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A solution of the field equations in Einstein’s unified field theory has been
obtained. The non-static field which describes a spatially flat space-time
and is of electromagnetic origin turns out to be static. It is singular all
along the z-axis.

1. INTRODUCTION
On the basis of a number of observed gravitational effects it is not un-
reasonable to suggest that gravitation should be electromagnetic in origin.
From this point of view the absence of electromagnetic field implies a flat
space-time. We desire to introduce a simple electromagnetic field to study a
departure from flat space-time in the context of Einstein’s unified field theory.
Herein we take the total field as characterized by

911=%2§=933=_1, Ju = C, 9}}.:’7 .. .. (1D

the other components of g,, being zero. C and 7 both are functions of p and
t. The field equations used by us in our investigation are:
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Here and in wha,t follows a comma (,) and a semicolon(;) preceding a suffix
denote partial differentiation and covariant differentiation with respect to the
affine connections I,

It is found that C and % both are singular all along the z-axis. It is
further to be noted that the electromagnetic field is free of charge and current,

VOL. 3, No. 8.



456 R. TIWARI & J. N. S. KASHYAP
though 7 is non-static. It is due to the fact that the non-static solutions are
reducible to the static solutions by coordinate transformation.

2. PRELIMINARY CALCULATIONS
The contravariant tensor g™ is defined by

!},\pg'“" = g,‘,\g"”‘ = S:f e . . . (21)
The non-vanishing components of g* are
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The determinant g of g,, is given by
g=—p HO—n?). .. .. (23)

The non-vanishing components of I';, as determined from (1 2a) are:
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From (1.3) and (2.4) we obtain the non-vanishing components of R,, and R,\#

as follows:
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3. THE FiLp EQuaTIONS AND THEIR SOLUTIONS

The form assumed by the field eqns. (1.20-1.2d), when the various
simplifications have been made, may be expressed as follows:

21,4 04

-—‘q—- 0 =0 . . . N . . (31(1)
Y 770,1) n_
0_,72(71,1— B FI=0 B
Cou (Ca\'_npm N3, 7% 1 )it
'_"'2‘6""(561) —apk}:l_ 714'-0—2111\;‘ FV=O .. .. (3.1¢)
1 e _Calm A
Fl\/"4+<_ﬂ%—6})rl\/‘= ‘e .. . . . (31d)
_,_2,71«1 =0 R 3 1)
Cou Ca 2y 3nC, ( 2172) 1] 1,7
5t T 40""”P14 1+[27’"+F— 50 T\~ )T Pyt e =0

. (3.1f)
Integrating (3.1a) with respect to f, we obtain

0 = Knt e 39

where K is a function of integration. Equation (3.1d) is identically satisfied
by (3.2). Taking

K = 1+4k2p? . .. .. .. (3.3)
where k is a constant, we have
C=n1+k. .. .. .. .. (34
Differentiating (3.4) with respect to p, we obtain
C, 1 = 21, 1(1+E2p?) 4-2pk%*n>, .. .. .. (3.5)
Equations (3.15), (3.1¢) and (3.5) lead to the equation
TR N ¢ X))
/N
Integrating (3.6) with respect to p, we obtain
mF
n=7 . .. .. .. .. (3.7

where m is a constant and F is a function of . Now from (3.4) and (3.7)
we obtain

C= F2m2k2(1+ 7%;—2) .. .. .. .. (3.8)
where

(3.9)
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By the coordinate transformation

pP=p Q=@ 2=z t=mnklFd . .. (3.10)
we obtain
’ 91 ’ ’ m'2 ’ m'
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where 9;3 is given by
, Ox? O+

ga5=g;m5x7a m .o (312)

The solution given by (3.7) and (3.8) gives singularity all along the z-axis.

4, TaE NATURE OoF ELECTROMAGNETIC FIELD
. The electromagnetic field tensor F), is the dual tensor of g°{’H and is defined
by the equation
— afl
P =3V —99" .. .. .. .. (41)

where ¢, is the Levi-Civita tensor density. The non-vanishing component
of F,, is given by

Fopm ——E0— . .. .. .. .. (42
23 m ( )
Also
Fes— 0 4.3)
PV O—n?
where
o= g2 g . .. .. .. .. (44)
The charge-current vector I? is given by
IA=F":‘;_ .. .. .. .. (4.5)
Here we get
DP=P=l=I=0. e .. 48)

Equation (4.6) suggests that there is no charge and current in the field taken
into consideration., The magnitude of the magnetic intensity varies inversely
as the distance from z-axis. The electromagnetic energy tensor B, is defined

by the equation ‘
EY = —FueF, 18 FbF,. .. .. .. (&7

The non-vanishing components of B are given by

4.8)

.,72
Bl =—E? = 'T‘ffas =Ed= 3C—?)"
Equations (3.7), (3.8) and (4.8) lead us to the conclusion that each of the non-
vanishing components of E, varies inversely as the square of the distance
ffom the z-axis.
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Finally, the metric of the space-time takes the form

ds? = —dp?— p?dd® — dz®+- (1+"—s;) ai. .- .. 49

It shows that the magnetic field taken into consideration will be accompanied
by a repulsive gravitational field. This idea should not appear as queer
because the problem of negative masses is already being investigated.

This is an attempt to obtain an exact solution of the field equations in
Einstein’s unified field theory. In order to obtain an exact solution one has
to make certain simplifying assumptions and once such a solution is possible
and obtained, gradually more general solutions of exact nature can be
attempted. From that point of view this attempt is important in itself.
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