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Abstract. In this paper the magnetized Kantowski-Sachs inflationary cosmo-
logical model in the presence of massless scalar field with a flat potential is
investigated. To get an inflationary universe, we have considered r@dji@n

in which the potential” is constant. The magnetic field is due to an electric
current produced along the-axis. Thus the magnetic field is in the-plane
andF»3 is the only non-vanishing component of the electromagnetic field tensor
Fj;. To get the deterministic solutions in terms of cosmic timee have used
negative constant deceleration parametgmoposed by Berman. Some physical
and kinematical parameters of the model are also discussed.

PACS number: 04.20.-q

1 Introduction

The inflationary universe resolves some of the most outstgnoroblems of
standard cosmology including the horizon problem, thecsting problem and
the massive relics problem of the observed universe. Thie ea of infla-
tion has to do with the rate at which the universe is expandifte idea of an
early inflationary universe has been introduced by Alan Giilin the context
of Grand Unified theory to solve this problem of our presertense described
by the standard hot big-bang cosmology. In inflationary adenthe de-Sitter
expansion is induced by vacuum energy density in generafivitdy. Several
versions of the inflationary models have been studied byd [@H La and Stein-
hardt [3], Abbott and Wise [4]. In particular, our universehiomogeneous and
isotropic to a very high degree of precision. Such an uné/ees) be described
by the well-known Friedmann—Robertson—Walker (FRW) metrichese mod-
els, the flatness problem is well understood, but the s@nasinot so clear about
isotropy and homogeneity to solve such problem.

However FRW models are solving the horizon, a necessaryndiusufficient
condition for the solution of the homogeneous Bianchi-s/peen isotropy and
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homogeneity problems. Bekin [5], Jensen and Stein-ScHéhgkothman and
Ellis [7] have investigated the solution of an isotropic em when we work
with anisotropic metrices and show that they can be isatempiand inflated
under general circumstances. In these models the univedergoes a phase
transition characterized by the evolution of a Higg's fieldowards the mini-
mum potentiall’ (¢). The Higg’s field was initially a zero vacuum expectation
value (VEW). Inflation will take place if the potenti&l(¢)has a flat region and
the scalar fields evolves slowly but the universe expands in an exponentigl wa
due to matterless scalar field. In general relativity, gciidéd helps in expand-
ing the creation of matter in the cosmological theories aardalso describe the
unchanged field. The scalar field is minimally coupled to trevigational field.

In particular, the self-interacting scalar fields play atcarrole in the study of
inflationary cosmological model.

Wald [8], Burd and Barrow [9], Barrow [10], Ellis and Madselil] and Heusler
[12] have studied different aspect of scalar fields in theldian of the uni-
verse and FRW models. Bhattacharjee and Baruah [13], BdlJam [14] and
Rahamaret al. [15] have studied the role of self-interacting scalar Betdinfla-
tionary cosmology. Recently, Reddy al. [16], Reddy and Naidu [17], Katore
and Rane [18] have studied inflationary universe modelsundad five dimen-
sions in general relativity.

The present day magnitude of the magnetic energy is veryl smabmpari-
son with the estimated matter density. It might not have besgigible during
early stage of the evolution of the universe. A cosmologmatiel which con-
tains a global magnetic field is necessarily anisotropicesithe magnetic field
vector specifies a preferred spatial direction. The prinabmiagnetic field of
cosmological origin has been speculated by Asseo and Spl FBBW models
are approximately valid as present day magnetic field stheagery small. The
break down of isotropy is also due to the magnetic field. Ia ff@per, using the
concept of Higg's field with flat potential, Kantowski—Sadhflationary cos-
mological model has been obtained in the presence of anr@teagnetic field.
To get inflationary solution we have assumed a masslessr adthwith the
potentialV (¢) that has flat potential. We also assumed a negative constant d
celeration parameter proposed by Bermann [20]. MagneKzadowski—Sachs
inflationary model has astrophysical interest since thencdagical models play
a vital role in the structure formation of the universe.

2 Metric and Field Equations

The homogeneous and anisotropic universe is described hyoWaki-Sachs
space-time in the form
ds* = dt* — A%dr? — B*(d6? + sin® 0d¢?), (1)

where the metric potentiald and B are functions of cosmic timealone.
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In this case of gravity minimally coupled to a scalar fi#ldp), the Lagrangian
L is given by

L= / (R~ %g“’ b0 — V($)V—gd'z @)

which on variation ofL, with respect to dynamical fields lead to Einstein’s field
equations

1
Gij = Rij — 5Rgi; = —Tj- 3)

The energy momentum tensby; corresponding to the variation of Lagrangian
L with respect to the Higg's field and the electromagnetic figlen by

T;; = Tij + Eij, 4)
where )
T =¢id; — [§¢,k¢’k + V(#)lgi; (5)
with . V()
——0,(v—g0"¢) = — 6
= 0i(V=g0'0) = — (6)
andE;; is the electromagnetic field given by Lichnerowicz [21] as
1 s 1 Sp
Ei; = E[_Fis}'—} + Zgz‘jF.spF 1, (7)

where comma (,) and semicolon (;) indicate ordinary and icantdifferentia-
tion respectively. The function depends om only due to homogeneity ank;
is the Maxwell's electromagnetic tensor and units are taen that

881G =c=1.
We assume that coordinates to be co-moving so that

vt=v2=03=0 and vi=1. (8)

Hence, we have, from equation (5)

_1__2__3___(52_ _4—£_
Ty =15 =15 = B V(g) and Tj = 5 V(9). 9

We assume that the magnetic field is due to an electric cuprexiuced along
thez-axis. Thus, the magnetic field is in thye-plane. Therefore, thés; is the
only non-vanishing component &%; andh; # 0, ha = 0 = hz = ha. We also
find thatFy4 = 0 = Fy4 = 0 = F34 due to the assumption of infinite electrical
conductivity.
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The Maxwell’'s equations

and )
ij . o ij = B
'F;j - t.e. Ol (F \/_g) =0

together lead to the result

Fy3 = const= [ (say)

Hence the non-vanishing componentsi)f corresponding to the line element
(1) are given by

1 I?
Bl=—— |
L 8rB4sin2 0
12
el
T Sln (11)
3 I
Ey=———s5—,
87 B4 sin” 0
12
Ef= —— .
47 8rB4sin?0

The Einstein’s field equations (3) with the help of (9) and)(fbt the metric (1)
are given by

B B> 1 1., I?
gt e VO gy (12)
A B AB 1., I?
atETar - 30 VO - gprare (13)
AB B2 1 1. I?
2 = ¢ S 14
ap T T T VO Ea 14
and the equation for the scalar field is
- A B\ dV(9)
¢+¢<Z+2E)__—d¢ . (15)

Here the dot+) overhead letter denotes differentiation with respect to

3 Inflationary Model

Stein-Schabes [22] has shown that Higg's figldith potentialV'(¢) has a flat
region and the field evolves slowly but the universe expandmiexponential
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way due to the vacuum field energy. It is assumed that therdoglid will take
sufficient time to cross the flat region so that the univergapsgs sufficiently to
become homogeneous and isotropic on the scale of the orttex bbrizon size.
Thus, we are interested here in inflationary solutions offitld equations; flat
region is considered where the potential is consiamt,

V(¢) = const=V} (say) (16)

The equation (15) on integration gives

ky

wherek; is a constant of integration.

Since the field equations are highly non-linear, to get ardetate solution one
can use a spatial law of variation of Hubble parameter pregdrsy Bermann
[20], which yields a negative constant deceleration patamaodel of the uni-
verse. Here we consider only negative constant decelarpticameter defined

by i
q= —((,1—(21) = const (18)
a
wherea = (ABQ)l/ 3 is the overall scale factor. Here the constant is taken as
negative, since it is an accelerating model of the universe.
Equation (18) gives the solution

a(t) = (AB2)5 = (ct +d) T, (19)

wherec andd are constants of integration. This equation implies thatcitndi-
tion of expansion id + ¢ > 0.

Differentiating Eq. (19), we get
A B 3c
—42—=——" 20
AT BT Ux g+ d) (20)
Now from Egs. (12), (13) and (15), we obtain

AB A I?

p R R VA 21
AB * 0" 8rB4sin?6 (21)
Eliminating B/B from Egs. (20) and (21) by using/A = R, we obtain
. 3c I?
"  |R=— fu— 22
R+ (1+Q)(ct+d)}R [VO+M}’ (22)

whereM = 87 B*sin? 6.
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The solution of (22) yields

R= _(VOJ“IZ/M)(qH

c q+4

)(ct +d) + Ut + d) T (23)
which on integration withR = % gives
- 2
A= mexp{ (Vo + I7/M) (q+ 1>(ct+d)2

2c2 qg+4
+ é(gj—;)(ct +a)iE ) (24)

+

Using (23) in Eq. (20), we obtain

. 2
B = n(ct 4+ d) @D exp { (Vo Z; /M) (q i le) (ct + d)2
l rq+1 a-2
o), e

wherel, m, andn are constants of integration.
Now using Egs. (24) and (25) in Eq. (17) and integrating, weaiob

_ﬁ(q—i—l —2

=" q_z)(ct+d)3—1 + ko, (26)

wherek, is the constant of integration.

After a suitable choice of coordinates and constants ofmaten, the magne-
tized Kantowski-Sachs inflationary model correspondingh® solutions (24)
and (25) takes the form

ds? — dt? — ef(VoJrIQ/]W)cSter%t“’er
_ tfqe%(V0+1'2/1\/[)5t27%t'Y (d92 + sin2 9d¢2) 7 (27)

q+1 q—2
whered = —— andy = ~—— (m=n=c=10=1andd = 0).
q+4 7 q+1( )

The scalar field) gives
6= M g (28)
~

4 Some Physical and Kinematical Parameters of the Model

The model (27) represents an anisotropic magnetized Kahkte®achs infla-
tionary cosmological model in general relativity when tloalar field is mini-
mally coupled to the gravitational field in which the flat regiof potential is

149



A Magnetized Kantowski-Sachs Inflationary Universe in GahRelativity

constant which is generally associated with vacuum endiggy.model obtained
in (27) is free from singularity.

The physical and kinematical parameters for the model (&7jree spatial vol-
ume V3, the expansion scald; the shear scalar?> and the Hubble parameter
H, and have the following expressions:

V3 = ¢t
3
T
:g(___):g[_(%JrIMZ)&”“%_(qjl)t :
H:Z—m.

We observe that for the model (27) the spatial volume in@®asth the cosmic
time ¢ whenl 4 ¢ > 0 and it becomes infinite for a large valueofThus in-
flationary scenario appears in general relativity for amnigac Kantowski-Sachs
space-time with massless scalar field. It is seen that theehstatts with a big-
bang att = 0 in the presence of magnetic field and the expansion in the imode
decreases as time increases. The shear scaliiverges at — 0. We can find
that for larget the Hubble parameter vanishes and it becomes infinite-at0.

The Hi299’s fieldp becomes constant for= 0 and for larget it diverges. Since

tlim % # 0, the model does not isotropize for large values.of
— 00

5 Conclusions

In this paper we present the magnetized Kantowski—Sactaiorfary cosmo-

logical model in the presence of massless scalar field withtaetion of con-

stant potential in general relativity. It is observed tieg model obtained is free
from singularity and does not approach isotropy for largdhe model in the

absence of magnetic field also starts with a big-bang-at0 and the expan-
sion in the model decreases as time increases. Here we caluderthat the

magnetic field is not so much effective to increase the idftatate in its early

stages but later on it supports the inflation through givingnarease in the rate
of inflation. In view of the fact that there is an increasintgnest, in the recent
years, in scalar fields in general relativity and alterreatheories of gravitation
in the context of inflationary cosmology, the inflationary adebobtained here
has a considerable astrophysical significance.
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