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Physics.  “Jinergy and mass.” 11%). By J. D. vAN DE& WaaLs Jr._
(Communicated by Prof. J. D. van prr WaALS.)

Hererorz?) has assumed that we can deduce the equations of
molion of a system after the method of PLANCK with the:aid of the
principle of least action from a kinetic potential, and he has investi-
gated what conditions are necessary and sufficient in order that that
potential has the property io depend only on the “rest-deformations”
after a “Lorenrz-transformation to rest”. With rest-deformation of a
moving element of volume we mean the deformation which it
shows after being transformed to rest, compared with the shape which
it shows when it rests and is not subjected to any stress. For this
he finds the following conditions: 1st. the tensor of the “absolute
stress” must be symmefrical, i.e. p,=p,, etc, 2nd, the current
of energy must be equal {0 ¢* > the momentum, 3. a set of equa-
tions ((77) p. 508 of his treatise), which in the uotation used by
me may be represenled as follows:

S, =, F + v Puz -+ Ly Py + vz Prz
Sy=1wylF+ wpy+ wypyt+ :pp
Sc=0F 4 vypet Yy pyzt V2Pazpe -+ e (n

The fourth equation may be consider?d as the definition of the
quantity I

When these equations are satisfied, the hypothesis of relativily
is satisfied. For when we use different coordinate systems moving
with different velocities, the equations of motion are always derived
in the same way fromn the kinetic potential, and this potential depends
in the same way on the rest-deformations and on the velocities of the
elements of mass relative to the coordinate systems. From this it
follows that as well the equations of motion as the conditions found
by HereLotz are covariant for a Lorentz-transformation, and that

1) In Sept. 1911, when I wrote “Energy and Mass” I, it was not known to
me, that investigations of the same kind and with partly the same resulls bhad
already been published by

D. F, Comsrock Phil. Mag. 15, p. 1. Anno 1908,

G. N. Lews. Phil. Mag. 16, p. 705. Anno 1908,

G. N. Lewss and R, G. Towmay., Proe. Amer. Akad. of Arts and Se. 44,
p. 711, Anno 1909.

%) G. Hergrorz. Ann, d. Phys, 36, p. 493. Anno 1911,
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they are therefore satisfied in the same way for the different coor-
dinate systems, i.e. that for moving systems a’, y’, 2z’ depend on #
according to the same laws, as for a stationary system , y, z depend
on 7, B

So we cannot deduce from 'the way in which different processes
take place, whether the coordinate system which we are using moves
or is stationary. In particular, — and this consequence, which is not
separately mentioned by HureLoTZz seems to me to be of enough
importance to draw attention {o it, — it is possible to conclude
that if (hese conditions are satisfied the LoRreNTZ-contraction must
take place. For we saw, that if these conditions are satisfied the
rest-tensions (i. e. the quantities p, which we find in a volume-element
after we have transformed it to rest) depend only on the rest-defor-
mations. If therefore for a moving system the relative (elastic) tensions
are zZero, then the rest-tensions are zero and also the rest deformations;
and the volume element shows in a coordinate system in which it
rests, its normal shape. In a coordinate system relative to which it
moves, it shows then a shape which is shoriened in the direction
of motion in the well known way.

The equations (1), however, deduced by Hercrorz from the postu-
late of relativity in the way indicated above, arc identical with the
equations

S+ B)=(W + pw) v
&y = Paz 0 )
as we see by choosing in (1) the direction of motion as direction
of X, ie. by putting v, = v, =0. x

Now these equations had been derived by me l.c. without making

use of the hypothesis of relalivity, but only basing my deductions

- 1 ,
on the supposition m =— W. 1 therefore conclude that we may
-

derive the whole theory of relativity from classical mechanics, when
we change the principles of mechanics only in this one point, that
we assume the mass of the bodies to vary with their energy accord-
ing to this formula; and that therefore by working out the idea
advanced by Pomncarf in 1900, that the energy possesses mass, we
could have arrived at a theory from which the negaiive result of the
experiments of MICHELSON, etc. might have.been predicted.
SommerreLD ?) declares the theory of relativity not to be any more

1) “Energy and mass” I p. 262. The symhol &zy occurring there is evidently

a printer’s error for &y,
%) A, SommerreLp. Phys. Zeitschr. 12, p. 1057. Anno 1911.
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actual. If he means to say that in this theory only details should have
been left for further investigation because the principal ideas
have been sufficiently esiablished, this assertion seems to me to be
inaccurate. In my opinion the present state of the problem could be
more aptly compared with the state of planetar mechanics at the
time, when some laws of  the planetar motion were known, —
namely the laws of Kepprer — but when the causal explanation of
these laws with the aid of the principia of mechanics of Nmwron
had not yet been furnished. Thus in the theory of relativily we have
known up till now some laws, — namely the laws of Lorentz for
the contraction in the direction of motion and for the variation of the
mass with the velocity — but an explanation of this variation of
mass and shape was not known. I think I have shown here that

Lo . - 1
the principia of Newron together with the supposition m = — W are
- c*

sufficient to give this explanation.

Yet, and [ will state this most emphatically, this is no more
than a first step. Many questions are still waiting for a solution.
In what way for instance must the kinetic energy be explained, or
in other words why does the mass of a body vary when its motion
is accelerated ; why is an acceleralion accompanied with a flow of
mass towards the body ?

A second question is the following one: how must the equation

L9 O | Opy \ O
¢t 3 Oa 0y dz

be interpreted? It has exactly the: form of an equation of continuity.
A great (perhaps a too greal) importance has of late been attached
to such like analogies in the ways in which some guantities occur
in some equations. But this equation suggests the question whether
it is really an equation of continuity and whether it perhaps signifies
that the momentum moves continuously through space.

Finally, the question has ofien been raised whether the theory of
electricity must be deduced from mechanics or vice versa. Are we
not to consider also a third possibility, namely that they are both to
be derived from a still more fundamental law which determines the
motion of the energy through space? So we should get a theory
which might rightly be called energetics. Moreover the hidden masses
which formerly played a part in mechanics, would have to be intro-
duced again, but we should have advanced so much that we now
know, that these hidden masses are nothing but the energy vesiding
in the medium.



