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Abstract: We have investigated LRS Bianchi type Il cosmological model for
perfect fluid distribution with electromagnetic field and cosmological term A.
The magnetic field is due to electric current produced along x-axis, thus F,s is the
only non-vanishing component of Fj. To get the deterministic model of the
universe, we have also assumed the condition A = B" where A and B are metric
potentials. The physical and geometrical aspects of the model are also discussed.
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1. Introduction

Homogeneous and anisotropic cosmological models have been studied in the framework
of general relativity in the search of realistic picture of the universe in its early stage.
Bianchi type Il models play an important role in modern cosmology, for simplification
and description of the large scale behaviour of the actual universe. Bianchi type Il space
time has a fundamental role in constructing cosmological models suitable for describing
the early stages of evolution of universe. Asseo and Sol [2] considered the importance of
Bianchi type Il space time for the study of universe.

The large scale distribution of galaxies in our universe shows that the matter distribution
can satisfactorily be described by perfect fluid. Also, the occurrence of magnetic field on
galatic scale is well established fact today and their importance for a variety of
astrophysical phenomenon is generally acknowledged, as pointed out by Zeldovich et al.
[24]. So, we should include magnetic field in energy momentum tensor of early universe.
Lorentz [11] has investigated Bianchi type cosmologies in presence of magnetic field.

One of the fundamental and challenging problem in cosmology is the cosmological
constant (A) problem. Einstein considered the introduction of A term into the field
equations to study static, homogeneous & isotropic models as per status of universe at that
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time but researchers Bertolami [7, 8], Ozer and Taha [12], Weinberg [23] investigated more
significant cosmological models with cosmological constant A. Ratra and Peebles [14]
discussed in detail the cosmological constant problem and cosmology with time varying
cosmological constant. A number of cosmological models with vacuum energy density
have been investigated by Bali et al.[3, 4 , 5]. Singh and Agarwal [17] studied Bianchi type
I, VIII, IX models in scalar tensor theory under the assumption of a relationship between
the cosmological constant (A) and scalar field (y). Singh [16] also studied string cosmology
with electromagnetic fields in Bianchi type I, VI, IX space times.

Bianchi cosmologies with variable cosmological term in presence of perfect fluid have
been studied by number of author viz. Chakravarty and Biswas [9], Adhav et. al.[1]. Bali
et al. [6] also studied Bianchi type | massive string magnetized barotropic perfect
cosmological model in general relativity. Pradhan et. al. [13] discussed some
homogeneous cosmological models with electromagnetic field in presence of perfect fluid
with variable A. Tiwari [18] has discussed Bianchi type Il cosmological model filled
with perfect fluid in presence of cosmological constant. Dunn and Tupper [10] discussed
properties of Bianchi type VI, models with perfect fluid and magnetic field. Roy et. al.
[15] explored the effects of cosmological constant in Bianchi type | and VI, models with
perfect fluid and homogeneous magnetic field in axial direction.

Recently, Tyagi and Sharma [21] have studied LRS Bianchi type Il magnetized string
cosmological model with bulk viscous fluid in general relativity. Tyagi and Sharma [20]
also investigated Bianchi type IX string cosmological model for perfect fluid distribution
in general relativity. Some anisotropic Bianchi type Il cosmological model with variable
A are investigated by Tiwari et. al.[19]. Also Tyagi and Chhajed [22] investigated
homogeneous anisotropic Bianchi type IX cosmological model for perfect fluid
distribution with electromagnetic field.

In this paper, we have investigated LRS Bianchi type Il homogeneous cosmological
model for perfect fluid with electromagnetic field and variable A. To get determinate

solution, we have assumed the condition A= B" between metric potentials, where n is a
constant. Various physical and geometrical features of the model are also discussed.

2. The Metric and Field Equations
We consider LRS Bianchi type Il metric of the form
ds® = —dt® + A*(dx® +dz?) + B?*(dy — xdz)* (1)

where the metric potentials A and B are functions of t alone and /— g = A’B

We have considered distribution of matter to consist of perfect fluid with an infinite
electrical conductivity and magnetic field. So, the energy momentum tensor is taken in
the form

Tij =(p+p) ViVj + pgij + Eij 2)
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where p is energy density, p is pressure.

Here, v'describes the four velocity vector of the matter satisfying the following
conditions,

vV =-1 3)

The electromagnetic field E/ is defined by

Ei":ﬁ{|h|2 (vy‘?%gji]—hih’} (4)
where zz is the magnetic permeability and h; is the magnetic flux vector defined by

i

where F* is the electromagnetic field tensor and Eija 18 the Levi-Cevita tensor density.
The coordinates are considered to be co-moving so that

V' =(0,0,0,0) (6)
The incident magnetic field is taken along x-axis so that

h, #0;h, =h,=h, =0 (7
The first set of Maxwell’s equations is

Fiag =0 8)
which leads to

F,, = H =constant 9

which is the only non-vanishing component.

The components of electromagnetic field with help of equations (4), (5) and (9) are
obtained as

E2-F’=—"' _E'-_E*
2 3 ZﬁAZBZ 1 4 (10)

The Einstein's field equation in the geometrized unit (¢ = 1, 81G = 1) with time dependent
cosmological term A is given by
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R/ _%Rgij +Ag! =T, (1)
The Einstein’s field equation (11) for the metric (1) together with (10) leads to
2 2
Au By  AB B4+A=— p—% (12)
A B A 4A 21AB
2A A? B? H?
—44+—2—3 4+A:— p+ﬁ (13)
A A° 4A 21A°B
2 2 2
ALABL B W )
A AB  4A 21A°B

3. Solution of Field Equations

The field equations (12) - (14) are system of three equations in five unknown A, B, p, p
and A. To get deterministic solution of the model, we use condition between metric
potentials i.e.

A=B" (15)
From equations (12) and (13) we get
Au_Bu A _AB, _B° K (16)

2

where K =—
7
Equation (15) and (16) leads to
1 K 1
BB44 +2nB: Zm(—ﬁﬁ‘wj (17)

Now on putting B, = f (B) in equation (17), we get

2 2
df a4 f_: 1 B 2K L 2 (18)
dB B (n-1p\ B*™ B*"°
Equation (18) leads to
1 K 1 L
f2= - + +— 19
(n _1) ( nBZn ZB4I’1—4 j B4n ( )

where L is constant of integration.
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Equation (19) leads to

| dB —t+M (20)

1 {_ K 1 }L
(n _1) nBZn 284n—4 B4n

where M is constant of integration. The value of B can be determine by equation (20).

After a suitable transformation of co-ordinates, metric (1) reduces to

ds? — —dT?

+T2(dX 2 +dZ%)+T2(dY - XdZ)?  (21)
1 {_ K, 1 }r L

(n-1)| nT?> 21**] T*
whereB=T,x=X,y=Yandz=2.

4. Some Physical and Geometrical Features

The pressure and density for the model (21) are given by

K(n-3) (2n*-n-3) n(n+2)L
= 2n+2 an—2 w0
2(n=1T 4n-1T T

(22)

3K(n+1) (2n*+3n+1) n(n+2)L
P== 2 T w2 Tz A (23)
2(n=-1T 4n-1T T

For the specification of A, we assume that the fluid obeys an equation of state of the form

p=7p (24)
Using equations (22) and (23) in (24), we get
_K((n-3)+3y(n+1) . (2n* —n-3)—y(2n* +3n+1) L N(n+2)L{L-7)

Z(n _1)T 2n+2 4(n _1)T 4n-2 T4n+2

Al+y)

The scalar expansion 6 calculated for flow vector V' is given by

f=(2n +1)\/n(n —T)T iz T 2(n _i-)-l- a2 T T4I;+2
(26)
The shear o for the model (21) is given by
O'Z:E(n—l)2 K —+ ! —+ 4L2 (27)
3 n(n-)T "= 2(n-nT*"= T

From equations (26) and (27) we have
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o’ 21 (n-1)?

6>  3(2n+1)°

= constant (28)

5. Solution in Absence of Magnetic Field
In the absence of magnetic field, the metric (21) reduces to

—dT”?

ds® = +T2(dX? +dZ?)+T?(dY — Xdz)? (29)

1
+
{Z(n ) I i }
The pressure and density for the model (29) are given by

_(2n*-n-3) n(n+2)L
4(n _1)T 4n-2 -|-4n+2

A (30)

(2n*+3n+1) n(n+2)L
P= a2 a2
4(n-1)T T

+A (31)

Also, the cosmological term A for the model (29) is given by

—-3)—y(2n* +3n+1) . n(n+2)L(1—y)
4(n —1)T 4n-2 T 4n+2

A+y) =8N (32)

6. Conclusion

We have obtained a new class of anisotropic cosmological model for perfect fluid in
presence of electromagnetic field. In general the model represents expanding, shearing
and non-rotating universe.

The model starts with big bang at T =0 and expansion in the model decreases as time

increases. The expansion in the model stops when n :—% and stops atT —oo. Also as

T >0, p>0andp—0.Since T —» oo,% # 0 so the model does not approach isotropy

for large values of T. However, when n=1, the model is isotropized.

The cosmological constant for both the models is decreasing function of time and
approaches a small value in the present epoch. The value of cosmological constant for
these models are small and positive, which are supported by the result from recent
supernova observations recently obtained by the High-Z Supernova team and Supernova
cosmological project.
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