/
oo Resmurch
0.00 Publishing

International Journal of Astronomy and Astrophysics, 2016, 6, 494-511
http://www.scirp.org/journal/ijaa

ISSN Online: 2161-4725

ISSN Print: 2161-4717

Class of Charged Fluid Balls in General Relativity

A. Sah, Prakash Chandra

Department of Mathematics, M B Govt. P G College, Haldwani, India

Email: archanasah7 @gmail.com, pcfsouk@gmail.com

How to cite this paper: Sah, A. and Chan-
dra, P. (2016) Class of Charged Fluid Balls
in General Relativity. International Journal
of Astronomy and Astrophysics, 6, 494-511.
http://dx.doi.org/10.4236/ijaa.2016.64038

Received: November 21, 2016
Accepted: December 26, 2016
Published: December 29, 2016

Copyright © 2016 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In the present study, we have obtained a new analytical solution of combined Eins-
tein-Maxwell field equations describing the interior field of a ball having static
spherically symmetric isotropic charged fluid within it. The charge and electric field
intensity are zero at the center and monotonically increasing towards the boundary
of the fluid ball. Besides these, adiabatic index is also increasing towards the boun-
dary and becomes infinite on it. All other physical quantities such as pressure, densi-
ty, adiabatic speed of sound, charge density, adiabatic index are monotonically de-
creasing towards the surface. Causality condition is obeyed at the center of ball. In
the limiting case of vanishingly small charge, the solution degenerates into Schwarz-
child uniform density solution for electrically neutral fluid. The solution joins smoothly
to the Reissner-Nordstrom solution over the boundary. We have constructed a neu-

tron star model by assuming the surface density p =2x10"" kgm™. The mass of the
neutron star comes 1.58 M ® with radius 14.574 km.

Keywords

Exact Solution, Einstein’s Field Equations, Charged Fluid Ball, Compact Star,
General Relativity

1. Introduction

An analysis of the Reissner-Nordstrom metric shows that a spherically symmetric distri-
bution of charged dust may avoid the catastrophic gravitational collapse, a seemingly
unavoidable feature of Schwarzschild’s [1] geometry exterior to an electrically neutral
fluid sphere of mass bigger than certain critical limit. As in evidence we have Bonnor’s
model [2] [3] of the equilibrium ball of charged dust in contrast to the Oppenheimer-
Snyder [4] continually contracting ball of electrically neutral dust. Though Bonnors
model has been found to the unstable to small radial perturbations and also to a change

in the total charge content of the system, it initiates a general interest in the study of the
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implications of Einstein-Maxwell field equations with reference to the general relativistic
prediction of gravitational collapse. On the other hand, it is generally considered that a
black hole may carry non-zero net charge, apart from its mass and angular momentum.
Such an assumption may require the collapse of stellar masses of charged matter. It has
been suggested by Shvartsman [5] that on account of interaction between a star and its
surroundings, it is possible that stellar systems carrying electric charge may exist in
nature. It is therefore not surprising that in recent years the problem of finding non-
singular, physically meaningful solution of Einstein-Maxwell field equations for static
ball of charged coherent perfect has received wide attention. The inclusion of charge
seems to affect the stability of the system—the stability of Schwarzschild’s uniform
density sphere increases by the introduction of net surface charge. It has been shown
that the stability is more profound if the same amount of charge be distributed unifor-
mally throughout within the sphere.

The search for the exact solutions is of continuous interest to researcher. Buchdahl
[6] proposed a famous bound on the mass radius ratio of relativistic fluid spheres which
is an important contribution in order to study the stability of the fluid spheres. Delgaty-
Lake [7] studied all the then existing solutions and established that Adler [8], Heintzmann
[9], etc. do not satisfy all the well behaved conditions and also pointed out that only
nine solutions are well behaved; out of which seven in curvature coordinates (Tolman
[10], Finch and Skea [11], Patvardhav and Vaidya [12], Mehra [13], Kuchowicz [14],
Matese and Whitman [15], Durgapal’s two solutions [16]) and only two solutions (Nariai
[17], Goldman [18]) in isotropic coordinates. Ivanov [19] [20] [21] [22] [23], Neeraj
Pant [24], Maurya and Gupta [25], Pant et al. [26] [27], Pant and Sah [28] [29], Tewari,
Charan and Chandra [30], Sah, Chandra and Charan [31] studied the existing well
behaved solutions of Einstein’s field equations. Some pioneer work in Relativity is given
by Herrera ef al [32]-[37], Tewari and Charan [38] [39] [40] [41]. Nduka [42] [43],
Whitman and Burch [44], Tikekar [45], Ivanov [46], Ray et al [47], Stettner [48], Krori
and Barua [49], Ray and Das [50], Pant and Negi [51], Florides [52], Dionysiou [53],
Pant et al [54] etc. gave the well behaved solution for charged fluid sphere. Pant ef al
[55], Pant and Tewari [56], Fuloria et al [57] gave charge analogue of Heintzmann,
Adler, Durgapal’s relativistic exact solution respectively. Gupta and Maurya [58] gave
charge analogue of Durgapal and Fuloria superdense star. Bijalwan and Gupta [59],
Gupta and Kumar [60] gave charge analogue of Schwarzschild’s interior solution.

In this paper, we present a new solution of Einstein-Maxwell field equations in sphe-
rically symmetric coordinates which are well behaved solutions charge analogous solution
of Sah and Chandra [61]. In our present study the paper consists of nine sections. In
Section 2, Einstein’s field equations for charged fluid sphere in canonical coordinates
are given. In Section 3, gravitational binding energy of a charged fluid sphere is given.
Section 4 consists of boundary conditions for well behaved solutions. New class of
solution of Einstein’s field equations for a charged fluid sphere in canonical coordinates
is given in Section 5. Section 6 stipulates the properties of this new class of solution

of Einstein-Maxwell field equations. In Section 7 the matching conditions of interior
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metric of the charged fluid with the exterior metric are given. For better illustration of
our physically accepted solution, the relevant physical quantities are presented by tables
and figures in Section 8. Finally, some concluding remarks have been made in Section
9.

2. Field Equations for a Charged Fluid Sphere in Canonical
Coordinates

The Einstein-Maxwell field equations in general relativity are given by
1 8nG

R -=Rg¥ =—

c T ct

T (1)

where RY, R, 0/ and T/, are Ricci mixed tensor, scalar curvature, metric tensor
and the energy momentum tensor for fluid sphere respectively. T/ is conserved quantity
such that

T/ =0 (2)

vin
The energy momentum tensor for a charged fluid sphere is defined as

T/ =M¥+E/ (3)
Here M/ is the part of the energy momentum tensor due to matter distribution of

the system and, for a perfect fluid distribution, it is given by
M/ =(pc® + p)u‘u, - pg @)

where p and p are the density and isotropic pressure of the fluid element measured
locally in its proper reference frame. The density p gives total matter energy in proper

volume Vas
M, = [ pcidv (5)
u” is element’s time-like four-velocity vector such that
g/u“u” =1 (6)

EY is the part of energy momentum tensor due to electromagnetic character of matter

within the fluid sphere and is defined by

Ex :i[—F”’IFMJr%é‘V”F”FM} )
where the electromagnetic tensor F*" satisfies Mexwells equations
Fyv,l + Fvl,y + Flv,;t = 0 (8)
0 1 1
PV {(—9)2 F‘”}=4n(—9)2 3’ ©)

J* is the 4-current density for a fluid of null charge conductivity and a conserved

quantity such that
J4=0 (10)

and is given by
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J* =ou” (11)

o being the charge density of the fluid element and gives the total charge contained in
proper volume Vas

Q= odv (12)

The total non gravitational energy in a proper volume Vis given by

E, = [ Todv (13)

We consider a static spherically symmetric charged perfect fluid distribution. The
interior space-time metric for spherically symmetric fluid distribution in canonical coordi-

nate is given by
ds’ = A%dt’ - B%dr’ — r*(d6” +sin’ 0dg’ ) (14)

where A and B are functions of ronly.

The electrostatic field is described by the only non-singular components F*°,
F"l(: —Fm) of F*.

In view of (8), (9) and (10) we obtain

Fol _ Qc
r’AB

(15)

where Q stands for the total charge contained within the sphere of radius rand is given

as
r 2
Q= [ 4nr’Bodr (16)
In view of the metric (14) and energy momentum tensor (3), the field Equation (1)
gives
8nG 1(2A 1) 1 GQ?
=— | 2= s |-+ 17
o P Bz[ rA rzj r2 cr! (17)
8nG 1 (A" A B AB') GQ°
= | = 2 18
P BZ[A rA rB AB) c'rt (18)
8nG 1(2B" 1) 1 GQ°
2 BZ(rB rzj rrcrt (19)
In view of Equation (17) and Equation (18), pressure isotropy gives
6Q°_L(AN N AB B 1) 1 o0
c'r* B*LA rA AB B r’) r?

The charge conservation Equation (10) is identically satisfied whereas (2) for energy-
momentum gives rise to the following surviving equation
A’ QQ/

(ot e 2

(21)

which is clearly contained in the field Equations (17) to (20).
We have three equations to determine five unknown functions A, B, p, p and

o . Thus, we find a two degree of arbitrariness in the general relativistic problem of the
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electrically charged fluid ball, and to obtain a solution we can always choose one of
these functions arbitrarily and correlate other to this by certain relation. The volume

field surrounding the charged sphere is described by the Reissner-Nordstrom field

CZr C4r2 2 4.2

2 2\t
ds? :[1_ 2GM_ | Ge ]czdt2 —(1— ZCG':A + CG(; j dr? —r®(d6” +sin” odg*) (22)

€
FOl_ _p10 =<
r

(23)

where M and E are constants. We observe that whereas in Schwarzschilds field that

total energy Mc® is constant, in case of Reissner-Nordstrom field the total energy

2
€ . . . .
[Mc2 ——J increases as r increases. At large distances the Reissner-Nordstron field
r

approximates to Schwarzschilds field. The junction of interior and exterior field over
the boundary r =r; of the sphere is governed by the junction conditions due to Darmois
(1927), Viz. the continuity of the first and second fundamental forms across the boundary,
which imply the continuity of ¢, and the fluid pressure across the boundary. For
the junction of electromagnetic field it is sufficient to consider the continuity of F*”
(and not its first derivatives) across the boundary. In view of (16) and (23) the continuity

of F*¥ gives
e=0Qy

Thus the constant ¢ measures the total charge contained within the ball.

Also we have

1 2G m(r) 2G u(r)

=1/ =71/ 24

B? ¢ r ¢t r 24)
where

m(r) = J'4npr2dr (25)
and
Q? Q?
/I(r):j?dr:.[4nr287[7dr (26)

The continuity of g*” over the boundary r=r, demands

)+m:|\/| _ii
2

m(r,
(r c 2¢% 1,

(27)

Thus, in general, the constant A/ can not be identified with Euclidean mass of the
sphere as against the case of uncharged sphere in which case M = m(rz). In view of
(27) we have M > m(rz) we observe what the distribution of total energy within the
charged sphere as measured by an electrically neutral test particle close to the boundary
of the star is similar to that within a sphere of electrically neutral perfect fluid. Equation

(27) can be rewritten as,

2 r QZ
Agur?dr + _[j -Agur2dr (28)

2 _ (% 2. 2 = Q
Mc? = [ pc? - anr®dr + | = o
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Thus three physical quantities contribute to Mc? viz. 1) the total matter energy
within the ball distributed as if the geometry is Euclidean, 2) the total electromagnetic
energy within the ball as if the geometry is Euclidean 3) the total electromagnetic
energy distributed over the entire exterior space-time as if the geometry there too is
euclidean.

The gravitational redshift of massive spherically symmetric ball is

1

1+Z = gy2 (29)
which gives central (Zo) and surface (Zz) gravitational redshifts

C
Zy=—-1 30
0= (30)

and

N
zz=(1+%J 1 (31)

3. Gravational Binding Energy of a Charged Sphere

In view of (11) the total non gravitational energy of a charged sphere is given

s Q?
E, = J'O (pc2 e -47r?Bdr (32)

Also the total energy of the ball measured by an electrically neutral test particle close

to the boundary is given by
1 2
E, =Mc?-=< (33)
2,

Clearly the difference E; —E; is the expression for the gravitational energy of the
charged fluid sphere as measured by an observer close to the boundary. The negative of
this quantity is the gravitational binding energy of the system. In Newtonian limit we
obtain from (24), (32) and (33)

2
Ep—E2=J'rz 47[Gr[,oc2+ Q 4J[m(r)chry(r)].dr (34)

o ¢t 8nr

For a particle at large distances from the object total energy E_ approximates to
2
€
Mc®. The difference —— between the two energy measurements is the classical
rZ

expression for the energy of vacuum electrostatic field surrounding a sphere of charge
e and radius r;. In the Reissner-Nordstrom field energy is distributed in the entire
space time. As such the set of field Equations (17) to (19) can be solved under two given
relations or assumptions. Physically speaking, one of them has to be the equation of
state for fluid and another a law for the distribution of charge with the sphere. The
non-singular solution due to Naduka [42] [43] and that due to Whitman and Burch

[44] follow the charge distribution given by ¢ = constant. B™.
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4. Boundary Conditions for Well Behaved Solution

For well behaved nature of the solution in isotropic coordinates, the following conditions
should be satisfied:

1) The solution should be free from geometrical and physical singularities. Metric
potentials A and B must be non-zero positive finite for free from geometrical singularities
while central pressure, central density, should be positive and finite or p, >0 and

p, >0 for free from physical singularities.

2) The solution should have maximum positive values of pressure and density at the
center and monotonically decreasing towards the surface of fluid object 7.e.

i) (d_pj =0 and [dz—?) <0 such that the pressure gradient, dp is negative for

dr J, ar® ), dr

O<r<r.

r.2

2
ii) (d_p) =0 and d’p <0 such that the density gradient, dp is negative for
dr Jg dr® ), dr

O<r<r.
3) At boundary pressure, p must vanish.
4) The pressure, p,and density p should be positive.
5) Solution should have positive value of pressure-density ratio which must be less

than 1 (weak energy condition) and less than % (strong energy condition) throughout

within the fluid object and monotonically decreasing as well (Pant and Negi [51]).
6) The casualty condition must be satisfied for this velocity of sound should be less

dp

cd

than that of light throughout the model ze. 0< <1. The velocity of sound should

be monotonically decreasing towards the surface and increasing with the increase of
.. dfdp d’p ) . ..
density e. —|——|<0 or |— [>0. In this context it is worth mentioning that
dr\dp dp

the equation of state at ultra-high distribution has the property that the sound speed is
decreasing outwards.

7) For realistic matter, the adiabatic index y >1 ie P g—p , everywhere within the

p dp

ball.

8) The red shift at the center z, and at the boundary should be positive, finite and
monotonically decreasing in nature with the increase of r.

Under these conditions, we have to assume the one of the gravitational potential
component in such a way that the field Equation (1) can be integrated and solution
should be well behaved.

5. New Class of Well Behaved Solution
We present the following general analytic solution of the field Equations (17) to (20).

A:b+d(l—ar2)n+1 (35)
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B= (1— arz)n (36)

The isotropic pressures, matter-energy density, charge, charge density and red shift

of charged fluid ball are given by

811G ~4a(n+1)d 1+(2n-1)ar? —(1— arz)2I1+l
4 p= n n+1 + 2n+1 (37)
¢ (1—ar2) [b+d(1—ar2) } 2r2(1—ar2)
1-ar?)™ —(10n-1)ar? -1
- ( )2 o G8)
2r (1—ar )
2co? (1-ar’ ™ 4 (2n+1)ar? -1
C4S :( )2 ( 5 2n+1) (39)
r (1—ar )
87/Go x/i{(l—arz)zmz +(4n* —1)a’r* +2(n+1)ar’ —1}
c? - 4n+3 1 (40)

r*(1-ar’) 2 {(1—ar2)2m+(2n+1)ar2—1}E

2 n-1
S (c—b)—d(l—arnil) an
b—d(1-ar?)

Here a, b, and d are arbitrary constants.

In order to construct a new relativistic model, we assume nh=-2 then we have

A:b+d(1—ar2)7l (42)
B=(1-ar?)” (43)

3
8d(1-ar’
8nG p:% H—sn&wz _16a%r* +5a°r° (44)
c —ar” |+

8:26 p=%(24—66ar2 +64a’r* - 21a%°) (45)
2

2(2? =a’r®(6-8ar® +3a’r*) (46)
gnGo _(L-ar?) (36-64ar? +30a’r")

e a - (47)

(12-16ar® +6a’r* )2
c—b)(1-ar?)-d
Z :( )( ) (48)

b(l—ar2)+d

Here a, b, and d are arbitrary constants.
The variation in pressure, density, charge, charge density and red shift with radial

distance are given as
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8d (1—ar2)2 {2b(1—ar2)+3d}

—p'=-a’r - —18+32ar” —15a°r" (49)
¢ {b(l—ar2)+d}
8(7:2(3 p'=-a’r(66-128ar” +63a’r*) (50)
Joq _ar’ (18-32ar’ +15a°r*) -
¢ (12-16ar% + 6a2r4)%
Z’zLadr (52)

{b(l—ar2)+d}2

6. Properties of the Solution

For real values of metric potentials A and B, ar’ <1Vr . Figure 1 shows that the metric
potentials A and B are positive at the center which are slightly and monotonically
increasing with r for suitable choice of constants a,b, and d . For the positive central
value of A(b+d)>0,

The central value of p, p and o are given as,

8nG 4ab
4 pO == ( ) (53)
c (b+d)
8nG
B 1.4
A
1.0
0.8 —
06 METRIC B
POTENTIALS | o
0.4
0.2
0.2 0.4 0.6 % 0.8 1.Q

r
Figure 1. Variation of metric potentials with —.
rZ
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Qo =0 (55)

8"0*2/6 o, =632 (56)
c—b-d

°~ Thtd (57)

It is clear from Equation (53) to Equation (57) that for positive central values of

physical quantities p,, p,» Q,» o, and Z, arepositiveif a>0, b+d<c and

-1< % < 0. In view of Equations (49) and (50), the variation in the pressure and density

with the distance from the center of fluid ball are identically zero at the center.
At the center of fluid ball the second order derivatives of pressure and density with

respect to radial distance from the center of fluid ball are
9b° +10bd —3d?)

81G , .\ a2(
_(p)o_2 (b+d)2

C4

(58)

The pressure is maximum at the center if ( p")o <0 je ﬂ < b < ﬂ .

9 d 9
8n

C4

(p"), =—66a° (59)

The density is maximum at the center for all constants as ("), <0.

The central equation of state

Py _,__ b
(czpl‘“‘ 3(0+0) o

a must satisfies the condition 0<a <1 which demands b<0 and -1< % <0.

dp

The central value of 5
c°d

is given by

=— 61
0, (61)

( dp J _ (9b” +10bd —3d?)
0 33(b+d)°

d
The causality condition at the center 0< (z—p] <1 gives
c’dp ),
—5-+/52 < b - —5++/52
9 d 9

It is found that p and o fall monotonically from their maximum positive values

at the center up to non negative values at the boundary (Figure 2) and p falls mono-
tonically from it’s maximum positive values at the center up to zero value at the boundary
while charge increases from zero at the center to maximum positive value at the boundary
(Figure 3) for different values of the parameters a, b, d satisfying

a>0, b<0, d>0, ¢c>b+d>0 and —l<%<0 (62)
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1.2
81;2G pr§
1.0

2
0.6 c2 prZ
41T!ZG o
0.4 2
¢ 2
0.2 T
0 0.2 0.4 T 0.6 0.8 1.0

Figure 2. Variation of energy density, charge density and red shift with L

S

262 4P-039
c'rs
—P_l0.025
c’p
P

0.020]

0.015

0.010

0.005

. . . . . r
Figure 3. Variation of pressure, pressure density ratio and charge with —.
z

Figure 4 shows that speed of sound is less than speed of light 7.e. 0< gg <1 and
c
d
the ratio of speeds of sound and light 5 P falls monotonically from center to the

boundary of the fluid ball.

7. Matching Conditions of Boundary

The solution so obtained are to be matched over the pressure free boundary of fluid

sphere smoothly with the Reissner-Nordstrom metric:

2 2\1
ds? =[1— 2GM | Ge ]czdt2 —(1— 2GM | Ge j dr? —r? (d02 +sin? 9d¢2) (63)

2 C4r2 CZr C4r2

which requires the continuity of A*> and B? across the boundary r=r, and
(p)rz =0; Q =e¢.Thus
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0.14}

dP
cxdp

0.10)

0.08}

0.06}

0.04}

0.02

0.2 0.4 I _06 0.8 1.0

r
Figure 4. Variation of adiabatic velocity of sound with —.

rZ
1 1
a=—2£1—X4J; 0<X <1 (64)
r):
3 1 1
[SX“—X2 —X“—ljc
b= T (65)
8X 4
c 3 1 1
d:§(5X4+X2+X4+1J (66)
2
where X =1-2§, +%; S, :GZ—M, Schwarzchild parameter.
Iy cory

8. Tables of Numerical Values of Physical Quantities and Their
Graphs

In view of Equations (64) to (66) the valuesof X, b, d and g are 0.701, —0.062c,

0.0823c and —0.0753 respectively and the value of ar? =0.085 for S,=0.16 and
surface density 2x10" gmcm™. For better illustration of our physically accepted solu-
tion, the relevant physical quantities are presented by means of Table 1, Table 2 and
Figures 1-4 for these constants.

In order to construct a super dense star model, we prescribe the surface density of
the star as 2x10"" kgm™ and the values of constants @, b and d can be evaluated
for different values of S, for describing the well behaved solutions. Thus a compact
star model can be constructed by finding mass and radius corresponding to assumed
surface density. The variation in the mass and radius with schwarzschild parameters for
our model of compact star is tabulated in Table 3 and the variation of surface charge,
Surface Density, Schwarzschild Parameter and X with ar? showing different models

is shown in Figure 5.
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A
Tablel. —, B, p, p,and ZL for ar? =0.085.
c cp

S.N. é ? B i—prrX2 %Gprzz Czpp
1 0.0 0.76085 1.00000 1.02000 0.02768 0.02715
2 0.1 0.76155 1.00170 1.01762 0.02737 0.02690
3 0.2 0.76365 1.00683 1.01048 0.02644 0.02617
4 0.3 0.76719 1.01547 0.99862 0.02490 0.02493
5 0.4 0.77219 1.02776 0.98210 0.02277 0.02319
6 0.5 0.77871 1.04389 0.96099 0.02009 0.02091
7 0.6 0.78682 1.06413 0.93541 0.01690 0.01806
8 0.7 0.79661 1.08881 0.90546 0.01323 0.01462
9 0.8 0.80818 1.11837 0.87129 0.00915 0.01050

10 0.9 0.82169 1.15335 0.83303 0.00471 0.00565
11 1.0 0.83729 1.19442 0.79085 0.00000 0.00000

Table2. ~P P o 5 and 7 for ar?=0.218.

cidp’ pdp’
SN, r 1dp pdp 81\/Go GQ* 7
r, ¢’ dp pdp c? c'r?
1 0.0 0.13119 4.83330 0.88334 0.00000 0.31432
2 0.1 0.13099 4.86945 0.88107 0.00021 0.31311
3 0.2 0.13037 4.98243 0.87412 0.00085 0.30948
4 0.3 0.12935 5.18736 0.86295 0.00188 0.30345
5 0.4 0.12791 5.51540 0.84794 0.00331 0.29501
6 0.5 0.12605 6.02752 0.82972 0.00512 0.28416
7 0.6 0.12376 6.84985 0.80905 0.00728 0.27093
8 0.7 0.12104 8.28097 0.78683 0.00979 0.25532
9 0.8 0.11788 11.22241 0.76402 0.01265 0.23733
10 0.9 0.11427 20.20590 0.74168 0.01582 0.21700
11 1.0 0.11020 0 0.72088 0.01943 0.19433

9. Conclusion

We have given a new solution for spherically symmetric isotropic charged fluid ball. It
has been observed that the physical parameters pressure, density, adiabatic speed of
sound and redshift are positive at the centre and within the limit of realistic state
equation and monotonically decreasing and the causality condition is obeyed through-
out the fluid ball. The charge and electric field intensity are zero at the center and
monotonincally increasing towards the intervening surface. Thus, the solution is well
behaved for all values of Schwarzschild parameter S, within the charged fluid ball.
Our solution is useful to construct the models of compact star like Strange star family,
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GQ’ 8 :
%, S,, X, C—fepr;, r,(inkm) and Mﬂ with Schwarzschild
z o]

Table 3. Variation in ar],

parameter S,.

2
S.N. ar? % S, X BC—Z[Ger2 r, (inkm) Mﬂ
1 0.080 0.017 0.150 0.7164 0.765 14.330 1.451
2 0.086 0.019 0.158 0.6978 0.810 14.750 1.573
3 0.089 0.021 0.167 0.6887 0.831 14.940 1.684
4 0.092 0.022 0.171 0.6797 0.851 15.118 1.745
5 0.096 0.024 0.178 0.6678 0.873 15.312 1.840
6 0.101 0.026 0.186 0.6531 0.904 15.582 1.956
7 0.106 0.029 0.195 0.6387 0.936 15.855 2.087
8 0.110 0.031 0.202 0.6274 0.961 16.065 2.190
9 0.115 0.034 0.209 0.6134 0.988 16.289 2.290
10 0.120 0.036 0.218 0.5996 1.017 16.527 2.432
11 0.126 0.040 0.228 0.5835 1.048 16.777 2.582
12 0.130 0.042 0.235 0.5728 1.070 16.952 2.689
13 0.134 0.045 0.242 0.5624 1.091 17.118 2.796
14 0.140 0.049 0.251 0.5470 1.119 17.336 2.937
15 0.145 0.052 0.259 0.5344 1.141 17.505 3.060
1) 025 o5 0.75 b
cQz e

—1.095 1.095

0.547 0.547

- I . - - e - ' . - . v >

9 0.‘25 0'|5 0.|75 I‘I

Figure 5. Variation of surface charge, surface density, Schwarzschild parameter and X with

2

ar, showing different models.
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Neutron star and many more. We have discussed a model of massive neutron star
having mass 1.58 M ® and radius 14.66 km with surface density 2x10" Kgm™ and

central density 2.6x10"" kgm™. The central pressure of neutron star is

6.2x10% N/ m? while the surface pressure of the star is zero. The electric field intensity

at the center is zero and at the surface it comes 2.37x10* C?m™. Table 3 shows that

we can construct different models for neutron star having mass lies between 1.45 M ©
and 3.06 M® for different values of S, ranging from 0.15 to 0.259. The solution

reduces to Schwarzschild interior solution for nn = —1/2 for electrically neutral fluid ball.
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