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Abstract 

In this paper, we obtain a new static spherically symmetric anisotropic fluid model of a neutron star 

in curvature coordinates. We consider ev = B (1+x)6, where x = Cr2, by taking the value of parameter 

n = 6 in Durgapal solutions (Durgapal, 1982). The energy density, radial pressure, tangential 

pressure, and redshift are positive finite, and decreasing with respect to the increasing radius in this 

model. The pressure and density also decrease from the inner core to the crust of the object.  

We obtain this model by the specific choice of the constants and the anisotropy factor P = Pr - P . 

The central value of the anisotropy factor is zero due to the perfect fluid nature at  

the center of the anisotropic model and it is increasing with the increasing radius. In our analysis  

we take K > 
𝟑

𝟐
, l = 0.1, a = 1.6 and C = 9.44×10-5. The model well behaves for the anisotropic neutron 

stars, which is shown analytically and graphically. The solution is free from any central singularity.  

We take realistic objects such as EXO 1785-248, SMC X-1, Her X-1, 4U 1538-52, LMC X-4,  

RX J1856-37, Cen X-3, PSR J1903-327, and Vela X-1 to represent our solutions graphically and 

numerically. We obtain this solution for n = 6 for the first time. Therefore, the solution is quite new 

and derived for the first time. 
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Introduction 

In theoretical physics, the general theory of 

relativity is studied using mathematical models. 

This concept is well understood after the relativistic 

theory devised by Einstein. According to Einstein 

the massive body in space noticeably curves the 

spacetime around it and hence causes the formation 

of a gravitational field around it. Therefore, to study 

the gravitational field produced by a body, the  

 

 

 
 

curvature in spacetime is analyzed using the 

concepts of differential geometry. Neutron stars, 

white dwarf stars, quark stars, and strange stars are 

some massive stars in the universe having mass as 

a real number multiple of the mass of the Sun.  

In order to study such astrophysical objects the 

researchers try to find the exact solutions of Einstein 

field equations by considering the different 
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conditions and parameters. Schwarzschild gave  

the first solution in 1916 (Schwarzschild, 1916) just 

after the field equations produced by Einstein 

(Einstein, 1915). The solution given by Schwarzschild 

was an initial attempt to find the exact solutions of 

the field equations and was appreciated by Einstein. 

But, the solution given by Schwarzschild was 

having limitations of singularity. Nevertheless, it 

was a fruitful attempt and acceptable for all at the 

time. Tolman (Tolman, 1939) took the solutions of 

field equations at a different level and proposed 

eight solutions of the field equations. All these eight 

solutions were not suitable for studying the internal 

structure of the super dense stellar objects. But, the 

fourth and the seventh solutions are well known for 

describing the internal structure and physical 

properties of massive dense stellar objects.  

The compact strange stars are a popular and 

important subject of study for researchers in general 

relativity. In the recent past Li (Li et al., 1999) 

checked if SAX J1808.4-3658 is a strange star, 

Thirukkanesh (Thirukkanesh and Ragel, 2013) derived 

a class of exact strange quark star model, Deb (Deb 

et al., 2017) gave relativistic model for strange stars, 

Malaver (Malaver, 2014) created strange quark star 

model with quadratic equation of state, Islam (Islam 

et al., 2019) developed analytical model of strange 

star in Durgapal spacetime, Szkudlarek (Szkudlarek 

et al., 2019) derived the maximum mass  

of differentially rotating strange quark stars, 

Szkudlarek (Szkudlarek et al., 2019) did fully 

relativistic numerical calculations of differentially 

rotating strange quark stars model, Goswami 

(Goswami et al., 2020) devised a new class of 

relativistic anisotropic strange star in Vaidya-

Tikekar model, Bordbar (Bordbar et al., 2019) 

calculated the strange star structure, Tamta (Tamta 

and Fuloria, 2022) suggested physically realizable 

anisotropic strange star model, Hansraj (Hansraj et 

al., 2022) tested strange stars in the framework of 

higher curvature gravity, Maurya (Maurya et al., 

2022) produced gravitationally decoupled strange 

star model, Molla (Molla et al., 2022) proposed an 

analytical model to study strange stars. 

It is not only a matter of interest as a whole of 

the object but also studied for the individual 

physical property. Harko (Harko and Cheng, 2002) 

calculated the maximum mass and radius of strange 

stars in the linear approximation of EOS. In this 

series of researchers, many others gave notable 

theoretical frameworks and models to study the 

massive compact bodies in space (Herrera et al., 

2009; Sana et al., 2010; Borissova et al., 2012; 

Maurya and Gupta, 2012; Tewari, 2013; Maurya 

and Gupta, 2014; Tewari and Charan, 2015a; 2015b; 

Tewari et al., 2016; Messineo et al., 2016). 

The radial pressure of fluid distribution may be 

different from the tangential pressure which may 

lead to anisotropy in pressure (Fulara and Sah, 

2018). This anisotropy is led by the various physical 

phenomena inside the body and the internal 

structure of the body. Most of the researchers 

considered the local anisotropy to find the solutions 

(Singh et al., 2018; Bhar, 2019; Bhar et al., 2021; 

Bhar and Rej, 2021; Das et al., 2021; Deb et al., 

2021; Mustafa et al., 2022). The anisotropy in fluid 

affects a number of physical properties including the 

mass and surface red-shift (Ali et al., 2005; 

Karmakar et al., 2007; Delliou et al., 2020; Samuroff 

et al., 2020). The non-singular and physically 

acceptable solutions are important in studying 

massive compact stellar objects. One non-singular 

physically acceptable solution was given by Sah 

(Sah and Chandra, 2016). 

All the above work motivated us to take 

Durgapal metric to develop a neutron star model.  

In this paper, we took n = 6 in Durgapal model 

because the higher value of 𝑛  produces more 

accurate physical characteristics of the neutron stars 

(Durgapal, 1982), we also considered the anisotropy 

factor of the compact stars. Kaur (Kaur and Shukla, 

2022) took n = 6 to develop a new class of charged 

spherically symmetric and static superdense star 

configuration. The entire work of this paper is 

distributed into six sections. In the second section, 

we calculated the anisotropy factor. In the third 

section, we discussed the physical acceptability 

conditions. In the fourth section, we calculated the 

exact solutions of the field equations. In the fifth 

section we discussed the properties of new solutions 

and in the sixth section, we calculated the numerical 

values of different physical components. 

Einstein Field Equations and Anisotropy 

Factor 

The equations of gravity and geometry of spacetime 

are given by non-linear differential equations 

 

𝑅𝑖𝑗 −
1

2
𝑅𝑔𝑖𝑗 = −

8𝜋𝐺

𝑐4 𝑇𝑖𝑗 , (1) 

 

where 𝑅𝑖𝑗 is the Ricci tensor, 𝑅 is the Ricci scalar, 

𝑔𝑖𝑗  is the metric tensor and 𝑇𝑖𝑗  is the energy-

momentum tensor. This tensor is defined as follows 

for an anisotropic fluid distribution 

 

𝑇𝑖𝑗 = (𝜌 + 𝑃𝑟)𝑢𝑖𝑢𝑗 − 𝑃𝜏𝑔𝑖𝑗 + (𝑃𝑟 − 𝑃𝜏)𝑥𝑖𝑥𝑗, (2) 

 

where 𝜌 is energy density, 𝑃𝑟  is radial pressure, 𝑃𝜏 is 

tangential pressure for an anisotropic fluid  
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distribution and perpendicular to the four-velocity 

𝑢𝑖, 𝑥𝑖 is a unit vector along the radial vector, 𝑢𝑗, 𝑥𝑗 

are the four-velocity and unit vector in the tangential 

direction, and 𝑔𝑖𝑗  is metric tensor, satisfying the 

following condition 

 

𝑔𝑖𝑗𝑢𝑖𝑢𝑗 = 1. (3) 

 

The line element for spherically symmetric 

fluid distribution can be given as  

 

𝑑𝑠2 = 𝑔𝑡𝑡𝑑𝑡2 − 𝑔𝑖𝑗𝑑𝑥𝑖𝑑𝑥𝑗, (4) 

 

where (𝑖 ; 𝑗) = 𝑟, 𝜃, 𝜙  in the coordinate system 

(𝑡, 𝑟, 𝜃, 𝜙), and 

 

𝑔𝑡𝑡 = 𝑒𝜈 ,        𝑔𝑟𝑟 = −𝑒−𝜆,   𝑔𝜃𝜃 =
−𝑟2,         𝑔𝜙𝜙 = −𝑟2𝑠𝑖𝑛2𝜃    𝑔𝑖𝑗 = 0, 𝑖𝑓 𝑖 ≠ 𝑗, 

 (5) 

 

where 𝜈 and 𝜆 are the functions of 𝑟 only. 

 

Taking Equations (2) and (3) to calculate the 

different components and putting in Equation (1), 

we obtain the following field equations 

 
8𝜋𝐺

𝑐4 𝜌 = 𝑒−𝜆 (
𝜆′

𝑟
−

1

𝑟2) +
1

𝑟2, (6) 

 
8𝜋𝐺

𝑐4 𝑃𝑟 = 𝑒−𝜆 (
𝜈′

𝑟
+

1

𝑟2) −
1

𝑟2, (7) 

 
8𝜋𝐺

𝑐4 𝑃𝜏 = 𝑒−𝜆 (
1

2
𝜈′′ +

1

4
𝜈′2

−
1

4
𝜈′𝜆′ +

𝜈′−𝜆′

2𝑟
). (8) 

 

If we subtract Equation (8) from Equation (7) 

we get the following equation 

 
8𝜋𝐺

𝑐4
(𝑃𝑟 − 𝑃𝜏) = 𝑒−𝜆 (

𝜈′

𝑟
+

1

𝑟2 −
1

2
𝜈′′ −

1

4
𝜈′2

+

1

4
𝜈′𝜆′ −

𝜈′−𝜆′

2𝑟
) −

1

𝑟2. (9) 

 

Considering Δ𝑃 =
8𝜋𝐺

𝑐4
(𝑃𝑟 − 𝑃𝜏), we may re-

write Equation (9) as follows 

 

Δ𝑃 = 𝑒−𝜆𝜆′ (
1

4
𝜈′ +

1

2𝑟
) − 𝑒−𝜆 (

1

2
𝜈′′ +

1

4
𝜈′2

−
𝜈′

2𝑟
−

1

𝑟2) −
1

𝑟2. (10) 

 

Now, considering 𝑒−𝜆 = 𝑍  and 𝑒𝜈 = 𝐵(1 +
𝑥)6, where 𝐵 > 0 is a constant, C is any constant, 

and 𝑥 = 𝐶𝑟2. Therefore, Equation (10) becomes 

 
𝑑𝑍

𝑑𝑥
+

23𝑥2−2𝑥−1

𝑥(1+𝑥)(1+7𝑥)
𝑍 +

1+𝑥

1+7𝑥
(

1

𝑥
−

∆𝑃

𝐶
) = 0. (11) 

 

This is the governing equation including the 

anisotropy factor. 

The Physical Acceptability Conditions of 

the Solutions 

The solution in the curvature coordinate can be 

considered well-behaved if the following conditions 

are satisfied by the solution: 

The solution is free from all the singularities 

e.g., geometrical and physical singularities. It must 

be free from infinite and negative values of the 

physical components at the center that is pressure 

density and e and e. 

The pressure and density obtained through  

the solution should be monotonically decreasing 

with respect to the radius of the object. The 

pressure-density ratio must be less than 1 in the 

weak energy condition and must be less than 
1

3
 in the 

strong energy condition and must be equal to 
1

3
 in the 

maximum energy condition (Bowers and Liang, 

1974). 

The red shift must be finite-positive and 

monotonically decreasing with respect to the radius 

of the object. 

As the radial and tangential pressure is equal at 

the center of the object so the anisotropy factor must 

be zero at the center of the object and must be 

increasing as we move towards the crust of the 

object. 

A New Class of Exact Solutions 

The exact solution of equation (11) gives the 

expression for 𝑒−𝜆 . We assume to solve Equation 

(11) as follows 

 
Δ𝑃

𝐶
=

𝑎𝑥(1+7𝑥)−𝑙/7

(1+𝑥)5 , (12) 

 

where 𝑎, 𝑙 ≥ 0 are constants and are real numbers. 

We considered the anisotropy factor in such a way 

that it is always positive beyond the center and zero 

at the center, which is quite natural in the case of an 

anisotropic fluid. Moreover, Equation (11) is easily 

solvable with this assumption. In this way, the 

solutions which we obtain from Equation (12) are 

physically valid. To verify the validity of the 

solution we examine the value of anisotropy from 

the inner core of the sphere of fluid towards the 

crust. We observe that the anisotropy increases with 

the increasing radius. Now, putting the value of  
Δ𝑃

𝐶
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from Equation (12) into Equation (11) we obtain the 

following solution 

 

𝑒−𝜆 =
1

(1+𝑥)4 (−
𝑥4+7𝑥3+24𝑥2+103𝑥−23

23
+

𝑎𝑥(1+7𝑥)−𝑙/7

2−𝑙
) +

𝐴𝑥

(1+𝑥)4(1+7𝑥)2/7, (13) 

 

where 𝐴 is an integration constant. 

 

We can obtain the expression for density and 

pressure with the solution given in Equation (13) 

 
8𝜋𝐺

𝐶𝑐4 𝑃𝑟 = −
12𝐴𝑥4+84𝑥3+288𝑥2+1236𝑥−276

23(1+𝑥)5 −

103+23𝐴+24𝑥+7𝑥2+𝑥3

23(1+𝑥)4 +
13𝑎(1+7𝑥)

−
𝑙
7

(2−𝑙)(1+𝑥)5 +

(12𝐴𝑥−1)(1+7𝑥)−𝑙/7

(1+𝑥)5 , (14) 

 

and 

 
8𝜋𝐺

𝐶𝑐4 𝑃𝜏 =
8𝜋𝐺

𝐶𝑐4 𝑃𝑟 +
𝑎𝑥(1+7𝑥)−𝑙/7

(1+𝑥)6 , (15) 

 
8𝜋𝐺

𝐶𝑐2 𝜌 = −
12−46𝐴+46𝐴𝑥+358𝑥+63𝑥2+20𝑥3+3𝑥4

23(1+𝑥)5 +

𝑎(1+7𝑥)−
𝑙
7(𝑙𝑥2+(𝑙−2)𝑥+2)

(2−𝑙)(1+𝑥)5 . (16) 

 

Equations (14), (15), and (16) are the non-

singular equations of radial pressure, tangential 

pressure, and energy density, respectively. Figure 1 

shows the variation of 𝑒−𝜆 , Figure 2 shows 𝑒𝜈 , 

Figure 3 shows radial pressure, Figure 4 shows the 

energy density and Figure 5 shows the change in 

anisotropy factor for the compact stars EXO 1785-

248, SMC X-1, Her X-1, 4U 1538-52, LMC X-4, 

RX J1856-37, Cen X-3, PSR J1903-327, and Vela 

X-1. 

The expression for the mass can be given as 

follows 

 

𝑀 =
𝑐2𝑟

2𝐺
[𝐵(1 + 𝑥)6 − 1]. (17) 

Properties of the Solution 

The pressure and the density at the center of the 

anisotropic fluid object can be given by 

 
8𝜋𝐺

𝐶𝑐4 𝑃𝑟 =
8𝜋𝐺

𝐶𝑐4 𝑃𝜏 =
356

23
+

12𝑎

2−𝑙
+ 𝐴. (18) 

 
8𝜋𝐺

𝐶𝑐2 𝜌 =
12

23
+

2𝑎

2−𝑙
− 2𝐴. (19) 

 

From the pressure and density equations (17) 

and (18) at 𝑟 = 0 , it is clear that the pressure and 

density are finite at the center of the anisotropic fluid 

object; hence, our solution is free from the 

singularity at the center. Moreover, the pressure and 

the density decrease from the inner core to the crust 

of the object. 

The expression for the gravitational redshift 

may be given as  

 

𝑧 =
1−𝑒𝜈/2

𝑒𝜈/2 =
1−√𝐵(1+𝑥)3

√𝐵(1+𝑥)3 . (20) 

 

 
 

Figure 1.  Plot of e^(-λ) for EXO 1785-248, SMC  

 X-1, Her X-1, 4U 1538-52, LMC X-4, RX 

 J1856-37, Cen X-3, PSR J1903-327, and 

 Vela X-1 

 

 

 
 

Figure 2.  Plot of 𝒆𝝂  for EXO 1785-248, SMC X-1, 

 Her X-1, 4U 1538-52, LMC X-4, RX 

 J1856-37,  Cen X-3, PSR J1903-327, and 

 Vela X-1 

 

 

 
 

Figure 3.  Plot of radial pressure for EXO 1785-

 248, SMC X-1, Her X-1, 4U 1538-52, 

 LMC X-4, RX J1856-37, Cen X-3, PSR 

 J1903-327, and Vela X-1 
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The value of the redshift must be greater than 

zero and finite at the center of the anisotropic fluid 

object. Therefore, the value of B must be less than 

1 that is 1B . The adiabetic index can be given by 

 

𝛾 = (
𝑃𝑟+𝜌

𝑃𝑟
)

𝑑𝑃𝑟

𝑑𝜌
. (21) 

 

From Equation (21) we obtain 

 

𝛾𝑃𝑟 = (𝑃𝑟 + 𝜌)
𝑑𝑃𝑟

𝑑𝜌
= 𝐾, (22) 

 

where 𝐾 is called compression moduli, which can 

be used to determine the density of the object made 

up of the anisotropic fluid. The density should be 

maximum at the center and it must decrease when 

moving toward the surface of the object. Hence, the 

compression moduli should be maximum at the 

center and decreasing towards the surface. 

 

The pressure and density are decreasing from 

the inner core of the neutron star to the crust that is 

 

[
8𝜋𝐺

𝐶𝑐4

𝑑2𝑃𝑟

𝑑𝑥2 ] < 0; [
8𝜋𝐺

𝐶𝑐4

𝑑2𝑃𝜏

𝑑𝑥2 ] < 0; [
8𝜋𝐺

𝐶𝑐4

𝑑2𝜌

𝑑𝑥2] < 0;  at 

𝑟 = 0. 

 

The square of speed of sound is given by  

 

𝑣𝑟
2 =

𝑑𝑃𝑟

𝑑𝜌
 ;  𝑣𝜏

2 =
𝑑𝑃𝜏

𝑑𝜌
, 

 

𝑣𝑟
2  and 𝑣𝜏

2  must have the values less than that of 

square of the speed of light that is 𝑐2, to meet the 

causality condition and the stability factor must 

satisfy 0 < |𝑣𝜏
2 − 𝑣𝑟

2| <1 (Andréasson, 2009). 

Boundary Conditions 

The interior solution obtained for the neutron stars 

should be matched with the Schwarzschild metric at 

the boundary. The Schwarzshild metric is given as 

follows 

 

𝑑𝑠2 = (1 −
2𝐺𝑀

𝑐2𝑟
) 𝑐2𝑑𝑡2 − (1 −

2𝐺𝑀

𝑐2𝑟
)

−1

𝑑𝑟2 −

𝑟2𝑑𝜃2 − 𝑟2𝑠𝑖𝑛2𝜃𝑑𝜙2. (23) 

 

where 𝑀 is the mass of neutron star.  

 

If 𝑒𝜆  and 𝑒𝜈  are continuous at the boundary 

then these components at the boundary 𝑟 = 𝑟𝑏 can 

be given as 

 

𝑒𝜈𝑏 = (1 −
2𝐺𝑀

𝑐2𝑟𝑏
) 𝑐2 = 𝐵(1 + 𝑥)6. (24) 

 

𝑒−𝜆𝑏 = (1 −
2𝐺𝑀

𝑐2𝑟𝑏
) = 𝑌(𝑥). (25) 

 

Where 𝑒𝜈𝑏  and 𝑒−𝜆𝑏  represents the  𝑒𝜈  and 𝑒−𝜆 , 

respectively at the boundary, also 𝑥 = 𝑋 = 𝐶𝑟𝑏
2  at 

the boundary. As the pressure at the boundary is 

zero, so 

 

𝑃𝑟  (𝑟 = 𝑟𝑏) = 0, (26) 

 

we can obtain the value of 𝐴 using the condition of 

Equation (26) as follows 

 

𝐴 =
1

12𝑋4+276𝑋(1+7𝑋)−𝑙/7+23𝑋+23
(23(1 + 7𝑋)−𝑙/7 − (𝑋4 +

92𝑋3 + 319𝑋2 + 1390𝑋 − 173) −
299𝑎(1+7𝑋)−𝑙/7

2−𝑙
). (27) 

 

𝐵 =
1

(1+𝑋)9 (
𝑋4+7𝑋3+24𝑋2+103𝑋−23

23
+

𝑎𝑋(1+7𝑋)−𝑙/7

2−𝑙
) +

𝐴𝑋

(1+𝑋)4. (28) 

 

The mass of the neutron star can be given as 

 

𝑀 =
𝑐2𝑟𝑏

2𝐺
[𝐵(1 + 𝑋)6 − 1]. (29) 

 

 

 
 

Figure 4.  Plot of energy density for EXO 1785-248, 

 SMC X-1, Her X-1, 4U 1538-52, LMC  

 X-4, RX J1856-37, Cen X-3, PSR J1903-

 327, and Vela X-1 

 

 

 
 

Figure 5.  Plot of change in anisotropy factor for 

 EXO 1785-248, SMC X-1, Her X-1,  

 4U 1538-52, LMC X-4, RX J1856-37, 

 Cen X-3, PSR J1903-327, and Vela X-1 
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The surface density of the neutron star can be 

expressed as  

 
8𝜋𝐺

𝑋𝑐2 𝜌𝑏𝑟𝑏
2 =

1

(1+𝑋)5 {
3𝑋4+20𝑋3+63𝑋2+358𝑋+46𝐴𝑋−46𝐴+12

23
+

𝑎(1+7𝑋)−
𝑙
7(𝑙𝑋2+(𝑙−2)𝑋+2

𝑙−2
}. (30) 

The Numerical Approximation 

We calculated the various components of EXO 

1785-248, SMC X-1, Her X-1, 4U 1538-52, LMC 

X-4, RX J1856-37, Cen X-3, PSR J1903-327, and 

Vela X-1 by taking our solution for these 

anisotropic stars model. We took 𝐶 = 9.44 × 10−5, 

𝑎 = 1.6, 𝐴 = −1.96 and 𝑙 = 0.1. The values of the 

components are listed in Table 1. 

The value of the ratio of the radial pressure and 

energy density is decreasing for the stars having  

a larger radius. The value of 𝑥  is also decreasing 

when we take the compact stars from the smaller 

radius to the larger radius. Therefore, these 

components are having maximum values for the 

compact stars which are having a smallest radius. 

Conclusions 

In this paper, we have obtained a new exact solution 

for an anisotropic compact star model which 

satisfies the physical conditions and produces 

results similar to the results obtained practically. 

Our solution does not have central singularity with 

the exterior spacetime in the well-known 

Schwarzschild metric. We followed the assumption 

𝑒𝜈 = 𝐵(1 + 𝑥)𝑛 given by Durgapal (Durgapal, 1982) 

beyond his 5th model and we took 𝑒𝜈 = 𝐵(1 + 𝑥)6. 

The physical property and the stability of the 

model given by us can be observed in Figure 1, 

Figure 2, Figure 3, Figure 4, and Figure 5. From all 

these figures it is manifestly clear that the metric 

components are free from geometrical and physical 

singularities. Moreover, we calculated the value of 
𝑃𝑟

𝜌
 on the surface of the compact stars EXO 1785-

248, SMC X-1, Her X-1, 4U 1538-52, LMC X-4, 

RX J1856-37, Cen X-3, PSR J1903-327, and Vela 

X-1. We found that the ratio is decreasing as the 

radius increases. Therefore, the ratio is largest for 

the compact stars having the smallest radius. 

Similarly, the value of x is also decreasing for 

increasing radius. We also determined the redshift 

for our solution.  The mass and the redshift for our 

model is 𝑀 =
𝑐2𝑟𝑏

2𝐺
[𝐵(1 + 𝑋)6 − 1]  and 

1−√𝐵(1+𝑥)3

√𝐵(1+𝑥)3 , 

respectively. We also calculated the adiabatic index 

as 𝛾 = (
𝑃𝑟+𝜌

𝑃𝑟
)

𝑑𝑃𝑟

𝑑𝜌
. The radial pressure, tangential 

pressure, and density are the functions of 𝑟  and 

monotonically decreasing having positive finite 

values. The anisotropy factor vanishes at the center 

of a compact star which is a realistic property of  
an anisotropic star. 

Acknowledgement 

I am thankful to my parent organization Birla 

Institute of Technology, Mesra, Ranchi, India for 

allowing me to complete this work at Amity 

Institute of Applied Sciences, Amity University 

Noida, India. 

References 

Ali, S.S., Bharadwaj, S., and Pandey, B. (2005). What will 

anisotropies in the clustering pattern in redshifted 21-cm 

maps tell us? Monthly Notices of the Royal Astronomical 
Society, 363(1):251-258. https://doi.org/10.1111/j.1365-

2966.2005.09444.x 

Andréasson, H. (2009). Sharp bounds on the critical stability 
radius for relativistic charged spheres. Communications in 

Mathematical Physics, 288(2):715-730. https://doi.org/ 

10.1007/s00220-008-0690-3 

Table 1.  The various components of the compact stars such as 𝒙, 
𝑷𝒓

𝝆
, mass, and radius 

 

Compact Stars 
Radius 

(Km) 
Mass Reference 𝒙 = 𝑪𝒓𝟐 (

𝑷𝒓

𝝆
)

=𝒓

 

EXO 1785-248 8.849 1.3 Özel et al. (2009) 0.0073919 0.0074160 

SMC X-1 8.301 1.04 Singh et al. (2016) 0.0065047 0.0084596 
Her X-1 8.1 0.85 Singh et al. (2016) 0.0061935 0.0088979 

4U 1538-52 7.866 0.87 Rawls et al. (2011) 0.0058430 0.0094548 

LMC X-4 8.301 1.29 Rawls et al. (2011) 0.0065047 0.0084596 
RX J1856-37 6.0 0.9663 Singh et al. (2016) 0.0033984 0.0166786 

Cen X-3 9.178 1.49 Rawls et al. (2011) 0.0079510 0.0068806 

PSR J1903+327 9.438 1.667 Maurya et al. (2015) 0.0084087 0.0064977 
Vela X-1 9.56 1.77 Rawls et al. (2011) 0.0086275 0.0063288 

 



 

 

030130-7 Suranaree J. Sci. Technol. Vol. 30 No. 4; July - August 2023 

Bhar, P. (2019). Anisotropic compact star model: a brief study 
via embedding. The European Physical Journal C, 79(2):1-

13. https://doi.org/10.1140/epjc/s10052-019-6642-6 

Bhar, P. and Rej, P. (2021). Compact stellar model in the 
presence of pressure anisotropy in modified Finch Skea 

space-time. Journal of Astrophysics and Astronomy, 

42(2):1-16. https://doi.org/10.1007/s12036-021-09739-x 
Bhar, P., Rej, P., Takisa, P., and Zubair, M. (2021). Relativistic 

compact stars in Tolman spacetime via an anisotropic 

approach. The European Physical Journal C, 81(6):1-13. 
https://doi.org/10.1140/epjc/s10052-021-09340-0 

Bordbar, G.H., Nourafshan, M., and Khosropour, B. (2019). 

Calculation of strange star structure. Iranian Journal of 
Physics Research, 9(3):237-248. 

Borissova, J., Georgiev, L., Hanson, M.M., Clarke, J.R.A., 

Kurtev, R., Ivanov, V.D., Penaloza, F., Hillier, D.J., and 
Zsargó, J. (2012). Obscured clusters-IV. The most massive 

stars in [DBS2003] 179. Astronomy and Astrophysics, 

546:A110. https://doi.org/10.1051/0004-6361/201118348 

Bowers, R.L. and Liang, E.P.T. (1974). Anisotropic Spheres in 

General Relativity. Astrophysics Journal, 188:657-665. 

https://doi.org/10.1086/152760 
Das, S., Singh, K., Baskey, L., Rahaman, F., and Aria, A.K. 

(2021). Modeling of compact stars: an anisotropic 

approach. General Relativity and Gravitation, 53(3):1-32. 
https://doi.org/10.1007/s10714-021-02792-5 

Deb, D., Chowdhury, S.R., Ray, S., Rahaman, F., and Guha, B.K. 

(2017). Relativistic model for anisotropic strange stars. 
Annals of Physics, 387:239-252. https://doi.org/10.1016/ 

j.aop.2017.10.010 

Deb, D., Mukhopadhyay, B., and Weber, F. (2021). Effects of 
anisotropy on strongly magnetized neutron and strange 

quark stars in general relativity. The Astrophysical 

Journal, 922(2):149. https://doi.org/10.3847/1538-4357/ 
ac222a 

Delliou, M.L., Deliyergiyev, M., and Del Popolo, A. (2020). An 

anisotropic model for the universe. Symmetry, 
12(10):1741. https://doi.org/10.3390/sym12101741 

Durgapal, M.C. (1982). A class of new exact solutions in general 
relativity. Journal of Physics A: Mathematical and 

General, 15(8):2637. https://doi.org/10.1088/0305-4470/ 

15/8/039 
Einstein, A. (1915). Die feldgleichungen der gravitation. Sitz 

physik-math Klas, 25, 844-847. 

Fulara, P.C. and Sah, A. (2018). A spherical relativistic 
anisotropic compact star model. International Journal of 

Astronomy and Astrophysics, 8(01):46-67. https://doi.org/ 

10.4236/ijaa.2018.81004 
Goswami, K.B., Saha, A., and Chattopadhyay, P.K. (2020). New 

class of relativistic anisotropic strange star in Vaidya-

Tikekar model. Astrophysics and Space Science, 
365(8):141. https://doi.org/10.1007/s10509-020-03856-9 

Hansraj, S., Govender, M., Moodly, L., and Singh, K.N. (2022). 

Strange stars in the framework of higher curvature gravity. 
Physical Review D, 105(4):044030. https://doi.org/ 

10.1103/PhysRevD.105.044030 

Harko, T. and Cheng, K.S. (2002). Maximum mass and radius of 
strange stars in the linear approximation of the EOS. 

Astronomy and Astrophysics, 385(3):947-950. 

https://doi.org/10.1051/0004-6361:20020260 

Herrera, L., Di Prisco, A., Fuenmayor, E., and Troconis, O. 

(2009). Dynamics of viscous dissipative gravitational 

collapse: a full causal approach. International Journal of 
Modern Physics D, 18(01):129-145. https://doi.org/ 

10.1142/S0218271809014285 

Islam, R., Molla, S., and Kalam, M. (2019). Analytical model of 
a strange star in Durgapal spacetime. Astrophysics and 

Space Science, 364(7):122. https://doi.org/10.1007/ 

s10509-019-3603-3 
Karmakar, S., Mukherjee, S., Sharma, R., and Maharaj, S.D. 

(2007). The role of pressure anisotropy on the maximum 

mass of cold compact stars. Pramana, 68(6):881-889. 
https://doi.org/10.1007/s12043-007-0088-3 

Kaur, S. and Shukla, S. (2022). A new class of charged 

spherically symmetric and static superdense star 
configurations. International Journal of Modern Physics 

D, 31(12):2250086. https://doi.org/10.1142/S0218271822 

500869 
Li, X.D., Bombaci, I., Dey, M., Dey, J., and Van Den Heuvel, 

E.P.J. (1999). Is SAX J1808. 4-3658 a strange star? 

Physical Review Letters, 83(19):3776. https://doi.org/ 
10.1103/PhysRevLett.83.3776 

Malaver, M. (2014). Strange quark star model with quadratic 

equation of state. Frontiers of Mathematics and Its 
Applications, 1(1):9-15. https://doi.org/10.12966/ 

fmia.03.02.2014 

Maurya, S.K. and Gupta, Y.K. (2012). A family of anisotropic 
super-dense star models using a space-time describing 

charged perfect fluid distributions. Physica Scripta, 

86(2):025009. https://doi.org/10.1088/0031-8949/86/02/ 

025009 

Maurya, S.K. and Gupta, Y.K. (2014). A new class of relativistic 

charged anisotropic super dense star models. Astrophysics 
and Space Science, 353(2):657-665. https://doi.org/ 

10.1007/s10509-014-2041-5 

Maurya, S.K., Gupta, Y.K., Ray, S., and Chowdhury, S.R. 
(2015). Spherically symmetric electromagnetic mass 

models of embedding class one. arXiv preprint 

arXiv:1506.02498. 
Maurya, S.K., Singh, K.N., Govender, M., and Hansraj, S. 

(2022). Gravitationally decoupled strange star model 

beyond the standard maximum mass limit in einstein-
gauss-bonnet gravity. The Astrophysical Journal, 

925(2):208. https://doi.org/10.3847/1538-4357/ac4255 

Messineo, M., Zhu, Q., Menten, K.M., Ivanov, V.D., Figer, D.F., 
Habing, H., Kudritzki, R.P., Chen, C.-H.R., Davies, B., 

and Churchwell, E. (2016). Hunting for massive late-type 

stars in the inner disk of the milky way. In: Proceeding of 
CoolStar19 Works, p. 120-123. https://doi.org/ 

10.5281/zenodo.59139 
Molla, S., Murshid, M., and Kalam, M. (2022). Analytical model 

on mass limits of strange stars. Astrophysics and Space 

Science, 367(1):1-11. https://doi.org/10.1007/s10509-
021-04035-0 

Mustafa, G., Errehymy, A., Maurya, S.K., Jasim, M.K., and 

Ditta, A. (2022). Study on anisotropic star in extended 
teleparallel gravity with minimal matter coupling. Chinese 

Journal of Physics, 77:1742-1754. https://doi.org/ 

10.1016/j.cjph.2022.02.013 
Özel, F., Güver, T., and Psaltis, D. (2009). The mass and radius 

of the neutron star in EXO 1745−248. The Astrophysical 

Journal, 693(2):1775. https://doi.org/10.1088/0004-637X/ 
693/2/1775 

Rawls, M.L., Orosz, J.A., McClintock, J.E., Torres, M.A., 

Bailyn, C.D., and Buxton, M.M. (2011). Refined neutron 
star mass determinations for six eclipsing x-ray pulsar 

binaries. The Astrophysical Journal, 730(1):25. 

https://doi.org/10.1088/0004-637X/730/1/25 
Sah, A. and Chandra, P. (2016). Class of charged fluid balls in 

general relativity. International Journal of Astronomy and 

Astrophysic, 6(4):494-511. https://doi.org/10.4236/ 

ijaa.2016.64038 

Samuroff, S., Mandelbaum, R., and Di Matteo, T. (2020). Testing 

the impact of satellite anisotropy on large-and small-scale 
intrinsic alignments using hydrodynamical simulations. 

Monthly Notices of the Royal Astronomical Society, 

491(4):5330-5350. https://doi.org/10.1093/mnras/stz3114 
Sana, H., Momany, Y., Gieles, M., Carraro, G., Beletsky, Y., 

Ivanov, V. D., De Silva, G., and James, G. (2010). A MAD 

view of Trumpler 14. Astronomy and Astrophysics, 
515:A26. https://doi.org/10.1051/0004-6361/200913688 



 

030130-8 Anisotropic Neutron Star Model 

Schwarzschild, K. (1916). Über das gravitationsfeld einer kugel 
aus inkompressibler flüssigkeit nach der einsteinschen 

theorie. Sitzung kön pre Akad Wiss Ber, p. 424-434. 

Singh, K.N., Bhar, P., and Pant, N. (2016). A new solution of 
embedding class I representing anisotropic fluid sphere in 

general relativity. International Journal of Modern Physics 

D, 25(14):1650099. https://doi.org/10.1142/S02182718 
16500991 

Singh, K.N., Bhar, P., Rhaman, F., and Pant, N. (2018). Effect of 

electric charge on anisotropic compact stars in 
conformally symmetric spacetime. Journal of Physics 

Communications, 2(1):015002. https://doi.org/10.1088/ 

2399-6528/aa9c50 
Szkudlarek, M., Gondek-Rosińska, D., Villain, L., and Ansorg, 

M. (2019). Maximum mass of differentially rotating 

strange quark stars. The Astrophysical Journal, 879(1):44. 
https://doi.org/10.3847/1538-4357/ab1752 

Tamta, P. and Fuloria, P. (2022). The physically realizable 

anisotropic strange star models. Indian Journal of Physics, 

96(5):1577-1590. https://doi.org/10.1007/s12648-021-

02069-2 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

Tewari, B.C. and Charan, K. (2015a). Horizon free eternally 
collapsing anisotropic radiating star. Astrophysics and 

Space Science, 357(2):107. https://doi.org/10.1007/ 

s10509-015-2335-2 
Tewari, B.C. (2013). Collapsing shear-free radiating fluid 

spheres. General Relativity and Gravitation, 45(8):1547-

1558. https://doi.org/10.1007/s10714-013-1545-6 
Tewari, B.C. and Charan, K. (2015b). Gravitational collapse, 

shear-free anisotropic radiating star. arXiv preprint 

arXiv:1503.02165. 
Tewari, B.C., Charan, K., and Rani, J. (2016). Spherical 

gravitational collapse of anisotropic radiating fluid sphere. 

International Journal of Astronomy and Astrophysics, 
6(2):155-165. https://doi.org/10.4236/ijaa.2016.62013 

Thirukkanesh, S. and Ragel, F.C. (2013). A class of exact strange 

quark star models. Pramana, 81(2):275-286. 
https://doi.org/10.1007/s12043-013-0582-8 

Tolman, R.C. (1939). Static solutions of Einstein’s field 

equations for spheres of fluid. Physical Review Journals 

Archive, 55(4):364. https://doi.org/10.1103/PhysRev. 

55.364 


