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The difficulties connected with the
noncept of energy in the general theory
of relativity have been widely studied
by various authors (»3) during recent
years. In particular C. MoLLER (*) con-
¢luded that it is impossible to find an
_ energy-momentum complex, 6%, satis-
fying the following conditions:

1) 6,%#") in the event point z" is
an affine tensor density that depends
algebrically - on the metric tensor gy,

and on its derivatives in the same point;

2) 0, k=0;

3) the total energy-momentum of
a closed system, defined as

P; = / 63 ,
m4=jc05t
is time independent; the P; transforms
a8 a four-vector under Liorents transfor-

mations and furthermore is unchanged
under arbitrary transformations of the
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coordinates provided that the new sys-
tem coincides with the original one at
gpatial infinity;

-4) energy density and energy cur-
rent must be a scalar and a 3-vector
respectively under the group of purely
spatial transformations

Z* = mo(xh)
(- . - «=1,2,3.
Tt —

As shown by MAGNI%‘\§SON (°) the
conditions 1), 2), 4) “determine the
Mgller energy-momentum complex 1T*
uniquely, but this does not satisfy the
condition 3), i.e. it does not transform
like a four-vector under Lorentz transfor-
mation. Furthermore MgLLER (*) showed
that 1), 2), 3), lead uniquely to the Ein-¢
stein energy-momentum complex ©;° (),
but this does not satisfy 4).

It seems that the only way out of
this situation is to drop or to modify
at least one of the four conditions. If we
take the point of viewt hat 4) is a
necessary -condition the only possibility
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left is to change condition 1) or the
definition of P;.

The change of 1) means introducing
some new variables to describe the
gravitational field, as Mpller recently
did (7).

The other possibility is studied here,
where an approach to the definition
of a new total energy-momentum vector
is made.

As assumptions 1), 2), 4) are supposed

to be valid, the Mpller complex T.*
~ will be used.

We consider the case of a eclosed
static system. ‘

The new definition of the total
energy and momentum of the system is

T*

vV—9

In (2) g=det {g;} and o is a three-
dimensional surface orthogonal to y.

v, is the unit vector tangent to the
lines #* in the frame of reference in which
the static closed system is at rest.

It is easy to show that Z; is a four-
vector under Lorentz transformations.
In the rest frame the metric is of the
form

yedo .

'(2) P =

(3) ds?= a(r)(A52+ A52+ dad) —b(r) daZ,

02 09 02
=z + ¥ + 23,

where asimptotically rectilinear co-ordi-
nates are used. In this frame we have

(4) ?’k = O’ O; 03 '\/\B’
and as do,= /%, sz, y,=det {gaﬁ}

(5) Pi = f 725,
w4=éost

which coincides with the old definition.

() C. MgLLER: to be published.
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Using the transformation rules for 7'.*
and v, the result
ox, o
(6) P— g

o o0x;

is obtained.

Since &i satisfies the requirements
of being time-independent and of being -
unchanged under arbitrary transfor-
mations which leave the co-ordinate
system asimptotically invariant, and

gince #; is a linear combination of e&@
with constant coefficients it follows
that condition 3) is now. completely
satisfied. Also condition 4) is satisfied
as both T, and v, are four-vectors
under the transformation (1), and so
T *y,, which plays now the role of energy
density, behaves like a scalar under
the same group of transformations.
The total energy and momentum
defined by (2) differs from the usual P;

‘since the integration must be performed

always on the same surface and T
must be ‘saturated always with the
same vector normal to this surface.

It is therefore necessary to give a
geometrical definition of o \{r;d Yr OT
to define ¢ and y, in one frame of
reference, which amounts to the same
thing. ,

In the case of a closed static system v,
coincides with the four-velocity of matter
inside the matter tube. '

It can be remarked that our definition
of energy density is similar to that
given by C. CarTaNko (®).

We hope to extend definition (2) to
the case of a more general system.
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