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Arr. XXII.—On Dynamical Theories of Heat; by Prof.
W. A. Norron.

QUERY. Is heat any-mode of motion of the utoms of ordinary
matler; such atoms betng regarded, in accordance with the common
notion of an atom, as tncapable of experiencing any change of
Jorm or dimensions, or in the intensities of their acting jorces?
There are three conceivable modes of motion of such invariable
atoms—a vibratory or oscillatory motion, either rectilinear or
curvilinear; a revolution of one atom around another; or a
rotation of each about an axis.

Let it be distinctly understood that the dnquiry has reference
only to atoms of ordinary or gross matter. Therc can be no ques-
tion that heat, in its origin, and generally in its manifestations
within ordinary bodies, consists in some form of periodic move-
ment, attended with regularly recurring impulses communicated
to the ether which fills all space and pervades the interstices of
bodies ; since waves of radiant heat cannot possibly have any
other origin. But the question is, whether the constituent
atoms of bodies have this movement, or those of some form of
ethereal matter intimately associated with these atoms.

L Can heat be any mode of vibratory, or oscillatory maotion, of
the atoms of gross matter. Against this notion ol the origin, or
nature of heat, many serious objections may be urged.

1. It implies rates of vibration inconcelvably more rapid than we
have any independent reason to suppose car take ploce in the inte-
rior of bodies. The most rapid molecular vibratory motion that
we actually know of, occurs when a vibrating body emits a
musical sound of the highest pitch that the ear is capable of
detecting. This is at the rate of less than 80,000 vibrations per
second, but an atom emitting the heat-rays of the red end of the
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spectrum vibrates at the astombhmg rate of 458 millions of mil-
lion times per second. Thus in the supposed heat motion the
vibration is six thousand million times more rapid than in the
most acute audible musical sound. It is true the disproportion
between the quantities of matter in vibration in the two cases
may be very great, but it does not follow that the rate of
vibration should augment in the same proportion. The case
is not analogous to that of vibrating strings of diverse lengths.
The comparative rapidity of movement in the two cases must
depend on the comparative intensities of the accelerating forces,
atomic and molecular, in operation. That the astonishing
disproportion above stated between the velocities of vibration,
answering to the heat-rays and to the most acute musical sound
may ex1\t it is necessary that the same enormous dispr opomon
should subsist between the accelerating forces in operation.

2. The hypothesis under consideration implies, then, that the
atomic forces in operation 1n the production of heal and Lght are
inconcetvably more tntense than the moleculur forces tn action when
musical sounds are orvyinaled, or propagated. That this may be
true, it is necessary, lst, that in the case of everyv substance,
whether in the solid, liquid, or gaseous state, the aggregation
should be that of molecules made up of atoms, never that of
simple atoms ; since if this were not the case the forces in play
in the origination of atomic heat-vibrations, would be identical
with those in operation in the origination and propagation of
sound. 2d, that in every instance the distauce between the
molecules should be vastly greater than that between their con-
stituent atoms. Now since the mutual action of two contigu-
ous molecules is the result of the joint action of all their atoms,
and since in the case of a solid, at least, it cannot be doubted
that the contiguous molecules are in a state of equilibrium
under the mutual action of their own forces alone (or very
nearly so), their distance apurt must be that at which all the
mutual attractive actions exerted by the more distant atoms of
the two groups is ncutralized by the repulsions which take effect
between those that are nearest to each other. The distance
between the surfaces of the two molecules cannot then, in gen-
eral, be materially dilferent from that between their constituent
atoms. It should be less rather than greater. As to the dis-
tance between the centers of contiguous molecules, it cannot be
many times greater than that between their atoms, unless the
number of atoms combined together in each molecule is very
great. When a substance is in the liquid form, the distance
between the molecules cannot be materially dxfferc11t from our
present point of view, from that which obtains in the solid
form; if, in fact. the 1grlegatlon of a simple substance in the
liquid form be not that of atoms simply, instead of compound
molecules,
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In the propagation, then, of sound, or a force of percussion,
through a solid or liquid, the force of repulsion developed
between the contiguous atoms of two molecules should be as
great as would be developed between the constituent atons of
the molecules by an equal relative displacement. The velocity
imparted by this repulsion to the molecule, would of course be
less than that communicated to the smcrle atom by an equal
force; but less only in the ratio of the number of atoms in the
molecule to unity.  Unless, then, the integrant molecules of an
elastic solid, or of a liquid, contain a large number of atoms
the velocity of propagation through it of sound, or a force of
percussion, should not be many times less than that which
should occur from atom to atom of each of its molecules, under
the operation of atomic forces conceived to be of sufficient in-
tensity to impart hundreds of thousands of millions of millions
of vibrations in a second—a velomty of propagation which
should be comparable with that of light itself, by the lumini-
ferous ether. We may conclude, therefore, that the immense
disproportion between the rates of movement, and accelerating
forces in operation, in the origination and propagation of waves
of heat and of sound, can only be reconciled with the theory of
atomic heat-vibrations under consideration, by supposing that
the integrant molecules of all bodies, solid or liquid, contain
millions of atoms. It is hardly necessary to add that there are
insuperable objections to this supposition, on both chemical

and physical grounds.

Certain phenomena attendant upon the development of heat by
tmpact, are opposed lo the hypothesis of atomic heat-vibrations. It
is found that a certain amount of heat is developed, as the final
result of any case of impact, provided there is a residual com-
pression of one or both of the impinging bodies at the close of
the impact, not otherwise; and that the quantity of heat
evolved is proportionate to the deg_lee of condensation. Now
this residual condensation implies that the impact has aug-

mented the atiractive forces exerted by each molecule upon
contignous molecules; the repulsive forces exerted by it, if
experiencing any change, certainly not being plOpOlt]OHaHy
increased. The constituent atoms of each mo ecu]e must then,
if invariable as supposed, have taken up new positions of
equilibrium, in which the attractive actions exerted by them
upon the atoms of a contiguous molecule have augmented.
Hence the actions of the coustituent atoms of each molecule
on one another must have changed. Now such a change in
the intensities of the atomic forces that take effect at a given
distance, cannot result from the mere fact of atomic vibrations.
Again if we reflect that the compression existing al the mome:t of
the separation of the two colliding bodies, which serves as the meas-
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ure of the heat evolved, may have an indefinite series of values,
varying by ever so small degrees with the force of impact, and
with the degree of elasticity, we shall see that the molecules
must be capable of taking up an endless number of new posi-
tions of equilibrium. But this is plainly impossible if the
inherent atomic forces are invariable, since the mutual actions of
the molecules, being the joint actions of their constituent
atoms, cannot vary unless the individual atomic actions of
which they are made up vary, and these cannot change, by
such small degrees, unless the actions of the constituent atoms
of each molecule on one another change; for it is in this way
alone that these atoms can take up an indefinite series of new
positions of equilibrium, and so the molecules be capable of
exerting corresponding varieties of action on one another.

A similar conclusion may be arrived at, by considering the
phenomena of the set of bars and beams, when relieved of strain.
It has been established as the result of diverse series of experi-
ments, under varied circumstances, that when a bar, or beam,
is relieved of any strain to which it has been subjected by a
weight, there is a small residual change of dimensions, form. or
position, which is termed the set; and that this set, from being
barely appreciable when the smaller weights are employed,
steadily and slowly increases with the weight used. For exam-
ple, according to the results of Hodgkinson's experiments on
the compression of a bar of cast iron, 10 ft. long, confined in a
vertical position between guides, the set remaining after a com-
pressing weight of about 2 000 Ibs. per sqnare inch of section
was 1emoved was only 5540555 of the length—that is, the dis-
tance between contiguous molecules in the line of the bar was
diminished by this fractional amount. The weights being
gradually increased, from 2,000 lbs. to 38,000 Ibs. , the set
remaining after their removal augmented by slow degrees from
ssalaas 10 7,455 of the length. The atoms of the individual
molecules of the iron must then have taken up a corresponding
number of slightly varying positions of equilibrium, giving rise
to new intensities in the forces of action of one molecule on
another at a given distance. Now such a series of slightly dif-
fering positions of equilibrium of the molecules, is plainly irrec-
oncilable with any other hypothesis than that of the capability
of variations, by indefinitely small degrees, in the intensities of
the atomic forces exerted at given distances.

Whether, then, we consider the residual effects of a force of
percussion, or of a force of pressure, we find that if we take the
ground that the atomic forces vary in intensity only with the
distance of action, we are involved in this dilemma; the effects
observed cannot have place unless the constituent atoms of’ the
molecules are capable of taking an indefinite number of slightly
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differing positions of equilibrium, and these diverse positions
cannot be taken up if the forces exerted remain the same at the
same distance. We are, therefore, compelled to abandon one
prominent feature of the doctrine of atomic heat-vibrations, and
admit that the mutual actions of atvms are linble lo change, under
the anfluence of applied forces, by reason of some change laking
plice in the physical and internal mechanical condition of the atoms
themselves.

We may conclude, therefore, that when two bodies collide,
the condensation that subsists at the close of the impact is, in
all probability, due to some action, exerted by the force devel-
oped in the collision, upon the ultimate atoms of the bodies,
which has the effect to change the physical and internal
mechanical condition of each atom—a result which is conceiv-
able only on the supposition that “the atom,” so-called, is made
up of distinct parts capable of relative displacement. W e conclude
also that the evolution of heat which accompanies the condensa-
tion, and is proportionate in amount to it, is probably due to
the same physical change experienced by the atoms.

Let us now attempt to gain a nearer insight into the detail of
the process of evolution of heat by impact It will be con-
ceded, that in the collision of two bodies a force of mutual
repulsion comes into operation between the nolecules at the
point of contact; which goes on increasing in intensity as the
minute distance between these molecules diminishes, and then
decreases to zero at the instant of the final separation of the
bodies. It is this force of mutual repulsion, developed at the
point of contact, that is the immediate operative cause of all
the phenomena of the impact.®* This force cannot be the repul-
sion of sensible heat, for the sensiblc heat-energy that pertains
to any body is definite in amount, aud if any portion of it is
expended in the iwpact, it can, at most, only be given out
again at the close, and hence the body could experience no
increase of temperature. Now, in the tinpact of per/ectly irelas-
tic bodies, the fact that there is no recoil shows that no portion
of the energy of the moving bodies, lost in the impact, is
expended in effecting their final condensation; for if it were,
the potential energy of the resistance that would be in opera-
tion at the moment when the bodies had a common velocity,
would be expended in the production of a recoil. But this is

* The mutual repulsion between the molecules in the interior of the two bodies
comes into operation, it ig true; but it is only incidentally, as an antagonistic force
to the condensation which the repulsion developed between the contact-molecules
tends to produce, in arresting the motion of approximation of the two bodies. The
amount of the condensation experienced by the Dhodies, and the duration of the
contact, will vary with the intensity of the internal elastic resistance thus called
into play, for a given displacement of the molecules: or, in other words, with their
coeficient of elasticity. They should also vary with any deviations from perfect
elasticity that may subsist.
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equivalent to saying that the atoms and molecules take up, of
themselves, by reason of variations in their mutual actions, in
some way induced by the impact, a series of new virtual posi-
tions of equilibrium in the process of condensation. Again, if,
as we have seen, no portion of the energy lost in the impact is
expended in effecting the final condensation, then it follows
that the whole of the energy lost is consumed in the production
of some form and amount of movement which must be, either
potentially or actually, the heat-energy developed by the
impact. This movement must be associated with, and proceed
part passu with the changes of atomic and molecular actions
above mentioned, and hence cannot be the supposed atomic
heat-vibrations. But it may be conjectured that it may still be
some potential change in the positions of the atoms, from which
result atomic heat-vibrations. The answer to this is, that it
is impossible that any such changes of position could form a
series of positions of equilibrium of the molecules and atoms
(which we have seen obtain, so far as the natural atomic forces
are operative, in the case of inelastic impact) and at the same
time result in atomic vibrations; since such vibrations imply
that the mutual actions of the atoms, in the displaced positions,
are either effectively attractive, or effectively repulsive, and
hence these positions could not answer to states of equilibrium.

To examine the process more closely ; at the instant when
the distance between the molecules at the point of contact of
the two bodies has reached its minimuun, and, therefore, the
mutual repulsion between them has augmented to its maximum
value, the two bodies have been brought to a common velocity.
In accomplishing this a certain amount of energy has been
expended, which is measured by the mean value of the mutual
repulsion between the contact-molecules during the minute
interval of time that this repulsion has been in operation, mul-
tiplied by the minute distance that these molecules have
approached each other during the same interval. This is the
greatest amount of energy, or living force, that the bodies can
possibly lose in the impact. At the instant supposed, the con-
dition of maximum approximation of the contact-molecules
is attended with a potential energy of their mutual repulsion,
equal to the actual energy expended by the same repulsion in
bringing the bodies to a common velocity. Now, if the bodies
be supposed to be perfectly elastic, this potential energy will be
expended in separating the bodies, by altering their velocities
—the loss and gain effected being the same as has been experi-
enced during the previous interval. The previous compression
is now followed by an equal recoil, and the repulsions in opera-
tion between the contact molecules, and between all those
which have been urged into closer proximity, pass through the
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same values in the inverse order, and in an equal interval of
time. No heat, or other form of energy, can then be evolved.

But if the hodies be imperfectly elastic the approximation of
the molccules, and also of their atoms, during the interval of
condensation, will be attended with an increase in the intensi-
ties of the attractive forces exerted by the same, as compared
with those of their repulsive forces. The tendency of this
change is to establish a series of new positions of internal equi-
librium, in which the molecules, and their atoms, are in closer
proximity than before. One result of this tendency will be
that the amount of the condensation, and the duration of the
process, will be prolonged. DBut when the end of this interval
13 reached the two bodies will have o common velocity, and
this result will have been reached by the expenditure of a cer-
tain amount of repulsive energy between the molecules at the
point of contact, just as in the case of perfectly elastic bodies.
But the potential repulsive energy between these molecules,
now subsisting, is not, as in the former case, expended in alter-
ing the velocities and momenta of the two bodies, but is chiefly
employed in eflecting some mechanical change tn the internal con-
dition of the tndividual atoms, concetved lo be made up of distinct
parts, the recoil lo which Us the vinmediate origin of the heat devel-
oped ; and these atomic changes are attended with variations in
the intensities of the mutual actions of the atoms. It is to be
observed that the contiguous surfaces of the colliding bodies
now separate, after they have been brought to a common veloc-
ity, chiefly by a continuation of the condensation of each body
on the line of impact; brought about mainly by the variations
above specified as occurring in the atomic forces. A small por-
tion of the potential repulsive energy subsisting at the point of
contact, 18 cousumed in effecting this condensation, in opposi-
tion to a decreasing resistance; but the greater portion is
employed in effecting the atomic change just mentioned, which
in passing off produces an equivalent amount of heat-energy.
This represents the amount of energy which is lost in the
impact.

Upon the conception of an atom, and of the molecular forces,
adopted in my papers on Molecular Physics, published in former
Nos. of this Journal, and in view of the special theory of the es-
sential pliysical characteristics of imperfect elasticity presented,*
the whole matter becomesintelligible. We see that the portion
of the energy of the moving bodies which is lost in the impact,
is expended 1n disturbing the dynamic equilibriam of the electric
envelopes which surround the atoms, and are immersed in their
ethereal atmospheres.t The reason of this result lies in the

* This Journal, June, 1872, pp. 443 and 444.
+ This Journal, May, 1872, p. 336.



W. A. Norton— Theories of Heat. 193

theoretical position taken, and sustained by various corsidera-
tions,* that in the case of inelastic bodies the approximation
of the atoms is attended with an increase in the attractive
impulses which their contiguous envelopes exert upon each
other, and therefore, with an expansion of the envelopes, and
consequently a diminution in the distance between the atoms
that answers to the zero of effective action. It thus happens
that, as the condensalion goes on, a series of instantaneous
positions of equilibrium of the atoms and molecules (so far as
the natural molecular actions are concerned) are passed through,
by reason of the change just noticed, induced in the condition
of the atoms. The potential repulsive energy subsisting at
the point of contact, is thus mainly expended in disturbing the
equilibrium of the atomic envelopes. The heat-energy evolved
consists in the return of these envelopes to their former undisturbed
condition, with attendant vibralory movements of their different
layers, and the ethereal waves resulting therefrom. As the atomic
envelopes return to their original condition, with the evolution
of heat, the condensation or set, subsisting at the instant of the
complete separation of the bodies, will pass off, in consequence,
more or less. Any permanent set that may remain after the
bodies have recovered their original temperature, being chiefly
due to changes in the atomic forces, resulting from alterations
of the physical condition of the atoms incidental to the act of
compression, will not have been attended with the expenditure
of any considerable portion of the energy, or living force, that
is lost in the impact.

The theory may be succinctly stated as follows: The destrue-
tion of the motion of approximation of the two bodies, during
the first stage of the impact, will introduce into the system an
amount of repulsive energy equal to that expended in bringing
the two bodies to a common velocity. In elastic impact this
is consumed in imparting the same loss and gain of velocity
already experienced ; but in inelastic impact 1s expended in
displacing the atomic envelopes from their positions of equi-
librium, and their subsequent return to their former condition
is the immediate origin of the heat given off. The essential
ground of the distinction lies in the fact that, with elastic
bodies, the atomic forces, as exerted at a given distance, do not
vary in intensity ; while the reverse is irue of inelastic bodies.
The physical reason for it is that, in the former case, the mutual
attractive actions of contiguous atomic envelopes is not altered
by reason of the condensation which the bodies undergo, while
in the latter it is augmented.}

4. Another no less decisive objection to the doctrine of

* This Journal, June, 1872, p. 444.
4 This Journal, June, 1872, p. 443 and 444,
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atomic heat-vibrations, may be derived from the consideration
that the rapid subsidence of the supposed vibrations, both of heat
and light, when their wncilting cause is no Lmnger in operation,
implies a degree of resistance to the rapidly moving atoms, from
the ether lo which the living force of the vibrations is co7nmunz'cated,
Jur greater than can be admitted to exist. A short calculation
will serve t» make this evident. According to the experiments
of MM. F. Lucas and A. Cazin,*® the duration of a spark from
an ordinary electrical machine does not exceed 4 millionths
of a second. In this minute interval of time, then, a large frac-
tion of the living force of atomic light-vibrations, incited by
the electric discharge, is communicated to the surrounding
ether. Now let us allow that the extent of the vibrations is
as much as ;4557 of an inch (which is undoubtedly much above
its actual value). The average number of undulations per sec-
ond, in the waves of the ditferent colors that make up white
light, is about 550,000,000,000,000. In one second, then, each
of the vibrating atoms will have traversed, in successive vibra-
tions, the space of 0-001x550,000,000,000,000 in.= 8,680,555
miles. This exceeds the velocity of the earth in its orbit
(1318 miles per second) in the ratio of 477,478 to 1. Now we
will suppose that in the interval of 4 millionths of a second
the average velocity of the atomic vibrations is only reduced
by a small fraction, say 1Y instead of being entirely taken up,
and that the retarding force of the ether remains sensibly con-
stant while this small reduction takes place. Denote this retard-
ing force, for a single atom, by p; the initial average velocity of
VIbratlon above given, by v, and the interval of time in which
a constant retarding force, of the intensity p, would be capable
of bringing the atom to rest by ¢. then v=pt. Also let v'=v—
%, and ¢ the interval of time in which the same retarding
force would destroy this velocity ; then v'=p?. Hence v—v'=p

’

v
=16= —. This is then the expression

7 10p
for the interval of time in which the velocity » should be
reduced ;. The retarding force of the ether, at the velocity of
8,680,555 miles, of the atom, should exceed (if we admit the
law of proportlonahty to the squares of the velocities) that
which the same atom would experience, if moving with the
velocity of the earth in its orbit, in the ratio of (477 500) to 1.
Let us denote this latter remrdmg force by p’; and suppose
T—T" to be the interval of time in which this force should re-
duce the velocity (V), equal to that of the earth in its orbit,
by 5. Then, as belore,

* Philosophical Magazine, Oct., 1872, p. 319.

(t—t"), and t—=2"
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Vv vV
—p T Vl_p T, and T-T= —p———m.
T-T_V | v V. p.
We have, therefore, PR Ty W = p"

o / — V p 2
Or, T-T'=(¢— =(¢ 5)477500(477,500).

Thus, T—T’:(t—t’)477,500 477,500 x 05000004 =15-91.

Accordingly, if the velocity of vibration of the atoms, pro-
duced by the electric spark, is reduced by ;5 in 4 millionths of
a second, the same atoms moving with the velocity of the earth
in its or blt should lose ;; of their velocity in two seconds.

It does not seem possible that any allowable change in the
assumptions upon which the foregoing calculation proceeds,
can be made that will not still reveal an enormous discrepancy
between the ethereal resistance computed for the orbital veloc-
ity of the earth and any actual resistance that can be admitted.
It is true this discrepancy may be much lessened, for the gen-
eral mass of the earth, if we allow that the resistance of the
ether takes effect upon the molecules of this mass, instead of
their constituent atoms; and still more if the flow of the ether
through the interstices of the mass be conceived to be wholly
obstructed. But we can neither take the ground that the mole-
cules of the earth’s atmosphere contain a great number of atoms,
nor that it intercepts the impulses that take effect upon the
ether which pervades its interstices, by reason of the earth’s
motion in its orbit. Muech less can such a position be taken
with regard to the cometary bodies, whose substance seems at
times to reach the verge of possible tenuity, and yet they tra-
verse the sea of ether often with velocities much greater than the
earth’s. It is a question not yet definitely settled, whether any
of these bodies are sensibly resisted in their motions by the
ether of space.

It may perhaps be objected to the above calculation, that the
basis of it is the exceedingly rapid subsidence of the light emit-
ted by the electric spark, and not of heat-rays. But the origin
of light is conceived to be essentially the same as that of heat—
if it 1s atomic vibrations for the one, it is also atomic vibrations
for the other, differing only, to a certain extent, in rate and
amplitude. If in ordinary cases the subsidence of heat is less
rapid, it must be ascribed to the fact that the loss by radiation.
at the surface of the heated body is supplied in a good degree
by heat received by conduction from the interior of the mass.
In the case of a thin gas-jet, a sudden interruption of the sup-
ply is no doubt attended with an almost instantaneous large
reduction of the heat evolved.

Aw. JOuR. Scr.—THIizé) SERIES, VoL, V, No, 27.—MaRcH, 1873.
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II. Can heat consist in a motion of revolution of the atoms of
bodies? The same objections that have been urged against the
theory of atomic heat and light vibrations, will hold against
the present hypothesis. The hypothesis seems, in fact, to be
almost a mechanical impossibility, consistently with the ordi-
nary permanency in the properties of substances. Whether we
regard the atoms as arranged in duplex or complex systems,
these systems must be within the range of powerful reciprocal
action, and hence must be exposed to mutual perturbations that
should apparently be destructive of all permanency in their
state, and so in the mechanical and physical properties of the
substance to which they belong.

[TL. Can heat consist in a rotation of atoms about axes? The
same objections still hold against this hypothesis as against that
of atomic vibrations. To these it may be added, that upon this
idea the expansive action of heat must result from ethereal
vortices originating in the motion of rotation, but if such vor-
tices have an outward or repulsive action, in a direction per-
pendicular to the axis of rotation, the tendency should be the
reverse of this in the direction of the axis; and hence atoms
that have absorbed an additional amount of radiant heat (i. e.,
have taken on, under the impulses of the heat waves, a more
rapid rotation) should exert an expansive action in certain direc-
tions, but a contractile action in directions at right angles to
these.

Other objections, of great force, might be urged against the
doctrine that heat is some mode of motion of the atoms of gross
matter, drawn from both physical and chemical considerations;
but those which have been presented will suffice. Unless they
can be effectively answered this doctrine must be unhesitatingly
abandoned.

Conclusions.—The results of the foregoing discussion seem to
bring us irresistibly to the conclusion that the atoms of bodies
must be made up of distinct parts bound together by certain
forces: and that heat must consist in some movement of rela-
tive displacement among these constituent parts of the atoms.
If now we consider that every atom is capable of exerting upon
surrounding atoms an effective repulsion at the more minute
distances, and an effective attraction at certain greater distances,
we are led to infer that the ¢ atom.” so-called, consists of a cen-
tral attractive nucleus, surrounded by an envelope, or atmos-
phere, composed of repulsive elements. We also readily
discern the possibility that heat and light may consist in some
mode of motion of this outer envelope, either in its elementary
parts, or as a whole. Now we have independent evidence,
afforded by the entire series of electric and magnetic phenom-
ena, that there exists a subtile form of matter, made up of
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mutually repulsive elements, intimately associated with the
atoms of bodies, which has received the name of the electric
fluid, or electric ether. It is true that it has been vaguely con-
jectured that electricity may consist in some mysterious mode
of motion of the atoms of ordinary matter, but such a mere
conjecture, unsubstantiated by any decisive evidence in its
favor, caunot throw an air of improbability over an hypothesis
that is sustained by a multitude of actual phenomena.

It is, however, conceivable that the electric may be identical
with the luminiferous ether which permeates all bodies, and is
known to be physically linked to its atoms. We may then
form two possible conceptions of an atom, with its essential
accompaniments, viz: (1) that it consists of a true atom sur-
rounded solely by an atmosphere of Tuminiferous ether; 2)that
it has, in addition, an envelope of distinct electric ether immersed
in the ethereal atmosphere. In view of the results of this dis-
cussion, we recognize the high probability that heat and light
originate in some mode of motion occurring in the ethereal
atmospheres, or in the electric envelopes of the atoms ; or, more
propetly, in the force or forces by which such a movement is
produced.

Against this conception of the origin and nature of heat, the
objections that have been brought forward against the prevail-
ing notion do not hold good. The source of heat is now trans-
ferred from the atom proper to its ethereal atmosphere, or
electric envelope, one or both—and, therefore, to a form of mat-
ter nearly if not quite as subtile as the medium of light, and
whose elastic forces are nearly or quite as intense. Hence the
enormous rapidity of the recurring movements, and the amaz-
ing intensity of the accelerating forces in play in the evolution
of heat and light, are in full accordance with the present hypoth-
esis. Again, the change in the physical state of the “atom”
(what is ordinarily represented by this term) and consequently
in its operative forces, which we have recognized as attendant
upon the evolution of heat by impact, are effects that may rea-
sonably be expected from a disturbance of the atomic envelopes
by the force of impact.* Also, upon this hypothesis the impact
of the ether of space upon the earth, and other cosmical bodies,
should take effect upon the ethereal atmospheres of the atoms
of these bodies, and develop electric or ethereal currents, that
would eventually pass off in the form of heat-energy, without
finally checking the translatory motion of the atoms. It may
seem improbable, from our ordinary point of view, that such a
result should follow from ethereal impulsive actions; but we
have already seen (p. 192) that the same potential repulsive

* What I conceive to be the actual nature of the change which the atom under-

goes, and the true process of heat-evolution, has already been briefly intimated
(p. 193).
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energy which, in the recoil of two elastic bodies compressed by
impact, imparts an additional loss and gain of velocity to the
bodies, is expended, in the case of inelastic bodies, in the devel-
opment of an equivalent heat-energy, without changing the
velocities of the bodies as a whole. The force that is here
operative is the mutual repulsion between the contact-mole-
cules, of which we can form no other definite conception than
that it consists of a perpetual stream of ethereal wave-impulses,
that becomes operative, in a sensible degree, so soon as the
molecules at the point of contact come within a certain degree
of proximity.





