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Abstract

. Bianchi Type V non-static barotropic perfect fluid cosmological model
in General Relativity, is investigated. To get the deterministic model, we have

assumed that ( O'Il ) is proportional to the expantion (8), where c} is the eigen-

value of shear tensor ( G;i ). The stiff fluid model and disordered radiation model

are discussed. The physical and geometrical aspects of the model together with
singularities in the model are also discussed.
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1. Introduction

Bianchi Type V cosmological models
create more interest in the study because of richer
structure both geometrically and physically than
the standard perfect fluid Friedmann-Robertson-
Walker (FRW) models. These models are
simple generalization of the negative curvature
of FRW models. Heckmann and Schucking'
have investigated Bianchi Type V cosmological
model where matter moves orthogonally to the
hypersurface of homogeneity. Exact tilted
solutions for Bianchi Type V models are obtained
by Ellis?, Ellis and MacCallum?, Wainwright
et al.*. Roy and Singh® have investigated LRS
(Locally Rotationally Symmetric) Bianchi Type
V model with viscosity. Banerjee and Sanyal®

have investigated Bianchi Type V cosmological
models with viscosity and heat flow both.
Coley’ has investigated Bianchi Type V
imperfect fluid cosmological models which
contains both viscosity and heat flow for
equation of state p=(y- 1) p, 0 <y<2.Nayak
and Sahoo’ have obtained Bianchi Type V
cosmological models with matter distribution
admitting anisotropic pressure and heat flow.
Roy and Prasad® have investigated some LRS
Bianchi Type V cosmological models for heat
conduction and radiation. Bali and Sharma'’
have investigated Bianchi type V tilted stiff
perfect fluid cosmological model in General
Relativity. Bali and Meena'' have investigated
conformally flat tilted Bianchi Type V cosmo-
logical model in General Relativity. Bianchi
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erfect fluid cosmological

Type V tilted stiff p a
d by Baliand Meena ™.

model are also investigate

In this paper, we have investiga}ed
Bianchi Type V non-static barotropic perfect
fluid cosmological model in General Relativity.
The stiff fluid model and disordered radiation
model are also discussed. The physical and
geometrical aspects of the model together with
singularities in the model are also discussed.

2. The Metric and Field Equations :

We consider the Bianchi type V metric

in the form
ds? = - dt*+A2dx2 +B? e>* dy? +C? e** dz* (2.1)
where A, B and C are functions of t-alone.

Energy momentum tensor T for perfect fluid
is given by

T =(e*p)vivi+p g (22)
where € is the energy density, p the isotropic
pressure and V' the flow velocity satisfying

%WW=-1

We assume that coordinates to be comoving
so that
vi=0=vi=v vi=1

The Einstein field equation

1

RJ - ER gl =-8nT/ (2.3)
for the metric (2.1) leads to
By Cyu  BsCy 1
- - - =-8
8 7Cc TR a2 mp (2.4)
Ay  Cy A4Cy I
+ + - =-
A C TAaC Azt (29
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Aw Bu ABy 1
——t o tTag Az %mp v
A B AB A (2.6)
A4 B.; A4C4 B4 C,, 3
ek i Y + —— =
B | AC | BC Az Smeqy
2A, B Ci
SRE (2.8)

A B C
3. Solution of Field Equations :

Equation (2.4) and (2.5) lead to

A B A B C

From equation (2.5) and (2.6), we have

Bu _Cu , A (Ei C +J:o (32)

B C

To get the deterministic model, we assume that
universe is filled with barotropic perfect fluid
distribution. This leads to p=ye where 0 <y<I.
Now equation (2.4) and equation (2.7) after
using barotropic perfect fluid condition (p=ye)
lead to

A4(B4 aj (Y+I)B4C“ B

B C A\B C

A

—+— |+ —
B C BC B

Cuy ]
+—=0C3y+1)—
C Gy +1)—;

2 (3.3)

From equation (2.8), we have
A=((BC)" (3.4)
where ¢ is constant of integration.
Equation (3.2) leads to
(CBy —BC4)a _ A4

CB, -BC, A (3-5)
On integration, this leads to

,[ B m
(2), % G.6)
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where m is constant of integration.
we assume that

BC=n. B/C=vy (3.7)
Thus, we have
B2= nv, C?= pn/v (3.8)

Using equations (3.7) and (3.8) in equation
(3.6), we have

V4 m

v I

Again using equations (3.4), (3.7) and (3.9)in
equation (3.3), we have

“i+i(y—1)“—1+(—l_y)v_‘_‘:(”+l)

(3.9)

4 p? 4 )y? (*p
(3.10)
Using equation (3.9) in equstion (3.10), wehave
3 i (1= 2
Hlaa +—(Y—1)u_4+(] Yj i :(3Y+1)
4 M 4 )02 g2
(3.11)

which leads to

f:[4 L+

”

1112 1 M 1/2
302 E+ pGr=nn (3.12)

df
Where ps=f(p), pas=ft, f= a and M is a constant

of integration.

To get the deterministic model, we assume two

different cases for =1 (stiff fluid case) and
v

(disordered radiation case).

Y 3
4. Case (I) (Stiff Fluid Case) :

Let us assume =1,
Then equation (8.12) leads to

1/2
A {4 m? 1 M]
S|kt

_+_

4.1
W (4.1)
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Equation (3.9) and equation (4.1) together leads
to

\):N[l+L p3+a3} - (4.2)
Hooop
where
., m?+303M
g - =
12
Thus, we have
A= (4.3)
, R e
B> =Np| —+—/u? +a? (4.4)
HLooap
[ 2
szi{—-+—— p2+a2} (4.5)
Nip ap

Hence the metric (2.1) leads to

m
2

2 dl- 2 2 2 2 2 2 . 2
ds® = ———dp? + (?pdx? +Nue-\[l+L,m~ +a*} dy*
du* Booap
m

I 2
+%e2{—+— p3+a3} dz’ (4.6)

noooap

Which by suitable transformations leads to

, dT? R ]
ds? = — + (2 TdX? + Te2X| —
2 a?l'” T
- T+_
4 T
1 ) 2 2 o)
+—A/T? + 2 dy?
oT

m

+Te3x[l+~—]—— T? +a2}2“ dz? (4.7
T oT
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i , =7
where p=T, x=X, V/?\T_\ =Y. \/?\J

Physical and Geometrical Features .

he energy density (€). the 1sotropic

pressure (p) for model (4.7) are given by

8n e= 3M— (4.8)
e

8p - ‘M (4.9)
41

The expansion (8) and components of shear
tensor (o) are given by

-~

0=—=<IT7 +a]"? (4.10)
0.5 - 0 (411)
. _m 412
G5 —2!_[_;—: (4. ~)
Gi=— (4.13)
2T '
ci=0 (4.14)

Thus
o) ]r N9 232 3\ 2 k)
o ==[(a])? +(63)* +()? +(c})?]

§

Therefore

m

c=——r
201

(4.15)
['he spatial volume (R) and deceleration

parameter (q) are given by

(4.16)

(4.17)
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Discussion

The reality conditions (i) ¢ + P> 0
(iiye +3p> 0 given by Ellis" lead to M>0‘

The model (4.7) starts with a big~bang
at T = 0 and the expansion in the moge|

. . .. o}
decreases as time increases. Since 6¢ 0

fence it represents an anisotropic universe
in general. However, for large value T, 6 =
Hence the model isotropizes for large values
of T. The spatial volume increases as time
increases. Since q ~ 0 as ¢ =~ 0. therefore the
expansion in the model decreases continuously
and for large value of T, itdies out i.e. it represents
a decelerating universe.

5. Case (II) (Disorder radiation case):

We assume 7= /3.
Equation (3.12) leads to

172

4 2 |

f= —,H+m,—+M-| (5.1
(- 96~ ji |

To get deterministic value of p. we assume
m = 0.
On integration, equation (5.1) leads t0

e

4
where §3 is constant of integration. N
. ) ' . 1 0)
Using our assumption m = 0. equation {2
leads to

“n

o

V

which gives
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v = constant =
Thus, we have

A= (2= 62,:( B)Z M()q}
4

L (say)

(5.3)
(t V Me
2 = :L — _ }
B _(WB) 4} (5.4)
) lpt ¢ M¢?2
ce=E-_|[L _
¥ LL(€+B) 4} (5.5)

Hence the metric (2.1) leads to

) t )Y M
ds®> =—dt2 +|| —+ — 02 dx 2
|:(€ B) y ][( dx

+ Lexdy? + iez‘dzz}
L

(5.6)

After using the transformations

1
¢x=X, JLy=Y N

the metric (5.6) leads to

Z:Z: _;"{"B:T,

2X 2X

ds? =—(2dT? + (T’ —%F—J(dX’ +edY2+e ¢ déz]
(5.7)
Physical and Geometrical Features .

The energy density (€ ) and the isotropic
pressure (p) for the model (5.7) are given by

3M

8n e=
(5.8)

(5.9)
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The expansion (8) and components of shear

tensor (/) are given by

GIE{LM W?}

21 ¢ T2 4 (5.10)
1[2A, B, C

Gl:_ 4_ 4_ 4 |

! 3[ A B C}—O (5.11)

] —284 A4 C4T
57 =— — — =

7318 A /7 (.12)

1[2c, A, B,]

3 _ 2 4_ 4_ 4 | _ "
03—3_ c A B_—O (5.13)
ci=0 (5.14)
Thus we have

=0 (5.15)

The spatial volume (R?) and the deceleration
parameter (q) are given by

\ 372
M/?2
R3 = ﬂ(Tz - j (5.16)
M ¢2
q-= AT2 (5.17)
Discussion

The reality conditions (i) e + p>0
and (i) € +3p> 0 given by Ellis" lead to M>0.
The model (5.7) starts with a big-bang at

(VM

T————. When the

14
T> then

At

expansion in the model decreases as time
increases. The model (5.7) represents a realistic
and isotropic universe. The spatial volume (R")

(M )
. Since the decelera-

increases when T >
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tion parameter q>0, hence the expansion in
the model continuously decreases anq it
represents a decelerating universe. There1s a
Point Type singularity in the model at

(M

2

e

T=

(MacCallum')
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