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Abstract: we consider the non-static plane symmetric space time with a stiff fluid and a variable cosmological constant A . We
have obtained the solutions of field equations. Some physical and geometrical properties of the models are also discussed.
Keywords: non-static plane symmetric metric, cosmological model, Hubble’s parameter.

L. INTRODUCTION
In recent years there have been considerable interests in cosmological constant problem in cosmology. The simplest way out of this
problem is to consider a varying cosmological term, which decays from huge to small in an expanding universe [1-4]. Several

phenomenological model have been suggested by [5-17]. The cosmological constant A has been one of the most mysterious and
fascinating objects for cosmologist and theoretical physicists since its introduction in cosmology by Albert Einstein. The
explanation of its origin is one of the most fundamental issue for our comprehension of general relativity and quantum field theory.

In recent years there has been a lot of interest in the study the role of the cosmological constant A at every early and later stages of
the evolution of the universe. A wide range of observations mostly suggest that the universe possesses a non-zero cosmological

constant. The A term has been interpreted in terms of Higgs scalar field by Bergmann [18]. Drietlein [19] suggested that the mass

of Higgs boson is connected with A being a function of temperature and is related to the process of broken symmetries, and
therefore it could be a function of time in an expanding universe. In quantum field theory, the cosmological constant is considered
as the vacuum energy density. The general speculation is that the universe might have been created from an excited vacuum
fluctuation (absence of inflationary scenario) followed by super cooling and reheating subsequently due to vacuum energy. Bianchi

type | — X cosmological models are important in the sense of strings, isotropic, homogeneous etc. In the past five decades
relativists has been interested in constructing string cosmological model. The model Bianchi type VI o Of universe is initiated and

explained solution of cosmological problem by Borrow [20]. Solution of Einstein field equation of VI o Space time in stiff fluid has

been investigated by Ellis and McCollum [21]. The class of Bianchi type V|0 perfect fluid cosmological model associated with

electromagnetic field has been obtained by Dunn and Tupper [22]. Some Bianchi type cosmological model in Biometric theory of
gravitation presented by Reddy and Rao [23]. An algorithm for generating exact perfect fluid solution Einstein field equation, not

satisfying the equation of state, for spatially homogeneous cosmological model of Bianchi type VIO has been presented by Shri

Ram [24]. The solution of string cosmological models with magnetic field in general relativity have been obtained by Singh and
Singh [25].Solution of Bianchi string cosmological model with Bulk viscosity and magnetic field have been obtained Xing-Xiang

[26-28]. Bianchi type 11l for cloud string cosmological model described by Tikekar and Patel [29]. Tikekar and Patel [30] obtained
Some exact solutions. Bianchi type | and Bianchi type Ill discussed by Bali et al. [31-34] Recently, Bali and Poonia [35]

investigated Bianchi type VI o Inflationary Cosmological Model in General Relativity. Tyagi et. al [36-38] obtained Bianchi Type

V|0 homogeneous cosmological model for anti-stiff perfect fluid for time dependent A in general relativity Inhomogeneous
cosmological model for stiff perfect fluid distribution in general relativity and Barotropic perfect fluid in creation field theory with

time dependent cosmological model . Bali et .al [39] has investigated Bianchi type V|0 in general relativity. Bianchi type V|0
Universe model with time dependent A term investigated By Shrimali et al. [40]. In this paper we obtain non static plane
symmetric cosmological models with time-dependent cosmological constant. The plan of the paper is as follows. We present the

metric and field equations in Section 2. In Section 3, we obtain exact solutions of the field equations. The physical and kinematical
behaviors of the cosmological models are discussed in section 4. Finally, conclusions are summarized in the Section 5.
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1. METRIC AND FIELD EQUATIONS
We consider the Riemannian space-time described by the line element

ds® =e2“{dt2—drz—rzdez—szdzz} 1)
Where T,0, z are the usual cylindrical polar coordinates and h & sare functions of t alone. It is well known that this line

element is plane symmetric.
We consider the energy momentum tensor in presence of perfect fluid has the form

T, =(p+P)V;v; + pg; @)
where p is the pressure in the fluid and p is the energy density of the fluid and v' is the four velocity vector defined by vi= 51
where i =1,2,3,4 satisfying

vivli =1 3)
and perfect fluid obeys the equation of state

Where 4 (0 < A <1) is constant.
The Einstein equation with time dependent A and 8 7 G = C =1 given by

1
Rj _Egin:_Tij - Ag; ()
For line element (5) and energy momentum tensor (2) commoving system of coordinates, field equations are
eZ“{ZH+§+h2+2hi}=—p—A (6)
S S
2h )y kw2l
e {2h+h }_—p—A (7)
eZ“{2h§+3h2}=p—A )
S

Here the over dot denotes differentiation with respect to t.

The average scale factor (a ), Volume scale factor (V ), expansion scalar (@) and shear scalar (o ) are
1

a=(rse’ s 9)
V =a®=(rse’) (10)
. .8
0=V, =3h+= (11)
’ S
1 ,
cl== o0’
2
(12)
The generalized mean Hubble parameter (H ) is given by
a
H=— (13)
a
An important observational quantity is the deceleration parameter ( which is defined as
—ad
q= e (14)

The sign of ( indicates whether the model inflates or not. The positive sign corresponds to the standard decelerating model whereas
the negative sign indicates inflation.
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1. SOLUTIONS OF THE FIELD EQUATIONS
we assume that the relation between the metric potentials given by

e"=ps" (15)
Where £ isand constant N >1
From equations (6) and (7), we obtained

§+zh ~0 (19)
From equations (15) and (16) ,we get
e" = [(2n+1)t]era -
s =[(2n+1)t]an, (18)
The metric (1), in this case, can be written as
2n 2
ds? =[(2n+1)t]znra{dt? —dr? —r2d@?* —[(2n +1)t]zn:1 dz? (19)

V. PHYSICAL AND GEOMETRICAL PROPERTIES OF THE MODEL
The physical and geometrical quantities that are important in cosmology are average scale factor a, spatial volume V , mean
Hubble parameter H , the expansion scalar @, shear scalar o? which have the following expressions for the model (1) as given

below
The average scale factor

a:{r ,B“[(Zn +1)t]2n+1} (20)
Spatial volume
an+1
V =r B*[(2n +1)t]ann (1)

— fOr =1

Time

The mean Hubble parameter

o (4n+1) 22)
32n+1)t
Scalar of expansion
g 4+ 23)
(2n+1)t
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14 4 T T
— For =1 — For el
— O =2 a5l — For re2
12- — EOr =3 — O T3

o2 B osl
o] (o]
(o] 5 10 15 o 5 10 15
Time Time

Shear scalar,
oo (4n+1)°
18 (2n+1)*t?
The anisotropy parameter is given by

(24)

An =5 (25)
The deceleration parameter
_2(n+1)
(4n+1)
The value of decelerating parameter is positive, hence , the model (3.5) represents a decelerating universe.

(26)

Bytaking P =0 from equation (7) and (8), we get
_ —N
~ (2n+1)%t?

From equation (8), we get

~ (@n+Dn

C(2n+1)?t2

(27)

pP=p (28)

25 T T T T T T
— ]
— a2

— ot 2

15 Bl

Pressurg, cosrdogical Gaostart
'_\
T
1
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V. CONCLUSIONS
In this paper, we have studied anisotropic non static space time with variable cosmological constant A . The cosmological
constant inversely varies as square of time t, which corresponds to the model of Kalligas et al. [17]. We observed thatat t =0,

the parameters H, 0,62, P, p and A are all infinite, as T increases all parameters decreases. As T leads to infinite value, the

s - . o .
volume become infinitely large whearas the parameters converges to zero. Also model is anisotropic, as 5 =constant. It is also

observed that the deceleration parameter in the model is positive which indicates that the universe in the model is decelerating.

REFERENCES
[1] D. Kramer etal., Exact Solutions of EFE (Cambridge University Press,Cambridge, 1980).

[2] J.M.OverdinandF. I. Cooperstock, Phys.Rev. D58, 043506 (1998).

[3] F.Hoyle, G.Burbridge and J. V. Narlikar, Mon. Not. R. Astron. Soc.286, 173 (1997).

[4] T.S. Olson and T. F. Jordan, Phys. Rev. D35, 3258 (1987).

[5] A. Beesham, Gen. Rel. Grav.26(2), 159 (1990).

[6] M. D. Maia and G. S. Silva, Phys. Rev. D50, 7233 (1994).

[7]1 V. Silvera and |. Waga, Phys. Rev. D50 4890 (1997).

[8] V. Silvera and J. Waga, Phys. Rev. D56, 4625 (1997).

[9] L.F.B. Torresand l. Waga, Mon. Not. R. Astron. Soc.279, 712 (1996).
[10] W. Chen and Y. S. Wu, Phys. Rev. D41, 695 (1990).

[11] J. C. Carvalho, J. A. S.Limaand and 1.Waga, Phys. Rev.D46, 2404 (1992).

[12] P. A. M. Dirac, Nature 139, 323 (1937).

[13] Y. K. Lau, Aust. J. Phys. 30, 339 (1985).

[14] A-M. M. Abdel-Rahman, Gen. Rel. Grav. 22, 665 (1990).

[15] M. S. Bermanand M. M. Som, Int. J. Theor. Phys. 29, 1411 (1990).

[16] R. F. Sisterio, Gen. Rel. Grav. 23, 1265 (1991).

[17] D. Kalligas, P. Wesson and C. W. F. Everitt, Gen. Rel. Grav. 24, 351 (1992).
[18] P.G. Bergmann: Int.J. Theor. Phys. 1, 25-36, 1968.

[19] J. Drietlein,: Phys. Rev. Lett. 33, 1243- 1244, 1974.

[20] J.D. Barrow: Month.Notices of the Royal Astrono.Soc.211(2),1984, 221-227.
[21] G.F. Ellis, M.A. MacCallum: Commu. in Math.Phys. 12(2), 1969, 108-141.
[22] K.A.Dunn, B.O.J. Tupper: The Astrophysical Journal, 204, 1976, 322-329.
[23] D.R.K. Reddy, N.V. Rao: Astrophy. and space sci. 257(2), 1997, 293-298.
[24] S. Ram: International Journal of Theoretical Physics, 28(8), 1989, 917-921.
[25] G.P .Singh, T. Singh: General Relat. and Gravitation, 31(3), 1999, 371-378.
[26] W. Xing-Xiang: Chinese physics letters, 20(5), 2003, 615.

[27] W. Xing-Xiang: Chinese Physics Letters, 23(7), 2006, 1702.

[28] W. Xing-Xiang: Chinese Physics Letters, 21(7), 2004, 1205.

[29] R. Tikekar, L.K. Patel: General Relativ.and Gravitation, 24(4),1992, 397-404.
[30] R. Tikekar, L.K. Patel: Pramana, 42(6), 1994, 483-489.

[31] R. Bali: Astrophysics and Space Science, 302(1), 2006, 201-205.

[32] R.Bali, R.D. Upadhaya: Astrophysics and space sci., 283(1), 2003, 97-108.
[33] R. Bali, A. Pradhan: Chinese Physics Letters, 24(2),2007, 585.

[34] R.Bali, U.K Pareek, A. Pradhan: Chinese Physics Letters, 24(8), 2007, 2455.
[35] R. Bali, L. Poonia: Inter. J of Modern Physics Conference Series 22(2013),
[36] S. Parikh, A. Tyagi, B.R. Tripathi: Prespacetime Journal, 8(4) 2017.

[37] A. Tyagi, R.B. Tripathi,: Prespacetime Journal, 8(7), 2017.

[38] A. Tyagi, S. Parikh: Prespacetime Journal, 8(7), 2017.

[39] R.Bali, P.Kumari, L.Zaninetti, H.Caglar, S.Aygiin, H.Shanjit,S.Nerkar( 2017).
[40] S. Shrimali, Trivedi: IOSR Journal of Applied Physics, 10(2) (2018)

©IJRASET: All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




