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Abstract The objective of this manuscript is to study the generalized polytropes in the
presence of charge with the help of complexity factor. For this purpose, spherical symmetry
and generalized relativistic polytropic equation of state will be used in two cases: (i) for
mass density (u,) and (ii) for energy density (1), along with charge. These two cases will
give two sets of differential equations, and they will be solved by mean of complexity factor.
The solutions of these sets will be discussed graphically under different values of charge and
parameters.

1 Introduction

The role of polytropes is very important in study of cosmological objects. Many researchers
in mathematics and astrophysics have shown keen interest in the study of polytropes. Chan-
drasekhar [1] was the first who gave the basic idea of polytropes in Newtonian physics. Tooper
[2] discussed the solution of field equations in general relativity for compressible fluid in
gravitational equilibrium by using the polytropic equation of state (PEoS). He [3] also studied
the solutions of relativistic hydrostatic equations using spherical symmetry for compressible
fluid which obeyed the pressure—energy density relation. Kaplan and Lupanov [4] found an
exact relation of density and mass using polytropic sphere. Kaufmann [5] obtained a radius—
mass relation by using different values of polytropic index n for static polytropic sphere.
Occhionero [6] gave the satisfactory description of effects of rotation on equilibrium struc-
ture of polytropes for n> 2. Kovetz [7] made some corrections in work of Chandrasekhar
[1] about the theory of polytropes and confirmed some numerical results.

Horedt [8] observed that model became unstable for spherical and cylindrical polytropic
index n greater than 3. Sharma[9] used Pade (2, 2) approximation to find the analytical solu-
tion for Einstein field equations with PEoS for spherical static geometry. Abramowicz[10]
established the general form of Lane—-Emden equation (LEe) for planer, cylindrical and spher-
ical polytropes. Horedt [11] also used the gamma function to study the physical properties
like acceleration, mass, mean density and gravitational potential. Pandey [12] used PEoS to
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discuss the spherical structure. Zhang and Wang [13] proved that self-gravitating polytropes
are satisfied by the hydrostatic equilibrium equation.

Herrera [14] studied the relativistic polytropes by using effective variables. Herrera and
Barreto [15] used PEoS to establish a generalized structure for anisotropic Newtonian stars.
They [16] also developed a general formalism for polytropic models with anisotropic pressure
and used Tolman mass to explain some features of these models. Herrera et al. [17] made use
of conformally flat condition to reduce the parameters in an polytropic sphere and established
a modified form of LEe. Herrera et al. [18] analyzed the stability of polytropes by applying
the cracking technique.

The physical quantity, charge plays an important role in the study of astrophysical objects.
Among the researchers, the study of charge in general relativity is always considered to be
of great interest. Bonner [19] found that gravitational collapse can be delayed due to electric
repulsion in spherical compact objects . Bondi [20] used Minkowski coordinates to give a
detail explanation of contraction in isotropic radiating compact object. Bekenstein [21] gave
the idea of hydrostatic equilibrium for gravitational collapse in charged compact object. Ray
et al. [22] found that 10?° coulomb amount of charge can be held by a compact object with
high density. Takisa and Maharaj [23] analyzed the models of polytropic sphere with charge.
Sharif and Sadiq [24] studied the effects of charge on anisotropic polytropes.

The generalized polytropes (GPs) are defined by generalized polytropic equation of state
(GPEoS) given as [25]

1

1+
Pr=aipme+ Kul) =o1po+Kpp ", (1
where oy, Pr, n, K and y are called linear coefficient constant, radial pressure, polytropic
index, polytropic constant and polytropic exponent, respectively.
This GPEoS consists of two components

i) Linear component, o 4, and
1

.. . 1+
ii) Polytropic component, K y1) = K p,0+”

if u, is changed by u, then Eq. (1) takes the form
Pr=aip+Kp'ti, ()

Azam et al. [25,26] studied the polytropes with charge, using the GPEoS in the domain of
general relativity, and gave the frameworks of anisotropic spherical and cylindrical poly-
tropes. Azam and Mardan [27] carried out the stability analysis of charged polytropic models
with GPEoS by using cracking technique.

Herrera [28] presented a new definition of complexity factor (CF) for a self-gravitating
system. For this purpose, he used the orthogonal splitting of curvature tensor into structure
scalars and named one of them as CF. After this, he gave zero value to that scalar in the
context of general relativity and called it as vanishing CF. Sharif and Iqra [29] used the idea
of CF on static spherical system to discuss the charge on the system. Khan et al. [30] made
use of CF to give a framework for generalized spherical polytropes.

The outline of this work is as follows. In Sect. 2, we will use the spherical symmetry
for the development of field equations and Tolman—Oppenheimer—Volkoff (TOV) equation.
Section 3 will be devoted to discuss curvature and the Weyl tensors. In this section, mass
function for gravitating object will also be studied. Orthogonal splitting of curvature tensor
and CF will be discussed in Sects. 4 and 5. We will present charged GPs and energy conditions
in Sect. 6. In Sect. 7, we will analyze the graphs of charged GPs with CF. In the last Sect. 8,
we will conclude our discussion.
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2 Einstein field equations
Consider a fluid distribution which is static spherically symmetric and the line element as
ds® = e"dt* — &*dr? — r*d6* — r? sin® 0d¢>, 3)
0 - xl =rx2=06,x3= ¢. The
— P1)spsy, “
% 0,0) are
e?2
0, sts, =

where v = v(r), A = A(r) and coordinates are: x
PJ_g;w + (P
( ],,000) Su = (0,

energy—momentum tensor is defined by
(u+ Ppu nly

here P, represents the tangential pressure, u,
called four velocity and four vector, respectively, Wlth properties s*u,,
¢i,j and @; is four potential

-1,

uhu, =1
The electromagnetic tensor is defined by
Fi _ 1 i i 1
o | ZFF) + P Fug)

Fiijin =0

where F;; is the Maxwell field tensor defined by Fi; = ¢; ;
;-
The Maxwell field equations in terms of four-vector are
- .

given by ¢; = ¢8?
I= $oJ
where ¢, is the magnetic permeability and J' is the four current defined by J/ = ou’, where

o is the charge density. The Maxwell field equation for metric (5), given as
’ )\4/ ,
) ¢ =4moe 2 .

q(r)e%

The above equation implies that
-

47 [ oe2Fdr denotes the total charge inside the sphere

(&)

’

where ¢ ()
The field equations are
1 1 A VAN
“—‘a[‘ﬁ“ (72‘7)‘74 :
111 1 q>
P = "o- |2~ - 5T Y E 6
" 8 |:r2 ¢ <r2 r) r4] ©
1 1 v q?
Pl = 7[— Ay 42 2" ] 7
L7 8rlaer ( v +e 8mr 7
where ¢/’ shows the differentiation w. r. t. ‘#’. Solving Eqs. (5-7) simultaneously to obtain
generalized TOV equation, given as
;o 2A(PL— Py) + 451
Pp=—=(u+P)+ : ®)
2 r
rm —i—47'rPrr3 —q ©)
—2m+q?)
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then Eq. (8) becomes

rm +4n P — g 2[(PL— Pr) + 8qq3]
P =— P, QA 10
r I’(}’Z—Zm—‘rqz) (n+ P+ , (10)
here m is given by
2 2
1—er =221 (11)
r r
which implies
r r qq/
m = 4rn / P udr + / 2 ar. (12)
0 o r
We can calculate the four acceleration, a% = uf"ﬁuﬂ ,as
v (13)
a=——.
T2
It is more suitable to take the energy—momentum tensor as
T} = putu, — Phy + AL +TF, (14)
with
1 P.+2P
AI; = A(SNSV =+ gh{j), P = %,
A =P —Pi; hif =68 —u"u,. (15)
We consider Reissner—Nordstrom space time for the exterior geometry
ds? = aydt® — oy 'dr? — r?de* — r? sin® 0d¢?, (16)
where ap =1 — % + %2 The necessary and sufficient conditions for the smooth matching

of two metrics Egs. (3, 16) on the boundary r = ry =constant, are "> = «ay, e =
and Py = 0. Here, Q and M are the total charge and total mass in the exterior boundary.

3 The curvature and the Weyl tensor

The curvature tensor can be written in terms of the Ricci scalar R, the Ricci tensor Rg and
the Weyl tensor C, 5/3 . 38

1 1 1
14 _ 1Y — pP _ - P — P
Rispu = Coopyu+ 5 Rbga = 5 Ropdfs + 5 Ran
1 1
_ERﬁgotﬁ - ER(SZgau — 8apdl). (I7)

For spherical symmetric fluid distribution, the magnetic part of Weyl tensor vanishes and its
electric part (Eqg = Cyyppstt” u®) can be expressed as

C;ank = (g/wotﬁgkkyé - ﬂuvaﬂnkkyé)uauyE'BBv (18)

with gvap = gua&va and 7vap. Note that
1
Euwp=E (so,s,s + ghalg> , (19)
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with 5
1 r ’
E = ~ i 2 —2¢* — 3(%1/ — v+ ] =), (20)

satisfying
6 =0, Eu4 =Ewy), Esu’=0. 21

From Egs. (5-7, 17, 19) and Egs. (11) or (12) we have

me T b+ @
then R 2 3 (Tqq
E=-— \ F3M’d?+4n(P,—PL)—8nr—4+r—3 \ —-dr. (23)
Using Eq. (23) into Eq. (22), we have
m(r) = 4§r3u — —ﬂ/ 7 w'dr —1—/ —dr (24)

Equation (23) relates the Weyl tensor with the physical properties of the self-gravitating fluid
distribution, namely density in homogeneity and the anisotropy in pressure with total charge.
Equation (24) expresses the corresponding mass function.

4 The orthogonal splitting of the curvature tensor

Now, we make use of orthogonal splitting of curvature tensor [31] and derived the structure
scalars through which CF is defined [28]. Orthogonal splitting curvature tensor gives the
following tensors [32,33].

Yop = Rayﬁsuyué, (25)
* ) 1 $
X(Xﬂ = R yﬂsu u = EnayRe/Lﬂé u-, (26)

where * denotes the dual tensor, i.e., Rzﬂy s = %176 uys Rzg From field equations and Eq.
(17), we may have

ay ay [ay 1 [ay]
RY =8 +2871Tﬁ55]+871T<38[ﬂ38] 5/355]), 7
Using Eq. (14) into Eq. (27)
ay ay ay oy
Rgs = Rps + Biings + Riiings: (28)

where

R(D gy = 167 1 uggs) — 287 Phighl +8(u = 3P)(5 slerly sl (29)

ﬁsf?] [8%6]
R‘(’?})ﬂa = 1671&23;8] (30)
R?Iyll)/% = 4ulov] uges) — €, s EMY =0, 31D
with
€ayp = U Nuayp. anﬁuﬁ =0, (32)
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Now, the tensors in Egs. (25) and (26) can be expressed as [29].
1 1
Yop = YTF(ghotﬂ + 5q5p) + gYTha/& (33)
1 1
Xop = XTF(ghaﬂ + soSg) + §XThaﬂ- (34)

After using the field equations, we have

pe
Xr =2+ 87, (35)

r

q2
XTF=7+4ﬂAaﬁ—E, (36)

r

A [T 1 4%
XrF = l/ Pudr+ 8r — )L, 37)
r3 0 274
e
Yr =4n(u+ 3P —2A) + —, (38)
r
pe
Yrrp =4n A+ E + =, (39
r
or using Eq. (23)
4w (" 5, _ 5 q°
Yrr=8nA— — roudr + (= —8m)—. (40)
73 0 2 4
From Egq. (37) and Eq. (40)

2 2

%+8HA=XTF+YTF~ (41)

5 Complexity factor and fluid distribution

We have already known that the factor Y7 r is defined as CF by Herrera in [28]. There are many
elements due to which complexity is produced in the system, for example, pressure anisotropy,
density inhomogeneity, viscosity, heat dissipation and charge. In the absence of the above-
mentioned elements, a system having homogeneous energy density and isotropic pressure is
the simplest system with vanishing complexity. However, the sources of complexity in our
fluid distribution are charge, anisotropic pressure and inhomogeneous energy density. The
scalar Y7 r in Eq. (40) contains all the terms (elements) due to which complexity produced
in the system; therefore, the scalar Y7 is termed as CF [29].

The field Eqs. (5-7) form a set of three differential equations, having five unknowns
(A, v, u, Py, Py). Using the condition Y7r = 0, we still need one more condition to solve
set of differential equations. For this purpose Eq. (40), vanishing CF condition will give

r

A=—
27‘3 0

5 2
P dr + (1 - —) . (42)
r

6 Relativistic generalized polytropes

Consider GPEoS for anisotropic fluid [25] as

@ Springer



Eur. Phys. J. Plus (2021) 136:404 Page 7 of 14 404
Case 1 |
141
Pr=aipo +Kup " (43)
the mass density u, related to total energy density p [17] as
W= o +nk. (44)
Let us consider the following assumptions
P 4
A S B L (45)
A He (1+n)e
0 m(r)A3
Yo = ——, v(E) = . (46)
Moc 4 e
Then, TOV Eq. (9) becomes
[ @+ DEE — 2001+ Do) + 47 Preg? G PLad’
—[@(n+ D?E E Py ¥ (0 + DYole — a1 + aain) + ain(l — an))
=20 AY,) ]/ [Wo DIl + D?E7] + & Pyl (n 4+ Do (e — ey
+aain) — (an — D(ar +ain + D)@ (n + D*E(—v — £y (o)
Fo(e — a1 +awn) +aar(-m) + 4 Preg)) | [[4mat ] =0, @)
where /" shows the differentiation w. r. t. £. From Eq. (5) and Eq. (11), we have
i
m' = dnrip+ 1L 48)
r
or from Eqgs. (45, 46) we have
dv 47 Preqq’
G E2Y" (no (@ — a1 + aan) — (an — D) (an + 1)) + m (49)

The boundary of surface of sphere is defined by & = &, such that ¥,(§,) = 0 and the

following boundary conditions are applied
vVE=0)=0 and Y,(§ =0)=1.
Equations (47, 49) both give the LEe for GPEoS in this case

[ = P’ (e = D + @1 + 1) = @+ DBV + 1

(50)

—& (—noay + o1 + (BOVIV) — v)e + 47 Prcg®) W, ¥ + (n+ 1)
Preo® (B ((n + D*E(=E> (—naay + i + (B)Y) V! — v)a® + 47 Preg?)
Yo' Wl + Prea® (na — D(nay + o1 + 1) — (14 n) (B ([(1 +n)?e’ &
Wo(@ 4+ ) (B, — (na — D((n + Dt + 1) + (1 — naar + (1 +n)
BIvo) U Wl + v¥o) ]/ [Wo] — 47 Preqg )yl — [3E(m + 1)(E — 2(1 +n)
va)a® 447 Preq) ((n + 17 Qe Ay — Prc& ) (1 — najnay + (n + 1)
(BOVIVE +4qm PEog)]/[(n + D&%, ] + [2¢2(E + (n + Da

(& (B, — (=1 +na)(1 + na)) P2 — v)((1 +n)?a® QuA, — Pk
Yl (n(1 — neay + (1+n)Bi1vo) e )e +4m Praq'vo)]/[(1 + n)g?
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Vo] + [E(1 +n)(E — 2(1 + n)va)a? + 47 Preg®)((n — Dn(n + 1)
Prea®(nor — D492yl — n(n + 1) Preo8™ (n + D (BDEV
—4(na — e’ + (1 — no)a1 &9, Wi — (n + 1)° Prea®(B1)
3@y, + v, W 42060 + D2AE%at + 21 P2(q"% + g4 VYD)

[l 10263 [ [am Preoc] =0,
where 1 = najo + o — ay.

Case 2
‘We can also consider [25]

1
P, :O[l,u'i_KMH_;a

(D

(52)

in this case mass density 1, is put back by energy density n in Eq. (44), and they are connected

as [15] 1y
- Mo

W=
(Ko™ =1y

Taking " = %0 we obtain TOV equation as

2 _ 2y([3 243
4na4Prc([(a (1 +nEE —2a(l +n)v) + 47 Preg”) ([ (n + 1)

QuAY + EPY" Y (0 + Dy — )y —ain)]/[v] + 47 PLaq)]
/[ + D3] + &P Py (0 — a) Y + a1 + D@ (n + D& (—v
—E39" (@ — a1)¥ + 1)) + 47 Preg®) = 0,

and from Eq. (48) we have
dv

%:

47 Preqq’
2 n rc
SV e %
Equations (54, 55) together give the generalized LEe

—[4a°Am + DE — Y 2P Er(n + DEPE (@ — ang®y”
+a?(n + D2 (4o’ AE + Pro(a — a)(EY" +3Y)) — 47 (o
—D)Pr2qq)) + ar(n — Dné Py (@ (n + DE* + 47 Preq?)
+nPreW (@1 EY" (@*(n + DE> + 47 Preg?) + ¥ (@ (n + DE* By
+(n + DE@ — a)Y') + 47 Preg?® (n + DE(@ — a)y’ — 1))

+ar P2 (e — )Y qq)) + [4n P @ (n 4+ DEYG? + &P (n + 1)E?
q(Eq" — q") +4nEPreq?q” + A Preq®(Eq” — 3¢')]/[(n + 1)*E4]
+oPv(—4a* A+ D> + &3 (=(n + DD Pec" 2 (@ — a)) Y + 2
(@1 — (n+ D& —a)QEY" +3y") + 1) + nEy (' (—3a; +2(n + 1)
E(er — )Y + 1) — 201EY") — 201 (n — Dng>y’?) — [8m P2 (Eq
+qEq" —2¢N]/[E]) — b + D2E Py (W (@1 — )y —
—D@ (@) — )y — 4o — D)+ EY (@ — a) ¥ (2ar +2(n + 1) (@
—a) Y +4ain — 1) + 2a%n))] /[4na* P ] = 0.
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All models must satisfy the energy conditions [24].

2 2
P, P
q >0, 7r<l+ q L
8mr4

i [/ Agrd’ 7

<1 (57)

In case 1, conditions (57) get to be as

2 ey, "

-1 1+ ——5—,
na + naj(na )y <1+ 221 + 1268

ayy +ar(l —na)(l — ¥,)

2w ey, "
a2(n + 1)2%-4 ?
3v | Smqucy,”

< (1 — na)(nart + 1) + Yon(@ — a1 + naay) +

2(na — D(noy + 1) + (1 — na) + +
( Y(nop +1) + ( ) Fyr T 20 +n)
q' 2q
[E — m} < [R2n(ao; — 1) +ar —1) + 1],, (58)
and in case 2 these conditions (57) become as
2q°m A"

n+ >0, aj+(@—any <1+

3v +8ﬂwcl/f‘”
gyn  E2(14n)

q' 2q
[g a1+ n)a2:| =0 >

540[2(n + 1)2

laer(I —na) = 2] + [ — a1 (1 —na) Y +

7 Complexity factor with relativistic generalized polytropes
7.1 Case No.1
Using Eqgs. (45, 46) with Y7 r = 0, we have

[2687+6A + e (=mEYs"" 00 (1 + Dol — araenn) + aenm)

o) — (@n — Do + ) + [dru 2 > g
aain an an T e nr 2 mrie q9q
[[e?67] + [4n 87 = Dina?] /[ + 1%6*] | /[ men ] = 0. (60)

Now, Egs. (47, 49, 60) make a set of differential equations involving three variables v, v,
and A depending on charge and parameters n, o, 1. This set of differential equations is
numerically solved, and the solution is explained graphically. Figures (1, 2, 3) depict the
curves of v, ¥, and A.

7.2 Case No.2

For case 2, we shall read the complexity factor as

— l6m 3

4 / n—1_/ 2 2 /
64607 +6A = pensy" =9y + [4m e et o 54d ]
Jle] + 48 — g} [+ 17]] / [mens?] =0 )
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v v

(a) (b)

05 05/
04 o.4f»
03 0.311
02 0.25
0.1 o.1i»
05 1.0 15 20 25 a0 as’ | 05 1.0 15 20 25 30 a5t
o5 10 15 20 25 a0 ast | o5 10 15 2o 25 a0 35’

Fig. 1 Graphs between & and v fora; = .5,n = 1, « = .58 and ¢ = .2 M (graph a); ¢ = .4 M (graph
b); g = .6 M (graph ¢) and ¢ = .7 M (graph d)

Yo Yo
20 (@) 200 | (D)
15 15
1.0 1.0
0.5 0.5
0.5 1.0 15 2.0 25 3.0 35§ 0.5 1.0 1.5 2.0 25 3.0 35§

Yo (C) ‘l{a (d)

20 20!
15 15!
1.0 10}
[
!
05 05!
[
£ €
05 10 15 20 25 30 350 | 05 10 15 20 25 30 35

Fig. 2 Graphs between & and ¥,; fora; = .5,n = 1, = .58 and ¢ = .2 M (graph a); ¢ = .4 Mo (graph
b); ¢ = .6 M (graph ¢) and ¢ = .7 M (graph d)
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A A
7.x10714; 7.x10"14
(a)
6.x10714 6.x10714
5.x10714 5.x10714
4.x10714¢ 4.x1071
3.x10714} 3.x10"14
2wt ® 2.x10"14
1.x10714} 1.x1071
S e RIS ¢ 4
20 25 30 35 20 25 30 35
A A
7.x107 ¢ (¢) 7.x107™4
6.x10"14 6.x10714
5.x10714} 5.x10714
4.x1071} 4.x1071
3.x10714 3.x10714
2.x10714 2.x10714
1.x10714 1.x10714
T 05 10 15 20 25 30 35 05 10 15 20 25 30 35"

Fig. 3 Graphs between & and A; foray = .5,n = 1,0 = .58 and ¢ = .2 M (graph a); ¢ = .4 M (graph
b); ¢ = .6 Mg (graph ¢) and ¢ = .7 M (graph d)

Equations (54, 55, 61) constitute a set of differential equations involving three variables A,
v and ¥ depending on charge and parameters o, o and n. This set of differential equations
is solved numerically, and the solution is explained through graphs in Figs. (4, 5, 6).

8 Summary

In this study, we have discussed the charged polytropes with GPEoS with help of vanishing CF.
In this regard, anisotropic inner fluid distribution with spherical static symmetry is used for
compact object. We developed the Einstein field equations and calculated the mass function.
The structure scalars in the context of charge have been studied, and CF is obtained. We
have developed charged generalized LEe under the assumption of Eqgs. (45, 46) to discussed
the physical properties of relativistic GPs. These relativistic GPs have been studied into two
cases, and these cases are (1) mass density and (2) energy density. The energy conditions for
these two cases have also been developed under the assumption of Egs. (45, 46) in the context
of electromagnetic field. These two cases led us to the two sets of differential equations. The
vanishing CF is discussed and used to solve the two sets of differential equations.

Figures (1, 2, 3) show the behavior of variables involve in the solution of differential
equations for case (1). These figures illustrate the response of v, 1, and A against distinct
value of parameters and charge. The graphs in Fig. 1 show that v is zero at center and
gradually increases, attaining a maximum value and then it shows a downward trend. Figure
2 depicts that v, has maximum value near center and decreases with the increase of radius
till it becomes zero at surface boundary. In Fig. 3, A which is the measure of anisotropy
shows the same behavior as shown by the v/, but the graphs of A are less curved than ¥,,.
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Fig. 4 Graphs between & and v; for; = .5,n = 1, = 0.5 and ¢ = 0.2 M (graph a); ¢ = 0.25 Mg
(graph b); ¢ = 0.3 M (graph ¢) and ¢ = 0.39 M (graph d)
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Fig. 5 Graphs between £ and ¢; foray = .5,n = 1, = 0.5 and ¢ = 0.2 M (graph a); g = 0.25 Mg
(graph b); ¢ = 0.3 M (graph ¢) and ¢ = 0.39 M (graph d)

In case (2), graphs in Figs. (4, 5, 6) behave in the same pattern for v, ¢ and A against
distinct values of &£. They have zero value from £ = 0 to & = 2.5 and then show a sudden

increase.
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Fig. 6 Graphs between & and A; fora; = .5,n =1, = 0.5and ¢ = 0.2 Mg (graph a); ¢ = 0.25 Mg
(graph b); ¢ = 0.3 M (graph ¢) and ¢ = 0.39 M (graph d)

In [30], behavior of variables v, ¥, and A was discussed for anisotropic spherical sym-
metrical fluid distribution with the help of complexity factor. In the present work, we have
studied same variables with the addition of charge under the same procedure as discussed
in [30]. We observed that addition of charge changed the orientation of graphs of v, ¥, and
A. For example, graphs of v in the present work are concave down, while in [30] concave
up, but in both studies graphs of v are increasing. In case of v, graphs of the present paper
and [30] are entirely different, i.e., charge completely changes the behavior of v,. When we
compare the graphs of A with the graphs of [30] we see that in both cases the values of A are
maximum near the center and then become zero at boundary surface, but in the present work
there is sudden decrease in the value of A, whereas in [30] value of A decreases gradually.

In case 2, the graphs of v, ¥ and A in both papers (present and [30]) behave almost in
the same pattern except that values of these variables show an abrupt increase at boundary
surface, whereas they show gradually increase toward the boundary surface in [30].

It is also noticeable that when we take value of & = 107!0 as in [30], graphs of all the
variables show ambiguous behavior, so in the present work we have to choose the value of
o = 0.58. So the presence of charge accelerates the spin rate of compact object.
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