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The Stability of Some Viable Stars and Electromagnetic Field
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2Department of Mathematics, University of the Management and Technology, C-II, Johar Town, Lahore 54590, Pakistan

(Received 26 January 2016)

We examine the impact of electromagnetic field on the stability of compact stars corresponding to embedded
class one metric using the concept of cracking. For this purpose, we develop the generalized hydrostatic equilib-
rium equation for charged perfect fluid distribution of compact stars and perturb it by means of local density
perturbation scheme to check the stability of inner matter configuration. We investigate the cracking of Her X-1,
PSR 1937+21, PSR J 1614-2230, PSR J 0348+0432 and RX J 1856-37. We conclude that PSR J 034840432 and
RX J 1856-37 exhibit cracking when charge is introduced on these astrophysical objects.

PACS: 04.20.—q, 04.40.Dg, 04.40.Nr

The idea of embedding of four-dimensional space-
time into larger dimensional space is an old and repli-
cated one.l' "l A few years ago, due to renewal in the
interest of embedding symmetries, Pavsic et al.[’) pre-
sented many applications of embedding to general rel-
ativity (GR). Gupta et al.l’) presented new models of
a charged super-dense star belong to embedding class
one. Compact objects (CO) like white dwarfs, pulsars,
neutron stars (NS), magnetars, belong to a significant
class of those relativistic objects which were widely in-
vestigated in astrophysical research. In 1964 Bondil”
proposed that the hydrostatic equilibrium equation
can be used to test the stability of spherical CO. Her-
rera et all®” introduced the term of ‘cracking’ to
explain the behavior of spherical symmetries. They
further investigated how transverse cracking of CO
can be induced by axially symmetric perturbations.!'"!
Prisco et al.l'"'*! redefined the conditions of cracking
for homogeneous CO. Abreu et al!'’l enhanced the
concept, of cracking by means of sound speed veloci-
ties. Gonzalez et al.'*'?] developed the scheme of lo-
cal density perturbation (LDP) for further extension
of the idea of cracking. Azam et al.l'>'"] applied the
concept of LDP to check the stability of charged and
neutral CO in linear regime. They also implemented
the LDP on a particular CO in quadratic regime.!'"]
Recently, Herrera et al.l'”) investigated the cracking of
a polytropic sphere through small fluctuations of local
anisotropy.

Analyzing the consequences of charge on the natu-
ral properties of stars is an important subject in GR.
In this scenario, Bonnorl?*?!l investigated the effect
of electromagnetic field (EF) on spherical CO and
concluded that electric repulsion can halt the grav-
itational collapse. Bekenstein’’! studied the gravi-
tational collapse of charged CO through generalized
hydrostatic equilibrium equation. Ray et all*’ cal-
culated the approximated value of charge, (10%° C),
required for a charged CO to stay in the equilibrium
state. For instance, Her X-1 belongs to the class of
massive x-ray binaries with mass approximately 2Mg,
which lies between low and high mass x-ray binaries.
Due to its intermediate mass such a system is very
rare where one component is either an NS or black
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hole.l**?° Pulsar PSR 1937421 has been studied by
many researchers to describe its properties like mass,
radii, rotation and radio pulse.[?°~ 2’1 PSR J 1614-2230
is NS with a white dwarf in its binary system hav-
ing mass 1.97 & 0.04M. Demorest et al.l*! analyzed
CO by means of Shapiro delay and presented the ob-
served values of different physical parameters for PSR
J 1614-2230. Tauris et al.l*'! presented the mathemat-
ical model for PSR J 1614-2230 to show that PSR J
1614-2230 was born as massive NS. PSR J 03480432
was discovered in 2007 with the Green Bank Telescope
in a drift-scan survey and it has mass 2.01 4+ 0.04 M.
The mass of PSR J 0348+-0432 is slightly greater than
the mass of PSR J 1614-2230, while both are statisti-
cally indistinguishable stars.””l The NS RX J 185637
was recently detected by the Hubble Space Telescope
and its mass is about 0.9041M. The radius of RX
J 185637 is approximately 6 km and its distance from
earth is around 200 light years.!*”]

The magnetars belong to a family of NS with an
extremely powerful magnetic field. In 2012 Gao et
al.l*"l presented a mechanism for magnetar soft x-ray
or v-ray emission. They et al.**~*7 discussed several
aspect of magnetars like pressure of electrons, equa-
tion of state and constraints of braking indices in the
presence of superhigh magnetic fields. In this work,
we apply the technique of cracking on some charged
spherically symmetric CO corresponding to embed-
ding class one metric presented by Maurya et al.[*"]

We consider the line element for a static spheri-
cally symmetric space time in curvature coordinates
given by

ds? =e’dt? — e dr?
— 1r2(d6? + sin? 0dg?). (1)
The above metric corresponds to the embedding class
one, if the Karmarkarl”” condition is satisfied, i.e.,
Rij14 = R1212Rs4:;%1;-31224R1334’ with Rogos 75 0_[1(1] For

323
spherically symmetric metric Eq. (1), the Einstein—
Maxwell field equations are given by

IR
— - r: ):87rP7E2, 2)
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N7 e 7 2 Nr—v _8rP 4 B (3 which shows that the gradient of pressure is effected
S R +T+ 2 } =8rP+E% (3) by EF. Using the relations ¢ = 1 —2m/r +¢*/r? and
2 . . .
Ve—> 1— e g = Er® given in Ref.[18], Eq. (5) yields

e ( s ) — 87Tp+ EQ, (4)

" " o 4P P) (—2m — 8713 P + 2r3 E2)
where p is the energy density, £ is the EF, and P is - dr (p 22 — dmr + 2riE2
pressure of the fluid. Solving Egs. (2)—(4) simultane- (E)'E
ously, we obtain the hydrostatic equilibrium equation 5— =0. (6)
for CPF dr

dP, 1 , E  ,_, We will use Eq.(6) to investigate the stability of
=—s(p+tP)+ (r°E)’, (5)  charged CO through LDP in the presence of EF.
dr 2 4mr? 8 &
Table 1. Cracking of CO in the presence of EF.
Star A(10713) B D K(10'2) R(km) E >0
Her X-1 3.6319 0.5552 3.0626 3.7972 6.700 Stable
PSR 1937+21 1.9503 0.4103 2.5857 8.0775 11.4998 Stable
PSR J1614-2230 1.8112 0.4419 2.6998 8.4338 11.3664 Stable
PSR J0348-0432 1.8017 0.4228 2.6315 8.6369 11.7372 Unstable at R = 10.2103 km
RX J1856-37 5.0962 0.5189 2.9540 2.7925 6.006 Unstable at R. = 5.8058 km
For this, we perturb the static configuration of CO 01 _ r o0 —_
filled with CPF through LDP. Here {2 represents the OFE' 8r’ OP ’
state of hydrostatic equilibrium of the system. Thus 02 (p+ P,)(8r°EE' — 16mr*EE’ + 4r"EE")

to check the stability of the CO, we should observe
the behavior of {2 just after equilibrium is perturbed
by LDP. This perturbed state of CO is represented
by 62 and any change in its state can be observed
numerically by testing change in its sign.[”'” The
overturning or cracking will occur in the inner re-
gion of CO when the equilibrium state is altered due
to reversal in the direction of perturbed force, i.e.,
602 >0 — 602 < 0 and vice-versa.l'l We apply the
LDP to all the physical quantltles and their deriva-
tives involved in Eq. (6) a (p + dp), P(p + dp),
m(p+dp), E'(p+dp), and E(ip—i— dp). The perturbed
form of Eq. (6) is given by

2= 0(p,P,P',m,E,E") + 612,
where

@ a“Q 60 2 a“Q 2 1y nN—1
+ 5 07+

op _9p T op'T
dmr? @( +E2)+8QE’ o0 E" 1)
p Om P OF p/  OFE' p'

This is the basic equation used to describe the ef-
fect of LDP on the cracking of CPF inner matter dis-
tribution of CO corresponding to embedding class one
with v2 = —P as the radial sound speed. We will plot

‘s " of the star for different values of

the parameters involved in the model. Using Eq. (6),
the derivatives involved in Eq. (7) are given by

Q against radlus

02  —2m —8mr3P + 2r3E?

dp 22 —dmr + 2r1E2

02 (p+ P)(—4r* — 327r* P + 4r* E?)
om (2r2 —4dmr + 2r*E?)? ’
02  —2m— 16773 P — 8773 p2r3 B2

P —4dmr + 2rtE? ’

OE (2r2 — 4mr 4 2r4E2)?
AEE 4+ rE'
4rr

(8mr*EE' + 327" PEE'
(2r2

— 4r"E3E")
— 4dmr + 2rtE2)? '

The model presented by Maurya et al.**! is defined by

dm(r) DA At DR _4edr Doy
Ar3 AD7”262AT2+]_ (AD?“2€2A7'2+1)2
(8)
 A(GDeAT (2472 +1) — 4Ar? + AD2r2et47%)
P 167 (ADr2e24r* 4 1)2 (é)
P 7A(4A7’2+2D62AT2 (242 —1)— AD?2e447° 1 8)
B 167 (ADr2e24r* 4 1)2 (10’)
A2p2(e2AT° D2 _ 42477 D 4y
pr o AL ‘ +4 (11)

2(ADr2e24r® 4 1)2

The expressions for the radial sound speed
velocity!'’] can be obtained from Egs. (9) and (10) as

= (16D — 3D%M7 4 8A2 Dt tAr
+ 28ADr2e?A™ 4 4AD% 2 AT
+16A2Drie?A™ — AD3 2047
— 4)/(11D%e*47” — 24De2A™
+24A2D2 4 4A7' 28ADT2 2Ar2
+ 20AD% %M _ 1642 Dt AT
+ AD3r2e841 +4),

where A, B, K and D = 4ABK are the parameters
involved in the model of Maurya et al.l*®l The values
of these parameters for CO under consideration are
listed in Table 1.
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Figures 1 and 2 show that all CO under consid-
eration are stable in the absence of EF (E = 0).
Recently, wel'”'®] have studied the cracking of PSR
J1614-2230 through LDP analysis in the scenario of
linear and quadratic regimes with and without EF
corresponding to the model of Takisa et all'!l and
found that PSR J1614-2230 remains unstable in each
regime. Thus the model of Maurya et al.l*"] is a phys-
ically viable candidate for neutral CO corresponding
to embedded class one metric, and we can summarize
that PSR J 1614-2230 remains unstable in the linear
and quadratic regime corresponding to the model of
Takisa et al.l'*?! for anisotropic fluid, while it remains
stable corresponding to the model of Maurya et al.[*"]
for perfect fluid. However, from Fig. 2, it is clear that
PSR J 034840432 and RX J 1856-37 exhibit cracking
(overturning) in the presence of EF.

2 T

Her X-1, PSR 1937+21, PSR J 1614-2230

|
=)
ps—
L

O =—"T——=-

——————— Her X-1 (Uncharged and stable)
Her X-1 (Charged and stable)

|
e

PSR 1937421 (Uncharged and stable)
***** PSR 1937421 (Charged and stable)

-+ PSR J1614-2230 (Uncharged and stable) 4

PSR J1614-2230 (Charged and stable)

|
-
=)

2 4 6 8 10 12
R (km)

|
-
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Fig.1l. Plots show that the curves do not change their
signs with both £ > 0 and E = 0, i.e., Her X-1, PSR
1937421, PSR J 1642-2230 remain stable for different val-

ues of the parameters involved in the model.[?8]

2
PSR J 0348+0432, RX J 1856-37
o}
T e Uncharged PSR J0348+0432(Stable)
0.014 Charged PSR J0348+0432
0.012 = (Unstable at r = 10.2103 km)
, 0.01 Cracking point of PSR J0348+0432
_4 Wi 0.008 ———-Uncharged RX J1856-37(Stable)
Cl i 0.006L - _._._Charged RX J1856-37
Q| x10-5 5.823 5.824 5.825 5.826 5.827 5.828 (Unstable at = 5.8258 km)
—6 H - Cracking point of RX J1856-37
5
—8 0
—10 4 —5
12 10.21025 10.21029 10.21033
— 1 N L L
0 2 4 6 8 10 12

R (km)

Fig. 2. Plots show that cracking points occur at R. =
10.2103km and R. = 5.8258km for PSR J 0348+0432
and RX J 41856-37, respectively. They become poten-
tially unstable for £ > 0, while stable for £ = 0.

We have used the model of Maurya et al.l*® to
examine the cracking of CO Her X-1, PSR 1937+21,
PSR J 1614-2230, PSR J 0348+0432 and RX J 1856-
37 with and without charge, respectively. Figure 1
shows the stability of celestial objects Her X-1, PSR
1937+21 and PSR J 1614-2230 for different values of
parameters® listed in Table 1. It is observed that Her
X-1, PSR 1937421 and PSR J 1614-2230 remain sta-

ble in the presence and absence of EF corresponding
to embedded class one. Figure 2 indicates that PSR
J 034840432 and RX J 1856-37 exhibit cracking with
the inclusion of charge. The values of cracking point
for PSR J 034840432 is R, = 10.2103km, whereas
for RX J 1856-37 cracking occurs at R, = 5.8058 km.
It is noted that the LDP technique does not effect
the stability of CO in the neutral case, but drastically
changes the stability with the inclusion of charge in the
framework of GR with embedded class one. The LDP
can be applied to magnetars to check the stability un-
der the influence of strong magnetic field. The models
and discussion presented by Gao et al.** 7 can be
used for implementation of LDP to check the cracking
of magnetars, while it cannot be included in this work
due to special features of magnetars. We conclude
that Her X-1, PSR 1937421 and PSR J 1614-2230 re-
main stable, while PSR J 0348+0432 and RX J 1856-
37 may become potentially unstable in the framework

of GR.
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