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Abstract: In this paper, we have examined magnetized Bianchi type-V string cosmological model for anti-stiff fluid in general relativity.
Anti-stiff fluid models create more interest in the study because these models are free from initial singularity. We assume that F 1, is the
only nonzero component of electromagnetic field tensor F;. For the complete determination of the model, we assume the expansion in
the model is proportional to the shear. The general solution of the Einstein’s field equations for the cosmological model has been obtained
under the assumption of anti-stiff fluid i.e. p + p = 0, where p and p are the rest energy density and the pressure of the fluid respectively.
The physical and geometrical significance of the model in the presence of magnetic field are discussed.
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1. Introduction

Discovering the precise physical state during the initial
period of the wuniverse's Initiation remains a highly
challenging issue for us. Presently, research into
cosmological constructs has become a dominant and vital
instrument in the investigation of the cosmos and in particular
cases. Certain universal models incorporating a magnetic
field within the framework of general relativity. Bianchi
type cosmological models are more beneficial and appealing
for studying the development during phase transition. One of
the most straightforward anisotropic universal frameworks
that performs apivotal functionin comprehending the
requisite characteristics of the universe is the Bianchi type-V.
In the recent years, cosmic string have drawn considerable
attention among researchers in various aspects such that the
study of the early universe, these strings arise during phase
transition after big bang explosion as temperature goes down
below some critical temperature as predicted by grand unified
theory studied by Kibble [1], Zel dovich et al. [2], Kibble [3],
it is believed that cosmic string give rise to density
perturbation which leads to the formation of galaxies
investigated by Zel dovich [4], these cosmic string have stress
energy and coupled to gravitational field, therefore it is
interesting to study gravitational effect which arise from
strings. The general treatment of strings was initiated by
Letelier [5] and Satchel [6]. Pradhan et al. [7] endured
inhomogeneous cosmological models formed by geometric
strings and used these models as a source of gravitational
fields.

The occurrence of magnetic fields on galactic scale is well
established fact today and their importance for a variety of
astrophysical phenomenon is generally acknowledge which
was pointed out by Zel'dovich [8]. Also, Harrison [9] has
suggested that magnetic field could have a cosmological
origin, as a natural consequence. The choice of anisotropic
cosmological models in Einstein system of field equations
leads to the cosmological model more general than
Robertson-Walker model [10], Singh et al. [11] has examined

spatially homogeneous and anisotropic Bianchi type-III with
massive string in presence of viscous fluid and
electromagnetic field. The presence of primordial magnetic
fields in the early stage of evolution of the universe has been
discussed by several authors Kim et al. [12], Barrow [13],
Melvin [14]. Patil et al [15]. have studied Magnetized Bianchi
type-1II cosmological models with wet dark fluid in general
relativity, Chhajed et al. [16] investigated the Magnetized
Bianchi Type-III string cosmological model for anti-stiff fluid
in general relativity

Motivated by the above research work, in this paper, we have
investigated magnetized Bianchi type-V string cosmological
model for anti-stiff fluid in general relativity. The physical
and geometrical consequences of the model in the presence of
magnetic field are discussed.

2. The Metric and Field Equations

We have considered Bianchi type-V space-time,
ds? = —dt? + A%dx? + e**B?*(dy* + dz?) (1)
in which A, B are cosmic scale functions of time t.

The Einstein field equation for the space time (1) is,

R —%Rg} = —8nT} )
Where Tji is the energy momentum tensor for a cloud of
strings given by Letelier (1979-1983) as

T} = (p + p)vyv) +pg] — Ax;x) + E/ 3)

With v;v! = —x;x/ = —land v;x' = 0 4)
Where A is the string tension density, p is the matter density,
p is thermo dynamical pressure, v' is the four velocity vector
andx! is the direction of string. The particle density associated
with the configuration is given by

pp=p—4 ' &)
The electromagnetic field E; is defined as,
o Coa
El = Z|-FuF" +2 giFF™| (©6)

with the Maxwell’s equation,
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%(Fif,/—g) = 0, which leads to, Fy, = I )

Where [ is the constant

Now the nonvanishing components of Eji corresponding to
the line element (1) are given as follows:

2
0 _ pl _ 2 _ _ 1
=;~E0—E1——E2_—E3_ﬁ

(8)
In the above v’ is the flow vector satisfying
gijv'v = —1 ©))

And direction of string is along z-axis so that x; = 0,x, =
0, X3 * O, xo = 0

We assume the coordinates to be comoving, so that

vi=v2=v*=0andv’ =1 (10)

The Einstein’s field equation (2) for metric (1) leads to

B B2 1 12
E+B_2_A_2__8T[p_§ (11)
B AB A 1 12

sTagta 2= 8P gm (12)
B  AB A 1 12
E+ZEZ+Z—E——8T[EP—A)+E (13)
AB B 3 1

ZE+B_2_A_2_81TP+F (14)
A B

(G-3)= (15)

Using equations (15), we have
A = KB, where K is integration constant, taking

K=1 (16)
= A=B8B a7
Without loss of generality the field equations (11) to (14)
reduces to
B B 1 12
ZE‘FB—;—;— _SHP_E . (18)
B B 1 I
ZE‘F?—;: —87T(p—l)+§ (19)
B 3 12
33—2—5— 81Tp+§ (20)

As there are four unknowns and three equations so we take
additional condition

p+tp=0 (21)
=p=-p (22)
Using equation (22) in equation (20), we get

B? 3 12
33_2_§: —87Tp +E (23)

Subtracting equation (18) from equation (23), we get

: dB 12+2L
B = e ’ =7 24)
Integrating on both sides, we get
1
2 \2 _
/ , (12+21) BdB=t+k
B
Nerovol t+k (25)
Putt 4+ k =T therefore dt = dT (26)

Therefore, using above substitution equation (25) and (17)
become

B2 = TV2IZ +4L 27)
A2 = TV2IZ +4L (28)

Using equations (26), (27) and equation (28) in equation (1),
we have

ds? = —dT? + TV2I? + 4L dx? + e**TV2I? + 4L(dy* +
dz?)

(29)
Using equations (24), (27) in equation (23), we have
2 _ 2
- () X
Using equation (22) in equation (30) we have
2 _ 2
(] ey
Using equation (24), (27) in equation (19) we have
e 212+4L<12+TZL)%(2Tx/212+4L—1)—T\/212+4—L—712+6L
~8m 2T2(212+4L)
(32)

The expansion (8) and shear scalar (o) are given as
0= 3% (33)

71
g = \/;E (34)
and the generalized mean Hubble parameter H is given by,

H = % 6 Therefore
H== (35)

2T

The deceleration parameter is defined as,
q=-1+ % (%) on solving, we get
g=-5-1 (36)

The ratio of shear scalar (¢) and expansion (6)
o 1|7

g1 37)

6 342

3. Some Special Cases

Casel: I=1andL =1
From equations (27), (28), (29) and (30)-(32) are yields,

B?=TV6 (38)
A? = T/6 (39)
ds? = —dT? + TV6 dx* + e>*TV6(dy” + dz?) (40)
_ 1 [(11-TV6
P="% (1\2/12 )] (41)
1 11-TV6
P= & ( 1272 )] (42)

1
1 [ 21v8(3)? (21v6-1)-1v6-1

8m 8T2

A= (43)

Graphical Representation: For / =1 and L =1

p=- (5]
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Graphof p = -(IN8Bm)) * ((11 - 2.45°T) / (12°T9))
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Figure 1: Graph forpvs T
Fig. 1

From fig.-1, it clears that as time T increases, pressure p is undefined at negative for small, crosses zero around and then
approaches zero from the positive side as it increases.

= [(5)]

p=

Plotofp = (I/A8m)) * ((11 - 245*TY /1 (12°T9)

Figure 2: Graph for p vs T

From fig.-2, The graph for density p starts undefined at time T=0, shows positive values for small T, crosses zero near T=4.5,
and then approaches zero from the negative side as T increases.

1
1 [ 2rv8(3)?(21vE-1)-TV6-1

8m 8T?2
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Figure 3: Graph for Avs T

From fig.-3, The graph for string tension density A Starts with _ 1 [(5-Tv2 47
) . e s p= > (47)
a relatively high value near T = 0, dips to a minimum around 8n ‘/iT
T = 3, Gradually increases and levels off as T increases, the == (S_T 2)] (43)
. . . 8m L\ 4712
shape of the curve is smooth and continuous, showing a clear !
i 2TV2(5)*(2TV2-1)-Tv2-7
dip and recovery. 1= ()% i ) (49)
8T 4T
Casell: | =1AndL =0
From equations (27), (28), (29) and (30)-(32) are yields, Graphical R ¢ation: For ] = 1 and L = 0
B2 = T2 (44) rap lcla epresentation: For / = 1 and L =

_ 11-TV6
A*= TV2 (45) P=" % ( 1272 )]
ds? = —dT? + TV2 dx? + e**TV2(dy? + dz*®) (46)

Plot of p(T) = (1A8n)) * ((5 - 1.41°TW(4°T*2))

— )

Figure 1: Graph forp vs T

From Fig.1, As time T increases the graph for pressure p starts negative, crosses zero, then becomes positive but diminishes.

p= =)
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Figure 2: Graph for p vs T

From Fig.2, As time T increases the graph for density p gradually decreases and then approaches to zero.

1
1 |2rv2(3)2(arvz-1)-TVZ-7

87 4T2
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Figure 3: Graph for A vs T

From fig.-3, The graph for string tension density A is
dominated by a singularity at T=0 and is blowing up near
zero, while for values closer to +1 it remains relatively stable
and small.

4. Conclusion

In this chapter, we have investigated the nature of magnetized
Bianchi type-V string cosmological model in presence of

electromagnetic fluid for anti-stiff fluid in general relativity.
The solution has been obtained in quadrature form. The
geometrical and physical properties of model have been
discussed in details. The model get shrink in presence of
magnetic field and expand in its absence respectively. As t
tends to zero, it tends to zero and as t increases or decreases
respectively model expand or shrink, correspondingly, as t
increases, the scalar of expansion and shear scalar o
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decreases. Also special cases for model such as power law
and exponential form have been discussed here.
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