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Abstract In the present paper we develop an algorithm for
all spherically symmetric anisotropic charged fluid distribu-
tions. Considering a new source function ν(r) we find a set
of solutions which is physically well behaved and represents
compact stellar models. A detailed study specifically shows
that the models actually correspond to strange stars in terms
of their mass and radius. In this connection we investigate
several physical properties like energy conditions, stability,
mass–radius ratio, electric charge content, anisotropic nature
and surface redshift through graphical plots and mathemat-
ical calculations. All the features from these studies are in
excellent agreement with the already available evidence in
theory as well as observations.

1 Introduction

Historically the possibility that self-gravitating stars could
actually contain a non-vanishing net charge was first pointed
out by Rosseland [1] and later on by several other researchers
[2–4] with different view points. The general relativistic ana-
log for charged dust stars were discussed by Majumdar [5]
and Papapetrou [6]. However, in his pioneering work Bonnor
[7] further discussed this issue and also several investigators
considered the problem later on in detail in connection to
stability and other aspects [3,8–14].

Following Treves and Turolla [15], to justify the present
work with a charged fluid distribution, Ray and Das [16,17]
argue that even though the astrophysical systems are by and
large electrically neutral, recent studies do not rule out the
existence of massive astrophysical systems that are not elec-
trically neutral. The mechanism is mainly related to acquiring
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a net charge by accretion from the surrounding medium or
even by a compact star during its collapse from the super-
nova stage. In this connection it is interesting to note that to
study the effect of electric charge in compact stars Ray et al.
[18] by assuming an ansatz have shown that in order to see
any appreciable effect on the phenomenology of the compact
stars, the total electric charge is to be ∼1020 C.

It has been pointed out by Ivanov [14] that substantial
analytical difficulties associated with self-gravitating, static,
isotropic fluid spheres when pressure explicitly depends on
matter density. However, it is also observed that simplifica-
tion can be achieved with the introduction of electric charge.
One is to note that charged, self-gravitating anisotropic fluid
spheres have been investigated by Horvat et al. [19] in stud-
ies of gravastars and also recently Thirukkanesh and Maharaj
[20] found solutions for the charged anisotropic fluid.

In connection to the stability of the stellar model Stettner
[21] argued that a fluid sphere of uniform density with a net
surface charge is more stable than without charge. Therefore,
as pointed out by Rahaman et al. [22], a general mechanism
has been adopted to overcome the singularity due to gravi-
tationally collapsing of a static, spherically symmetric fluid
sphere one is to include charge to the neutral system. It is
observed that in the presence of charge several features may
arise: (i) gravitational attraction is counter balanced by the
electrical repulsion in addition to the pressure gradient [23],
(ii) it inhibits the growth of space-time curvature which has a
great role to avoid singularities [24] and (iii) the presence of
the charge function serves as a safety valve, which absorbs
much of the fine tuning, necessary in the uncharged case [14].

One can notice that since the breakthrough idea of a white
dwarf by Chandrasekhar [25] the study of compact stars was
tremendously motivated in the field of ultra-dense objects. In
this line of research the other dense compact stars are neutron
stars, quark stars, strange stars, boson stars, gravastars and so
on. As far as composition is concerned in the compact stars
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the matter is found to be in a stable ground state where the
quarks are confined inside the hadrons. It is argued by several
workers [26–29] that if it is composed of de-confined quarks
then also a stable ground state of matter, known as ‘strange
matter’, is achievable, which leads to a ‘strange star’. There
are two aspects of this assumption behind the strange star:
(i) theoretically to explain the exotic phenomena of gamma
ray bursts and soft gamma ray repeaters [30,31], and (ii)
observational confirmation of SAX J1808.4-3658 as one of
the candidates for a strange star by the Rossi X-ray Timing
Explorer [32].

It was Ruderman [33] who investigated the idea that
nuclear matter may have anisotropic features at least in cer-
tain very high density ranges (>1015 gm/cm3), where the
nuclear interaction must be treated relativistically. However,
later on Bowers and Liang [34] showed specifically that
anisotropy might have non-negligible effects on such param-
eters like maximum equilibrium mass and surface redshift.
We notice that recently an anisotropic matter distribution has
been considered by several authors in connection to compact
stars [22,35–41].

Studies have shown that at the center of the fluid sphere the
anisotropy vanishes. However, for a small radial increase the
anisotropy parameter increases, and after reaching a max-
imum in the interior of the star, it becomes a decreasing
function of the radial distance [42,43]. So there are several
possibilities of expressions for charge functions and pres-
sure anisotropy. It is also indicated by Varela et al. [38] that
inward-directed fluid forces caused by pressure anisotropy
may allow equilibrium configurations with larger net charges
and electric field intensities than those found in studies of
charged isotropic fluids.

The algorithm for a perfect fluid and an anisotropic
uncharged fluid has already been published by others [44–
46]. In his work Lake [44,45] has considered an algorithm
based on the choice of a single monotone function which
generates all regular static spherically symmetric perfect as
well as anisotropic fluid solutions of Einstein’s equations. On
the other hand, Herrera et al. [46] have extended the algo-
rithm to the case of locally anisotropic fluids. Therefore, there
remains a natural choice of an algorithm so as to apply to a
more general case with the inclusion of charge along with an
anisotropic fluid distribution.

Against the above background and with the above moti-
vation, in the present paper, we have carried out an investiga-
tion for a relativistic stellar model with charged anisotropic
fluid sphere. The schematic format of this study is as fol-
lows: we provide the Einstein–Maxwell field equations for
a charged anisotropic stellar source in Sect. 2, whereas an
allied algorithm has been constructed in Sect. 3. The general
solutions are shown in Sect. 4, along with a special exam-
ple for the index n = 1 and matching of the interior solu-
tion with the exterior Reissner–Nordström solution. In Sect.

5 we explore several interesting properties of the physical
parameters which include density, pressure, stability, charge,
anisotropy and redshift. Special case studies are conducted
in Sect. 6 to verify (i) the mass–radius ratio and (ii) the den-
sity of the star, both of which clearly indicate that the model
represents a stable configuration of a strange compact star.
Section 7 is meant as a platform for providing some salient
features and concluding remarks.

2 The field equations for charged and anisotropic
matter distribution

In this work we intend to study a static and spherically sym-
metric matter distribution whose interior metric is given in
Schwarzschild coordinates [47,48] xi = (r, θ, φ, t) as fol-
lows:

ds2 = −eλ(r)dr2 − r2(dθ2 + sin2θdφ2) + eν(r)dt2. (1)

The Einstein–Maxwell field equations are as usual given
by

Ri
j − 1

2
R gi j = κ(T i

j + Ei
j ), (2)

where κ = 8π is the Einstein constant with G = 1 = c in
relativistic geometrized unit, G and c, respectively, being the
Newtonian gravitational constant and velocity of photon in
vacua.

The matter within the star is assumed to be locally
anisotropic fluid in nature and consequently T i

j and Ei
j

are the energy-momentum tensor of fluid distribution and
electromagnetic field defined by [49]

T i
j = [(ρ + pt)v

iv j − ptδ
i
j + (pr − pt)θ

iθ j ], (3)

Ei
j = 1

4

(
−Fim Fjm + 1

4
δi j F

mnFmn

)
, (4)

where vi is the four-velocity as vi = eν(r)/2δi 4, θ i is the
unit space like vector in the direction of radial vector as
θ i = eλ(r)/2δi 1, ρ is the energy density, pr is the pressure
in the direction of θ i (normal or radial pressure) and pt is
the pressure orthogonal to θi (transverse or tangential pres-
sure), while T 1

1 = −pr, T 2
2 = T 3

3 = −pt , T 4
4 = ρ and

E1
1 = −E2

2 = −E3
3 = E4

4 = 1
8 π

q2(r)
r4 .

Now, anti-symmetric electromagnetic field tensor Fi j can
be defined by

Fi j = ∂A j

∂xi
− ∂Ai

∂x j
, (5)

which satisfies the Maxwell equations

Fik, j + Fkj,i + Fji,k = 0, (6)
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∂

∂xk
(
√−gFik) = −4π

√−gJ i , (7)

where g is the determinant of quantities gi j in Eq. (2) defined
by

g =

⎛
⎜⎜⎝

eν 0 0 0
0 −eλ 0 0
0 0 −r2 0
0 0 0 −r2sin2θ

⎞
⎟⎟⎠ = −eν+λr4sin2θ, (8)

where A j = (φ(r), 0, 0, 0) is the four-potential and J i is the
four-current vector defined by

J i = σ√
g44

dxi

dx4 = σvi , (9)

where σ is the charged density.
For static matter distribution the only non-zero component

of the four-current is J 4. Because of spherical symmetry, the
four-current component is only a function of radial distance,
r . The only non-vanishing components of electromagnetic
field tensor are F41 and F14, related by F41 = −F14, which
describe the radial component of the electric field. From Eqs.
(7) and (9), one obtains the following expression for the com-
ponent of the electric field:

e(ν+λ)/2 r2 F41 = −4π

∫ r

0

σ r2 e(λ+ν)/2

√
g44

dr

= −4π

∫ r

0
σr2eλ/2 dr , (10)

where
√
g44 = eν/2 and if q(r) represents the total charge

contained within the sphere of radius r , then it can be defined
by the relativistic Gauss law as

q(r) = 4π

∫ r

0
σr2eλ/2dr = r2

√
−F14F14. (11)

From Eqs. (10) and (11), we obtain the electric charge
q(r) as

q(r) = −e(ν+λ)/2 r2 F41. (12)

For the spherically symmetric metric (1), the Einstein–
Maxwell field equations may be expressed as the following
system of ordinary differential equations [49]:

− κ(T 1
1 + E1

1) = ν′

r
e−λ − (1 − e−λ)

r2 = κpr − q2

r4 ,

(13)

− κ(T 2
2 + E2

2) = −κ(T 3
3 + E3

3)

=
[

ν′′

2
− λ′ν′

4
+ ν′2

4
+ ν′ − λ′

2r

]
e−λ

= κpt + q2

r4 , (14)

κ(T 4
4 + E4

4) = λ′

r
e−λ + (1 − e−λ)

r2 = κρ + q2

r4 , (15)

where the prime denotes differential with respect to r .
If the mass function for electrically charged fluid sphere is

denoted bym(r), then it can be defined by the metric function
eλ(r) as

e−λ(r) = 1 − 2m(r)

r
+ q2

r2 . (16)

If R represents the radius of the fluid spheres then it can
be showed that m is constant m(r = R) = M outside the
fluid distribution where M is the gravitational mass. Thus the
function m(r) represents the gravitational mass of the matter
contained in a sphere of radius r . The gravitational mass M
of the fluid distribution is defined as

M = μ(R) + ξ(R), (17)

where μ(R) = κ
2

∫ R
0 ρ r2 dr is the mass inside the sphere,

ξ(R) = κ
2

∫ R
0 σ r q eλ/2 dr is the mass equivalence of the

electromagnetic energy of distribution and q(R) is the total
charge inside the fluid spheres [50].

Now using Eqs. (17) and (11), we can write the mass m(r)
of the fluid spheres of radius r in terms of energy density and
charge function as

m(r) = κ

2

∫
ρr2dr + 1

2

∫
q2

r2 dr + q2

2r
, (18)

whereas from Eqs. (13) and (16) we obtain

ν′ =
(
κrpr + 2m

r2 − 2q2

r3

)
(

1 − 2m
r + q2

r2

) . (19)

We suppose here that the radial pressure is not equal to
the tangential pressure i.e. pr �= pt , otherwise if the radial
pressure is equal to the transverse pressure i.e. pr = pt ,
which corresponds to isotropic or perfect fluid distribution.
Let the measure of anisotropy  = pt − pr and is called
the anisotropy factor [51]. The term 2(pt − pr)/r appears in
the conservation equations T i

j;i = 0 (where a semi-colon
denotes the covariant derivative) which is representing a force
due to anisotropic nature of the fluid. When pt > pr then
direction of force to be outward and inward when pt < pr.
However, if pt > pr, then the force allows construction of
more compact object for the case of anisotropic fluid than
isotropic fluid distribution [52].

By using Eqs. (13)–(16) and also Eqs. (18) and (19) the
expression of pressure gradient in terms of mass, charge,
energy density and radial pressure read
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dpr

dr
= −

(
pr + 2m′

r2 − q
r3

dq
dr

) (
κrpr + 2m

r2 − 2q2

r3

)

2
(

1 − 2m
r + q2

r2

)

+ q

4πr4

dq

dr
+ 2

r
, (20)

where m′ ≡ dm
dr i.e. variation of mass with radial coordinate

r . The above Eq. (20) represents the charged generalization of
the well-known Tolman–Oppenheimer–Volkoff (TOV) equa-
tion of hydrostatic for anisotropic stellar structure [47,48].

3 The algorithm for constructing all possible
anisotropic charged fluid solutions

The Einstein equations (13), (14) and (15) in terms of mass
function reduce to

− 2m(1 + rν′)
r3 + ν′

r
+ q2(1 + rν′)

r4 + q2

r4 = κpr, (21)

− m′(2 + rν′)
2r2 − m(2r2ν′′ + r2ν′2 + rν′ − 2)

2r3

+ 2rqq ′ν′ − 2q2ν′ + 4qq ′ + (r2 + q2)(2rν′′ + rν′2 + 2ν′)
4r3

− 2q2

r4 = κpt, (22)

2m′

r2 − 2qq ′

r3 = κρ, (23)

Using Eqs. (21) and (22), we obtain a Riccati equation
in the first derivative of ν(r). However, after the re exami-
nation of the differential equation we come across a linear
differential equation of first order in m(r) [53].

The first order linear differential equation ofm(r) in terms
of ν(r), anisotropy  = (pt − pr) and charge function q(r)
can be provided as follows:

m′ + (2r2ν′′ + r2ν′2 − 3rν′ − 6)

r(rν′ + 2)
m

= (2r2ν′′ + r2ν′2 − 2ν′r)
2(rν′ + 2)

+ f (r), (24)

where

f (r) = 2rq2ν′′ + q2ν′(rν′ − 4) + 2qq ′(rν′ + 2)

2r(rν′ + 2)

− 2r2

(rν′ + 2)

(
 + 4q2

r4

)
. (25)

Equation (24) gives the mass m(r) as follows:

m(r) = e− ∫
g(r)dr

[∫
{h(r) + f (r)} (e

∫
g(r)dr )dr + A

]
,

(26)

where

g(r) = (2r2ν′′ + r2ν′2 − 3rν′ − 6)

r(rν′ + 2)
, (27)

h(r) = (2r2ν′′ + r2ν′2 − 2ν′r)
2(rν′ + 2)

, (28)

where we have used the symbol ′ ≡ d
dr .

At this point we would like to construct useful algorithm
to generate solutions for any known generic function ν(r).
Now from Eqs. (21) and (23), we get

κρ = 2m′

r2 − 2qq ′

r3 ≥ 0, (29)

κpr = r [ν′(r2 + q2 − 2rm) − 2m] + 2q2

r4 ≥ 0. (30)

Note that the inequalities in (29) and (30) are to be viewed
from reality or energy conditions which will impose the
restrictions on ν(r). At the center of symmetry (r = 0) the
regularity of the Ricci invariants requires that energy den-
sity ρ(r), radial pressure pr(r) and tangential pressure pt(r)
at origin should be finite. The regularity of Weyl invariants
requires that mass m(r) and charge q(r) at r = 0 should
satisfy m(0) = m′(0) = m′′(0) = 0, q(0) = q ′(0) = 0 and
m′′′(0) = κρ(0) + (q ′′(0))2.

Now the metric function ν(0) is a finite constant, q(0) = 0
and it follows from (30) that ν′(0) = 0 and ν′′(0) = κ

3 [ρ(0)+
3pr(0)] − (q ′′(0))2 > 0. Since ρ ≥ 0 and continuous, and
also since pr > 0 is finite, it follows that r > 2m(r) [54,55].
With r > 2m(r) for r > 0. It also follows from (30) for
pr > 0 that ν′(r) �= 0. As a result, the source function
ν(r) must be a monotone increasing function with a regular
minimum at r = 0.

4 A class of new solutions for charged anisotropic
stellar models

For a class of new anisotropic charged stellar models we
consider the following suitable source function in the form
of the metric potential:

ν(r) = −n log B−1/n(1 − Cr2), (31)

where n, B and C are positive integers. It is suitable in the
sense that the source function given by Eq. (31) is monotonic
increasing with a regular minimum at r = 0. It is to note that
charged and uncharged perfect fluid of this source function
with different electric intensity has already been carried out
[56,57] where it was proved that the above kind of source
function with increasing and non-singular behavior provides
physically valid solutions.
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In terms of the source function expressed in Eq. (31) we
consider the electric charge distribution and anisotropic pres-
sure distribution are in the following forms:

2q2

Cr4 = K (Cr2)1+N [1 + (n − 1)Cr2] n+1
n−1

× (1 − Cr2)n+1(a − bCr2)m, (32)



C
= β(Cr2)n[1 + (n − 1)Cr2]n−1, (33)

where K , N and β are positive constants, a and b are pos-
itive real numbers and m is a positive integer. The electric
field intensity and anisotropy are vanishing at the center and
remains continuous, regular and bounded in the inside of
the fluid sphere for certain range of values of the parame-
ters. Also these forms of the electric intensity and anisotropy
function allow us to integrate Eq. (26). Thus these choices
may be physically reasonable and useful in the study of the
gravitational behavior of anisotropic charged stellar models.

It is observed that Durgapal and Pandey [58], Ishak et al.
[59], Lake [44], Pant [60] and Maurya et al. [61] have pro-
posed solutions via the ansatz (31) with some particular val-
ues of n. After that Maurya and Gupta [62,63] showed that
the same ansatz for the metric function (1) by taking n is a
negative integer, C < 0 and C > 0, 0 < n < 1 and it pro-
duces an infinite family of analytic solutions of the self-bound
type (see details in the Tables 7 and 8 of Appendix). Recently
Maurya and Gupta [64] have also obtained infinite family of
anisotropic solutions for the same ansatz. But recently Murad
[65] obtained charged stellar model for n = −2 and C < 0,
however, neutral solutions of this are irregular in the behavior
of dp/dρ (Durgapal and Fuloria [66], Delgaty and Lake [67],
Pant [60], Maurya and Gupta [63]). Hence the solution is not
suitable for application to a neutron star model because the
equations of state for nuclear matter show a regular behavior
of dp/dρ [66]. So in the present problem we have started
with regular behavior of dp/dρ in the same ansatz by tak-
ing the value of n = 1 and 3. Recently Maurya et al. [68]
argued that neutral solutions for these cases have the regular
behavior of dp/dρ and it may be suitable for application to
a neutron star model.

By using Eqs. (31), (32) and (33), Eq. (26) gives m(r) in
the following form:

m(r) = e− ∫
G(r)dr

[∫
{H(r) + F(r)} (e

∫
G(r)dr )dr + A

]
,

(34)

where

G(r) = 2(2n2 + 5n − 3)C2r4 + (12 − n)Cr2 − 6

2r(1 − Cr2)[1 + (n − 1)Cr2] , (35)

H(r) = n(n + 2)C2r4

(1 − Cr2)[1 + (n − 1)Cr2] , (36)

F(r) = 2K (Cr2)N+2(1−Cr2)n+1(a − bCr2)m [F1(r)+[1+(n − 1)Cr2]F2(r)]
4(1−Cr2)[1+(n − 1)Cr2]

−F3(r), (37)

where

F1(r) = [1 + (n − 1)Cr2] n+1
n−1 [4nC2r4 − 2nCr2], (38)

F2(r) = 1 − 2Cr2 + (2 + N )(1 − Cr2)

− bmCr2(1 − Cr2)

(a − bCr2)
+ (1 + n)Cr2(1 − Cr2)

[1 + (n − 1)Cr2] ,

(39)

F3(r) = β(Cr2)n+1[1 + (n − 1)Cr2]n−1

(1 − Cr2)−n−1[1 + (n − 1)Cr2]

+ 2K (Cr2)N+2[1 + (n − 1)Cr2] n+1
n−1 (1 − Cr2)(a − bCr2)

(1 − Cr2)−n−1[1 + (n − 1)Cr2] .

(40)

In the absence of electric field intensity (K = 0) and pres-
sure anisotropy (β = 0), Eqs. (21), (22) and (23) reduce to
the equations obtained by Maurya et al. [68]. Corresponding
solutions belongs to the solutions of Maurya et al. [62,63,68]
for the values of n being all negative integers, all positive
fractional values between 0 and 1 and some positive integers
(n = 1, 2 and 3) and solutions for particular values of n
to the well-known Tolman [47] for n = −1, Wyman [69],
Kuchowicz [70], Adler [71], Adams and Cohen [72] all for
n = −2, Heintzmann [73] for n = −3, Durgapal [74] for
n = −4,−5 and Pant [60] for n = −6,−7 for the ansatz
(31).

4.1 An example: physical parameters of charged
anisotropic model for n = 1

We calculate mass of the charged anisotropic fluid sphere as

2m1(r)

r
= 1 − K (1 − Cr2)2e2Cr2

×
[

− 1

2
(Cr2)N+2(a − bCr2)m

+Cr2(1 − Cr2)�a,b,C,m,i,N (r)

]

+ 2(β + 3)Cr2(1 − Cr2)3e2Cr2−2

×[φC, j (r) + ψC, j (r)]
− A(1 − Cr2)3Cr2e2Cr2

−[1 + (β − 2)Cr2](1 − Cr2)2, (41)

where

φC, j (r) = �∞
j=1(−1) j−1 (1 − 2Cr2) j

j

= log(2 − 2Cr2),
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ψC, j (r) = �∞
j=1

2(1 − Cr2) j

j ! j
= Ei(2 − 2Cr2) − log(2 − 2Cr2),

�a,b,C,m,i,N (r)=�m
i=0(−1)i am−i bi

(
m
i

)[
(Cr2)N+i+1

N+i+1

]
.

The expressions for energy density, radial pressure and tan-
gential pressure are (by taking x = Cr2) given by

κρ(r)

C
= A(4x3 − 3x3 − 7x2 − 1)e2x

+ (6 − 11x2 + 2x3) − β(3 − 10x + 7x2)

+ (6 + β)(1 − x)2(3 − 5x − 4x2)

× e2x−2[φ j (x) + ψ j (x)]
− 2βxe2x−2(1 − x)2[1 + (1 − x)θ j (x)]
− K (1 − x)2(3 − 5x − 4x2)

× e2x�a,b,C,m,i,N (x)

− K

2
(x)N+1(1 − x)(a − bx)m

×[4e2x + e2x (1 − x)], (42)

κpr

C
= A(1 − x − x2 − x3)e2x + (2 − 10x + 7x2 − 2x3)

+ K

2
e2x (x)N+1(1 − x)2(a − bx)m

− 2(6 + β)(1 + x − 5x2 + 3x3)e2x−2

×
[
φ j (x) + ψ j (x)] + β(1 − x2)

+ K (1 − 6x2 + 8x3 − 3x4)e2x

(1 + x)

×�a,b,C,m,i,N (x)

]
, (43)

pt = pr + , (44)

where  is the measure of anisotropy as defined earlier and
also

φ j (x) =
∞∑
j=1

(−1) j−1 (1 − 2x) j

j
,

ψ j (x) =
∞∑
j=1

2(1 − x) j

j ! j ,

�a,b,C,m,i,N (x) =
m∑
i=0

(−1)i am−i bi
(
m
i

) [
(x)N+i+1

N + i + 1

]
,

θ j (x) = 2
∞∑
j=1

2(1 − x) j−1

j ! .

In a similar way one can calculate the mass m(r) of charged
anisotropic model for n = 3 and other permissible cases.

4.2 Matching and boundary conditions

The metric or first fundamental form of the boundary sur-
face should be the same whether obtained from the interior
or exterior metric, guarantees that for some coordinate sys-
tem the metric components gi j will be continuous across the
surface. The requirements of matching condition for metric
(1) that the above system of equations is to be solved sub-
ject to the boundary condition that radial pressure pr = 0 at
r = R (which is the outer boundary of the fluid sphere). It
is clear that m(r = R) = M is a constant and, in fact, the
interior metric (1) can be joined smoothly at the surface of
spheres (r = R) to an exterior Reissner–Nordström metric
whose mass is the same as m(r = R) = M [75]. Thus one
can get

ds2 = −
(

1 − 2M

r
+ Q2

r2

)−1

dr2 − r2(dθ2 + sin2θdφ2)

+
(

1 − 2M

r
+ Q2

r2

)
dt2, (45)

which requires the continuity of eλ(r), eν(r) and q across the
boundary r = R

e−λ(R) = eν(R) = 1 − 2M

R
+ Q2

R2 , (46)

q(R) = Q, (47)

where M and Q are called the total mass and charge inside
the fluid sphere, respectively.

The continuity of eλ(r) and eν(r) on the boundary is
e−λ(R) = eν(R), which gives the constant B in the following
form:

B = (1 − X)ne−λ(R) = (1 − X)n
(

1 − 2M

R
+ Q2

R2

)
, (48)

where X = CR2.
On the other hand, the arbitrary constant A will be deter-

mined from the boundary conditions by putting radial pres-
sure pr = 0 at r = R for the case n = 1 as follows:

A = −e2X

(1 − X)2(1 + X)

[
(2 − 10X + 7X2 − 2X3)

+ K

2
e2X (X)N+1(1 − X)2(a − bX)m

−2(6 + β)(1 + X − 5X2 + 3X3)e2X−2

×[φ j (X) + ψ j (X)] + β(1 − X2)

+K (1 − 6X2 + 8X3 − 3X4)e2X

(1 + X)

×�a,b,C,m,i,N (X)

]
. (49)
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Hence the total charge inside the star, central density and
surface density can, respectively, be evaluated for the case
n = 1 as follows:

Q(qr=R) = R

√
K

2
e2X (X)N+2(1 − X)2(a − bX)m . (50)

ρ0 = C

κ
[−A + 6 − 3β + 3(6 + β)e−2{φ j (0) + ψ j (0)}],

(51)

ρR = X

κR2

[
�11(X) + �12(X) + β�13(X) − 2β�14(X)

− K

2
�15(X) + A�16(X)

]
, (52)

where

φ j (0) =
∞∑
j=1

(−1) j−1

j
,

ψ j (0) =
∞∑
j=1

2 j

j ! j ,

�11(X) = (6 + β)(1 − X)2(3 − 5X − 4X2)

× e2(X−1){φ j (X) + ψ j (X)}],
�12(X) = (6 − 11X2 + 2X3),

�13(X) = β(−3 + 10X − 7X2),

�14(X) = Xe2X−2(1 − X)2[1 + (1 − X)θ j (X)]
− K e2X (1 − X)2(3 − 5X − 4X2)�a,b,C,m,i,N (X),

�15(X) = (X)N+1(1 − X)(a − bX)m

× [4e2X + e2X (1 − X)],
�16(X) = e2X (−1 − 7X − 7X2 − 3X3 + 4X4).

5 Physical acceptability conditions for anisotropic
stellar models

In order to be physically meaningful, the interior solu-
tion for static fluid spheres of Einstein’s gravitational-field
equations must satisfy some general physical requirements.
Because the Einstein field equation (2) is highly nonlinear
in nature, not many realistic physical solutions are known
for the description of static spherically symmetric perfect
fluid spheres. Out of 127 solutions only 16 were found to be
physically meaningful [67]. The following conditions have
been generally recognized to be crucial for anisotropic fluid
spheres [76].

5.1 Regularity and reality conditions

5.1.1 Case 1

The solution should be free from physical and geometrical
singularities i.e. pressure and energy density at the center

Fig. 1 Behavior of the metric potentials ν and λ with respect to
fractional radial distance (r/R) for RX J1856-37. For plotting this
figure, the numerical values of the parameters are taken as follows:
n = 1, m = 5, N = 11, a = 1, b = 0.25, K = 0.11, β = 4.2395,
A = 1.1426, B = 0.4798, C = 2.3113 × 10−3 (Table 5)

should be finite and metric potentials e−λ(r) and eν(r) should
have non-zero positive values in the range 0 ≤ r ≤ R. At
origin Eq. (17) provides e−λ(0) = 1 whereas from Eq. (32)
we obtain eν(0) = B. So it is clear that metric potentials are
positive and finite at the center (Fig. 1).

5.1.2 Case 2

The density ρ and radial pressure pr and tangential pressure
pt should be positive inside the star.

5.1.3 Case 3

The radial pressure pr must be vanishing at the boundary of
sphere r = R but the tangential pressure pt may not vanish
at the boundary r = R of the fluid sphere and may follow
pt > 0 at r = R. However, the radial pressure is equal to the
tangential pressure at the center of the fluid sphere.

5.1.4 Case 4

(dpr/dr)r=0 = 0 and (d2 pr/dr2)r=0 < 0 so that pressure
gradient dpr/dr is negative for 0 ≤ r ≤ R.

5.1.5 Case 5

(dpt/dr)r=0 = 0 and (d2 pt/dr2)r=0 < 0 so that pressure
gradient dpt/dr is negative for 0 ≤ r ≤ R.
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Fig. 2 Behavior of the effective matter–energy density ρi = 8π ρ/C
with respect to fractional radial distance (r/R) for RX J1856-37. For
plotting this figure we have employed the same data set of numerical
values as used in Fig. 1

Fig. 3 Behavior of the effective radial and tangential pressures Pr =
8π pr/C and Pt = 8π pt/C with respect to the fractional radial distance
r/R for RX J1856-37. For plotting this figure we have employed the
same data set of numerical values as used in Figs. 1 and 2

5.1.6 Case 6

(dρ/dr)r=0 = 0 and (d2ρ/dr2)r=0 < 0 so that density gra-
dient dρ/dr is negative for 0 ≤ r ≤ R.

Conditions (5.1.4)–(5.1.6) imply that pressure and den-
sity should be maximum at the center and monotonically
decreasing towards the surface (Figs. 2, 3).

Fig. 4 Behavior of the sound speed V with respect to the fractional
radial distance (r/R) for RX J1856-37. For plotting this figure we have
employed the same data set of numerical values as used in Figs. 1, 2
and 3

5.2 Causality and well-behaved conditions

5.2.1 Case 1

Inside the fluid ball the speed of sound should be less than

the speed of light i.e. 0 ≤
√

dpr
dρ

< 1, 0 ≤
√

dpt
dρ

< 1 i.e.

both
√

dpr
dρ

and
√

dpt
dρ

are lies between 0 and 1 which can be
observed from Fig. 4 as well as from Table 1.

5.2.2 Case 2

The velocity of sound monotonically decreasing away from
the center and it is increasing with the increase of density i.e.
d
dr

(
dpr
dρ

)
< 0 or d2 pr

dρ2 > 0 and d
dr

(
dpt
dρ

)
< 0 or d2 pt

dρ2 > 0 for

0 ≤ r ≤ R (see Fig. 4). In this context it is worth mentioning
that the equation of state at ultra-high distribution has the
property that the sound speed is decreasing outwards [77].

5.2.3 Case 3

The ratios of the pressure to density, pr/ρ and pt/ρ (as can
easily be obtained from Table 1), should be monotonically

decreasing with the increase of r , i.e. d
dr

(
pr
ρ

)
r=0

= 0 and

d2

dr2

(
pr
ρ

)
r=0

< 0, d
dr

(
pt
ρ

)
r=0

= 0 and d2

dr2

(
pt
ρ

)
r=0

< 0.
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Table 1 Values of different physical parameters Pr = 8π pr/C ,
Pt = 8π pt/C , ρi = 8π ρ/C , Vr = √

dpr/dρ, Vt = √
dpt/dρ

for RX J1856-37 with the values of different parameters and constants:
n = 1, m = 5, N = 11, a = 1, b = 0.25, K = 0.11, β = 4.2395

r Pr Pt ρi Vr Vt

0.0 1.3165 1.3165 20.7045 0.9999 0.9394

0.1 1.3009 1.3044 20.6724 0.9979 0.9374

0.2 1.2543 1.2683 20.5763 0.9918 0.9312

0.3 1.1776 1.2092 20.4164 0.9819 0.9211

0.4 1.0723 1.1285 20.1933 0.9680 0.9070

0.5 0.9406 1.0285 19.9076 0.9504 0.8890

0.6 0.7852 0.9117 19.5603 0.9292 0.8672

0.7 0.6093 0.7815 19.1526 0.9044 0.8417

0.8 0.4167 0.6417 18.6860 0.8761 0.8125

0.9 0.2120 0.4967 18.1624 0.8444 0.7795

1.0 0.0000 0.3515 17.5839 0.8092 0.7427

Fig. 5 Behavior of the ratios of pressure to density, pr/ρ and pt/ρ

with respect to the fractional radial distance (r/R) for RX J1856-37.
For plotting this figure we have employed the same data set of numerical
values as used in Figs. 1, 2, 3 and 4

Then d
dr

(
pr
ρ

)
and d

dr

(
pt
ρ

)
are negative valued function for

r > 0. These behavior can be observed from Fig. 5. Also
note from Table 1 which indicates the ratios via the data of
pr, pt and ρ.

5.3 Energy conditions

A physically reasonable energy-momentum tensor has to
obey the following energy conditions [78]:

(i) NEC: ρ + E2 ≥ 0,

(ii) WEC: ρ + pr ≥ 0, ρ + pt + 2E2 ≥ 0,

(iii) SEC: ρ + pr + 2pt + 2E2 ≥ 0.

Now we check whether all the energy conditions are satis-
fied or not. For this purpose, numerical values of these energy
conditions are given in Table 2 and accordingly their behav-
ior are shown in Fig. 6. This figure indicates that in our model
all the energy conditions are satisfied throughout the interior
region.

5.4 Stability of the stellar models

5.4.1 Method 1

In order to have an equilibrium configuration the matter must
be stable against the collapse of local regions. This requires
Le Chatelier’s principle, also known as the local or micro-
scopic stability condition, that the radial pressure pr must be
a monotonically non-decreasing function of ρ [79].

With the energy-momentum tensor of the form (3), the
relativistic first law of thermodynamics may be expressed as

dρ

pr + ρ
= dρm

ρm
, (53)

where pr is the radial pressure, ρ is the total energy density
and ρm is that part of the mass density which satisfies a con-
tinuity equation and is therefore conserved throughout the
motion.

We let the pressure change with density as

pr ∝ (ρm)γ . (54)

From Eq. (54) we have

γ =
(

ρm

pr

)(
dpr

dρm

)
. (55)

By Eqs. (53) and (55) we have

γ =
(

ρ + pr

pr

) (
dpr

dρ

)
, (56)

where γ is a parameter called the adiabatic index. Matter
obeying these equations is stable to gravitational collapse if
the pressure times the surface area increases more rapidly
than R−2. Because the density is proportional to R−3, the
force exerted by the pressure is proportional to R2−3γ . This
force increases more rapidly than the gravitational force
when γ > 4/3.

The latter condition is, however, necessary but not suffi-
cient to obtain a dynamically stable model [80]. Heintzmann
and Hillebrandt [81] also proposed that a neutron star with
an anisotropic equation of state is stable for γ > 4/3. Also
it is well known that Newton’s theory of gravitation has no
upper mass limit if the equation of state has an adiabatic index
γ > 4/3.
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Table 2 Values of the energy
conditions for the constants n =
1, m = 5, N = 11, a = 1, b =
0.25, K = 0.11, β = 4.2395
and CR2 = 0.0829

r/a NEC WECr WECt SEC

0.0 0.001861201 0.001979549 0.001979549 0.002216246

0.1 0.001858755 0.001975725 0.001976041 0.002210297

0.2 0.001851417 0.001964274 0.001965539 0.002192519

0.3 0.001839186 0.001945266 0.001948116 0.002163126

0.4 0.001822059 0.001918816 0.001923889 0.002122476

0.5 0.001800038 0.001885088 0.001893032 0.002071076

0.6 0.001773127 0.001844301 0.001855771 0.002009588

0.7 0.001741340 0.001796733 0.001812391 0.001938834

0.8 0.001704704 0.001742723 0.001763243 0.001859801

0.9 0.001663260 0.001682676 0.001708746 0.001773648

1.0 0.001617073 0.001617073 0.001649394 0.001681715

Fig. 6 Plot for the energy conditions with respect to the fractional
radial distance (r/R) for RX J1856-37. For plotting of this figure we
have employed the same data set of numerical values as used in Figs. 1,
2, 3, 4 and 5

The behavior of adiabatic index (γ ) is shown in Fig. 7. It
is clear from the figure that the value of γ is higher than 4/3.
So our model is stable.

5.4.2 Method 2

For this case let us write the generalized Tolman–
Oppenheimer–Volkoff (TOV) equation in the following
form:

−MG(ρ + pr)

r2 e(λ−ν)/2− dpr

dr
+σ

q

r2 eλ/2

+2

r
(pt − pr) = 0, (57)

where MG is the gravitational mass within the radius r and
is given by

Fig. 7 Behavior of the adiabatic index γ with respect to the fractional
radial distance (r/R) for RX J1856-37. For plotting this figure we have
employed the same data set of numerical values as used in Figs. 1, 2,
3, 4, 5 and 6

MG(r) = 1

2
r2ν′e(ν−λ)/2. (58)

Substituting the value of MG(r) in the above equation we
get

− 1

2
ν′(ρ + pr) − dpr

dr
+ σ

q

r2 eλ/2 + 2

r
(pt − pr) = 0.

(59)

The above TOV equation describes the equilibrium con-
dition for a charged anisotropic fluid subject to gravitational
(Fg), hydrostatic (Fh), electric (Fe) and anisotropic stress
(Fa) so that

Fg + Fh + Fe + Fa = 0, (60)
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where

Fg = −1

2
ν′(ρ + pr), (61)

Fh = −dpr

dr
, (62)

Fe = σ
q

r2 eλ/2, (63)

Fa = 2

r
(pt − pr). (64)

Now, the above forces can be expressed in the explicit
forms as follows:

Fg = −1

2
ν′(ρ + pr) = − Cr

1 − x
(ρ + pr), (65)

Fh = −dpr

dr
= −2C2r

8π

[
A(1 − 4x + x2 + 2x3)e2x

+ (10 − 14x + 6x2) + K e2x (x)N (1 − x)3(a − bx)m

−2[(6 + β)(1 − x)(1 + 3x)

− 3(5 − 12x − 3x2 + 10x3)]
×e2x−2(1 + (1 − x)θ j (x))

−β[−2x + e2x−2(−2 + 5x − 3x2){φ j (x) + ψ j (x)}]

−K

(
(1 − x)2(1 − 8x − 11x2 − 6x3)e2x�a,b,C,m,i,N (x)

(1 + x)2

+�a,b,C,m,i,N (x)

2

) ]
, (66)

Fe = K

8πr3

[
e2x (1 − x)(x)N+2(a − bx)m

{
(N + 3)(1 − x)

−2x + 2(1 − x)x − bmx(1 − x)

(a − bx)

}]
, (67)

Fa = 2

r
(pt − pr) = 2βC

8πr
x, (68)

with x = Cr2 as mentioned earlier.
We have shown the plot for TOV equation in Fig. 8. From

the figure it is observed that the system is in static equilibrium
under four different forces, e.g. gravitational, hydrostatic,
electric and anisotropic to attain overall equilibrium. How-
ever, a strong gravitational force is counter balanced jointly
by hydrostatic and anisotropic forces. The electric force, it
seems, has a negligible effect on this balancing mechanism.

5.4.3 Method 3

In our anisotropic model, to verify stability we plot the radial
(V 2

sr = dpr/dt) and transverse (V 2
st = dpt/dρ) sound speeds

in Fig. 9. It is observed that these parameters satisfy the
inequalities 0 ≤ V 2

sr ≤ 1 and 0 ≤ V 2
st ≤ 1 everywhere

within the stellar object which obeys the anisotropic fluid
models [82,83].

Fig. 8 Feature of the static equilibrium under different forces for
RX J1856-37. For plotting this figure we have employed the same data
set of numerical values as used in Figs. 1, 2, 3, 4, 5, 6 and 7

Fig. 9 Behavior of the square of the sound speed V 2 for RX J1856-37.
For plotting this figure we have employed the same data set of numerical
values as used in Figs. 1, 2, 3, 4, 5, 6, 7 and 8

Again, to check whether local anisotropic matter distri-
bution is stable or not, we use the proposal of Herrera [82],
known as cracking (or overturning), which states that the
potentially stable region is where the radial speed of sound
is greater than the transverse speed of sound. From the left
panel of Fig. 10, we can easily say that V 2

st − V 2
sr ≤ 1. Since

0 ≤ V 2
sr ≤ 1 and 0 ≤ V 2

st ≤ 1, we have |V 2
st − V 2

sr| ≤ 1
as can be seen from the right panel of Fig. 10. Hence, we
can conclude that our compact star model provides a stable
configuration.
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Fig. 10 Behavior of the difference of sound speeds V 2
st − V 2

sr and | V 2
st − V 2

sr | for RX J1856-37. For plotting this figure we have employed the
same data set of numerical values as used in Figs. 1, 2, 3, 4, 5, 6, 7, 8 and 9

Table 3 Values of charge, anisotropy and redshift for n = 1, m =
5, N = 11, a = 1, b = 0.25, K = 0.11, β = 4.2395. The related plots
are shown, respectively, in Figs. 11, 12 and 13

r q (km) i Z

0.0 0 0 0.4437

0.1 1.3273 × 10−21 0.0035 0.4431

0.2 2.1733 × 10−17 0.0141 0.4413

0.3 6.3374 × 10−15 0.0316 0.4383

0.4 3.5511 × 10−13 0.0562 0.4341

0.5 8.0574 × 10−12 0.0879 0.4287

0.6 1.0318 × 10−10 0.1265 0.4220

0.7 8.9014 × 10−10 0.1722 0.4141

0.8 5.7502 × 10−9 0.2249 0.4049

0.9 2.9775 × 10−8 0.2847 0.3944

1.0 1.2946 × 10−7 0.3515 0.3826

5.5 Electric charge

From the present model it is observed that in units of
Coulomb, the charge on the boundary is 1.5151 × 1013 C
and at the center it is as usual zero. In Table 3 we have put
the data for charge q in the relativistic units km. However, to
convert these values to Coulomb one has to multiply every
value by a factor 1.1659 × 1020. The graphical plot is shown
in Fig. 11 where the charge profile is such that starting from
a minimum it acquires a maximum value at the boundary.

Let us now justify this feature of the charge from the
available literature. It was shown by Varela et al. [38] that
spheres with vanishing net charge contain fluid elements with
unbounded proper charge density located at the fluid-vacuum
interface and net charges can be huge (1019 C). On the other
hand, Ray et al. [18] have analyzed the effect of charge in

Fig. 11 Distribution of charge with respect to fractional radial distance
(r/R) for RX J1856-37. For plotting this figure we have employed the
same data set of numerical values as used in Figs. 1, 2, 3, 4, 5, 6, 7, 8,
9 and 10

compact stars considering the limit of the maximum amount
of charge they can hold and they have shown through numer-
ical calculation that the global balance of the forces allows a
huge charge (1020 C) to be present in a neutron star. Thus we
see that the net amount of charge has less effect to balance
the mechanism of the force in our model.

5.6 Pressure anisotropy

For the present model we calculate the measure of pressure
anisotropy as follows:

 ≡ (pt − pr) = βCx . (69)
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Fig. 12 Anisotropic behavior (i = /C) at the stellar interior with
respect to fractional radial distance (r/R) for RX J1856-37. For plotting
this figure we have employed the same data set of numerical values as
used in Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11

It is in general argued that the ‘anisotropy’ will be directed
outward for the condition pt > pr i.e.  > 0, and inward
for the condition pt < pr i.e.  < 0. This special feature
can be observed from Fig. 12 related to our model. This kind
of repulsive ‘anisotropic’ force allows for construction of a
more massive compact stellar configuration [84].

One can also calculate variation of the radial and trans-
verse pressures which are, respectively, given by dpr

dr , as can

be obtained from Eq. (20), and dpt
dr = dpr

dr + 2C2βr
8π

.

5.7 Surface redshift

The effective gravitational mass in terms of the energy den-
sity can be written as

Meff = 4π

∫ R

0

(
ρ + E2

8π

)
r2dr = 1

2
R[1 − e−λ(R)], (70)

where e−λ(R) is given by Eq. (46).
One can therefore provide the compactness of the star as

u = Meff

R
= 1

2
[1 − e−λ(R)]. (71)

Again we define the surface redshift corresponding to the
above compactness factor as follows:

Z = [1 − 2u]−1/2 − 1 = eλ(R)/2 − 1. (72)

We plot the redshift in Fig. 13 from which it is evident
that it shows a gradual decrease. This feature also can be
observed from Table 3. The maximum surface redshift for
the present stellar configuration of radius 6.0 km turns out to
be Z = 0.3826.

Fig. 13 Redshift of the stellar model with respect to fractional radial
distance (r/R) for RX J1856-37. For plotting this figure we have
employed the same data set of numerical values as used in Figs. 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12

Fig. 14 Plot for mass-to-radius ratio M/R with respect to radius R for
RX J1856-37

In this connection it is worth to mention that for the
isotropic case and in the absence of the cosmological con-
stant the surface redshift is constrained: Z ≤ 2 [85–87].
Again for an anisotropic star in the presence of a cosmolog-
ical constant the constraint on the surface redshift is Z ≤ 5
[88], whereas Ivanov [14] put the bound Z ≤ 5.211. Based
on the above discussion we therefore conclude that for an
anisotropic star without cosmological constant the value for
our model Z = 0.3826 is in good agreement.
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6 Some case studies: comparison of present stellar
model with compact stars

6.1 Allowable mass-to-radius ratio

Buchdahl [85] has proposed an absolute constraint on
the maximally allowable mass-to-radius ratio (M/R) for
isotropic fluid spheres of the form 2M/R ≤ 8/9 (in units
c = G = 1) which states that for a given radius a static
isotropic fluid sphere cannot be arbitrarily massive. Böhmer
and Harko [87] proved that for a compact object with charge,
Q(< M), there is a lower bound for the mass–radius ratio

3Q2

2R2

⎛
⎝1 + Q2

18R2

1 + Q2

12R2

⎞
⎠ ≤ 2M

R
. (73)

The upper bound of the mass of charged sphere was gen-
eralized by Andréasson [89] and it was proved that

√
M ≤

√
R

3
+

√
R

9
+ Q2

3R
. (74)

Table 4 Values of lower and upper bounds of mass for the values n =
1, m = 5, N = 11, a = 1, b = 0.25, K = 0.11 and β = 4.2395

R 2M/R Lower bound Upper bound

0.7350 0.0085 8.2364 × 10−31 0.8889

1.0379 0.0169 6.7464 × 10−27 0.8889

1.2693 0.0252 1.3147 × 10−24 0.8889

1.4635 0.0334 5.5491 × 10−23 0.8889

3.1974 0.1549 8.0491 × 10−14 0.8889

4.3975 0.2819 9.8941 × 10−10 0.8889

5.2445 0.3847 3.1413 × 10−7 0.8889

5.5925 0.4280 2.9932 × 10−6 0.8889

5.7525 0.4479 8.3841 × 10−6 0.8889

5.9043 0.4665 2.1783 × 10−5 0.8889

6.0000 0.4760 3.7139 × 10−5 0.8889

By substituting the following data: mass M = 0.9693M�
and radius R = 6.0 km, we find that M/R = 0.238 <

4/9 and also 2M/R = 0.4760, which satisfy the Buchdahl
condition of a stable configuration [85]. We also note from
Fig. 14 and Table 4 that the charged stars have large mass and
radius, as we should expect due to the effect of the repulsive
Coulomb force with the M/R ratio increasing with charge
[18]. However, unlike Ray et al.’results [18] where in the
limit of the maximum charge the mass goes up to 10, which
is much higher than the maximum mass allowed for a neutral
compact star, our model seems very satisfactory.

6.2 Validity with strange star candidates

We have presented two tables here (Tables 5, 6) from which it
can be observed that the mass and radius exactly correspond
to the strange stars RX J 1856-37 and Her X -1. What we
did in the tables is as follows: by considering the mass and
radius of the above mentioned stars we have figured out data
for the model parameters, and in the next step we evaluated
the data for the different physical parameters, e.g. central
density, surface density and central pressure, of those strange
stars. One can observe that these data are in good agreement
with the available observational data.

In this connection we would like to mention that previ-
ously Gupta and Maurya [90] showed a similar result for
PSR J 1614-2230 with an isotropic fluid distribution and
the charge generalization of Durgapal [66]. We also note that
like the models presented by Kalam et al. [41], Hossein et al.
[84] and Kalam et al. [91] our models provide significantly
promising results as regards observational evidence.

7 Conclusion

In this work we have presented a set of new solutions for
an anisotropic charged fluid distribution in the framework of
General Theory of Relativity. To solve the Einstein–Maxwell
field equations we construct a general algorithm for all possi-

Table 5 Values of the model parameters A, B, m etc. for different strange stars

Strange star candidates M (M�) R (Km) A B m N a b K β C (km−2)

RX J 1856-37 0.9693 6.0 1.1426 0.4798 5 11 1 0.25 0.11 4.2395 2.3113 × 10−3

Her X -1 0.88 7.7 1.7518 0.6217 4 14 1 0.16 0.13 2.1546 1.0760 × 10−3

Table 6 Energy densities and pressure for different strange star candidates for the above parameter values of Table 1

Strange star candidates Central density (gm/cm3) Surface density (gm/cm3) Central pressure (dyne/cm2)

RX J 1856-37 2.5119 × 1015 2.1824 × 1015 1.4378 × 1035

Her X -1 1.0925 × 1015 1.0116 × 1015 6.0308 × 1034
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ble anisotropic charged fluid spheres. As an additional con-
dition which simplifies the physical system of space-time
we consider a special source function in terms of the met-
ric potential ν. We further adopt the exterior solution of
Reissner–Nordström, so that our interior solution can be
matched smoothly as a consequence of the junction condi-
tions at the surface of spheres (r = R).

The solutions thus obtained exhibit regular physical
behavior as can be observed from the figures and tables for
different parameters. We specifically discuss (i) regularity
and reality conditions (applied for metric potentials e−λ(r)

and eν(r), energy density ρ, fluid pressures pr and pt , pressure
gradients dpr/dr and dpt/dr , and density gradient dρ/dr ),
and (ii) causality and well-behaved conditions (applied for
speed of sound dpr/dρ and ratios of pressure to densities
pr/ρ and pt/ρ). Beside all these general physical properties
the solution set shows the desirable and essential features
for energy condition, stability condition, charge distribution,
pressure anisotropy and surface redshift. Among these physi-
cal parameters as a special case, regarding the electric charge
distribution of our model, we note that the charge on the
boundary is 1.5151 × 1013 C and at the center it is as usual
zero. Other features of charge are also available in the lit-
erature [18,38,65] in connection to a stable configuration of
compact stars where it has been shown that the global balance
of the forces allows a huge charge (∼1020 C) to be present
in a neutron star.

We also observe some special and interesting features for
our stellar models, which are related to compact stars as fol-
lows.

1. Allowable mass-to-radius ratio: the condition of Buch-
dahl [85] related to the maximally allowable mass-to-
radius ratio for isotropic fluid spheres is of the form
2M/R ≤ 8/9. By substituting the following data: mass
M = 0.9693 M� and radius R = 6.0 Km, we find that
2M/R = 0.4760, which satisfies the Buchdahl condi-
tion of a stable configuration [85] as mentioned above.

2. Validity with strange stars: we have prepared several data
sets from which it is observed that the mass and radius
exactly correspond to the strange stars RX J 1856-37
and Her X -1. Therefore, one can note that like the mod-

els of Kalam et al. [41], Hossein et al. [84] and Kalam et
al. [91] our models also provide significantly promising
results as regards observational evidence.

In this work we have studied the case for n = 1 only in the
source function because of the fact that this value is more rel-
evant for exploring existence and properties of strange stars.
There is, however, scope for further study with other values
of n also as follows: (1) for integer values of n = 2, 3, 5
(not possible for all other positive integer values), and (2)
for fractional values of n there are two possibilities: (i) if n
lies between 0 and 1 then exact solutions are possible for all
fractional values, and (ii) if n is greater than 1 then they are
possible for all fractional values of n except the values of
n = p/(p − 1) and n = p/(p − 2), where p is a positive
integer (p �= 1 and p �= 2). However, the specific value 3/2
is not allowed for these factors to study the solutions for the
present model.

As a final comment we would like to mention that Tiwari
and Ray [92] proved that any relativistic solution for spheri-
cally symmetric charged fluid sphere has an electromagnetic
origin and hence it provides an electromagnetic mass model
[93–96]. Therefore, it would be an interesting task to verify
whether our model also represents an electromagnetic mass
or not and this is to be studied elsewhere in a future project.
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Appendix

In this appendix we present Tables 7 and 8.
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Table 7 List of regular behavior of dp/dρ for the ansatz eν(r) = B(1 + x)n , with x = Cr2 where p in the table is a positive integer

n Electric charge function (2q2C/x2) Pressure anisotropy Behavior of dp/dρ References

1 0 0 No [47]

1 Kx 0 Yes [97]

2 0 0 No [69,71]

1, 2, 7 Kx[1 + (n + 1)x] n−1
n+1 0 Yes [97]

2 Kx(1 + x)N [1 + (n + 1)x]m+ n−1
n+1 , N �= 2 0 Yes [98]

2 KxN+1(1 + x)1−N 0 Yes [99]

2 KxN+1(1 + mx)p[1 + (n + 1)x] n−1
n+1 0 Yes [99]

2 KxN+1(1 + mx)p(1 + x)1−n[1 + (n + 1)x] n−1
n+1 0 Yes [99]

2 KxN+1(1 + x)1−n(1 + mx)p[1 + (n + 1)x] n−1
n+1 δx(1 − 2ax)1−n

× [1 + (n + 1)x] n−1
n+1

Yes [65]

3 Kx(1 + x)n(1 + 4x)1/2 0 Yes [100]

4 Kxn(1 + x)−2 0 Yes [101]

5 Kx(1 + 6x)2/3 0 Yes [102]

6 Kx(1 + 7x)5/7 0 Yes [103]

n 0 0 Yes (n ≥ 4) [62]

n n2Kx[1 + (n + 1)x] n−1
n+1 0 Yes (n ≥ 1) [104]

n 0 n2C0x×[1+(n+1)x] n−1
n+1 Yes (n ≥ 4) [105]

n n2Kx[1 + (n + 1)x] n−1
n+1 n2C0x×[1+(n+1)x] n−1

n+1 Yes [106]

Table 8 List of regular behavior of dp/dρ for the ansatz eν(r) = B(1 − x)−n

n Electric charge function (2q2C/x2) Pressure anisotropy Behavior of dp/dρ References

0 < n < 1 0 0 Yes (N ≥ 10), N = 1+n
1−n , N ∈ I+, N > 1 [63]

1/3 Kx(3 − 2x)−2 0 Yes [61]

0 < n < 1 Kx(1 − {2/[N + 1]}x)−N ,
N = 1+n

1−n , N ∈ I+, N > 1
0 Yes (N ≥ 2) [56]

0 < n < 1 2E2 =  C0x[1 − (1 − n)x]−N Yes (N ≥ 2), N = 1+n
1−n , N ∈ I+ [64]

1, 2, 3 0 0 Yes (N = 1, 3) [68]

1, 2, 3 K
2 xn[1 + (n − 1)x]n−1 0 Yes [57]

1, n K x1+N (1 − x)n+1(a − bx)m ×
[1 + (n − 1)x] n−1

n+1

βxn[1 + (n − 1)x]n−1 Yes Present paper
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