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Abstract. Bianchi type IX dust fluid tilted cosmological models with bulk viscosity are
discussed. To get the deterministic model, we have considered the condition A = B"
where A and B are metric potentials and n is a constant. Physical aspects of the model
with and without viscosity are discussed.
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1. Introduction

In recent years, there has been considerable interest in spatially homogeneous, non
isotropic cosmological models [24]. These are the so-called Bianchi models, there are two
major distinct cases that arise : Orthogonal universe, in which the matter moves
orthogonally to the hypersurface of homogeneity and tilted universe, in which the fluid
flow vector is not normal to the hypersurfaces of homogeneity [16]. Bradley and
Sviestine [8] in the investigation have shown that heat flow is expected for tilted
universes. The tilted cosmological models with heat flux have been investigated by
number of authors viz. Banerjee and Sanyal [6], Coley [9], Roy and Prasad [23], Roy and
Banerjee [22], Bali and Sharma [5], Bali and Meena [4], Bali and Kumawat [1,2,3].

The general anisotropic Bianchi IX model was first investigated by Belinskii and
Khalatnikov [7] later by Misner [19] and Doroshkevich et al. [10]. Recently Ghate,
Sontakke [14] have investigated Bianchi type IX radiating cosmological model in self
creation cosmology.

Dissipative effects including both the bulk and shear relativistic theory of non-
equilibrium thermodynamics was developed by Eckart [12] to study the effect of bulk
viscosity. Misner [20,21] have investigated the effect of viscosity on the evolution of
cosmological models. Heller and Klimek [15] have investigated viscous fluid
cosmological models without initial singularity. Recently Dubey et al. [11] have
investigated Bianchi type | space time with bulk and shear viscosity and Tiwari and
Tiwari [25] have investigated Bianchi type V cosmological model with viscous fluid.
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In this paper, we have investigated Bianchi type IX dust fluid tilted cosmological models
with bulk viscosity. To get the deterministic model, we have considered a condition
A = B" where A and B are metric potentials. To get the solution in terms of cosmic time t,
we consider n = 2. The physical and geometrical features of the model in the presence
and absence of bulk viscosity are discussed.

2. Field Equations and Solutions
We consider the Bianchi type IX metric in the form

ds? = —dt? + A%dx’ + B?dy? + (B%sin®y + Acos’y)dz” —2A%cosy dx dz (1)

Energy momentum tensor for heat conduction is given by Ellis [13] and for bulk viscosity
given by Landau and Lifshitz [17], is given by

T =(e+p)v,v' +pg! +q,v! +v,q' =20 (9] +v,v') @)
together with

gijvivj =-1 3)
g, v' =0 4)
q,9' >0 (5)

The fluid flow vector v' has the components (Si”m‘ 0.0 coshkj satisfying (3), A being the
A bt ]

tilt angle.
The Einstein’s field equation
1
2

for the metric (1) leads to

Rij— Rgij :—87rTij (6)

2B,, B> 1 3A2
4, A = 2T 8r[(e+p)sinh®L+p+2A gsinh A —K cosh®A]  (7)
5 g2t g ag CrUEHP) p+2Aq ]

AB, B, A, A’

44 44

+ + - =-8n(p—-K 8

AB B A 4B* (P19 ©
2A B 2 B2

e A e 1 8n[—(e +p) cosh®L +p—2Ag'sinhL + K sinh®A] ~ (9)

" AB  48* B? B’
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(e +p) Asinhi coshin +A2q1—005h2)° — KAsinhLcoshiv=0 (10)
coshh

where £ 0=K

We assume that the universe is filled with dust fluid distribution which leads to

p=0 (11)

also assume that

A=B" (12)

when n is the constant.

Using (8) and (11) ,we have

A,B, B A 2
4Ps | Bas 44+A4=87zK (13)
AB B A 4B

Equations (12) and (13) lead to

(n+1)%+nzg—‘i‘=87zK—%zn_4 (14)
If we take n=2 (15)
Equation (14) becomes ,

2B,,+ % B; =(32”:: e (16)
We assume that

B, = f (B) (17)
Thus B44 =ff

Using equations (16) and (17), we have
df? 8f% (322K-1
—+—-——=|——|B

dB 3B 6
On solving equation (18), we have

f2= B, :(%‘jBZ +NB®?

(18)
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B3
or ————dB =dt ”
Where N is a constant of integration and o = (327;}; _1j

On solving equation (19), we have

iy

Therefore, the metric (1) takes the form

dsZ:—dt2+{\/;smh( \/_tj} dx%{@sinh(%\ﬂtj}wdy%
sinh| —Jat |} sin?y+ N sinh Z\/Et cos® y |dz?
[ e (o
_2{\/; smh[ Ja t)} v cos ydxdz (21)

Using the transformations

{fsmh(ﬁ/ﬂj} asg%—r (22)
Ande = (32”;—8‘1j _ K 23)

Where | is the constant.
The metric (21) in the absence of bulk viscosity reduces to the form

9a’
49N

—2(ar)"?" cos ydxdz (24)

ds? = ———dz? +(az)? dx? +(az)"" dy? + [(ar)s/7 sin y +(az)?’ cos? y]dz2
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3. Some Physical and Geometrical Features

The matter density (<), the tilt angle (1), the expansion (6), the flow vector (V') and heat
conduction vector (') for the metric (21) are given by

6 7
87 e= %acothzg \/Zt}r Z{J% cos ech(g \/Etj} —(#j (25)

e ey el
(57 o]
B e i s
- KGM; —SJ 8; coth ( \/aﬂ
;(647#;—8)_? a coth ( \/Etﬂ
3—35 acosech? (; \/Et] + {\/E cosech (; @tj}w] +
e e i ]

[25220) 90, (1| 29

T
[(647:13(—8]_830 coth (7\/&)}3/2

{(Wj 230 coth ( \/EtJ - 4{\/5 cos ech(; \/;tj}w TZ

V:L = (29)

[ Seon ] fom5a)

cosh?/ = (26)

(27)

8J;coth(;£tj :

172




[(32”'( +1)-20a cothz(; \/Zt] - 4{\/5 cos ech(; \/Zt]}ﬁﬁ TZ
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1

8x

(647K
6
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(®

6/7
(327K +1)— 20 coth? (; \/Etj — 4{\/5 cos ech(; \/Etj}

3

(30)
647K —8

3
20

+ == coth?
3

—@occoth2

3

(; \/Etjr
(; \/Etj - 2{\/5 cos ech(; \/;tj}eﬁ ]
(; \/Etj — 4{\/5 cos ech(; Jat " Tz

(

+7)

J
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3

]
e
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1
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[
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5

3
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3
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3
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The components of shear tensor (oj) are given by

Zﬁcoth( ftj{\rslnh( «/Et}}m
_(327zK +1)- 20 cothz(; \/;tj _ 4{ \/ﬁ vuch [ % \/Et]}eﬁr
:(327zK +1)—20a COthz(;‘/}[)_”{\/gcos eCh(;\/Ethﬁ]
(2 S 5 s
- :
o\ j {\Fcosech( ftj} ]
: H oAk 8} 8 a coth [ \/Etﬂm

Zﬁcoth( ){\rsmh( j}
_(?’ZﬂKS»Jrllj 230 coth” ( \/Etj_4{\/§ cos ech@«/&t]}eqm

_—(327zK +1)- 20 COthz(;‘/Etj_Af{\/Ecos ECh(;\/;tj}W]

(92540 T )[40

35
3 o cosech (

(33)

9 3

6/7
gacos echz(7 \/Etj + \/;cos ech(7 \/Etj
3 3 N 3
- 52
3 (64’“ _8j—80acoth2(7«/3t)
3 3 3

The trace free condition for o; is given by

(34)

Oy

O'ijVi =0

This leads to



1 4
o,V +o,vV' =0

Which is satisfied for given values of o, o,,,v'and v*

In absence of viscosity, the above mentioned quantities lead to

[Z(ar)a/ 7 —ng(a p .10 N}

3
8 =
VS (ar)z
o _Jar) ~2(ac) +20N]
|:2(a2')2 + 80 N}
3

{4(af)8/7 ~a(arf -2 N}

sinh’A =

{Z(az-)2 + 8?? N}

W ([4(ar)8/7—2(ar)2+20N[ (acf + 20 N} [2( o+ & N}[(az')gﬁ

Pramila Kumawat

(35)

(36)

(37)

(38)

+ § N D
3 (39)

0 - 3/ 2
[ +N}/ laar )" ~2(ac) +20N] *(ar)
[4(ar)8” ~4(arf -2 N}
vi= s (40)
(ar)ﬁﬁ[z(af)z &0 N}
Vo [4(ar)8/ "—2(ar) + ioz N ]”2 a)
[2(ar)2 +8: N}
i E 2 8/7_9 87 z_@ V2
L2 2ar” 20N e atar - 2N]
g - es)” 2o 200 @

(ar)™ {8(37)8/ "—6lar)’ + A;)O N }{Z(ar)z + ? N TZ
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1 {3(ar)2 —2(az)”’ —l?? N}P(af)aﬁ ~4(ar) —23? N}

87| 2
. l4ar)” —2(ar) + 20n]"

q 40 80 12 (43)
(| aae) T -otae) + N fofacf + TN
&/ 2 » 800
[4(ar)/ -2(ar) +20N{2(az-) +N}
2N (ar)""4(ar)*” ~2(ar) + 20N]" 80 _—
_ z_z ol 2_8/7 35
o = 4[2(&1 " N}[(a " N} (44)
1 = -
3{2(:”)2 +% N}
[ &7 2 > 800
w| [8ar)’" - 2(ar) +20N{2(af) +9N}
2N dar) - alarf - 2N . !
_ P 18/7 35
o 4{2(a )+ 2 N}{(a P+ 2 N} "
14 -
(ar)” 3{2((—”)2 +% N}
Thus o,V +o,v =0 .
4. Discussion

In presence of viscosity, the matter density () — o« when t — 0 where (327zK —1) >0

and N > 0. The model (21) has point type singularity at t = 0 (MacCallum [18]) and the
model (21) starts with a big bang at t = 0.

In absence of viscosity, the matter density () — « when (7 ) — 0. The model (24) has
point type singularity at z = 0 (MacCallum [18]). The model (24) starts with a big bang
at 7 = 0 and the expansion in the model decreases as time increases.
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