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Abstract
In this paper, we have investigated the inflatignBranchi type-VI cosmological model in the

presence of mass less scalar field with a flatmi@e To get an inflationary solution , we have
considered a flat region of a constant potentialSome physical and kinematical properties of
the model are studied.
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1. Introduction

In recent years there has been lot of intereshiilationary models of the universe in general
relativity. Inflationary models play an importamie in solving number of outstanding problems
in cosmology like the homogeneity, the isotropy #imel flatness of the observed universe. The
standard explanation for the flatness of the uswes that it has undergone at an early stage of
the evolution a period of exponential expansion edmas inflation. It is well known that self
interacting scalar fields play a vital role in thidy of inflationary cosmology. Inflation , the
stage of accelerated expansion of the Universest, froposed in the beginning of the 1980s ,
nowadays receives a great deal of attention .Gljtpbrpposed inflationary model in the context
of grand unified theory (GUT), which has been ateggoon as the model of the early Universe.
Barrow and Turner [2] showed that the large antgmtrprevents transition into an inflationary
era according to Guth’s original inflationary sceaa

In inflationary scenario, the de-Sitter expansinduiced by vacuum energy density in general
relativity. Several versions of the inflationary deds are studied by Linde [3], La and Steinhardt
[4], Abbott and Wise [5]. In particular, our unigeris homogeneous and isotropic to a very high
degree of precision. Such a universe can be destchp the well-known Friedmann-Robertson-

Walker (FRW) metric. In these models, flatness fgabis well understood and solved, but this
is not so clear about isotropy and homogeneityheessuch problem Using the concept of Higgs
field ¢ with potentialV(¢) has a flat region and the field evolves slowly but the universe

expands in an exponential way due to vacuum fiettgy.
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In general relativity, scalar fields help in expiag the creation of matter in cosmological
theories and can also describe the uncharged faddlar field is minimally coupled to the
gravitational field. In particular, self-interacjrscalar fields play a central role in the study of
inflationary cosmological model. Wald [6], Burd aBdrrow [7], Barrow [8], Ellis and Madsen
[9] and Heusler [10] studied different aspect dlacfields in the evolution of the universe and
FRW models. Bhattacharjee and Baruah [11], Bali daid [12] and Rahaman et al. [13] ,Singh
et. al.[14] have studied the role of self-intenagtiscalar fields in inflationary cosmology.
Recently, Reddy et al. [15], Reddy and Naidu [1&Yéstudied inflationary universe models in
four and five dimensions in general relativity. recent years , Katore et. al. [17] ,Reddy and
Naidu [18] have studied the cosmological modeldhveibnstant deceleration parameter of the
universe in the context of different aspects ofedé@nt space-time. Reddy [19] has discussed
Bianchi type — V inflationary universe in generalativity. Very recently, Katore et. al.
[20],Katore et. al. [21] have discussed inflatignaniverse in general relativity. Therefore we
propose to study of such inflation theory in geheghativity.

In this paper, we have investigated Bianchi typec®mological model in the presence of mass
less scalar fields with a flat potential in genesdativity. To get a determinate solution, we have

considered a flat region in which flat potentialis constant. We have also assumed a relation
between metric potentials for this purpose.

2. Field equations & the model

We consider the spatially homogenous Bianchi type¥tric in the form
ds® = —dt® + A’dx® + B*e*¥dy® + C%e**dz?, (1)

whereA, B, C, are the functions dfonly andq is a non-zero constant
In this case of gravity minimally coupled to a scdield V(¢ ,the Lagrangian is

L= j[R—%g”m —V(qo)}ﬁd“x, 2)

which on variation ot , with respect to the dynamical fields , to Einstield
equations

1
G; =R, ~5 Y R=-T; ®)
_ 1
With Tij = Qiqu _|:E¢'k¢k +V(§0):|gij (4)

The field equation is

Prespacetime Journal www.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal| March 2012 | Vol. 3 | Issue 5 | pp. 474-479 476
Katore, S. D. & Chopade, B. B., Bianchi Type-VI Inflationary Universe in General Relativity

v
@ = i’ (5)

where comma and semicolon indicate ordinary andutant differentiation respectively.
Other symbols have their usual meaning and unés$aden so that
87G=C= 1.

Now the field equations (3) for the metric (1) witte help of equation (4) are given by
as

B, C. B,C,
ettt 2— 24 V@, ©
C c,
B B, qg°_1
s I;4+%E4_%:§ 2-V(@). ®)
B, B, C C 2
%E4+E4€4+%€4_?___¢2 -V(9), )
&—&:O (10)
B C

and (5) , for the scalar field , takes the form

AL B Gy _av (11)
qo+¢4( B cj do

where the suffix 4 indicates differentiation widgspect tot.

3. Inflationary model

We are interested, here, in inflationary solutiohthe field equations (6 )—( 11).

Stein-Schabas [22] has shown that Higgs fieldith potentialV (¢) has flat region and the field
evolves slowly but the universe expands in an egpbal way due to vacuum field energy. It is
assumed that the scalar field will take sufficiemte to cross the flat region so that the universe
expands sufficiently to become homogeneous andogict on the scale of the order of the
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horizon size. Thus, we are interested here, iratiothary solutions of the field equations. The
flat region is considered where the potential isstant.

We also assume that=B". (12)

In order to derive exact solutions of the field agons (6)-(11) easily, we use the following
scale transformation

A=e¥ B=ef,C=¢e",dt = ABCIT . (13)

The field equations (6)-(11) reduces to

ﬁ" - n,8'2 -(n+ 1)ﬁ'y‘ + y" + q2e2(ﬂ+y) = (% ¢'2 _VojeZ[(n’fl)(ﬂW)], (14)
Yy -nB" -(n+)By +nB -q?e*F = (%ﬁ —vojez[(””)(ﬂ”’)] , (15)
B -nB" —(n+)By +nB —q2e* M = (%40'2 —vojez[(”ﬂ)(ﬂ”’)], (16)
ng* +(n+1)By -q2e*# = (_% @ - vojez[(“ﬂ)(/“”] , (17)
B -y =0, (18)
9 =0, (19)

where a superscript prime( ) indicates differ@in with respect tor.
The set of equations (14) — (19) admit an exactt&ol

A= (KT +k,)z, (20)
B=C=®T+@ﬁ, (21)
9= (kT +k,) (22)

where k,,k, are constants of integrations akdk, are arbitrary constants.

After a proper choice of co-ordinates and constatite inflationary cosmological model
corresponding to the solution can be written as

ds® =—dT? +77"dX? + 7 'e?¥dY? + 1 'e**dz>. (23)
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4. Some Physical and Kinematical Properties
The model (23) represents a Bianchi type VI inflaiiry cosmological model in general

relativity in the presence mass less scalar fieith Wat potential. For the model (23) , the
physical and kinematical variables which are imgott in cosmology , are

Spatial volumeV=,/- g

— (24)
n+2
()5
. 1,
Expansion scalarg = §U |
-1(n+2
== , 25
2 5)
2
Shear scalaro? = L( n+ Zj : (26)
648\ 1
By the straight forward evaluation of decelerati@mameter
q= —36'2{6?.au” +592} -8 ] 27)
’ 3 n+2

For the model (23) , it is observed tlipturns out to be negative which confirms the faett t
model (23) represents inflation ( Fienstein anchéza[23]).

It should be noted that the scalar field have mairsingularity. It can be observed that for larg
T , the parameterd,o vanish and diverge wheh — 0.

2

Also for large value ofT, the ratio (%J::o and hence the model (23) does not approach

isotropy.

5. Conclusions

The inflationary Bianchi type-VI cosmological modal the presence of mass less scalar field
with a flat region of constant potential is preseht. The model does not approach isotropy at
late times. The role of the deceleration paramstems to specify the expansion of the Universe
.The positive value of the deceleration paramateéicates that the model decelerates in the
standard way. But in the present observation thelandnflates because the deceleration
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parameter is negative. The inflationary model oleeh here has considerable astrophysical
significance. For example, classical scalar fiedtls essential in the study of the present day
cosmological models. In view of the fact that thexean increasing interest, in recent years, in
scalar fields in general relativity and alternasiviheories of gravitation in the context of
inflationary Universe and they help us to desctit®early stages of evolution of the Universe .
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