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Abstract

We have investigated Bianchi Type - | string cosmological
model with Bulk Viscous fluid in general relativity. To obtain a determinate
model of the universe, we assumed that (i) 3.0 = p, where € is the
coefficient of bulk viscosity, 0 is the scalar of expansion and p is the
energy density (ii) relation between metric potential B = A". Some physical
properties of the model are also discussed.
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1. Introduction

Even today, it is a basic problem in
cosmology is to know that how the formation
of large scalar structure of the universe. String
cosmological models are widely studied in
recent times because of their important role in
the description of the evolution of the early
phase of universe.

Collins et al.! investigated Bianchi
Type | spatially homogeneous perfect fluid
cosmological models, in which shear bears a
constant ratio to the expansion in the model.
Benerjee et al.? have investigated an axially

symmetric Bianchi Type I string dust cosmological
model in presence and absence of magnetic
field. The string cosmological models with a
magnetic field are also discussed by Chakraborty?,

Tikekar and patel*®. Bali and Tyagi® have
obtained a cylindrically symmetric inhomoge-
neous cosmological model with electromagnetic
field for perfect fluid distribution. The influence
of intergalactic magnetic field on cosmological
enolution has been studied for over four decades
from theoretical and observational point of
view’8, Bali et al.>!%!! have investigated
Bianchi Type | magnetized string cosmological
models. Saha et al.*2 and Saha® have studied
Bianchi Type I cosmological model in presence
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of magnetic flux in different contexts. Rao et
al.}* have studied Bianchi Type | string
cosmological models in bimetric theory of
gravitation. Tripathy et al.’>, Pawar et al.*®
have investigated about different aspects of
plane symmetric Bulk viscous fluid string dust
magnetized cosmological model in general
relativity. Recently Tyagi et al.l” investigated
Bulk viscous fluid plane symmetric string dust
magnetized cosmological model in general
relativity.

In this paper, we have investigated
Bianchi Type - | String cosmological models
with bulk viscous fluid in general relativity. An
equation 3£0 = p and a relation between metric
potentials B = A" are assumed. The physical
and geometric aspects of the model are also
discussed.

2. Metric and Field Equation :

We consider Bianchi Type - | metric
of the form

ds? = —dt? + A*(dx® + dy?) + B%dz® (1)

where A and B are function of time only. The
energy momentum tensor for a cloud of string
with bulk viscosity is

T = puu; — A% X; —&0(puu; +9;) (2)

where p=p,, + M\ is the rest energy density
of the cloud of string with particles attached
to them with p,, is the rest energy density of
particle and A is the tension density of the
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cloud of strings, 0= u;ii is the scalar of

expansion and § is the coefficient of bulk
viscosity. The vector u' describes the flow
velocity vector and x' represent a direction of

anisotropy i.e. the direction of strings, satisfy
the standard relation.

u'u; = —x'x; =—1u'x; =0 (3)

The expression for scalar of expansion 6 and
shear scalar c are

0 =ul! _2A.B
' A B
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The Einstein’s field equation (in gravitational
units ¢ = 1, 8nG = 1) for a system of string

(4)

1
Rij _ERgij = _Tij (6)

For the metric (1), Einstein’s field equation’s
can be written as

A B AB

—+—+—=£0 7
A B AB g (7
28 AZ

—+—==1+¢0 8
A Az ¢ (8)
A? 2AB

2 9
A2 ag P (9)

Where an over dot stands for the first and
double dot for the second derivative with
respect to cosmic time t.
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3. Solution of the Field Equations :

The field equations (7) to (9) are three
equations in five unknowns parameters A, B,
€, p and A. In order to obtain a determinate
solution, we assume a relation between &
(coefficient of bulk viscosity), 6 (scalar of
expansion) and p (energy density) i.e.

30 =p (10)
And the relation between metric potentials
B=A" (11)
Where n is constant.
From equation (7), (9) and (10), we get
A B AB A2
SABLAB A g (12)
A B AB A
Now, using equation (11) in (12),we get
L
A=—
a 13
A (13)
Where Kk is a constant of integration and
_3n’-2n-1 14)
T T 3n+3

Now integrating equation (13), we obtain

1
A= (gt + ket (15)

Wherek, =k (a+1)andk, = (a +1)f

Where 3 is a constant of integration.
From equation (11) and (15), we get
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Hence the model (1) is reduce to

2
ds? = —dt? + (kit + ky)e+1 (dx? + dy?)

2n
+ (kit + ky)a+tdz? (17)
After using a suitable transformation of
coordinates the model (17) reduce to

dT? 2 2n_
dS? = ——+ (Ma+1 (dX? + dY?) + (T)a+1dZ?

k2
' (18)
Where (kit + kp)=T, x =X, y=Y,z2=Z

4. Some physical and geometrical aspects
of the model :

For the model of equation (18), the
other physical and geometrical parameters can
be easily obtained. The energy density p, the
string tension density A, the coefficient of bulk
viscosity &, the scalar of expansion 6 and the
shear scalar o are respectively given by

k,
p=C@n+1 (- 1) =
/1_(2—6a—2n>( )
B a+1 (20)
_ (@n+1) (k) 1
$= s () 7 (21)
ky 1
9_(n+2)( +1)T (22)
_ (-1 (k4 1
B (m) T (23)
o __ (-1 _
0= B = constant (24)
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4. Conclusion

(i) The energy condition p > 0 in the presence
of bulk viscous fluid leads to

21
FZO

@n+1) (alfl-1 1)

(i) When n = -2, then scalar of expansion 6
becomes zero.

sy O (n-1)
(i) = V3(n+2)
model does not approach isotropy for large
value of T. Model isotropize for n = 1.
(iv) As T — 0, the scalar of expansion 0 tends
to infinitely large and when T — oo, the scalar
of expansion 6 — 0. Also at T— 0 shear scalar
o tends to infinity and when T — oo shear scalar
o tends to zero. The energy density p — o
when T—0 and p — 0 when T —oo, therefore
the model describes a shearing, non- rotating,
continuously expanding universe with a big-
bang start.

= constant, therefore
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