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Abstract: Exact cosmological solutions of the Einstein gravitational equations are
obtained for chaotic inflationary cosmological model in Bianchi V space-time in
barotropic perfect fluid distribution. Inflationary scenario in Bianchi Type V space-time
with variable bulk viscosity is discussed. To get deterministic solution we consider
deceleration parameter as constant which shows acceleration and decelerating universe as
constant value is greater or less than O respectively. The special volume increases with
time and this expansion continuous for long enough which is inflationary scenario in
universe. The model have initially point type singularity.
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1. Introduction

On the basis of available observation it was believed that universe was created in hot big-
bang. At the time of Big Bang most of the energy was in the form of radiation.
Astronomical observations in late eighties revealed that predictions of FRW models do
not always meet our requirements as was believed earlier Smoot et al. [20]. Therefore
specially homogeneous and anisotropic Bianchi space time (I-1X) is considered to study
the universe in its early stage of evolution. Among these Bianchi type V model create
more interest in the study because these models contain isotropic special cases and allow
small anisotropy levels.

At any instant of cosmic time, Bianchi type V space time is the natural generalization of
FRW model with negative curvature. These models have been studied by number of
authors viz. Collins [10], Ram [19], Banerjee and Sanyal [7], Bali and Kumawat [5], Bali
et al. [6]
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Guth [12] introduced the concept of inflationary phase. Inflation is the rapid exponential
expansion of the early universe by a factor of 10" in volume driven by a negative
vacuum energy density. The inflationary universe incorporates all the predictions of the
model for the universe because inflationary Universe has the same behavior after 10
seconds. Guth has discussed the inflationary universe as a possible natural expansion for
the observed large scale homogeneity and near critical density of the universe expansion.
Later on Anninous et al. [1] discussed the significance of inflation for isotropization of
universe. Stein-Schabes [21] has explained that inflation will take place if effective
potential has flat region where Higgs field evolves slowly but the universe expands in an
exponential way. Burd [9] discussed inflationary scenario in FRW model. The
inflationary universe is investigated by number of authors viz. Linde [13], Wald [22],
Barrow [8], Ellis and Madsen [11], Bali and Jain [4], Bali [2] within the framework of
model which is already homogeneous and isotropic.

The inflationary Universe scenario provides a satisfactory solution to some of the
conceptual issues in cosmology not understood in the standard Big Bang Theory.
Maartens et al. [16] studied chaotic inflation on the brain using a massive scalar field.
Chaotic inflation on the FRW brane was obtained with an assumption that the potential
energy dominates over that of the kinetic energy of the scalar field. Linde [14] has shown

1 .
that chaotic scenario can be realized even when scalar field g obeys Eq:r?' e V[qr:r) and

attains the required condition for inflation in course of its evolution in FRW universe.
Paul et al. [18] have pointed out that Linde’s chaotic inflationary scenario is fairly general
and can be accommodated even if the universe is anisotropic. Bali [3] investigated

chaotic inflationary Universe scenario assuming R® = 3t gng following Linde [15]

R dv
assuming ¢ o

In this paper we have investigated chaotic inflationary scenario in Bianchi type V space
time assuming V(@) = A@", A being constant.

The deceleration in cosmology is a dimensionless measure of the cosmic acceleration of
the expansion of space in FRW universe. The expansion of the universe is said to be
accelerating if g < 0 and decelerating if g > 0. Thus it is interesting to assume that
decelerating parameter is constant with the help of which we can explain the decelerating
and accelerating phase of the universe.

To get deterministic model we also assume the deceleration parameter is constant.

2. Metric and Field Equations

We consider Bianchi Type V line-element in orthogonal form as

ds? =—dt> + A% dx* +e* (B%dy® + C* dz?) (1)

where A, B, C are metric potentials and are function of t-alone.
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We assume the coordinates to be comoving so that vi=v2=vi= O,V4 =1.

The Lagrangian in which gravity is minimally coupled to the scalar field (¢) is given as

1 .
L:J' ,/—g[R—Eg“alq)ajq)—V(q))}d“x )
Modified Einstein’s field equation (in gravitational units 8wG = ¢ = 1) given as
1
Rij_ERgij == Tij (3)

The cosmic fluid is assumed to be perfect fluid.

The energy momentum tensor with scalar field (¢) for perfect fluid distribution is given as
1
T;=(p+p)V,v; +pg; + 0,404 — {Eakwk(b + V(¢)}gij 4)

where p is the matter density, p the isotropic pressure and V(¢) is the potential.

The energy conservation law coincides with the equation of motion for ¢ and we have

1 dVv
0,(J-gd"p)=— ©
Footero—g
This leads to

A, B, 04): dv($) ©

+ —+—+—
¢44 ¢4( A B C do
The homogeneous scalar field ¢ which is identified with the inflation is only function of

d¢

cosmic time tand ¢, :E'

The Einstein’s field equation (3) for the space-time (1) with equation (4) leads to

B44 n C44 i B4C4 _i
B C BC A?

A44 n C44 i A4C4 _i
A C AC A?

=—[p+%¢f —V(¢)} ™

=—{p 4 —V(¢)} ®)
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A44+B44 +A4B4 _i
A B AB A’
A4B4+A4C4 +B4C4 3
AB AC BC A?

A By Gy

A B C
Equation (11) leads to
A% =kBC

where K is constant of integration.

For simplicity we assume constant of integration unity i.e.

A% =BC
3. Solution of Field Equations
Equation (8) and (9) leads to

fiﬁa__fzga_Ffﬁi_ B, _Cs
B C A\(B C

ﬁ_ﬁ_kl E_FQ E_& =0
B C 2\ B C B C

(B, ~BC,), LN

CB,-BC, 2\ B C

(e
CJ. (BC)®
Let B/C=v and BC = u above equation leads to

v, L

v lvl3/2

To find deterministic model let

(1) Deceleration parameter q is constant.

(i)  V(0)=ig"

1.,
:_[p+5¢4 _V(¢)}

~-p-24i -]
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(9)

(10)

(11)

(12)

(13)

(14)
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(i) p=3H?
vy p=yp ,0=y=1
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Deceleration parameter in cosmology is a dimensionless measure of the cosmic

acceleration of the expansion of space in FRW universe. It is defined as

_ RJR
q= 2 /p2
R?/R

Where R is scale factor of the universe.
Equation (15) leads to

h+a & :0
R R

R =(at+b)ﬁ

= afcostant)

Where a=(a+1)p, B is constant of integration
b=(a+1)B, P’ is constant of integration

The scale factor R for the line-element (1) is given by
R®=ABC

Using (16) this leads to

ABC = (at +b)as

Using (12) this gives

B, C, 2a

B C (a+l)(at+h)
My _ 2a
4 (a+1)(at+b)
2
u=c(at+b)a
Using this in (14) we get

v=d exp{l'(a—“Ll)3 (at+ b)ﬁ}
a(a—2)c 2

(15)

(16)

17)

(18)
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Since B2 = uv,C? = £
1%
| L 1 2 %
2 o
B=|cd(at+ b)é+1 exp (a—+)3(at +b)art (19)
i a(a - 2)c4
i 1%
C-= %(at +b)fen L (20)
a-2
exp L(a+1)y(at+b)a+1
| a(a —2)c’? ]
A= \/E(at + b)ﬁ (21)
Or
L
A=+JcT «
i a-2 %
B = [T /e exp{IT ‘MH
r 1%
C=|«T Pant —1
a-2
exp{lT‘”l}
L(a+1)
Where T = (at+b), | =————7—  p=cd,x=C
a(a —2)c2 %

Therefore, the metric (1) leads to

2 2 a-2
ds® = — dTZ +cT «idx? + e {UT P exp{IT @il de2 ver|aThen 1 — |dz*® (23)
a o

expd IT @+t
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For Chaotic inflation
Let V(D)= Ag"

dVig) — n—1
T Ang (24)
From (6)
A4 B4 C4 dV(¢)
+¢| —+—=+—2 |=—=
¢44 ¢4( A B CJ d¢
Following Linde [14] for chaotic inflation, we consider
dv
Pas < dé
So from (17)
A4 B4 C:4 n-1
—+—+—|=1n
¢4( ATBYC ¢

= d—"’{—% } — g™
dt | (¢ +1)(at+b)

d¢ _ Anlatl)
2T (at + b)dt

= g5 = (2 m [

Where e is constant of integration.

(at +b)* + e (25)

4. Physical and Geometrical Aspects

The expansion (0), Hubble parameter (H), matter density (p), isotropic pressure (p),
spatial volume ( R®), shear (o) for the model (23) are given by

Ay, By C
Expansion @ = —F4—= 4
BE C
_ 3a
(@+1)T (0)
H = g a
Hubble parameter {7 = — = @iOT (27)
. _ 2 3a*
Matter density @ = 3H- = (28)

(x+1)*T2
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aZ

' —yp= Y —— <y <=
Isotropic pressure p=y o = ¥ T O=sy=1 (29)
spatial volume R? = ABC = T /a+1 (30)
1 (B
Shear 0 = — (—" — E)
2\B ¢
L
— — 3, 3, 31
2021 as1 (31
Now ratio of shear and expansion
a L{a+1)
— (32)

& B 6{1(‘33‘21”2_&3{&+1
Thus for large values of T (o < 2), g -0

Anisotropic parameter (A):
Anisotropic parameter A is defined as

) ()
“3|\H H H
Where H, =22, H,=2 H, ==
Thus H = I,ﬁfﬂr
[
17 (a+0T
_ a laiae—2) —3;“ .
H,= (a+ 1T + 2(a+1) T fest
_ a N laiae—2) —3;“ .
Hy = (a+ 1T 2ia+l) T fe
12—y -2 T
So A=teoa (33)

A—0 for large values of T(a < 2)
The slow roll parameters ¢ and & is defined by Unnikrishnan and Sahni [23] as

- _H _1

€= —3 =2 (34)
and

§=g—— =25 (35)

IHe' ar
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E:

= (36)
Thus slow role PLI (Power Law Inflation) corresponds to € << 1 which occurs when
a>>1.

5. Conclusion

The spatial volume (R®) increases with time which represents inflationary scenario in the
universe. The rate of expansion slows down with the increase of cosmic time and 6—0 as
T—o00.

The Hubble parameter (H) is initially large but decreases with time. The average
anisotropic parameter (A) is not zero initially i.e. anisotropy is initially large but
disappears for large values of T therefore model isotropizes at late time. The model have
point type singularity at T=0. Since deceleration parameter g is constant therefore the
model represents decelerating (o > 0) and accelerating (o < 0) phase of universe. The
scalar field ¢ decreases with time. The model (23) indicates that energy density p is large
initially and decreases during expansion.
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