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ABSTRACT

In this paper, we obtained some spherically stellar configurations that represent new models of dark energy stars
specifying particular forms for gravitational potential and the electric field intensity that allow solving the Einstein-
Maxwell field equations. We have chosen the metric potential proposed by Finch and Skea (1989) with the equation of
state such as pr = wp, where py is the radial pressure, p is the dark energy density, and w is the dark energy parameter.
We found that the radial pressure, anisotropy factor, energy density, metric coefficients, mass function, charge density
are regular and well behaved in the stellar interior but the causality conditions of strong energy are not satisfied. These
models have great application in physics and cosmology due to the fact that several independent observations indicate
that the universe is in a phase of accelerated expansion which can be explained by the presence of dark energy that has

not been detected.
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INTRODUCTION

Recent observational evidence as measurements of
supernovas of type la and microwave background
radiation suggest an accelerated expansion of the universe
(Sushkov, 2005) and the explanation for this cosmological
behavior requires assumption that a considerable part of
the universe consists of a hypothetical dark energy with a
negative pressure component (Lobo, 2005), which is a
cosmic fluid parameterized by an equation of state w =
plp <-1/3, where p is the spatially homogeneous pressure
and p is the dark energy density (Sushkov, 2005; Lobo,
2005, 2006; Bibi et al., 2016). The range for which @ < —
1 has been denoted as phantom energy and possesses
peculiar properties such as negative temperatures, and the
energy density increases to infinity in a finite time,
resulting in a big rip (Lobo, 2005, 2006; Bibi et al., 2016).
It also provides a natural scenario for the existence of
exotic geometries such as wormholes (Malaver, 2013a;
Morris and Thorne, 1988; Visser, 1995).

The notion of dark energy is that of a homogeneously
distributed cosmic fluid and that when extended to
inhomogeneous spherically symmetric spacetimes, the
pressure appearing in the equation of state shows a
negative radial pressure, and the tangential pressure must
be determined by applying the field equations (Lobo,
2005, 2006). Lobo (2006) explored several
configurations, by imposing specific choices for the mass
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function and studied the dynamical stability of these
models by applying the general stability formalism
developed by Lobo and Crawford (2005). Another study
Chan et al. (2009) have proposed that the mass function is
a natural consequence of the Einstein’s field equations
and hence can be a core with a homogeneous energy
density, described by the Lobo’s first solution (Lobo,
2006). Malaver and Esculpi (2013) presented a new
model of dark energy star by imposing specific choice for
the mass function that corresponds to an increase in
energy density inside of the star. Bibi et al. (2016)
obtained a new class of solutions of the Einstein-Maxwell
field equations representing a model for dark energy stars
with the equation of state pr = —p. Malaver et al. (2019)
found a new family of solutions to the Einstein-Maxwell
system considering a particular form of the gravitational
potential Z(x) and the electric field intensity with a linear
equation of state that represents a model of dark energy
star. Malaver and Kasmaei (2020a) generated a dark
energy star model with a quadratic equation of state and a
specific charge distribution. More recently, Malaver et al.
(2022) obtained new solutions of Einstein’s field
equations for dark energy stars within a Buchdahl
spacetime by considering nonlinear electromagnetic field.
According to Chan et al. (2009), the denomination of dark
energy is applied to fluids which violate only the strong
energy condition (SEC) given by p + pr + 2p; > 0 where p
is the energy density, pr and p; are the radial pressure and
the tangential pressure, respectively.
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Recently, astronomical observations of compact objects
have allowed new findings of neutron stars and strange
stars that adjust to the exact solutions of the 4-D Einstein
field equations; data on mass maximum, redshift and
luminosity are some of the most relevant characteristics
for verifying the physical requirements of these models
(Bhar and Govender, 2019). A great number of exact
models from the Einstein-Maxwell field equations have
been generated by Gupta and Maurya (2011), Kiess
(2012), Takisa and Maharaj (2013), Malaver and Kasmaei
(2020b), Malaver (2017, 2018a), lvanov (2002), and
Sunzu et al. (2014). In the development of these models,
several forms of equations of state can be considered
(Sunzu, 2018). Komathiraj and Maharaj (2007), Malaver
(2016a), Bombaci (1997), Thirukkanesh and Maharaj
(2008), Dey et al. (1998), and Usov (2004) assume linear
equation of state for quark stars. Feroze and Siddiqui
(2011) considered a quadratic equation of state for the
matter distribution and specified particular forms for the
gravitational potential and electric field intensity. Takisa
and Maharaj (2013) obtained new exact solutions to the
Einstein-Maxwell system of equations with a polytropic
equation of state. Thirukkanesh and Ragel (2012) have
obtained particular models of anisotropic fluids with
polytropic equation of state which are consistent with the
reported experimental observations. Malaver (2013b)
generated new exact solutions to the Einstein-Maxwell
system considering Van der Waals modified equation of
state with polytropic exponent. Tello-Ortiz et al. (2020)
found an anisotropic fluid sphere solution of the Einstein-
Maxwell field equations with a modified version of the
Chaplyg in equation of state.

The analysis of compact objects with anisotropic matter
distribution is very important, because that the anisotropy
plays a significant role in the studies of relativistic
spheres of fluid (Esculpi et al., 2007; Cosenza et al.,
1982; Herrera, 1992; Herrera and Nufiez, 1989; Herrera et
al., 1979, 1984; Malaver, 2014a, 2014b, 2016b, 2018b,
2018c; Sunzu and Danford, 2017; Bowers and Liang,
1974). Anisotropy is defined as A = p;— pr, where py is the
radial pressure and p; is the tangential pressure. The
existence of solid core, presence of type 3A superfluid
(Sokolov, 1980), magnetic field, phase transitions, a pion
condensation, and electric field (Usov, 2004) are most
important reasonable facts that explain the presence of
tangential pressures within a star. Many astrophysical
objects as X-ray pulsar, Her X-1, 4U1820-30, and
SAXJ1804.4-3658 have anisotropic pressures. Bowers
and Liang (1974) include in the equation of hydrostatic
equilibrium the case of local anisotropy. Bhar et al.
(2015) have studied the behavior of relativistic objects
with locally anisotropic matter distribution considering
the Tolman VII form for the gravitational potential with a
linear relation between the energy density and the radial
pressure. Malaver (2015, 2018d), Feroze and Siddiqui
(2011, 2014), and Sunzu et al. (2014) obtained solutions

of the Einstein-Maxwell field equations for charged
spherically symmetric spacetime by assuming anisotropic
pressure. A realistic stellar model based on an ansatz of
Duorah and Ray, anew analytical stellar model in general
relativity, and a model of a three-layered relativistic star
has been advanced to address quantum gravity
astrophysics (Finch and Skea, 1989; Durgapal and
Bannerji, 1983; Lighuda et al., 2021). Recently, Malaver
and lyer (2022) have found analytical Equation of State
models with modified Chaplygin (exotic gas that allows
supersymmetric generalization, and free Tachyons with
dark energy fluid having viscous generalized hybrid
hypothetical substance that satisfies an exotic equation of
state in the following form: P = — A/p% where P is the
pressure, p is the density, « = 1, and A is a positive
constant). These may be used in the description of
compact objects in absence of charge as well as for the
study of internal structure of strange quark stars; a strange
star model may be compatible with the compact star.
Energetic stars are known to have vortex action fields to
churn energy and matter (lyer and Markoulakis, 2021;
lyer et al., 2020, 2022; lyer, 2022; Sedrakian and Cordes,
1999). Vortex action mechanism has been modeled by
breakthrough formalism examining quantum fields point
model algorithmically gaging to electromagnetic fields
provided stringmetrics that are associated quantum to
mesoscopic to astrophysics (lyer and Markoulakis, 2021;
lyer et al., 2020, 2022; lyer, 2022). In these theoretical
investigations, quantum critical signal/noise density
matrix values may give insight to analyze physical
features associating the matter, radial pressure, density,
anisotropy, gravitational potential, and energy density
Schwarzschild-Einstein-Maxwell metrics.

The aim of this paper is to generate new class of solutions
which represents a potential model of dark energy stars
whose equation of state is pr = wp with anisotropic matter
quantifiable distribution, specifying forms for the
gravitational potential and the electric field intensity. We
have used the ansatz proposed by Finch and Skea (1989).
The systems of field equations with their derivations
computations to obtain analytic solutions have been
extensively detailed here to verify which are physically
acceptable. We assume that the denomination of dark
energy is applicable to fluids which violate the strong
energy condition (Chan et al., 2009). Organization of this
article is as follows. In the following Section, we present
Einstein’s field equations. In the third Section, we make a
particular choice of gravitational potential Z(x) that allows
solving the field equations and we have obtained new
models for dark energy stars consistent alone of dark
matter. In the fourth Section, a physical analysis of the
new solutions is performed. In the final Section, we
conclude.
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Einstein-Maxwell Field Equations

We consider a spherically symmetric, static, and
homogeneous  spacetime. In the  Schwarzschild
coordinates, the metric is given by

ds? = —e?Odt? +e?dr? + r2(do? +sin*0dyp? ) (1)
where v(r) and A(r) are two arbitrary functions.

The Einstein field equations for the charged anisotropic
matter are given by

1 _ 22 1
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where p is the energy density, pr is the radial pressure, E
is electric field intensity, p; is the tangential pressure, and
primes denote differentiations with respect to r. Using the
transformations, x = cr?, Z(x) = e %0 and A%y?(x) = e?®
with the arbitrary constants A and ¢ > 0, suggested by

Durgapal and Bannerji (1983), the Einstein field
equations can be written as follows:
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where ¢ is the charge density, A = p;— pr is the anisotropic
factor, and dots denote differentiation with respect to x.
With the transformations of (Durgapal and Bannerji,

1983), the mass within the radius r of the sphere takes the
following form:

1 .
m(x)=_4c3,2j&(p +E2 Jdx (12)
0
where
p*:[ﬂ_ZZ)C
X
The interior metric (1) with the charged matter

distribution should match the exterior spacetime described
by the following Reissner-Nordstrom metric:

2M Q7
2 — I ~ 2
ds® = <1 - + T2>dt (13)

2M  Q?
+ (1 -— + 2—2) dr? 4+ r2(d6* + sin26dg?)

where the total mass and the total charge of the star are
denoted by M and 2 respectively. The junction
conditions at the stellar surface are obtained by matching
the first and the second fundamental forms for the interior
metric (1) and the exterior metric (14).

In this paper, we assume the following equation of state:
pr = a)p (14)
where o is the dark energy parameter.

A New Class of Models

In order to solve the Einstein field equations, we have
chosen specific forms for the gravitational potential Z(x)
and the electrical field intensity E. Following Finch and
Skea (1989) and Lighuda et al. (2021), we have taken the
following forms, respectively:

1
2(0= 1+ax (15)
E? _ ax
2c 1+ax’ (16)

where a is a real constant. The metric potential is regular
at the origin and well behaved in the interior of the
sphere. The electric field is finite at the center of the star
and remains continuous in the interior.

Substituting (15) and (16) in (7), we obtain:
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Replacing _(17) in (14), we have the following expression (1+ax)’ 2 1+ax)(1+ax2) 2(1+axz)2 16(1+ax2)2
for the radial pressure:
ac 4Aax? 2xaB  (w+1)xa ac  2acx

0. = e 3a+a’x  ax
' (1+ax) 1+ax’ (18)

Using (17) in (12), the expression of the mass function is

7In X+(% { +arctan ({?4 +1
1/4 X=1 = o "~
M(X):E] 8{/727 : : _Zﬁz/li ax)
\/ﬂ

(19)
With (15) and (16) in (11), the charge density is

o2 o 2ac? [(1— ax’ N1+ax® + 2(1+ ax? }\/Zacx]2 (20)

(1+ax)1+ax)'

With (15), (16) and (17), equation (8) becomes

4 y_ oBa+a’x) (0+lax  a

l+axy  (l+ax)’ 1+ax’® l+ax (21)

Integrating (21), we obtain
A (w+1)Vaarctan (x+/a

y(x) = cl(1+ axz) 1+ax)’e 4 (22)
where A = (w + 1)/8 and B = w/2.
The metric functions can be written as

e =1+ ax (23)

oA (w+1)Vaarctan (x-a
e = A2 (1+ax® [ (1+ax) e 2 (24)

The anisotropy factor A is given by

+
ltax 20+ax?)] l+ax l+ax?
(25)

(l+rax)’| 1+ax’

Conditions of Physical Acceptability

For a model to be physically acceptable, the following
conditions should be satisfied (Bibi et al., 2016; Malaver,
2014b):

(i) The metric potentials e* and e?' assume finite values
throughout the stellar interior and are singularity-free at
the center r = 0.

(ii) The energy density p should be positive and a
decreasing function inside the star.

(iii) The radial pressure also should be positive and a
decreasing function of radial parameter but for negative
pressure this condition is not satisfied.

(iv) The density gradient dp/dr <=0for0<r<R.

(v) The anisotropy is zero at the center r = 0, i.e. A(r = 0)
=0.

(vi) Any physically acceptable model must satisfy the
causality condition, that is, for the radial sound speed
2 — dpr
sr dp
energy case this condition nor is it satisfied.

(vii) The consideration of dark energy is applicable only
to fluids that violate the strong

energy condition.

(viii) The charged interior solution should be matched
with the Reissner-Nordstrém exterior solution, for which
the metric is given by equation (13).

V.

, we should have 0<Vv2<1 but the dark

Conditions (ii) and (iv) imply that the energy density must
reach a maximum at the center and decreasing towards
the surface of the sphere.

Physical Analysis of the New Models
For the new solutions, metric potentials e and e? have
finite values and remain positive throughout the stellar

interior. At the center e**” =1 and e* = A’c?. We
show that in r = 0, we have
(e”(r))r:o = (ezv(r))r:o =0 and this makes is

possible to verify that the gravitational potentials are
regular at the center.

The energy density is positive and well behaved between
the center and the surface of the star. In the center

p(r=0)=3ac and p,(r =0)=3wac . Therefore, the
energy density will be nonnegative in r = 0 and
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p, (r =0) < 0. In the surface of the star r = R, we have

p.(r=R)=0 and R — \/Zac(l—a—\/a2 —14a+1) .

2ac

For the density gradient inside the stellar interior, we
obtain
4ac2r(3a+azcrz) 2ac’r 4a’c'r®

dp _ 2a’c’r B N
(1+acr2)3 1+ac’r! (1+aczr“)Z (26)

dr (1+ acrz)2 -

On the boundary r = R, the solution must match the
Reissner-Nordstrom exterior spacetime as:

2 2\?
dszz_[l_m+(?2]dt2+[1_m+sz dr2+r2(d92+sin2d(pz)
ror ror

and therefore, the continuity of e* and e’ across the
boundary r =R is

i} oM Q?
eZv —e 22 =122 4=

Then for the matching conditions, we obtain:

2M _ acR?(1+ 2cR?)
R 1+acR?

(28)

In Figures 1, 2, 3, 4, and 5, the dependence of €%, p,
dpldr, ¢2, and M(r) with the radial coordinate are shown.
In all the cases, it has been considered that R = 1.8 [km], a
=0.02,c=1.
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Fig. 1. The metric function e?* versus the radial coordinate
witha=0.02and c = 1.
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Fig. 2. The energy density versus the radial coordinate
witha=0.02and c=1.
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Fig. 3. The density gradient versus the radial parameter
witha=0.02and c=1.

In Figure 1, the metric potential e* is a continuously
growing function inside the star. The energy density
remains positive, continuous and is monotonically
decreasing function throughout the stellar interior as
noted in Figure 2. The radial variation of energy density
gradient has been shown in Figure 3, in which it is
observed that dp/dr < 0. In Figure 4, the charge density is
a continuously decreasing function, reaches a maximum
and then decreases inside the star. In Figure 5, the mass
function is continuous, increasing, takes finite values and
well behaved in the stellar interior.
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i The anisotropic factor is plotted in Figure 8 and it shows
0079 that vanishes at the centre of the star, i.e. A(r = 0) = 0. We
can also note that A admits lower values with a growth of
0.06 1 . Figure 9 shows that the strong energy condition is
violated for all the w values considered.
0.051
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Fig. 4. The charge density versus the radial parameter
witha=0.02and c=1. -
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Fig. 5. The mass function versus the radial coordinate
witha=0.02and c=1.

Figures 6, 7, 8, and 9 show the dependence of €%, pr,
anisotropy A, and strong energy condition (SEC),
respectively, with the radial parameter for different values
of w. In all the cases, it has been considered R = 1.8 [km],
a=0.02,and c=1.

In Figure 6, the metric potential e? is continuous, well
behaved and has a slight increase with an increase in the
values of w. The radial pressure is negative and not a
decreasing function of the radial parameter, but takes
lower values when  is increased as shown in Figure 7.
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0 02 04 046 08 1 12 14 16 18

ri k)
Fig. 6. The metric function e’ versus the radial coordinate
for w = -1 (solid line); w = —0.75 (long-dashed line): w =
—0.5 (dash-doted line). In all the cases, a=0.02 and ¢ = 1.
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Fig. 7. The radial pressure versus the radial coordinate for
o = -1 (solid line); @ = -0.75 (long-dashed line): @ = —
0.5 (dash-doted line). In all the cases, we have a = 0.02
andc=1.
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Fig. 8. The anisotropy versus the radial coordinate for o =
-1 (solid line); w = -0.75 (long-dashed line): w = 0.5
(dash-doted line). In all the cases, a=0.02 and ¢ = 1.
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Fig. 9. The SEC versus the radial coordinate for @ = -1
(solid line); w = -0.75 (long-dashed line): w = -0.5 (dash-
doted line). In all the cases, a=0.02 and c = 1.

CONCLUSION

In this paper, we have found new class of solutions which
represents a model for dark energy stars with a
gravitational potential proposed for Finch and Skea
(1989). The radial pressure, energy density, anisotropy,
mass function, charge density and all the coefficients of
the metric behaves well inside the stellar interior and are
free of singularities. In this model the consideration of
dark energy star is applied only to the cases where

parameter « not satisfy the strong energy condition. The
obtained solutions match smoothly with the exterior of the
Reissner-Nordstrom spacetime at the boundary r = R
because matter variables and the gravitational potentials
of this work are consistent with the physical analysis of
these stars. The new models satisfy all the requirements
for a compact negative energy stellar object and may be
used to model relativistic configurations in different
astrophysical scenes.

Quantum astrophysical signal/noise density matrix with
prime factorized magic square Ssymmetry mechanistic
processes have powerful methodology to characterize
charged dark energy Star systems that essentially possess
characteristics of Finch-Skea spacetime within vacuum
multiverse. We believe that critical quantum signal/noise
density matrix values may provide astrophysics physical
features associating the matter, radial pressure, density,
anisotropy, gravitational potential, and energy density
metrics. Physics conjectures are underway proceeding to
metrically gaging with unitarization to achieve
dimensionless quantities with analytical physical
solutions observationally. Gage discontinuity dissipative
physics, then will get modified to come up with
observables that are measurable to resolve questions of
mass-function, fields, dark matter, as well as singularity;
many inconsistencies will also get resolved by quantum
astrophysical transforms.

REFERENCES

Bhar, P. and Govender, M. 2019. Charged compact star
model in Einstein-Maxwell-Gauss-gravity. Astrophys.
Space Sci. 364:186.

Bhar, P., Murad, MH. and Pant, N. 2015. Relativistic
anisotropic stellar models with Tolman VII spacetime.
Astrophys. Space Sci. 359:Article number 13. DOI:
https://doi.org/10.1007/s10509-015-2462-9.

Bibi, R., Feroze, T. and Siddiqui, A. 2016. Solution of the
Einstein-Maxwell equations with anisotropic negative
pressure as a potential model of a dark energy star.
Canadian Journal of Physics. 94(8):758-762.

Bombaci, I. 1997. Observational evidence for strange
matter in compact objects from the x- ray burster 4U
1820-30. Phys. Rev. C. 55:1587-1590.

Bowers, RL. and Liang, EPT. 1974. Anisotropic spheres
in General Relativity. Astrophys. J. 188:657-665.

Chan, R., da Silva, MAF. and Villas da Rocha, JF. 2009.
On anisotropic dark energy. Mod. Phys. Lett. A. 24:1137-
1146; DOI: https://doi.org/10.1142/S0217732309028092.

Cosenza, M., Herrera, L., Esculpi, M. and Witten, L.
1982. Evolution of radiating anisotropic spheres in
general relativity. Phys. Rev. D. 25:2527-2535.



5538

Canadian Journal of Pure and Applied Sciences

Dey, M., Bombaci, I., Dey, J., Ray, S. and Samanta, BC.
1998. Strange stars with realistic quark vector interaction
and phenomenological density-dependent scalar potential.
Phys. Lett. B. 438:123-128.

Durgapal, MC. and Bannerji, R. 1983. New analytical
stellar model in general relativity. Phys. Rev. D. 27:328-
331

Esculpi, M., Malaver, M. and Aloma, E. 2007. A
comparative analysis of the adiabatic stability of
anisotropic spherically symmetric solutions in General
Relativity. Gen. Relat. Grav. 39:633-652; DOI:
https://doi.org/10.1007/s10714-007-0409-3.

Feroze, T. and Siddiqui, A. 2011. Charged anisotropic
matter with quadratic equation of state. Gen. Rel. Grav.
43:1025-1035.

Feroze, T. and Siddiqui, A. 2014. Some exact solutions of
the Einstein-Maxwell equations with a quadratic equation
of state. J. Korean Phys. Soc. 65:944-947. DOI:
https://doi.org/10.3938/jkps.65.944.

Finch, MR. and Skea, JEF. 1989. A realistic stellar model
based on an ansatz of Duorah and Ray. Classical and
Quantum Gravity. 6(4):467-476. DOl:
https://doi.org/10.1088/0264-9381/6/4/007

Gupta, YK. and Maurya, SK. 2011. A class of charged
analogues of Durgapal and Fuloria superdense star.
Astrophys. Space Sci. 331:135-144,

Herrera, L. 1992. Cracking of self-gravitating compact
objects. Phys. Lett. A. 165:206-210.

Herrera, L. and Nufiez, L. 1989. Modeling 'hydrodynamic
phase transitions' in a radiating spherically symmetric
distribution of matter. The Astrophysical Journal.
339:339-353.

Herrera, L., Ruggeri, GJ. and Witten, L. 1979. Adiabatic
contraction of anisotropic spheres in General Relativity.
The Astrophysical Journal. 234:1094-1099.

Herrera, L., Jimenez, L., Leal, L., Ponce de Leon, J.,
Esculpi, M. and Galina, V. 1984. Anisotropic fluids and
conformal motions in general relativity. J. Math. Phys.
25:3274.

Ivanov, BV. 2002. Static charged perfect fluid spheres in
general relativity. Phys. Rev. D. 65(10):104011.

lyer, R. 2022. Configuring observables solving physical
algorithm guantum matrix gravity. Journal of Modern and
Applied Physics. 5:1-5.
https://www.pulsus.com/abstract/configuring-
observables-solving-physical-algorithm-quantum-matrix-
gravity-10507.html.

Ilyer, R. and Markoulakis, E. 2021. Theory of a
superluminous vacuum quanta as the fabric of space.

Phys. Astron. Int. J. 5(2):43-53. DOI:
https://doi.org/10.15406/paij.2021.05.00233.

Iyer, R., O’Neill, C. and Malaver, M. 2020. Helmholtz
Hamiltonian mechanics electromagnetic physics gaging
charge fields having novel quantum circuitry model.
Oriental Journal of Physical Sciences. 5(1-2):30-48.

Iyer, R., O’Neill, C., Malaver, M., Hodge, J., Zhang, W.
and Taylor, E. 2022. Modeling of gage discontinuity
dissipative physics. Canadian Journal of Pure and Applied
Sciences. 16(1):5367-5377.

Kiess, TE. 2012. Exact physical Maxwell-Einstein
Tolman-VII solution and its use in stellar models.
Astrophys. Space Sci. 339:329-338.

Komathiraj, K. and Maharaj, SD. 2007. Analytical models
for quark stars. Int. J. Mod. Phys. D. 16:1803-1811.

Lighuda, AS., Maharaj, SD., Sunzu, JM. and Mureithi,
EW. 2021. A model of a three-layered relativistic star.
Astrophys. Space Sci. 366:76.

Lobo, FSN. 2005. Stability of phantom wormholes. Phys.
Rev. D. 71(12):124022.

Lobo, FSN. 2006. Stable dark energy stars. Class. Quant.
Grav. 23:1525-1541.

Lobo, FSN. and Crawford, P. 2005. Stability analysis of
dynamic thin shells. Class. Quant. Grav. 22:4869-4886.

Malaver, M. 20132 Black Holes, Wormholes and Dark
Energy Stars in General Relativity. Lambert Academic
Publishing, Berlin, Germany. ISBN: 978-3-659-34784-9.

Malaver, M. 2013° Analytical model for charged
polytropic stars with Van der Waals modified equation of
state. American Journal of Astronomy and Astrophysics.
1(4):41-46.

Malaver, M. 20142 Quark star model with charge
distributions. Open Science Journal of Modern Physics.
1(1): 6-11.

Malaver, M. 2014°. Strange quark star model with
quadratic equation of state. Frontiers of Mathematics and
Its Applications. 1(1):9-15.

Malaver, M. 2015. Charged anisotropic matter with
modified Tolman IV potential. Open Science Journal of
Modern Physics. 2(5):65-71.

Malaver, M. 20162 Analytical models for compact stars
with a linear equation of state. World Scientific News.
50:64-73.

Malaver, M. 2016°. Classes of relativistic stars with
quadratic equation of state. World Scientific News. 57:70-
80.

Malaver, M. 2017. New mathematical models of compact
stars with charge distributions. International Journal of



Malaver and lyer

5539

Systems Science and Applied Mathematics. 2:93-98,
DOI: https://doi.org/10.11648/j.ijssam.20170205.13.

Malaver, M. 20182 Generalized nonsingular model for
compact stars electrically charged. World Scientific
News. 92:327-339. Available online:
http://www.worldscientificnews.com/wp-
content/uploads/2017/ 12/WSN-922-2018-327-339.pdf.

Malaver, M. 2018°. Charged anisotropic models in a
modified Tolman IV space time. World Scientific News.
101:31-43.

Malaver, M. 2018°. Charged stellar model with a
prescribed form of metric function y(x) in a Tolman VII
spacetime. World Scientific News. 108:41-52.

Malaver, M. 2018¢. Some new models of anisotropic
compact stars with quadratic equation of state. World
Scientific News. 109:180-194.

Malaver, M. and Esculpi, M. 2013. A theoretical model of
stable dark energy stars. IJRRAS. 14(1):26-39.

Malaver, M. and lyer, R. 2022. Analytical model of
compact star with a new version of modified Chaplygin
equation of state. Applied Physics 5(1):18-36
https://arXiv:2204.13108).

Malaver, M., lyer, R., Kar, A., Sadhukhan, S., Upadhyay,
S. and Gudekli. E. 2022. Buchdahl spacetime with
compact body solution of charged fluid and scalar field
theory. https://arxiv.org/abs/2204.00981).

Malaver, M. and Kasmaei, HD. 20202 Analytical models
of dark energy stars with quadratic equation of state.
Applied Physics. 3:1-14.

Malaver, M. and Kasmaei, HD. 2020°. Relativistic stellar
models with quadratic equation of state. International
Journal of Mathematical Modelling and Computations.
10:111-124.

Malaver, M., Esculpi, M. and Govender, M. 2019. New
models of dark energy stars with charge distributions.
International Journal of Astrophysics and Space Science.
7(2):27-32.

Morris, MS. and Thorne, KS. 1988. Wormholes in
spacetime and their use for interstellar travel: A tool for
teaching general relativity. Am. J. Phys. 56:395-412.

Sedrakian, A. and Cordes, JM. 1999. Vortex-interface
interactions and generation of glitches in pulsars. Mon.
Not. R. Astron. Soc. 307:365-375.

Sokolov, A. 1980. I. Phase transitions in a superfluid
neutron liquid. Sov. Phys. JETP. 52:575-576.

Sunzu, JM. 2018. Realistic polytropic models for neutral
stars with vanishing pressure anisotropy. Global Journal
of Science Frontier Research: A Physics and Space
Science. 18(2-A):1-13.

https://journalofscience.org/index.php/GJSFR/article/view
/2168.

Sunzu, J. and Danford, P. 2017. New exact models for
anisotropic matter with electric field. Pramana — J. Phys.
89:Article number 44, DOI:
https://doi.org/10.1007/s12043-017-1442-8.

Sunzu, JM., Maharaj, SD. and Ray, S. 2014. Quark star
model with charged anisotropic matter. Astrophysics
Space Sci. 354:517-524.

Sushkov, S. 2005. Wormholes supported by a phantom
energy. Phys. Rev. D. 71(4):043520.

Takisa, PM. and Maharaj, SD. 2013. Some charged
polytropic models. Gen. Rel. Grav. 45:1951-19609.

Tello-Ortiz, F., Malaver, M., Rincon, A. and Gomez-
Leyton, Y. 2020. Relativistic anisotropic fluid spheres
satisfying a non-linear equation of state. Eur. Phys. J. C.
80:371; DOI: https://doi.org/10.1140/epjc/s10052-020-
7956-0.

Thirukkanesh, S. and Maharaj, SD. 2008. Charged
anisotropic matter with a linear equation of state.
Classical and Quantum Gravity. 25:235001.

Thirukkanesh, S. and Ragel, FC. 2012. Exact anisotropic
sphere with polytropic equation of state. PRAMANA -
Journal of Physics. 78:687-696.

Usov, VV. 2004. Electric fields at the quark surface of
strange stars in the color-flavor locked phase. Phys. Rev.
D. 70(6):067301; DOl:
https://doi.org/10.1103/PhysRevD.70.067301.

Visser, M. 1995. Lorentzian wormholes: From Einstein to
Hawking. AIP Press, New York, USA.

Received: July 15, 2022; Final Accepted: Sept 8, 2022

Copyright©2022, Malaver and lyer. This is an open access article distributed under
the Creative Commons Attribution Non Commercial License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.

QOS



