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Abstract

The large scale distribution of galaxies in our universe shows that the material distribution can
be satisfactorily distributed by perfect fluid and there is existence of another exotic fluid, a

stiff fluid with an equation of state p = p. In this paper we have studied Bianchi type VI,
string cosmological model for stiff perfect fluid distribution in general relativity. To obtain the
deterministic solution of Einstein’s field equations, we assume the condition A= AB". Some
physical and geometrical parameters of the model are discussed.
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1. Introduction

In the universe one of the greatest cosmological mysteries is structure formation. The
observational data by the luminosity of type-la supernovae and cosmic microwave
background radiation of the universe described accelerated universe and energy density
of the universe is in the form of dark energy [9, 14, 20]. Also there is another exotic fluid
which is stiff fluid with equation of state p = p where p is the pressure and p is density of
stiff fluid. The equation of state parameter of this fluid assumes the largest value (equal to 1)
compatible with cause and effect because the speed of sound in this fluid is equal to the
speed of light. Zeldovich was the first who studied the model with stiff fluid first [32].
The accelerating phase and the various observational cosmological facts of the present
universe are well explained by Bianchi cosmological model. Bali R. and Poonia Laxmi
studied Bianchi Type VIO inflationary cosmological model in general relativity [3]. Also,
it is believed that for the large structure formation in the universe strings may be one of
the source [13, 31]. In recent years there has been a keen interest in the study of string
cosmological models in general theory of relativity. These models play an important role
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in the study of early stage universe. In earlier study, exact solution of string cosmology in
various Bianchi space time have been studied by Bali R and Singh Deo Karan[6], Bali R.
and Pradhan A. [4], Tikekar R and Patel L.K. [27], Bhattacharjee et al. [7], Krori et al [17].
Tikekar R. and Patel L.K. studied some exact solutions in Bianchi VI, string cosmology
[26]. Bijan Saha studied Bianchi type-VI model with cosmic strings in the presence of a
magnetic field [8]. Sharma A et al. [25], Jain K et al. [15], Ladke L.S., et al. [18], Gore et
al. [12] have investigated string cosmological models in different Bianchi space time.

Bali and Pareek investigated Bianchi Type Il magnetized massive string cosmological
model for perfect fluid distribution in general relativity [2]. Bali and Sharma [5]
investigated Bianchi type-1 stiff fluid magnetized cosmological model in general
relativity. Bali R. et al. [1] investigated Bianchi Type | Magnetized Barotropic Perfect
Fluid Cosmological Model in General Relativity. Das et al. [11] prescribed most general
solution for perfect fluid cosmological universe.

Roy and Prasad [23] have obtained solutions, which generalize inhomogeneous Bianchi
type VIh cosmological models with perfect fluid. Tripathi et al. [29], Mishra et al. [19],
Santhi et al. [30] investigated Bianchi type VIh model in different aspects.

Motivated by the previous investigations, in this paper we have focused on the Bianchi
type VIh string cosmological model for stiff perfect fluid distribution in general relativity.
The scheme of the paper is as follows. Section 2 deals with the Bianchi type VI, metric
and field equations in the presence of string for stiff perfect fluid. In section 3 we have
discussed the solution of the field equations of the model with special solution for
n=1/2 and physical parameters whereas in section 4 concluding remarks are given.

2. The metric and field equations
Consider Bianchi type VI, metric in the form

ds® = —dt® + A’dx* + B%e*™dy” + C%*™dz” 1)
where metric potentials A, B and C are functions of ‘t’ only.

The energy momentum tensor for the cloud of string in the presence of perfect fluid
distribution is given by

T)=(p+p)v,Vv' + pg} — Axx’ )
where

p being the pressure, p the density

A is string tension density

X; is the unit space like vector specifying the direction of string satisfying the conditions

vV'=—xx =-1 and v'x, =0 3)
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The flow vector v' satisfying
gyv'v' =-1 (4)

The co-ordinates are considered to be co moving so that v =0=v? =v* &v* =1 for
the line element (1)

Choose X' parallel to x-axis so that X = (A1, 0,0,0)

The Einstein’s field equation (in gravitational unitsc =1,87G =1)

R . _
Ri_Zgi=_Ti 5

1 2 gl 1 ( )
For the line element (1) leads to

Paa —1_ 6
B C BC A? P ©)
A44 C44 A4C4 h2
—_— = — =
AC ac a P (7
2
ﬁ+%+ﬁ_h_=— (8)
A B AB A’
2
A484+B4C4+A4C4 _h_: (9)
AB BC AC A?
B, C,
By S _ 10
B (10)

3. Solution of the field equations

The field equations (6) — (10) are a system of five equations with six unknown parameters
AB,C, A, pp.

To obtain explicit solution of the model one additional constraint is required.

We assume the condition A= 3B" (12)
Equation (10) leads to

C=aB (12)

where « is constant of integration
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For simplicity we assume o =1
..B=C
Now, equations (6), (7) and (8) becomes
2B, B42 h?
—+—=+—=A-

B B> A’ P
Ay Bu AB, N _

A B AB A’

2AB, B h’

AR TmR2 a2

AB B A

For Stiff Fluid

p-p=0

Adding equation (14) and (15) we get,
2 2

i+8;44+3ﬁ+8_42_£:0

A B AB B A
A

After using the condition A = n% in equation (17)

Equation (17) leads to

2 2
m+g%§+on4fEL_§L:o

, B? 4h? 1
fo + 2(7’1+ 1)?4 = (n+1)ﬁ2m

Where B, = f(B),Bys = ff'.f' = %

h2
2 _ B—Z(n—l) + CB—Z(TL+1)
I = pa+D
Where C is the constant of integration.

dB

=t+M

h? —2(n— -
\/mB 2(n 1)+CB 2(n+1)

(13)

(14)

(15)

(16)

(17)

(18)
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Where M is the constant of integration.

Using suitable transformation the line element (1) reduces to
_ 2
ds? = —7— 1 +T2(B2Tmdx? + e " dy? + e?'*dz?)
BZ(hn+1)B_2(n_l)+CB_2(n+1)

Where B =T

Special Solution: n = %
With the condition A= 4 BY?2 equation (18) reduces to

2
B = Eh—z B+LB®
3p
where L is the constant of integration.

To get the solution in terms of cosmic time t, we assume that L =0

2 h

B — __Bl/Z
4 3ﬁ
1 ;2 h 2
B=— ——1t+c, | ,where cis the constant of integration.
4 30
2
BT
4

The line element (1) becomes

ds? = 3 dT? +E T ~2dx? + e 2™dy? + e2™dz?
~ 2n? 16 (s d )

3.1 Physical and Geometrical Features

261

(19)

(20)

(21)

The model (21) starts with a big bangat T =0 and rotation (@ ) is identically zero. i.e. ®=0

The Hubble parameter is given by
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Fig.1 The plot of Hubble Parameter (H) versus Time (T)

Figure 1 shows that the Hubble parameter value decreases as time increases i.e.
H—>0asT -

The deceleration parameter (q) for the model is given by

d(1
g _a(ﬁ)—l (23

i

dt| 52 h
g=—-04

The value of deceleration parameter is in the range of observed value. The universe is
accelerating at present as observed in recent observations of Type la supernova [21, 24, 28,
22, 10]. From this data the deceleration parameter of the universe is in the range -1 <q <0

The expansion (@), shear(c), pressure(p), density(p), string tension density (1),
Volume (V) and Hubble Parameter (H) for the model (21) are given by

0 =523 (24)
AT
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Fig.2 The plot of expansion () versus Time (T)
Figure 2 depicts that the expansion in the model (30) decreases as time increases.
Shear of the model (21) is given by

J2 h
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Fig.3 : The plot of Shear (c) versus Time(T)
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Figure 3 shows that the Shear (o) is decreasing function of time (T) and approaches to
zero as time (T) approaches to infinity.
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Fig.4: The plot of volume (V) versus Time (T)

Figure 4 represent the volume V of the universe is zero at the initial epoch T =0 (if ¢ = 0)

As time increases, volume of the universe increases i.e. T — o, V — o

32hn 1

VA @)
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Fig.5: The plot of String Tension Density (1) versus Time (T)

Figure 5 shows the string vanishes for T — oo and the universe is dominated by the string
forT —0.

4., Conclusion and Discussion

In this paper we have studied Bianchi type VI, string cosmological model for stiff perfect
fluid distribution in general relativity. In recent observations of Type la supernova the
present universe is accelerated and expanding. The model starts with the big bang at

T =0. The deceleration parameter q < 0 (accelerating phase) for n=1/2 and the value
of this deceleration parameter is in the range of observed value. The ratio of shear ¢ and

. - 1
the expansion @ tends to a finite valueg =——=#0, therefore model does not approach
0 53
isotropy. The cosmic string vanishes for T —coand the universe is dominated by the
string forT — 0.
In general the model is expanding, shearing, non-rotating universe.

Acknowledgement: The authors are thankful to the Referee for valuable comments and
suggestions.
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