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1. Introduction

Researches relating to charged elastic media in general relativity has not been studied much.For example, the general elastic
analogue of Schwarzschild’s interior solution is unknown, in contrast to the Talman-Oppenheimer-Volkoffintegrodifferential
equation (Harrison et al. [2]). Roy and singh [6] found a general solution of an elastic sphere of constant density. They solved the
equations under condition that the pressure is zero at the boundary of the sphere and the density is constant inside the boundary.
As a matter of fact their investigation was an attempt to apply Rayner’s theory [5] of elasticity in general relativity for the
construction of realistic models. Further the same authors [7]studied the field equations for a charged elastic fluid sphere of
constant density and made an additional assumption about the elastic charge density which considerably simplifies the problem.
Again, Nduka [4] tried to show that if the spherical body is elastic, equilibrium configuration implies that an extra condition must be
imposed on the system. Krori and Pal [3] have solved the field equations of Roy and Singh [7] by working an assumption of a
similar character on the electric field and have found that charge density and electric field both vanish at the center. In both the
above works [3,7] the density has been taken as constant. Latter on Singh and Yadav [8] and Brito et.al [1] have extended their
work by taking the density to be a variable quantity.

In this communication we have studied the charged elastic fluid sphere in two different cases. In case- 1%, we have solved the
field equations by taking a suitable relation between metric potential y and space charge density p where as in case 2" the same
has been done by taking a particular choice of field tensor F; in both the cases we have assumed the density to be variable
quantity. Here we have also discussed the boundary conditions.

2. The Field Equations and their Solutions:

We consider the case of a static, spherically symmetric distribution of charged fluid which forms a linear isotropic medium. The
space-time representing the fluid is spherically symmetric. It’s line element can therefore be put in the form.

ds? = e’dr? + r2(d6? + sin?6d@' *) — e’ dt? D
Where y and § are functions of r only. For the field equations and symbols we follow related to krori and Pal [3] and Roy and
Singh [7].

For the metric (1), the relevant field equations are [7]
eV (245) - =4n @+ 2)(e — 1) +4nEe TIEE (2)

r o r?

e 36" —1y'8 +167+ (8 —y)} = 4n9(1 — &) — dnée~ IR, (3)

e’ (y7 -5+ ) = 8nmp + 4ne e~ VHOIFEL (4)
Also J'=12=p13=0 (5

From Maxwell’'s equations we have

d (- _

d—r(e Fiyr2e0+8)/2) = p r2e¥/2 (6)

Case 1 : Here we assume that

pe = 3A4e77/? @)
Where A is a constant

Then from (4) and (5) we get
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EFiye~ 2 = Ar+ 2 ®)

B being constant. Since we require that F;,be regular every where we set B equal to zero.
Hence

€F14e_(y+6)/2 =Ar (9)

The left has side is the physical component of the tensor M;; and as in classical electromagnetic theory it varies as r.
We further assume that
p=po+pir" (10)
wherepy, p; and n are positive constants.
Putting this values of p, f;, from (9) and (10) in eq™ (4) we have

r? 2\ 4 42 B

eY=1-8m p0_+p1 ——m—rt+—.
3 n+3

5 € T
However to avoid singularity we set B = 0 so that we have

-y _1_ M part? 4 A?
e 1 81T( 3 +—n+3) r*.(11)

Form equations (1) and (2) we have
24mwA?
5= [eV {871 (%+ %) + 22T r’ + 4mr(9 + 2p)(1 — ey)}] dr + c(12)
whereu and 9 are elastic constants and c is constant of integration.
Hence the spherically symmetric line element in charged elastic media is given by

ds® = expl [ {8 (%5 + 25) 4 25 0+ 200 (8 (U + 25) + )} (1 - o (B4 B5) - 2+

2 n+2 41[A2 4

c|dt? —[1—8m (2422 2) - ] dr? —r2(d@? + sin26.d9?).  (13)
Outside the fluid sphere the Ilne element is that due to a spherically symmetric charged body of total charge 4me,namely

2m 4 2m  4me?\ ™"

ds? = (1 _m, e )d 2 (1 Sl ) dt? — r2(d6? + sin?0d0?).  (14)

T r T T
The total charge 4me within the fluid sphere of radius r;is given by
4mp = f fo " 34r? sinfdr d dg. (15)

so that A— 5 (16)

The mternal fluid (13) must fit at the boundary with the external field for which we require that g;; and 7} be continuous at r =
.
We thus have three conditions
_ Por3 pyrt3 2mA%r{
m=4r (2224 20 ) + 2117
9(r) +2u() =0 (18)
por2 , prr*t? 4mA? rl 5
[1-sn (e 250) + =Y = ()L, @9
Now since e is to be posmve for all values of r, we require that
2 3 2 3p1r711+1 3 2 . 3e?
(Tl 16m90) * po(n+3) < (16np0) 10po (20)
From (20) it follows that
158 \1/2

e< (128n2p) @1
Case- 2 : Here in this case we assume that
E Fye™002= 472 + 2 (22)
Where A'and B are constants.
Then from (6) and (22) we get

pe = 4AreV/? (23)
We choose the material density p as in case 1ie. p = py, p1 ™.

Putting this value of p and F;, from (22) in equation (4) we have
-y —1_ por® | pir"*A\  4m A'%r6 24" B'r? _ ﬁ

€ 1 81T(3+n+3) E(7+ 2 r4) (24)

Here we have taken integration constant to be zero.

Then from equation (24) and (2) we can find §as in case- 1 and thus using values of y and §the spherically symmetric line
element in charged elastic media can be written down.

However, by the choice of F;, as in (22), the solution obtained in this case is singular. So we set B' = 0, in equation (22) so
that F;, becomes regular everywhere and the solution also becomes non-singular.
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Thus when B’ = 0, we get

EFye~0+0)/2 = g'y2 (25)
2 n+2 1.6
-y —1_ por® | par _ 4mA'r
€ 1 8”( 3 + n+3 ) 7€
_ ¥ w plrn+l
6= fler{er (5 +55
wherec’is constant of integration.

(26)

2+ (%) +4m( + 2u) (1 - eN}| ar + ¢ (27)

Hence the spherically symmetric line element in charged elastic media in this case can be written as:
n+1 2.5 2 n+2 2.6 2 n+2 12,6
dszzexp[f {8n(p0r+p1r )+(M)+4m‘(19+2u)( (p"r +4 )+4"A—r)}(1—8 (”“r 44 ) 47”‘—T)dr+

3 n+3 7€

3

n+3 7€ 3 n+3 7€

n ’2
c'] dt? — [1 —8m (p‘]r2 + M) - M] dr? —r2(d6? + sin’0dp?) (28)

3 n+3 7€

The total charge 4me within the fluid sphere of radius r=ry is given by

4mp = [ fo " 4 A'r3sinfdrdodo

Sothat A' = —4 (30)
1
Again as in case 1, the boundary condition yield

3 n+3 2.7
pori , p1r" 2mA" "r{
m= 4 (— )+ —_— 1

T 3 + n+3 7€ (3 )

porf | pirft? 4”/11 )
[1—8n (5 + 20 + =()r=n

The equation (18) remalnlng the same.

In case Il fore™to be positive for all values of r, we need

2 n+1 2

3 3p1r 9 3e

(rf - ) + P < s-——  (33)
167 pg po(n+3) ~ 256m2p§  14p(€

which leads to

3. Discussion & Conclusion:

(32)

(29)

In case |, equation (21) shows that for a given denity, the total charge has an upper bound. Also equation (20) puts a limit on
the radius of fluid sphere. If we put p, = 0 in the results of this case, we get the results due to Roy and Singh [7]. Similarly in case
Il, equation (34) shows that for a given density, the total charge has an upper bound where as equation (33) puts a limit on the

radius of fluid sphere.

Further our solutions presented in this paper are made non-singular &F;,also becomes regular everywhere by taking suitable

choice of constant B (in case I) and B’ (in case II).
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