HO,
whence the above equation could equally be deduced ; and so
in many other cases. The phlogistic chemists recognized the
equation between cal. and x. or Phlogiston as they called it,
and in s doing made a great step in advance ; but they in-
velved themselves again in a system of mistakes by putting—a
in place of O; thus, for instance, they obtained H=HO +-=.

Chemistry, whose problem it is to set forth in equations
the causal connection existirg between the different kinds of
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found by the suthor, s rise of temperature when viclwmdy’ .
shaken. The water so heated (from 12°t0 18°C.) hm o’
greater bulk after being shaken than it had before; wheaes.
now comes this quantify of heat, which by repeated shaking
may be called into existence in the same apparatus as oftem
as we please? The vibratory hypothesis of hest is aa ap-
proach toward the doctrine of heat being the effect of mo-
tion, but it does not favour the admission of this cansal rels-.
tion in its full generality ; it rather lays the chief stress on
uneasy oscillations (unbehagliche Schwingungen).

If it be now considered as established that in many cases
(ezeeptio confirmat regulam) no other effect of motion can be
traced except heat, and that no other cause than motion esn
be found for the heat that is produced, we prefer the assump- -
tion that heat proceeds from motion, to the assumption of &
cause without effect and of an effect without a cause—just as
the chemist, instead of allowing oxygen and hydrogen to dis-

- appear without farther investigation, and water to be pro-
duced in some inexplicable manner, establishes a connection
between oxygen and hydrogen on the one hand and water on
the other.

The natural connection existing between falling force, mo-
tion, and heat may be conceived of as follows : We know that
heat makes its appearance when the separate particles of a
body approach nearer to each other; condensation produces
heat. And what applies to the smallest particles of matter,
and the smallest intervals between them, must also apply to
large masses and to measurable distances. The falling of a
wughtuadxmnutwnofthebulkoftheeuth,mdm
therefore without doubt be related to the quantity of heat
thereby developed ; this quantity of heat must be proportional
to the greatness of the weight and its distance from the
ground. From this point of view we are very easily 1ad to
the equations between falling force, motion, and heat, that
have already been discussed.
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the ground in order that its falling force may be equivalent to
the raising of the temperature of an equal weight of water
from 0° to 1° C. The attempt to show that such an equs
tion is the expression of a physical truth may be regarded as
the substance of the foregoing remarks.

By applying the principles that have been set forth to the
relations subsisting between the temperature and the volume
of gases, we find that the sinking of & mercury column by
which a gas is compressed is equivalent to the quantity of
heat set free by the compression; and hence it follows, the
ratio between the capacity for heat of air under constant pres-
sure and its capacity under constant volume being taken as
==1-421, that the warming of a given weight of water from
0° to 1° C. corresponds to the fall of an equal weight from
the height of about 365 metres.* If we compare with this
result the working of our best steam-engines, we see how
small a part only of the heat applied under the boiler is really
transformed into motion or the raising of weights; and this
may serve as justification for the attempts at the profitable
production of motion by some other method than the expendi-
ture of the chemical difference between carbon and oxygen—
more particularly by the transformation into motion of eleo-
tricity obtained by chemical means.

® When the corrected specific heat of air is introduced into the calow-

lation this number is increased, and agrees then with the experimental de-
terminations of Mr. Joule.
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CELESTIAL DYNAMICS.

I-INTRODUCTION.

B _TVERY incandescent and luminowys body diminishes in
A4 temperature and luminosity in the same degree as it
radiates light and heat, and at last, provided its loss be not
repaired from some other source of these agencies, becomes
cold and non-luminous.

For light, like sound, comsists of vibrations which are
communicated by the luminous or sounding body to a sur-
‘rounding medium. It is perfectly clear that a body can only
excite such vibrations in another substance when its own par-
ticles undergo a similar movement ; for there is no cause for
undulatory motion when a body is in a state of rest, or in &
state of equilibrium with the medium by which it is sur-
rounded. If a bell or a string is to be sounded, an external
force must be applied ; and this is the cause of the sound.

If the vibratory motion of a string could take place with-
out any resistance, it would vibrate for all time; but in this
case no sound could be produced, because sound is essentially
the propagation of motion; and in the same degree as the
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string communicates its vibrations to the surrounding and re-
sisting medium its own motion becomes weaker and weaker,
until at last it sinks into a state of rest. -

The sun has often and appropriately been compared to sa
incessantly sounding bell. - But by what means is the power
of this body kept up in undiminished force so as to enabls
him to send forth his rays into the universe in such a grand
and magnificent manner? What are the causes which coun
teract or prevent his exhaustion, and thus save the planetary
system from darkness and deadly cold?

Some endeavoured to approach ¢ the grand secret,” as.
Sir Wm. Herschel calls this question, by the assumption that
the rays of the sun; being themselves perfectly cold, merely
cause the ‘ substance” of heat, supposed to be contained in
bodies, to pass from a state of rest into a state of motion, and
that in order to send forth such cold rays the sun need not be
a hot body, so that, in spite of the infinite development of
light, the cooling of thd sun was a matter not to be thought of.

It is plain that nothing is gained by such an explanation ;
for, not to speak of the hypothetical ¢ substance” of heat,
assumed to be at one time at rest and at another time in mo-
tion, now cold and then hot, it is a well-founded fact that the
sun does not radiate a cold phosphorescent light, but a light
capable of warming bodies intensely; and to ascribe such
rays to a cold body is at once at variance with reason and
experience.

Of course such and similar hypotheses could not satisfy
the demands of exact science, and I will therefore try to ex-
plain in & more satisfactory manner than has been done up
to this time the connexion between the sun’s radiation and its
effects. In doing so, I have to claim the indulgence of scien-
tific men, who are acquainted with the difficulties of my task.
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III.-MEASURE OF THE SUN'S HEAT

THE actinometer is an instrument invented by Sir Joha
Herschel for the purpose of measuring the heating efffect
produced by the sun’s rays. It is easentially a thermometer
with a large cylindrical bulb filled with a blue liquid, which
s acted upon by the sun’s rays, and the expansion of which
i measared by a graduated scale.

From obeervations made with' this instrument, Sir Joha
Herschel calculazes the amount of heat received from the sw’
& be se=ceas to meht annually at the surface of the globe s
e of ke 29-2 metres in thickness.

Poallet has recently shown by some careful experiments
wil e k2as pyrheliometer. an instrument invented by him-
e, Zat every square centimetre of the surface of our globe
Teweives, 01 an average. in one minute an amount of solar
3wu: which would raise the temperature of one gramme of
wazes 4408, Not much more than one-half of this quan-
2w of bea:. however. reaches the solid surface of our globe,
£=0¢ & cocsidersble portion of it is absorbed by our atmo-
scere.  The layer of ice which. according to Pouillet, could
Y¢ =wized ¥v the solar heat which yearly reaches our globe
wrad dave s Rick-ess of 30-89 metres.

A sgzacy mete of our earth’s surface receives, therefore,
sovemizg o Paces’s results, which we shall adopt in the
Loowing paged 01 an average in one minute 4-408 units of
Seas. e wivie surface of the earth is == 9,260,500 geo-
LATNRL agmare milvs® : consequently the earth receives in
ooy wmizawe 2247 billioas of units of heat from the san.

1z onvier % oaiz smaller nombers, we shall call the
Quancy of Beat tvessary to raise a cubic mile of water 1°

* The pagmapdaoal i == 7420 metres, and one English mile == 1608
L0
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Is this restoring agency a chemical process?

If such were the case, the most favourable assumptioa
woald be to suppose the whole mass of the sun to be om
Borp of cval. the combustion of every kilogramme of whith
seodaves 000 units of heat. Then the sun would only be
adie W Fstain for forty-six centuries its present expenditure
:€ Zra: and heat, not to mention the oxygen necessary i
Exee 25 sach a2 immense combustion, and other unfavourable
SIS

The sevobuzion of the sun on his axis has been suggested
a3 aw caawe of his radiating energy. A closer examinatica
erves i 3vpuchasis also to be untenable.

Rapii svaaon. without friction or resistance, cannot in
Jueit’ avne e mevanded as a cause of light and heat, espe-
sy s e s i3 i no way to be distinguished from the
Jaer wdles i s sswem by velocity of axial rotation. The
|z weis Ci LS AXCS = abeu: twenty-five days, and his diam-
aer S zeasty 112 udmes as grear as that of the earth, from
wines § Tdews Qaz s peint on tke solar equator travels but
s Lee ety 24an ST times as quickly as & point on the
w3 s spuaer. [he Lanzess planet of the solar system,
wiuvse Laaneeer 3 adves St that of the sun. turns on its axis
<1 Use 4T W2 2CUSS & puinc on its equator revolves about
€\ omes SEokers fas oce oo the solar equator.  The outer
s 5 N1 eXoveds the sun's equator more than ten times
& vvne o ~rasez.  Nevestaeless no generation of Light
0 luse ® cosusved @ cas gZicbe. on Jupiter, or on the ring
a NeuT

2230 e Jeazas @as fiction. though undeveloped in
e e o0 e st ceiescial bodies. might be engendered by
e s & manve. a3 tas sk Sriction might generate enor-
snves ikl oces o Dz Ba:for the production of friction
v OGR4 WA, AT¢ Lwavs cecessary which are in imme-
Sy TN v::;x coe anceher, aod which move with differ-

¢ e o 2 Sdkres: drections.  Friction, moreover,
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It follows from this formula that the smaller 2a (or the
major axis of the orbit of a planetary body) becomes, the
less will be its velocity when it reaches the sun. This velo-
city, like the major axis, has a minimum ; for so long as the
planet moves outside the sun, its major axis cannot be shorter
than the diameter of the sun, or, taking the solar radius asa
unit, the quantity 2a can never be less than 2. The smallest
velocity with which we can imagine a cosmical body to arrive
on the surface of the sun is consequently

Gx1/;—445,750,

or a velocity of 60 geographical miles in one second.

For this smallest value the orbit of the asteroid is circu-
lar ; for a larger value it becomes elliptical, until finally, with
. increasing excentricity, when the value of 2a approaches in-
finity, the orbit becomes a parabola. In the last case the
velocity is

exy/ 22 =g,
or, 85 geographical miles in one second.

If the value of the major axis become negative, or the
orbit assume the form of a hyperbola, the velocity may in-
crease without end. But this could only happen when cosmi-
cal masses enter the space of the solar system with a pro-
jected velocity, or when masses, having missed the sun’s sar:
face, move into the universe and never return; hence a ve-
locity greater than G can only be regarded as a rare excep-
tion, and we shall therefore only consider velocities comprised
within the limits of 60 and 80 miles.*

The final velocity with which a weight moving in s

* The relative velocity also with which an asteroid reaches the solar
surface depends in some degree on the velocity of the sun’srotation. This,
however, as well as the rotatory effect of the asterold, is without moment,
and may be negleoted,
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by the combustion of an equal mass of cosl.

IV—ORIGIN OF THE SUN'S HEAT.

THE question why the planets move in curved orbits, om
of the grandest of problems, was solved by Newton in e
sequence, it is believed, of his reflecting on the fall of an &~
ple. This story is not improbable, for we are on the right
track for the discovery of truth when once we clearly recop- .
nize that between great and small no qualitative but oulyp
quantitative difference exists—when we resist the suggestions
of an ever active imagination, and look for the same laws in
the greatest as well as in the smallest processes of nature.

This universal range is the essence of a law of nature,
and the touchstone of the correctness of human theories. We
observe the fall of an apple, and investigate the law which
governs this phenomenon; for the earth we substitute the
sun, and for the apple a planet, and thus possess ourselves of
the key to the mechanics of the heavens.

As the same laws prevail in the greater as well as in the '
smaller processes of nature, Newton’s method may be used in
solving the problem of the origin of the sun’s heat. We
know the connexion between the space through which a body
falls, the velocity, the vis viva, and the generation of heat on
the surface of this globe ; if we again substitute for the earth
the sun, with a mass 850,000 greater, and for s height of &
foew metres celestial distances, we obtain & generation of heat
exceeding all terrestrial measures. .And since we have suffi-
cient reason to assume the actual existence of such mechani-
cal processes in thehuvms,mﬂndﬂmmthonlymﬂo
explanation of the origin of the hest of the stm.
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Pilatus into the plain below. - This weoden .chepnel whigh
was built about thirty years ago by the engineer Ruph, wss
9 English miles in length ; .the largest trees were ahet dawp
it from the top to the. bottom of the mountain in.shout. tap
minutes and a half. The momentum possessed by the ity
on their escaping at their journey’s end from the channe] wps
sufficiently great to bury their thicker ends in the ground fp °
the depth of from 6 to 8 metres. To prevent the wood gel-
'nngtoohotandtahngﬁm,mtermcmdmdmw
places into the channel.

Thashpendonsmecﬁanwdproceu,wbmoompcdwﬂl
cosmical processes on the sun, appears infinitely small. Jp
the latter case it is the mass of the sun which attracts, and
in lieu of the height of Mount Pilatus we have distances of s
hundred thousand and more miles ; the amount of heat gene-
rated by cosmical falls is therefore at least 9 million times
greater than in our terrestrial example.

Rays of heat on passing through glass and other transps-
rent bodies undergo partial absorption, which differs in de-
gree, however, according to the temperature of the source
from which the ®eat is derived. Heat radiated from sources
lees warm than boiling water is almost completely stopped by
thin plates of glass. As the temperature of a source of heat
increases, its rays pass more copiously through diathermis -
bodies. A plate of glass, for example, weakens the rays of
a red-hot substance, even when the latter is placed very close
to it, much more than it does those emanating at a mmgh
greater distance from a white-hot body. If the quality of
the sun’s rays be examined in this respect, their diathermie
energy is found to be far superior to that of all artificial
sources of heat. The temperature of the focus of a eonocave
.metallic reflector in which the sun’s light has been collected
is only diminished from one-seventh to one-eighth by the in-
terposition of a screen of glass. If the same experiment.he
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whirh s commos in piresies]l inguiries. Observation of the
E0On's Totion reveais W ws the exaeraal form of the earth.
The Jivsicisr jevermines with the sorsion-balance the weight
o 3 pianer. ‘ux s the merchanc finds the weight of a parcel
of zouds. whilst the pendulum has become a magic power in
the Jands of the geologist. coabliing him to discover cavities
1 e Ygweis of the earth. Our case is similar to these. By
abservaton and caleulation of the velocity of sound in owr
scoospher=. we Joain the ratio of the specific heat of air un-
der ~oustanc yressare and under constant volume, and by the
Beip 1 iz Jumber we determine the quantity of heat gene-
saed v mecaxriesl work.  The beat which arrives from the
;mn 1 3 = Sme on 2 small surface of our globe serves as
2 Jmsi® Ur e raleuiation of the whole radiating effect of the
sun: ad e rmmmt of a series of observations and well-
Srambwi ~wnedzsices is the quantitative determination of those
smrass. masses whick the sum receives from the space
Srrera wet de secds forth his rays.

M rasred b7 terrestrial standards, the ascertained number
of & —a=7 3TEcrs of Klogrammes per mimute appears ine
oeStie. 1-x quaxtty. however. may be brought nearer to
s xecrezecsior by ermparison with other cosmical mag-
zizndes. Toe zearest celecial body to us (the moon) hass

~~~~~

qmse f shens X044 trillions of kilogrammes, and it would
SSererrre ocver the expenditure of the sun for from one to
swe wea—s. T4 mase of the earth would afford nourishment "
2> e == S & period of from 60 to 120 years.

T> Swefioyce the spprecistion of the masses and the dis-
tsaes cwesring i the planetary system, Herschel draws the
Sodvwing vicrare. Lot the sun be represented by a globe 1
—wte i= HEameter. The nearest planet (Mercury) will be
a™ccs as large as 3 pepper-corn. 3} millimetres in thickness,
3¢ 8 diwanee of 40 metres. 73 and 107 metres distant from
the suz will move Venus and the Earth, each 9 millimetres in
diameter, or a little larger than a pea. Not much more than
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The eontinual bombeidasent 6F dhar'hs DS Wil
masses ought to inerease its volwibe ae'wéll &S Sndintl
eentripetal action only existed. The imerease ‘of -Voluilf
could scarcely be appreciated by man ; for if thie spactiis gritf
uyofﬁmwcnﬂdmmhumdﬁh“h"
that of the sun, the enlargement of his apparent dumeter &
thoemntofmmond,thommww
would require from 83,000 to 66,000 years.

Not quite so inapprecisble would be the inerease of B
mass of the sun. If this mass, or the weight of the s}
were augmented, an acceleration of the motion of the pleill
in their orbits would be the consequence, whereby their timii
of revolution round the central body would be shorteiied’
The mass of the sun is 2-1 quintillions of kilogrammmes ; asdi
the mass of the cosmical matter annually arriving at the sun
stands to the above as 1 to from 21 — 42 millions, Such s
augmentattonofthewenghtofthemnonghttolhmﬂw
sidereal year fromwthtommthofmleugﬂ:,orﬁm
4ths to §ths of a second.

" The observations of astronomers do not agree with this
conclusion ; we must therefore fall back on the theory men-
tioned at the beginning of this chapter, which assumes that
the sun, like the ocean, is constantly losing and receiving
equal quantities of matter. This harmonizes with the suppo-
dﬁonthatthev&vivaofthennivernilseomtqnnﬁty.

VI-THE SPOTS ON THE SUN’'S DISO.

THE solar disc presents, according to Sir John Herschel,
the following appearance. ¢ When the sun is observed
through a powerful telescope provided with coloured ginswes
in order to lessen the heat and brightness which would be .






208 CELESHAY, PUplYN]. < 7
ks the clouds in owr air, or in wide-spresd plows ani S
Iike columns, or in rays like the asrora borealis. 91

“ Near large spots, or extensive groups of them, lunge
spaces are observed to be covered with peceliaxly marked °
limes much brighter than the other parts of the surface ; thags:
lines are curved, or deviste in branches, and are calied facshs.
Spots are often seen between these lines, or to originate there.
These are in all probability the crests of immense waves-ia
the luminous regions of the solar atmosphere, and -bear wis-
ness to violent action in théir iminediate neighbourkood.” -

The changes on the solar surface evidently point to tie
action of some external disturbing foree; for every moviag
power resident in the sun itself ought to exhsust itself by its
own action. These changes, therefore, are no unimpertest
confirmation of the theory explained in these pages. = .

At the same time it must be observed that our knowledge
of physical- heliography is, from the nature of the subjeet,
very limited ; even the meteorological processes and other phe-
nomens of our own planet are still in many respects enigmat-
ical. For this reason no special information could be given
about the manner in which the solar surface is'affected by
coemical masses. However, I may be allowed to mentiom
some probable conjectures which offer themselves.

The extraordinarily high temperature which exists on the
sun almost precludes the possibility of its surface being solid §
it doubtless consists of an uninterrupted ocean of fiery flaid
matter. This gaseous envelope becomes more rarefied in
those parts rhost distant from the sun’s centre.

As most substances are able to assume the gaseous state
of aggregation at high temperatures, the height of the sun’s
atmosphere cannot be inconsiderable. There are, however,
sound reasons for believing that the relative height of- the so-
lar atmosphere is not very great.

Since the gravity is 28 times greater on the sun’s surface
than it is on our earth, a column of air gn the former must
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work on oue square metre of the earth’s surface would be
equal to 0-36, and the total effect for the whole globe 180 bil-
lions of horse-powers. A not incomsiderable portion of this
encrmous quantity of vis vira is consumed in the produeticn
of atmospberic actions, in consequence of which numerous
motions are set up in the earth’s atmosphere.

In spite of their great variety, the atmospheric currents
may be reduced to a single type. In consequence of the wne-
qual beating of the earth in different degrees of latitnde, the
cohiier sd heavier air of the polar regions passes in an under
sarvems rwurds the equator ; whereas the heated air of the
Smas axcemds w the higher parts of the atmosphere, and’
frvws dwm theace towards the poles. In this manner the air
o satk hemisphere performs a circuitous motion.

3- % Exvwx 13as these currents are essentially modified by
t nwvewk 7€ Qx earth oan its axis.  The polar currents, with
s ammlyr vaanory velocity, receive a motion from east to
vt MANISCY W 2 earth’s rotation. and the equatorial cur-
Ay Alv AR West X ek in advance of the axial rotation
s« € oxvd. L rmer of these currents, the easterly
wimd Mt dmans e sceaory effect of the globe, the lat-
2y fR YCARSY WINS TRmK incresse the same power. The
Ane voul A Ww anbra IE Zhewe oppused influences is, as re-
Wil S vemMhAl A N ATRL sovording to well-known me-
aner.ea TS, ==l T dhese currents counteract each
v e ERevetAY  SQIVE <Xt e lwst intloence on the
e vateTok W e mrf. [l mporaxt conclusion was
swstm N LN

N e &v i S WT every imaginable action
melen n nunew IRE I DN aiﬁnibn:o&'the snn.otby
‘~ Vas ret weaswe v sy Tum 3w earth’s interior,
« e T anus % OV M0 3N wsser, of on the land.
NG r osme GROC MUV TeABDw )Y hese means oo
N oveeana A S WV R SERTY cvmpensatal by the effect
» wNWNa wnalal B umimﬁn:n:hnhmh-
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A 3irt zxwe fr e prodoctien of a general motion of
wumincn ¥ 3¢ wxery of She ocean is the unequal heating
of 3¢ w2 7 e xmes.  According to the laws of hy-
&wecacirs. 3 onwder wader of the hizher degrees of latitude
= ormoeded 3 Svw owzsds the equator. and the warmer
wier <f T TrgEes sowards the poles. in eonsequence of
wirh. swime seTemerns are prodmaced i the ocean to thoss
n Ge mmogiers.  TiSe i= the camse of the cold under caur-
yeur Sy T3 Tedes % the equator. and of the warm surface-
cxrres S e scmmce 10 the poles.  The waters of the lat-
2. v vIine o€ the rreazer velocity of rotation at the eque-
atr. zsscue = e coward progress a direction from west to
ex. & ¥ 3 soiiz peoof of the preponderating influence
o 3= T3 wrr= tha = splte of this. the motion of the
orea= 1 or e while iz an opposite direction. ’

Toers 122 expesience thns agree in the result that the
jr¥ormce F 2 —yon om the rotating earth caunses s motion
o Tisaw Tom east to west in both atmosphere and
aes=. T3 >Gc rmux cortinually diminish the rotatory
&farg =7 e eaxik. for wast of an opposite and compensating
b e R

To: ar——za! rressure of the tidal wave against the axial
reessXe of ¢ earth may alwo be deduced from statical laws.

To: rmsviaticn of the moon affects without exception all
paczs of the globe.  Let the earth be divided by the plane of
e merXa= in which the moon happens to be into two hemi-
soheres. ooe 10 the east. the other to the west of this merid-
ja=. I: is clear that the moon, by its attraction of the east-
ern hemisphere. tends to retard the motion of the earth, and
br its attraczion of the western hemisphere, to accelerate the
same rotation.

TUnder certain conditions both these tendencies confpensate
each other, and then the action of the moon on the earth’s
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Wmmdmhﬁmmm.hvhm”
had not assumed its present magnitude. Acoording te thisy
byndd&:smhmmpﬁqﬁomdmphﬂw
be reduced to the union of once separsted massed. - .

To the mechanical wmmmduuofﬁoaﬁ
order, with masses of the second and third order, &c., the
same laws as those enunciated for the sun apply. The sollig~
ion of such masses must always generate an ameunt of hea$-
pmporﬁomltothanqnmofthmrulouﬁu,mwthmu
chanical effect.

Altbonghwemnotmapomhontosﬁmuyﬂlmgeuh
tain respecting the primordial conditions under which the
oconstituent parts of the earth existed, it is nevertheless of the
greatest interest to estimate the quantities of heat generated by
the collision and combination of these parts by s standard
based on the simplest assumptions. .

Accordingly we shall consider for the present the earth to
have been formed by the union of two parts, which obtained
their relative motions by their mutual attraction'only, Let
the whole mass of the present earth, expressed in kilo-
grammes, be T, and the masees of the two portions T—« and
a. The ratio of these two quantities may be imagined to
sssume various values. The two extremé cases are, when s
is considered infinitely small in comparison with T, and when
@me T—z==} T. These form the limits of all imaginable
ratios of the parts T —« and 2, and will now be more closely
examined.

Temsmdhexghumofeome exciuded from the fol-
lowing consideration. In the first place, let , in comparison
with T—w, be infinitely small. The final velocity with
. which & arrives on the surface of the large mass, after haying
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s in & Sgeiid stete © snd. afier mach coatrovarsy, & may be
emibal s wull thet this Syuil conditieon was not that of
o spnens subsine. but of & s malied by & kigh tenipers-
¥ .

The wmpuntee of G cret of G globe Hhewise for
sishes wef of the existunce of & stere of heat in its interior.
My et expwriments snd messsrements show that e
smpunmre of e ek inceeses with Ghe depth to whith
we yeemrase.  In baring the sxtesion well at Grenelle, which
is 36F matves darp. & was chaerved that the temperature ang-
wmmmnd = the vase of 17 for every 30 metres. The same -
s vas dhaninad b cheervetions in the artesisn well at Mon-
duf & Lowalewry : h‘ﬂ.ﬂlmnm“
i vamer 347 verm.

hmﬁ-mwemh@m
peraere execmy in the inserior of the earth. Scientific men
we arceed Sac the aqueeus deposits from the atmosphere,
sin. il dre. sad mew. sre the sole causes of the forma-
wen i wprinrs.  The water obeving the laws of gravity, per-
colnors 2rowmyh the carth wherever it can, and reappears at
the serdiate i viaces of a Jower sitmation. When water sinks
o ceasidersble deythe through vertical erevices in the rocks,
& stquirer the wempersture of the surrounding strata, and
resarse o a thermml spring to the sarface.

Seck waters are frequently distinguished from the water
of sedinary spcings merely by their possessing a higher tem-
pwaswre.  If however. the water in its course meets with
wmimicel e cryanic sebetances which it can dissolve and re-
win. % thea Teappears as a mineral spring. Examples of
swch are mwt with at Aachen. Carlsbed, &c.

In & far more decided mammer than by the high tempers-
vare of the water of certain springs, the interior heat of our
ghode is mede manifest by those flery fiuid masses which
sometimes rise from considerable depths. The temperature






tion, powerful encugh to melt woskie it tonches ws-to- one
sider the molten state of a plangt as the result of the meshanw
jeal union of cosmioal masses, and thus derive the. radintion:
ofthommddnhuhthobonhdb-&ﬁ-m
eommon origin. "

mm“&huﬁﬁmybmﬁm
plained by the collision of its constituent parts ; and we must.
soccordingly subtract the vis wiva of the axial rotation from
the whole effect of the collision and mechanical eombination,
in order to obtain the quantity of heat generated. The rola-
tory effect, however, is only & small quantity in eompariscs
with the interior heat of the earth. It amounts to abows
4400 X T kilogrammetres, T being the weight of the éarth in
kilogrammes, which is equivalent t0 12 X T units of heat, if
we assume the density of the earth to be uniform throunghout.

If we imagine the moon in the course of time, either in
consequence of the action of a resisting medium or from
some other cause, to unite herself with our earth, two princi-
pal effects are to be discerned. A result of the collision
would be, that the whole mass of the moon and the cold erust
of the earth would be raised some thousands of degrees in
temperature, and consequently the surface of the easth would
be converted into a fiery ocean. At the same time the velo-
city of the earth’s axial rotation would be somewhat accaler-
ated, and the position of its axis with regard to the heavens,
and to its own surface, slightly altered. If the earth bad
been a cold body without axial rotation, the procees of its
wmbmmgmtbthemoonmldhnnmpuhdto:thﬂl
heat and rotation.

It is probable that such processes of combination between
different parts of our globe may have repeatedly happened
before the earth attained its present magnitude, and that lnx-
uriant vegetation may have at different times been buried-um-
der the fiery débris resulting from the conflict of these masses.
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ing manner :—In the first place, the time between two sdlipsss
of the sun, widely apart from each other, is as acoxrately
as possible expressed in days, and from this the retio of the
timeo of the earth’s rotation to the mean time of the mooa'’s
revolution determimed. If, now, the observations of anciest
astronomers be compared with those of cur present tims, the
least alteration in the absolute length of & day may be: ds-
tected by a change in this ratio, or in’s disturbancs in the
hmar revolution. The most perfoot agrecinent of ancient reo-
ords on the movements of the moon and the planets, om-the
eclipses of the sun, &e., revealed to Laplace the remarkabls
fact that in the course of 25 centuries, the time in which our
earth revolves on its axis has not altued-l-,.thpu-tofsm
gesimal second ; and the length of a day therefore may be
oonsidered to have been constant during historie times.

This result, as important as it was convenient for astron-
omy, was nevertheless of a nature to create’ some difficulties
_for the physicist. With apparently good reason it was con-
cluded that, if the velocity of rotation had remained constant,
the volume of the earth could have undergone no change.
The earth completes one revolution on its axis in 86,400 si-
dereal seconds ; xteonsequenﬂyappeu-a,nfthuhmehund
Mdmg%ymwﬁeemmd,.ﬁof.m
orwhmefaday,thatdmmgtbnhngupmofm
the radius of the earth also cannot have altered more them-
this fraction of its length. The earth’s radios messaves
6,869,800 metres, and therefore its length ought not to have
diminished more than 15 centimetres in 25 centuries.

The diminution in volume, as a result of the cooling-pro-
oess, is, however, closely connected with the changes on tie
earth’s surface. When we consider that scarcely s dey
pasees without the occurrence of an earthquake or shoek in







sssuremems. we are ocbliged to content ourselves with prob-
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Cymsadesmr whas 3¢ known about the expansion and con-
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+-6°. Fisher, in lat. 80° N. and long. 11° K., noticed thet
the surface-water had a temperature of 0°, whilst at a depth
of 140 fathoms it stood at-}-8°.

As sea-water, unlike pure water, does not posseee a point
of greatest density at some distance above the freezing-point,
and as the water in lat. 80° N. is found at some depth to be
warmer than water at the same depth 10° southward, we can
only explain this remarkable phenomenon of an increase of
temperature with an increase of depth by the existence of a
sonrce of heat at the bottom of the sea. The heat, however,
which is required to warm the water at the bottom of an ex-
panse of ocean more than 1000 square miles in extent to a
sensible degree, must amount, according to the lowest esti-
mate, to some cubic miles of heat a day. _

The same phenomenon has been observed in other parts
of the world, such as the west coast of Australia, the Adri-
atic, the Lago Maggiore, &c. Especial mention should here
be made of an observation by Horner, according to whom the
lead, when hauled up from & depth varying from 80 to 100
fathoms in the mighty Gulf-stream off the coast of America,
used to be hotter than boiling water.

The facts above mentioned, and some others which might
be added, clearly show that the loss of heat suffered by our
globe during the last 2500 years is far too great to have been
without sensible effect on the velocity of the earth’s rotation.
The reason why, in spite of this accelerating cause, the length
of a day has nevertheless remained constant since the most
ancient times, must be attributed to an opposite retarding ac-
tion. This consists in the attraction of the sun and moon on
the liquid parts of the earth’s surface, as explained in the
last chapter.

According to the calculations of the last chapter, the re-
tarding pressure of the tides against the earth’s rotation
- would cause, during the lapse of 2500 years, a sidereal day
to be lengthened to the extent of jth of a second; as the
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thousand yuu’ duration during which thess .
influences will appear to be equal. Within this perbdtﬂv
dereal day attains its shortest length, and the velocity of the
earth’s rotation its maximum—circumstances which, aceords
ing to mathematical analysis, would tend to lengthen the du«
ration of this period of the earth’s existence.

The historical times of mankind are, according to I.-
place’s calculation, to be placed in this period. Whether we
are ai the present moment still near its commencement, its
middle, or are approaching its conclusion, is a question which
cannot be solved by our present date, and must be left to fa-
ture generations. )

The continual cooling of the earth cannot be without an
influence on the temperature of its surface, and consequently
on the climate; scientific men, led by Buffon, in fact, have
advanced the supposition that. the loss of heat sustained by
our globe must at some time render it an unfit habitation for
organic life. Such an apprehension has evidently no founda-
tion, for the warmth of the earth’s surface is even now much
more dependent on the rays of the sun than on the heat which
reaches us from the interior. According to Pouillet’s meas-
urements, mentioned in Chapter ITL., the earth receives 8000
cubic miles of heat a day from the sun, whereas the heat
which reaches the surface from the earth’s interior may be
estimated at 200 cubic miles per diem. The heat therefore
obtained from the latter source every day is but small in com-
parison to the diurnal heat received from the sun.

If we imagine the solar radiation to be constant, and the
heat we receive from the store in the interior of the earth to
be cut off, we shoild have as a consequence various changes
in the physical constitution of the surface of our globe. The
temperature of hot springs would gradually sink down to the
mean temperature of the earth’s crust, volcanic eruptions
would cease, earthquakes would no longer be felt, and the
temperature of the water of the ocean would be sensibly al-
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tered in many places—circumstances which would doubtless
affect the climate in many parts of the world. Especially it
may be presumed that Western Europe, with its present fa-
vourable climate, would become colder, and thus perhaps the
seat of the power and culture of our race transferred to the
milder parts of North America.

Be this as it may, for thousands of years to come we can
predict no diminution of the temperature of the surface of
our globe as a consequence of the cooling of its interior mass ;
and, as far as historic records teach, the climates, the tempe-
ratures of thermal springs, and the intensity and frequency
of volcanic eruptions are now the same as they were in the
far past. :

It was different in prehistoric times, when for centuries
the earth’s surface was heated by internal fire, when mam-
moths lived in the now uninhabitable polar regions, and when
the tree-ferns and the tropical shell-fish whose fossil remains
are now especially preserved in the coal-formation were at
bhome in all parts of the world.
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vast and magnificent structure of the experimenital

sciences has been erected on only a few pillars. His-

tory teaches us that the searching spirit of man required

thousands of years for the discovery of the fundamental prin-

ciples of the sciences, on which the superstructure was then

raised in a comparatively short time. But these very funde-

mental propositions are nevertheless 8o clear and simple, that

the discovery of them reminds us, in more than one respect,
of Columbus’s egg.

‘Baut if, now that we are at last in possession of the truth,
we speak of a method by the application of which the most
essential fundamental laws might have been discovered with-
out waste of time, it is not that we would criticize in sny light
spirit the efforts and achievements of owr-fdrerunners: it is
merely with the object of laying before the reader in an ad-
vantageous form one of the additions to our knowledge which
recent times have brought forth.

The most important—not to say the only—rule for the
genuine investigation of nature is, to remain firm in the com-
viction that the problem before us is to learn to know phenom-
eua, before secking for explanations or inquiring after higher
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objects and spaces which forbid all thought d‘q.i—t. .
while at the same time the motions of the isnamersble heaw
enly bodies are of so complicated a kind, that M
‘science, in its stately unfolding, ungbﬂymiblﬁ
est triumph whereof human intelloct here below is able to °
boast.

In accordance with the natural rule that, both in partion-
lars and in general, man has to begin with that which is
easiest and then to advance step by step to what is move &ifi-
cult, it might well be supposed that astronomy mmust have ar-
rived at a flourishing -state of development later than any
other branch of human knowledge. But it is well known that
in reality the direct opposite was the case, inasmuch as it was
precisely in astronomy, and in no other branch, that the ear-
liest peoples attained to really sound knowledge, It may,
indeed, be asserted that the science of the heavenly bodies
had in antiquity reached as high a degree of perfection as thé
complete want of all the auxiliary sciences rendered poesible.

This early occurrence of a vigorous development .of .as-
tronomy, which, indeed, was a necessary forerunner of the
other sciences, since it alone furnished the necessary data for
the measurement of time, is observable among the most va-
rious races of mankind: the reason of it, moreover, lies in
the nature of things, and in the constitution of the human
mind. It furnishes a remarkable proof that a right method
is the most important condition for the successful prosecution
of scientific inquiry.

The explanation of this phenomenon lies in the fact that
the need which was felt at a very early period, of a common
standard for the computation of time, made it necessary to
institute observations such that their results required to be
expressed by definite numbers. There ‘was a felt necessity of
determining the time in which the sun accomplishes his cir-
cuit through the heavens, as well as the time in which the
moon goes through her phases, and other similar questions.
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are burned ; and herp the knowledge we have: uirealy ao-
quired of the weight of gaseous bodies comes to our abd.
We then find that, in every case of eombustion, subsianees
Mmmdymdmlwmmm“hh-
mate union with each other, and that the total weight of the
substances remains the same both before and after the combi-
nation. We thus come to know-the different bodies in their
separate and in their combined states, and learn how to trane-
form them from one of these states into the other; we leam,
(Jor instance, that water is composed of ¢wo kinds of air which
combine with each other in the proportion of 1:8. - An en-
trance into chemical science is thus opened to us, and ‘the mu-
merical laws which regulate the combinstions of matter (dis -
St3chiometrie) hang like ripe fruit before us.

As we proceed further in our investigations, we find that
in all chemical operations—combinations as well as decompo-
sitions—changes of temperature oocur, which, according to
the varying circumstances of different cases, are of all de-
grees of intensity, from the most violent heat downwards.
‘We have measured -quantitatively the heat developed, or
counted the number of heat-units, and have so come into pos-
session of the law of the evolution of heat in chemical pro-
cesses.

‘We have long known, however, that in innumerables cases
heat makes its appearance where no chemical action is going
on; for instance, whenever thore is friction, when unelastic
bodies strike one another, and when adriform bodies are com-

pressed.
i What then takes place when heat is evolved in such ways
as these ?
‘ ‘We are taught by history that in this case also the most
. sagacious hypotheses concerning the state and nature of a
i peculiar * matter” of heat, concerning &  thermal mther,”
. whether at rest or in a state of vibration, concerning * ther-
: mal mm, mppooedtomutha&fnmindnh-s
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enumerstion of its useful applications; sad, for. the same
Teason, a few historical remarks touching the ciremmstances
sttending the discovery of the foregoing fundemental law,
‘will not be out of place here.

In the summer of 1840, on the occasion of bleeding En-
ropesns newly arrived in Java, I made the observation that
the blood drawn from the vein of the arm poesessed, almost
without exception, a surprisingly bright red colour.

This phenomenon riveted my earnest attention. Swhg
fiom Lavoisier’s theory, according to which animal heat is
the result of a process of combustion, I regarded the twofold
change of colour which the blood undergoes in the eapillaries
a8 a sensible sign—as the visible indication—of an oxidation
going on in the blood. In order that the human body may
be kept at & uniform temperature, the development of heat
within it must bear a quantitative relation to the heat whsch
& loses—a relation, that is, to the temperature of the sur-
rounding medium ; and hence both the production of heat
and the process of oxidation, as well as the difference in col-
our of the two kinds of blood, must be on the whole less in
the torrid zones than in colder regions.

In accordance with this theory, and having regard to the
known physiological facts which bear upon the question, the
blood must be regarded as a fermenting liquid undergoing
slow combustion, whose most important function—that is,
sustaining the process of combustion—is fulfilled without the
constituents of the blood (with the exception, that is, of the
products of decomposition) leaving the cavities of the blood- *
vessels or coming into such relation with the organs that an
interchange of matter can take place. This may be thus
stated in other words: by far the greater part of the assimi-
lated food is burned in the cavities of the blood-vessels them-
selves, for the purpose of producing a physical effect, and &
comparatively small quantity only serves the lees important
end of ultimately entering the substance of the organs them-
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Buat if we hold firm to this physiclogical axiom, the an-
swer to the question started sbove is already given. For,
wmless we wish to attribute again to the organism the power
of crepting hest which has just been denied to it, it cannot be
assumed that the beat which it prodnces can ever amount to
combustion-theory there is, then, no alternative, short of se-
erificing the theory iteelf, but to admit that the total amount
of heat evolved by the orgamism, partly directly, and partly
indirectly by mechanical action, corresponds quantitatively,
or is equal to the amount of combustion.

Hence it follows. no less inevitably, that the heat produced
mechanicaily by the organism must bear an invariable quantita-
tive relation to the work expended in producing st.

For if. according to the varying construction of the me-
chanical arrangements which serve for the development of
the heat, the same amount of work, and hence the same
amount of organic combustion, could produce varying quanti-
ties of heat. the quantity of heat produced from one and the
same expenditure of material would come out smaller at one
time and larger at another, which is contrary to our assump-
tion. Further. inasmuch as there is no difference in kind be-
tween the mechanical performances of the animal body and
those of other inorganic sources of work, it follows that

AN INVARIABLE QUANTITATIVE RELATION BETWEEN HEAT
AXD WORK IS A POSTULATE OF THE PHYSIOLOGICAL THEORY _
OF COMBUSTION.

While following in general the direction indicated, it was
accordingly needful for me in the end to fix my attention
chiefly on the physical connection subsisting between motion
and heat ; and it was thus impossible for the existence of the
mechanical equivalent of heat to remain hiddem from me.
But, although I have to thank an accident for this discovery,
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proved by some fact established beyond a doubt, we may ac-
cept it as true.
Now we are tanght by experience, that neither motion nor
heat ever takes its rise except at the expense of some meas-
urable object. and that in innumerable cases motion disap-
pears without any thing except heat making its appearance.
The axiom that we have established leads, then, now to the
conclusion that the motion that disappears becomes heat, or,
in other words, that both objects bear to each other an invs-
riable quantitative relation. The proof of this conclusion by
the method of experiment, the establishment of it in all its
details, the tracing of a complete harmony subsisting between
the laws of thought and the objective world, is the most inter-
esting. but at the same time the most comprehensive problem
that it is possible to find. What 1. with feeble powers and
without any external support or encouragement, have effected
in this direction is truly little enough ; but—ultra posse nemo
odligatus.

In the paper referred to (the first of Mayer’s in the pres-
ent volume) I have thus expressed myself with regard to the
genetic connection of heat and moving force :

*If it be now considered as established that in many
cases (exceptio conjirmat regulam) no other effect of motion
can be traced except heat, and that no ether cause than motion
can be found for the heat that is produced, we prefer the as-
sumption that heat proceéds from motion, to the assumption
of a cause without effect and of an effect without a cause—
just as the chemist, instead of allowing oxygen and hydrogen
to disappear without further investigation, and water to be
produced in some inexplicable manner, establishes a connec-
tion between oxygen and hydrogen on the one hand and water
on the other.” i

From this point there is but one step to be made to the
goal. At page 257 it is said: ‘‘ The solution of the equa-
tions subsisting between falling-force [that is, the raising of
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his investigation by & common quantitative standard, their abs
solute weights. Let us suppose, however, that we could de-
termine one body, for instance water, only by weight, and
another, water-forming or explosive gas, only by volume, and
that we had agreed to choose one pound as the unit of weight,
and one cubic foot as the unit of volume ; we should then have
to ascertain how many cubic feet of explosive gas could be ob-
tained from one pound of water, and conversely. This num-
ber, without which neither the formation nor the decomposi-
tion of water could be made the subject of calculation, might
then be smtably called ¢ the explosive-gas equivalent of wa-
m ”

In this latter sense a raised weight might, in accordance
with the known laws of mechanics, be called the ¢ equiva-
lent” of the motion resulting from its fall. Now, in order to
compare these two objects, the raised and the moving weight,
which admit of no common measure, we require that con-
stant number which is generally denoted by g. This number,
however, and the mechanical equivalent of heat, whereby-the
relation subsisting between heat and motion is defined, belong
both of them to one and the same category of ideas.

In the paper that I have mentioned it is further shown
how we may arrive at such a conception of force as admits
of being consistently followed to its consequences and is sci-
entifically tenable ; and the importance of this subject induces
me to return to it again here.

The word ¢ force” (Kraft) is used in the higher or scien-
tific mechanics in two distinct senses.

I On the one hand, it denotes every push or pull, every
effort of an inert body to change its state of rest or of mo-
tion; and this effort, when it is considered wlone and apart
from the result produced, is called ¢ pushing force,” ¢ pulling
force,” or shortly ¢ force,” and also, in order to distinguish
between this and the following eoneeptlon, ¢ dead force” (vis
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IL On the other hand, the product of the pressure into
the space through which it acts, or, again, the product—or

half-product—of the mass into the square of the velocity, is .

named * force.” In order that motion may actually occur, it
is in fact necessary that the mass, whatever it may be, should
under the influence of a pressure, and, in the direction of that
pressure, traverse a certain space, ‘ the effective space”
( Wirkungsraum) : and in this case a magnitude which is pro-
portional to the ¢ pushing force” and to the effective space,
likewise receives the name *‘ foree;” but to distinguish it
from the mere pushing force, by which alone motion is never
actually brought about, it is also called the ** vis viva of mo-
tion,” or ** moving force.”

With the gereric conception of * force,” the higher me-
chanics, as an essentially analytic science, is 1t connerned.
In order to arrive at it, we must, scourding 10 the general
rule, collect together the characters posectsed in comawn by
the several species. As is well known, the defiutivu s ob-
tained runs thus—* Force is every thing whirk briugs about
or tends to bring about, alters or tends 1) aluer tinn.”

This definition, however, it is eary s pex, in tautilogienl ;
for the last fourteen words of it migit b« cmitAd, sud the
sense would be still the same.

This erroneous solution is occasioned by the ustare of the
problem, which requires an impossibility. Mere pressure
(dead force) and the product of the pressure. int thy; cflestive
space (living force) are magnitudes too thorvughly unliks o
be by possibility combined into a generic conception. Fress-
ure or attraction is, in the theory of motinn, what sffinity is
in chemistry—an abstract conception : living fores, like mats
ter, is concrete ; and these two kinds of force, however elonely
connected in the region of the association of idess, are in
reality so widely separated that a frame which should take
them both in must be able to include the whole world,

There are several conceivable ways of escaping from the
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pushing force, we must call in the aid of the Adgher mathe
matics.

But hence it follows that, except in statics, where the el
fective space is nought and the pressure constant, the New-
tonian conception of force is available only in the higher
branches of mechanics ; and it is plainly not advisable so to
choose our conception of ¢ force” that it cannot be consist
ently employed in that branch (namely, the elementary parts
of the theory of motion) which of all others is chiefly con-
cerned with fundamental notions.

It is, however, a totally mistaken method to try to adapt
the idea of a force, such as gravity, conceived in Newton's
sense, to the elementary parts of science, by leaving out of
consideration ome of its most important properties, namely: its
dependence on distance, and to make a * force” out of Gali-
leo’s gravity thus inexactly and in some relations most incor-
rectly conceived. Some such ideal force (No. IIL) seems
to hover before the minds of most writers on natural science
a8 the original type of a ‘force of nature.” '

Such quantitative determinations as hold good only ap-
proximately and under certain conditions ought never to be
employed to establish definstions. In a calculation, it is true,
we may correctly enough take an arc, which is sufficiently
small in comparison with the radius, as equal in size to the
sine or to the tangent ; but if we attempted to use such a rela-
tion in settling first principles, we should lay a foundation for
fallacies and errors.

The Newtonian idea of force, however, transplanted in
the manner that is commonly done into the region of element-
ary science, is no whit better than the notion of a straight
curve. Newton’s force, or attraction, in specie gravity, g, is
equal to the differential quotient of the velocity by the time ;

that is, y=%:- This expression is quite exact, but jn order to
understand and apply it a knowledge of the higher mathemat~
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but it accords as far as possible with that which already ex-
ists ; for, as I shall show, it contains by implication the con-
ception of force as met with in the higher mechanics, and re-
ferred to above by II. .

If a mass M, originally at rest, while traversing the effect-
ive space s, under the influence and in the direction of the
pressure p, acquires the velocity ¢, we have ps—=M¢c*. Since,
howerver, every production of motion implies the existence of
& pressure (or of a pull) and an effective space, and also the
exhaustion of one at least of these factors, the effective space,
it follows that motion can never come into existence except
at the cost of this product, ps=Mc". And this it is which
for shortness I call ¢ force.”

The connection between expenditure and performance (in
other words, the exhaustion of force in producing its effect)
presents itself in the simplest form in the phenomens of grav-
itation. The necessary condition of every falling motion is
that the centre of gravity of the two masses concerned in it
(that is, of the earth and of the falling weight) should ap-
proach each other. But in the case of the falling together of
the two masses,-the approach of their centres of gravity
reaches its natural limit, and hence the production of a fall-
ing movement is thus bound up with an expenditure, namely,
with the exhaustion of the given falling-space, and thereby
also of the product of that space into the attraction. The
falling down of a weight upon the earth is a process of me-
chanical combination ; and just as in combustion the capacity
of performance (that is, the condition of the development of
heat) ceases when the act of combination comes to an end, so
also the production of motion ceases when the weight hes
fallen to its lowest position. The weight, when lying on the
solid ground, is, like the carbonic acid formed in combustion,
nothing but a caput mortuum. The affinity, whether mechan-
ical or chemical, is still there after the union just as much as
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power of the velocity (that is, whether it is or is not de-
structible) : he even appears; from repeated expressions, to
hold it possible that a given quantity of heat can produce mo-
tion ad snfinitum /| If such were the chse, it would certainly
be useless to consider the convertibility of these magni-
tades : the ground would rather have been won for the contact
theory.

The polemics of my respected critic, whom I have here
introduced as the representative and spokesman of prevailing
views, and to whom I feel that my sincere thanks are due for
his attentive examination of my first publication, appear to
me to be necessarily without result, inasmuch as the first
problem in combating my assertions, which afl revolve about
the one point of an invariable quantitative relation between
heat apnd motion, must be to find out that this relation is va~
riable, and in what cases. Formal controversy without a
material basis is only beating the air; and as to what relates
specially to the questions about force, the first point to con-
sider is, not what sort of thing a ¢ force” is, but to what
thing we shall give the name * force.” Backwards and for-
wards talk about gravity is fruitless, since all who understand
the matter are agreed as to its nature ; for gravity is and re-
mains a differential quotient of the velocity by the time, di-
rectly proportional to the attracting mass, and inversely pro-
portional to the square of the distance : on this point a final
decision was come to long ago. But whether it is expedient
to call this magnitude a force is quite another question.

Since, whenever an innovation of essential importance is
proposed, the public is so ready to misapprehend, I will here
state once more, as clearly as I can, my reasons for saying
that ¢ the force of gravity ” is an improper expression.

It is an unassailable truth that the production of every
falling motion is connected with a corresponding expenditure
of a measurable magnitude. This magnitude, if it is to be
made an object of scientific investigation (and why should it

.
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b w the debmsive middle region of msturalistic philosophy
and wecicins

Br a aw that i xxiversally true, waste and want go hand
N davé I ic the case before us, where this rule Likewise
=ke swsy the word - force * from the connection in which it
= vaperdasas and kaciful and bring it to where we are in
war of . we zec rid at one time of two important obstacles.
T kirer machematics at coce cease t0 be required in order
® gain esinibence iato the theory of motion : nature presents
herseir’ ic simple beaxty before the astonished eye, and even
the ke ziSad mav now behold many things which hitherto
were soonnaond Som the most learned philosophers.

Force s»i mamer are indestructible objects. This law, to
witdh mEviiml facts may most simply be referred, and
wia 2ered:re I mieht figuratively call the heliocentric stand-
FYizi. ~vestitmmes s mataral basis for physics, chemistry, phys-
ey, aod tElowosdy.

A=oez the facts which, though known, have been hith-
erte ooiy exmrirwaly escablished and have remained isolated,
baz whick cax be easiiy referred to this nataral law, is the one
thas electric aod magmetic atntraction cannot be isolated any
more than gravity. or that the strength of this attraction
wdergces £o aitersticn. 50 long as the distance remains the
same. by the intervening of indifferent substances (non-con-
ductors). .

Among facts which have remained unknown wup to the
moet recent times. I will refer only to the influence which the
ebb and flow of the tide exerts, in accordance with the known
laws of mechanics, on the mhotion of the earth about its axis.
A fact of such importance, standing, as it does, iu close rela-
tion with the fundamental law just stated, having been able
to escape the attention of naturalists, is of itself a proof that
the prevailing system has no exclusive title.

For the rest, it will not have escaped those who are ac-
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bodies. In many cases falling-force is weasured with sl
cient accuracy by the product of the raised weight into ia
height; and the expressions ¢ foot-pound,” * kilogramme-
metre,” “ horse-power,” and many others, are conventional
units for the measurement of this force, which have of late
come into general use, especially in practical mechanics. Bat
in order to find the exact quantitative expression for the mag-
pitude in question, we must consider (at least) two masees
existing at a determinate distance from each other, which ac-
quire motion by mutually approaching ; and we must investi-
gate the relation which exists between the conditions of the
motion, namely, the magnitude of the masses and their orig-
inal and final distance, and the amount of motion produced.

It very remarkably happens that this relation.is the sim-
plest conceivable ; for, according to Newton’s law of gravita-
tion, the quantity of motion produced is directly proportional
to the masses and to the space through which they fall, but
inversely proportional to the distances of the centres of grav-
ity of the masses before and after the movement. That is,
if A and B are the two masses, c and ¢’ the velocities which
they respectively acquire, and A and A’ their original and final
distances apart, we have

Ac'4+Bc¥? =£";—(h,—’) H

or in words, the falling-force s equal to the product of the
masses into the space fallen through divided by the two distances.
By help of this theorem, which, as will be easily seen, is
nothing but & more general and convenient expression of
Newton’s law of gravitation,® the laws of the fall of bodies

® Newton's formuls relates to the particular case in which the two dis-
tances (the initial and the final distance) are equal, 80 that their product
becomes a square. In this case, however, both the space fallen through
and the velocity become nought; and hence, when this expression has t.o






tinction from matter) impeaderabls oljests. (Conf. paper ol
veady quesed. pp. 333, 329.)

E = eary w see that this definition embraces, among other
thimgn. the fors that the motion which disappears in mechani-
ol promases of different kinds boars a constant relation to
the hast thereby preduced, or that motion is comvertible, as
on indescrecsible maguitnds, into heat. Thus heat is, Like mo-
ea. 3 frce : and motion, ke hest, an imponderable.

I lave chasarterised the relation which various forces
Taer 2 ane smocher by saying (Phil. Mag. S. 4, vol. xxiv. p.
232) that twrr are ~ different forms wader which ome and the
mome hpwes makes ks sppesramce.” At the same time I
have exprenly gearded myself from meking the ecertainly
pisnsihue. Yas Toproved. and. as it seems to me, hazardous de-
e s thermal pheooesaa are to be regarded as merely
ooz o moaoe. The following is what I said upon
& oizs v, 85 336

-~ Bas fost s¢ Enle as the conbection  between falling-force
ami o axzhorzzes the conclesion that the essence of fall-
mpoove i I0Ga. can sach & conclosion be adopted in the
e of baas. W are. ca the contrary, rather inclined to
imfer 2z desre i can become heat. motion—whether simple,
eT vitrasocy a3 in the case of light and radiant heat, &c.—
W CrRe X $XISt &F ERtion.”

The rebxica which, as we have seen, subsists between
ba: and mxxion has regard to quantity, not to quality ; for
% herow the words of Euclid) things which are equal to
e azxber are oot therefore similar.  Let us beware of leav-
ing the solid ground of the objective, if we would not entan-
gk cusselves in ditheulties of our own making.

In the mean time it at least results from the foregoing
considerations that the phenomena of heat, electricity, and
megnetism do not owe their existence to any particular fluids ;
and the immateriality of heat, asserted half & century ago by
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ean emother may be represented by eoncrete numbers. In
every case, however, the conception of an atom must be re-
gawded as mevely relative, and must be considered in conneo-
tien with some definite process; for, as is well known, the
paxticies of an acid and base may play the part of atoms in
the formation and decomposition of a salt, while in another

.hMMiﬂsdmiulm,mhw.rul
existence—an asssumption which, among other things, the
laws of isomorphism certainly render probable—the further
queation arises whether, by the continned division of matter,
we can at last arrive at molecules which are atoms in relation
10 the phenomena of Acaf, such that heat cannot penetrate to
their interior. and such that, when the whole mass is heated,
they for their parts undergo no increase of bulk. But since
we are unable to grapple with such preliminary questions as
e, we are forced to confess that, whether the existence of
ap mther and of atoms be admitted or not, we are, so far as
vgards the natare of specific heat, in a state of ignorance.

The expression ‘latent heat” has reference to its correctly
~ecugnired property of indestructibility. In all cases in which
wermometrically sensible specific heat disappears, it must be
assumed that it eludes our perception only by taking on some
other state of existence, and that by an appropriate process
of inverse transformation the free heat can be reproduced in its
original amount. These are the facts on which the doctrine
of latent heat rests; and hence, if we have regard to them
only, all the connected phenomena may be claimed as so many
confirmations of the principle of the transformation and con-
servation of force.

The conception of latent heat is accordingly nothing else
than the conception of something equivalent to free heat, and
thus the doctrine of free and specific heat embraces pretty
nearly the whole domain of physics. A few examples, cho-
sen from among the abundance of facts, may serve to show
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The following is one problem of this kind. It is assumed
that & coemical body enters the atmosphere of our earth with
a velocity of four geographical miles per second, and that,in
oconsequence of the resistance which it here encounters, it
loses s0 much of its vis viva of motion that its remaining ve-
locity when it again quits the atmosphere amounts to three -
miles : the question now arises, How great is the thermal
effect which accompanies this process ? .

A simple calculation, based upon the mechanical equive-
leut of heat, shows that the quantity of heat required is abost
eight times as great as the heat of combustion of & mass of
coal of equal weight with the body in question, one kilo-
gramme of coal being taken as yielding 6,000 thermal umits.
Hence it follows that the velocity of the motion of shooting-
stars and fire-balls, which, as is well-known, attains, accord-
ing to astronomical observations, to from four to eight miles,
is a cause fully sufficient to produce the most violent evolution
of heat, and an insight into the nature of these remarkable
phenomena is thereby afforded to us.®

The following is a problem of a similar kind : if two cos-
mical masses, moving in space about their common centre of
gravity, were by any cause whatever, for example by the re-
sistance of the surrounding medium, caused to fall together,
the question again arises, How great is the thermal effect cor-
responding to this process of mechanical combination ?

Even though the elements of the orbits (that is, their ex-
centricity) may be unknown, we can nevertheless calculate
from the given weight and volume of the masses in question
the maximum and the minimum of the required effect. Thus
let it be supposed, for the sake of an example, that our earth
had been divided into two equal globes which had wunited in

® The ides that the meteors here referred to owe their light to a me-
chanical process—whether friction, or the compression of the air—is not
new; but without a knowledge of the mechanical equivalent of heat it
oould have no scientific foundation.









SBOME THOUGHTS

OCONSERVATION OF FORCE.

Br Da. FARADAY.



Micaaxs Fanaoay, son of & smith, was born in London in 1791, ° He

' was taught reading, writing, and arithmetio at & day-school, and in all other

things educated himself. At thirteen he was apprenticed to s bookbinder,
choosing this vocation in order to be among books. He was early fond of ex-
periment, and averse to trade ; and being taken to hear some lectures of Sir
Humphrey Davy at the Royal Institution, he resolved to pursue science, and
wrote to Davy asking his assistance in obtaining s place. Davy favored his
application, and in 18183, at the age of twenty, he was appointed assistent in
the laboratory of the Royal Institution. In 1820 he discovered the chloride
of carbon, and in 1823 effected the condensation of chlorine and other gases.
On this account Davy became jealous of him, and discouraged the idea of
recommending him for election to the Royal Society, which, however, took
place in 1824, In 1820, Oersted announced his celebrated discovery of
electro-magnetism, and Faraday at once entered upon an investigation of the
relations of magnetism and electricity. In 1831 he commenced his cele-
brated series of Experimental Researches in Electricity, which extended to
three volumes, published in 1839, 1844, and 1855. In 1827 he published
his admirable work on “Chemical Manipulations,” and, in 1880, & valuable
paper on “ The Manufacture of Glass for Optical Purposes.” In 1833 he
became Professor of Chemistry in the Royal Institution, and he has received
numerous honors from the learned societies of Europe. In 1885 he received
& pension of £300 a year, and in 1858 the Queen allotted him & residence in
Hampton Court. Dr. Faraday has talents of a high order, both as an orig-
inal investigator and as a lecturer. Advanced in years, he has now retired to
s considerable extent from active duty, but is still in the vigor of his powers,
a8 is shown by his recent lectures to juvenile audiences in the Royal Insti-
tution.
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Y TRE CONXSERVATION OF FORCE.

rumitwi . ami if we suppose an elastic spring to be intro-
iasu Niween the two as a measure of the attractive force,
o wwet viapressing it will be a hundred times as much in
S addes W ds R :hc tormer. But from whence can this
ALt A dvevase O pewer come? I we say that it is the
et woaus orve. aod cvateut ourselves with that ass
<ha. 8. Alawur, l2Cn it appears to me we admit a creation
© N %L ald 4. W 82 eRvrmous amount; yet by a change
» oo ooow sl and simple as to fail in leading the least
AIttoae muw v Quitd that it can be a sufficient cause, we
= ma it v wNLL vV2CR would equal the highest act our
mos s s wrowvaa o t2e werking of infinite power upon
Sow.t % wRawr ¢. awae the highest law in physical sci-
Wy . &0 ke :el".u.t us to perceive, namely, the

- - ihe two particles, A and B,
.- N ot ten, then the force of
<~ e s + txzdsedth part of that they pre-

N AN LN aam ™zt the statement that the

- RN Nt e twowtias of the distance. would

L.~ Sy S oas . v oevsr ovsuits: it would be an
i s

i iz infiaity and its

~. . o~ s oo cacioce’v wdin the power of Him
- -~ ® ea

. > e~ v I e wmler evesy form that
F S S N TR R R SLIoeSt o the mind: it

o . e+ aam . e = oa.r L s o amswinnaure: anditis

~ L eae v td L suoeweded, W0 A lanTe oxtent.,

. o st us v L. N VL TU wC a3t derive one from
o e amos e ot sstemalory ovidence of the
.. s =aanr s oes. Thez let us

C o~ . et twetiooN U aam Rooas aimweunr each other
.- CW e wa etues dCuates vew. Aswerding

At ceZe St adulus ZT0R el Tarticies, and if

“ . oa . Yar s Qe sl zol smuvitaze. that

N e et N sITMOUVEL Tv Curs of gravioy.  Suppos-
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The half assumption is. in my view of the matter. more dog
matic and irrational than the whole, becanse it leaves it to be
understood that power can be created and destroyed almost at
pleasure.

‘When the equivalents of the various forms of force, as far
as they are known. are considered. their differences appear
very grea:: thus. a grain of water is known to have electric
relatiozs equivalen: 10 a very powerful flash of lightning. It
=ar tterefore be supposed that a very large apparent amount
=f Pz {irre caasing the phenomena of gravitation, may be
o e7iivaen: of a very small change in some unknown con-

5oz if 2 odies. whose attraction is varving by change of
--u_ s =v own part. manv considerations arge my

-warita ides of a canse of graviiy, which is not res-
=2 ramicles of mater n:e-e‘r. but constantly in
I kave already pu: forth considerations
=iz s vy wilsh partake of chis ides.® and it seems
-iy acceptad ty Newton.¥

=5ul cozditicn of matter. perhaps its
+. fis=i3; but in relation to the
>, it cnly adds 10 the difficulty.
arizles of matter at a certain dis
a:ter under the power of grarvity,
T r.l! arproach: nnd when at only

1853, vol ik, p. 19, ete
=i, and essential to matter, so
Sstapce, tarough a racvum, with-
3 through which their sction and
AN 'm..e-. is to me so great an absurdity
= yilesophical matters a competent fac
Gravity must be caused by an agent,
ot p. sminm s s demmalz aws: but whether this agent be ma-
TR Ty - tyre %3 o the copsideration of my reader. " So
Nowror s Tumi Zeme 3 Seatay.
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which sre knows ito one harmonious whole ; sad if in sach
see tan speriecsiv. still we should endeavour to see, for even
sa checure sud dimorsed vision is better than none. Let us,
i we can. dmoever & mew thing in amy shape; the true sp-
paxrnce mnd ciscacter will be easily developed afterwards.

Some s~ mmch surprised that I shoold, as they think,
wemure u onpose the conclusions of Newton ; but here there
#smmake. 130 mot oppose Newton on any point; it is
Tutiner ‘fhore whi secaim the idea of action at a distance. that
comradiws Wi Dosbtial ax I coght to be of myself, I am
srmmic veer giai 3 forl that my convictions are in accord-
sy witt hes rancusieos. Az the same time. those who oo
e aemetves with sach masters omsht not to depend alto-
Fethe uwn mohrrr. b sboodd find reason within them-
wmves. mfor Sowr Tioarin s comsideration. to use and
A= YT Iear W1 irmess.  Newior timeelf. whilst refer-
T=X U e v wee Bdrine Dis views, speaks of such as
Lv STOWET U ITE &S it i osork reatters, and makes
s TR BT WNCVRET The— 304 those who were incom-
werns VT Ow DL

Fu ster ul. v T of the conmservation of foree
v v amw w mmai. Wil ther i it be unfounded even
T 8 AWUYRIR U Te smuliet pact of the acience of foree,
Se Yrwl DU M Wiy ar cesc: e all physical science
*w. I G . Davyeses as acye or larger than any
v mar. Ta© e scorpmant. I & oot resis the search for
oz, Or W ome wx & durm. b ool good. who works
HZ MY st i TURcH SurE & soch a direetion.  But
B A tmt v IRCEroRa oT cTeasion of force without
N N YESANT YYNT SRS aF i chemist owes all the
WCeNR A b Jweny U I Sremdmce on the certainty
v Saive omied 3w 3w tedsnce. 0 may the physical
Wil AT U BN e fresdes security and the utmost
wi 1 v Irmoge X Aw comvervation of force. All that






Imdt v andit seve resules, and then assume a new
sae. it WO xpeunt hev appear as passive bodies. Now,
WDown e irina Seacsy expusin what the chemical force is
doint. Nk S W0 oy, whad srv me effects during the three
ONAS N, 3. 3 acber the accive combination, and only
¥ very vague asumpcvn wa apercach to a feeble concep-
Tt of N TRMRYY L3ieR Yot we o 2t suppose the creation
X 3 Tew orevi of Nty R 13 setve moment of time, or
Ww s Ndeve Bal Ue rorees belvoging to the oxygen and
Byvdrowen exist wenaTad 1z their amount at all these periods,
Wougd varvurg 1w thetr reswitss. A part mav at the active
aromrent Yo trewn of as orechanival forve. & part as radiant
Nrve. 3 part Jdisposnd of we know ot bow : bat beheving, by
the prinvipie of couservakivn. that it i mo¢ increased or
destroved. our thoughts are direcwed to search out what
sz all and every perid it i doing. and how it is to be
recoguized and measured. A problem. founded on the
physival truth of nature. is stated. and. being stated. is on the
way to its svluton.

Those who admit the possibility of the common origin of
all physical force, and also acknowledge the principle of con-
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position that such are necessary: umnmply,unqpm
to me, to deny the conservation of force.

As to the gravitating force, I do not presume to say that I

have the least idea of what occurs in two particles when their
power of mutually approaching each other is changed by
their being placed at different distances ; but I have s strong
conviction, through the influence on my mind of the doctrine_
of conservation, that there is a change; and that the phe-
nomena resulting from the change will probably appear some
day as the result of careful research. If it be said that
¢ ’twere to consider too curiously to consider so,” then 1
must dissent: to refrain to consider would be to ignore the
principle of the conservation of force, and to stop the inquiry
which it suggests—whereas to admit the proper logical force
of the principle in our hypotheses and considerations, and to
permit its guidance in a cautious yet courageous course of in-
vestigation, may give us power to enlarge the generalities we
already possess in respect of heat, motion, electricity, mag-
petism, &c., to associate gravity with them, and perhaps
enable us to know whether the essential force of gravitation
(and other attractions) is internal or external as respects the
attracted bodies.

Returning once more to the definition of the gravitating
power as * a simple attractive force exerted between any tiwo or
all the particles or masses of matter at every sensible distance,
but with a STRENGTH VARYING tnversely as the square of the
distance,” I ought perhaps to suppose there are many who
accept this as a true and sufficient description of the force, and
who therefore, in relation to it, deny the principle of conser-
vation. If both are accepted and are thought to be consist-
ent with each other, it cannot be difficult to add words
which shall make ¢ varying strength” and ¢ conservation”

agree together. It cannot be said that the definition merely
applies to the effects of gravitation as far as we know them.
understood, it would form no barrier to progress; for,



DEFINITION OF THE GRAVITATING POWER. 883

that particles at different distances are urged toward each

. other with a power varying inversely as the square of the
distance, is a truth: but the definition has not that mean-
ing; and what I object to is the pretence of knowledge
which the definition sets up when it assumes to describe, not
the partial effects of the force, but the nature of the force
as a whole,






THE CONNECTION AND EQUIVALENCE
OF FORCES

By Pror. J. VON LIEBIG.
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. THE CONNECTION AND EQUIVALENCE
OF FORCES.

T is well known that our machines create no power, but
-only return what they have received. The motion of a
clock is produced by a weight or a spring ; but it is the power
of the human arm applied to stretch the spring or elevate the
weight, which is expended in the movement of the wheels and
pendufum in twenty-four hours, or in eight or fourteen days.

A water-wheel sets in motion, in a mill, one or more mill-
stones ; in a foundry, one or more hammers; in saltworks
or mines it pumps or raises weights to certain heights; in

s factories, it communicates movements to looms, spinning ma.
chines, and rollers. In all these instances, the work per.
formed by the water-wheel is duae to the force exerted by the
falling water on the buckets, which sets the wheel in motion ;
and this force must be greater than the resistance presentad
by the different machines in operation. The performance of
the machine is measurable by this force.

The work of a steam-engine is executed by the movement
of & piston upwards and downwards by the pressure of steam,
jnst as a water-wheel is moved by the pressurc of water,
“The cause of this pressure is heat, which is derived from the
chemical process of combustion, and is absorbed by water,
By this heat, steam is produced, and the necessary expsusion



kdowrammess | a=2: he. svairdupais) © a height of one meter
(3837 meges .

The wauvie 2ower ~ymmmnivacssd o 8 machine is not actu-
alr asuiiadie. Jur = o gart in by treuon.  For if two
maeimes JUSEesE de same puwer. it is ound that the greater
quuancy of work #il de execunnd by the ove which has to
overvome e smalier amount of fricton. In mechanics,
fricdon i alwsys mevarded 33 acdnz in direct opposition to
motia I every mawchine. Iz was bekieved that the working
power of a machine could be absolutely annthilated by it.

As the proximaze cause of the eessanion of moton, friction
was a palpable fact. and could as sach be taken into account;
but a fatal error was committed in giving a theoretical view
of its mode of action. For it a power could be annihilated,
or. in'other words. have notking as its effect, then there would
be no contradiction involved in the belief, that out of nothing
also power could be created. To this erroncous idea we may
partly trace the belief. held for centuries by most able men, in
the possibility of discovering a machine which should renew
within itself its own power as it was expended, and thus ever
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pound of wuter. gemerates & magnetic force eapable of ele-
wating a weight of 13} cwt. to the height of one foot.

¥ the menallic wire through which the electricity is cir-
calnting. Ve cat. snd both ends inmersed in water, a chemical
deremspesitions of the water into hydrogen and oxygen takes
pince. The circulating electricity is converted into chemical
afinic~. and Wto s power of attraction which canses the sep-
sratiar «f the clements of water. With the evolution of the
hodragen sl cxypen all traces of the electrical current dis-
sseenr. The power to produce beat and magnetic force, the
wanl efeccs of the electrical current, is apperently in this
enre srvibinced. sad n its place we obtain two gases, one of
whir®. bvdroges. when burned in oxygen, reproduces water
swd sroivee hegz. Now it has been proved, by careful ex-
yermemss. iy an electrical current of a given strength,
wiia whm eccveried into heat in a conductor, is capable
of miser 13 wemmerature of a pound of water by one degree,
wil trodnre by the decomposition of water a quantity of hy-
for. v e so;mbustion of which one pound of water can
S e sprvacal coe dezree in temperature.

The Yeas awd power of attraction which were apparently
g Yr e Saveposition of the water. had only become
Bomr & 37 soeak. in the elements of water. This heat is
amt ac See oo the rearion of these elements, and if con-
wemail e workmg power. would producé the same result
¥ Tasmr 8 give= weirht a foot high) as would have been
effeoni ¥v a2 marsetic power generated by a quantity of elec-
oy ooristize round a bar of iron. equal to that which
s xcirial empioved in the decomposition of the water.

The eieszrical curvent is the consequence of a chemical
sz, and the amocmt of electricity which circulates can
tereree he measured by the quantity of xinc which is dis-
alved. The chemical force (affinity) is converted by the
scohriva of the minc into a corresponding quantity of elec-
ity : and this again in the conductor into its equivalent of
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-of man. The change of position in the elements of these
complex bodies, attendant on their rearrangement into new
and simpler compounds, necessarily gives rise to motion ; and
the molecular movement of the particles in a state of change
is transferred to the muscular mass. Chemical action is thus
evidently the source of mechanical power in bodies.

The elements of the food of men and animals which give §
rise to power and heat, are produced in living plants only by
the action of sunlight. The rays of the sun beSome latent,
80 to speak, in them in the same way as the current of elec-
tricity becomes latent in the hydrogen by decomposition of
‘water. *

Man, by food, not only maintains the perfect structure of
his body, but he daily lays in & store of power and heat, de-~ "
rived in the first instance from the sun. This power and
heat, latent for a time, reappears and again becomes active
when the living structures are resolved by the vital processes
into their original elements.

The rays of the sun add daily to the store of indestructi-
ble forces of our terrestrial body, maintaining life and motion.
Thus, from beyond the limits of our earth, the body, the more
earthly vessel, derives all that may be called good in it, and
of this not a single particle is ever lost. T
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By Dr. WILLIAM B. OARPENTER.






ON THE CORRELATION OF THE PHYS-
ICAL AND VITAL FORCES.

L—RELATIONS OF LIGHT AND HEAT TO THE VITAL FORCES
OF PLANTS.

N every period of the history of Physiology, attempts
bave been made to identify all the forces acting in the
Living Body with those operating in the Inorganic universe.
Because muscular force, when brought to bear on the bones,
moves them according to the mechanical laws of lever action,
and because the propulsive power of the heart drives the
blood through the vessels according to the rules of hydraulics,
it has been imagined that the movements of living bodies may
be explained on physical principles; the most important con-
sideration of all, namely, the source of that contractile power
which the living muscle possesses, but which the dead muscle
(though having the same chemical composition) is utterly ir-
capable of exerting, being altogether left out of view. So,
again, because the digestive process, whereby food is reduced
to a fit state for absorption, as well as the formation of va-
rious products of thé decomposition that is continually taking
place in the living body, may be initiated in the laboratory
of the chemist; it has been supposed that the appropriation
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of the mmiriment to the production of the living orgenized
tissaes of which the several parts of the body are composed,
ia w0 be regarded as a chemical action—as if any combination
of albuxen and gelatine, fat and starch, salt and bone-earth,
could make a living Man without the constfactive agency in-
herent in the germ from which his bodily. fabric is evolved.

Another class of reasoners have cut the knot which they
couhi Dot untie, by attributing all the actions of living bodies
for which Physics and Chemistry cannot account, to a hypo-
thetical * Visal principle ;” a shadowy agency that does every
thing in its Qwa way, but refases to be made the subject of
scientific examination ; like the ¢ od-force ” or the ‘¢ spiritual
power ” to which the lovers of the marvellous are so fond of
suribeting the mysterious movements of turning and tilting
tables

A mwore scientific spirit, however, prevails among the best
Physivlogises of the present day; who, whilst fully recogniz-
ing the tact that many of the phenomena of living bodies can
be accounted tor by the agencies whose operation they trace
in the world around, separate into a distinct category—that
of wilal actions—such as appear to differ altogether in kind
from the phenomena of Physics and Chemistry, and seek to
determine, from the study of the conditions under which these
present themselves, the laws of their occurrence.

In the prosecution of this inquiry, the Physiologist wil]
find it greatly to his advantage to agopt the method of philos-
ophixing which distinguishes the Physical science of the pres-
ent from that of the past generation; that, namely, which,
whilst fally accepting the logical definition of the cause of any
phenomenon, as *: the antecedent, or the concurrence of ante-
cedents on which it is invariably and unconditionally conse-
quent” (Mill), draws a distinction between the dynamical
and the material conditions ; the former supplying the power
which does the work, whilst the latter affords the tnstrumental

means through which that power operates.
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only the same mechanical force acting through a different
kind of instrumentality; the strokes of the piston of the
steam-engine being dependent upon the elastic force of the
vapour of water, whilst the revolution of the water~wheel is
maintained by the downward impetus of water en masse.
But to what antecedent dynamical agency can we trace these
forces? That agency in each case is Heat ; o force altogether
dissimilar in its ordinary manifestations to the force which
produces sensible motion, yet capable of being in turn con-
verted into it and generated by it. For it is from -the Heat
applied beneath the boiler of the steam-engine that the mon-
elastic liquid contained in it derives all that potency as elastic
vapour, which enables it to overcome the vast mechanical re-
sistance that is set in opposition to it. And, in like manner,
it is the heat of the solar rays which pumps up terrestrial
waters in the shape of vapour, and thus supplies to Man a
perrenial source of new power in their descent by the force
of gravity to the level from which they have been raised.®
The power of the steam-engine, indeed, is itself derived
more remotely from those same rays; for the Heat applied
to its boilers is but the expression of the chemical change in-
volved in combustion ; that combustion is sustained either by
the wood which is the product of the vegetative activity of
the present day, or by the coal which represents the vegeta~
tive life of a remote geological epoch; and that vegetative
activity, whether present or past, represents an equivalent
amount of Solar Light and Heat, used up in the decomposi-
tion of the carbonic acid of the atmosphere, by the instru-
mentality of the growing plant.f Thus in either case we
come, directly or indirectly, to Salar Radiation as the main-

® See on this subject the recent admirable address of Sir William Arm-
strong at the Meeting of the British Association at Newcastle.

1 This was discerned by the genius of George Stephenson, before the
general doctrine of the Correlation of Forces had been given to the world
by Mayer and Grove. :
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the production of Motion, Heat, Light, and Electricity by
Hving bodies ; wucking more slightly upon the phenomena of
Growth aad Development, which constitute, in the eye of the
physiclogist, the distinet provinece of vitality. In a memoir
of my own, - On the Mutual Relations of the Vital and Phys-
ical Forees.” published in the Philosophical Transactions for
1850,* I aimed to show that the general doctrine of the ¢ Cor-
velation of the Physical Forces” propounded by Mr. Grove,
was equally applicable to those Vital forces which must be
sssumed as the moving powers in the production of purely
physiclogical phenomena; these forces being generated in
lving bodies by the transformation of the Light, Heat, and
Chemical Action supplied by the world around, and being
given back to it agaim, either during their life, or afler its
cemsation. chiefly in Motion and Heat, but also to a less de-
gree in Light and Electricity. This memoir attracted but
Listle amtention at the time, being regarded, I believe, as too
speculative ; but I have since had abundant evidence that the
minds of thoughtful Physiologists, as well as Physicists, are
moving in the same direction ; and as the progress of science
since the publication of my former memoir, would lead me
to present some parts of my scheme of doctrine in a different
form.t I venture to bring it again before the public in the
form of a sketch (I claim for it no other title), of the aspect
in which the application of the principle of the ‘¢ Conserva-
tion of Force ” to Physiology now presents itself to my mind.
©® At this date the labours of Dr. Mayer were not known either to my-
self or (30 far as I am aware) to any one else in this country, save the late
De. Baly, who a few months afier the publication of my Memoir, plsced in
my bands the pamphlet, “ Die Organische Bewegung ; ” to which I took the
earfiest opportunity in my power of drawing public attention in * The Brit
lsh and Foreign Medi irargical Review ” for July, 1851, p. 237.
} I bave especially profited by a Memoir on the Correlation of Physical,
'-ﬂrmruee,lndtheca:mﬁonofl-‘minﬂhlm
* Conte (of South Carolina College), in Silliman's American
% 1869, reprinted ia the Philosophical Magasine for 1860,
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‘Now the difference between & buing of Mgh snda b
of low organization essentially consists in this : thit in
cess of growth from the original germ, are shmilar to cach
other in structure and endowments, whilst in the Jormer they
are progreasively djffsrentiated with the ‘sdvance of develop-
ment, 0 that the fabric comes at last to consist of a Rwhber

krmsd?ogshﬂahﬁ,thopnmmﬂnlmmlhﬂh toelt
by duplicative subdivision into an apperently unlimited  pum.
ber of cells, each of them similar to every other, and cape-
ble of maintaining its existence independently of them. And
in that Jowest Rhizopod type of Animal life, the knowledge
of which is among the most remarkable fruits of modern bio-
logical research, ¢ the Physiologist has a case in which those
vital operations which he is elsewhere accustomed to see car-
_ ried on by an elaborate apparatus, are performed without any
special instruments whatever; a little particle of apparently
homogeneous jelly changing itself into a greater variety of
forms than the fabled Proteus, laying hold of its food without
members, swallowing it without a mouth, digesting it without
a stomach, appropriating its nutritious material without absorb-
ent vessels or a circulating system, moving from place to place
without muscles, feeling (if it has any power to do so) with-
out nerves, propagating itself without genital apparatas, and

and Animals, especially the Fmgi and Entosos—similar germs may devel.
op themselves into very dissimilar forms, acoording o the conditions ua-
der which they are evolved ; but such diversities are only the same kind a8
those which manifest themselves among individuals in the higher Plants sad
Animals, and only show that in the types in question there is a less close
conformity to one pattern. Neither in these groups, nor in that group of
JForaminifera, in which I have been led to regard the rangs of varation
as peculiarly great, does any tendency ever show itself to the assumption
of the characters of any group fundamentally dissimilar,
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tions of growth and development, are dependent on the agency
of Heat, is just as evident in the stage of maturity as in thst
of germination. And there is reason to believe, further, that
an additional source of organizing foree is to be found in the
retrograde metamorphosis of organic wmpomdathatgoaou
during the whole life of the plant; of which

the expression is furnished by the production of carbonic acid.
This is peculiarly remarkable in the case of the Fungs, which,
being incapable of forming new compounds under the influ-
ence of light, are entirely supported by the organic matters
they absord, and which in this respect correspond on the one
hand with the germinating embryo, and on the other with
Animals. Such a decomposition of a portion of the absorbed
material is the only conceivable source of the large quantity
of carbonic acid they are constantly giving out ; and it would
not seem unlikely that the force supplied by this retrograde
metamorphosis of the superfluous components of their food,
which fall down (8o to speak) from the elevated plane of ¢ prox-
imate principles,” to the lower level of comparatively simple
binary compounds, supplies a force which raises another por-
tion to the rank of living tissue, thus accounting in some de-
gree for the very rapid growth for which this tribe of Plants
is 8o remarkable. This exhalation of carbonic acid, however,
is not peculiar to Fungi and germinating embryos, for it takes
place during the whole life of flowering plants, both by day
and by night, in sunshine and in shade, and from their green
as well as from their dark surfaces; and it is not improbable
that, as in the case of the Fungi, its source lies partly in the
organic matters absorbed, recent investigations ® having ren-
dered it probable that Plants really take up and assimilate
soluble Aumus, which, being a more highly carbonized sub-
stance than starch, dextrine, or cellulose, can only be con-

® Sce the Memoir of M. Risler,  On the Absorption of Humus,” in
the “ Bibliothdque Universelle,” N. S., 1858, tom. L, p. 8085.


















IL—RELATIONS OF LIGHT AND HEAT TO THE VITAL FOROES
OF ANIMAIS.

Trosz of our readers who accompanied us through the
first part of our inquiry are aware that it was our object to
show, that as force is never lost in the inorganic world, so
force is never created in the orgsnic; but that those various
operations of vegetable life which are sometimes vaguely
sttributed to the agency of an occult ¢ vital principle,” and
are referred by more exact thinkers to certain Vital Farces
inherent in the organism of the plant, are really sustained by
solar light and heat. These, we have argued, supply to
each germ the whole power by which it builds itself up, at the
expense of the materials it draws from the Inorganic Uni-
verse, into the complete organism ; while the mode in which
that power is exerted (generally as vital force, specially as
the determining cause of the form peculiar to each type) de-
pends upon the * germinal capacity” or directive agency inber-
ent in each particular germ. The first stage in this construc-
tive operation consists in the production of certain organic
compounds of a purely chemical nature—such as gum, starch,
sugar, chlorophyll, oil, and albumen—¢t the expense of the
oxygen, hydrogen, carbon, and nitrogen derived from the
water, carbonic acid, and ammonia of the atmosphere;
whilst the second consists in the farther elevation of a portion
of these organic compounds to the rank of organized tissue
possessing attributes distinctively vital. Of the whole amount
of organic compounds generated by the plant, it is but a
comparatively small part (a) that undergoes this progressive
metamorphosis into living tissue. Another small proportion
(b) undergoes a retrograde metamorphosis, by which the orig-
inal binary components are reproduced; and in this descent
of organic compounds to the lower plane, the power con-
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the germinating seed; the rate of each of thess processis
being strictly regulated by the tempersture to which the
organism is subjected. Thus ova which are ordinarily not
hatched until the leaves suitable for the food of their lerve
bave been put forth, mey be made, by artificial heat, to ‘pro-
duce a brood in the winter ; whilst, on the other hand, if they
be kept at a low temperature, their hatching may be retarded
almost indefinitely without the destruction of their vitality.
The same is true of the pupa-state ; and it it remarkable that
during the latter part of that state, in which the developmental
process goes on with extraordinary rapidity, there is in cer-
tain insects a special provision for an elevation of the tem-
perature of the embryo by a process resembling incabation.
‘Whether, in addition to the heat imparted from without, there
is any addition of force developed within (as in the germinat.
ing seed) by the return of a part of the organic constituents
_of the food to the condition of binary compounds, cannot at
present be stated with confidence: the probebility is, how-
ever, that such a retrograde metamorphosis does take place,
adequate evidence of its occurrence during the incubation of
the bird’s egg being afforded by the liberation of earbonic
acid, which is there found to be an essential condition of the
developmental process. During the larva-state there is very
little power of maintaining an independent temperature, so
that the sustenance of vital activity is still mainly due to
the heat supplied from without. But in the active state of the
perfect insect there is a préduction of heat quite comparable
to that of warm-blooded animals; and this is effected by the
retrograde metamorphosis of certain organic constituents of
the food, of which we find the expression in the exhalation of
carbonic acid and water. Thus the food of animals becomes
an internal source of heat, which may render them independ-
ent of external temperature.

Further, a like retrograde metamorphosis of certain con-
stituents of the food is the source of that sensors-motor power
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Dess) is entirely governed by the degres of warmth to whidh:
the ovum is subjected. But in serpents there is a pecalies.
provision for supplying heat; the female performing a kind
of incubation upon her eggs, and generating in her own body
s temperature much above that of the swrounding air.® Ia
birds, the developmental process can only be maintained by
fho steady application of external warmth, and this to a de-
gree much higher than that which is needed in the case of
cold-blooded animals; and we may notice two results of this
application as very significant of the dynamical relation be-
-tween heat and developmental force—first, that the period
required for the evolution of the germ into the mature embryo
is nearly constant, each species having & definite period of
incubation—and second, that the grade of development at-
tained by the embryo before its emersion is relatively much
higher than it is in cold-blooded vertebrata generally; the
only instances in which any thing like the same stage is at~
tained without a special incubation, being those in which (as
in the turtle and crocodile) the eggs are hatched under the
influence of a high external temperature. This higher devel-
opment is attained at the expense of a much greater consump-
tion of nutrient material ; the store laid up in the * food yolk”
and ¢ albumen” of the bird’s egg, being many times greater
in proportion to the size of the animal which laid it, than that
contained in the whole egg of a frog or a fish. There is
evidence in that liberation of carbonic acid which has been
ascertained to go on in the egg (as in the germinating sebd)
during the whole of the developmental process, that the return
of a portion of the organic substances provided for the suste-

® In the Viper the eggs are usually retained within the oviduct until
they are hatched. In the Python, which recently went through the process
of incubation in the Zoological Gardens, the eggs were imbedded in the
coils of the body; the temperature to which they were subjected (as ascer
tained by a thermometer placed in the midst of them) averaging 90° F.,
whilst that of the oage aversged 60° F.
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vation of another portion to the state of living organised
tinsue. )

The conditions of animal existence, moreover, involve a
‘constant expenditure of motor force through the instrumeatal-

“ity of the nervo-muscular apparatus ; and the exercise of the
purely peychical powers, through the instrumentality of the
brain, constitutes a further expenditure of force, even when
0o bodily exertion is made as its result. We have now to
consider the conditions under which these forces are devel-
oped, and the sources from which they are derived,

The doctrine at present commonly received among physi-
ologists upon these poihts may be stated as follows :—The
functional activity of the nervous and muscular apparatuses
involves, as its necessary condition, the disintegration of their
tissues ; the components of which, uniting with the oxygen
of the blood, enter into new and simpler combinations, which
are ultimately eliminated from the body by the excretory oper-
ations. In such a retrograde metamorphosis of tissue, we
have two sources of the liberation of force :—first, its descent
from the condition of living, to that of dead matter, involving
a liberation of that force which was originally concerned in
its organization ;*—and second, the further descent of its
complex organic components to the lower plane of simple
binary compounds. If we trace back these forces to their
proximate source, we find both of them in the food at the

® ]t was by Liebig (“ Animal Chemistry,” 1842) that the doctrine was
first distinctly promulgated which had been already more vaguely afirmed
by various Physiologists, that every production of motion by an Animal
involves a proportional disintegration of muscular substance. But he seems
to have regarded the motor force produced as the expression only of the
vital foroe by which the tissue was previously animated ; and to have looked
upon its disintegration by oxygenation as simply a consequence of its death.
The doctrine of the * Correlation of Forces” being at that time undevel-
oped, he was not prepared to recognise a source of motor power in the uite-
rior chemical changes which the substance of the muscle undergoes; but
Soems to have regarded them as only concerned in the production of hest.
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tionship.* .And the concurrence of these independent indice-
tions seems to justify the inforence that mofor force may be
developed, like heat, by the metamorphosis of constitueats
of food which are not converted into living tissue ;—aen infar-
ence which so fully harmonizes with the doctrine of the direet
convertibility of these two forces, now established as one of
the surest results of physical investigation, as to have in itself
no inherent improbability. Of the conditions which deter-
mine the generation of motor force, on the one hand, from the
disintegration of muscular tissue, on the other from the mets~
morphosis of the components of the food, nothing definite can
at present be stated ; but we seem to have a typieal example
of the former in the parturient action of the uterus, whose
muscular substance, built up for this one effort, forthwith
undergoes a rapid retrograde metamorphosis; whilst it can
scarcely be regarded as improbable that the constant activity
of the heart and of the respiratory muscles, which gives
them no opportunity of renovation by rest, is sustained not so
much by the continual renewal of their substance (of which
renewal there is no histological evidence whatever) as by a
metamorphosis of matters external to themselves, supplying
a force which is manifested through their instrumentality.

To sum up: The life of man, or of any of the higher
animals, essentially consists in the manifestation of foroes
of various kinds, of which the organism is the instrument;
and these forces are developed by the retrograde metamor-
phosis of the organic compounds generated by the instru-
mentality of the plant, whereby they ultimately return to the
simple binary forms (water, carbonic acid, and ammonia),
which serve as the essential food of vegetables. Of these
organic compounds, one portion (a) is converted into the

. Ontbuehstpohumhupedmyll;adowthemmqel
ments of Dr, Edward Smith.
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substance of the living body, by a constructive force which
(in so far as it is not sapplied by the direct agency of external
heat) is developed by the retrograde metamorphosis of another
portion () of the food. And whilst the ultimate descent of
the first-named portion () to the simple condition from which
it was originally drawn, becomes one source of the peculiarly
animal powers—the psychical and the motor—exerted by the
organism, another source of these may be found in a like
-metamorphosis of a further portion (c) of the food which has
never been converted into living tissue.

Thus, during the whole life of the animal, the organism
is restoring to the world around both the matertals and the
Jorces which it draws from it ; and after its death this resto-
ration is completed, as in plants, by the final decomposition
of its substance. But there is this marked contrast between
the two kingdoms of organic nature in their material and
dynamical relations to the inorganic world—that whilst the
vegetable is constantly engaged (so to speak) in raising its
component materials from a lower plane to the higher, by
means of the power which it draws from the solar rays, the
animal, whilst raising one portion of these to a still higher
level by the descent of another portion to a lower, ultimately
lets down the whole of what the plant had raised; in so
doing, however, giving back to the universe, in the form of
heat and motion, the equivalent of the light and heat which
the plant had taken from it.

19
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