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ABSTRACT

We have investigated homogeneous Bianchi typeglX string dust cosmological model for
viscous fluid distribution. We have assumed thedcondition A = p i.e. string tepsion density is
equal to rest energy density. We have alsodused a condition that the coefficient of bulk
viscosity & is inversely proportional to the expansion /0 linsthe,model. The physical and
geometrical aspects of the model are alsgxdiscussed.
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INTRODUCTION

Bianchi type 1X cosmological modelsiare interesting because these models allow not only
expansion but also rotation and shear‘and,in general these are anisotropic. Many relativists
have taken keen interest in studying Bianchityped’X universe because familiar solutions like
Robertson-Walker universe, the:De-sitter universe, the Taub-Nut solutions etc. are of Bianchi
type IX space time.

Bulk viscosity is supposed to play‘a veryimportant role in the early evolution of the universe.
It is well¢known that tn an, early stage of universe when the radiation in the form of photons
as well'as\neutrinos decoupled from«matter, it behaved like a viscous fluid. Misner [7, 8] have
studied the effect of viscosity on the evolution of cosmological models. Nightangle [9] has
investigated the,role of viscosity in cosmology. Thus, we should consider the presence of a
material distribution otherithan a perfect fluid to have realistic cosmological models.

On the other hand,»one’ outstanding problem in cosmology is the cosmological constant
problem [20]. In modern cosmological theories, the cosmological constant remains a focal
point of interest. A“wide range of observations now suggests that the universe possess a non-
zero cosmological constant [10].

Bali et al. [1, 5, 6] have obtained Bianchi type I, V string cosmological models with magnetic
field and bulk viscosity in general relativity. Yadav et al. [21] have studied some Bianchi
Type | viscous fluid string cosmological models with magnetic field. Wang [18, 19] has also
discussed Bianchi type | and I11 string cosmological models with Bulk viscosity and magnetic
field. LRS Bianchi Type Il magnetized string cosmological model with bulk viscous fluid in
general relativity was also studied by Tyagi and Sharma [13]. Tyagi and Sharma [16] have
also studied Bianchi Type - 11 bulk viscous string cosmological model in General Relativity.
Bali and Dave [2] investigated the Bianchi Type Ill string cosmological model with bulk
Viscosity.
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Bali and Dave [3] have also investigated Bianchi Type IX string cosmological model in
General Relativity. Bali and Kumawat [4] have investigated Bianchi Type IX stiff fluid tilted
cosmological model with bulk viscosity. Also Tyagi and Sharma [14] investigated Bianchi IX
string cosmological model for perfect fluid distribution in General Relativity. Homogeneous
Anisotropic Bianchi Type 1X cosmological model for perfect fluid distribution with
electromagnetic field is studied by Tyagi and Chhajed [17]. Tyagi and Singh [15]
investigated magnetized bulk viscous Bianchi type IX cosmological models with variable A.
Some LRS Bianchi type Il string cosmological models for viscous fluid distribution are
investigated by Sharma and Tyagi [11]. Soni and Shrimali [12] have also studied string
cosmological models in Bianchi type 111 space time with bulk viscosity and A term.

In this paper, we investigate bulk viscous Bianchi Type IX string dust,cosmological model
with time dependent A term. To get determinate solution we assumefX ="p and cofficient of
bulk viscosity is inversely proportional to the expansion of theé model i.e. £6 = K. The
physical and geometrical aspects of the model are also discussed-

THE METRIC AND FIELD EQUATIONS

We consider homogeneous anisotropic Bianchi type X*metric in the form of
ds? = —dt? + A%dx? + B2dy? + (B? sin? y +A% cos? y)dz? — 2AZ cosydxdz

- (1)
where A and B are functions of t alone.

The Einstein field equation is‘given by
Ri-1Rgi+ ag) = 7 2
i 5 R A = - (2)

(in geometricalainit8=G =1 and C,= 1)

The energy momentum tensor Tij for @ cloud of massive string for viscous fluid distribution
is given by

T) = pvvI S x) —20(vpvd - g) - (3)
Where p is the propersenergy density for a cloud string attached to them, A is the string

tension density, V' lis the four velocity of the particle and x' is a unit space like vector
representing the difection of string. If the particle density is denoted by p, then

p=ppt+r  ..(4)

In a co-moving coordinate system we have

vi =(0,0,0,1) X! =(%,o,o,0) .. (5)

and vivi :—xixi =-1 vixi =0 ... (6)

24 |Page



NOVATEUR PUBLICATIONS

INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY [IJIERT]
ISSN: 2394-3696

VOLUME 3, ISSUE 9, Sep.-2016

The Einstein field equation (2) for metric (1) lead to following system of equations:

2 2
2Bu B 1 3A A nie0 (7
B B? B? 4p*
2
Au  Bu ABs A
A B AB  4B%

+A=E0 .. (8)

2 2
ZA\;B“_FQ_FL_A__FA:‘) (9)
AB B? B? 4B*

SOLUTION OF FIELD EQUATIONS

We assume that string tension density A is equal to rest densityp.
ie.A=p ... (10)

Using (10) in equations (7) and (9) we get

2B, 2A,B, 1A%
B44_ ;347?:&"9 .. (11)

To get determinate solution, we assume that the coefficient of bulk viscosity is inversely
proportional to expansion (6).

This condition leads to
Eo=k .. (12)
Using (12) and A =B " in equation (11) we qbtain

2B, 2nBj . B2"

5 52 + > g .. (13)
HenCe equation (13) leads to
1
2BB,, —2nBi=KB? + py=T . (14)
Let B, =f(B) ... (15)
So, equation (14) becomes
2 2
i—an—:KB+# ... (16)
dB B ZBS—Zn
From equation (16) we have
2-2n
£2 1 KB 1 (a7)

: = - +L
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where L is integrating constant,

f2 K g2__ 1 g .. (18)

and =
2(1-n) 4B%2"

Equation (18) leads to

[ dB =t+M .. (19)

K gz_ 1 g
2(1-n) 4B%2"

where M is constant of integration. The value of B can be determinedddy equation (19).

The metric (1) reduce to

_ 2
ds’ = ar +T2dX % +T2dY? +
K oqo_ 1 L yqo
2(1—n) 4T
(T?sin? Y +T?" cos? Y)dZ2 — 2T?" cosY dXdz .. (20)

WhereB=T,x=X,y=Yandz=27.

SOME PHYSICAL AND GEOMETRICAL FEATURES

The rest energy density (p) and the stringitension density (1) for model (20) are given by

p (2n +1)—ﬁ(2n+2)+L(2n +DT" 24 A .. (21)

T 2(-n)

- K
2(=n)

(2n+1) - (2n+2))+#L@n+)T>"2 4 A .. (22)

T4—2n

The scalarof expansion (0) and the shear (o) for the model (20) are given by

K 1 L
0=(n+2 - + . (23
( ))\/2(1_ n) 4-|-4—2n -|-2—2n (23)
(n-1) K 1 L
= - + . (24
°T 3 \20=n) a4 " qean (24)
The cosmological term (A) for the model (20) is given by
- (1-3n-n%)+ (nz—l)—in(Zn +1) (25)
2(1-n) 2r 42 TH
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SOLUTION IN ABSENCE OF VISCOUS FLUID

In the absence of viscous fluid the geometry of space-time is given by

_ 2
dsz_[ . sl +T2dX? +T2dY? +(T?sin’Y +T?"cos’Y)dz?
- 4 LT™
4T 2-2n :|
—2T*" cosY dX dz ... (26)

The rest energy density (p), the string tension density (1), scalar expansion (6) and the shear
(o) for the model (26) are given by

p:X:—T4_2n (2n+2)+L@2n+)T"2 4 A - (27)
9=(n+2)\/— 4T41_2” +-|-2%2n 20.(28)
G:@ﬁ?J_¢;¥n+Tim . (29)
The cosmological term (A) for the model (26) is givenhy
AZZTiQH(z_)_E%%%;Q . (30)
CONCLUSION

We have obtained anew class ‘of anisotropic,cosmological model with bulk viscous fluid as a
source. The reality‘condition p >0 [usingequation (2.4.1)] leads to

1

T 4-2n

(2n +1) (2n+2)+Ln+)T* 2+ A >0

2(1=n)

The density p'do not vanishiwhen T — oo

(2n+1)

P=o0-n)

due to presence of viscous fluid.

The string tension density (A) also does not vanish when T—oo due to presence of viscous

fluid.
The model starts expanding with big-bang at T = 0 and expansion in the model decreases as
time increases. Also expansion of the model stops when n = -2 from equation (23). Since
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T—> e,% =constant so the model does not approach isotropy for large values of T. However,

the model isotropized for n = 1.

The cosmological constant A from equation (25) of the model is found to be decreasing
function of time and approaches to zero at late time which is supported by present
observations.

In general the model represents expanding, shearing and non-rotating universe.
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