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ABSTRACT: The present study deals with exact solution of Einstein’ field equations in Bianchi type-I11
string cosmological models with bulk viscosity and variable cosmological term A. Exact solutions of the field
equations are obtained by assuming the conditions: the coefficient of the viscosity is proportional to the
expansion scalar, & o 6 , expansion scalar is proportional to shear scalar, 6 a g, and A is proportional to the

Hubble parameter. The physical implications of the models are also discussed in detail.
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I. INRODUCTION

Cosmic string in recent years have drawn considerable
attention among researchers for various aspects such
that the study of the early universe. It is well known
that in an earlier stage of the universe when the
radiation in the form of photons as well as neutrinos
decoupled from matter, it behaved like a viscous fluid.
Misner [1, 2] have studied the effect of viscosity on the
evolution of cosmological models. Nightingale [3] has
investigated the role of viscosity in cosmology. Thus,
we should consider the presence of a materia
distribution other than a perfect fluid to have realistic
cosmologica models. Heller and Klimek [4]
emphasized that the introduction of bulk viscosity
effectively removes the initial singularities with in a
certain class of cosmological models. The effect of bulk
viscosity on the cosmological evolution has been
studied by a number of authors in the fram work of
general theory of relativity viz. Pavon et al. [5],
Maartens [6], Kayani and Singh [7], Singh et al. [8].
On other hand, one outstanding problem in cosmology
is the cosmological constant problem [9, 10]. Since, its
introduction and its significance has been studied from
time to time by various workers [11-13]. In modern
cosmological theories, the cosmological constant
remains a focal point of interest. A wide range of
observations now suggests compellingly that the
universe possesses a non-zero cosmological constant
[14]. Recently, Singh et a. [15] investigated Bianchi
type-lll  cosmological models with gravitational
constant G and the cosmological constant A.

In this chapter, we have investigated Bianchi type-1l1
string cosmological models with bulk viscosity and
cosmological term /A(t). To obtain an explicit solution,
we assume that the coefficient of the viscosity is
proportional to the expansion scalar ¢ [0 0, and the
expansion scalar is proportional to the shear scalar, 0
O o, and for the cosmological term A, we assume that
it is proportional the Hubble parameter A OO H.

[I. DERIVATION OF FIELD EQUATION

A. The Gravitational Field
In our case, we consider the Bianchi type-I11 metric
intheform

ds? = —dt? + A%dx? + B%e2**dy? + C%dz

@

where A, B and C are functions of time aloneand aisa
constant. The metric (1) has the following non-zero
christoffel symboals.
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Where dots on A, B,
differentiation with

represents the ordinary
respect to t. The surviving

i
components of the mixed Ricci tensor R are asfollows:
o> A AB AC

A A AB AC

(28)
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From (2) one finds the following Ricci scalar for the
Bianchi type-I111 universe,

A B C AB BC AC o?C
R=2F-+—+—+—+—+—-—[
A B C AB BC AC Af
©)
The non-vanishing components of Einstein tensor
|
G' =R _ER , are given by
1—E+§+B_C
B C BC' (43)
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B. Viscous Fluid
The energy momentum tensor for a cloud of string
dust with a bulk viscous fluid of string is given by

T = puu —axx —cfu';l(gij +uiuj) (5)

Where u; and x; satisfy the condition.
uu = -xx =-1, Uux =0, (§

In equation (5) p is the proper energy density for a
cloud string with particle attached them, & is the
coefficient of bulk viscosity, A is the string tension
density of particles, u' is the cloud four-velocity
vector and X' is a unit space-like vector representing
the direction of string. If the particle density of the
configuration is denoted by p, then we have

p = pp + A, @)
In a co-moving system of references such that u; = (0, 0,
0, 1), we have
Tll =0,
(8)
T, = &0,
(8b)
Ti=2+¢0,
3 4 (&)
T =p,
4 =P (8d)
T14 =0
(8e)

C. Field Equation
Einstein’s field equations with 8 m G = 1 and
variable cosmological term A (t) in suitable units are

1
Rj_ERgij =Tij_/\(t)g! ©

The field equation (9) and (8) subsequently lead to the
following system of eguations:

B C BC
R S i
B C BC
é +E +A_C = 519 - /\’
A C AC

=£0-N,
(104)

(10b)

(10c)

AB_BC,AC_1
AB BC AC A

(10d)

- E = 0’
B (10e)
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The scalar expansion 8 and components of shear o; are
given by

A B C
0=—+—+—,
A B C (12)
o3 E]X B C% (12)
- _Bze—Zax EQB_A_ED
2 3 E’E A C% (13)
c? DZC A BD
Oz =
3HC A BD_ (14)
04 =0, (15)
Therefore,
2_1DA2 B? C* AB_BC CAD
o' =E—GF—t—
30A B C AB BC CAD (16)

I11. SOLUTIONSOF THE FIELD EQUATION

As the field equations (10) are a system of five
equations with seven unknown parameters A, B, C, p,
A, & and A. Thus, two more relations are needed to
solve the system completely. We assume that one
condition is that the expansion scalar is proportional to
the shear scalar 6 O o, which leads to the

B=C"
Where n is a constant and the second condition is
N\ =aH,

(17)

(18)

Where H is Hubble parameter and a is a positive constant.
From equation (10e), we have

A=yB, (29)
wherey is an integrating constant.

From equation (19), without any loss of generality we can
takey = 1.

A=B, (20)
In order to obtain the more general solution, we assume
that the coefficient of bulk viscosity & is inversely
proportional to the expansion 0, therefore we have

0=K, (21)

Substituting equation (17) into equation (11), we have

0= (2n+1)%,

(22)

By the use of the equation (17), (19), (20) and (21), the

field equation (10a) reduces to
.. ) &2

(23
Equation (22) can be rewritten as

¢,C_ oK

c'c hake? %EE
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3

C a C
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On integrating equation (23), we obtain

Where C; is constant of integration.

Again integrating equation (24), we get

n+1
[K +n° +n+10Kk +n° +n+1

DD n+1 %

|:|3 n+1 a[2n+l
. B3gn+ins o

g a n+1

Where C, is constant of integration

n+1

[K+n®+n+1
+C,0

=

(25

’

(26)

Therefore, from equation (17), (19) and (25), we obtain

n+1

O

[K +n? +n+lEr 2 an+ 10
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Hence, the metric (1) reducesto form

2n(n+1)

[K +n? +n+10k+n*+n)
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H n+l g
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2(n+1)
U 30n+1 E’Z”ﬂ@ (+n?+na)
* B—_ |:| d221
g a En +l§:l E

(29)

For the model (28), the expressions for the energy
density p, the string tension density A, the particle
density p ,, the expansion scalar 6, the shear scalar o and
the cosmological term are, respectively given by

K +n? +n+1D
p=(r*+2n)c? O e
D apn+l D _§[2n+l
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[2n® +4n? +4n 0, (K +n? +n+10]"

Pr _E ntl - H n+1 E

0 3on+1 0. S50H, 0 e

. F= D 3 n+1
g a En+1§:‘ E
@na+2aD (K +n?+n+10"
D3(n+l) 0 E n+1 %
0 + aen+l D_ _
535&%‘ 1§;e3m +C,0 ~ 1@«
ga n+1 8 +1

(32

0=(2n+1)C, E'KLMS

+1 0
D 3 D n+1 [2n+1ﬁ a[2n+1ﬁ
' ga&mﬁ% G 5 °

(33)

-1
+1

«



Soni and Shrimali 5

a(2n+1) K+ +N+10
A= 0 0
3 o n+l 0
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V. DISCUSSION

In summary, we have presented a new class of Bianchi
type-I111 string cosmological models with bulk viscosity
and cosmological term A(t). To obtain an explicit
solution, we adopt the conditions £ 06,0 0 o,and A O
H. Thus, the cosmological model for a string cosmol ogy
with bulk viscosity and cosmological term is obtained.
The model describes a shearing non-rotating
continuously expanding universe with a big-bang start.
The physical and geometrical aspects of the model are
also discussed. In the absences of cosmological term A,
the model reduces to the string model with bulk
viscosity investigated by Bali and Pradhan (2007).
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