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Introduction 
Einstein's general theory of relativity (GR) is regarded as a 
foundational theory for comprehending the structure and behavior 
of stellar heavy objects, including as white dwarfs, pulsars, 
quasars, and neutron stars [1,2]. Karl Schwarzschild conducted 
the first theoretical investigation in GR in 1916 when he discovered 
a universal vacuum external solution [3]. Additionally, Einstein 
provides significant contributions to the study of the universe's 
structure, leading to pertinent developments in cosmology and 
astrophysics [4]. 

For many years, it was believed that the interior of stars was 
ideal, with equal tangential (pt) and radial (pr) pressures, which 
results in the isotropic local condition pr = pt [5]. However, 
theoretical research on actual star models by Ruderman and Canuto 
suggest that the nuclear matter can present anisotropy in high 
density ranges ( ρ > 1015 g/ cm3) [6,7]. The radial and tangential 
pressures in large objects are different, and a solid core, phase 
transitions, magnetic fields, and pion condensation can all cause 
anisotropy in the pressures [8,9]. According to Usov, pressure 
anisotropy may also be brought on by a powerful electric field 
[10]. Bowers and Liang examined an anisotropic fluid model 
in their groundbreaking work and came to the conclusion that 
anisotropy affected the maximum equilibrium mass and surface 
redshift [10]. Additionally, in order to integrate having analytical 
solutions with the Einstein field equations, Dev and Gleiser have 
proposed an equation that links the radial and tangential pressures 

and have offered new exact solutions for the distribution of matter 
with tangential pressures and uniform energy density [8]. The 
impact of anisotropy on the physical characteristics of a matter 
distribution in relativistic compact objects has been examined by 
researchers such as Cosenza et al., Bayin, Krori et al., Herrera 
and Ponce de León, Ponce de León, Bondi, Herrera and Santos, 
Herrera et al., Dev and Gleiser, Ivanov, Mak and Harko, Mak et 
al., Viaggiu, Malaver, and Pant et al. [11-35].

In a groundbreaking treatment, it was initially hypothesized that 
weird quark stars might exist in hydrostatic equilibrium for Itoh 
[36]. According to the strange quark matter concept, there are an 
equal number of up and down quarks in the quark matter, and the 
strange quarks can be thought of as the absolute ground state for 
the hadron confined state [37]. Strange stars are not included in 
equilibrium configurations like neutron stars and white dwarfs 
because it is now known that they arise when the center of a large 
object collapses following a supernova explosion. 

The fact that weird stars are self-bound by a strong interaction—
gravity only makes them massive—while neutron stars are bound 
by gravity is a key difference between them and regular neutron 
stars. Because of this, a weird star can rotate more quickly than 
a neutron star could. The surface electric fields associated with 
a strange star are the most intriguing difference between it and a 
typical neutron star. The ultra-strong electric fields found on the 
surface of strange stars are around 1018 V/cm for regular strange 
matter and 1020 V/cm for color superconducting strange matter 
[37,38]. In [39-49], the impact of ultra-high electric field energy 
densities on compact star bulk characteristics was investigated. 
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ABSTRACT
This study investigates Einstein-Maxwell field equations with anisotropic pressure by means of a quadratic equation of state (Bose-Einstein equation of state) 
in the presence of an electric field and a modified version of the metric potential proposed for Korkina and Orlyanskii (1991). We obtain new classes of 
models that satisfy all the physical conditions for a realistic star. According to visual analysis, physical properties including energy density, radial pressure, 
charge density, and anisotropy are consistent with the stellar binary system GW191219, which is composed of a neutron star and a black hole.
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It has also been demonstrated that, depending on their strength, 
electric fields of this size, which are produced by charge 
distributions close to odd stars' surfaces, can raise the stellar 
mass by as much as 30%. These characteristics might make it 
possible to observe and differentiate between neutron stars and 
odd stars. Malaver et al. have conducted studies of compact stars 
with Buchdahl potential in 5-D Einstein-Gauss-Bonnet gravity 
and scalar field theory with Buchdahl space-time [43,44]. These 
researchers have also investigated dark energy stars in Tolman 
Spacetime and compact stars using Chaplygin Equation of State 
[45,46].

Numerous studies, including those by Ponce de León, Patel and 
Vaidya, Tikekar and Thomas [51], Mak and Harko, Chaisi and 
Maharaj, Maharaj and Chaisi, Sharma and Maharaj, Varela et 
al., Komathiraj and Maharaj, Takisa and Maharaj, Maharaj and 
Takisa, Feroze and Siddique, Feroze, Feroze and Tariq, Bhar 
et al., Murad, and Malaver have created analytical models of 
strange stars that are mathematically accurate [50-72]. For this 
reason, ansatz new paradigm PHYSICS has been developed to 
formalisms that have sound logic with assumption-free theoretical 
advancements and the ability to be gaged from the quantum to 
astrophysics regime metrically [74-78]. We would also like to 
point out that novel paradigm PHYSICS requires an understanding 
of what is happening inside these galaxies and stars, especially 
those that are anisotropic, as they may hold clues to the quantum 
nature [73]. Additionally, Bhar and Murad use a specific kind of 
metric function to examine a Chaplygin equation of state with 
a locally anisotropic matter distribution [79]. Our compilation 
of theoretical and experimental knowledge was recently shown 
by extensive research with the summary book of Magnetars and 
Stellar Objects [78].

The conversion of time wavefunction to vector time interacting 
with gravitational gradient arising in geodesics actual matter 
spacetime has been explored by Iyer [80]. This led to the 
theoretical deduction that the astrophysical field may include a 
domain of reality with a curved time and space-sense confinement 
that reaches into infinite emptiness. Furthermore, it was discovered 
theoretically that the rank of tensors is essential for defining 
various reality domains. Higher rank tensors, for instance, may 
be the main cause of the faster than light speed in the quantum 
domain, where instantaneity forces the wavefunction to collapse to 
equivalent scalar parametric metric fields. Since gravity is a more 
confined phenomenon that results from the curvature of spacetime 
to have a unidirectional impact, metrics that affect the gravitational 
gradient are distinct from those that are affected by the Hamiltonian 
(activity) via the Rank6 time tensor per algorithm in the immediate 
past. According to key knowledge, cosmic scale phenomena will 
often have strong inertial mass and weak gravitational mass, with 
relativistic effects taking center stage. CMBR (cosmic microwave 
background radiation) temperature fluctuations, which are brought 
on by density and velocity perturbations in the early cosmos, are 
typically represented by the signal's intensity [81].

It has been theoretically demonstrated by Iyer that knowledge 
of reference frames is essential for conducting physical 
measurements that measure how our understanding of the cosmos 
is being shaped [82–83]. Analyzing signal/noise would be crucial 
physics in this regard, describing quantifiable observables that are 
developed from abstract theoretical physics towards experimental 
instrumental design and possible mesoscopic observations with 
empirical support. In particular, the fundamental nature of signal 

observables inside many worlds spacetime domains of reality and 
their behavior at extreme temperatures would be revealed by ansatz 
signal analysis techniques such as the M-Branes Theory relating 
signal/noise equivalency of the energy-temperature [84–87].

In this work, we constructed new models for charged anisotropic 
matter by considering a Bose-Einstein equation of state and a 
modified form of the gravitational potential proposed by Korkina 
and Orlyanskii [88,89]. The article is organized as follows: In 
section 2, we present Einstein's field equations for the distribution 
of anisotropic fluids. In section 3, by choosing a particular 
gravitational potential and electric field intensity that allow the 
field equations to be solved, we construct new models for charged 
anisotropic matter. Section 4 discusses physical acceptability 
requirements. The validity and physical properties of these new 
solutions are examined in Section 5. The conclusions derived from 
the results of the computational implementations are presented 
in Section 6. 

Equations for Einstein-Maxwell Fields
We consider a spherically symmetric, homogeneous, static 
spacetime. In Schwarzschild coordinates, the metric is given by

                                                                                                 (1)

where        and       are two arbitrary functions. 
The charged anisotropic matter's Einstein field equations are 
provided by 

                                                                                        (2)

                                                                                       (3)

                                                                                       (4)

                                                                                       (5)

where     is the energy density,     is the radial pressure, E is electric 
field intensity,   is the tangential pressure and primes denote 
differentiations with respect to r. Using the transformations,                                         
              ,                      and                   with arbitrary constants A and 
c>0, suggested by Durgapal and Bannerji [90], the Einstein field 
equations can be written as

                                                                            (6)

                                                                            (7)

                                                                            (8) 

                                                                            (9)

)(rν )(rλ

ρ rp
tp
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                                                                                         (10)

                                                                                         (11) 

σ is the charge density, Δ =  pt ‒  pr  is the anisotropic factor and dots 
denote differentiation with respect to x. With the transformations 
of [90], the mass within a radius r of the sphere takes the form

                                   where

The outside spacetime defined by the Reissner-Nordstrom metric 
should coincide with the internal metric (1) with the charged 
matter distribution given by

                                                                                            (13)
 
where the total mass and the total charge of the star are denoted by 
M and Q2, 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 (13). In 
order to relate the radial pressure to the energy density, where α is 
a positive constant, we imposed the following quadratic equation 
of state, also known as the Bose-Einstein equation of state [88].

                                                                                          (14)

Novel Model Classifications 
In this study, we selected particular forms for the electric field 
intensity E and the gravitational potential Z(x) in order to solve 
the Einstein-Maxwell field equations. In accordance with Korkina 
and Orlyanskii [89], we decide on Z(x). 

                                                                                         (15)

a is a real constant in this case. This potential behaves well inside 
the sphere and is regular at the star center. We use the form 
suggested by Lighuda et al. [91] for the electric field intensity, 
which can be expressed as

                                                                                          (16) 

with K ˃ 0. This type of electric field provides us with a positive, 
continuous, monotonically growing function that is regular at the 
center of the star. 
By changing (15) and (16) in equation (6), we get 

                                                                                           (17)

By substituting (17) into (14), we obtain the radial pressure

                                                                                            (18)

The charge density in (11), with (15) and (16), is

                                                                                           (19)

The mass function is expressed using (17) in (12).

                                                                                         (20)

Equation (7) is changed by (15), (16), and (17) as

                                                                                                (21)

When we integrate (21), we get

                                                                                                (22)

where

                                          (23)

                                                          (24)

                                                                      (25) 

                                                                      (26) 

                                                                       (27)

                                                                       (28)
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                                                                                     (29)

                                                                                     (30)  

It is possible to express the metric functions as

                                                                                    (31)
 

                                                                                               (32) 

   For the anisotropy ∆ is provided

                                                                                               (33)
Physical Acceptability Requirements 
A model must meet the following requirements in order to be 
considered physically acceptable [29,92]: 

(i) The metric potentials e2λ  and  e2ν assume finite values throughout 
the stellar interior and are singularity-free at the center r=0.
(ii) The energy density ρ inside the star should be positive and 
decreasing. 
(iii) The radial pressure should also be positive and decrease as 
the radial parameter increases. 
(iv) The gradients in radial pressure and density

                                                                     (v)
At the center, the anisotropy is zero r=0, i.e. Δ(r=0) =0.
(vi) The causality requirement, which states that the radial speed 

of sound         must be less than the speed of light throughout the 

model, must be met by any physically feasible solution, i.e.

The Reissner-Nordstrom spacetime's exterior and the interior 
solution should coincide; the metric for this is

through the boundary r=R where M and Q are the total mass and 
the total charge of the star, respectively.

According to criteria (ii) and (iv), the energy density must be at 
its highest at the center of the sphere and decrease as it moves 
toward the surface.

Physical Examination of the Novel Models
Metric potentials for the new solutions e2λ and e2ν have limited 
quantities and maintain a positive value throughout the interior of 

the star. At the center                 and                          . We show that 

in                                        and this enables the confirmation of
the regularity of the gravitational potentials at the center. Between 
the star's core and surface, the energy density is positive and 
behaves well.

In the center                    and                           Consequently, the
energy density won't be negative in r=0 and            ˃ 0. On the 
star's surface   and additionally, for the second fundamental form, 
we have

                                                                                         (34)

Radial pressure gradients and energy density        and        are 

functions that decrease monotonically with the radial coordinate 
r, respectively. In this instance, we get in   

( )0=rPr

( ) 2290 CarPr α==
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                                                                                                                                                                                             (35)

                                                                                                                                                                                             (36)

                                                                                                                                                                                          
It may be inferred from equations (35) and (36) that the pressure and density should be highest in the star's center and monotonically 
decrease toward its surface. The radial sound speed must remain within the limit in order to maintain causality 0 ≤         ≤1 within 
the star's interior [92]. This model includes: 

                                                                                                                                                                                             (37)

On the edge r=R, the solution must match the Reissner–Nordström exterior space–time and the continuity of     and     across the 
boundary r =R is

                                                                                                                                                                                            (38)

Next, we get the following for the matching conditions:

                                                                                                                                                                                            (39)

The masses of the star objects and the values of the selected physical parameters, α, a, and K, are displayed in Table 1.

Table 1: Parameters K, a, α and stellar masses.
 K  α  a  M(Mʘ)

 0.0000101  1/3  0.015 1.159730526
 0.0000105  1/3  0.015 1.159033690
 0.0000111  1/3  0.015 1.157988440

Mʘ = sun’s mass

The figures 1,2,3,4,5,6,7,8, 9,10 and 11 represent the plots of

Δ and M with the radial coordinate. In every graph we looked at C=1.

eν eλ
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Figure 1: Potential metric e2λ in opposition to the radial coordinate 
for a=0.015.

Figure 2: Potential metric        in opposition to the radial parameter. 
For all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively

Figure 3: Against the radial coordinate, an electric field for 
K=0.0000101 (solid line), K=0.0000105 (long- dash line) and 
K=0.0000111 (dash-dot line). For all the cases a=0.015.

 

Figure 4: Charge density  in opposition to the radial parameter 
for K=0.0000101 (solid line), K=0.0000105 (long- dash line) and 
K=0.0000111 (dash-dot line). For all the cases a=0.015.

Figure 5: Energy density ρ against the radial coordinate. For 
all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively

Figure 6: Radial pressure Pr against the radial coordinate. For 
all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively
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Figure 7: Radial speed sound        against the radial coordinate. 

For all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively

Figure 8: Gradient of energy density versus the radial coordinate. 
For all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively.

Figure 9: Gradient of radial pressure versus the radial parameter. 
For all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively

Figure 10: Anisotropy against the radial parameter. For all the cases 
a=0.015. Here, solid, long-dash and dot-dashed lines correspond 
to K= 0.0000101, 0.0000105 and 0.0000111 respectively

Figure 11: Mass function against the radial coordinate. For 
all the cases a=0.015. Here, solid, long-dash and dot-dashed 
lines correspond to K= 0.0000101, 0.0000105 and 0.0000111 
respectively

In Figure 1, The potential metric e2λ is a function that grows steadily 
inside the star and increases in value with the radial parameter. In 
Figure 2, the metric potential  also is continuous and has the same 
behaviour as that of e2λ, achieving high radial parameter values. 
Figure 3 shows that for all values of K taken into consideration, 
the electric field intensity stays positive, continuous, and increases 
monotonically throughout the star interior. As seen in Figure 4, 
the charge density is a function that decreases steadily. Figure 5 
illustrates that the star's internal energy density is continuous and 
decreases monotonically, whereas Figure 6 shows that the radial 
pressure is non-negative and decreases with the radial parameter. 
In Figure 7 the profile of radial speed sound is plotted with radial 
parameter and is noted that        as demonstrated by Delgaty and 
Lake, is always less than the unity and causality condition that is 
maintained in the star interior, which is a crucial physical need 
[29]. The radial variation of energy density gradient has been 
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shown in Figure 8, in which it is observed that           in all the 
cases studied. In Figure 9 it is also shown that the profile     of        
indicates the radial pressure gradient is negative inside the star. 
Plotting the anisotropic component Δ in Figure 10 reveals that 
it disappears at the star's center, or Δ(r=0)=0. Additionally, we 
may observe that as K increases, Δ admits smaller values. For a 
range of K values, the mass function in Figure 11 is continuous, 
rising, takes finite values, and behaves nicely in the star interior. 
The estimated values can be compared to the stellar masses of 
the three celestial objects in Table 2 [93,94].

Table 2: The approximate values of the masses for the compact 
stars
Compact Star  Masses M(Mʘ)
 GW191219  1.17
 J1741+1351  1.14
4FGLJ2039.5-5617  1.18

The masses produced by the selected values of the parameter K 
are extremely similar to the binary system GW191219 [93], which 
consists of a black hole and neutron star. The behavior of the star's 
mass, electric field E, and charge density with the radial parameter 
at a value of K = 0.0000101 is displayed in Table 3. The electric 
field strength E and charge density σ are finite and nonsingular 
across the star where E=0 at r=0, and the mass function increases 
as r increases.

Table 3: Variation of Mass M, electric field E2 and charge 
density σ2 with K=0.0000101 and a=0.015 from centre to the 
surface of the star 

 r  M E2 /2C  σ2

 0  0  0 0.0001818
 1  0.0072805540 0.000009952912621 0.0001749
 2  0.0535403760 0.000038235714290 0.0001574
 3  0.1592229801 0.000081237401570 0.0001363
 4  0.3234197170 0.000135394594600 0.0001167
 5  0.5330961708 0.000198392857100 0.0001009
 6  0.7726592458 0.000269203846200 0.0000888

 7.5  1.1597305260 0.000389760174500 0.0000761

The values found in this study using the Bose-Einstein equation 
of state for the mass, charge, and electric field for the black hole-
neutron star binary system corresponding to GW191219 [93] are 
regular and behave well in the stellar interior. 

LIGO measurements of gravitational waves from a binary black 
hole merger [85] and the dynamics of neutron star mergers, 
which result in the emission of gravitational waves indicating 
the potential formation of heavy elements, can both be predicted 
by simulations, particularly when numerical relativity is used. As 
shown in the work of Müller and Rezzolla and Gonzalez et al., 
advanced simulations using numerical relativity may potentially 
explore phenomena such as unusual stars, wormholes, and 
quantum gravity effects in strong gravitational fields [86,87].

 In order to advance the timeline, Iyer's work [80], which was first 
mentioned in the Introduction, theoretically demonstrates that the 
gravitational gradient that twists the tensor time will depend on the 
immediate future of the action that formed the time wavefunction. 

Here, Iyer has demonstrated that the classical scalar equation of 
motion under gravitational fields can be obtained by interactively 
coupling gravity-time metrics to determine action Lagrange in 
general scalar time and scalar gravity. The Lagrangian of action 
S = ∫L dt, with L = f (mwg, tqg, R), with R = scalar 4D toroidal 
hyperspace coupling, interactively linking with scalar gravitational 
mass mwg and scalar quantum gravity time tqg operator with 
gravitational fields. Importantly, astrophysical regions would 
exhibit a rank2 tensor, which is analogous to Schwarzschild metrics 
and would correspond to what we know about Schwarzschild 
metrics solving general relativity formulations, as demonstrated 
in the current work results discussed above. These sophisticated 
theoretical derivations helped to conjecture that, in terms of rank 
gradation of tensors, quantum domains cause fields polarization 
to the rank6 tensor time, while mesoscopic environments would 
manifest rank mixing 2 and 4. Because quantum gravitational 
effects are important during the Planck era, tensor gradation 
to scalar metrics can therefore offer fresh perspectives on the 
behavior of the early universe's cosmology and astrophysics. 
This could lead to more accurate models of the Big Bang and 
subsequent cosmic evolution. The discrete nature of spacetime 
suggested by tensor gradation might offer new perspectives on 
black hole entropy and information paradoxes, potentially leading 
to a deeper understanding of black hole thermodynamics [80].

The causation of polarization exhibiting CMBR anisotropy is 
based on the Thomson scattering of light by free electrons in the 
final scattering surface. Using the "ket" matrix and bra matrix 
with six vector time elements and two scalar time elements, Iyer's 
research demonstrates a rank-6 tensor time matrix that is useful for 
testing the parameters of various cosmological models, including 
inflation, dark matter, dark energy, and neutrino masses. This 
research typically aids in measuring the global and local clocking 
time-value of events as listed by all of these phenomena, some of 
which have been extensively considered in this article, building 
on the Introduction literature survey [81].

The significance of perfectly accurate reference frames 
determined theoretically towards Global Positioning System, 
Laser Interferometer Gravitational-Wave Observatory data has 
just been reported by Iyer, as well as well stated by Introduction 
studies [82]. For example, (1) time measurements require weak-
gravity reference frames because gravitational fields affect time, 
particularly when they are close to massive objects or fluctuating 
gravitational potentials; (2) mass measurements are best performed 
in a zero-gravity reference frame because gravitational forces can 
alter an object's apparent weight and impact the measurement of 
mass. Relativity-based calibration is required for accurate time 
measurements. Accurate mass measurement is ensured in a zero-
gravity environment, free from outside gravitational forces; (3) 
refining early universe models by examining cosmic phenomena 
including black hole dynamics and the cosmic microwave 
background (CMB); (4) increasing the sensitivity and precision 
of gravitational wave detectors, like LIGO, to better detect weak 
signals from astrophysical events.

 Iyer's research on quantum cosmology has revealed measurable 
observables that limit the temporal and spatial dimensions of 
existence [83]. The M-Branes Theory, which links the signal/noise 
equivalence of the energy-temperature advances mathematical 
algorithm equations configurationally describing signal/noise 
behavior at various domains of spacetime reality, is a further 
development of the thesis. In order to explain the evolution of 
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diffused quantum state ensembles physical states, such as open 
strings, which characterize CMBR longitudinal waves, in contrast 
to the closed strings that characterize gravitational transverse 
waves on curved or curled up dimensional branes, this would 
also extend to the idea of Planck Boltzmann branes separated by 
discontinuum length, DL.

 The mathematics of end states of universal existence is magically 
defined by the transformation of the signal variance to temperature 
variance; for instance, the universe tends toward a vacuum state 
at high infinite temperatures and becomes superconductive at 
absolute zero. In order to quantitatively characterize the graviton as 
a quantum microblackhole, Iyer's physics department develops an 
experimental method of Spin Spectroscopy signal/noise algorithm 
to theoretically measure particle mass, charge, microsymmetry in 
quantum, and macrosymmetry within crystal structures. This will 
be proven with LHC and particle accelerator measurements, which 
will contribute to the validity of M Branes Theories' Quantum 
Gravity Grand Unified PHYSICS [83].

Conclusion 
In this study, we created a few basic relativistic charged star 
models for a static spherically symmetric locally anisotropic fluid 
distribution by solving Einstein-Maxwell field equations. We have 
examined the behavior of fluid distribution by selecting a metric 
potential, calculating the electric charge distribution, and using the 
Bose-Einstein equation of state. The explanation of the internal 
structure of electrically charged odd stars may benefit greatly by 
an analytical stellar model with such physical characteristics. 
Since matter variables and the gravitational potentials of this 
study are compatible with the physical analysis of these stars, the 
newly discovered models align seamlessly with the Schwarzschild 
exterior metric across the boundary r=R.

Plots produced and physical characteristics related to matter, 
radial pressure, density, anisotropy, and charge density indicate 
that the suggested model behaves well and may be compared 
to the binary system GW191219. Simulations, especially with 
numerical relativity can predict binary black hole mergers 
causing gravitational waves as well as the dynamics of mergers 
of neutron stars, causing emission of gravitational waves pointing 
to possible formation of heavy elements, wormholes, exotic stars, 
and quantum gravity effects in strong gravitational fields.

A new ansatz understanding of nature of time as a rank6 tensor that 
degrades to vector to entangle with gravitational gradient creating 
real matter universe has been also highlighted here. Measurements, 
reference frames, end states of the universe, as well as abstract 
signal algorithmic transformation to interpret faint signals and 
thermodynamics have been explicably summarized here in this 
quantum Bose-Einstein condensate with cosmological Modelling 
of a neutron star-black hole system.
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