
Chapter 6

Higher dimensional compact object

with electromagnetic field in

spheroidal geometry

6.1 Introduction:

The property of matter in a highly compact star is not yet understood properly.

Usually in a compact stellar object the matter density attains nuclear density, the

properties of the matter in the central core regions is therefore not known precisely

and therefore reliable information on the equation of state (henceforth, EOS) is not

available. Consequently an alternative approach [48] is followed here to explore the

relation between pressure (p) and energy density (ρ) inside the star. It is suitable

to consider a geometry for describing interior spacetime geometry for the 3-space of

the compact object. Consequently, the Einstein’s field equations can be solved to
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obtain radial variation of pressure and density determined by the model parameters.

One can construct viable models of super dense stars in equilibrium [45] making

use of this specific ansatz, characterized by two parameters namely, λ (spheroidicity

parameter) and R (geometrical parameter). In this context, Vaidya-Tikekar metric

has been found very useful for understanding compact, strange star (SS) objects [59].

The physical plausibility of Vaidya-Tikekar approach is found in Ref. [60]. The

properties of stellar models predicted from such analysis is found for a given EoS

that are obtained by solving Tolman-Oppenheimer-Volkoff (TOV) equations. The

method adopted here is simple which predict possible EOS for the interior fluid of

the compact object whereas TOV equation can be solved if the EOS is known.

We consider in this chapter a metric eq.(1.28) which describes a spheroidal geome-

try for understanding compact stars in different contexts. It may be pointed out here

that higher dimension is important in understanding some of the issues in cosmology

and astrophysics which draws attention since last couple of decades. It was [85, 86]

who first initiated a study to unify gravity with electromagnetic interaction by intro-

ducing an extra dimension, which is essentially an extension of Einstein GR in five

dimensions. The success of string theory in higher dimensions led to a spurt in activ-

ities to generalize the known four-dimensional astrophysical and cosmological resuls

in the framework of higher- dimensional geometry. Cosmological models are explored

in higher dimensions which led to a product space M4 ×Md, with Md describing the

compact inner space, relevant for describing the present Universe satisfactorily. In

the context of localized source, higher dimensional versions of the spherically sym-

metric Schwarzschild and Reissner-Nordström black holes [36, 87], Kerr black holes
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[88, 89, 90], black holes in compactified space-time [91], no-hair theorem [102], Hawk-

ing radiation [88] and Vaidya solution [92] have been generalized. Shen and Tan

[93] obtained a global regular solution of the higher-dimensional Schwarzschild space-

time. The objective of the work is to obtain exact analytical models for compact

stars with or without electromagnetic field in the framework of higher dimensions

from which usual four dimensional result can be recovered. We obtain here exact an-

alytical solution of the Einstein field equation considering a general Vaidya-Tikekar

metric in higher dimensions. The departure from the spherical geometry of a uniform

density configuration may be realized in this approach, from which the model of a

super dense star is obtained by stipulating a law for variation of density of its matter

content which follows from prescribing a geometry characterized by two parameters

namely, spheroidicity (λ), geometrical parameter (R), electromagnetic field strength

(β), Dimension (D) and phase parameter (δ).In the case of a compact stellar object

it is essential to satisfy all the conditions outlined by Delgaty and Lake as the EoS

of the fluid of the compact dense object is not known. We employ the prescrip-

tion outlined by Delgaty and Lake in obtaining stellar models of compact objects.

A number of literature which considered compact objects came up in recent times

[39, 40, 94, 95, 96, 97, 98, 99, 100, 101]. A class of new relativistic solutions are

obtained here in the framework of higher dimensions for compact charged stars in

hydrostatic equilibirium having mass and radius relevant for neutron stars [57]
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6.2 Field Equations for Relativistic Stars in higher

dimensions and New solutions

Einstein field equations in higher dimensions is given by,

RAB − 1

2
gABR = κ2TAB (6.1)

where A, B runs from 0, 1, 2........., (D − 1), κ2 = 8πG is gravitational constant in D

dimensions, RAB is Ricci-tensor and TAB is the energy momentum tensor. We consider

a spherically symmetric static, cold charge star in higher dimensions represented by

the line element,

ds2 = −e2ν(r)dt2 + e2µ(r)dr2 + r2dΩ2
n (6.2)

where ν(r) and µ(r) are the two unknown metric functions, n = D − 2 and dΩ2
n =

dθ21 + sin2θ1dθ
2
2 + sin2θ22(dθ

2
3 + ... + sin2θn−1dθ

2
n). The energy-momentum tensor for

a star with electromagnetic field in higher dimensions can be written as,

TAB = diag (−(ρ+ E2), p− E2, p+ E2, ......, p+ E2) (6.3)

where ρ, p and E represent the energy-density, pressure and intensity of Electric field

respectively. The Einstein field equation in higher dimensions corresponding to the

metric given by eq.(6.2) becomes

ρ+ E2 =
n(n− 1)(1− e−2µ)

2r2
+
nµ′e−2µ

r
(6.4)

p− E2 =
nν ′e−2µ

r
− n(n− 1)(1− e−2µ)

2r2
(6.5)

p+ E2 = e−2µ

(

ν ′′ + ν ′2 − µ′ν ′ − (n− 1)(µ′ − ν ′)

r

)
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−(n− 1)(n− 2)(1− e−2µ)

2r2
(6.6)

On setting κ2 = 1. Using eqs.(6.5) and (6.6) we obtain a second order differential

equation in two variables µ and ν.

ν ′′ + ν ′2 − ν ′µ′ − (n− 1)µ′

r
− ν ′

r
− (n− 1)(1− e2µ)

r2
− 2E2e2µ = 0 (6.7)

Now to solve eq.(6.7) we use the ansatz,

e2µ =
1 + λ r2

R2

1− r2

R2

(6.8)

where λ is the spheroidicity parameter and R is geometrical parameter related with

the configuration of the star model. In order to make it intractable we define Ψ = eν(r)

and x2 = 1− r2

R2 , the above eq.(6.7) becomes

(1 + λ− λx2)Ψxx + λxΨx + λ(λ+ 1)(n− 1)Ψ− 2E2R2(1 + λ− λx2)2

(1− x2)
Ψ = 0. (6.9)

The electric field is represented by,

E2 =
β2(1− x2)

R2(1 + λ− λx2)2
=

β2r2

R4(1 + λr2

R2 )2
(6.10)

so that the regularity of electric field at the centre of the compact object is ensured.

The choice of E2 generates a model for a charged star which is physically realistic in

pseudo-spheroidal geometry. eq.(6.9) now can be expressed as

(1 + λ− λx2)Ψxx + λxΨx + λ[(λ+ 1)(n− 1)− 2β2

λ
]Ψ = 0 (6.11)

Further in the above equation we employ a transformation z =
√

λ
1+λ

x which

leads to

(1− z2)Ψzz + zΨz + [(λ+ 1)(n− 1)− 2β2λ]Ψ = 0 (6.12)
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The equation once again is differentiated with respect to z and finally it can be written

in a form which admits a solution in special form,

(1− z2)Ψzzz − zΨzz + Ω2Ψz = 0 (6.13)

where Ω2 =
[

(n− 1)(λ+ 1) + 1− 2β2

λ

]

is a constant. The general solution of eq.(6.13)

is given by

eν = Ψ0

(

cos[(Ω + 1)ξ + δ]

Ω + 1
− cos[(Ω− 1)ξ + δ]

Ω− 1

)

(6.14)

where Ψ0 and δ are two integration constants and we denote ξ = cos−1z. The

constants Ψ0 and δ are determined by matching the solution with the exterior higher

dimensional Reissner-Nordström solution at the boundary (r = b) of the compact

object. The total charge in the higher dimensional static sphere is defined as

q(r) = 4π
∫ r

0
σrneµdr = rnE(r) (6.15)

where σ denotes the proper charge density.

6.3 Physical Analysis

In this section physical features of compact objects will be analysed using the

solution given by eq.(6.14). The energy density (ρ), pressure (p) and charge density

(σ) of a relativistic charged star in higher dimension can be determined from the set

of eqs.(6.4)-(6.6), which are as follows

ρ =
(λ+ 1)

R2(1 + λr2

R2 )

[

n(n− 1)

2
+

n

(1 + λr2

R2 )
− β2r2

R2(λ+ 1)(1 + λr2

R2 )

]

(6.16)
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p = − (λ+ 1)

R2(1 + λr2

R2 )





n(n− 1)

2
− nR2(1− r2

R2 )

r(λ+ 1)

ψr

ψ
− f(β)



 (6.17)

where f(β) = β2r2

R2(λ+1)(1+λr2

R2 )
and σ =

2β(1+ r2

R2 )(3+
λr2

R2 )

R2(1+λr2

R2 )5/2
. The central density of a star

can be determined from eq.(6.16) which is given by

ρo =
(D − 2)(D − 1)(λ+ 1)

2R2
. (6.18)

For a positive central density D > 2 and λ > −1 is required for a given R2. The total

mass of a charged star contained within a radius b is given by

M(b) =
(D − 2)A(D−2)

16π

(λ+ 1)bD−1

R2(1 + λ b2

R2 )
− β2bD−1

R2λ(D − 1)
H (6.19)

where AD−2 = 2π(D−1
2 )

Γ(D−1
2

)
and H = 2F1

[

D−1
2
, 1 : D+1

2
;λy2

]

− 2F1

[

D−1
2
, 2; D+1

2
;−λy2

]

where y = b
R
and 2F1[a, b, c, d] represents Gauss hypergeometric function with argu-

ments a, b, c, d. To obtain a viable stellar model the following conditions are to be

imposed on the relativistic solution obtained above.

• At the boundary of the star (r = b), the interior solution is matched with the

exterior Reissner-Nordström in higher dimensions given by

ds2 = −
(

1− C

rn−1
+

q2

r2(n−1)

)

dt2 +

(

1− C

rn−1
+

q2

r2(n−1)

)−1

dr2 + r2(dΩ2
n). (6.20)

Thus, at (r = b) one must match with the following

e2ν = e−2µ =

(

1− C

bn−1
+

q2

b2(n−1)

)

(6.21)

where q denotes total charge of a compact star as measured by an observer at infinity

and its mass in the absence of electromagnetic field is M = (D−2)AD−2C
16π

. In four

dimensions C = 2M .
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(i) Pressure of the star must vanish at the boundary i.e., p(r = b) = 0. This

condition yeilds,

ψr(b)

ψ(b)
=
b(λ+ 1)(D − 3)

2R2(1− b2

R2 )

[

1− 2β2b2

(D − 2)(D − 3)(λ+ 1)R2(1 + λb2

R2 )

]

(6.22)

(ii) The pressure inside the compact object must be positive which leads to

ψr

ψ
≥ r(λ+ 1)(D − 3)

2R2(1− r2

R2 )

[

1− 2β2r2

(D − 2)(D − 3)(λ+ 1)R2(1 + λr2

R2 )

]

(6.23)

(iii) The causality condition inside the charged star is maintained when the speed

of sound (dp
dρ
) is less than 1.

Using eqs.(6.16) and (6.17) we determine

dp

dρ
=

nR2 Ψr
Ψ

r
(1 + λr2

R2 )
[

R2

r
(1 + λr2

R2 )(1− r2

R2 )(
Ψr

Ψ
) + (λ+ 1)

]

− χ
[

n(λ2 − λ)((n− 1)(1 + λr2

R2 ) + 4) + 2β2(1− λr2

R2 )
] (6.24)

where χ = 2β2

R2

[

(D − 1) + (D−3)λr2

R2

]

.

For causal fluid we obtain an inequality from eq.(6.23) which is given by,



−
√
λ+ 1

2
√

λ(1− r2

R2 )
+ U



 ≥
R2(1 + λr2

R2 )
√

1− r2

R2

r
√

λ(λ+ 1)

ψr

ψ

≥


−
√
λ+ 1

2
√

λ(1− r2

R2 )
− U



 (6.25)

where U =
√

4 + (D − 3)(1 + λr2

R2 ) +
λ+1

4λ(1− r2

R2 )
− Uβ, and Uβ = 2β2

n

(

(n+2)−(n−2) r2

R2

λ+1
− (n+2)

λ

)

.

It leads to a constraint on λ which depends on spacetime dimension. In this case one

obtains

λ > −
D3 − 8D2 + 13D − 2 + 2

√

(D − 2)[D3(1 + 2β2)− 16D2β2 −D(3 + 2β2)− 2]

D3 − 10D2 + 15D + 2

(6.26)
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We note the following: (i) For D = 4 in an uncharged star it leads to a lower bound

λ > 3
17

obtained by Mukherjee et al. [48]. (ii) For D = 4 in charged star it leads to

a lower bound λ >
−7+

√
25−68β2

17
obtained by Sharma et al. [67] (iii) For D > 4 in an

uncharged star it leads to a compact object without charge leads to λ > D2−4D+3
−D2+8D+1

obtained by Paul [94].

6.3.1 Numerical Analysis

In this section radial variation of different physical quantities namely, energy den-

sity (ρ), pressure (p), square speed of sound (v2) of compact objects are studied. The

radial variation of ρ, pressure p, and dp
dρ

are plotted in four and in higher dimensions.

For a given mass, radius of a star and a set of geometrical parameter namely, λ, and

space-time dimensions (D) radial variations of physical parameters inside the star

are studied. To construct a stellar model first the parameters R and the phase δ ap-

peared in the relativistic solution given by eq.(6.14) are determined using eqs.(6.20)

and (6.21), for a stellar model star with a given configuration such as spheroidicity

parameter λ, mass M , size of the star b and space-time dimension D. In Table-

6.4, for various compactness factor the reduced radius of the star is determined and

compared for different set of values of λ and β.

D 4 5 6
ρ(b)
ρ(0)

0.621 0.951 0.994

Table 6.1: Variation of density profile with space- time dimension (D) for λ = 3
without electromagneic field.

Compact stars with or without electromagnetic fields are probed in the next sec-
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λ 3 5 7 7.5 9 10
ρ(b)
ρ(0)

0.621, 0.584 0.566 0.563 0.555 0.551

Table 6.2: Variation of density profile with different λ for four dimension in uncharged
star.

β 0 0.2 1 2 2.1
ρ(b)
ρ(0)

0.6211 0.6218 0.6350 0.6562 0.6579

Table 6.3: Variation of density profile for a charged star in four dimension with λ = 3.

tion considering their observed masses.

Case I: Here a compact object namely, Her X-1 [15] characterised by mass M =

0.88M⊙ where M⊙ represents solar mass is considered whose compactness factor is

u = M/b = 0.1686. The radial variation of pressure, density and square speed of

sound in figs. (6.1), (6.2) and (6.3) respectively are plotted. For λ = 3, both pressure

and density decreases as number of space time dimension increases in the absence

of electromagnetic field. In the presence of electromagnetic field, the variation of

pressure for different λ is studied and found that both the pressure and density inside

the star increases. The causality is also maintained by the fluid inside the star which

is evident from fig. (6.3). In the presence of electromagnetic field i.e., β 6= 0 both

pressure and density are found to decrease with the increase in β.

Case II: Here a millisecond pulsar namely, SAX J 1808.4-3658 [15] characterised

by mass M = 1.435M⊙ where M⊙ represents solar mass is considered whose com-

pactness factor is u = M
b

= 0.2994. The radial variation of pressure, density and

square speed of sound are plotted in figs. (6.4), (6.6) and (6.8) respectively are plot-

ted. For λ = 3, both pressure and density is found to decrease as number of space
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Figure 6.1: Radial variation of (ρ) with space-time dimension (D) for λ = 3 in HER
X-1 without electromagnetic field. Blue line for D = 2, red line for D = 3, dashed
line for D = 4 and green line for D = 6.
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Figure 6.2: Radial variation of Pressure with different λ. Red line λ = 3, thick blue
line for λ = 5 and dashed line for λ = 5 without charge. Green line for λ = 3, black
line for λ = 5 and dotted line for λ = 7 with charge in HER X-1.
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u = m/b b/R b/R b/R b/R
λ = 3, λ = 5, λ = 3, λ = 5,
β = 0 β = 2 β = 0 β = 2

0.01 0.0713 0.0712 0.0582 0.0581
0.05 0.1644 0.1639 0.1348 0.1340
0.1 0.2425 0.2408 0.2000 0.1974
0.15 0.3111 0.2979 0.2582 0.2528
0.2 0.3780 0.3554 0.3162 0.3065
0.25 0.4472 0.4117 0.3780 0.3619
0.3 0.5222 0.4688 0.4472 0.4226

Table 6.4: Variation of reduced radius (b/R) with compactness for given λ and β in
four dimensions for HER X-1.

time dimension are increased in the absence of electromagnetic field. Whereas in four

dimensions the variation of central density to surface density is found more compare

to that in higher dimensions. In the presence of electromagnetic field the variation of

pressure for different λ is studied and it is found that as λ increases both the pressure

and density inside the star increases, this behaviour is however found same both in

the presence and in absence of electromagnetic field. The causality is also maintained

throughout the star. In the presence of electromagnetic field i.e., β 6= 0, it is evident

that both pressure and density decreases as β increases at a point inside the star.

Case III: Here a model star namely, Vela X-12 [15] characterised by mass M =

1.77M⊙ where M⊙ represents solar mass is considered whose compactness factor is

u =M/b = 0.1771. The radial variation of pressure, and square speed of sound in figs.

(6.7) and (6.11) respectively are plotted. For λ = 3, both pressure and density found

to decrease as number of space time dimensions are increases without electromagnetic

field. However in the presence of electromagnetic field, the variation of pressure for

different β is studied and found that as β increases pressure inside the star decreases.
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Figure 6.3: Variations of (dp
dρ
) with different (λ). Blue line for λ = 7,red line for λ = 5

and green line for λ = 3 without charge. Dotted line for λ = 7, dashed line for λ = 5
and black line for λ = 3 with charge in HER X-1.

The causality is also maintained throughout inside the star.

Case IV: Here a millisecond pulsar namely, PSR J1903+327 [15] characterised by

massM = 1.667M⊙ whereM⊙ represents solar mass is considered whose compactness

factor is u = M/b = 0.1697. The radial variation of pressure, density and square

speed of sound in figs. (6.9),(6.10) and (6.12) are plotted. For λ = 3, both pressure

and density decreases as number of space time dimensions increases in the absence

of electromagnetic field. In the presence of electromagnetic field, the variation of

pressure for different λ is studied and found that as λ increases pressure inside the

star also increases. The causality is maintained throughout inside the star. In the

presence of electromagnetic field i.e., β 6= 0 both pressure and density are found to

decrease as β increases.

Case V: Here a model star namely, Gen X-3 [15] characterised by mass M =

1.49M⊙ where M⊙ represents solar mass is considered whose compactness factor is

u = M/b = 0.15667. The radial variation of pressure, density and square speed of
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Figure 6.4: Radial variation of Pressure with different β. Red line for β = 0, blue
line for β = 0.1, green line for β = 0.2, dashed line for β = 1 and dotted line for
β = 2.1 in SAX J 1808.4-3658.
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Figure 6.5: Radial variation of pressure with space-time dimension (D). Red line for
D = 4, Thick line for D = 5, green line for D = 6, dashed line for D = 7 and dotted
line for D = 10in SAX J 1808.4-3658 without electromagnetic field.
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Figure 6.6: Radial variation of (ρ) with space-time dimension (D). Blue line for
D = 4, red line forD = 5, green line for D = 6, black line for D = 7 and dashed line
for D = 10 without electromagnetic field in SAX J 1808.4-3658.
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Figure 6.7: Radial variation of (dp
dρ
) with different β. Red line for β = 0, dotted line

for β = 0.1, dashed line for β = 0.2, black line forβ = 1, green line for β = 2 and blue
line for β = 2.1 in SAX J 1808.4-3658.
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Figure 6.8: Radial variation of Pressure. Red line for λ = 3, thick blue line λ = 8
without charge and green line for λ = 3, dashed line for λ = 8 with charge in Vela
X-12.

sound in figs. (6.14), (6.15) and (6.16) respectively are plotted. In the absence of

electromagnetic field, for λ = 3, both pressure and density are found to decrease

as number of space time dimensions increases. The causality is also maintained

throughout inside the star. In the presence of electromagnetic field for different β 6= 0

both pressure and density are found to decrease as β increases.

6.3.2 Equation of State

In a stellar model from the variation of pressure with density the equation of state

of matter content is determined for the stars, Her X-1 [15], SAX J 1808.4-3658 [15],

Vela X-12 [15], PSR J1903+327 [15] and Gen X-3 [15].Comparative study of the EOS

of those stars are tabulated in Table-6.5 for the usual four and higher dimensions.

It is evident that the interior matter mostly satisfy non-linear EoS. However in four

dimensions both linear and non linear EoS are found to describe the matter content.

In higher dimensions only non-linear EOS are permitted for a given star with charge.
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Figure 6.9: Radial variation of (dp
dρ
) with different λ. Red line for λ = 3, blue line for

λ = 5, green line for λ = 8 and dashed line for λ = 12 in Vela X-12 without EM field.

0 2 4 6 8 10

0.00

0.05

0.10

0.15

r

p

Figure 6.10: Radial variation of p with different β. Red line for β = 0, blue line β = 1
and green line for β = 2.1 in PSR J1903+327.
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Figure 6.11: Radial variation of ρ with different β. Blue line for β = 0, red line for
β = 1 and green line for β = 2.1 in PSR J1903+327.
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Figure 6.12: Radial variation of (dp
dρ
) with space-time dimension D. Red line for

D = 4, blue line for D = 5 and green line for D = 6 in PSR J1903+327 without
charge.
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Figure 6.13: Radial variation of p with different λ. Red for λ = 3, blue line for
λ = 5 without charge and green for λ = 3 and dashed line line for λ = 5 with charge
(β = 2.1) in PSR J1903+327.
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Figure 6.14: Radial variation of Pressure with β. Red line for β = 0, blue line for
β = 1 and green line for β = 2.1 in Gen X-3 .
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Figure 6.15: Radial variation of ρ with β. Blue line for β = 0, red line for β = 1 and
green line for β = 2.1 in Gen X-3.
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Figure 6.16: Radial variation of (dp
dρ
) with space-time dimensionD. Red line forD = 4

and green line for D = 5 in Gen X-3 without electromagnetic field.
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6.4 Discussion

In this chapter, a class of new relativistic solutions for compact stars with or

without electromagnetic field in hydrostatic equilibirium is obtained in the framework

of a higher dimensional geometry. The higher dimensional geometry considered here

is an extension of a four-dimensional geometry given by Vaidya and Tikekar [45]. As

the EoS of the matter inside the compact objects are not known, we adopt here a

technique similar to that considered by Tikekar [46] and Mukherjee et. al. [48]. The

physical features of compact objects with or without electromagnetic field in a higher

dimensional Vaidya-Tikekar metric are studied knowing their mass and radius or the

compactness factor. The EoS of the interior matter is predicted for some known

compact objects. This is possible because of the fact the interior geometry described

by the Vaidya-Tikekar metric is equivalent to prescribing a law for variation of density

of matter content in an isotropic star. Mukherjee et al. [48], considered a specific form

of the metric tensor component grr which is given by spheroidal geometry to study the

physical properties of the compact objects, in this chapter similar assumption is made

for the higher dimensional geometry. A functional relation between density ρ and p

is obtained by using Einstein field equation with isotropic fluid and electromagnetic

field. Considering observed mass and radii of five different known stars namely, Her

X-1 , SAX J 1808.4-3658, Vela X-12, PSR J1903+327 and Gen X-3 stellar models are

constructed for a set of values of the geometrical parameters λ, n, R, δ and β.

We note the following:

• Both density and pressure are found to decrease from center to the boundary of

compact objects in all the five stellar models.
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• Both the density and the pressure decreases for a charged star comapared to

that of a star without charge.

• Here λ plays an important role for the interior pressure of a star. As the value

of λ is increased the corresponding pressure increases in both the types of stars.

• In a higher dimension a compact star can accommodate fluid of lesser density

compared to a four dimensional one for a given size. A charged star with higher

electric field intensity permits a less denser star compared to that of an uncharged

one.

• The density profile of a compact object for a given λ and β is found to increase

with an increase in space-time dimension which is given in Table- 6.1.

• In four dimensions a compact object without EM field is studied for different

values of λ, it comes out that as λ increases the density profile of a compact object

decreases which is presented in Table- 6.2.

• In a compact object as the strength of a electromagnetic field is increased for a

given λ, the density profile is found to increase which is shown in Table-6.3.

• The stability of the stellar models obtained here are probed from the study of

the causality condition.

• The reduced sizes of the stars are presented in Table-(6.4) by varying the com-

pactness factor for different λ with or without electromagnetic field. For a given λ

the reduced size of a star increase as we increase the compactness factor. For a given

compactness factor and λ, the reduced size decreases as one increases the strength

of the electromagnetic field. The reduced size of the star also found to decrease as λ

increases for a given compactness factor and electromagnetic field strength.
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• For SAX J 1808.4-3658, a viable stellar model can be constructed for higher

dimension upto D = 10 for λ ≤ 7 , however as λ is increased it is posssible to obtain

a stellar model in space- time dimension more than 10.

• For Vela X-12 with λ = 3 a stellar model can be constructed in higher dimensions

upto D = 6. However for λ > 3 a stellar model can be constructed even with the

maximum spacetime dimension 10.

• For PSR J1903+327 with λ = 3 stellar model can be constructed in higher

dimension upto 6 and in Gen X-3 with λ = 3 can accomodate space time dimension

upto D = 7.

• In four dimensions the composition of a star can be described either with a

linear or a non-linear EoS with or without charge. On the other hand in D > 4 only

non-linear EoS is permitted in the presence of electromagnetic field.
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Star with EM EOS for D=4 EOS for D=5
Mass & size β
Her X-1 0 p = 0.470ρ− 0.061 p = 0.313ρ− 0.133

M = 0.88M⊙ p = −14.14ρ2 + 4.271ρ− 0.316 p = −0.044ρ2 + 0.362ρ− 0.147

r = 7.7km. 2.1 p = 0.282ρ− 0.036 Linear not found
p = −20.95ρ2 + 5.776ρ− 0.396 p = −0.126ρ2 + 0.115ρ− 0.025

0 p = 0.510ρ− 0.151 p = 0.582ρ− 0.444
SAX J 1808.4-3658 p = −0.133ρ2 + 0.593ρ− 0.163 p = 0.008ρ2 + 0.560ρ− 0.430

M = 1.435M⊙ 2.1 p = 0.318ρ− 0.091 Linear not found
r = 7.07km. p = −0.133ρ2 + 0.593ρ− 0.163 p = −0.126ρ2 + 0.115ρ− 0.025

0 p = 0.448ρ− 0.041 p = 0.465ρ− 0.163
Vela X-12 p = −52.24ρ2 + 10.45ρ− 0.511 p = −0.004ρ2 + 0.470ρ− 0.164

M = 1.77M⊙ 2.1 p = 0.278ρ− 0.025 Linear not found
r = 9.99km. p = 7.213ρ2 − 1.072ρ+ 0.037 p = −0.162ρ2 + 0.134ρ− 0.024

0 p = 0.490ρ− 0.045 p = 0.436ρ− 0.154
PSR J1903+327 p = −18.98ρ2 + 4.145ρ− 0.221 p = 0.009ρ2 + 0.425ρ− 0.151

M = 1.667M⊙ 2.1 p = 3.472ρ− 0.091 Linear not found
r = 9.82km. p = 221.5ρ2 + 3.876ρ+ 0.091 p = −0.218ρ2 + 0.179ρ− 0.033

0 p = 0.508ρ− 0.048 p = 0.400ρ− 0.142
Gen X-3 p = 11.91ρ2 − 1.816ρ+ 0.065 p = −0.045ρ2 + 0.447ρ− 0.154

M = 1.49 M⊙ 2.1 p = 0.279ρ− 0.026 Linear not found
r = 9.51km. p = 8.785ρ2 − 1.406ρ− 0.054 p = −0.160ρ2 + 0.130ρ− 0.023

Table 6.5: Variation of radial pressure with density for different stellar models in
D = 4 and D = 5 dimensions.


