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Abstract

In this paper, we have studied the LRS Bianchi type-l cosmological model filled with viscous
fluid and time varying cosmological term A. Exact solution of Einstein field equations are
obtained by considering a condition between metric potentials. It is assumed that coefficient of
viscosity of bulk viscous fluid is a power function of mass density whereas coefficient of shear
viscosity is proportional to expansion scalar in the model of the universe. We have found that
the cosmological term A is positive and is a decreasing function of time t. A careful analysis of
all the physical parameters of the model has also been carried out.

Keywords: LRS Bianchi Type | cosmological model, viscous fluid, cosmological constant.

Introduction

The Bianchi type | cosmological models, which are spatially homogeneous and anisotropic,
plays an important role in the description of the universe at its early stages of evolution. At early
times in the evolution of the universe most of the matter and radiation dominated but currently
observed and have been created during the inflation. Recent experimental data for the existence
of an anisotropic phase approaching to isotropic phase lead to investigating the models of the
universe with anisotropic background and observational data suggests that our universe in
accelerating. Supernova 1A data gave the first indication of the accelerated expansion of the
universe [1-4]. Astrophysical observations indicate that the accelerated expansion of the universe
is driven by exotic energy with large negative pressure which is known as dark energy [5].In
Einstein’s theory of gravity, the cosmological term A is considered to be a fundamental constant.
The problem of cosmological constant is salient yet unsettled in cosmology.

Now a days this cosmological constant is one of the major candidate of dark energy and which is
responsible for expansion of universe. Adhav [6] has presented spatially homogeneous and
anisotropic Bianchi type-I model whereas Bulk viscosity associated with phase transition may
lead to an inflationary scenario [7-10]. Bianchi type-1 model with a shear viscosity is the power
function of energy density obtained by Banerjee et al. [11] whereas Bianchi type-1 model with
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bulk viscosity is studied by Huang [12]. Some of the recent discussions on the cosmological
constant have been studied by Dolgov [13,14], Tsagas and Maartens [15], Sahani and
Starobinsky [16], Padmnabhan [17,18], Vishwakarma [19-22], Pradhan et al. [23-27] and Singh
et al. [28]. Roy and Singh [29], have investigated LRS (Locally Rotationally Symmetric) Bianchi
type-I space time with shear and bulk viscous fluid. Pradhan and Shrivastava [30], Bali et.al [31]
have investigated Bianchi type-1X cosmological model filled with viscous fluid as a source of
matter and shows that the models are expanding, shearing and non-rotating.

A variety of cosmological models with varying A term have been tested by researchers to
overcome these cosmological puzzles and to explore the accelerating behaviour of the universe
R.K. Tiwari et.al [32,37] . In cosmology, bulk viscosity arises an effective pressure to restore the
system back to its thermal equilibrium and was broken when the cosmological model with fluid
contract too fast [38]. Among the anisotropic Bianchi models, Bianchi type-1 cosmological
models are the simplest anisotropic universe models which are the generalization of FRW
models but the rate of contraction depend on the direction [39,40]. In this paper, we obtain LRS
Bianchi type-1 cosmological model in presence of A. To obtain a solution of field equations, we

consider a metric potential as A= B™ .We study different cosmological parameters by assuming
p = wp. Some physical and kinematical behaviours of the model are also studied.

The Metric & Field Equations

The spatially homogeneous LRS Bianchi type-1 cosmological model is given by the metric

ds? = dt? - A%dx? — B(dy? + dz?) (1)
where A and B are functions of time t only.

Einstein’s field equations with cosmological constant A (in gravitational units c=1,G =1) are
given by

1
R;; _ERgij =—T; + AQ; 2)

where R;,R,g;are Ricci tensor, Ricci scalar and metric tensor respectively.

Here T, is the energy momentum tensor for a viscous fluid and has the form
Ty = (,0+ E)Uin + Pg;; —2no;y 3)
where
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— 2
p= p—(f—gﬂ})m = p—(3§—277)H (4)

Here p is the energy density, p is pressure, 77 and ¢ are coefficient of shear and bulk viscosity
respectively and o' is the flow vector satisfying

vo' =-1 ®)

The semicolon denotes covariant differentiation. We choose the coordinates to be commoving,
so that

v'=0=0"=0°0"=1 (6)

B B? A (1)
A+E+ﬁ_ UE:_D_'_ 65_277 9+A
A B AB B 3
(8)
.. -
E+B—2=p+A
AB B )

where the dot means ordinary differentiation with respect to t and @ is the scalar of expansion
given by

0=uv; (10)
The average scale factor (a) for metric (1) is defined by
a=(aB?)" (11)
A volume scale factor V for metric is given by
V =a® = AB? (12)
The generalized Hubble’s parameter H is given by
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a 1
H=5=5(H1+H2+H3) (13)
A B
whereH1=K,H2=H3:§ (14)

The expansion scalar @, shear scalar o, anisotropy parameter A_and deceleration parameter g
are defined as

g-3H =2 (15)
a
b2
2_D 16
o= (16)
207°
= 17
A =20 (17)
q—_a_a—i i -1
- a? dt\H (18)

Equations (7)-(9) can also be written in terms of Hubble’s parameter H, shear scalar o and
deceleration parameter q as

p—A=H?(29-1)-0" (19)
p+A=3H?-c? (20)
From equations (19) and (20), we have

H+3H2—%(p—p)—g§H—A=O (21)

This equation is known as Raychaudhari’s equation [41].

Solution of the Field Equations

Equations (7)-(9) are three independent equations in seven unknowns A, B, p, p,&,n and A For
the complete determinacy of the system, we need four extra conditions.

Firstly, we assume a metric potential as

A=B" (22)
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where m is a constant and secondly we assume that the coefficient of shear viscosity is
proportional to scalar of expansion, i.e.,

nod (23)
. . a
which gives n=3n,— (24)
a

wherer, is a proportionality constant.

We assume that matter content obeys equation of state (EoS) given by

p=wp ;0<w<1 (25)

From equations (7) and (8), we obtain

) :
e P @)
If A=B", then from above equation, we get
B B2 B ., (B) B B
E+?—mg—(m —m{EJ —m?—zn(m—l)gzo (27)
Using equation (24) in equation (27)and then integrating eq. (27), we get
B = [ky(m+ 2)(1+ 217, )t + k, Hm-2)wr2m) (28)
wherek, and k, are constant of integration.
and using condition (22), we get
A= [k (M+2)(L+ 217, )+ k, [Plme2(as200) (29)
Therefore metric (1) takes the form
ds? = dt? = [k (m + 2)1+ 20, Y + k, Jimaieezn] dX°
— [k, (m+2)1+ 27, )t + kz]quz%) (dy2 +d22) (30)
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Physical & Geometrical Properties

The mean generalized Hubble parameter has the value given by

H -k (m + 2) k,
03 [k (m+2)a+27, )t +k, ]
while the spatial volume ‘V’ has the form
V =[k (m+2)L+ 217, Xt +k, |22

The expansion scalar @ is given by

k,(m+2)
[k, (m+2)1+ 277, )t +k, |

0=3H =

Deceleration parameter q is given as

q= 2(1+ 3770)
However, shear scalar o is given below as

b
V3[k, (M + 2)YL+ 277, )t + K, [ 2

O =

Anisotropy parameter A has the value

2b?

A, = 5 2(m-+1)
k2(m+2)* [k, (m + 2)L+ 277, )t + K, |im+2)w200)

Solution for &=¢,0

564

31)

(32)

(33)

(34)

(35)

(36)

In this case, we obtain energy density p, pressure p and cosmological constant A as follows:

kl(m+2)
Am+2)1+ 27, )t +k, ]

(:E:go [k
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O ( 2k2(m+2)2(1+ 277,) ]_ 2b? N EkZ(m+2)
1+ |\ 3k, (m+2)1+ 27, X +k, [ 3k, (M + 2)1+ 277, )Xt + kK, ]%2% [k (m+2)1+ 27, Xt +k, [
(38)
@ ( 2k2(m+2)2(1+ 277,) J_ 2b? N EkZ(m+2)
1+ | 3k, (m+2)1+2m7, +k, [ ) 3k, (m+2)L+ 27, )+ k, [om [k (m+2)L+ 2, )t + K, T
(39)
kZ(m+2)° _ kim+2P@+27) k2(m+2)°¢g,
3k, (m+2) 1+ 2n, K, [P 3k (m+2) L+ 2 K, P 2k, (m+2)1+ 27, X +k,
_(-o) { 2k2(m +2)*(L+ 277, J_ 2b? L &ki(m+2)
2L+ o) | 3k, (m+2)L+ 27 e+, ) 3k, (m+ 2) 1+ 2, St 4k, Jomet  [ky (Mo 2)2+ 207, )+ K,
(40)

Particular Cases

Casel: whenm =0, then the geometry of space time (30) reduces to the form

1

dsZ — dtZ _ dX2 _ [2k1(1+ 2770)[ + k2 ](1+2770) (dy2 + dzz) (41)

The pressure, density and cosmological constant for the model (44) are given by

o 1 ( 8k, (1+ 2770) J 3 2b? 4 4&ok!
1+ o\ 32k,@+20, ) +k, ) 32k L+ 25 ) + K, Piozne  [2k, L+ 207, )+, [ 42)
_ o ( 8kZ(1+27,) j_ 2b? . 4E K2
1+ || 32k, L+ 27, +k, ) 3[2k L+ 20, S+ K, Pioom  [2K, (L4 207 e+, [ 43)
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4k} o Ak@+2g) 2k &,
3[2k1(1+ 217, )t +k, ]2 3[2k1(1+ 2770)[ +k, ]2 [2k1(1+ 2770)t +k, ]2

_(-o) [ 8k (1+27,) J_ 2b? . 4E K2
2(L+ @) |\ 32k, (L+ 27+ K, ') 3[2k, (1+ 2070 )+ K, Poron [2Ky {0+ 277 S+ K, [ 44)

Casell: whenm =1, then the geometry of space time (30) reduces to the form

s = dt? — 3k, (1+ 27, )+, Jswozn) (00 + dy? + dz?) (45)

The pressure, density and cosmological constant for the model (44) are given by

PO ( 6kZ(1+27,) J_ 2b? N 9¢& k2
1+ o |\ [3k,@+27, )+ K, ) 33k, (L+ 277, )t + K, ] 2m [Bky(L+2m7 + K, [ (46)

D= 1) ( 6k12(1+ 2770) J_ 2b? N 9§Ok12
1+o |\ 33k, @+27, X +k, [ ) 33k, L+ 27, X+ K, Pz [Bk, @+ 2 e +k, [ 7

3Ky 3k/ (L +27,) 9/ &

[3k1 (1+ 2770)[ +k, ]2 [3k1 (1+ 2, )t +k, ]2 2[3k1 (1+ 2770)t +k, ]2
(-0 [( 6kZ(L+ 277, ) ] 2?2 9& k2 }

20+ )| B 27X+ ko T ) 3Bk 20, )+ ko) ot (B 2, X K T 48)

Conclusion

We have studied Einstein’s field equations for LRS Bianchi type-1 cosmological model filled
with viscous fluid as a source of matter. Here we have assumed that the fluid obeys an equation

of state p = wp and bulk viscosity is assumed to be & = ¢£,60
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The particular models for the valuesm=0, 1 are obtained. In both cases we observed that the
positive cosmological term A is a decreasing function of time t and approaches to small value in

the present epoch. Further, it is observed that the expansion scalar @, is a decreasing function of

time t and approaches to 0 as t — oo. Since lim

t—o

%:constant, the model is not isotropic for

large value of t. Thus we conclude that the cosmological constant is decreasing function of time t

which corresponds the recent observations.
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