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Abstract A five dimensional Kaluza-Klein Space-time is considered in the presence of a
perfect fluid source in Barber’s (Gen. Relativ. Gravit. 14:117, 1982) second self-creation
theory of gravitation. An exact cosmological model is presented using a relation between
the metric potentials and an equation of state. Some physical and kinematical properties of
the model are also discussed.
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1 Introduction

In recent years, there has been a considerable interest in alternative theories of gravitation.
Brans and Dicke [1] formulated a scalar-tensor theory of gravitation which incorporates
Mach’s principle in a relativistic frame work by assuming interaction of inertial masses of
fundamental particles with some cosmic scalar field coupled with the large scale distribution
matter in motion. In an attempt to produce a continuous creation theory, Barber [2] has
proposed two theories. The first is a modifield Brans-Dicke theory that is unsatisfactory since
the equivalence principle is violated [3]. The second is an adoption of general relativity to
include continuous creation of matter and is within the limits of observation. These modifield
theories create the universe out of self-contained gravitational and matter fields.

Several authors have studied various cosmological models in Baber’s second self-
creation theory. Pimentel [4] and Soleng [5] have discussed FRW models by using a power
law relation between the expansion factor of the universe and the scalar field while Singh [6],
Reddy [7, 8] and Reddy et al. [9], Reddy and Venkateswarlu [10] Shanti and Rao [11] and
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Pradhan and Vishwakarma [12] are some of the authors who have discussed various Bianchi-
type cosmological models in second self-creation theory. However, five dimensional cosmo-
logical models in the presence of perfect fluid source have not been investigated in second
self-creation theory proposed by Barber. Study of higher-dimensional cosmological models
are also important because of the underlying idea that the cosmos at its early stage of evolu-
tion might have had a higher dimensional era. The extra space reduced to a volume with the
passage of time which is beyond the ability of experimental observation at the moment.

In this paper, we obtain a Five-dimensional Kaluza-Klein cosmological model in Barber’s
second self-creation theory in the presence of perfect fluid source.

2 Field Equations and the Model
We consider five dimensional Kaluza-Klein space-time given by
ds*=dt* — R? (dxz—f—dyz—i—dzz) — A%dy? (€))]

where R = R(t) and A = A(¢).
The field equations in Barber’s [2] second self-creation theory are

1
Rij — Egin =—8m¢'T; )
and
8w

where T is the trace of the energy-momentum tensor, A is a coupling constant to be deter-
mined from the experiment ((JA| < 0.1) and semi-colon denotes covariant differentiation.
In the limit as A — 0, this theory approaches the standard general relativity theory in every
respectand G = ¢~ .

The energy-momentum tensor T;; for a perfect fluid distribution is given by

T;j = (o + puju; — pgij 4

where p is the isotropic pressure, p the energy density and u; represents the four velocity of
the fluid. Corresponding to the metric given by (1), the four velocity vector u; satisfies the
equation

giju'u’ =1 5)

In a comoving coordinate system the field equations (2) and (3) for the metric (1) with the
help of (4) and (5) take the form
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where the suffix 4 following an unknown function denotes ordinary differentiation with
respect to time ¢.

The field equations (6)—(9) are four independent equations in five unknowns R, A, p, p
and ¢. Hence to get a determinate solution one has to assume a physical or mathematical
condition. We solve the above set of field equations with the equation of state

p=4p (10)

which is analogous to the equation of state p = 3 p which represents disordered radiation in
four dimensional space. To obtain a determinate solution we also use a relation between the
metric potentials

A=uR" (11)

where p and n are constants.
Now, using (10) and (11) the field equations (6)—(9) yield an exact solution given by

R =[(n+3)(at + b)]"/"+3

(12)
A=pl(n+3)(at +b)1""3, n+3#£0
+1 1
87~ p=81¢~ (4p) = 3a?| — 13
mop =897 4p) =307 o | s (13)
and
) k log(at + b) + ¢, (14)
= —log(a
a(mn—+3) & 0
where a, b, k and ¢, are constants of integration and » satisfies the relation
4n 4+ 19n4+19=0 (15)

Thus, five dimensional Kaluza-Klein cosmological model corresponding to the above so-
Iution can be written (after a suitable choice of coordinates and constants of integration)
as

ds>=dT? —[(n+ 3TV dX*+dY* +dZ% — WP [(n 4+ 3) T/ H3dy? (16)

3 Some Physical Properties of the Model

Equation (16) represents an exact five dimensional Kaluza-Klein cosmological model in the
frame work of second self-creation theory of gravitation, proposed by Barber [2], in the
presence of a perfect fluid source. We observe that the model has no initial singularity for
n+3#0.

For the model (16), the physical and kinematical variables which are important, in cos-
mology, are

87p = 87 (4 )—M[ log T + ] (17)
7o =87 p—(n+3)2T2 3 og o
1
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Spatial volume: V3= um+3)T (19)
1
E si lar: 6 = — 20
Xpansion scalar AT (20)
1
Sh lar: o2 = 21
ear scalar: o sa7? 201
Deceleration parameter: g =38 (22)
1
Hubble’s parameter: H = ———— (23)
(n+3)T

Equation (19) shows the anisotropic expansion of the universe (16) with time for n 4+ 3 > 0.
The energy density p, the isotropic pressure p tend to zero as time increases indefinitely. For
this model the expansion scalar 6, shear scalar ¢ and Hubble’s parameter H tend to zero as
T — oo. The positive value of the deceleration parameter g shows that the model decelerates
in the standard way. However, the model does not admit rotation and acceleration. Hence the
model (16) represents expanding, shearing, non-rotating and non-singular universe which
decelerates in the standard way. However the scalar field diverges as T increases indefinitely.
Also, since
2

. O
Mg 70

the model does not approach isotropy for large 7.

4 Conclusions

Here we have presented a five dimensional Kaluza-Klein cosmological model in Barber’s
second-self creation theory of gravitation in the presence of perfect fluid source. The model
obtained is free from initial singularity. The model is expanding, shearing, non-rotating and
decelerates in the standard way.
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