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PhysÎcs. "Energy anc! mass." lP). By J. D. VAN DER WAALS Jr. 
(Oommunicated by Prof. J. n. VAN m:H WAALS.) 

HEHGLOTZ 2) has assumed that we ean deduce the equationa of 
motion of a system aftel' tbe method of PLANeK with the' afd of tbe 
principle of least action fi'om a kinetic potential, and he has in\'esti
gated what conditions are necessary and suffieient in Ol'der that that 
potential has the property to depend only on the "rest-defol'mations" 
aftel' a "LoRENTz-transformation to rest". "Yith l'est-defol'matiol1 of a 
moving element of volume we mean the defol'ma.tiol1 which it 
shows aftel' being tl'ansformed to rest, compal'ed with the shape which 
it shows when it rests anel is not sl1.Qjected to any stress. Fot' this 
he finds the following conditions : 1st • the tensor of the "absolute 
stress" mu~t be symmetl'ical, i. e. p,ry = ]Jyx, etc., 2nd• the current 
of energy must ue equal to c2 X the momentnm, 3rel • a set of equa
tions ((77) p. 508 of his tl'eatise), which in the notation used by 
me Illay be represented as follows: 

6.1 = tlxF + l'J PJ.x + t'yp.cy + t'z P.cz 
6 y = t'y f.? + llxP.I?! + !.'YP!l.1f+ \.1z P!lz 
ez= !.'z/? + uJ.px= + t'.1fP.1/" + \.1zpzz (11 

1 1 1 
W= F+-:; t'x I.Sx + - tl ,lJ 6 y + -; j)z Ez 

c- c2 C 

The fourth equation may be considel'ed as the definitioll of the 
r 

q llantity F. 
When these equations are satisfied, the hypothesis of relati vity 

is satistied. FOL' when we nse different coordinate systems moving 
with diffeJ'ent veloeities, the equations of motion are always derived 
in the same way from the kinetic potential, and this potential depelHls 
in the same way on the re~t-defol'mations and on tbe veloeities of the 
elements of mass l'B]ative to t.he coordinate systems. Fl'om th is it 
follows that as weIl the equations of motion as the conditions found 
by HERGLO'rZ are covariant fol' a LORENTz-tl'ansformation, and that 

l) 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 lhe same resulls had 
already been published by 

D. F. COMSTOCK Phil. Mag, 15, p. 1. Anno 1908. 
G. N. LEWIS. Phi!. Mag. J6, p. 705. Anno 1908. 
G. N. LEWIS and R. U. TOLMAN. Proc. Amer. Akad. of Arts and Sc. 44, 

p. 711, Anno 1909. 
2) G. HERGLOTZ. Alm. d. Phys. 36, p. 493. Anno 1911. 
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they are therefore satisfied in the same way for the different COOI'
dinate systems, i.e. that for moving systems a/, y', z' depend on t' 
according to the same laws, as for a stationary system x, y, z depend 
on t. 

So we cannat deduce from Ithe way in which different processes 
take plare, whether the coordinate system which we are using moves 
Ol' is stationary. In particular, - and this consequence, which is not 
separately mentioned by RERGLOTZ seems to me to be of enollgh 
importance to drawattention to it, - it is passible to conclude 
that if these conditions are satisfied the LORENTz-contraetion must 
take pI ace. For we sav\', that if these conditiollS are satisfied the 
l'est-tensions (i. e. the quantities p, which we tlnd in a volume-element 
aftel' we have transfol'med it to rest) depend only on the rest-defor
mations. If therefore for a moving system the relative (elastic) tensions 
are zem, then the rest-tensions are zero and also the J'est deformationsi 
and the volume element shows in a coordinate system in which it 
1'ests, its normal shape. In a coordinate system reliïtive to which it 
moves, it shows then a shape which is s!Jortened in the direction 
of motion in the weIl kllown way. 

Tbe eqllations (1), however, deduced by HERGLOTZ from the post u
late of J'elativity in the way indicated above, arc iclentical with the 
equations 

0 x (1 + W) = ( W + pxaJ !> 

Cf5y _ pxx !> 1) 

as we see by choosing in (1) the direction of motion as direction 
of X, i.e. by putting lly = !>z = O. 

Now these eql1ations had been derived by me l.c. without making 
use of the hypothesis of relati dtJ', but only basing my dedudions 

on the supposition 111 = ~ TV. I therefore conclucle Lhat we may 
C· 

derive the whole theory of relativity from classical mechanics, when 
we chnnge the pl'inciples of mechanics only in this one point, that 
we assume the mass of the bodies to var-y with their energy accord
ing' to this fOJ'mula; and that therefol'e by working out the idea 
advanced by POINCARÉ in 1900, that the energy possesses mass, we 
could have alTivecl at a theory from which tbe negaLive resnlt oHhe 
experiments of MICHELSON, etc. might have. been predicted. 

SOMMERFELD 2) declares the fbeory of relaiivity not to be any more 

1) "Energy nnd mass" I p. 252. The symbol f5xy occurring th ere is evidently 
a printer's error for 6 y• 

2) A. SOMMERFELD. Phys. Zeitschr. 12, p. 1057. Anno 1911. 
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actual. If he means to say that in this theol'y only details should have _ 
been Ieft for fUJ'thel' investigation because the principal ideas 
have been snfficiently eRtablishecl, this assertion seems to me to be 
inaccurate. In my opinion the present state of the pl'oblem coul,d be 
more aptly comparecl with Lhe state of planetar mechanics at the 
time, when some laws of. the pJanetal' motion were known, -
namely the laws of l{EPPLER - but w hen the causal explanation of 
these laws with the aiel of the pl'in('ipia of mechanics of NEWTON 
had not yet been flll'l1ished. Thns in the tbeory ofrelativity we have 
known up til! now some 1 UNiTS , - namely tbe laws of LOREN,!,Z for 
the contraction in the direct ion of motion and for the variation of the 
mass with the velocity - but all explnnl'ttion of this variation of 
mass and shape was not known. I think I have shown here that 

N I I1 
.. 1

UT the principia of .J: E" TON toget lel' wit 1 r le su pposrtlOn m = '& ,Ir aee 

sllfficient to give this explanation. 
Yet, and I vvill state this most emphatically, Hds is no more 

than a fhst step. Many qnestions are still waiting fol' asoIntion. 
In what way for instanee must the kinetic energy be explained, or 
in other words why does the mass of a body vary vvhen its motion 
is accelel'ated; why is an acceleralion accompanied vvith a flow of 
mass towarc1s the body? 

A second question is file following one: llOW must the equatioll 

1 à5x apxx ap.!11 àp:L~ 
~ Tt::::: dm + dy + az 

be intel'preted? Tt has exactly the· farm of all equation of continuity. 
A great (perhaps a too gl'eat) importance has of late been attached 
to such Iike analogies in tbe ways in which some quantities oecur 
in some eqnations. But tbis equfition suggests the question whethel' 
it. is reltlly fin equation of continuity and whether it pel'haps signifies 
th at the momentum moves cOJltinuously through space. 

Finally, the qnestion has often been raised whether the theory of 
e1f~etricit.Y ml1st be eleducecl fl'om mechanics or vice \"er8a. Are we 
not to consider also a tlürd possibility, namely that they are both to 
be derived from a still more fllndamental Jaw whieh delermines the 
motion of the enel'gy through space? So we should gei a theory 
whieh l11ight rightly be called energetics. :;\'lol'eover the hidden masses 
which formerly played a part in mechanics, would have to be intro
dllced again, but we' shoulcl have adyanced sa lUuch th at we now 
know, that these lridden masses are nothing but the energy residing 
in the medium. 


