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Abstract- In this paper we compare the relativistic masses for isotropic and anisotropic stellar objects. We use the exact solutions
obtained in the work by Sunzu and Danford in order to compute the relativistic stellar masses. We have used a model that is
charged and adopted a linear equation of state consistent for a quark matter. It is indicated that the relativistic masses generated
are in the acceptable range when compared with stellar masses previously found by other researchers. Our model indicates that the
masses for the isotropic case are higher than that of anisotropic object. Our results are therefore significant for the study of effects

of the anisotropy on the charged stellar objects.
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I. INTRODUCTION

It has been indicated that applying the Einstein-Maxwell field
equations, different models which describe behaviors of the
stellar objects are found. Using the spacetime that is static
and spherically symmetry, models with astrophysical
significance have been generated. In this direction models
found have revealed properties and structure for the
relativistic objects such as quark stars, dark energy stars,
neutron stars, gravastars, and black holes. It is for this reason
that mathematicians and physicists are attracted to generate
models that produce results in line with astrophysical and
astronomical findings. Mak and Harko [1] presented a model
for an object with mass 2.86MO and the radius 9.46 km. In
the work by Gangopadhyay et al [2] an astronomical object
with mass 1.60 MO and the radius 9.40 km is found. Sunzu et
al [3] has obtained stellar masses within the ranges 1.28 MO
- 1.73 MO and the radii 5.77 km - 7:61 km. Other works with
astronomical and astrophysical signi_cance include the
performance by Dey et al [4] who found an object with mass
1:433 MO and radius 7:07 km, Thirukkanesh and Maharaj
[5], Mafa Takisa and Maharaj [6], Sunzu et al [7], Negreiros
et al [8], Sunzu and Danford [9] and Guver et al [10, 11].

When modeling the stellar objects it is important that the
ingredient of pressure anisotropy be considered. This is due
to the fact that the pressure anisotropy do affect variability of
the relativistic stellar objects. It is indicated in several studies
that the pressure anisotropy have impact on the physical
behaviour and properties, stability and structure of stellar
objects. In the work performed by Sharma and Mukherjee
[12] it is indicated the presence of anisotropy is essential in

describing properties of dense objects with quark materials.
The results found by Gleiser and Dev [13] have shown that
the physical structures of relativistic matter is affected by this
ingredient. It is also shown in their paper that the presence of
pressure anisotropy may lead observational effects. It is
highlighted that relativistic objects are more stable when the
pressure anisotropy exists near the core of the matter. Several
findings indicate that when the anisotropy is present in a
stellar object with electromagnetic field distribution, the
stability under radial adiabatic perturbations is improved than
when compared with objects with isotropic pressure Dev and
Gleiser [14]. There are several research work with both
electromagnetic field and anisotropy present. These include
the models developed by Ngubelanga et al [15], Maharaj and
Mafa Takisa [16], Feroze and Siddiqui [17], Mafa and
Maharaj [18], Maharaj et al [19], Kileba Matondo and
Maharaj [20] and others are performed in [3,7,21{25].
However most of models with charge have the anisotropy
always present and cannot draw comparison with isotropic
case. A model that compares the effect of anisotropy on
matter variables is necessary.

The objective of this paper is to generate and compare
relativistic stellar masses and radii for isotropic and
anisotropic models using the exact model found by Sunzu
and Daniford [9]. The results obtained by using Python
programing language are presented through graphs and table.
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1. BASIC EQUATIONS

The spacetime geometry which is static and spherically
symmetric is represented by the line element.

ds? = _EZU(T)dtZ + eZ/l(r)er
+ 1r2(d6? + sin?0d¢?). (D

In the above, v(r)and A(r) define the graviatational
potentials. The exterior spacetime is given by Reisser
Nordstrom line element

2M  Q? 2M  Q*\ 7"
ds? =—<1——+Q—2>dt2+ (1——+Q—2> dr?
r r r r

+ r2(d6? + sin?6d¢?), 3]
where M and Q stands for the total mass and charge
measured by an observer at infinity. The energy momentum
tensor for a charged anisotropic matter is given by
7;; = diag (—p - %EQ,pT — %Eg,p; + %EQ,pt + %Eg) . (3
Where p is the energy density, p, is the radial pressure, p; is
the tangential pressure and E is the electric filed inside the
charged stellar objects.

The Einstein-Maxwell field equations for anisotropic matter
with charge in general relativity is given as

1 2N 1
Sl-e?) e = prgF, (d)
1 2’ 1
?“—2 (1 — 672’\] + Te_zA = DPr— §E21 (4b)
2 ! ! !
e (U" +v — N+ % - )‘7) - QEQ’ (o)

= éeﬁ‘ (PE), (4d)

where o is a proper charged density. In the system (4), prime
denotes the differentiation of the variables with respect to
radial coordinate r. we consider a linear relationship between
the radial pressure and the energy density as
1

pr=§(p—4B)‘ (5)
where B is a bag constant. Equation (5) is the Bag equation
and is consistent with quark matter. The mass function
contained within the charged sphere is given by

1

m(r) =5 /0 Wpdw,  (6)

I1l. TRANSFORMATIONS

The fundamental line element (1) and the field equations (4)
can be transformed to a simple form by introducing the
following transformations.

= CTQ_. Z{I‘) — t_’—QA{\r]T JileQ('I) — EQU[}‘}, {7)
where C and A are the arbitrary constants. The
transformation in the system (7) was suggested by Durgapal
and Bannerji [26]. Therefore the Einstein-Maxwell field

equations (4) and the equation of state (5) can be written in
the following form:

p = 3p.r+45, (8a)
DPr ZJ Z B
g - zgi_Z_
C y 2 C’ (8b)
pt - p’l‘+A: (80)
_ ] AL ;. BY 21
A = 4c'zzy+c(sz+2zz)y+c(2(z+5)+ - ) (8d)

E? 1-2Z v Z B

= _omd 2 2 8e

oG - azy 5~ o (8e)

c = 2\#%(.‘%E—+E). (8f)

The mass function in Equation (6) becomes

1 [I
. wpdw. (9
ety V"

The system (8) has six equations in eight variables (o, p;, P
E, Z, y, o; 4). The nonsingular exact solutions to the system
(8) were obtained in Sunzu and Danford [9] after specifying
the metric function y and the measure of anisotropy A in the
forms

M(z) =

y = (a+2™)", (10)
A = oz’ +agzt, (11)

where a, m, n, ag, a; are arbitrary constants. The choice of
metric function (10) is very crucial in modeling relativistic
matter. It observed to be finite, regular and continuous
throughout the interior of stellar objects. This choice of
metric function was also adopted by Komathiraj and Maharaj
[27] and Sunzu et al [3]. We note that when ap= a; = 0, we
have 4 = 0 and the model becomes isotropic. The exact
solution obtained in Sunzu and Danford [9] was a
generalization of the results in Mak and Harko [1],
Komathiraj and Maharaj [27], and Misner and Zapolsky [28].
In our work we establish the comparison between stellar
masses and radii for isotropic and anisotropic models an
aspect missing in most of the investigations.

Substituting Eq. (10) and Eq. (11) in Eq. (8d) after partial
decomposition we obtain
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2B | 2 (Q‘D + ayz) ) m

s (et

(1 C + C ( )
2r(nma™ 4+ r™ + a)

. 1 m (4 (mn +1) — 3m) 2™ 2m (n— 1) z™!

Z+ (2.1'+ (2 (((1+ (ljnm) r)’”) - (a-‘rr?" ) z (12)

Equation (12) is a general master differential equation that
governs the model for stellar body with charge and
anisotropy present.
The nonsingular exact solution for this model was obtained
by Sunzu and Danford [9] by choosing m =1 and n = 1. They
obtained the following gravitational potential and matter
variables:

I A (a+2), (13a)
e = 315 (a+1)2(a+31’) [9(35a° + 35a%r + 21az® + 52%)
) ar
— Zf (10-303r +1809a%2? + 35azx® + 3514) + 31Jg(1] (13b)

C (l'—lOa4 + 434a®r + 318a22? + 150a2® + 301’4)

b= 35 (a+2)° (a + 32)°
B (70(15 +994as 4+ 3708022 + ngoazﬁ + Lzma.rl + 1050.1‘5)
105 (a + z)” (a + 32)°
QO(z)
105 (a+2) (0t 32 (13c)
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_ 3B (70(15 + 9940z + 37080322 t@ag.ﬁf @al"L + 1050.1'5) 1B (1)
105 (a + ;r) (a + 31’)"
C (140a" + 434a’x + 318a%2? + 150az® + 302*) I'(z)
b=

35 (a+r)3(a+31~)9 05(a+ z)3(a + 32)?
B (70a” + 994a'z + 3708a%2% + Lzaoazl,x + Lzma.r + 10502°) .
- 5 5 , (13e)
105 (a+2)" (a+32)
A= 2® (a0 + o), (13f)
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The mass function (9) corresponding to this model becomes
1 [_vlmm

204204007 3 i

+%a*z§ (24913500 + 22204aay) + %:5 (39780B — 53363a°ag — 1484a’ay)

M(z) =

2 .
aria, — 273007 oy — %u:: (413100 + 292aa;)

2
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aVT
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IV. RESUTLS AND DISCUSSION

In this section we generate and discuss relativistic stellar
masses and radii by considering the isotropic and anisotropic
models. For isotropic model we have A=0 which is satisfied
when aq= a; = 0 and for anisotropic model the measure of
anisotropy A=0. We are comparing the masses and radii for
charged stellar objects for isotropic and anisotropic models.
We have transformed the parameters in mass equation (14)
using the following transformation.
do = agR?, 6 = R?, a =aR? B=RR?, C =CR%.
Table 1: comparison between the relativistic masses for the
isotropic and anisotropic stellar objects

Name | B | C | ag i a r(km) ﬁ(_\. =0) l}’ (A#£0)
R1 2.0 10| 10,0 5.0 200 8.71 2.778 2.653
R2 1.0 1.0 4.0 | 10.0 | 220.0 | 10.00 2.837 2.480
R3 1.0 10| 20 | 100 | 100 9.090 2.559 2.404
R4 1.5 10| 50 1.0 | 300.0 | 6.67 1.342 1.285
R5 05]10] 02 0.2 350 7.52 1.246 1.220

The masses and radii are generated for two cases namely
isotropic and anisotropic at various choices of parameters are
presented in Table (1). We see that the masses for the
isotropic models ranges from 1.246 Mg - 2.778 Mg with
radii in the range 6:67 km - 10:00 km while the masses for
the anisotropic case range from 1.220 Mg - 2.653 Mg. In
each case we observed that the stellar masses for the isotropic
matter is greater than that of anisotropic model. However, it
is interesting that the stellar masses and radii generated in
each case of our models are in acceptable ranges according to
Sunzu et. al [3], Guver et. al [10, 11], Mak and Hark [1],
Gangopadhyay et. al [2] and many others. We have plotted
the graphs for the mass against the radial distance using the
values indicated in the Table 1 by python programing
language.

We observe from these figures the variability of the masses
with the distance from the centre to the surface. From the

All Rights Reserved © 2017 IJSEM 35



#%IFERP

connecting engineers... developing researc fh

ISSN (Online) 2456 -1304

International Journal of Science, Engineering and Management (IJSEM)
Vol 2, Issue 9, September 2017

Figs. 1-5, we see that in general case the isotropic plot lies
above the anisotropic plot indicating the stellar masses for
isotropic case is larger. From Fig. (1) and Fig. (3), it can be
seen that the difference in masses occur in region away the
centre of the stellar interior.
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Fig 1: Comparison between the masses using data tabulated in
R1.
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Fig 2: Comparison between the masses using data tabulated in
R2.
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Fig 3: Comparison between the masses using data tabulated in
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Fig 4: Comparison between the masses using data tabulated in
R4.
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Fig 5: Comparison between the masses using data tabulated in
R5.

CONCLUSION

In our work we have obtained the exact models with quark
strange equation of state generated by Sunzu and Danford
[9]. We have generated masses and radii for charged stellar
object. These quantities are found for both anisotropic and
isotropic cases. Masses obtained for isotropic models are
ranging from 1.246 MO- 2.778 MO with radii in the range
6.67 km — 10.00 km while the masses for the anisotropic case
range from 1.220 MO - 2.653 MO and for the case of
anisotropic models the stellar masses ranging from1.220 MO
- 2.653 MO. We found that the anisotropic masses are less
than the isotropic one. These results are in good agreement
with reported studies.
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