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In this paper, we have derived a class of analytical solutions of Einstein field equations for a 
spherically symmetric anisotropic matter distribution. By choosing one of the metric potentials 
grr to be Krori-Barua metric type and a specific choice of anisotropy we obtain the other metric 
function. The interior solutions thus obtained has been utilized to construct a potentially stable 
model that could describe compact stellar objects. The exterior vacuum region has been assigned 
with the Schwarzschild spacetime metric. Across the boundary of the compact star where the radial 
pressure drops to zero, the interior metric has been matched smoothly with the exterior metric to fix 
the model parameters associated with the solutions. All the regularity conditions, energy conditions 
and all other physical requirements demanded for a realistic compact system has been shown to 
satisfy graphically with this model corresponding to the pulsars 4U1820 - 30 (Mass= l.58M0 and 
radius= 9.1 km) [1] and Gen X - 3 (Mass= l.49M0 and radius= 10.136 km)[2]. The stability 
of the model is also discussed using some of the known stability criterion namely TOV equation, 
adiabatic index, Buchdahl condition and Herrera's cracking concept etc. The wide applicability of 
our developed model has been justified with the numerical values of current observational data set 
from various other known compact stars to a high degree of accuracy. 
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I. INTRODUCTION 

Compact star, being the last stage of stellar evolution, has been the field of active research work in the study of 
astrophysics since the discovery of particle neutron by Chadwick in the year 1932 [3]. At the end of stellar evolution 
of a star during gravitationaJ collapse, the remnant which has high mass relative to their radius (10 - 12 k.m.) 
compared to ordinary atomic matter form the compact star. Depending on their masses it can be classified 
as white dwarfs, neutron stars, strange star or black hole. The densities involve in a typically white dwarf or 
neutron star is of the order of 1014 - 1015 gm/ cc. Discovery of neutron star [4] and observation of pulsars [5] 
have encouraged many researchers across the globe to model compact star theoretically. Compact objects are 
the natural laboratories provide a unique laboratory to study the structure of matter under extreme conditions 
like high gravity and density. Relativity (GR), which relates gravity with geometry becomes a key role to play 
to study compact star. The first solutions for Einstein field equations to describe the interior of the stellar 
structure were obtained by Karl Schwarzschild [6, 7] in 1916. One of the main task for a researcher is to develop 
a physically viable compact stellar analytical models within the framework of GR which are capable of describing 
recently observed pulsars. One can adopt two different approaches to develop relativistic static self-gravitating 
compact stellar systems . First, by solving the Tolman-Oppenheimer-Volkov (TOY) equations (Phys. Rev. 55 
374, (1939)) with the knowledge of the equation of state (EoS) corresponding to the material compositions of 
the star i.e., how the pressure depends on nuclear density. Due to lack of information regarding the particle 
interactions in extreme density, alternative methods are often adopted where, amongst many techniques, such 
as prescribing the geometry or the fall-off behaviour of density /pressure/anisotropy /mass/some conditions are 
considered for the construction of the model. Also to overcome the difficulties involves with the non-linearity of 
Einstein field equations, various conditions like Karmarkar condition of embedding class one, conformal motion, 
conformally flat geometry etc. are adopted by several authors to ease the difficulty for solving the system of equations. 
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The most popular approach for solving EFEs is to assume one metric potential and implement different conditions 
such as anisotropy, embedding class one, fixed EoS (the relationship between pressure and density) on the EFEs to 
generate the other metric potential. EFEs for spherically symmetric matter distribution basically consists of three 
systems of equation with five variables, so to solve the system of equation mathematically we need to consider any 
two-variable freely. Delgaty and Lake [8] have presented 127 exact solutions for EFEs but the complexity for solving 
the problem can be imagined as only 16 of them were fit to represent physically acceptable systems. 

In the modelling of relativistic stellar compact objects, the introduction of anisotropy in the matter has become 
an important component as anisotropy have non-negligible effects on the physical parameters. The existence of 
anisotropy in a compact object occurs when the pressures in the radial directions differ from that in the transverse 
direction. The groundbreaking work of Bowers and Liang [9] on anisotropic compact star triggered a new area of 
astrophysical research for modelling compact star considering the anisotropy. It is worth mentioning that Ruderman 
[10] first observed the presence of anisotropy in the matter with density higher than 0(15). Soon later, many 
researchers developed their interest in the origin of anisotropy stellar systems and its consequences. Anisotropy in 
a stellar structure can originate from various sources: mixture of different types of fluid [11], presence of superfluid 
or existence of solid core [12], phase transitions [13], pion condensation [14] etc. Presence of strong magnetic fields 
[15], commonly called magnetars and presence of strong electromagnetic fields [16] can also generate anisotropy. 
For the above-mentioned cases, the tensions in the stellar interior can produce anisotropy[l 7- 20]. Ponce de Leon 
[21] have provided analytically two new exact solutions for EFEs for static matter distribution utilizing anisotropic 
pressure. For compact star, anisotropy is the sufficient condition to study dense matter distribution as studied by 
Mak & Harko [22] and Sharma et. al [23]. The gravitational behaviour of compact stars under strong gravitational 
field has been studied by Chaisi and Maharaj [24]. New exact solutions of a relativistic compact star for anisotropic 
matter distribution maintaining the hydrostatic equilibrium by Paul & Deb [25]. Kalam et. al [26] have investigated 
anisotropic neutron star with quintessence dark energy. It was shown found that the mass, the redshift structure and 
physical properties of highly compact spheres influenced by the incorporation of the anisotropy in the system[27, 28]. 
In the studies of compact objects, several investigators have shown the effects of anisotropy for developing physically 
viable model[29- 33]. In the literature, it has been discussed that in modelling astrophysical objects the effects of 
nonzero anisotropy on the gross physical features on compact objects[34-48]. 

In the present article, we are adopting a method that assumed a metric potential B5 ( r) in Krori-Barua (KB) 
metric and a special form of anisotropy[49]. A similar approach of modelling compact star considering a specific 
metric potential B5(r) and anisotropy is investigated by Das et. al [50]. In the studies of the compact stars, it 
has been found that the Krori and Barua (KB) spacetime provides an excellent platform for modelling quark and 
strange type compact stars. Krori-Barua metric provides a useful metric to model compact objects in the framework 
of General Relativity since KB metric is singularity free as suggested by Junevicus [51]. KB model also satisfies 
necessary energy conditions for a relativistic compact star [52]. Some of the fascinating works by making use of KB 
metric have been executed by Rahaman et al to model the anisotropic compact stars. Their studies show that using 
KB metric the singularity free solutions describe a compact object of radius 8 km [53] whilst using same KB metric 
along with MIT Bag model describes a compact object of radius 8.26 km [54]. In another paper, Rahaman et. al [55] 
have used KB metric to investigate anisotropic, charged, static, spherically symmetric fluid. Recently, several authors 
[56- 61] have studied anisotropic compact stars in the background of General Relativity and other modified gravity. 
Saha and Debnath have authored modelling of compact star considering the metric potentials slightly different from 
KB metric with modified Chaplygin gas in f(T) gravity [62 , 63]. 

Our paper is outlined as follows: Section II describes the Einstein field equation in spherically symmetric spacetime 
and the solutions of the new model is depicted in Section III.In Section IV we have matched the stellar interior structure 
with Schwarzschild exterior at the boundary of the star and thus generated expressions of model parameters. We 
have briefly discussed some of the necessary requirements for a physically acceptable solution in Section V. A detailed 
analysis of the physical features and the stability of the solution for the model are given analytically and graphically 
in Section VI. Section VII consists of concluding remarks of our model in comparison to some well known compact 
stars. 
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II. EINSTEIN FIELD EQUATIONS 

We have considered a line element describing the space-time of the interior of a spherically symmetric star with 
zero angular momentum as: 

(1) 

where, Ao(r) and Bo(r) are called the gravitational potential. We have chosen the metric potential Bo(r) in the form 
of I<rori-Barua metric [49] type. 

Assuming the matter distribution of the stellar interior is anisotropic in nature, the energy-momentum tensor in 
the standard form can be described by that of a perfect fluid as 

(2) 

where, p represents the energy-density, p,. and Pt , respectively denote fluid pressures along the radial and transverse 
directions of the fluid. The fluid four-velocity u is comoving and is given by ua = A01(r )80. 

The Einstein field equations for the line element (2) of the system are then obtained as (we set G = c = 1 in the 
geometrized unit) 

81rp [ 
1 1 2B0] 
~ - r 2 B5 + r BJ ' (3) 

81rp,. [
_2_ + _l_ + 2A0 ] _ 

r 2 B51·2 rAoB5 · 
( 4) 

[ 
Ao Ao Bb AoBb] 

A0B5 + rA0B5 - rBJ - AoBJ ' 
(5) 

where 'prime' in Eqs. (3)-(5) denotes differentiation with respect to radial co-ordinate r . Here the above system of 
equations is consists of three equations and five unknowns (p, Pri Pt, Ao, Bo) so that two of them can be chosen 
freely. 

Making use of Eqs. (4) and (5), we define the anisotropic parameter of the stellar system as [64] 

[ 
A" A' B' A' B' 1 1 ] 

6.(r) = 81r(pt p,.) = A Bo 2 A oB2 B03 AoBg 2B2 + .2 . 
oo roo ro o o r o 1 

(6) 

It is to be noted that anisotropy 6.(r) is assumed to vanish at the centre of a stellar configuration i.e. p,.(O) = p1(0). 
For the considered matter distribution, the anisotropic force defined as 26./r needs to be repulsive (Pt > p,-) rather 
than attractive (Pt < p,.) in nature to support the construction of more dense compact objects [65]. 

The mass contained within a radius r of the sphere is defined as 

m(r) = - w 2 p(w)dw. 11· 
2 0 

(7) 

III. THE NEW MODEL 

To develop a physically reasonable model of the stellar configuration, we assume that the metric potential g,.,. as, 

2 Ar2 
B0 (r) = e 2 , (8) 

where A is the model parameter of the configuration having a dimension of L - 2 and it will be determined from the 
matching conditions at the boundary of the star. It is to be noted that A should be non-zero as A = 0 will make the 
metric (1) flat. In this model, we have considered a specific form of anisotropy to find a solution for the new model. 

With this choice of Bo(r) in Eq. (8) the equation Eq. (6) reduces to 

- Ar2 1 e-Ar
2 

e-Ar
2 
Ao(r) Ae-Ar' rAo(r) e-Ar' Ao(r) 

6. = -Ae + - - -- - ---~- - ----~- + ---~-
r2 r-2 rAo(r) Ao(r) Ao(r) 

(9) 

On rearranging Eq. (9) we get 

----,--"-0-'--'- - --+ -~~A' (r) = 6. + Ae- Ar - - + --. e- Ar' A"(r ) ( e- Ar' r Ae- Ar' ) 2 1 e- Ar' 

Ao(r) rAo(r) Ao(r) 0 r 2 r 2 (10) 
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2 - A r 2 

Now the above Eq. (10) can be solved for A0(r) for a specific choice of 6.. We choose 6. = - Ae-Ar + -fr - T 
for solve the Eq. (10). Since A is non-zero and the metric Ao(r) is non-zero so Eq. (10) reduces to easily integrable 
second order ODE as, 

(11) 

Also, this choice of anisotropy provides a simple solution to Eq. (11) in closed form as 

Ar2 

Ce----, 
A0 (r ) = -A- + D, (12) 

where C and D are constants of integration and will be obtained from the boundary condit ions. With the choices of 
t he metric potentials the matter density, radial pressure, t ransverse pressure and mass are obtained as 

81rp,. 

1 + e-Ar
2 (2Ar 2 - 1) 
r2 

2AC e-A,·
2 

- 1 
2 + 2 

ADe A; + CeA,·' r 

A Ce----, -AD 
( 

A r
2 

) 

ADeAr' + Ce ' A,"
2 

' 

1 - e- Ar' (1 + Ar2) 

r2 

IV. MATCHING OF BOUNDARY CONDITIONS 

For any physically acceptable non singular solutions, following junction conditions are need to satisfy: 
(i) The exterior space-t ime for a non radiating star can be described by Schwarzschild metric as, 

ds2 = - (1 - 2
:
1 )dt2 + (1- 2

~) -
1dr2 + r2(d02 +sin2 0dq/) , 

(13) 

(14) 

(15) 

(16) 

(17) 

at r > 2M, M being the mass of the stellar. The interior space- time metric Eq. (1) must be matched to the exterior 
space-t ime Eq. (17) at the boundary of the star r = b. The matching of the matrices at the boundary has been shown 
in Fig. (1)-(2) considering the pulsars 4Ul 820 - 30 and Gen X - 3, respectively. T he continuity of the metric across 
the boundary leads to 

(18) 

(ii) Radial pressure should be finite at the stellar interior and should vanish at finite value of r , known as radius of 
the star [66], thus from the condition p,.(r = b) = 0 one can easily find the radius of the star. 
Making use of the first and second fundamental junction conditions and the condition that the radial pressure drops 
to zero at boundary we obtain the expressions for the model parameters as: 

A = 
2ln(l - 2

~) 
(19) 

b2 

C 
2(b- 2M)~ b- M)

2
M

2 l (l - 2M)2 
b- 2M ) n b 

(20) 
b! 

D 
(M(b- M ) + (b - 2M)2ln(l - 2t1

)) 
(21) 

./b(b - 2M) ! ln(l - 2
~ ) 
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FIG. 1: Junction of metric potentials Ao(r)2 & 
Bo(r)2 at the boundary for the pulsar 4Ul 820 -30 

FIG. 2: Junction of metric potentials Ao(r) 2 & 
Bo(r)2 at the boundary for the pulsar Gen X - 3 

V. PHYSICAL REQUIREMENTS FOR WELL-BEHAVED SOLUTIONS 

For a physically viable stellar model, the non-singular interior solution for t he anisotropic fluid sphere of Einstein 
gravitational field equation should satisfy the following conditions throughout the stellar configuration: 

1. The gravitational potentials Ao(r), Bo(r) and the matter variables p, Pr , Pt should be well defined at the center 
and finite, regular as well as singularity free throughout the radius of star. 

2. The energy density p should be positive throughout the stellar interior i.e., p 2 0. Its value at the centre of 
the star should be positive finite and monotonically decreasing towards the boundary inside the stellar interior, 
ma.thematically ~ :::; 0. Also, the energy density should be maximum at the centre. 

3. The radial pressure Pr and the tangential pressure Pt must be positive inside the fluid configuration i.e., Pr 2 0, 
Pt 2 0. Additionally Pr(0) = Pt(0) [52]. All the matter var iables a.re expected to have maximum value at the centre 
of t he stellar structure, p'(0) = p~(0) = p;(o) = 0 and the gradient of the pressure must be negat ive inside the stellar 
body, i.e., ~ < 0, ~ < 0. At the stellar boundary r = b the radial pressure Pr should vanish but the tangential 
pressure Pt may not zero at the boundary. In fact tangential pressure should be greater than radial one except at 
the centre. At the centre both the pressures are equal which means the anisotropy should vanishes at the centre, 
.6.(r = 0) = 0. Also anisotropic factor should be increasing towards the surface. 

4. For an anisotropic fluid sphere fulfillment of the either of one energy conditions refer to the following inequalities 
in every point inside the fluid sphere is required: 
Strong Energy Condition(SEC) which includes p + p,. 2 0; p + Pt 2 0; p +Pr+ 2Pt 2 0 [67]. 
Dominant Energy Conditions(DEC): p 2 p,. and p 2 Pt · 

5. Casuality condition have to be satisfied to be realistic model i.e. the speed of sound must be smaller than speed 
of light(a.ssuming t he speed of light c=l) in the interior of the star, i.e., 0 :::; ~ :::; 1, 0 :::; t :::; 1 [68]. The require

ments can be compiled into a region as - 1 :::; v;-v; :::; 0 [69], where Vr , Vt a.re radial and transverse speed respectively. 

6. The interior metric functions should match smoothly to the exterior Schwa.rzschild space-time metric at the 
boundary [6]. Moreover, these matching criteria. generate the value of the model para.meter for the metric potentials. 

7. For a stable model, the adiabatic index i.e. ratio of two specific heats [70-72] should be greater t han l 
8. The redshift para.meter z should be positive, finite and monotonically decreasing outwards. 
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VI. PHYSICAL ATTRJBUTES OF THE MODEL 

A. Regularity of the metric 

The gravitational potentials for our model are singularity free, positive and finite at the center (r = 0) as they 
satisfy , A5(0) = (~ + D)2 = constant , B5(0) = 1. Also, we have (A5(r));.=0 = (B5(r));.=0 = 0, depicting the 
regularity of t he metric at the centre and well behave nature throughout the stellar interior. Figs (3)-( 4) depict the 
regularity of the metric potentials considering t he pulsar 4U1820 - 30 and Gen X - 3, respectively. 
Any solution of the model will be accepted if the regularity of matter variables are satisfied for both at the centre and 
stellar interior. The density p, radial pressure Pr and the tangential pressure Pt should be posit ive inside the star and 
p(O), Pr(0) and Pt(0) should be fini te at the centre. It is evident from the Figs (5) that density is maximum at the 
surface of the star and decreases towards the boundary as required. Also Fig. (6)-(7) shows that the radial pressure is 
zero at the boundary while tangential pressure need not be zero at the boundary for both the star. Also, it predicts 
the absence of anisotropy at the centre. P rofile of anisotropy is shown in Fig. (8). It can be seen that anisotropy is 
monotonically increasing towards the boundary of the star indicating the presence of repulsive force. 

B. Gradient 

For a viable model the solution of field equations for anisotropic compact star the energy density p and pressures 
(pr , Pt) need to be maximum at t he center and monotonically decreasing towards the surface of t he star i.e. 

( *) r = O = 0 = ( ¥r) r=O and ( ~) r=O < 0, ( ~) ,·=O < 0, such that the gradients are negative within 0 < r < b, b 
being radius of t he star. Here the gradient of energy density, radial pressure and tangential pressure are respectively 
written as: 

Brr dp 2e-Ar' (2A2r4 - Ar2 + eAr' - 1) 
(22) 

dr r3 

dp,. 2 - 2e-Ar' 2Ae-Ar' -Ar2 .&::, 
2rA2Ce- ,- (AD +2Ce, ) 

(23) 8rr- r3 - --- -
(AD+ Ce A;·' )2 dr r 

8rr dpt 2rA2e- Ar'(A2D2 + AC De A;' - C2e A,·
2

) 

(24) 
dr (AD+ CeAr,/2 )2 

All the gradients of matter variables i.e. the gradient of the density, radial pressure and tangential pressure are 
negative inside the stellar body and they vanish at the centre as is shown graphically in Figs. (9)-(10) which ensure 
the decreasing nature of density, radial pressure and tangential pressure with the radial parameter. 

C. Energy condition 

To be physically viable, stellar composition must need to satisfy some energy conditions throughout the interior. 
In General Relativity, the energy conditions allows to describe the matter variables with some certain const raints 
and to defend physically viable solutions. To test the acceptability of the model we have tested the following energy 
conditions: 

(Null Energy Condition) N ECr 

(Weak Energy Condition) W ECr 

WECt 

(Dominant Energy Condition) DECr 

(Strong Energy Condition) SEC 

p(r) - p,.(r) 2 0, N ECt : p(r) - Pt(r) 2 0, 

p(r) 2 0, p(r) - Pr(r) 2 0, 
p(r) 2 0, p(r) - Pt(r) 2 0, 
p(r) - IPr(r)I 2 0, DECt : p(r) - IPt(r) I 2 0, 

p(r) - p,(r) - 2pt(r) 2 0. 

All these energy conditions are satisfied by the presented solutions as shown graphically in the Figs. (11)-(12). 

(25) 
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D. Equation of state 
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Equation of state (EoS) of the matter distribution describes the relationship of energy density and pressure and is 
given as 

p,. 
w,.=-; 

p 
Pt 

Wt=- . 
p 

(26) 
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FIG. 12: Different energy conditions plotted 
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For non-exotic configuration EoS parameter must be smaller than 1 i.e. 0 < w,, Wt < 1 as suggested by Rahaman et. 
al ([55]). It is to be noted that different EoSs lead to d ifferent mass-radius relationships. In Fig. (13) we have plotted 
the EoS parameter for both the star. In Fig. (14) we have plotted the EoS, which exhibit almost linear relationship. 
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TABLE I: Values of different model parameters corresponding to different known compact star 

Compact Star Mass(M0) Mass(kms) Radius(kms) A C D 
4Ul820 - 30 [l j 1.58 2.3305 9.1 0.00866858 0.00309261 0.187624 

P SR J 16142230 121 1.97 2.90575 10.977 0.00625589 0.00219689 0.174062 
Vela X-1 [2J 1.77 2.61075 10.654 0.00593383 0.00215887 0.20457 
Cen X-3 121 1.49 2.19775 10.136 0.00553392 0.00211046 0.245799 

SAX J 1750.8-2900 [l j 0.895 1.32013 6.88 0.0102275 0.00405367 0.280115 

E. Stability Analysis 

1. TO V Equation 

To verify the static equilibrium of the proposed model, Tolman-Oppenheimer-Volkoff (TOY) equation needs to be 
investigated. Under three forces namely gravitational force(F9), hydrostatics force (Ph) and anisotropic force (Fa) a 
star is supposed to remain in static equilibrium. The general form of TOV equation in presence of anisotropy can be 
expressed as: 

Mc Ao(r) dp, 2 
- -(p+p,)-- - - + - (Pt -p,) = 0, 

r Bo(r) dr r 
(27) 

where Mc(r) is the effective gravitational mass and it can be derived with the help of Tolman-Whittaker mass 
formula given as 

rBo(r)A[i(r) 
Mc(r) = Ao(r)2 . 

Using the expression of Mc (r) in Eq. (28) we obtain 

A0(r ) dp,. 2 
--A ( )(p+p,)--d +-(pt-p,.)= 0, 

o r r r 

TABLE II: Values of various matter variables corresponding to different known compact star 

Compact Star Pio Plb (p - Pr - 2p,)Jo (p - P,· - 2p,)Jb Tolb 7,; lb zlb 
4Ul 820 - 30 0.01733716 0.0146423 0.000588765 0.Ql0729 0.235063 0.100678 0.431786 

PSR J 16142230 [2J 0.01251178 0.0102815 0.000725964 0.00738167 0.244889 0.114256 0.457759 
Vela X-1 121 0.01186766 0.0103691 0.000946165 0.00778496 0.223462 0.0845187 0.400414 
Cen X-3 [2J 0.01106784 0.0104892 0.00194527 0.00831557 0.198057 0.0485941 0.328796 

(28) 

(29) 
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which is equivalent to 

F9 + F,. + Fa = 0, 

where 

Fg 
Ack) 

- Ao(r)(p+ pr), 

F,. 
dpr 
dr ' 

2 
Fa - (Pt - Pr), 

r 

represents gravi tational force, hydrostatics force and anisot ropic forces respectively. 
Hence the expressions become in our model 

2rA2 Ce - ~"
2 

(AD+ 2Ce A;

2

) 

Fg = 
(AD+ CeA:;2 )2 

(
e-Ar

2 
- 1 Ae-Ar

2 
A2rCe - ~r

2 

(A D+ 2Ce"'1F) ) 
2 3 +--- + 2 , 

r r (AD +Ce..:lf=- )2 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

Clearly from Fig. (15)-(16) it can be concluded t hat anisotropic forces and hydrostatic forces are almost similar 
and their combined forces are balanced by the gravitational force which is negative to keep the system in equilibrium. 

2. Herrera Cracking Method 

For self-gravitating compact objects the concept of cracking needs to be investigated to determine the stability of a 
configuration of anisotropic matter fluid for anisotropic matter distribution as studied by Herrera [68]. JVIathematically 
Herrera's cracking concept is written as sound speeds (radial and transverse) in the region (0, 1) i.e. 0 :::; v;r :::; 1 and 
0 :::; v;1 :::; l. T he radial and t ranverse velocity of sound (c = 1) are given as : 

2(2A2r 4 - Ar2 + eA,·2 
- 1) 

A 2r 4 (A 2 D2 + AC D eA;•
2 

- C2 eA'
2

) 

(AD+ Ce~)2(2A2r 4 - A r2 + eAr2 
- 1) . 

(37) 

(38) 

Figs. (17)-(18) support that the fulfillment of casuality condition for our model. Later Abreu et al [69] combined 
the Herrera's cracking concept for radial and transverse sound velocity to determine the range for a potentially stable 
( or unstable) anisotropic compact object. As per their study a potentially stable model should follow the inequality 
- 1 :::; v;1 - v;r :::; 0 provided no sign change of v;1 - v;,. within the stellar radius. In t his model the inequality 
-1 :::; v;1 - v;,.:::; 0 holds for our model as shown in Fig. (19). 

3. Adiabatic index 

The stability of relativistic as well as non-relativistic compact star depends on the adiabatic index. For relativistic 
anisotropic structure, the adiabatic index r is described as the ratio of two specific heats and is defined as [73] 

(39) 

Bondi [74] suggested for the Newtonian sphere the stability condition is r > 1 and for neutral equilibrium t he 
stability condition becomes r = ; . Later , Heintzmann and Hillebrandth [71] suggested for a anisotropic sphere to be 
in equilibrium, the adiabatic index r must be> l Fig. (20) shows that values of rr are greater than 1 throughout 
the stellar configuration which supports the stability of our model. 
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4. Buchdahl Condition and surface redshift 

The mass fu nction for our model is given as 

1 A 2 m(r) = - r(l - e- r ) . 
2 

(40) 

The mass function Fig. (21) is monotonically increasing towards the bounda ry o f the star. For any given radius we can 
generate the total mass of an anisotropic star and vice-versa. For the stability of a compact model, the mass- radius 
ratio or the compactness [u(r) = m(r)/r] of the model should be< 0.44 [75] as proposed by Buchdahl. Additiona lly 
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for more generalized expression for a mass-radius ratio can be known by Mak and Harko's work [76]. T he gravitational 
surface redshift is given as: 

( 41) 

From Eq. (41) it is evident that surface redshift increases with the increase of l!(:-. The surface redshifts should obey the 
inequality z < 2 for a stable configura tion [77]. In Fig. (22) the profile of the radial variation and transverse variation 
for the gravitationa l surface redshift is plotted and it can be clear ly observed that the surface redshift remains within 
the prescribed range as it should be. 

VII. CONCLUDING REMARKS 

In this paper, we have studied a model for a spherically symmetric anisotropic matter fluid sphere by assuming a 
specific metric potential Bo(r) and anisotropy. The obtained solution is physically valid as it maintains the following 
features: 

• T he singularity free solution is regular, finite, and well behaved in the stellar interior. Both the metric functions 
are regular, positive and non-singular both at the centre and throughout the stellar interior. T he energy density 
of the model is positive, finite and monotonically decreasing throughout the interior. Components of pressures 
are equal at the centre but t hroughout the star, t hey become unequal making the system anisotropic. The 
expression for anisotropy must be chosen in such a way that it vanishes at r = 0 as well as increasing function 
of r. Increasing nature of anisotropy shows the presence of repulsive force allowing to construct more dense 
objects. 

• Smooth matching of the stellar interior with Schwarzschild exterior and radial pressure zero at the boundary 
produces the expression for model parameter which further a llows us to test the stability criterion and physical 
features analytically and graphically of our model. Thus having the values of the model parameters A , G, D 
utilizing the boundary conditions all physical properties considering the pulsar 41/1820 - 30 and Gen X - 3 has 
been shown to obey. 

• Physical feature of mass funct ion has been studied graphically in Fig. (21). T he mass function vanishes at the 
centre for our model and is monotonically increasing as suggested for a viable model by Lake [78] and Maurya 
et. al. [79]. 

• Various stability conditions are studied by the model. the model remains in static equilibrium under hydrostatic, 
anisotropic and gravitational forces. The absolute difference of sound velocities of the model remains in the 
range (0, 1). The radial adiabatic index is shown to greater than 1 throughout the stellar structure. 

• T he surface redshift is positive and belongs within the range < 2. The equation of state parameter, which is 
one of the most important property to describe the stellar structure, is depicted graphically in Figs. (14) which 
shows a linear relationship. Best fit for the EoS curve for the pulsar 41/1820 - 30 is 0.236425 x - 104.925 and 
that for the pulsar Gen X - 3 is 0.194931 x - 61.8752. 

We have also calculated the model parameters and the physical features of different well known stars and have 
represented in tabular form in Table. I and Table. II respectively. In Table. II, the values represented as lo and [b 
denote the values of matter variables on the center and on the surface of the star respectively. We have shown that 
the values of matter variables satisfy that of a compact star. Most importantly energy density and energy conditions 
are decreasing from the center towards the boundary of the star. Thus to sum it up this model is an approach to 
describe a structure of a compact star. The present singularity free solution of our model might be of astrophysical 
relevance in fu ture. 
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