Prespacetime Journal| February 2014 | Volume 5 | Issue 2 | pp. 60-68 60
Pawar, D. D., Solanke, Y. S. & Bayaskar, S. N., Exact Kantowski-Sach Cosmological Models with Constant EoS Parameter in
Barber’s Second Self-Creation Theory

Article

Exact Kantowski-Sach Cosmological Models with Constant
EoS Parameter in Barber’s Second Self-Creation Theory

D. D. Pawar™*, Y. S. Solanke® & S. N. Bayaskar®

*School of Mathematical Sciences, Swami Ramanand Teerth Marathwada University,
Vishnupuri, Nanded-431606, (India)

®Mungsaji Maharaj Mahavidyalay, Darwha ,Yawatmal

& Department of Mathematics, Adarsha Science, J. B. Art and Birla Commerce College,
Dhamangaon Rly- 444 709 (India),

Abstract

We have constructed spatially homogeneous and anisotropic Exact Kantowski-Sach dark energy
cosmological models with constant equation of state (EoS) Parameter in Baber’s second self-
creation theory of gravitation. The observed values of dark energy EoS parameter ® and
deviation parameter & are not necessarily the function of cosmic time but their determinate
values for derived models are in good agreement with recent observations of SNe la data. In
order to obtain the exact solution of the Einstein’s field equation we have considered the spatial
law of variation of Hubble’s parameter which yields a negative constant deceleration parameter
and in view of the anisotropy space time, the scalar expansion @ in the model is proportional to
shear o which leads to A = R". Some physical and geometrical behaviours of the cosmological
models are also studied.
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1. Introduction

In recent years a considerable interest has been focused by cosmologists in formation of
alternative theories of gravitations. Brans and Dicke [1] is one of them who have attracted the
many workers towards scalar tensor theories of gravitations. For the more time according to the
observations of the cosmologists it was the best alternative for the Einstein Theory of
gravitations. In an attempt to produce continuous creation theories, Barber [2] has proposed two
self creation theories modifying the Brans Dicke theory of gravitation and Einstein theory of
general relativity.

According to Brans and Dicke [3] Baber’s first self creation theory is unsatisfactory because of
the violation in equivalence principle. Second self creation theory is the modification of general
theory of relativity to a variable G which includes continuous creation of matter but in the limit
of observations. This modified theory creates the universe out of self contained gravitational and
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matter field. In this theory scalar field does not gravitate directly, but it simply divides the matter
tensor, acting as a reciprocal gravitational constant. This theory postulates that scalar field used
couples to the trace of the energy momentum tensors. Hence field equations used in Baber’s
second theory are:

R; —%gin:—%[Tij and D(pz%r/ﬁ
Where A is a coupling constant and ¢ is a Barber’s scalar. In the limit A —>0 the theory
approaches Einsten’s theory of general relativity in every respect. According to the cosmologists
Reiss,A.G..et al. and Perlmutter,s et al.[4-5] dark energy plays an important role in order to
explain and investigate the cosmic accelerated expansion of the universe. The cosmological
observations of the type SNe la supernovae [6-8] indicate that the current universe is not only
expanding but also accelerating. In addition to this to Milkinson Microwave Anisotropy Probe
(WMAP) this acceleration is cosmic on the combinations of results from the large scale

distribution of galaxies and the most precise data on the cosmic microwave background (CMB).

Now it is confirmed that the dark energy with negative pressure is the most important component
responsible for the cosmic accelerated expansion of the universe. According to Dobado [9]
introduction of cosmological constant with equation of state ,= -1 is also responsible for an
accelerated expansion of the universe. Apart from the cosmological constant there are other
candidates to dark energy responsible for expansion of the universe. The phantom fields, the
quintessence, chaplygingas, tachyon field [10-14] etc are various alternative candidates for dark
energy.

In general theory of relativity relationship between temperature, pressure, energy, vacuum
energy density parameterize. The evolution of the expansion rate of universe is parameterized by
the relationship between temperature, pressure and combined matter, energy and vacuum energy
density in general theory of relativity. According to Carroll [15], today, dark energy model is
characterized by the equation of state (EoS) parameter @ =p/p  which is

not necessarily constant. In the present model we have observed that EoS parameter is
independent of cosmic time where as the experimental data obtained by Sahni and Starobinsky
[16] and analysis done by Sahni, et al [17] the EoS parameter is a function of cosmic time.

The phantom energy (@ <—1), quintessence are the simple candidates for the dark energy
having time dependent EoS parameter but usually EoS parameter is considered as constant with
phase wise value -1,0,-1/3 and+1 for vacuum field, dust fluid, radiation and stiff fluid dominated
universe respectively but according to our observations in the present paper @ =-1 is not
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admissible value for the Exact Kantowski-Sach cosmological model in Barber’s second self
creation theory. It is due to because of lack of observational evidence it is difficult to distinguish
between constants and variables o [18-19]. But in general E0S parameter is a function of time or
red shift [20-21].

Steinhardt,P.J. et al [22-23] have used Kaluza Klein cosmological model with variable EoS
parameter. Soleng [24] have discussed F-R-W models in Barber’s second theory of self creation.
Reddy and Venkateshwarlu [25] have studied the Bianchi type VI, cosmological model in
Barber’s second theory of gravitation. Pawar et al. [26] investigated string cosmological model in
presence of massless scalar field in modified theory of general relativity.

2. The Metric and Field Equations

We consider the Exact Kantowski-Sach space time
ds* = dt* — A°dr* —B*(d6” +sin* 0dg¢’ ) , (2.1)

where the metric potentials A, B are the functions of cosmic time t.

The field equations in Barber’s second self creation theory are

1 87
Gy =R; 5 g;R :_?Tij ’ (2.2)

and Jp=0," =8§1T, (2.3)

where T is the trace of the energy momentum tensors, ¢ is the Barber’s scalar and A is

coupling constant. In the limit 4 —0 the theory approaches Einstein’s theory of general
relativity in every respect.

The energy momentum tensor for the perfect fluid distribution is given by
T) =diag| T\, T}, 17T} | (2.4)

Here we are dealing with an anisotropic dark energy . We can parameterize eq".(2.4) as
T =diag[~p,,—p,,— P, ] (25)
where p is the energy density of the fluid; P,, P,, P, are the pressures along the co-ordinate

axes. The anisotropic fluid is characterized by EoS P = @wp where EoS parameter @ is not
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necessarily function of cosmic time t. Here we have adjusted the EoS parameter along r-axis by
setting @, = @ so that we are free to introduce skewness parameter & which is the deviation

from @ along@and¢@ axes.

Thus we have energy momentum tensor as

T,) =diag [—a)r,—a)g,—c%,l]
T/ :diag[—a),—(w+5),—(a)+5),l]p (2.6)

By using co-moving co-ordinate system, Barber’s field equations (2.2),(2.3) and(2.6) space time
eq".(2.1) reduces to

.. .o\ 2
BBl L, @.7)
B (B) B P
LB A fr(ows
A B AB_-8r(w+d)p (2.8)
A B AB P
. . <\ 2
2AB (BY 1 8r
2AB (B . 1 _8&« 2.9
A {ij " 29)
A 2B 87l
s+ D225 591 025 3 2.10
¢ (A BJ(p 3 ( @)p (210

Here overhead dot of the field variables represents the ordinary differentiation with respect to
cosmic time.

3. Solutions of the Field Equations

The system of the equations (2.7) — (2.10) containing six unknowns A, B, p,®,6,@ and four
linearly independent equations. Therefore in order to obtain an explicit solution we have to
assume two additional constraints. We solve above system of equations by assuming special law
of variations of Hubble’s parameter proposed by Berman (1983) which yields constant
deceleration parameter of the models of the universe. For an accelerating universe we consider
the constant as negative.

Let us consider

g= RZR =constant (3.1)
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For an accelerating model of the universe we take negative constant.

Equation (3.1) gives

1

R =((1—q)(11q)j(at+b)(lq) 3.2)

provided a # 0, b are constants of integrations

Another constraint we have to assume that the expansion scalar € in the model is proportional to
the shear scalar which leads to the condition A=R" as
A=R"=(1-q)ta (at+b)a-a (3.3)

where N # 0 is constant.

Also from the given space time we have
R® = AB? (3.4)
Equations (3.2),(3.3) and (3.4) gives

3-n 3-n
(

B =(1—q)2a) (at+b)2ia (3.5)
Using equations (2.9) (3.3),(3.5) with eq". (2.7) gives two values for EoS parameter, which are

__(5—3n+4q)
“= 3(n+1) (3.6)

and w=-1 (3.7)

But @ =-1 is not admissible value to get the exact solution of the field equations because we
cannot determine the Barber scalar ¢ and hence it is rejected.

By using eq"s.(3.3),(3.5),(3.6) with eq". (2.8) gives two different values for the skewness
parameter 6 which are
2(2+0q)(1-n)

0= (3-n)(1+n)

n=+1 (3.8)

and

5:w (3.9)

(3—n)(1+n)
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In this case also the value of skewness parameter given by the eq". (3.9) is not admissible
because it contradicts to get the exact solution of the field equations and hence rejected.
After subtracting eq". (2.7) from eq". (2.9) and using it with eq". (3.6),(3.8) in eq". (2.10)
we get

a’(n®-2n+4q+5)(-2n°*+7n-29-1
(at+b) ¢= s (at+b)p—4 ( a+5)( Zq )gozo. (3.10)
(1-q) 2(3-n)(3n-29-1)(1-q)
On integration for eq". (3.10) we get the solutions for ¢ as
p=c (at+b)™ +c,(at+b)™ (3.11)
Thus our two basic solutions for ¢ are
¢ =c (at+b)" (3.12)
and
@, =c,(at+b)"™ (3.13)
where

A R N )
2 e 2

(2+q) _ —A(n*—2n+4q+5)(-2n* +7n-2q-1)

(1-q)"* 2(3-n)(3n-2q-1)(1-q)’

k =

Using eq". (3.3),(3.5),(3.11) after little manipulation eq".(2.9) yields

_ 1] 3a°(3-n)(n+1) N

m m,
= 3 > ) = c(at+b)" +c,(at+h) (3.14)

The Exact Kantowski-Sach cosmological model in Baber’s second self creation theory takes the

for
2n 3-n)

n (30
ds® =dt*~[ (1-q)(at+b) -0 dr® —[ (1-q)(at +b) [&-a) (d6” +sin” 6d¢*)  (3.15)

4. Some physical parameter
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The directional Hubble parametersH, =H_, H, =H, (H, =H,) are given by

H=H=——""+—— 4.1
=R =) at+b) 1)
(3-n)a
H,=H, = 4.2
7 2(1-q)(at+b) (4.2
The mean generalized Hubble’s parameter H for the model (3.15) is given
a
H=——— 4.3
(—a)(at+b) (43)
The spatial volume
1 1
V =(1-q)t-q) (at+b)aa (4.4)
The expansion scalar & and the shear scalar & are respectively given by
3a
d=—7—— 4.5
(=a)(at+b) (43)
,  2a*(2n-3)
o= > 5. (4.6)
3(1-q) (at+b)
The mean anisotropy parameter of the expansion is defined as
N 13 (Hi _HT (n*—2n+1)
3FlH )2 4.7)

4.1. Physical behavior of the model

In the present paper it has been observed that the EoS parameter @ and the skewness parameter
o are found to be constants. The directional Hubble parameters as well as mean generalized
Hubble parameter H, expansion scalar @, shear scalar o, the spatial volume V all these
parameters are the functions of cosmic time. As cosmic time tends to infinite these parameter
tends to zero, but these parameter diverges when cosmic time is —b/a except the spatial

volume.
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The spatial volume of this model is zero when cosmic time is —b/a and since the deceleration
parameter is negative it increases with increase of time. Thus the derived model starts expanding
with big bang singularity at t=—b/a but it can be shifted to t =0 by choosing b =0.Thus
since the deceleration parameter is negative as per the proposed assumption the model has a
point type singularity at t:—b/ a The mean anisotropy parameter A is constant throughout

2
%;ﬁ 0 and it is independent of cosmic time. Thus the

lim
t—oo

the evolution of the universe. Since

present model does not approach the isotropy for large value of cosmic time t.

5. Conclusion

Here we have studied the anisotropic Exact Kantowski-Sach cosmological model in Barber’s
second self creation theory of gravitation. The exact solution of the field equation is obtained
using the condition that expansion scalar & is proportional to the shear scalar o. We have
discussed some physical properties of the model. The derived model will help the workers for
understanding the structure of the universe at the early stages of evolution of the universe
because the recent observations of SN la reveal that the present universe is aceelerating.
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