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the eqllation (15) passes into : 

( 19) " * ).,u· _ IJ )P " 13" _ _ ' 1 A (I-' �J�) �_�A �V�I�S �~ �)�+�"�1� S )"11. 
• V " ,q ,9 .q/,., v " 9 - , ,, l " , "g . 

Tmnsvection of l!ais eqllation wilh g j,1-' gives: 

(20) " �~�ï� - 'I ' +5 S - 9 (1'1 v ", 9 - - , t" 'l! 

80 that we get the \'e8ulting equatioll : 

(21) " * i :J. __ 'I ACv . . i.) 1/ ' )p AC/J
• SÀ) S À,<J. 

v« 9 - - , « t + ,,1« 9 -" -« 9 

and 

(Ijl) "' 11'- __ 'I A (I-'.l) + 'I . i.1-' _ 2 S À,U. v "g - , ,,t ,t"g "g, 

" 
lil which 'V' is Ihe ditl'el'e/ltial opel'f\to\' belonging 10 nl-" 

F/'om (21) we deduce: 

80 Ihal" wilh l'egal'd 10 (1) : 

(23) �r�' �À�~� = l �~�~�:� - 1/, g ip ( + 1/. �A �~� 'I-' + 1/. �A �~� i l - �A �~� s;, 
Subslilutillg (22) illio (3), we Qblain: 

in whil'h 'C,v. is the conll'act.ed cil/'\'atilre qURlllily �J�(�~�~ �l �'� belonging 
10 the flllldalllelltal tenso\' g i.,'J . . By 8110stilnlillg (24) inlo (4) we obtain 
the field eqllations: 

(lV) 

Fl'om (l V) follow s fOl' Ihe bi vecto/' �l �l�~�~�l� of the elech'omaglletir. 
field: 
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(25) 

We 1I0W l'etnrn to the equation (11 ) obtained fl'om the val'iation 
pl'inciple . With regal'd 10 (13), (14) and (17) Ihis equatioll leads to 

(26) i v = O. 

Sinceiv has the charader of a cllnent vector, it is not allo wed 

10 consider val'iations of the Illte1'1Ultin,t.J part of r;;, when we wish 
10 keep the ('.l1l'1'ent vector in Ihe equaliollfl. In regions whel'e only 
all electl'omagnelic field exists alld 110 ClIl'I'ent, the val'iation principle 
l'emains valid without any I'estl'iclioll. 

The expl'essiolls (l V ) alld (25) 0111)' differ fl'olll those of EINSTEIN 
by Ihe tel'ms ill &, hence an electromagnetic field is also possible 
in places with vanishing CUlTent vector iv

, Thel'e tbe veclol' Sj, 
behaves as a potential vectol'. 

We can further make the followin~' impol'tallt remarks : 

1. In the Held equations (l V ) Si does 1I0t contl'ibute 10 the sym­
metl'ical part of R',. ), . 

2, Whell there is 110 currenl Ihe displacement is by (/11) con­
f01'1lUll, the flllldamental tensor beilIg diminished with 2 d:crx• S ,,- g J.I' 

whell Ihe psendoparallel displacement is dxv. 

3. When thel'e is no Clll'l'ent anel no polential (23) passes illto 
the ordillarJ equalioll of th~ gl'avitaliollal fjeld, in the same way 
as EINSTEIN'S equation. 

3 . The potentialvectol' SJ. 1 t is relllarkabie that here the potential 
vector SJ OCC11I'S as nnambiguollsly detel'minated, not as a vector 10 
which all arbitl'al'y gl'adient vector may be added . This difficulty 
disappeal's when we make the s llppositiulI that the pRI'8metel's which 
define the displacemelll are 11 ot. the same fOl' coval'iant and fol' 
con tl'aval'ian t. veetol's 1) and thus 1I010ngel' adopt. the invariance of 
tl'RII8vectioll . It is IIamely possible to alter coval'ianl parameter8 
independently of the transformatioll of Ihe ol'iginal variables 0)' 

changing . the measure ') of the cova1'iant vectol's . This challge of 
meaSlll'e 

1) For these displacements cf. the above mentioped paper in Mal.h , Zeitschrift 13. 

2) This change ot measure has nothing to do with an introduction of a ds, 
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(27) 

in which T is an arbih'ary funrtion, leaves the parameters of the 
contmvariant displacement unaltered, while the covariant parameters, 

which we will also fl1rther denote with r'j~, will be transfol'med 
in the following way : 

(28) 
" v , v OlgT v r l .. =r lp. - -- Al, 

O,'I)p. 

Su eh a change of measure cannot be applied inthe same easy 
way 10 contraval'iant \'ectors, the new components T-1 dx' being in 
genel'al no mOl'e exact ditferentials, In Ihis case we would be obliged 
to considel' spare-time as a syslem of nOIl-exact differentials, and il 
would no more be possible 10 represent a point by foU!' finite co­
ordinates, This case has doubtlessly blll little attraction 80 long as 
thel'e are other possibilities, 

When we wish 10 "Ioose" Ihe vector Sv in the above merltioned 

sense, we have only to considel' the r'j~ as Ihe pal'ameters of the 

covariant displacemenl and to define Ihe rJ~ , the par'ametei's of the 
eonh'avariant diRplacemenl, in Ihe following way: 

(29) r _r'v S AV-lÀIlI 1/ . ,v 1/ AV , + 1/ A' , 
. lp. - lp. + p. l- V ~ - S gi.p. t + e J, tp. e}J. t)" 

We th en have obtained that r)p. is independent of SJ. aJld thaI, 
when covariant measure is changed, SJ. is transfo/'lned in lhe 
following way: 

(30) 

lt is very J'emarkable Ihat by (23) r')~ has just a form that 
leads 10 the desired tmllsfonualion of the potential vector, lf f.i, 

'~ y 

n.p. contained a term with S) Ap. , it would not be possible to 
obtain all equation of the form (30) , 

Representillg lhe coval'Îant ditfel'ential operator determined by 

r'{p. and r;~ by 'V, (111) is ' challged in to : 

(lII') 

The tensor gJ.p. is a quantity variabIe with transfOl'malion of co­
\'ariant measure, for its components do not change, while the 
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components of a gelllline qllantity of second order obtain the 
factor T-2. When Ihe cUlTen I vanishes, Ihis quantity has Ihe same 
charactel' as the variabie fundamental tensor of WEYL'S theory, and 
-2 Sr>. behaves as the vector which WEn calls cp". 

4. On tlte law of COl1Se'l'/Jlltion 0./ ene?'9Y (md momentUTn. The law 
of conservalion of cllel'gy alld momenlnm in gl'avitation Iheol'y is 
a consequence of Ihe idelllily of HIAN CHI. The fOl'm of Ihis identity 
is known fOI" nOIl-symmetl'ical di splacemenls and fol' displacemellts 
wilh nOIl-inval'iallt tl'allsvection 1) . Hence il must be possible 10 
deduce, stal'lillg with this identity, all equation that can be considel'ed 
as an allalogon of the eqnalioll that expresseR Ihe law of enel'gy 
alld momelltlllll. This possihility exists all'eady bef o re any sllpposilion 
is made l'elatillg 10 the special fol'UI of Hamillon's fllnction . 

1) Cf. MalI!. Zeilschl"ift 1923, 17, p. 111-11 5; R. WEITZENBÖCK, Invariantenlheorie 
( NOORDHOH, Gl"oningen 1923), p. 357. 




