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Abstract

This research paper explores the theoretical frame
work of general relativity to investigate the
properties of electrically and scalar charged fluid
spheres. By incorporating the principles of general
relativity, electromagnetism, and scalar fields, this
study aims to understand the behavior of charged
fluid spheres within the context of Einstein’s field
equations. In this paper we have investigated the
interior solution of an electric and scalar charged
fluid sphere in general relativity under certain
assumptions.

If we set a=p= y =1, then we get the solution.

1. Introduction:

An interior solution of electric and scalar charged
static ‘dust’ sphere has been studied by Teixeira et.
al.[25] and it has been shown that the geometric
mass of an electric and scalar charged sphere is

m=,/(q? — tb?) where q is the electric charge, b is
the scalar charge and t=+1 Som et. al. [24] have
found Reissner Nordstrom solution from the
Schwarzchild ~ solution by a  coordinate
transformation and have shown that the geometric

mass of a charged sphere m=,/(m? + q?) where
mg is the Schwarzschild mass and q is the charge of
the sphere. Florides [9] has shown that the
geometric mass of a charged sphere is m=y(a) +
o(a), where y(a) is the contribution from the mass
density and w(a) is that form electric charge. Paul
[18] has obtained an interior solution of electric and
scalar charged fluid sphere and has shown that the
geometric mass of the sphere has contribution from
its mass density and scalar and electric charges.

In this paper we have investigated the interior
solution of an electric and charged fluid sphere in
general relativity under certain assumptions. If we
set A= = t =1, then we get the solution due to
Yadav et. al. [23].

2. Solution of the Field Equations

We take the symmetrically symmetric line element
in the form

ds?=e?Mdt2_e2Ldr2_r2el-Mgp*_

r2eF™Msin20 de®.....oeeee e (2.1)
Where L=L(r) and M=M(r). Here 1, 0, g and t are
numbered 1, 2, 3 and 4 respectively.
Einstein-Maxwell scalar field equations are

R = <8 (T3 80T ), oo, (2.2)
T = (+puut-sp A |-FVR +
145y
DELNFLNF AT oo sosaeseaineaenean 2.3
4m\VKY ES‘V\%;V——ST’SLSL e 2)
F;I“,JV = dnouY , DR (2.5)
oo =0, ... .o SR (2.6)
Sy =—AnV, ... o —" I (2.7)

Where p, p, o are the mass density, pressure charged
density and scalar charged  density respectively. S
is the scalar field. The matter is at rest in the
coordinate system of (2.1) so that u¥(g,,) .

The electric field is such that only F,, =+H; exists
along radial direction where H is the electric
potential. The equation (2.2) with the help of (2.1)
gives

M11 + 22 = 4n((p + 3p))e?- + e 2MHZ, .(2.8)
Lyy — 2~ LMy +> M2 =2 = —4n(p-p)e?-+

e‘ZMHl P e, (2.9)
%Mn —‘L11 +ﬂ_%_ri2 +rizeM+L = 4n(p-p)e?
e ZMH2 e, (2.10)
= (r2e™?MH,) =4nor?e? M ... (2.11)

;—r (r2S;) = 4n\Vnr2e?t
Here we have five equations and eight variables so
the system is indeterminate.
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To make the system determinate we require three
more equations.
For this we assume

Where A, B, C, A, (, and t are constants. The first
two assumptions of (2.13) ensure flatness at the
center and the third makes the scalar field zero atr =
0.

Now with the help of (2.13) equations (2.8) to
(2.12) give

CH)EHB | (DA

lénp = [ A + 7

1r2eArA+1+Bri+1 -1 x e-ArA+1 ......... (2.14)
(-1

8np=[(c+1) r 8(3C+14)B y (x+1)(;x+2)A -

18r23¢2+6(+3B2r2¢+1—
A24+20+1A2r2h+1-22+1+1ABrA+{+2+16V(t
+1)2C2r2t+1+12r2eAri+14Bri+12-1

A+1
xe—Ar

—2)r&n —2)r®-1
(§+1)(C82)r B+ (}\+1)(?\82)r

- {(3¢% + 6C + 3) r2B%— (\ + 1)2r2+Dp2 _

16r2

2(x +1) (L +DrME2AB + 16V(t + 1)2C2r2+D}

2,-2M_
Hie "=

ArtH1gpiHl
(e -1,
........................... (2.16)
Br7L+1
ano =[S+ 2cHQu+ DArCH]e 2 .(2.17)
4 = (1 + 1) (1 + 2)rG-DV-1ceA' ™ (2.18)

Now at r=0, we see that p, p, o, n i.e. mass density,
pressure, charge density and scalar charge density
will vanish for A, {,t > 3.
For A = { =1=0, at the center r=0,
2L = Ar
2M = Br
S =Cr
Where A ,B ,C are constants. The first two
assumptions of equation (2.19) ensure flatness at

the center and the third makes the scalar field zero at
r=0.

Now with the help of equation (2.12) equations (2.8)
to (2.12) give

e—A
16mp = +1] .20
8mp = (3132 A2 —2AB +
(A+B)r
16V62)r ++4e 2 D)o, (2.21)
K] 1 (A+B)r
H? e=2M =—{e =z -1} + (3B2
A% —2AB — 16V (?) - — (A+B)
..................... (2.22)
dno={SFH + (24 4) F41} .(2.23)
—Ar
4mn = 2F N LA (2.24)

We see that p, o, 1 are all become infinite at the
center r = 0. So there is singularity in these
quantities at center. ForA={=1=1,

2L = ... A (2.25)
2M = B r?
S =18-

Now with the help of the (2.24), (2.8) to (2.12)
mass density, pressure, charged density and
scalar charge density can be calculated as in case
A={=1=0.Atr =0, there values are

8p, =4 (17B—7A) ool ot (2.26)

162Pp =3 (A+B).. b Nt L (2.27)
1

46, = (3B2 — A2 — 2AB + 16VC?)? .....(2.28)

Next we assume that the constant L and M are
positive. Hence p, and p, are both positive if

B> % A. Also o is real if

3BZ2—A? —2AB+16VC?>0............. (2.30)
The boundary r = a at which p = 0 will satisfy the

equation.
a2
g (A+B) a% —eA+®)Z 4

The geometric mass of the sphere is
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o . _ .
B= foa e p v (2.32) igl Levi- Civita, T. (1919; R.C. Acad. Lincei, 28 ,

where dv the proper elementary volume.
dv=r2e?l3Mgin0dedr......... (2.33)

Thus the geometric mass of the sphere using

(2.15) (forh={=1=1)and (2.32)in (2.31)

is given by

B=[ E (17B—7A) + G A2 — B2 +

3AB)r2e-Mr2dr)+ 14

J, (2eMH2 + 6VS?) e Mr2 dr =y (a) + o (a) +

¥fds the mass density(%}%@ric charge and scalar
charge density contributes to the geometrical
mass of the charged fluid spheres is evident from
(2.34).
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