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Abstract: In this paper, we have studied Anisotropic Bianchi type-V two fluid cosmological model i.e. with the
matter and radiating source in presence of magnetic flux. In this model one of the fluid represents the matter
contents of the universe and another fluid is the cosmic microwave background (CMB) radiation. The magnetic
field is due to an electric current produced along x-axis, F,; is the only non-vanishing component of
electromagnetic field tensor Fj;. Here we discuss the physical properties of model and behavior of kinematical
parameters like expansion, shear are discussed in details with some special cases.
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. Introduction

Cosmology is the study of origin, current state and the future of the Universe. The Bianchi cosmologies
which are spatially homogeneous and anisotropic play an important role in the theoretical cosmology and have
been studied since 1960s. The simplest models of the expanding universe are those which are spatially
homogeneous and isotropic at each instant of time. Bianchi type-V cosmological models have been studied by
Farnsworth [1], Maartens et al. [2], Wainwright et al. [3], Collins [4], Coley et al. [5].

The occurrence of magnetic fields on galactic scale is well established fact today and it’s important for
a variety of astrophysical phenomenon is generally acknowledged by several authors, Harrison [6], Asseo [7]
and Kim et al. [8] have pointed out the importance of magnetic field in the different context. As natural
consequences, we should include magnetic fields in the energy momentum tensor of early universe. Kandalkar
et al. [9] have investigated Bianchi type-V magnetized bulk viscous string cosmological model.

The cosmic microwave background (CMB) is one of the cornerstones of the homogeneous, isotropic
model. Anisotropies in the CMB are related to small perturbation, superimposed on the perfectly smooth
background, which are believed to seed formation of galaxies and large scale structure in the universe. Coley et
al. [10] have studied Bianchi type-V1, model with two fluid sources. Pant et al. [11] has been investigated two
fluid cosmological models using Bianchi type-Il space-time. Oli [12] has presented anisotropic, homogeneous
two fluid cosmological models in a Bianchi type-l space time with a variable gravitational constant and
cosmological constant. Recently, Adhav et al. [13] examined two fluid cosmological models in Bianchi type-V
space-time. Also, Pawar et al. [14] has obtained Bianchi type-1X with two fluid cosmological models. Katore et
al. [15] has investigated magnetized Bianchi type-lI cosmological model in scalar tensor theory of gravitation
proposed by Saez and Ballestar in which they used the magnetic field produced due to electric current along x-
axis. Recently, Patil et al. [16, 17] has studied non shearing LRS Bianchi type-I1l and IX string cosmological
model in presence of magnetic flux with bulk viscosity. Patil et al. [18, 19] has studied LRS Bianchi type-V
cosmological model in presence of perfect fluid and magnetic flux with variable magnetic permeability and
Bianchi type-1X cosmological model with two fluids in presence of magnetic flux.

In this paper, we have investigated Bianchi type-V cosmological model in presence of two fluid
distributions with electro-magnetic field. By assuming F,3 is the only non-vanishing component of
electromagnetic field tensor F;;. The physical and geometrical aspects of the models are also discussed.
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Il.  Fundamental Equations And General Solutions
We have considered Bianchi type-V space-time,
ds? = dt? — A’dx? — e?* (B%dy® + C%dz?) (2.1)
in which A, B and C are cosmic scale functions of time t.
The Einstein’s field equations are

Rl —>Rg! = —8nT}'. (2.2)
The energy momentum tensor for two fluids source and electromagnetic field tensor is taken in the form,
T'=T" +T" + B (2.3)
in which,

= P + P) W)™ ()" P g (2.4)
T =20, () =30, g (25)

the commoving coordinates system, for the line element (2.1) is,
m =(0,0,0,1), ;" =(0,0,0,1), (W)™ =u,™g¥ and (u')" = u;"g¥
The electromagnetic field E; is defined as,

P 1 i, 1
B = | =EiF + g Fm P ] (26)

with the Maxwell’s equation

a .

i (F=g) = 0

which leads to, Fy3 =1
From equation (2.6), we have

=E) =E =—-F} =-E} = s
Using equations (2.4), (2.5), (2.6) in equatlon (2.2) we have,

12

AB  AC (B a?
AB Ac.fEE_A_Z_Bﬂ(pm-I_p’")-l_cZZBZ 27)
B 4 CB 1
A (RO =
A C CA a I
Z"-I_ E__+ EZ_A_Z = —8m (pm +_pr) —@ (29)
A B AB 1
7 PiE-g= =81 (p +301) ~ 2 (2.10)
2A c B . A 1/C B
Zot-p=0 e f=5(c+7) (211)
On solving equation (2.11), we obtain,

= (BC) (2.12)

Here, we consider constant of integration as zero.
Differentiating equation (2.12) twice, we have

o1 (G ) =

To obtain more general solution, we assume the metric potential relation,

B=cC" (2.14)
Differentiating above equatlon we have

B c B

=Nz and E—n(n 1) z+n (2.15)

Subtractlng equation (2.10) from equatlon (2.8) and using equations (2.12), (2.13), (2.14), (2.15) we have,
€2 (3n%-2n-1) _

20+2 ¢ 2-1) (- 1)CZ"+1
Let C=f and C = d—c ‘Z
df dc

4 ac —
__dCdt_ff ’_LEt f_dC_ S
Using these values in above equation and further solving, it implies
dc _12y2¢™

dat — Ja-n?) (2.16)
= dt =Y ge
I(Zﬁcz‘)n
1-n

> dt? = YD dc? (2.17)
Using equation (2.16), we have

. -n-1

€ _12V2¢ (2.18)

¢ Ja-m?
Using equation (2.12), (2.14), (2.17) in equation (2.1), we have
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_n2 2
ds? = MO pniigez — g2ar (c2ndy? 4 C2dz?) (2.19)
Transforms, C =T, x =X, y =Y, z=Z inabove equation, we have

.2 2
ds? = UM praigxz  g2ex (T2nqy? 4 72472) (2.20)

I11.  Physical And Geometrical Properties
Using equations (2.12), (2.14), (2.15) in equation (2.7), and p = p,, + p, .

=>p=L(4’2—N_i_L) (3.1)

8 (1_n2)(:2+2n cn+l c2n+2
where (n? +4n+1) =N
We have the equation of state in the form p,, = (y — 1)p,, (3.2)
Total energy density is, p = p,, + p, (3.3)
From equation (3.2) and (3.3) we obtain the relation,
(pm + §pr) =@ -Dp+pG-V) (3.4)

Using equation (2.12), (2.13), (2.14), (2.15), (3.3) and (3.4) in equation (2.10), we obtain

_ 1 (412(2ﬁ+(y—1)N) _ 21%2(n+3) _ a?(1+3(/-1) _ IZ(Z—y)) (3.5)
pr = —SnG—y) (1—n2)c2n+2 (n—1)C2n+2 cn+l c2n+z :
_ (—2n3—6n2+6n+2)
where, g = T Te—
Since, pm =p—p;
_ 1 412N _ 6a’ n 212 121228 +(y—1)N) _ 612(n+3) ]
Pm = g (1-n2)c2+2n  (4-3y)cntl T (4-3y)C2nt2 T (4-3y)(1-n?)C2n*t2 (4-3y)(n—1)C2n+2
(3.6)
From equation (3.2), we have
== Dpn
_ - 1)[ 412N _ 6a’? N 212 1212(2B+(y—1)N) _ 61%(n+3) ]
1— n2)62+2n (4__3},)Cn+1 (4_3},)(;2n+2 (4—3y)(1—n2)62"+2 (4—3y)(n—1)C2"+2
3.7
And, the scalar of expansion, shear scalar are obtained as,
0 =ul; = ul +uk Iy
3(n+1)1\/—
9 [Cn+l (1 n2 ] (38)
= —al] oY
1
Where aij - E (ui;]' - uj;i) + E(ui’jukuj - uiuj;kuk)
2
% = 3(n+1)I (3.9

- (1-n)C2n+2

IV. Some Special Cases
Case | : For dust model, y =1, n # 1.
From equations (3.5) and (3.6) yields,

-3 8I%p 212(n+3) a? 12
Pr = (A—n?)c2n+2 ~ (no1)c2n+z  cnAl T gentz
_ 1 412N 6a’? 212 24p 12 61%2(n+3)
Pm = 81 (1_n2)C2+2n cn+l c2n+2 (1_n2)52n+2 (n—1)Cc2n+2
-3 812p 212(n+3) a? 12
0 T (1_n2)52n+2 (-Dc2n+z ~ nl Y pmmaz
T 18(n+1)12
c2"+2(1 -n)
1( 412N + 212 Y 12 612 (n+3) )
Q 871 (1— n2)02+2n C" CZn+2 (1— nZ)CZ’H'Z (n—1)cZn+2
m 18(n+1)I12 ]
67"+7(1 —n)
Q=Q, +Q,
0= c2"+2(1—n)( 412N 3a? 2 )
- 48n(n+1)12 (1—n2)C2+2” cn+l c2n+2
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Graphical representation:
_ CZ”+2(1—n)( 4N 3a®2 12 )
- 48 (n+1)12 \(1-n2)Cc2+2n cn+l c2n+2

For, n=05,N=1a=11=1
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Case II: For radiating universe, y = g, n =+ 1.
From equations (3.5) and (3.6) yields,
Pm=pr= 0,0, =Q =0, Q=0

Case Il1I: For hard universe, y € G , 2), e y= ; n+1.
From equations (3.5) and (3.6) we have obtain,

3 (412(2B+§N) 22(n+3)  3d? 12 )

Pr = g (1_n2)C2n+2 - (n—1)Cc2n+2 - cn+l - 302n+2

2
1 412N 6a’ 212 1212(2B+§N) 612 (n+3)
Pm =57 (1—n2)c2z+2n " ondl T cZnd2 T (1_p2)c2ntZ | (p—1)C2n+2

2
3 ‘”2(23+§N) 212(n+3) 3a2 12
8 (1-n2)c2n+2 T -2 ¥Z T nF1 T 3¢2n+2

QT = 1] 18(n+1)12 ]
3[cZnFZa-n)
2
1 412N 6a? 212 12’2(Zﬁ+§1") 612(n+3)
81 (1_n2)cz+2n + cn+1 T ¢Zn+2 (l—nZ)CZ’H'Z (n—l)CZ’H'Z
Q, = 1[ 18(n+1)I2 ]
3|2+ 2(1—n)
Q=Q, +Q,
0= €2n*2(1-n) 124N 3a? 312 ]
- 48w (n+1)I2 (l_nZ)CZ+2n cn+l c2n+2
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Graphical representation:
it n)[ 124N _ 3a2 312 ]
4—81‘:(n+1)12 (= nZ)CZ+2n cn+l c2n+2

For, n=05,N=1,a=1,1=1
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Case IV: For Zeldovich universe, y =2, n # 1.
From equations (3.5) and (3.6) we have obtain,

3 (412(2[§+N) 21%2(n+3) 4a2)
pr = 16w \(1-n2)Cc2n+2 (n—1)C2n+2 cn+l
1 412N 3a? ? 61%(26+N) 31%(n+3)
Pm = 8 L(1-n2)c2+2n cn+l c2n+2 (1-n2)c2n+2 (n—1)C2n+2
i( 41228 +N) 22(n+3) 4—a2)
Q 167\ (1— nZ)CZ’H'Z (n— 1)62n+2 Cn+l
T [ 18(n+1)12 ]
3 c2ﬂ+2(1 -n)
L( 412N + 32 12 6I2(2B+N) 312(n+3) )
Q = 81 (1—n2)C2+2" cn+T ~ ¢cZn+2 (1-n2)c2n+2 " (n—1)c2n+2
m 1[ 18(n+1)12 ]
31cZn+2Z(1—n)
Q=Q, +Q,
0= CZ”+2(1—n)( 412N 3a? 2 )
- 48w (n+1)I2 (1—n2)C2+2" cn+l c2n+2
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Graphical representation:
_ c2"+2(1—n)( 41N 3a? ? )
481 (n+1)I2
For, n=05,N=1a=11=1
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V. Conclusion
From equation (2.20), it is observed that, as T increases the universe expands, and for T = 0, it shrinks
i.e. in the presence of electromagnetic field, the universe is expanding and absence of electromagnetic field it

shrinks. It is clear from cases I, Il and IV for T = 0, the density parameter Q tends to infinity. While in case

4

Il, for y = 3 all the density parameters p,,, p,, Q,, Q, and Q are tends to infinity. Also, from graph for

y=1, g 2 itis observed that, the density parameter gradually increases as time increases. In all above cases,

we have the ratio (U /@)2 # 0, therefore these universe does not approach to isotropy for large value of T.
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