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ABSTRACT: Here, we investigated Bianchi type-11 cosmological model with and without bulk viscosity. To
get a deterministic model, it is assumed that (i) 36 = p, where & is the coefficient of bulk viscosity, 8 is the

scalar of expansion and p is the energy density (ii) relation between metric potential A= B". The physical
and geometrical aspects of the model are discussed. Special case for n=1 is also discussed.
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I.INTRODUCTION

Cosmic string plays an important role in structure
formation in cosmology [1]. They arise when the
symmetry between the strong and electroweak forces
are broken due to the phase transition in the early
universe (t~10) [2] as the temperature goes down
below some critical temperature (Tgur=10%k) as
predicted by grand unified theories (GUT) [3-7]. It is
believed that the vacuum strings give rise to density
fluctuations sufficient enough for the formation of
gaaxies. The general statement of strings was
initiated by Letelier [8-9]. These strings possess
stress energy and are copier to the gravitational field.

Bianchi type-Il models play an important
role in current modern cosmology, for
simplification and description of the large scae
behavior of the actual universe. Kriori et a. [9] and
Chakraborty and Nandi [10] have investigated
cosmological models for Bianchi type-Il, VIII and I1X
space times. Asseo and Sol [11] emphasized the

importance of Bianchi type-l1l universe. Bali and
Anjai [12] has investigated Bianchi type-l
magnetized string cosmological model in general
relativity. Patel, Maharaj and Leach [13] have studied
the integrability of cosmic string in the context of
Bianchi type-Il, VIII and IX space times. Rao et al.
[14] studied Exact Bianchi type-11, VIII and IX string
cosmological models in Saez-Ballester theory of
Gravitation. Singh and Agarwal [15] studied Bianchi
type-1l, VIII and IX models in scalar tensor theory
under the assumption of a relationship between the
cosmological constant (A) and scalar field (). Wang
[16-19] adso studied LRS Bianchi type-lll
cosmological models for a cloud string with bulk
viscosity. Roy and Banerjee [20] dealt with LRS
cosmological models of Bianchi type-Il representing
clouds of geometrical as well as massive strings.
Recently Wang [21] studied the Letelier model in the
context of LRS Bianchi type-11 space time. Tyagi and
Keerti [22] investigated the Bianchi type-Il bulk
viscous string cosmological models in general
relativity. Tiwari and Sonia[23] investigated the non-
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existence of shear in Bianchi type-lll string time-dependent tension. Tiwari and Sonia [25] also
cosmological models with bulk viscosity and time- investigated the Bianchi type-l string cosmological
dependent A term. Zhang et a. [24] studied the model with bulk viscosity and time-dependent A
Friedmann cosmology on codimension-2 brane with term.

[I. THE METRIC AND FIELD EQUATION

Consider the Bianchi type-I1 space time
ds® = —dt* + A?(dx® + dz*) + B*(dy — xdz)? . (1)
Where A and B are function of t alone.

The energy momentum tensor T, I for the cloud of stri ngs with bulk viscous fluid is given by

Tij :pViVj —)L)ng —é‘v;ll(gij +Vivj) . (2

Where, p = Pt A, the proper energy density for cloud of string with particle attached to them. € is

the coefficient of bulk viscosity, p, is the particle energy density, A is the string tension density, V' is the four
velocity vector of particlesand x' is the unit space like vector representing the direction of string satisfying

vV =-xx =-1 .. (3
In a co-moving coordinate system, we have

v =(0,0,0,1), X :E%,0,0,0E )

The Einstein’s field equations for a system of strings are given by

1

Theline element (1) gives the following system of equations

L
AB AB, B4 = A+E6 .. (6)
A B AB 4A
A A* 3B?
2Ry 35 g 7
A A 4A° d ™
A2 _AB B?
+22_ 2 - NG

A TAB 4A
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Now there are three independent equations in five unknowns A, B, A, § and p. Therefore, we need two extra
conditions to solve the system completely.

(i) Relation between &(coefficient of bulk viscosity), 8(scalar of expansion) and p(energy density) [26]

ie. 30=p .. (9)
(i) Expansion scalar is proportional to shear scalar, @ [1 o which leads to [27,28,29]
A=B" ... (10)

From eg. (7), (8), (9), we get
AR 1A8 18
A'3N 38B 3A°

Using eg. (10), we get
l BZ(l—n)

2,/n(n-1)

dt =2/n(n-1)B*"dB

Integrating, we get
1 g2a-n
B 2/n(n-1
E - 1 B3 .
2,/n(n-1) 3—-2n
Taking usual transformations the line element (1) becomes,
ds’ = -4{n(n-} T*"dT +T*"(dX? +dz?) + T?(dY - Xdz)®

1

I11. SOME PHYSICAL AND GEOMETRICAL PROPORTIES
The energy density p, the string tension density A, coefficient of bulk viscosity &, the scalar of
expansion 8, the shear scalar o, p,the particle energy density are respectively given by

2(1—n) I:?
H 2\/n(n -1 H 1@ 1 T S
L CE 4@2 n(n-1) 3-2n 15
EZ\/n(n 1)3-2n 'H
1-nd 1 T sk

A== C.0O
2n Dz n(n-1) 3- 2n 5

p=n(n+ 2)

I:] 1 T 2(1-n)

rf
— O (1-2n)
2 /n(n-1) q,8 1 T %“
l
0
5
H

U
-2n(n+1) 3
= 1 T3‘2“+ B

52 n(n-1) 3—2n &
%52 n(n-1) 3-2n 15
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2\n(n-1) 3-2n
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2(1-n)

1
~n-1 2{n(n-1)
\/é l -|-3—2n +
2/n(n-1) 3-2n

1

U 26 O

H 2 Iin(n 1 H 1@ 1 T2 e %2(1_2“)
T e O 452\/n(” 1) 3-2n 1@
az n(n )3-2n 'H

= n(n+2)

(1-2n) E L T g

1-2n
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(i) Theenergy condition p = 0 in the presence of bulk viscous fluid leads to

2(1—n)

n(n+2)H 2Vn(n Y

n -
T*? +c O 4@2n(n -1) 3- on " g

EZ\/n(n 1) 3-2n

o

H g 1 T, Eh
co =0

‘B

1
(i) When n= _E , then scalar of expansion 6 becomes zero.

n-1
6 f(z n+1)

T.

(ii)

= constant , therefore model does not approach isotropy for large value of

(iv) Hereit is observed that when T - 0, then the spacial, volume V - 0 and when T — o then V - o,
These results show that the universe starts expanding with zero volume and blows up at
infinite past and future. The role of bulk viscosity in the cosmic evolution, especialy as its

early stages seems to be significant.

(v) As T-0, the scalar of expansion 8 tends to infinitely large and when T - o, the scalar of
expansion 6 - 0. Also at T - 0 shear scalar o tends to infinity and when T - co shear scalar o
tend to zero. The energy density p oo when T -0 and p— 0 when T - o, therefore the model
describes a shearing, non-rotating, continuously expanding universe with a big-bang start.

(vi) Inthe absence of bulk viscosity (whenn=1) i.e. for £ =0, we get

% =0 therefore, model approach isotropy for large value of T.
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