Open Access Library Journal

Polytropic Bulk Viscous Cosmological
Model with Variable ¢ and A

R. K. Tiwari!, Mukesh Sharmaz, Sonia Sharma3*

1Department of Mathematics, Govt. Model Science College, Rewa (M.P.), India
’Department of Applied Sciences, R. I. E. I. T., SBS Nagar (Pb.), India
3'Department of Mathematics, Rayat Polytechnic College, SBS Nagar (Pb.), India
Email: “soniamathematics@yahoo.co.in

Received 14 May 2014; revised 25 June 2014; accepted 10 August 2014

Copyright © 2014 by authors and OALib.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

We consider a Bianchi type-I Polytropic bulk viscous fluid cosmological model with variable G and
A. To get a deterministic model, it is assumed that %: g = E:—r} and %: |t(—§, n=n,p", P=kp",

where D is the pressure, p is the energy density, 7 is the coefficient of bulk viscosity, «, k, y and n,

are constants, H is Hubble constant, % =k, where ks > 0, k2 > 0. The solution obtained lead to in-
flationary phase and the results obtained match with the observations [31] [32]. The case n = 1 for
a = 11is also discussed, relating the results with the observations.
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1. Introduction

Cosmology is the study of largest-scale structures and dynamics of our universe and deals with subjects regard-
ing its origin and evolution. Cosmology involves itself with studying the motions of the celestial bodies. The
twentieth century advances made it possible to speculate about the origins of the universe and allowed scientists
to establish the Big Bang as the leading cosmological model, which most cosmologists now accept as the basis
for their theories and observations. Bianchi type-l space time is the simplest generalizations of Friedmann-
Robertson-Walker (FRW) flat models. There is significant observational evidence that the expansion of the
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universe is undergoing late time acceleration [1]-[9].

The cosmological constant problem is very interesting. Recent observations indicate that A ~ 10> cm™ while
the particle physics prediction for A is greater than this value by a factor of order 10'%. In modern cosmological
theories, the cosmological constant remains a focal point of interest. The bulk viscosity associated with grand
unified theory phase transition can lead to the inflationary universe scenario. A wide range of observations now
suggests compellingly that the universe possesses a non-zero cosmological constant [10]. H. Zhang et al. [11]
studied the Friedmann cosmology on codimension 2 brane with time dependent tension. In this model the effec-
tive cosmological constant is free of the absolute value of the brane tension. Tiwari and Sonia [12] investigated
the non-existence of shear in Bianchi type-lll string bulk viscous cosmological model in general relativity.
Wang [13]-[16] discussed the solutions of Bianchi type I-IX cosmological models for string clouds. Also several
aspects of viscous fluid cosmological models in early universe have been extensively investigated by many au-
thors. Tiwari and Sonia investigated the Bianchi type-I string cosmological model with bulk viscosity and time
dependent A term [17]. Zeyauddin and Saha [18] investigated the Bianchi type-V bulk viscous cosmological
models with particle creation in general relativity. Beesham et al. [19] investigated the Bianchi type-I anisotrop-
ic bulk viscous fluid cosmological model with variable G and A, where bulk viscosity # = 540", #, > 0, p is the
energy density and deriving Friedmann type equation 3H? =Gp+o” + A, with ¢ being the shear and H the
Hubble constant. Tiwari et al. [20] investigated the LRS Bianchi type-11 cosmological model with a decaying
lambda term and Tiwari [21] investigated the Bianchi type-I cosmological models with perfect fluid in general

relativity.

In this letter, we consider the Bianchi type-I bulk viscous polytropic cosmological model using Bianchi type-I
metric with variable G and A. To obtain the solution of the field equations we assume that %z E = t—i and
C Kk

oo n=n,p", P=kp” where P is the pressure, p is the energy density, # is the coefficient of bulk

viscosity, a, k, y and 7, are constants, H is Hubble constant.

2. Field Equations and Their Solutions

We consider the Bianchi type-I space time
ds? = —dt® + A%dx’ + B®dy? + C*dz? (1)
where A, B and C are function of t only.
The energy momentum tensor for viscous distribution is given by
Tij = (,D+ p)ViVj - pgij 2
p=p-37H ®)
where p is the equilibrium pressure, ; the coefficient of bulk viscosity and p is the energy density with v,v' = —1.
The Einstein field equations are given by
1
2
where G is the gravitational constant and A the cosmological constant, which are time dependent.
The expressions for scalar of expansion § and shear scalar ¢ are

R!->Rg/ =-8nGT/ +Ag/ @

9=u.‘i=A+E+E=3H
" A B C
, 1 4 1(A* B* C* AB BC AC
(o2 :_aija =— —2+—2+—2——————
2 3|l A> B* C* AB BC AC

Einstein’s field Equation (4) for the metric (1) leads to
E+E+E:—8nGﬁ+A (5)
B C BC
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—+—+—=-8nGp+ A 6
ATC ac P ©
A+E+ﬁ:—8nGﬁ+A (7
A B AB
E+£+£:8nGp+A (8)
AB BC AC

A B

2220 9

N 9)

An additional equation for time changes of G and A is obtained by the divergence of Einstein tensor i.e.
(Rij_leijj =0
2 |

8nGT,) - Ag/) =0
i

which leads to

yielding
L A B C
8nGp+A+81G{p+(p+P)| —+—=+—=1|;=0 10
nGp n{p(p p)(ABCJ} (10)
The conservation of energy Equation (10) after using Equation (4) breaks into two equations
: (A B C
+(p+ —+—+—|=0 11
pH(p p)[ 2B Cj (1)
A B CY
A+81Gp=8rGny| —+—+—| =0 12
nGp =8n 77[ . c] (12)
3. Solution of Field Equations
Now, we take
n=1,p" (13)

where 7, > 0, a = constant.
To obtain the complete solution, we assume the polytropic relation

p=kp’ (14)

where k and y are constants, density p is a function of pressure p. [For simplicity we set the constant y to be
unit].
We assume the solution of the system of the equations in the form

A B k C_k

=1 22 15
A B t" C t" (15)
ki and k; are constants [18].
Integrating Equation (15), we get
1-n 1-n
A:B:aexp[k1t J C:bexp[k2t J (16)
1-n 1-n

where “a” and “b” are constants of integration.
Using Equation (14), (15) in Equation (11), we get
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B:_(1+k)(2nkl+k2) an
Yo t
Integrating, we get
1-n
p=k, exp{—(1+ K)(2k, +k2)1t—} (18)
-n
Differentiating Equation (18), we get
k+1)(2k, +k k+1)(2k, +k
,D=—k3( +1)(2k, + 2)exp{—( +1)(2k, + Z)tln} (19)
t" 1-n
Using Equations (8), (15), (16) and differentiating, we get
2n(k? + 2k k 2k +k. \
—% = 81G /)+87:Gn£%j (20)

Again substituting Equations (13) and (19) in Equation (20), we get

2
o n(k; +2klk2)exp{(k +1)(2k1+k2)tln}

Akt 1-n
k+1)(2k, +k K)(2k, +k B e
.[_er noke ™ exp {_ (a _1)(1+ )(2 1Ky ) g H
t" 1-n
A2k, (K + 2Kk
t2n t2n+l
4 (22)
{wnk oxp {_(a 1) (k+1)(2 + me
t" 1-n
From Equations (13) and (18), we get
1-n
- exp{—a(lJr k)(2kl+k2)1t_—n} 23)
where n # 1.
Thus the metric (1) reduces to
1-n 1-n
ds? = —dt* +a’ exp(ZkL](dx2 +dy? ) +b%exp [ZKLJ dz? (24)
1- 1-n
The density p, Hubble constant H;, coefficient of bulk viscosity #, for the model (24)
1+k)(2k, +k,)
=k, ex —( 12 25
P 3 p{ (n _1)tn—1 } ( )
HI:szlt(—:,H3=|t(—f (26)

where n > 1.

" tl—n
n =1,k exp{—a(1+ k)(2k, +k2)1_n}

P =Kk, exp{—(lJr(l:])_(f)ktln:kz )}
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4. Special Cases

k _
When L=k, and « =1, the Gravitational constant G, Cosmological constant A, Hubble constant H;, the

shear scalar o and the expansion scalar 8 for the model (24) are given by

-1
2nk; exp{skz(k +1)tHH’7° Bk, (K +1)}

- T[k3t2n+l 1— n n

-1
5 16nk22{_5k2(k+1)+%}

_t2n + t2n+1 tn
2k k
H = :—2' H :—2
1 2 tn 3 tn
9:54_54_9:@
A B C t"
EocH, Aociz, Hocl, G>0, p>0.
G t t

The model (24) starts with a big-bang at t = 0 when n > 0 and the expansion scalar 8 decreases as time t in-
creases. However, when n < 0, the expansion in the model increases as the time increases. Also at t — 0, Hub-
ble parameter H and shear scalar ¢ tends to infinity and when t — oo, Hubble parameter H; and shear scalar o

tends to zero. Since Iim% # 0, the model does not approach isotropy for large value of t. As the time t increas-
t—oowo

es, the spacial volume V decreases. The rate of expansion slows down with the increase in time. Since 7 =7, p”
and a > 1, the model leads to the inflationary phases [22]-[25].
For n = 1, Equation (15) becomes,

~

-2
t

A_B
A B

Integrating, we get

A=B=Kk,t", C=kt"
Therefore, metric (1) reduces to
ds® = —dt” +k;t* (dx® +dy? ) + kit dz?

Therefore, the energy density p, the Gravitational constant G, Cosmological constant A, coefficient of bulk

viscosity #, Hubble constant H;, the shear scalar o, the expansion scalar & and spacial volume V are given by

p=N exp{(“k)(ztkﬁkz)z}
p-k exp{<1+k><ztkl+kz>2}

where N is the constant of integration.

2k, (K, + 2k, )t {exp{(uk)(zkﬁkz)zHl

8 (1+k)(2k +k,) t

1 2N
A=k (k +2k )t ———-———
2 (k+2,) {ts (1+k)(2kl+k2)}
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77=770Nae><p{ "

a(1+k)(2kl+k2)2}

H=H, =5 H, =%

1 @—@j
o=—| 2+ 2 27
ﬁ( " (27)
B 2k, +k,

B t

0= A + +9 =
A C
V = Kkt

Forn =1, when k =k,, k,>0, k,>0 and a =1 then the energy density p, the Gravitational constant G,
2

Cosmological constant A, coefficient of bulk viscosity #, Hubble constant H;, the expansion scalar ¢ and spacial
volume V are given by
25k (1+k
p=N exp{—2 E )}

2kt N1
G=—"2_ 25k? (1+k)=
5n(1+k){ex'o{ : (L+ )tH

1 2N

A=8kiti - ————
’ {ﬁ 5k2(1+k)}

2k k
H=H,=22 H,=-2
1 2 t 3T
A B C t
V =k kt™

Forn=1andk, = 1, we have

H ocl,goc H,Aociz,G >0, p>0
t G t

which are considered to be fundamental and match with the observations.

5. Conclusion

In this paper, we have obtained solutions for the Einstein’s general relativity equation in Bianchi type-I space
time with polytropic bulk viscous fluid. Here it is observed that when time t — 0, then the spacial volume V —
. This result shows 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, especially as its early stages seems to be significant [26]. Al-
so when t — 0, the energy density p, cosmological constant A, expansion scalar 6, shear scalar o and coefficient of

bulk viscosity # tend to infinite and when t — o, p, A, 6, n and o tend to zero [22]-[26]. Since %z constant ,

therefore model does not approach isotropy for large value of t. The spacial volume V increases as time t in-
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creases if k, > 0 [27]-[32]. Since n=n3,p", a >0, the model leads to inflationary solution.
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