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Abstract

Bianchi type IX barotropic perfect fluid cosmological
models are investigated assuming that shear (o) is proportional
to the expansion (8). This leads to a = b" where ¢ and
b are metric potentials and » is the constant. For the realistic
picture of the universe in terms of cosmic time f, n = 2
and 3/2. The physical and geometrical aspects of the models
are discussed in detail
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Introduction

Bianchi type [X cosmological models are the
generalization of Friedmann-Robertson-Walker (FRW)
model with positive curvature. Bianchi type IX string
cosmological models are investigated by Chakraborty
and Nandy', Chakrabortyz, Bali and Dave3, Bali and
Upadhaya®. Bali and Yadav® have investigated Bianchi
type IX viscous fluid cosmological model in general
relativity. To get the deterministic solution they have
assumed that the coefficient of shear viscosity (1)
is proportional to the expansion (0). Bali and
Upadhaya6 have obtained Bianchi type IX string
cosmological models with bulk viscosity. Bali ef al.’
have investigated Bianchi type 1X inflationary universe
in general relativity.

In this paper, we have investigated Bianchi type
IX' barotropic perfect fluid cosmological models in
general relativity assuming that the shear (o) is
proportional to the expansion (8). This leads to a =
b" where a and b are metric potentials and n is
the constant. Here we have assumed the proportionality
constant as unity. To get the realistic picture of the
universe in terms of cosmic time {, we have assumed

two cases for n = 2 and 3/2. Both the models "
represent realistic - models.  The physical and
geometrical aspects of the models are discussed in
detail.

The Metric and Field Equations

We consider the Bianchi type IX metric in the
form

ds = —d* + & ())d? + b (1) dy?
+ (b sin? y + a® cos? y) dz* - 242 cosydxdy (1)
where a and b are functions of ¢ alone.

The energy momentum tensor (Tij) for perfect
fluid distribution is given by

T/ =(e+pvyy! + pg} 2)

where € is the energy density, p the isotropic
pressure and V' the flow velocity satisfying

g .

We assume that coordinates are comoving so
that

Einstein field equation
o . ,
R! - B Rg! = -8nT/

for the metric (1) leads to
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Solution of Field Equations

Equations (3) and equation (4) lead to

i .
—t—t=-———- —=0
ot (6)

Equations (3) to (5) are three equations in four

unknowns a, b,€ and p. To get the deter-ministic

model, we assume that the model is filled with
barotropic perfect fluid distribution which leads to
p =Y €, where 0 <y < 1. Equations (3) and (5)
after using condition p = ye, lead to

zé+[H_Y\ i.{._lw_(_}*-_y)i*.z;‘b:o {‘7)
vo Uy Jlo? o2) Ly -

To get the deterministic solution, we also assume
-that e B which leads to

a =P (8)

Thus we have
3’ _ b
"5 ©)

Using equations (8) and (9) in equation (7), we have

25 52 2n-4
?+(1+Y+2ny) b—z—(3+y)

1
, +(1+7) b_2=0
(10)

which again leads to
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. bZ 2n-3
2b+(1+y+2my) " -(3+y)

|
1+y)==0 (
p +(+{)b (11)

and

i =[Ah2”'2 - 19]'2 (12)

where b=_/(b)‘ b= f"and f’:j_{).

Thus
L)
‘ —4(2n+ +2ny — (13)
Y+ 2ny-1)
N U
(1+2ny+Y) (14)

To get the deterministic value of b, we assume two
different cases of n = 2 and 3/2.

The First Model

We assume n =2, then equation (12) leads to
[ = [40* - B2 (15)
which leads to

db

—— =J4ar

I o
where

B2=% (17)
On integration cquation (16) leads to

b=Bcosh (\/ZHR) (18)

where R is the constant of integration.

Using equation (18) in equation (8), we have

a=B2[cosh (\[,ZH'R)F (19)

Thus equations (13), (14) and (17) after using » =
2 reduces to the form
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L

TaG3+5y) 20)
I+y

B=
1+ 5y @)
B_4(1+y)(3+5

g2 B_dUrnesy .

A (1+5)3+7)
Hence the metric (1) leads to
ds? = —di?

+f? coshz(\/;r + R){B2 coshz(\/;r + R)d\'2 + d_)'z}
+B? coshz(\/;t + R)

{sinh2 y+p? coshz(ﬁt + R)cos2 y}dz2
~2B* cosh* (vt + R)cos y dxdy

(23)

Using the transformations

and

(J71+R)=T

the metric (23) reduces to the form

5

2
ds” =—d—} +P? cosh? ﬂBz cosh?® Tax* +¢/)’2]
+B? cosh? 7'{sinh2 Y +P%cosh? T cos? )’]d22
-2p% cosh® Tcos Y dX dY (24)

Some Physical and Geometrical Features

The energy density (), the isotropic pressure
(p) for the metric (24) are given by

8me=541tanh? T+Lzsech27"—%

and

3
8mp=--24- Atanh? T- L sech?T (26)
4 B’

The expansion (6) and the components of shear
tensor (o).’) are given by

0 ::4\/lemh T (27)
G! —g«/;lanh T
=3 (28)
ol = _.L_\/Zmnh T (29)
|
giz—gﬁtanh T (30)
0;' =0 (31
Thus
2 2 2 2
2 I 2 3 4
o <[[o' (et (o3 +(o1
Therefore
o= \Etanh T (32)
(O .
The ratio 6 is given by
o= —LG
a3

The spatial volume (R3) and the deceleration parameter
(g) arc given by

R = B coshTsin y (33)
3
fl:{‘ + —} (34)
4sinh“ T
Discussion

The reality conditions (1) € +p > 0, (i) € ;3;)
>0 given by Ellis® arc satisfied when tanh"T>

4—/;_/;‘1. The expansion in the model (24) increases
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We assume that # V2, ahen equation (12

icads 1o

;o4 B (15)
which Jeads 1o
db
' =i 3¢
Jb-a (36)
where
2 37
« . (
4 ’
On antegration equation (36) leads (o
2
boaNarim) vo (3%)
Usig equation (38) in equation (§), we have
. ) "‘
a l-i(\/,-il 1 m) i (1' (39)

Fhus equations (13), (14) and (37) after using the

assumption 1~ 320 Jeads 1o

34y
8(142Y) (30)
l‘ ,’
B
| + 1', (4”
RCE4 )l + 2y)
' YR (42

(Fdy)3 ey
Hence the metric (1) "“ads 1o

v

dy” ="¢fl" L[4(\/.4l + m). + (1, dv”

2 a

+{4(\/.~'ﬁ + m)2 +uJ ¢11-3+[4(\-I:4-1. +m)2 + u}
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{ 4 i {
[ j | ) |
LR 4(\' At v m) vajcos’ v iy

i | ?

24(V A v m) ui cos y dr d:

(4}
| }
After using transformations
i A ) ) /
and
(VA +m)=1
cquation (43) leads to
D, It: b 1 L ) » N
dst = - 4 (407 ) dY 4 (417 )P dy?
1

H4T: + u)“ sint ¥ (4:" '(l)cus" r].m‘

24t va) cosYdvdz (44

Some Physical and Geometrical Features

The energy density (€), the isotropic pressure
() tor the etric (44) cre given by

42564 -1t v 4 -«
sme= — W;W»_,)Vw —7—37 — (45)
14T+«

3 128A)TF + (3 - 64 A) - 4

‘:’

8nyp =
4{4r‘ g

(46)

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

28y
0 L
7‘ 4 ' vl ’ (47)
\‘,{-., Tl
| 8 ?T
6, = L (48)
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g2 = 4_Var_
; 3(412 +ov.)
glo_ 4 VAt
© 3 (a4l
03 =0

Thus the shear tensor (o) is given by

N
«/3(412 +a)

g=

and the ratio

4] |

0 7V3

(49)

(50)

(51)

(52)

. The spatial volume (R%) and the deceleration parameter

(g) are given by
R’ =[412 +oz]7/7
[1612 + 3a]

q:_.
2812

Discussion

The reality conditions (i) € +p >0, (i) €

sin Y

(33)

(54)

+3p

> (0 given by Ellis® are satisfied during the span

of time given by

229
/@Aa—za 64 40 - 201
< T< /. i
V 5124+8 V 5124+8 (55)

The model (44) starts with a big-bang at 1=
and the expansion in the model decreases as time
increases. Since 0 = 0 when T = oo, hence the mode]

Y
isotropizes for large value of T. Also g s constant

throughout. The spatial volume (R3) increases as time
increases. Since the deceleration parameter g < 0,
hence the model represents an accelerating universe
during the span of time given by expression (S55).
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