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ABSTRACT
In this paper the solution of Rosen’s field equations of bimetric theory of gravitation for conformally flat

spherically symmetric charged perfect fluid distribution have been obtained. The various physical properties of

the model are also discussed. It is observed that the resulting model is expanding, non-rotating but shearing.
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I. INTRODUCTION

The bimetric theory of gravitation proposed by Rosen
(1977), is the theory of gravitation based on two

metrics. One 9i is the fundamental metric tensor

describes the gravitational potential and the second

metric tensor 7 refers to the flat space-time and
describes the inertial forces associated with the
acceleration of the frame of reference. This theory has
its own importance is that the Christoffel symbols in
it behave like a tensor which are not in general
relativity. Moreover the theory agrees with the
general relativity up to the accuracy of the
observations. However, the bimetric relativity does
not account for black holes, which is a cretion of
general relativity. In this bimetric theory of
gravitation , at every point of the space-time, there

associates two metrics

ds? = g; dx'dx] (1)

do’ =y, dx'dx! )

The field equations of this Rosen’s bimetric theory of

gravitation are
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where Ny :Eypr (9%94p)r» N=N;

k=2 (4)

Y
The Einstein’s field equations for conformally flat
spherically ~symmetric charged perfect fluid

distribution have been solved by S. N. Pandey and R.
Tiwari (1981) [6] and they discussed its physical
properties. In this paper the solution of Rosen’s field
equations of bimetric theory of gravitation for
flat

perfect distribution have been obtained. The various

conformally spherically symmetric charged
physical properties of the model are also discussed. It
is observed that the resulting model is expanding,
non-rotating but shearing.

Solution of Rosen’s Field Equations

The Rosen’s Field Equations of bimetric theory of
gravitation are given by equations (3) and (4).In these

field equations Tij , Fi

j » and Ej are energy-

momentum tensor, electromagnetic field tensor, and
electric field tensor respectively.
Ty =(e+p)viv; + pg; + Ej ©))
1 b 1 b
Eij = —[FaiFp9™ =~ giFapF ™1 (6)
4r 4 3)
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where € — the density and p-the pressure of the
perfect charged distribution.

F i satisfies

The electromagnetic field tensor

FIJ = 4rpV/'
Frijgg =0

@)
©)

The stroke ‘|’ denote the covarient derivative, p is

. . i
the current density and the four velocity vector V

satisfies
gyv'v! =-1 )
We consider the metric
ds? =e* (dr? +r2de? +r?sin? 0 dp? —dt?),
A =Ar(r,t), (10)
and flat space-time corresponding to metric (10) is
do? = —dr? —r?(de? +sin? 0 d¢?) + dt? (11)

Assume that the space-time filled with the matter

consist of perfect charged distribution with

electromagnetic field ;.

The surviving components of the Christoffel symbols

for the flat metric (11) are

I, =Ty =1/r, I =-T,
', =—sinOcosH, 5, =coto.

Assume that the only surviving component of

field FY s FY

v = (Vl, 0, O,V4), then the field equations (3) for the

electromagnetic and

line element (10) takes the form

BB R et (e + )V + P (Ful)?

AN A )
T = 8rpe? + (F

5 R p (Fa)

AN A

—_—+t——— =87Tex[(€ +p)V§ - pex]+(F14)2

2 r 2
Equation (9) gives
(vi —vi) =e”
From the differential equation (12), (13), (14), we

write  8me”[(e +p)VZ]-2(Fy)? = (16)
8re*[(e +p)vi]+2(F,)* =0 (17)

which yields

= Vi +vi=0
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and  (Fy)? =—2ne?* (e +p) (19)
Further the equation (12), (13), (14), gives
A2 = Ame®* (e -3p) (20)
r

This is a non-linear partial differential equation, and
therefore difficult to solve. Sothat one can assume
€= 3. Then equation (20) reduces to

}\’!

A+ 2— —x=0 1)
which has solution
- Fl(t+r)+ F,(t-r) 22)
2r r

where F; and F, are arbitrary functions of (¢ + )

and (z- 1) respectively.
Thus et =g\ '
(10) for the perfect charged distribution would be

and the line-element

5
ds? =e\?" "/(dr? +r2de? +r?sin?0 do® —dt?)
(23)

r §3 = —rsin? 0, This is the model for the perfect charged distribution

in the bimetric theory of relativity.
3. Some Physical Properties
The condition (€=3p) shows that the matter is

radiating and under this circumstance, we obtained
the pressure and density as

8np = —(Fy,)’ _2[%12':32j
A
8ne=-3(F,)” ; _2[2 r)

The velocity components arg

1 A, sz
Vi=—vi=—ZeM) T

>

(26)
and  the non-var(lhing  component  of
electromagnetic field is
R,R
(F14)2 =—8np §[2r+ r j
(27)

The current density for theginodel (23) would be

[ea3 L
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(28)

The acceleration is given by V;, =v; v/ Jand its non

ilj
Vamshlng components are,

I A
v, =V, = Z(k +1A) (29)
The expression for expansion ¢, the rotation W; and

shear forces o for the model (23) are given by
b= V|Ii

—W; (vI| i

1. ;
j|i)+E(ViVj_VjVi)
1 1 .

respectively (for details see Ellis 1971).
For the model (23), we calculated ¢ as

¢ = \/—(7L %)—i

shows that the model is expanding if

. 4i1l
(A —iL") > 37 it is contracting if
r

. 4i
(A—iLA") < 3 1 and it is neither expanding nor
r

contracting for (7» i) = ﬂ 1

3r
The components W;; = Osuggested that the model is

non-rotating .

The nonvanishing components of shear forces are
HJ2\er 2
1 R
Gy = _ﬁr (l3+ rkj e
Ga3 = —i(x +Lj e"? r?sin%@
33 \/—
2 3r

- _ 1 &_L a2
Mo l2 3
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6, = L[GR*2) L)
\/E 4 3r

Since the components of shearing forces exists, the

resulting model (23) is shearing.

II. CONCLUSION

The solution of Rosen’s field equations of bimetric

theory of gravitation for conformally flat spherically

symmetric charged distribution have been derived. It

is observed that under the condition (e=3p) the

- 4i1
resulting model is expanding if (A —iL") > 3 It is
r

non-rotating but shearing.
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