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We now return to the equation (Il) obtained from the variation
principle. With regard to (13), (14) and (17) this equation leads to

(26) v =0.

Since ¢ has the character of a current vector, it is not allowed

to consider variations of the alternating part of 1‘,;, when we wish
to keep the current vector in the equations. In regions where only
an electromagnetic field exists and no current, the variation principle
remains valid without any restriction.

The expressions (/ V) and (25) only differ from those of EINSTEIN
by the terms in .S;, hence an electromagnetic field is also possible
in places with vanishing current vector . There the vector S,
behaves as a potential vector.

We can further make the following important remarks:

1. In the field equations (/ V) .S, does not contribute to the sym-
metrical part of R',;.

2. When there is no current the displacement is by (//[) con-
Jformal, the fundamental tensor being diminished with 2da:“.Sag“f‘
when the pseudoparallel displacement is da.

3. When there is no current and no potential (23) passes into
the ordinary equation of the gravitational field, in the same way
as EINSTEIN’S equation.

3. The potentialvector S,. It is remarkable that here the potential
vector S; occurs as unambiguously determinated, not as a vector to
which an arbitrary gradient vector may be added. This difficulty
disappears when we make the supposition that the parameters which
define the displacement are not the same for covariant and for
contravariant vectors') and thus no longer adopt the invariance of
transvection. It is namely possible to alter covariant parameters
independently of the transformation of the original variables by
changing - the mweasure®) of the covariant vectors. This change of
measure

1) For these displacements cf. the above mentioned paper in Math. Zeitschrift 13.
%) This change of measure has nothing to do with an introduction of a ds.
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in which 7 is an arbitrary fanction, leaves the parameters of the
contravariant displacement unaltered, while the covariant parameters,

which we will also further denote with I";:,, will be transformed
in the following way :

dgr
9T 4.
s

Such a change of measure cannot be applied in the same easy
way to contravariant vectors, the new components r—! d2” being in
general no more exact differentials. In this case we would be obliged
to consider space-time as a system of non-exact differentials, and it
would no more be possible to represent a point by four finite co-
ordinates. This case has doubtlessly but little attraction so long as
there are other possibilities.

When we wish to “loose” the vector S, in the above mentioned

(28) =T —

sense, we have only to consider the I';, as the parameters of the

covariant displacement and to define the IY,, the parameters of the
contravariant displacement, in the following way:

v v A’ W v o, v .
(29) Du=1I", + Sud)= v"i—'/,w A a1 Ay,

We then have obtained that I}, is independent of S, and that,
when covariant measure is changed, S, is transformed in the
following way :

dlgr
(30) 'S = Su + ay .

Zp

It is very remarkable that by (23) I, has just a form that
leads to the desired transformation of the potential vector. If f.i.
I, contained a term with S, A, it would not be possible to
obtain an equation of the form (30).

Representing the covariant differential operator determined by

Y. and I}, by v, () is changed into :

YR | (m 2 1/ 2 M
(III') vﬂg = Ly As v+ /lzﬂg
Vo gou=—"/s Jap ts — /s goir tu + '/ 1 gip — 2 Su giu -

The tensor ¢),. is a quantity variable with transformation of co-
variant measure, for its components do not change, while the
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components of a genunine quantity of second order obtain the
factor v—2. When the current vanishes, this quantity has the same
character as the variable fundamental tensor of WeyL’s theory, and
—2 .S, behaves as the vector which WEyL calls ¢,.

4. On the law of conservation of enerqy and momentum. The law
of conservation of energy and momentum in gravitation theory is
a consequence of the identity of BiancHi. The form of this identity
is known for non-symmetrical displacements and for displacements
with non-invariant transvection '). Hence it must be possible to
deduce, starting with this identity, an equation that can be considered
as an analogon of the equation that expresses the law of energy
and momentum. This possibility exists already before any supposition
is made relating to the special form of Hamilton’s function.

1) Cf. Math. Zeitschrift 1923, 17, p. 111—115; R. Werrzenssck, Invariantentheorie
(NoorpHorF, Groningen 1923), p. 357.





