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ABSTRACT

We have investigated the String Cosmological perfect fluid model
with cosmological constant, the perfect fluid is taken to be one obeying
us all of state (EOS) P = yp. | used T~ °T; + ST,»,» of stress energy tensor
where ET,»,» is the energy momentum tensor for electromagnetic field and
ST,»,» is the energy momentum tensor for string cloud. We have also studied
the string cosmological model by considering the time dependent
deceleration parameter with the presence of electromagnetic field. Some
cosmological parameters are also discussed and studied.
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INTRODUCTION

The recent scenario of early inflation and late time accelerated expansions of the universe (Rises et
al. 1998; Perlmutter et al. 1999) is not explained by general theory of relativity. Hence to incorporate the
above desirable features there have been several modifications of general relativity. Significant among them
are scalar-tensor theories of gravitation formulated by Brans and Dicke (1961). In 1961, Brans and Dicke
formulated the scalar-tensor theories of gravitation on the basis of coupling between an adequate tensor
field and scalar field ¢. The scalar field has a dimension of G — 1where G is the gravitational constant.
Therefore, ¢-1play the role of G(t). This theory successfully describes the Mach’s principle but fails toexplain
the missingmatter problems and absolute properties of space. Later on Saezand Ballester (1985) developed a
scalar-tensortheory in which the metric is coupled with a dimensionless scalar field in a simple manner. This
coupling gives a satisfactory description of weak fields. In recent years there has been an immense interest
in constructing cosmological models of the universe to study the origin, physics and ultimate fate of the
universe. In particular, cosmological models of Brans-Dicke and Saez- Ballester scalar-tensor theories of
gravitation are attraction more and more attention of scientists. Brans-Dicke (1961) theory is a well known
competitor of Einstein’s theory of gravitation. It is the simplest example of a scalar-tensor theory in which
the gravitational interaction is mediated by a scalar field ¢ as well as the tensor field g of the Einstein’s
theory. In this theory, the scalar field ¢ has the dimension of the universal gravitational constant. So in
literature, manyauthors consider plane symmetry, which is less restrictive than spherical symmetry and
provides an avenue to study homogeneities in early universe. Da Silva and Wang (1998), Anguige (2000),
Nouri-Zonoz and Tavanfar (2001), Pradhan et al. (2003, 2007) and Yadav (2011) have studied the plane
symmetricand homogeneous cosmological models in different physical context.
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In this paper, we find String Cosmological perfect fluid model with cosmological constant. The paper is

organized as follows:

1. We have provided the metric and field equation inconnection to the proposed model for homogeneous
plane symmetric model Electromagnetic Field

2. We used T~ *T; + °T; of stress energy tensor where °T; is the energy momentum tensor for
electromagnetic field and STij is the energy momentum tensor for string cloud.

3. We have provided the physical properties of the model.

Basic Equations
We consider the plane symmetric metric in the form

ds? = —dt? + A%2dx? + B2(dy? + dz?) (1)
Where, the metric potential A & B are the function of x & t alone.

The energy momentum tensor of the mass less scalar field:
The energy momentum tensor for the matter under the discussion is given by

Ty ="Ty+ Ty (2)

Where STU is the energy momentum tensor for string cloud and ETU is the energy momentum tensor
for electric magnetic field. The energy momentum tensor for string cloud for Perfect Fluid is given by

Ty=(p-P)uiu-Axix (3)
Withuiu'=-xx'=-1,x u;=0

Where p is the rest energy density of the cloud of strings with particles attached to them and A is the
tension density of the string, u; is the cloud four velocities and x; is the direction of anisotropy. In the
commoving coordinates the magnetic field is taken along ¢ direction. So that only non vanishing
components of electromagnetic field tensor F; is Fi,.

Therefore Fy, = constant = H (say) = F;

FlZ — gla gZB FqB . (4)
We consider p = p,+ A

Where p,is the density of the cloud of string,

The electromagnetic energy momentum tensor is Ty= 1/4n [ - F Fj, g + % g; Fs, F1 (5)
where Fj is the electromagnetic field tensor derived from potential ¢; defined as

Fiy=dij - i (6)
So the first set of Maxwell equation
Fijk + Fj1 + Fiij=0 (7)

Here Fi, = constant = H and other all components are zero. from equation 3 and 5 the non vanishing
components of STijand ETij can be respectively written as
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= STz2 =0, ST33 =-A ST44 =-p+P
and ETll = ETzz =- ET33 =- ET44 = Hz/ SnAZBZ

The Einstein field equation are G/=R/-1/2 6/R
The homogeneous field equation

8nT) = R 1R8j A8
—omly = i TR0 T A9

For line element (1) are
B2 2B  H?

B2 " B T AB?

A AB B W2

—_t = —
A AB B AZ2B2

A AB B
—+—+=-=8m
ATAB" B
o o
B2 AB _ O"\P

Subtracting (11) from (12), we get

d (A B+ABA+2B
dt\A B A BJ\A B

Let V be a function of ‘t’ denoted by
V = A’B

d(A B+AB
dt\A B/ \A B

By integrating above equation, we get

Then from (15), we obtain

A 1
E = Lz exp (L1 f vdt)

Where L; & L, are the constants of integration.
In view of

V = AB?

We can write A, B in the explicit form

. 1
A = DZVEeXp (Xzfvdt)

. 1
B = D1V5exp (levdt)

Where D; (i = 1,2) &X; (i = 1,2) satisfy the relation

+A

+ A

2

~ A2B2

A%B? *

) _ 0 (15)

DD, =1 and

(8)
(9)

(10)

(11)

(12)

(13)

A (14)

(16)
(17)
(18)

\'%

A=g
(19)
(20)

2X1 + Xz =0

Adding the equations (11), 2 times of (12) and 3 times of (14) we yield

Available online at www.lbp.world



STRING COSMOLOGICAL PERFECT FLUID MODEL WITH ELECTROMAGNETICFIELD AND .... VOLUME - 7 | ISSUE - 11 | AUGUST - 2018

21'32+21‘3+4AB+A_ 12m(0 — P) + 3A (21)
B2 "B ' AB A TP

In view of V = A B?, from (21) we obtain

(22)
= 12n(p—P) + 3A
The conservation law for the energy momentum tensor gives
_ \Y (23)
p= —v(P +P)
From (22) and (23), we have
V = /241V2p 4+ 3AV2 + 2C, (24)
Where C; being integration constant.
Rewriting (22) in the form
P \Y (25)

p+P \'%

And taking into account that the pressure and the energy density obeying an equation of state of type
P = f(p), we conclude that p & P are the function of V.
Hence the right hand side of (21) is a function of V only

V = 12n(P — p)V + 3AV = F(V) (26)
From the mechanical point of view equation (26) curve interpreted as equation of motion of single particle
with unit mass under the force F(V), then

2(e —UW)) (27)

Here € can be viewed as energy and U(V) as the potential of the force F.
Comparing (24) and (27), we find

3
€=C; &U(V) = —[12nV?p + - AV?]

Finally, we write the solution of (24) in the quadrature form

(28)

(29)

_t+t0

f\/Z(c1 +12mV2p + 2 AV?)

Where, the integration constant t, can be taken to be zero, since it only gives a shift in time. Hence, let us
take ty = 0.

dv 4 (30)

\/2(C1 +121V2p + 2 AV?)

Universe as a binary mixture of perfect fluid
We consider the evolution of the plane of symmetric universe filled with the perfect fluid

P=vyp (31)

Here the y is constant and lies in the intervaly € [0,1]. Depending on its numerical values y describes
the following types of universe
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y = 0(Dust universe) }
Y = 1(Zeldovich Universe or Stiff matter) (32)

In a co-moving frame the conservation law of energy momentum tensor leads to the balance
equation for the energy density

_ \Y (33)
p= —v[ p+P]
From the equation (3.3) we get,
_ YPo (34)
T ylty
& _ _Po (35)
yVl+y
Here py is the integration constant.
Therefore, equation (30) gives
f dv 4 (36)
J2c1 + % + 3AV?)
Case l:
Let us consider y = 1 (Zeldovich universe) for C; = 0, equation (3.6) reduces to
dv (37)
=t
2 2
J (V3AV)" + ({/24mp,)
This gives,
Spatial Volume V:
_ V8mpo . (38)
V= A sinhv3At
Putting the value of Vin eq" (19) and (20), we get
1 1 _X2
A = D,(K,)é sinh3(V3At) (cosech(vV3At) + coth(V3A t)) V34K
1 1 X1
B = Dy (Ky)s sinhs(vV3At) (cosech(vV3A t) + coth(v3A t) )k (39)
WhereK; = STO &D;(i = 1,2)&X; (i = 1,2) satisfy the relation

DD, =1 & 2X; +X, =0
The physical quantities of observational interest in cosmology are the expansion scalar 8, the mean
anisotropy parameter A, the shear scalar B? and the deceleration parameter q.
They are defined as

0 j 3H (40)
1\’ (41)
-3
0% = %(Z H? - 3H2> - ;AHZ (42)
ST

By using above equations, we can express the physical quantities as
From equation (34) and (38), we have
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Rest energy density p:

A
P Bnsinh?(V3A1) (44)
i.e.,
Pressure P:
A
8msinh2(V3At)
Expansion Tensor: 8 = v/3Acothv3A t (46)
Anisotropy Parameter: 2 A BI? (47)
A=—r|===
9H? [A B]
Shear Scalar: , 1[A B 2 (48)
*=3 [z - ﬁ]
Where A and B by using equation (39)
The deceleration parameter q:
q =3sech?(v3At)—1 (49)

The tensor density A of the string can be obtained as:
Subtracting eq" 12 from 13 we get
H? (50)
A= A
Case ll:
Let us consider y = 0 (Dust universe) for C; = 0, equation (36) reduces to t = 0. It is not possible.

CONCLUSION

In this paper, we have studied the String cosmological perfect fluid model with Electromegnetic field
and cosmological Constant as source of matter within the framework of scalar-tensor theory of gravitation.
The exact solution to the corresponding filed equation is found. The inclusion of the perfect fluid into the
system gives rise to an accelerated expansion of the model. The particular cases for y = 1 have also been
analysed in detail.

It is observed that the following result
e For this model, we observed that the spatial value is constant at t=0.
Scalar expansion and shear scalar and average scalar factor tends to infinity as t = 0.
Declaration parameter g is constant at t = 0.
The tensor density is constant.
The Pressure tends to infinite att =0
Rest energy density p tends to infinite att=0
e Hence in absence of electromagnetic field along z axis the geometric or other string does not exist.
The particular cases for y = 0, It is not Possible to find result.
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