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Abstract

In this paper, we develop a novel spherically symmetric neutron star model by combining the two
useful mathematical aspects of astrophysics, Karmakar’s condition and Durgapal metric for
anisotropic stellar objects. We use Karmakar’s condition to embed a class I reducibility criteria in
the model. The solutions are simplified by considering e” = B(1 + x)®, where x = Cr?, beyond the
fifth model given by Durgapal. The model does not have the central singularity. The model well
behaves for the realistic physical properties of the neutron stars. The energy density, the pressure in
the radial direction, and the pressure in the tangential direction are positively finite and decrease
from the center to the surface of the neutron stars. The redshift and the compression moduli are
also positive finite. In the offered model, we take the values of the constants as 1.5760 < A < 2.295,
0.0602 < B < 0.5577, and 7.492 x 10" < C < 3.397 x 10°° for the neutron stars EXO 1785-248, SMC
X-1, Her X-1, 4U 1538-52, LMC X-4, and Cen X-3. The Buchdahl condition is well satisfied by the
model.
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Introduction

The study of general relativity started with a real number multiple of the mass of the Sun.

Einstein’s hypothesis of curved spacetime. Einstein
proposed that massive bodies curve the spacetime
around them, which causes the formation of a
gravitational field due to those bodies. In theoretical
physics, these fields are studied through a
mathematical model known as field equations.
The field equations are the geometrical
representation of the curve spacetime due to the
mass of a body. The massive bodies curve the
spacetime around them significantly. Neutron stars,
white dwarf stars, quark stars, and strange stars are
some massive stars in the universe having mass as

In order to study such astrophysical objects, the
researchers try to obtain the exact solutions of
Einstein’s field equations by considering the
different 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 early attempt to discover 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
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acceptable for all at the time. Tolman (1939) took
the solutions of field equations to another level and
proposed eight solutions of the field equations. All
these eight solutions are not suitable for studying the
inner assembly of the super dense astral matters.
But, the fourth and the seventh solutions are well
known for relating the inner assembly and physical
properties of colossal compressed astral matters.

Researchers have been continuously trying to
develop useful exact solutions to the field equations
given by Einstein to study general relativity in the
different perspectives of stellar objects in a
Riemannian metric of four dimensions. In
contemporary research of theoretical physics in
general relativity and extended general relativity,
neutron stars are widely studied (Mak and Harko,
2003; Astashenok et al, 2013; Pili et al., 2017;
Saha and Debnath, 2019; Thirukkanesh et al., 2019;
Estevez-Delgado et al., 2020a; Estevez-Delgado
et al., 2021).

Karmakar suggested the study of complex
curved spacetime of lower dimension can be
simplified by embedding it in the flat spacetime of
higher dimension (Karmarkar, 1948). Karmakar’s
condition gained popularity among researchers due
to its simplified curved spacetime nature. In the very
recent past Saklany (Saklany et al., 2023) studied
the dense stellar with united dark energy in
Karmakar-connected relativistic spacetime. Khan
(Khan et al., 2022) used Karmakar’s condition,
generalized polytropes, and complexity factor to
study compressed objects. Parida et al. (2022)
attained a novel class of results for a relativistic
anisotropic dense star by exploiting the Karmakar’s
reducibility criterion. Pant et al. (2022) discovered
novel results for Einstein-Maxwell field equations
in four dimensional spacetime taking charged form
of anisotropic stellar matters inserting Karmakar’s
method and the gravitational decoupling through
minimal geometric decoupling. Mathias et al.
(2021) generated exact solutions to Einstein-
Maxwell field equations by analyzing the
embedding condition. Abbas et al. (2021)
investigated anisotropic stellar dense spheres in
f(R) gravity by using Karmakar’s method. Maurya
and Nag (2021) presented an anisotropic results of
Einstein’s field equations through the minimally
distorted class I generator. Prasad et al. (2021) also
investigated relativistic model for anisotropic
spheres in f(R,T) gravity by using Karmakar’s
method. Mustafa et al. (2021) obtained wormhole
solutions from the Karmakar conditions in f (Q)
formalism. Ramos et al. (2021) studied class |
interior  solution supported by anisotropic
polytropes. Das et al. (2020) used Vaidya and
Tikekar’s spheroidal model to develop a dense astral
model inserting class I Karmakar’s condition.

Hansraj and Moodly (2020) proposed stellar
modelling of isotropic Einstein-Maxwell perfect
fluid spheres by inserting class 1. Gomez-Leyton
et al. (2020) developed a well-recognized
systematic results of the Einstein-Maxwell field
equations using the class | embedding conditions.
Bhar (2019) obtained an anisotropic compressed
star model via inserting class | reducibility. Prasad
et al. (2019) obtained a relativistic model for
anisotropic compressed stars using Karmakar
condition. Singh et al. (2016) proposed newfangled
results by inserting class | to represent an
anisotropic fluid sphere in general relativity, Bhar
and Govender (2017) presented a model of a
compressed relativistic star in the presence of an
electric charge embedding Karmakar’s class I
reducibility criterion. Maurya and Maharaj (2017)
discussed a generalized model of a compressed star
as an alternative of Karmakar’s class I spacetime.
Bhar et al. (2016) created a new relativistic
anisotropic dense stellar model with a spherically
symmetric embedding class | metric. Bhar and
Govender (2017) generated a model of anisotropic
dense stars satisfying Karmakar’s reducibility
criterion. Singh et al. (2016) obtained a new static
and spherically symmetric model by applying
Karmakar’s condition.

Durgapal-type solution is a popular method to
simplify the solutions of Einstein’s field equations.
Landeta (2022) constructed astral models on the
complexity factor for static and spherically
symmetric  self-gravitating  systems as a
supplementary state for approaching to the system
of equations consequent from gravitational
decoupling by using Durgapal IV and other
solutions as the core solutions. Santana et al. (2022)
projected a new method to join the Lane-Emden
equations for relativistic anisotropic polytropes by
investigating the solutions originating from
Durgapal 1V and others. Contreras et al. (2022) used
the vanishing complexity factor to formulate
uncharged and charged symmetric to Durgapal
models. Estevez-Delgado et al. (2020b) presented a
dense star model produced by quintessence and
ordinary matter using Durgapal metric. Zubair et al.
(2020) used Durgapal metric potential to investigate
the charged static spherically symmetric models
taking f(R) theory of gravity. Tello-Ortiz et al.
(2020) reported the local anisotropic effects on
Durgapal’s fourth model in the framework of
gravitational decoupling thru the minimal geometric
deformation method. Islam et al. (2019) presented a
new model for strange stars constructed thru
Durgapal 1V metric. Morales and Tello-Ortiz (2018)
extended Durgapal’s fifth isotropic solution into an
anisotropic scenario. Nasim and Azam (2018)
proposed physical models for anisotropic charged
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matters using Durgapal metric in the generalized
polytropic equation of state. Mehta et al. (2013)
presented a well-behaved class of charged
analogous of Durgapal solution. Fuloria and Tewari
(2012) obtained a charged analogous of Durgapal
solution. Mehta et al. (2013) presented a charged
analogous of Durgapal solutions. Murad and Fatema
(2013) presented a novel class of interior solutions
of Einstein-Maxwell field equations analogous to
Durgapal’s exact solution in general relativity for a
perfect fluid. Maurya and Gupta (2011) attained a
class of models for charged superdense star models
in spherically symmetric curvature coordinates by
taking Durgapal type metric.

In this paper, we have applied Karmakar
embedding condition in Durgapal metric to attain a
novel model for the anisotropic neutron stars.
We took n = 6 in Durgapal Model to achieve more
accurate physical characteristics of the neutron stars
(Durgapal, 1982) and embedded class | reducubility
criterion to obtain a simplified form of the model.
The entire work of this paper is distributed into six
sections. In the second section, we have taken
Durgapal metric to formulate the field equations. In
the third section, we are embedding Karmakar
condition to obtain a mathematical model. In the
fourth section, we discuss the physical acceptability
conditions of the model. In the fifth section, we have
discussed the physical properties of the model. In
the sixth section, we have discussed the matching
condition at the boundary.

Field Equations and Durgapal Metric

Let us take a line element with the spherically
symmetric metric in curvature coordinate as
follows:

ds? = e¥dt? — erdr? — r?2d6? — r2sin®6d¢?, 1)
where, v and A are the functions of r only.

The Einstein field equation can be given by

i 1 i 871G
Rl —1R8} = LT, )
where R} is Ricci tensor, R is Ricci scalar and T} is
the energy-momentum tensor.

Generally, the matter inside a neutron star is of
anisotropic  nature.  Therefore, the energy
momentum tensor for such a distribution of matter
can be given by

T} = [(B + pc®)v'v; — B8] + (B — P)x;x'), @)

where P. is radial pressure, P, is tangential pressure,
p is the energy density, v is the velocity vector in
radial direction, v; is the velocity vector in
tangential direction, x* is the unit space vector in
radial direction, and y; is the unit space vector in
tangential direction.

If we take the metric of the line element given
by equation (1) and put it in equation (2) we obtain
the following field equations:

8nG _ v .y -2 1 (4)
b Eret e 5

8nG N N N A
Tp=et(t-triyr 2 O
c 2 4 4 2r 2r

8nG A 3 1 _; 1 (6)
mPEre T T pe TG

where the prime on each quantity represents the
derivative of the quantity with respect to r that is
with respect to the radius.

We proceed beyond the fifth model proposed
by Durgapal (1982) and make the following
assumptions:

ev=B(1+x)®,x=Cr?ande?*=v, (7)

Where B and C are real constants.

The Conditions of Physical
Appropriateness of the Solutions

The model obtained in Durgapal metric embedding
Karmakar condition for the curvature coordinate
can be considered well performing if the following
conditions are satisfied by the solution:

1. The model is free from all the singularities
i.e., 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 the metric
potentials, e* and e".

2. The pressure and density obtained through
the model should be decreasing as the radius
of the object is increasing.

3. The red shift must be finite-positive and
monotonically decreasing with respect to
the radius of the object.

4. 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 from inner core to the crust of the
object.

5. Buchdahl condition is well satisfied by the
model. (Buchdahl, 1959)
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6. The velocity of sound in the radial (v,) and
the tangential (v,) direction satisfies 0 <
|vZ — v?| < 1 for the stability.

Karmakar’s Condition

Karmakar suggested that a purely gravitational field
represented by Riemannian metric can be engrossed
in a flat space of higher dimension. Therefore, a
4-dimensional  spherically symmetric  curved
spacetime can be immersed into a 5-dimensional flat
spacetime. The class | reducibility condition was
proposed as:

R1212R3434—R2142R3143 (8)
1

R =
1414
R2323

where R,3,5 # 0.

Now, we put the values of all the components
in equation (8) from the line element taken in
equation (1), we obtain

v v _ A'el (9)
vte = 2(e*-1)’

Now, applying the assumptions for the metric
potential taken in equation (7) into equation (9), we
get:

ar | (1+5x)
dx = x(1+x)

Y(1-Y)=0. (10)

This is simple differential equation which
produces the following result

Y=et= L (11)

T 1t+edx(1+x)%

Where A is an arbitrary integral constant. With the
help of equation (11) and using the equations (4), (5)
and (6) we can calculate the pressures and the
density as follows:

enG, _ 1 [12 _ 4 | @)
cct T 14+eAx(14x)t [1+x e?(1+x)7|.
876G , _ 1 12+436x (13)
cct T T a+x)@+eldx(1+0M) L 14x
eA(1+x)3(1+5x) (1+7x)

1+edx(1+x)*
8nG eA(1+x)3 [ 2+11x ] (14)
cc2 ™ T 1+eAx(1+x)* 1+edx(1+x)4]

We calculate the radial and tangential pressure
gradient as well as the density gradient by
differentiating equations (12), (13) and (14) with
respect to x = Cr2.

snGdpy _ _ eA(4x)? (15)
cct dx  (1+eAx(1+x)%)2
4e4(140)2(4+19%) 12
(1+eAx(1+20)%)°  (1+0)2(1+edx(1+0)4)?’
oG Py _ 12-36x (16)
Cc* dx (14x)3(1+edx(1+x)%)3
2¢24(14x)°(1+3x-3x%)
(1+x)3(1+edx(1+x)%)3
2e4(14x)*(13+89x+196x2)
(14x)3(1+edx(1+x)%)3
8nG dp _ 4e4(1+x)2(5+11x) _ ()
cc2dx  (1+edx(1+x)%)3
sed(1+x)* _ e2Ax(1+x)8(1+2x) _
(1+eAx(1+x)4)3 (1+eAx(1+x)4)3
6edx(1+x)*(4+11x)
(1+edx(1+x)%)3
The anisotropy factor can be given as:
_ 1 12436x 12 A (18)
1+elx(1+x0)* L (1+x)2  1+x +tef(l+

x)4 _ eA(1+x)2(1+5x) (1+7x)
1+edx(1+x)%

where A = %(Ft —-B).

In Figure 1-6, we are showing the variation of
metric potential for EXO 1785-248, SMC X-1, Her
X-1, 4U 1538-52, LMC X-4, and Cen X-3. The
variation shown in Figure 1-6 are analogous to the
figure of metric potential shown by Tamta (Tamta
and Fuloria, 2017) for a compact star candidate.
Figure 7-12 are showing the variation in the energy
density from the center to the surface. Figure 13-18
are showing the variation in the radial pressure and
tangential pressure. The variation shown in Figure
13-18 are analogous to the figure shown by Maurya
(Maurya et al., 2018). It is clear from the figure that
the radial pressure and tangential pressure are equal
at the center and the largest difference is at the
boundary. The radial pressure approaches to zero at
the boundary. The change in anisotropy for EXO
1785-248, SMC X-1, Her X-1, 4U 1538-52, LMC
X-4, and Cen X-3 is shown in Figure 19-24.
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Figure 1.
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Properties of the New Solution

The pressure and density at the center are non-zero
and finite, which fits well into the acceptability
condition of the solution. The radial and tangential
pressure are equal at the center.

8nG 8nG
mPrszT=12—eA. (19)
%p = 3e4. (20)

Further, we obtain that P, P, and p are decreasing
from the center to the exterior of the neutron stars
because

(snc dzPr) <0 (87‘[6 dzPT) <0
Cc* dx?2 ) y—g "\cet dx2 /g ’
87G d?

(s g

Cc* dx*/y=9

The speed of sound in the radial and tangential
direction can be calculated by

daPp, daPp.
‘Ur = _T’ ’[]T = —T,
dp dp

1dP. e (1 +e/x(1+x)%) (—12 +eA(1+0)*(eA(1+x)° — 44+ 19x)))
dp (14 x0f (—4(5 + 112) + €A +2)%(5 +eAx(1 +x)* (1 +2x) + 6x(4+ 1)) )

(23)

(1)

(22)

1dp, 2e7A(—6+18x +eA(l+x)* (13 +x(89 +196x + eA(1 + x)5(—1 + 3(~1 +x)x)))
Crdp (14205 (~4(5+ 110) + €A1+ 1)*(5 + eAx(1 + 1)*(1 +2x) + 6x(4 + 111)))

(24)

2 2
From equation (23) and equation (24) - and “* are
less than 1. Therefore, the causality condition is
satisfied. Similarly, we obtain 0 < |v? — v?| < 1.
Therefore, the stability condition is satisfied.
The redshift and adiabatic index are given by:

=Y 1y = (Erte)dir 25
2= TBen? A ( Py ) dp’ (25)
We observe from equation (25) the

gravitational redshift is non-zero and it has finite
positive value at the center. Figure 25-30 show the
variation in the redshift for EXO 1785-248, SMC X-
1, Her X-1, 4U 1538-52, LMC X-4, and Cen X-3.
The variation in the redshift along the radial
coordinate shown in Figure 25-30 are analogous to
the figure shown by Errehymy (Errehymy et al.,
2021). Figure 31-36 show that variation of speed of
sound in the radial and tangential direction along the
radial coordinate for EXO 1785-248, SMC X-1, Her
X-1,4U 1538-52, LMC X-4, and Cen X-3. Itis clear
from Figure 31-36 that the speed of sound is
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monotonically decreasing towards the surface
which is a well-behaved condition (Kumar and
Bharti, 2022). Figure 31-36 are analogous to the
figure shown by Malaver (Malaver, 2018). Figure
37-42 show the variation in adiabatic index along
the radial coordinate for EXO 1785-248, SMC X-1,
Her X-1, 4U 1538-52, LMC X-4, and Cen X-3. The
variation shown in Figure 37-42 in adiabatic index
is analogous the figure shown by Maurya (Maurya
and Tello-Ortiz, 2019). Figure 43-48 show the
variation of compression moduli under the
anisotropy of EXO 1785-248, SMC X-1, Her X-1,
4U 1538-52, LMC X-4, and Cen X-3, taken along
the radial coordinate. The product of adiabatic index
and radial pressure is compression moduli
K, = yP,, which is used to determine the density of
any neutron star. It should be decreasing from the
inner core the crust of a neutron star.
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Matching Condition at the Boundary

All the solutions obtained for the neutron stars
should be matched with the Schwarzschild metric at
the boundary, the well-known Schwarzschild metric
is given as,

ds? = (1 - %) cdt? — (1 -

2
-1
ﬂ) dr? —r?de? — r2sin?6d¢?.

c2r (26)

Having matched the metric potential across the
boundary that is » = r, we obtain the following
equations,

e =(1-2%) =B+ X)°, (27)
e~ = (1 - %) -v, (28)

Where X = Cr?. The radial pressure at the
boundary is zero, therefore, we can take,
[Plr=r, =0 (29)

Using the condition of equation (29) we
calculate the value of the constant A as follows:

A=In (30)

12 ]
@a+x)sl’

from the equations (11), (27), and (29) constant B
can be calculated as

1 (1)

= (1+X)5(1+13X)’
Mass of a neutron star can be evaluated as,

_ ¢y 12X
T 26 (1+13%)

(32)
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and the surface density is expressed as,

8nG
Xc2

r2 = 12(3+26X+11X2)
b T 14x)(1+13X)2

(33)

In Table 1, we have shown the radial pressure,
tangential pressure, the density, at the center of EXO
1785-248, SMC X-1, Her X-1, 4U 1538-52, LMC
X-4, and Cen X-3. We observed that all these
parameters were showing the well-behaved nature.
In Table 2, we have shown the redshift, the square
of speed of sound in radial and tangential direction,
stability factor, and anisotropy. In Table 3, the
computed value of mass and radius along with the
Buchdahl limit of the neutron stars EXO 1785-248,
SMC X-1, Her X-1, 4U 1538-52, LMC X-4, and
Cen X-3 have been shown.

Table 1.

Conclusions

In this paper, we have proposed a new model of
anisotropic uncharged dense star inserting class |
condition (Karmakar, 1948) in Durgapal metric
(Durgapal, 1982). The model fulfills all the real
physical conditions and free from central singularity
in the spacetime considered for the study. We took
n = 6 in Durgapal model going beyond the fifth
model proposed. We obtained a well behaved
simple solution for the constant values A in
[1.5760,2.295], B in [0.0602,0.5577], and C in
[7.492 x 10719,3.397 x 107°] for EXO 1785-
248, SMC X-1, Her X-1, 4U 1538-52, LMC X-4,
and Cen X-3.

Shows the value of the constants 4 and C. The central density, the surface density, and the central

pressure, for EXO 1785-248, SMC X-1, Her X-1, 4U 1538-52, LMC X-4, and Cen X-3.

Central Surface Central Pressure
Compact Stars A c Density (kg/ Density (kg/ 2 References
3 3 (N/m*)
m>) m®)

10 18 7 33 Ozel et al.

EXO1785-248 22316  6.634 x 10 0.99 x 10 7.91x 10 8.38 x 10 2009)
SMC X-1 22332 7.492 x 10 1.10 x 108 9.05 x 1077 9.41 x 10% S"Eggleé)a"
Her X-1 22995  5.757 x 100 0.91 x 10 6.12 x 10V 3.65 x 10% S"Eggleé)a"
4U1538-52 22841  6.620 x 107 1,03 x 10% 7.04 x 107 6.80 x 10% Rag'glelt)a"
LMC X-4 22429  6.358 x 1010 0.95 x 1018 6.46 x 107 7.7 x 10% Rag!)slelt)a"
Cen X-3 24196  5.570 x 100 3.24 x 10 6.47 x 10V 9.57 x 10% Rag'oslelt)a"
Table 2. Shows the value of the constant B , redshift, v2/c, v2/c, and anisotropy for EXO 1785-248, SMC

X-1, Her X-1, 4U 1538-52, LMC X-4, and Cen X-3.

Compact Stars B Redshift (Z) viic vic Anisotropy (A) References
EXO 1785-248  0.4636 0.2618 0.4777 0.6478 0.8874 O?g(')gg;""
SMC X-1 0.4653 0.2606 0.4772 0.6472 0.8864 S"Eggleé)a"
Singh et al.

Her X-1 0.5577 0.1983 0.4489 0.6228 0.8141 016)
4U 1538-52 0.5338 0.2132 0.5657 0.7159 0.8512 Raggslelt)a"
LMC X-4 0.4779 0.2513 0.4732 0.6425 0.6785 Rag'oslelt)a"
Rawils et al.

Cen X-3 0.7990 0.0754 0.4149 0.5810 0.4813 2011)

Table 3. Shows the calculated mass and radius with Buchdahl condition for EXO 1785-248, SMC X-1, Her

X-1, 4U 1538-52, LMC X-4, and Cen X-3.

Buchdahl Condition

Compact Stars Mass (M) Radius (Km) (2M/R = 8/9) References
EXO 1785-248 1.295 8.7 0.2977 Ozel et al. (2009)
SMC X-1 1.024 8.2 0.2497 Singh et al. (2016)
Her X-1 0.818 7.9 0.2097 Singh et al. (2016)
4U 1538-52 1.877 7.8 0.4812 Rawls et al. (2011)
LMC X-4 1.162 8.1 0.2869 Rawls et al. (2011)
Cen X-3 2.122 9.4 0.4514 Rawls et al. (2011)
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We selected EXO 1785-248, SMC X-1, Her
X-1, 4U 1538-52, LMC X-4, and Cen X-3 to show
the physical properties of the model graphically.
Figure 1-6 show that the metric potential is regular
throughout the interior of the compact star and free
from physical or geometrical singularity. Figure 7
-30 show the variation in the physical parameters
p,B., P, A, and Z are positive finite in the astral
model and decreasing function of radial coordinate
from inner core to the surface. We further observe
that the radial pressure is vanishing at the boundary
and the tangential pressure is non-negative. We
observe a similar behavior of the velocity of sound.
The anisotropic factor A> 0 and increases from the
inner core to the crust of the compact star and it
vanishes at the center, which is a realistic feature of
an anisotropic compact star. Figure 31-36 are

. . .. vZ vZ .
showing the comparative variation of Tr and 7’ in
the anisotropy of EXO 1785-248, SMC X-1, Her X-
1,4U 1538-52, LMC X-4, and Cen X-3 along r. The
adiabatic index is increasing with respect to the
increasing radial coordinate as shown in Figure 37-
42. So, we can infer that it is a physically feasible
configuration. We observe from Figure 43-48 that
the compression moduli is decreasing from center to
the boundary, which shows that the star is denser at
the inner core as compared to the crust. All these
evidences are enough to infer the stability of our
model. The radial and tangential velocity of sound
in the matter is monotonically decreasing and

2 2
satisfies the condition UTr and vf are less than 1

throughout. Therefore, the causality condition is
satisfied. The Buchdahl condition is also well
satisfied by the model. Among all the compact stars
taken by us the mass and radius of Cen X-3 is
highest. The lowest mass is possessed by Her X-1
while the lowest radius is of 4U 1538-52. We
observed the highest anisotropy 1.3813 in Cen X-
3 and the lowest in Her X-1. Cen X-3 exhibits the
highest redshift 0.9159 and Her X-1 shows the
lowest redshift 0.1983. SMC X-1 has the highest
central density 1.108 x 108K g/m3 Her X-1 has
the lowest central density 0.91 x 108K g/m3. The
highest surface density is 9.05 x 107Kg/m? for
SMC X-1 while the lowest surface density is
6.12 x 1017Kg/m® for Her X-1. SMC X-1
Possesses highest central pressure 9.41 x 1033N/
m? and Her X-1 possesses the lowest central
pressure 3.65 x 1033N/m?. We have developed a
simple compact star model embedding Karmakar
class | reducibility condition in Durgapal metric.
The model well behaves for all the physical
parameter of the compressed stars and satisfies the
stability and causality conditions.

Acknowledgment

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

Abbas, G., Nazar, H., Qaisar, S., and Gudekli, E. (2021).
Anisotropic stellar compact spheres in f (R) gravity via
Karmarkar approach. International Journal of Geometric
Methods in  Modern  Physics, 18(09):2150133.
https://doi.org/10.1142/S0219887821501334

Astashenok, A.V., Capozziello, S., and Odintsov, S.D. (2013).
Further stable neutron star models from f(R) gravity. Journal
of Cosmology and Astroparticle Physics, 2013(12):040.
https://doi.org/10.1088/1475-7516/2013/12/040

Bhar, P. (2019). Anisotropic compact star model: a brief study
via embedding. The European Physical Journal C, 79:1-
13. https://doi.org/10.1140/epjc/s10052-019-6642-6

Bhar, P. and Govender, M. (2017). Anisotropic charged compact
star of embedding class I. International Journal of Modern
Physics D, 26(06):1750053.
https://doi.org/10.1142/S0218271817500535

Bhar, P., Maurya, S.K., Gupta, Y.K., and Manna, T. (2016).
Modelling of anisotropic compact stars of embedding class
one. The European Physical Journal A, 52(10):312.
https://doi.org/10.1140/epja/i2016-16312-x

Buchdahl, H.A. (1959). Reciprocal static metrics and scalar fields
in the general theory of relativity. Physical Review,
115(5):1325. https://doi.org/10.1103/PhysRev.115.1325

Contreras, E., Fuenmayor, E., and Abellan, G. (2022). Uncharged
and charged anisotropic like-Durgapal stellar models with
vanishing complexity. The European Physical Journal C,
82(3):187. https://doi.org/10.1140/epjc/s10052-022-
10154-x

Das, S., Sharma, R., Chakraborty, K., and Baskey, L. (2020).
Anisotropic compact stellar model of embedding class-I
satisfying Karmarkar's condition in Vaidya and Tikekar
spheroidal geometry. General Relativity and Gravitation,
52(10):101. https://doi.org/10.1007/s10714-020-02753-4

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). The Field Equations of Gravitation,
Sitzungsber. K. Preuss. Akad. Wiss. 2, 844-847.

Errehymy, A., Khedif, Y., and Daoud, M. (2021). Anisotropic
compact stars via embedding approach in general
relativity: new physical insights of stellar configurations.
The European Physical Journal C, 81:1-16.
https://doi.org/10.1140/epjc/s10052-021-09062-3

Estevez-Delgado, G., Estevez-Delgado, J., Murguia, A.T., Soto-
Espitia, R., and Cleary-Balderas, A. (2020a).
Quintessences compact star with Durgapal potential.
Modern  Physics  Letters A,  35(17):2050144.
https://doi.org/10.1142/S0217732320501448

Estevez-Delgado, G., Estevez-Delgado, J., Soto-Espitia, R.,
Duran, M.P., and Murguia, A.T. (2020b). The Tolman IV
as quintessence star. The European Physical Journal Plus,
135(2):143. https://doi.org/10.1140/epjp/s13360-020-
00222-0



Suranaree J. Sci. Technol. Vol. 31 No. 2; March - April 2024

030180-13

Estevez-Delgado, J., Estevez-Delgado, G., Maya, N.E.R., Pena,
J.M., and Murguia, A.T. (2021). A generalized anisotropic
model for super dense stars. Modern Physics Letters A,
36(10):2150070.
https://doi.org/10.1142/S021773232150070X

Fuloria, P. and Tewari, B.C. (2012). A family of charge analogue
of Durgapal solution. Astrophysics and Space Science,
341:469-475. https://doi.org/10.1007/s10509-012-1105-7

Gomez-Leyton, Y., Javaid, H., Rocha, L. S., and Tello-Ortiz, F.
(2020). Charged anisotropic compact objects obeying
Karmarkar condition. Physica Scripta, 96(2):025001.
https://doi.org/10.1088/1402-4896/abcce3

Hansraj, S. and Moodly, L. (2020). Stellar modelling of isotropic
Einstein-Maxwell perfect fluid spheres of embedding class
one. The European Physical Journal C, 80:1-19.
https://doi.org/10.1140/epjc/s10052-020-8068-6

Islam, R., Molla, S., and Kalam, M. (2019). Analytical model of
strange star in Durgapal spacetime. Astrophysics and Space
Science, 364(7):112. https://doi.org/10.1007/s10509-019-
3603-3

Karmarkar, K. (1948). Gravitational metrics of spherical
symmetry and class one. In Proceedings of the Indian
Academy of Sciences-Section A, (Vol. 27, pp. 56-60).
Springer India. https://doi.org/10.1007/BF03173443

Khan, S., Mardan, S.A., and Rehman, M.A. (2022). Incorporation
of class | charged generalized polytropes with Karmarkar
and complexity factor. The European Physical Journal C,
82(7):1-12. https://doi.org/10.1140/epjc/s10052-022-
10572-x

Kumar, J. and Bharti, P. (2022). Relativistic models for anisotropic
compact stars: A review. New Astronomy Reviews, 101662.
https://doi.org/10.1016/j.newar.2022.101662

Landeta, J.C.A. (2022). Anisotropic interior solutions and
gravitational ~ decoupling  (Doctoral  dissertation,
UNIVERSIDAD SAN FRANCISCO DE QUITO).

Mak, M.K. and Harko, T. (2003). Anisotropic stars in general
relativity. Proceedings of the Royal Society of London.
Series A: Mathematical, Physical and Engineering Sciences,
459(2030):393-408. https://doi.org/10.1098/rspa.2002.1014

Malaver, M. (2018). Some new models of anisotropic compact
stars with quadratic equation of state. World Scientific
News, (109):180-194.
https://doi.org/10.20944/preprints201912.0125.v1

Mathias, A.K., Maharaj, S.D., Sunzu, J.M., and Mkenyeleye,
J.M. (2021). Charged anisotropic models via embedding.
Pramana, 95:1-13. https://doi.org/10.1007/s12043-021-
02207-9

Maurya, S.K. and Gupta, Y.K. (2011). Extremization of mass of
charged superdense star models describe by Durgapal type
space-time metric. Astrophysics and Space Science,
334:301-310. https://doi.org/10.1007/s10509-011-0736-4

Maurya, S.K. and Maharaj, S.D. (2017). Anisotropic fluid
spheres of embedding class one using Karmarkar
condition. The European Physical Journal C, 77:1-13.
https://doi.org/10.1140/epjc/s10052-017-4905-7

Maurya, S.K. and Nag, R. (2021). MGD solution under Class |
generator. The European Physical Journal Plus, 136(6):1-
34. https://doi.org/10.1140/epjp/s13360-021-01645-z

Maurya, S.K. and Tello-Ortiz, F. (2019). Generalized relativistic
anisotropic compact star models by gravitational
decoupling. The European Physical Journal C, 79:1-14.
https://doi.org/10.1140/epjc/s10052-019-6602-1

Maurya, S.K., Banerjee, A., and Hansraj, S. (2018). Role of
pressure anisotropy on relativistic compact stars. Physical
Review , 97(4):044022.
https://doi.org/10.1103/PhysRevD.97.044022

Mehta, R.N., Pant, N., Mahto, D., and Jha, J.S. (2013). A well-
behaved class of charged analogue of Durgapal solution.
Astrophysics and  Space Science, 343:653-660.
https://doi.org/10.1007/s10509-012-1289-x

Morales, E. and Tello-Ortiz, F. (2018). Compact anisotropic
models in general relativity by gravitational decoupling.
The European Physical Journal C, 78:1-12.
https://doi.org/10.1140/epjc/s10052-018-6319-6

Murad, M.H. and Fatema, S. (2013). A family of well behaved
charge analogues of Durgapal's perfect fluid exact solution
in general relativity. Astrophysics and Space Science,
343:587-597. https://doi.org/10.1007/s10509-012-1277-1

Mustafa, G., Hassan, Z., Moraes, P.H.R.S., and Sahoo, P.K.
(2021). Wormhole solutions in symmetric teleparallel
gravity. Physics Letters B, 821:136612.
https://doi.org/10.1016/j.physleth.2021.136612

Nasim, A. and Azam, M. (2018). Anisotropic charged physical
models with generalized polytropic equation of state. The
European Physical Journal C, 78:1-9.
https://doi.org/10.1140/epjc/s10052-018-5531-8

Ozel, F., Giiver, 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

Pant, N., Gedela, S., Ray, S., and Sagar, K. G. (2022). Relativistic
charged stellar model of the Pant interior solution via
gravitational decoupling and Karmarkar conditions.
Modern ~ Physics  Letters A,  37(14):2250072.
https://doi.org/10.1142/S0217732322500729

Parida, B.K., Majumder, S., Das, S., Koushik Chakraborty, K.,
and Rahaman, F. (2022). Anisotropic compact stellar
model of embedding class onesatisfying Karmarkar's
condition. Communications in Theoretical Physics.

Pili, A.G., Bucciantini, N., and Del Zanna, L. (2017). General
relativistic models for rotating magnetized neutron stars in
conformally flat space-time. Monthly Notices of the Royal
Astronomical Society, 470(2):2469-2493.
https://doi.org/10.1093/mnras/stx1176

Prasad, A.K., Kumar, J., and Singh, H.D. (2021). Relativistic
model for anisotropic spheres in f (R, T) gravity via
Karmarkar condition. Annals of Physics, 434:168622.
https://doi.org/10.1016/j.a0p.2021.168622

Prasad, A K., Kumar, J., Maurya, S.K., and Dayanandan, B.
(2019). Relativistic model for anisotropic compact stars
using Karmarkar condition. Astrophysics and Space
Science, 364:1-12. https://doi.org/10.1007/s10509-019-
3553-9

Ramos, A., Arias, C., Fuenmayor, E., and Contreras, E. (2021).
Class | polytropes for anisotropic matter. The European
Physical Journal C, 81:1-10.
https://doi.org/10.1140/epjc/s10052-021-09002-1

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

Saha, P., and Debnath, U. (2019). Study of anisotropic compact
stars with quintessence field and modified chaplygin gas
in f (T) gravity. The European Physical Journal C, 79:1-
16. https://doi.org/10.1140/epjc/s10052-019-7427-7

Saklany, S., Pant, N., and Pandey, B. (2023). Compact star with
coupled dark energy in Karmarkar connected relativistic
space-time. Physics of the Dark Universe, 39:101166.
https://doi.org/10.1016/j.dark.2022.101166

Santana, D., Fuenmayor, E., and Contreras, E. (2022). Integration
of the Lane-Emden equation for relativistic anisotropic
polytropes through gravitational decoupling: a novel
approach. The European Physical Journal C, 82(8):703.
https://doi.org/10.1140/epjc/s10052-022-10683-5

Schwarzschild, K. (1916). Uber das Gravitationsfeld einer Kugel
aus inkompressibler Flissigkeit nach der Einsteinschen
Theorie. Sitzungsberichte der koniglich preuBischen
Akademie der Wissenschaften zu Berlin, 424-434.



030180-14

Neutron Star Model Embedding Class |

Singh, K.N., Bhar, P., and Pant, N. (2016). A new solution of
embedding class | representing anisotropic fluid sphere in
general relativity. International Journal of Modern Physics
D, 25(14):1650099.
https://doi.org/10.1142/S0218271816500991

Tamta, R. and Fuloria, P. (2017). A new charged anisotropic
compact star model in general relativity. Journal of
Modern Physics, 8(11):1762-1778.
https://doi.org/10.4236/jmp.2017.811104

Tello-Ortiz, F., Rincén, A., Bhar, P., and Gomez-Leyton, Y.
(2020). Durgapal IV model considering the minimal
geometric deformation approach. Chinese Physics C,
44(10):105102. https://doi.org/10.1088/1674-1137/aba5f7

Thirukkanesh, S., Sharma, R., and Maharaj, S.D. (2019).
Anisotropic generalization of Vaidya-Tikekar superdense
stars. The European Physical Journal Plus, 134(8):378.
https://doi.org/10.1140/epjp/i2019-12736-5

Tolman, R.C. (1939). Static solutions of Einstein’s field
equations for spheres of fluid. Physical Review, 55(4):364.
https://doi.org/10.1103/PhysRev.55.364

Zubair, M., Saleem, R., and Lodhi, M. (2020). Anisotropic
charged realistic models in f (R) gravity under Durgapal
transformation. International Journal of Geometric
Methods in  Modern  Physics, 17(13):2050185.
https://doi.org/10.1142/S0219887820501856



