IOSR Journal of Mathematics (IOSR-JM)
e-ISSN: 2278-5728, p-ISSN: 2319-765X,
PP 08-13

www.iosrjournals.org

Bianchi Type | Viscous Cosmological models with varying A in
the presence of Electromagnetic Field

Shilpa W. Samdurkar (Pahade)’, Shoma S. Sen ?

!(Dept. Of Mathematics, Vidya Vikas Arts Commerce and Science College, Samudrapur,Dist. Wardha India)
’(Dept. Of Applied Mathematics, Priyadarshini Institute Of Engineering And Technology, Nagpur, India )

ABSTRACT :In this paper, we have investigated Bianchi Type | spacetime filled with viscous fluid in the
presence of magnetic field. Here we assume an equation of state p = ¢ . We obtain the solution according to

the law, the variation of the average Hubble parameter given by Berman: H = Da " . The geometrical and
kinematical features of the model are also discussed.
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1. INTRODUCTION

It is a challenging problem to determine the exact physical situation at the very early stages of the
formation of our universe. The cosmological models which are spatially homogenous and anisotropic play
significant roles in the description of the universe at its early stages of evolution. Bianchi I-1X spaces are very
useful to constructing special homogeneous cosmological models. Spatially homogeneous cosmologies also
play an important role in the attempt to understand the structure and the properties of the space of all
cosmological solutions of Einstein’s field equations. In the modern cosmological theories, the dynamic
cosmological term A(t) remains a focal point of interest as it solves the cosmological constant problem in a
natural way. There is significant observational evidence towards identifying Einstein’s cosmological constant A
or a component of material content of the universe that varies slowly with time and space and so acts like A.
Recent cosmological observations by the High-Z Supernova Team and the Supernova Cosmological Project [1—

7] suggest the existence of a positive cosmological constant A with magnitude A [ih) ~10-123-

C3

Viscosity is important for number of reasons. Heller and Klimek [8] have investigated viscous fluid
cosmological model without initial singularity. They have shown that the introduction of bulk viscosity
effectively remove the initial singularity. Roy and Singh [9] have investigated LRS Bianchi Type-V
cosmological model with viscosity, Santos et al. [10] investigated isotropic homogeneous cosmological model
with bulk viscosity assuming viscous coefficient as power function of mass density. Bali and Singh [11] have
investigated Bianchi Type —V viscous fluid string dust cosmological model assuming the condition that the bulk
coefficient (& ) is inversely proportional to the expansion (& ) in the model and shown the existence of the

model.

Magnetic field has important role at the cosmological scale and is present in galactic and intergalactic
spaces. The importance of the magnetic field for various astrophysical phenomena has been studied by Banerjee
et al. [12] , Chakraborty[13], Tikekar and Patel [14], Patel and Maharaj [15] and Singh and Singh[16] . Further
Melvin [17] has pointed out that during the evolution of the universe, the matter was highly ionized state and is
smoothly coupled with the field, subsequently forming neutral matter as a result of expansion of the universe
Recently, Kandalkar et. al [18] investigated Bianchi type-V string dust cosmological models with bulk viscous
magnetic field. Also Samdurkar and Sen [19] observed the effect of bulk viscosity on Bianchi Type V
cosmological model filled with viscous fluid with varying cosmological term A . Suresh Kumar and C. P. Singh
[20] used the variation of the average Hubble parameter H = Da " to present the exact solutions for Bianchi |
space-time with anisotropic dark energy and perfect fluid.

In this paper, we have studied Bianchi Type | magnetized bulk viscous cosmological model to get
determinate solution, coefficient of bulk viscosity (& ) is inversely proportional to the expansion (6 ) is

considered. Here, we have used the variation of the average Hubble parameter given by Berman [21] and
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investigated the cases N = O and n = 0. The behavior of the models in the presence of magnetic field and bulk
viscosity are observed. The physical and geometrical aspects of the models are also discussed.

Il. METRIC AND FIELD EQUATIONS

We consider the Bianchi type I space time in the form ds? = —dt2 + A2dx? + B2dy? + C2dz? 1)
Einstein’s equation we consider hereis RJ _ 1 Rg/ = —(87zT.j — Ag;/ ) (2)
1 2 1 1 1

The energy momentum tensor with magnetic field along the x-direction is given by
T =(p+plu’ —p's +ng j”(ui;ﬂ Uy —uulug,, —uﬁu“ui;a)+ =N

' @)
: 2 :
where p =p—[r§—§njun @
Here p is the energy density, p is pressure and 77 and = are coefficients of shear and bulk viscosity resp.
U; is the flow vector satisfying the relation g;;u ul=1 5)
1 is the energy momentum for magnetic field givenby gi — (g pisgerg. _Lper 6)
E| EI 4 Fla F g glj 4 F Fa/j‘
T
where Eij is the electromagnetic field tensor which satisfies the Maxwell’s equations
In co-moving co-ordinates, the incident magnetic field is taken along x-axis, with the help of Maxwell equation
(7), the only non-vanishing component of Fij is F23: constant = K (8)
We assume that the fluid obeys an equation of state of the form p=wp (0O<w<1) 9
The Einstein field equations (2) for the line element (1) has been set up as
A@@& A?e& ek K B & gk , &K K
2,58 A8 ~-(10)| =+ =+ —=+A =87 - p+2n— |- - (11)
AB T AC ' BC T T AZB? B C BC peen A’B?
K g A K
;& E&+'&£;éL+A 87| — p'+277§L— K o) BB A5, A _gq - p'+277§L -——— (13)
ACAC B) A’B? AB AB C A°B

We define the average scale factor a and generalized Hubble parameter H, expansion factor &, shear o,
deceleration parameter g and anisotropy parameter A for Bianchi I universe as,

V =a® = ABC (14) Y - p— (15)
a 3lAa"B ' C
o, B & (16) 207 = (H,2 + H,? + H,2 )= &~ (17)
A'B C 3
—a 3 . 2
= 18 __1 H; HY 19
== o A_sg( H j "

We assume the coefficient of shear viscosity is proportional to the scale of expansion na@ i.e =18 (20)
where | is proportionality constant.

Solving (12), (12) and (13), we get A=DV3 exp[x Ivle,,.ﬂ}
(21)
1 dt 1 dt
B:D2V3eXp|:X2J.\m:| ————— (22) | C:D3V36Xp XSIW -
(23)
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1 1 1 2X, + X - X +X — X, —2X
where D, = > ;T,DZZ : j,Dsz 1 E,xlz 13 2 X, = 13 20X, = 13 2
d,sd,s d;sd,s d;sd,s

suchthat x, + X, + X, =0, D, D, D, =1
Also to get deterministic solution bulk viscosity is assumed to be a simple power function of the energy density

E=¢&,pm  (where &;and mare constants ) (24)
The variation of the average Hubble parameter is givenby H =Da™" (25)
Case I: Cosmology for n = 0
1
Solving (25) we get  a (t)=(nDt+c, )n (26)
- . 1 X n-3(1671+1)
Using equation (21), (22) and (23), we get A= D, (nDt + ¢, )n exp| ————~——(nDt+c,) "
D(n—4871-3)
(27)
1 X n-3(1671+1)
B=D,(nDt+c, )» exp| ———=2——(nDt+c n (28)
oot o) e |
1 X n—-3(16x1+1)
C=D,(nDt+c¢,)n X 3 nDt + ¢ n (29)
DU ) g opere)
From equation (10) we get
X, X, + X, X, + X, X 3D? K (30)
870 :( 1(n|23t+:1)63(16n|+11) 3)+ (nDt+c,y + D7D,2(nD )4 2(X,+X,) (nD )n—S(lerHl) A
n t+c hexp| ——~t— "2/ (nDt n
» B DTG eXp{D(n—487rl—3)n Ta }
From equation (11) and (24), we get
_24ﬂ§0me_(X22+X32+X2X3)+ (2n-3)p° K N
- nDt+ ¢ 6(1671+1) 2 4 n-3(1671+1)
(rDt+c,) (Dt +¢,) (1Dt +c) D,’D,’(nDt + ¢, &xp M(nmml) .
D(n-4871-3)

Model 1: Solution for £ =¢&,,m=0

1 {24;;.»:0D +(x1x2+x1x3—x22—x32)+ 2nD?2 }

r= 6(1671+1) 2
87z(cw +1)| (NDt+c,) (nDt+c,) n (nDt+c,) 32)
247250 (X2 + X% + X, X4 )+ (X, X, + X, X4 + X, X,)) . (20— 3w —3)D? 33
(nDt+c,) SEex1+1) * (nDt+c, ) (33)
(nDt+c¢,) = =1
- (w+1) _ K (w +1)
°p 2 = 2(X, + X5) n-306x1+1)
D,’D,*(NDt + ¢, )n exp[D(n748ﬂli3)(nDt+cl) n J
Model 2: Solution for £ — £, p, m=1
. 1 {(x1x2+xlx3—x22—x32)+ 2nD? }
- 6(1671+1) 2
87z[(a)+1)—g§°DJ (nDt+c,) n (nDt+c,)
(nDt+c,) (39)
\ 1 (x1x2+x1x37x227x32)+ 2nD?
(@+1)— 200 (Dt+c,) (nDt +c, )’ (35)
(nDt+c,)
(X, X, + X, X5+ X, X,) 3D2 K
- 6(1671+1) - 2 -
nDt+c 4 2(X, + X n-3(16z1+1)
(nDt+c,)” ( ) D,’D,?(nDt + ¢, )n exp{D(n(_im”Iz_)S)(nDt+cl) n }

Some physical and geometrical aspects of the model
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The spatial volume V, Hubble parameter H, expansion factor @, shear ¢, deceleration parameter g and

anisotropy parameter Aare given by

3
V =D,D,D,(nDt +c, )n (36) g-_ 3D (37)
(nDt+c,)
2 2 2
% = (x,* + x, sz )) -------- (38) q=n-1 (39)
6(1671+1
2(nDt+c¢,) =
2 2 2
Ao XEEXexT)
5 6(1671+1)-2n
3D*(nDt+c,)
Case Il: Cosmology forn=0
Solving equation (25) we get, a = C,e"" (41)
From (21), (22) and (23), A =c,D, exp[Dt _ 51 e—qt:| (42)
1
B=c,D, exp Dt—&e’Clt (43) C =c,D,exp Dt—&e’Clt (44)
0="2 LCl | 0—"3 LC]_
where L = Coe3(16”'+l) and ¢, =3D(167 +1)
From equation (10) we get,
(45)
p:i 3D2+(X1X2+X1)2(3+X2X3)e—2c1t+ K T+ A
872' L 4 2 2 2X3 —cyt
C, D,"D," exp| 4Dt + ——e™™
|: Lc, :|
From equation (11), we get
2 X2 46
pzsi 247r§0me—3D2—(X2 +XI3_2+X2X3)e2°1‘— K o A (46)
” c,'D,’D,’ exp[4Dt+3e°1‘}
Lc
Model 1: Solution for £ =&,,m=0,
87(w +1) L? (@7)
247 £D —3(w+1)D?
! 06 X2 XX ) (XX, + XX + XX K(w+1) (48)
l 2
(a)+ ) L CO4D12D22 eXp|:4Dt+2X39C1(:|
Lc
Model 2: Solution for & = &0, m=1
(Xlxz + X1X3 _ X22 _ X32) —2ct
p = 2 e *
87[(ew +1)—3&,D]L (49)
A= {(Xlxz + X1X3 — Xz2 - X32)—[(60+l)—3§o D](Xlxz + X1X3 + X2X3)}e—201t
[(0+1)—3&,D]L2 (50)

K —3D?

2X
CO4 D12 DZ2 e)<p |:4Dt =+ Ts eiclt :|
1
Some physical and geometrical aspects of the model

The spatial volume V, Hubble parameter H, expansion factor &, shear o, deceleration parameter q and
anisotropy parameter A are given by
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V =¢,°D,D,D,e%™" ----m-omeoe (51) H=D (52)

, (X2 X2+ x?)
=3 (53) 21%e® (54)
N — (xlz + X22 + X32 e2at

I A — (55) 3D*L* 0

(56)

111. CONCLUSION

In this paper, we discuss Bianchi Type | models with viscous fluid and varying cosmological term A in the

presence of electromagnetic field by assuming equation of state P = @p , This shows that value of deceleration
parameter is constant in both the cases. It is interesting to note that the works of Perlmutter et al. [22-23], Riess
etal. [6, 24], Tonry et al. [25]Knop et al. [26] and John [27] on the basis of recent observations of SNe Ia, reveal
the approximate value of deceleration parameter in the range -1< q < 0, which can be obtained from the relation
g = n -1 by restricting n in the range 0 < n < 1. Thus, the relevance of relation H = Da " is justified. Here we
investigated two cases for n (n = 0,n =0).

The solutions for the scale factors have a combination of power law term and exponential term in the product

form. For n =0, we observe that at ¢ = —G , the spatial volume vanishes while all the parameters diverge.
nD
Therefore the model has big bang singularity at ¢ — — 1, which can be shifted to t = 0 by choosing ¢, =0.

nD
The directional scale factors and volume of the universe increase exponentially with cosmic time whereas the
mean Hubble parameter and expansion scalar are constant throughout the evolution. Therefore, uniform
exponential expansion takes place. Also, we observe that at t — oo, the scale factors and volume of the
universe becomes infinitely large whereas shear scalar, Anisotropy parameter and Hubble parameters becomes
constant. By taking suitable values of constant, we get A ~ 0, p > 0.

For n = 0, we observe that the model has no initial singularity. The directional scale factors and volume of
the universe increase exponentially with the cosmic time whereas the mean Hubble parameter and expansion
scalars are constant throughout the evolution. Therefore, uniform exponential expansion takes place. As
t — o0, the scale factors and volume of the universe becomes infinitely large whereas mean Hubble parameter
and expansion scalars become constant. The pressure and energy density and cosmological constant also
become constant and for t — oothe shear scalar tends to zero. For n = 0, we get g = -1. This value of
deceleration parameter leads dH — o Which states that the greatest value of Hubble parameter and the fastest

dt
rate of expansion of the universe. Therefore, the universe exhibits the fastest rate of expansion among all the
values of n.
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