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A plane-symmetric non-static cosmological model représgra bulk viscous fluid distribution has
been obtained which is inhomogeneous and anisotropic aadiaigar case of which is gravitationally
radiative. Without assuming amghoc law, we obtain a cosmological constant as a decreasingiéunct
of time. The physical and geometric features of the modelsmo discussed.

1. Introduction

In recent years cosmological models exhibiting plane symniave attracted the attention
of various authors. At the present state of evolution, thearse is spherically symmetric
and the matter distribution in it is isotropic and homogareoBut in its early stages of
evolution, it could have not had a smoothed out picture. €toghe big bang singularity,
neither the assumption of spherically symmetry nor of tgogrcan be strictly valid. So, we
consider plane symmetry, which is less restrictive thaesgphal symmetry and provides an
avenue to study inhomogeneities. Inhomogeneous cosnealagismological models play
an important role in understanding some essential featirég® universe such as the for-
mation of galaxies during the early stages of evolution adgss of homogenization. The
early attempts at the construction of such models have dpielman' and Bondt who
considered spherically symmetric models. Inhomogenelaumepsymmetric models were
considered by Tauband later by Tomimuré,Szekeres, Collins and Szafrofi, Szafron
and Collins” Recently, Senovilfiobtained a new class of exact solutions of Einstein’s
equation without big bang singularity, representing angdically symmetric, inhomoge-
neous cosmological model filled with perfect fluid which isoth and regular everywhere
satisfying energy and causality conditions. Later, Ruis &enovilld have separated out a
fairly large class of singularity free models through a coamgnsive study of general cylin-
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drically symmetric metric with separable functionradind: as metric coefficients. Dadhich

et all% have established a link between the FRW model and the sirityuie family by
deducing the latter through a natural and simple inhomagioin and anisotropization of
the former. Recently, Patel et Hl.presented a general class of inhomogeneous cosmo-
logical models filled with non-thermalized perfect fluid bgsaming that the background
spacetime admits two space-like commuting killing vectord has separable metric coeffi-
cients. Bali and Tyag? obtained a plane-symmetric inhomogeneous cosmologicdétao

of perfect fluid distribution with electromagnetic field. d&mtly, Pradhan and Yad&v
have investigated a plane-symmetric inhomogeneous \ssftoid cosmological models
with electromagnetic field.

Models with a relic cosmological constafithave received considerable attention re-
cently among researchers for various reasons (se€'Ref@ and references therein). Some
of the recent discussions on the cosmological constanbtene’ and on cosmology with
a time-varying cosmological constant by Ratra and PedBIBslgov?® 22 and Sahni and
Starobinsky® point out that in the absence of any interaction with mattenadiation, the
cosmological constant remains a “constant”, however, énpitesence of interactions with
matter or radiation, a solution of Einstein equations ardatsumed equation of covari-
ant conservation of stress-energy with a time-varyingan be found. For these solutions,
conservation of energy requires decrease in the energytylefishe vacuum component
to be compensated by a corresponding increase in the enemgitylof matter or radiation.
Earlier researchers on this topic, are contained in Zeldot4i Weinberd® and Carroll,
Press and Turnéf. Recent observations by Perlmutétial.2® and Riesst al. 27 strongly
favour a significant and positiv&é. Their finding arise from the study of more thaf
type la supernovae with redshifts in the rariggd < 2z < 0.83 and suggest Friedmann
models with negative pressure matter such as a cosmolagpostant, domain walls or
cosmic strings (Vilenkin2® Garnavichet al.2? Recently, Carmeli and Kuzmen&bhave
shown that the cosmological relativity theory (Behar andn@di®!) predicts the value
A =1.934 x 10~2%s~2 for the cosmological constant. This value/ofs in excellent agree-
ment with the measurements recently obtained by the Highg®Bova Team and Super-
nova Cosmological Project (Garnavich efalPerimutter et al? Riess et al%” Schmidt
et al32). The main conclusion of these works is that the expansitheofiniverse is accel-
erating.

Several an#gz have been proposed in which theterm decays with time (see Refs.
Gasperini334 Berman3® Freeseet al.,'® Ozer and Taha® Peebles and RatP4, Chen
and Hu3” Abdussattar and Viswakarni&,Gariel and Le Denmat] Pradharet al.*?). Of
the special interest is the ansatzoc S—2 (whereS is the scale factor of the Robertson-
Walker metric) by Chen and WAT, which has been considered/modified by several authors
( Abdel-Rahaman! Carvalhoet al.,'® Waga?? Silveira and Wagd? Vishwakarmatt)

In most treatments of cosmology, cosmic fluid is consideregexrfect fluid. How-
ever, bulk viscosity is expected to play an important roleetain stages of expanding
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universe*®—47 It has been shown that bulk viscosity leads to inflationekg Bolution?®
and acts like a negative energy field in an expanding univérgarthermore, There are
several processes which are expected to give rise to vissffersts. These are the de-
coupling of neutrinos during the radiation era and the dpting of radiation and matter
during the recombination era. Bulk viscosity is associatéti the GUT phase transition
and string creation. A number of authors have discussedaogigal solutions with bulk
viscosity in various context)—>3

Roy and Naraif* have obtained a plane-symmetric non-static cosmologioalets in
presence of a perfect fluid. In this paper, we will invesgaplane-symmetric inhomoge-
neous bulk viscous fluid cosmological models in the presemeevariable cosmological
constant varying with time. In our previous papewe have obtained a non-degenerate
Petrov type-Il solution. In the present paper we have ddriveosmological model, which
has in general, as Petrov type-| solution and as a sub casprésents a gravitationally
radiating Petrov type-Il solution. The physical and geatnétehaviour of the models will
be discussed.

2. The Metric and Field Equations

We take the plane-symmetric spacetime considered by RoNaralr?
ds® = dt* — dx® — B*dy* + C?dz?, (1)

where the metric potential® andC are functions ofr and¢. The energy momentum
tensor in the presence of bulk stress has the form

Ti; = (p+ D)viv; — Dgsj 2

and

p=p-&v 3)
Herep, p, p, and¢ are the energy density, isotropic pressure, effectivespres bulk vis-
cous coefficient respectively anglis the flow vector satisfying the relation

gviv; =1 (4)
The Einstein’s field equations are
1
Rij — §Rgij + Agij = —87TTZ'j (5)
whereA is the cosmological constant. Egs. (2) and (4) for the métjitead to
Vg = V3 = 0 (6)

From Eq. (4), we have
vi - v% =1 (7)
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The field Egs. (5) for the line element (1) lead to
B44 C44 Bl Cl - B4C4

—Srllo+p)i+P =5+ 55— (8)
—srp= Uy ©)

—87p = @ —A (10)

el -l = e P2 G e
—87[(p + P)v1v4] = B | G (12)

B C
The suffixesl and4 at the symbolsB andC denote partial differential with respect o
andt respectively.

3. Solutions of the Field Equations
From Egs. (9) and (10), we have

BUU _ Cuv
B C (13)
where . )
uzi(:v—i—t), vzi(x—t) (14)
From Egs. (8)-(13), we have
Buu + B’UU + Cuu + CU’U 2 _ BUO’U + B’UOU. 2
4B 4C 2BC
Buu - va Cuu B C’UU ?
N { 1B 4C } (15)
Let us assume
B = a(u).f(v) (16)
and
C = f(u)g(v) an
From Egs. (13), (16) and (17), we have
(au/@) _ (90/9)
= = k1, (18)
(Fu/) ~ (B.7B) —
wherek; is an arbitrary constant. Integrating Eq. (18), we get
a=Mfh (19)

g=Npgh (20)
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whereM andN are constants of integration. From Egs. (15), (16), (1) éhd (20), we
obtain

ky 4+ 1)282 4y (k2 — 1) 5
(ful ) (kn + 1) 25+ ke (K — 1) 55
T /f):_ 2 g 27,2 2 2 2152 = ke, (21)
( uw/ Ju kl(kl—l)%ﬁ‘{kl(kl_l) _(k1+1) }B_g
whereks is an arbitrary constant. Integrating Eq. (21), we get
f = (au+b)" (22)
and
B = (mv+n)’ (23)
wherea, b, m andn are arbitrary constants and
k2 kl + 1 k2
= = — 24
A S L R S (24)
By suitable transformation metric (1) reduces to the form
ds? = dT? — dX? — U?kny2vgy? — y2hy kv gz2 (25)
where ) )
U:§(X+T) and V:i(X—T) (26)
The effective pressure and the energy density for the m@&@lare given by
_ 4kq pv
8p = [(TQ — XQ)] +A (27)
4puv (ki + ki + 1)
= —A 28
smp = |2 28)

For the simplification of, we assume that the fluid obeys an equation of state of the form

P =P, (29)

wherey(0 <~ < 1) is a constant.
Thus, giver¢(t) we can solve the cosmological parameters. In most of thefigagions in-
volving bulk viscosity is assumed to be a simple power florctif the energy density—>7

&(t) = &op* (30)

where&, andk are constants. Ik = 1, Egq. (30) may correspond to a radiative fluid.
However, more realistic modéfsare based on lying in the regimed < n < %

3.1. Solutions for £ =&
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In this case we assunite= 0 in Eq. (30). Egs. (30) and (27) becoie- £, = constant

and n 2 N
8w 1+ D7 Ak
= (e [V )~ s A D
Using Eg. (29) and eliminating(t) from Egs. (28) and (31) we obtain
2uv(ky + 1)2 47y [ (k1 + 1)2}
A= - 1 32
T-x?) mox2i| @ 42

3.2. Solutions for £ = &yp
In this case we assunte= 1 in Eq. (30). Hence, Egs. (30) and (27) become

§="¢&op (33)
and ¢ (k1 +1)2 Ak
0p 1+ . 11UV
o [p_(TLX?)% (H (ki“+1))} __(TQ—X2)+A =

Using Eq. (29) and eliminating(¢) from Egs. (28) and (34) we obtain
2
[1+7— & (1+ (ki +1) )]A_

(T2 — X2)% (k% +1)
dpv § (k1 +1)
-3 [kl + (k7 + k1 +1) (v e _OXQ)% {1+ (I;% ) }H (35)

We have observed from Egs. (32) and (35) that the cosmologicetant is a decreasing
function of time and it approaches a small value as time gssgs (i.e., the present epoch).
Thus, with our approach, we obtain a physically relevanagidaw for the cosmological
constant unlike other investigators whewoc laws were used to arrive at a mathematical
expression for the decaying vacuum energy.

4. Some Physical and Geometrical Features of the Models

We shall now give the expressions for kinematical quastiied components of con-
formal curvature tensor. With regard to the kinematicalgnties of the velocity vectar;
in the metric (25), a straight forward calculation leadshe following expressions for the
expansiort and shear tenser;; of the fluid.

. 1 (kl + 1)2
b= (T2 — X2)% {H (kf+1)} (36)
2k, T2
MET(E) {(w - XQ)%} 37)
2k pu1/ 2 2 1.
0922 = (52 _“)‘(/2)% {221%%/2 1) ! - ,U(kl — 1)] (38)
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T S
ou =[50 [T o) @
7 B%ff_jf)} {(w i))(cz)} (0

where all other components, the rotational tensor and thela@tion vanish. Hence the
models are expanding, non-rotating, shearing and geodegeneral. The non-vanishing
components of the flow vector are

X
(T2 — X2)3

v = — (42)
T

@ —xat )

Vg4 =

It is observed that the region of the spacetime in which thigalid, isT? — X2 > 0. The
reality conditiong > 0 andp > 0 imply that

{E§%%J<A<[%%%§%q (44)

The non-vanishing components of the conformal curvatursdeare

oAl - Dt )~ 1) vl - Dk 1) 1)
(1212) — ] U2 V2
1 [pv(ky —1)2
‘ﬁ[—Tﬁ*—} (45)
c 1 [V(kl—l){’/(kl-f—l)—l} -~ M(kl—l){ﬂ(kl'f‘l)—l}}
(1313) — ] 12 U2
1 [pv(ky —1)2
‘ﬁ[—Tﬁ*—} (46)
Cl2323) = % [%‘;1)1 (47)
. _lV%rJNMh+U—H_V@r4NWh+U—H]
(2424) = ¢ U2 V2
1 [pv(ky —1)2
+EL_FV_J (48)

SRR CUEU IS L TRES URSIET
(3434) = ¢ V2 U2
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+%Fﬂ%#ﬂ (49)

Claag = —% [%&1)2] (50)

Cizny = _é {H(kl - 1){%(!;:1 +1) -1} vk - 1){u‘£l;:1 —1) - 1}} -
Crusany = é [M(kl - 1){;;](151 +1)—1} N viky — 1){,/‘9;1 +1) - 1}} )

From Egs. (45) - (52) itis observed thatif = 1 the spacetime is conformally flat. The

spacetime is, in general, of Petrov-type |. Howevek4if £ 1 and eithery = ﬁ or
v= % then the spacetime will be of Petrov-type Il. For this cagertrality conditions
1+1
p > 0 andp > 0imply that
8k? 4k
A 53

ErrETE—T] <A< [ menr ©3
Forp = ﬁ we haver = Wk(lk%ﬂ) and in this case the geometry of the spacetime
(25) takes the form

2k 4k

ds® = dT? — dX? — UTasn V0 gy? _ oy e 472 (54)

The physical components,;;;, take the form

—26 0 0 0 0 0
0 ¢&—n 0 0 0 0
B 0 0 &4+n 0 n 0
Cas = 0 0 0 2 0 0 (55)
0 0 n 0 —f+n 0
0 n 0 0 0 —&—n
where n 2
1 =1 1
_ 1 - 56
¢ 3 [(k1+1)2(k%+1)] uv (56)
and 3 )
1 k3 (ky — 1 1
_1 — 57
=7 [(kl +1)(k;2+1)2] V2 ®7)

From Eq. (55) we conclude that the model exhibits gravitetioadiation. For large value
of X it gives a type-two null spacetime representing an outgradgation field, although it

will not satisfy the reality conditions &t = co. The radiative term i 4 5 is the quantity
_1 kS (k1—1) 1
n=1z (klh)(lkfﬂ)z Ve

5. Discussion and Concluding Remarks
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We have obtained a new class of inhomogeneous plane-syrroesmological models
with a bulk viscous fluid as the source of matter. Generdlig, models are expanding,
shearing, non-rotating and Petrov-type | non-degenematdich the flow vector is geode-
tic. Under certain conditions the models will be of Petrgpé Il. It is well known fact
that the free gravitational field affects the flow of the fluidibducing the shear in the flow
line.%3 It is therefore interesting to study the cosmological medaéth given Petrov-types.
The cosmological constant in all models given in Sec. 3.138dre decreasing function
of time. The cosmological consequences of a decaying cagjiwall term has been dis-
cussed lucidly?,59—62 with anadhoc assumption of a decay law. However, in our models,
we recover such a law without assuming ayriori law for A. Thus our models are more
general than those studied earlier.
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