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In this paper, the plane symmetric string cosmological model in the presence of
massless scalar field is obtained in modified theory of general relativity. The model is
constructed for geometric string by assuming the relation between metric potentials;
various physical and geometrical properties of the model are discussed.
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1. INTRODUCTION

The study of modified theory of general relativity has great importance today
because several prominent results are in the development of recent study. Barber
[1, 2] proposes two self creation theories by modifying Brans and Dicke theory and
general theory of relativity. Brans [3, 4] pointed out that, Barber [1] first theory is
inconsistent in general, as it violates the principle of equivalence. However, in his
second theory the gravitational coupling of Einstein theory field equations is
allowed to be variable scalar on the space-time manifold. In this theory the scalar
field does not gravitates directly but simply divides the matter tensor acting as
reciprocal of gravitational constants in the limits, this theory approaches to Einstein
theory in every respect.

The massless scalar field in relativistic mechanics yields significant results
regarding both singularities involved and matched the principal. Many authors
have examined Barber’s second self creation theory on various angles, Pimental
[5], Soleng [6] Synge [7], Reddy [8, 9, 10], Reddy and Venkatasweralu [11, 12],
Shanti and Rao [13], Shri Ram and Sigh [14], Mohanty et al. [15, 16] are some of
the authors, who has investigated various aspects of Barber’s self creation theory.
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Some cosmologist has studies the various aspects of plane symmetric cosmological
model in modified theory of general relativity, Panigrahi and Sahu [17], has studied
the micro and macro cosmological model in presence of massless scalar field and
perfect field in modified theory of general relativity. Recently Vankateswarlu et al.
[18] constructed Bianchi-I, II, VIII and IX string cosmological models in Barbers
second self creation theory.

The study of string cosmological model was initiated by Vilenkin [19],
Latelier [20], Krori et al. [21] and studied the problem of cosmic strings in Bianchi
type cosmologies with self interacting scalar field. The concept of string theory
was developed to describe events at early stages of evaluation of the universe.
Kibble [22] and Vilenkin [23] believed that string can be considered as one of the
source of density perturbations that are required for formation of the large scale
structures in the universe.

In a previous paper of same authors [25], plane symmetric cosmological
models of electromagnetic and massless scalar fields in the presence of a charged
perfect fluid have been studied. In this paper, we have obtained plane symmetric
cosmological model in presence of massless scalar field and cosmic string in
modified theory of general relativity. The model is constructed for geometric string
p=A" by assuming the relation between metric potentials and also discussed the

various physical and geometrical properties.

2. SOLUTION OF FIELD EQUATIONS

Consider the plane symmetric space-time as,
ds? =dr? — 4*(dx* + dy?) — B*dz?, (1)

where 4 and B are the function of cosmic time only.
The Einstein-Barber’s field equations in the second self creation theory are

1
Gy =R, = & R=-8m" (T} +T;). @

&n
And,[ d):?)\,(]—;jy + 7:;) R (3)
where ¢ is the Barber scalar, T is the energy momentum tensor for massless
scalar field. 7; is the energy momentum tensor for cosmic string. ¢ is the
invariant D’Alembertian, 7" is the trace of energy momentum tensor 7, , 7 is the

stress energy momentum tensor 77, A is a coupling constant to be determined
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from experiment where |k| :%. In the limit A — 0, this theory approaches the

Einstein’s theory of every respect due to the nature of space-time (1) as a function
of ‘v’.

The energy momentum tensor 7,/ , Singh and Deo [24] for a micro quantum matter
field representing massless scalar field distribution and energy momentum tensor
T, Latelier [21] for cosmic string given by,

T @
with
g'v,;=o. (5)
And
Ty =puu, —\'xx,. (6)
Together with,
u'u, =-x'x;=1 and u'x; =0, 7

the scalar field v and the source density ¢ are both functions of 7 only. p is the
rest energy density of cloud of string, A" is the tension density of the cloud string,
u' is the four velocity of the cloud particle and x'is the direction of anisotropy

along z-axis.
Using equation (4) and (6), the set of field equation (2) and (3) for the space time
(1) reduces to following explicit form,

N (8)
A AB B
A A 1
2+ —=8nd'| ——v> + A" |, 9
TR ( 5 J ©)
A> AB 1
N, R e i 10
R B ( 5 p] (10)

$+{2—+—}¢=%(—v2+k'+p). (11)
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Here the dot (.) over the letter denotes ordinary differentiation with respective time.
There are four equations in six unknowns 4, B,$,p,A"and v. Hence to determine

the solution to assume the condition that the geometric string p=2A', Latelier [21]

i.e. the rest energy density of the cloud of the string is equal to tension density of
cloud of string.
From (9) and (10), we have

AB 4
—Z—4And v, 12
B 4 v (12)

Comparing equation (8) and (12), on simplifying we get
24 + E =0. (13)
A B

Now applying the condition 4 = B" where n is real number.
From equation (13) gives,

n

A=2n+ )21 (kt + ky )21 (14)

1 1
B=2n+ )21 (kt + k)2, (15)
where k, and k, are constant of integration.
Now transforming the time co-ordinate ‘¢’ by putting k¢ + 4k, =7 and 2n+1=m,
equation (15) and (16) can be reduced to the form

A=mm Tm, (17)
L
B=mm Tm, (18)

With the help of equation (17) and (18), equation (11) can be transformed to the
form

-1

¢+?$—%(—v‘2+w+p):o. (19)

From equation (12), we get

_(=n* + nm+n)d
4t m* T?

(20)

:VT

From equation (9) and (10) we obtained,
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2n* —nm+n)d
8nm?T?

p=A'= 21

Using the equation (20) and (21), equation (19) can be transformed to the form
T*0+To+p’¢=0, (22)

21 (3n2 —2nm) (3n2 —2nm)

where p? =- , >0 and 0<A <107,
3m? m?
On integration equation (22) yields two basic solutions for ¢ as,
¢, =cos(plogT), (23)
¢, =sin(plogT). (24)

The value of ¢, given in equation (24) is not accepted as it leads to unphysical

situation.
From equation (20), we obtain

—n* +nm+n
v=a—\/$, where o = Q (25)
T 4t m?
On integration equation (25) becomes
V= ocJ. @dT +¢, where ¢ is constant of integration. (26)
Using equation (23) and (24) we obtained the expression for scalar field v as,
cos(plogT)
J' &dT (27)
From equation (5) the source density of the scalar field v is
c=Vv+ 1 v (28)
e
Using equation (26) and (28) we get,
_e¢ (29)
2T\/o

Using equation (23) in the equation (29) we find,
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o o psin(plogT) (30)

277%/cos(plogT) '

From equation (23), (21) yields,

2 _
p=7L,:Bcos(plogT) where [3:2” nm+n' 31)
T*? 8nm?

Thus the plane symmetric string cosmological model in modified theory of general
relativity for the space-time (1) is given by

2n 2n 2 2
ds? =dT?* —mm Tm(dX?+dY?)—mnTndZ>. (32)
The physical and kinematical parameters for the model (32) are
Spatial volume V=\-g=T. (33)
Expansion scalar 0= % . (34)
Shear scalar o’ = ! (35)
67

3. DISCUSSION

The Barber’s scalar ¢, the scalar field v, the source of density o, energy
density p and tension density A" are the functions of time and given by equation
(23), (27), (30) and (31).

The energy condition p=2A'>0 is satisfied for >0 and 7 #0or . When
T — 0, the metric potentials 4 and B tend to zero, i.e. the space-time collapses. As
T — oo, the metric potentials 4 and B tends to infinite i.e. it admits a singularities.
The quantities ¢,v,o,p and A'are undetermined for 7 tends to zero, infinity.

From equation (27), we observed that the massless scalar field v is a logarithmic
function of time and its presence avoided big-bang of the universe. When 7 —1,
the metric potential 4 and B becomes constant i.e. space-time reduces to flat,
¢d—1, v is constant, and p=2A"=constant. Here the spatial volume is given

by V=T and as I'—> £0 } — +ow these results shows that the universe starts

expanding with zero volume. The equation (34) shows that
0—>0 as T—>o and O8—>o as 7T —0 thus the universe is expanding with

increase of time but the rate of expansion becomes slow as time increases. The



848 D.D. Pawar, S.N. Bayaskar, A.G. Deshmukh 7

equation (35) shows that for T —>» ,6 —0and, 7 >0, o — oo it means that

the shape of universe changes uniformly. When the coupling parameter
A—0 (T#0 or o) then ¢ — 1, it shows that second self creation theory leads

to Einstein’s theory as A —> 0.

T—w©

It is observed that the value lim (%) # 0, the model does not approach the

isotropy for large values of T.
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