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1. Introduction

Dimensions in string theories [8] have provoked great interest among mathematicians.

These theories, which provide an understanding about the early stages of evolution of

the universe, require the background space-time manifold of dimensions higher than four.

Subsequently, several authors have studied the implications of theories in which dimensions

of the space-times are higher than four (1+3).
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The Higher Dimensional Analogues (HDA) of the solutions of Einstein field equations

on the background of four dimensional space-time were given by Schwarzchild, Reissner-

Nordstrom and Kerr metrics were obtained by Myres and Perry [3]. The HAD of Wyman’s

and Gonzales – Dias solutions were reported by Shen and Tan [5].

D-dimensional analogues of the Schwarzschild- de Sitter, Reissner – Nordstrom – de

Sitter and Kerr – de Sitter metrics were obtained by Dianyan [2]. The HAD of number

of solutions of Einstein Field Equations have been also reported by Tikekar [7], Singh et

al [6] and Patel et al [4].

Durgapal [1] obtained a class of exact solutions for static and spherically symmetric

fluid distribution by using ansatz. This paper derives a higher dimensional generalization

of Durgapal’s solutions.

2. The field equations

The n+ 3 spherically symmetric static metric can be considered in the form

ds2 = −erdr2 − r2d2 + ev(r)dt2 (1)

where d is the line element on a unit (n+ 1) sphere and are functions only of the radical

co-ordinate r. As we are interested in perfect fluid distributions, the energy-momentum
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tensor is taken to be

Tik = (p+ ρ)vivk − pgik, v
ivi = 1 (2)

where ρ is the density, p is the pressure and vi is the flow vector. It can be easily checked

that the Einstein’s Field Equations

Rik − 1

D − 2
Rgik = −8πTik (3)

with Tik given by the following equivalent set

vi = e−v/2δit (4)

8πρ =
(n+ 1)e−λλ′

2r
+

n(n+ 1)

2r2
(1− e−λ) (5)

8πρ =
(n+ 1)e−λν

′

2r
+

n(n+ 1)

2r2
(e−λ − 1) (6)

ν′′ +
1

2
ν′

2 − ν′λ′

2
− ν′

r
− nλ′

4
+

2n

r2
(eλ − 1) = 0 (7)

where dash(′) indicates differentiation with respect to r. When n = 1, the space-time

becomes four-dimensional and the above set of equivalent equations matches with the

usual equations for hydrostatic equilibrium of a static spherically symmetric relativistic

star in four dimension.
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3. Higher dimensional generalization of Durgapal’s so-

lution

Durgapal [1] obtained a class of exact solutions for static and spherically symmetric fluid

distribution by using ansatz. In this paper, we shall obtain the higher dimensional gener-

alization of Durgapal’s solutions. Following Durgapal’s ansatz,

e = B2(1 + x)d (8)

x = Cr2 (9)

where B and C are constants. Subsequently, the equation will be a first order linear

differential equation in which if we set

e−λ = Z (10)

can be written in the form

dZ

dx
+ P (x)Z = Q(x) (11)

where

P (x) = −n(1 + x)2 + d(2− d)x2

x(1 + x)[n+ (n+ d)x]
(12)
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and

Q(x) =
−n(1 + x)

x[n+ (n+ d)x
. (13)

The linear equation has

e
∫
Pdx =

(1 + x)d−2(n+ (n+ d)x)
d+2n−dn

d+n

x
(14)

as the integrating factor and hence it can be integrated formally to yield the solution

Ze
∫
Pdx =

∫
−n(1 + x)d−1(n(n+ d)x)

n(1−d)
d+n

x2
dx+N (15)

where N is a constant of integration. After a lengthy calculation, one can express e−λ for

any d ≥ 2 as

Z = e−
∫
Pdx(n

(n+ (n+ d)x)2n−nd+d

x
f(x)dx+N) (16)

where f(x) = a0+a1x+a2x
2+· · ·+ad−2x

d−2 is a finite polynomial in x with the coefficients

a0, a1, · · · ad−2. The coefficients can be determined by a0 = 1
n , ad−2 = −1

d2−2d−n and for

0 < m− 1 < d− 2,

am−1 =
−1

nm+ d(m− n− 1)
[
(d− 1)(d− 2) · · · (d−m)

m!
+ n(m− 1)am].

Thus the above procedure can be used to obtain HDAs of various solutions given by

Durgapal on choosing d = 2, 3, 4, 5, · · · . We illustrated the procedure for the simple case
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d = 2 here.

4. Conclusion

When d = 2, with reference to the equations (8) and (16), we recover the solution reported

by Patel et al in 1997 with

e = B2(1 + x)2

e−λ = 1 +Nx[n(n+ 2)x]
−2
n+2 .

The physical plausibility of this solution is already reported in the literature. Thus we

have obtained a higher dimensional generalization of the solution by Durgapal in the year

1982 for Einstein’s field equations using a new method to solve first order linear differential

equation.
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