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Abstract
In this paper, we have investigated cylindricajynsnetric Einstein-Rosen cosmological model
with bulk viscosity and zero-mass scalar field yrd geometry .The cosmological models are
obtained with the help of the special law of vaoatfor Hubble’'s parameter proposed by
Bermann [1] Some physical properties of the modedsdiscussed.
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1. Introduction

Based on the cosmological principle, Einstein idtreed the cosmological constant into his field
equations in order to obtain a static model of mhedel of the Universe since without the
cosmological term his field equations admit onlynsiatic cosmological models for nonzero
energy density. A year after that, Weyl [2] made af the best attempts in this direction. He
proposed a more general theory in which electgoraism is also described geometrically.

However this theory, based on non-integrabilitylefigth transfer, had some unsatisfactory
features and did not gain general acceptance. hatéer modification of Riemannian geometry
proposed by Lyra [3] bears close resemblance toy¥Weeometry , by introducing a gauge
function into the structure fewer manifolds whigmroves the non-integrability condition of the
length of a vector under parallel transport andsnwlogical constant is naturally introduced
from the geometry. In subsequent investigations [@g&nSen and Dunn [5] introduced a new
scalar-tensor theory of gravitation and obtainezl ftald equations analogous to the Einstein’s
field equations based on Lyra’s geometry whichammal gauge can be written in the form

1 3 3
R, _ERgij-I_Ewiqoj _Zgij @¢ = _87TGTij ' 1)
where ¢; is the displacement field and other symbols hhe& uisual meaning as in Riemannian
geometry. The displacement fiedg can be written as
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@ = 0,00 8), )
where f§ is a constant ( we use the gravitational uBit$G =c=1).

Halford [31] developed a cosmological theory wittive framework of Lyra’s geometry which

gives rise to nonstatic perfect fluid models. Thergy momentum tensofl ’ is not conserved

in Lyra’s geometry. Further, it was shown by Hadf¢80] that the scalar-tensor treatment based
on Lyra’s geometry predicts some effects, withia tbservational limit, as in Einstein theory.
Soleng [11] has investigated that constant gaugetitan ¢ in Lyra’s geometry either included a

creation field and is equal to Hoyle creation fie@ldsmology [32,33] or contain a special

vacuum field which together with the gauge vecant may be considered as a cosmological
term. In the latter case the solutions are equah&general relativistic cosmologies with a

cosmological term.. Beesham [34] constructed faoredsional FRW cosmological models in

Lyra manifold. Assuming the energy density of tmévarse equal to its critical value he showed
that the models havie = -1 geometry.

Eminent researchers viz. Bhamra [6], Karade andkBof7], Kalyanshetti and Waghmode [8],
Reddy and Innaiah[9], Reddy and Venkateswarlu [HDJd soleng [11] have studied
cosmological models based on Lyra’s geometry witlorestant displacement field vector. Singh
and Singh [12,13] and Singh and Desikan [14] hawdied Bianchi type-lI, Ill, Kantowski-Sachs
and a new class of models with a time dependemntlatiesment field and have made a
comparative study of Robertson-Walker models inst&&im’s theory with a cosmological term
and in the cosmological theory based on Lyra's gaoynby using a constant deceleration
parameter. Pradhan and Pandey [15] have discusskedibcous cosmological models in Lyra
geometry. Interacting scalar fields in Lyra geomelave been studied by Pradhan and
Vishwarkarma [16], Mohantgt al [17], Casanat al [18,19], Bali and Chandnani [20], Kumar
and Singh [21], Raet al [22] in various context. Recently Ibotombi Singhal [23] discussed
bulk viscous cosmological models with variable dexion parameter in Lyra’s geometry.
Ram, Zeyauddin and Singh [28], Singh [29] and Réoutha and Santhi [27] have studied
cosmological models based on Lyra’s geometry imousrcontexts.

In this paper, we have investigated cylindricaljynsnetric Einstein-Rosen cosmological models
corresponding to bulk-viscous fluid and zero-masasas fields in Lyra geometry with the help
of Hubble’'s Law. We have discussed the physical etodorresponding to Zel'dovich fluid,
false vacuum and radiation respectively. This paparganized as follows: Section [2] deals
with the metric and field equations in Lyra’s gedryie In section [3], we have obtained the
solution of the field equations by using the splet@sv of variation for Hubble’s parameter,
proposed by Bermann [1]. In section [4], the phgkijoarameters are also discussed. The last
section contains some concluding remarks.

2. The metric and field equations

We consider the cylindrically symmetric Einsteind@a metric in the form
ds? = e 28 (gt — dr2) - r2e??d¢? - e dz?, (3)
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where @ and £ are functions of t only .we denote the coordinates,¢,zt as
x', x?,x%, x*respectively.

The energy-momentum tensor due to the bulk-visdoig and zero-mass scalar field is written
in the form

T, =(p+pP)uu, -pg; +(¥, l//,j-%gi,-lﬂ,ml//’m). (4)
together with
u'u =1, (5)
and P = p-nul, (6)
whereu'is the four velocity vector of the distributiom, is the isotropic pressure, p is the

effective pressure, is the coefficient of bulk-viscosity ang/ is the zero-mass scalar field.
Hereafter, the semi-colon (;) denotes covariarietehtiation.

The scalar fieldy satisfies the equation

g =0. (7)
Using co-moving co-ordinates, the field equatiohswith the help of (3) and (.4) can be written
as

ﬂ42 +§ﬁ2Je—(2a—2ﬂ) = _[_p +%w§e—(2a—2ﬂ)] , (8)
2 3 2 |4o-a-28) — [ 1 2 —(2a-2p)
Ay + B +Zﬁ e ——[p+§l//4e 1, )
3 . o — 1 o
Ay + Bi = 2P, +Zﬂ2je Ga2h) = —[p+§¢/fe G2, (10)
2 3 2 -(2a-2 l 2 o~ (2a-2

-Bi- B je e = [p+yre ), )
ﬂ = O, (12)

r
W& =0, (13)
P = p-37H, (14)
where H = % (15)

is the Hubble’s parameter and the subscript ‘ferafariables denotes ordinary differentiation
with respect td .

3. Solution of the field equations

Using equation (12), we have
a=a, (16)
wherea is constant of integration.
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From equations (9) and (10), we get
L=bt+c, (17)
whereb andc are constant of integrations.

From equations (13), we have
Y =dt+e, (18)
where d ande are constant of integrations.
Using equations (16),(17) and (18) in equation, (8§ obtain
o 2
p: _{bZ +d7+ ,B } —2(mt+n) (19)
wherem=-b andn=a-c.
Using equations (17),(18) in equation (11) , weehav
2
o= —{bz d” Bﬂ } g 2men (20)

Wherem:—b andn=a-c.

Now using the barotropic equation of state
p=(y-1)p,wherey (0<y<2) isaconstant. (21)

Using equations (20) and (21) , we obtain the ptaysjuantitiesp and 7 as

o= —(y—l){bz a,3 25 } g2 (22)
and
n= %{(2— yb? + (2~ y)d—; +(2- y)%ﬂz}e‘z(”“”)- (23)

Thus cylindrically symmetric Einstein-Rosen cosngodal model with the help of equations
(16) and (17) in Lyra Manifold can be written (aftaitable choice of coordinates and constants
of integration) as

ds® =e™? (dt* —dr? - r2d¢?) - e”" dz°. (24)
Physical Models

Here we discuss three physical models corresponing= 0, Z,g of the equation of state

given by (24).
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Case (I) False vacuum model:

Fory = 0, the distribution reduces to a special case wiglhadon of stateo+ p=Owhich is
referred to in the literature as ‘false vacuum’ ‘qp vacuum’ (Cho, [24]). The physical

significance of this fluid in general relativity mon-viscous case has been studied by Mohanty
and Pattanaik[25], while Mohanty and Pradhan [28]ehinvestigated the viscous isotropic case.

In this case the physical quantities take the eighrm:
d*> 3 _
— = b2+—+— 2 e2(mt+n), o5
pP=-p { 5 4ﬂ } (25)
and

= LH{Zb2 +d%+ gﬂz}e’z‘"‘“”) : (26)

Case (IlI) Zel'dovich fluid model :

Fory = 2, we havep = p which represents Zel'dovich fluid or ‘Stiff fluiddistribution and we
get

2 d? 3 2 | 4-2(mt+n)
o=p=—b +7+Z'B e , 27)
and

Case (lll) Radiating model:
For y=g , the distribution reduces to the special casé& wduation of statepo =3p, which

represents disordered radiation and the physicaitifies in this case take the form:

0= _{bz d ,B } —2(mt+n) (29)
2
p - _%{bZ d ,B } —2(mt+n) (30)
and
1|2 d*> 1 -

= —JTb?+—+ = % e 31

773 {3 3" 2” } 1)
Prespacetime Journal www.prespacetime.com

Published by QuantumDream, Inc.



Prespacetime Journal| January 2012 | Vol. 3 | Issue 1 | pp. 83-89 88
Katore, S. D., Shaikh,A. Y., Sancheti, M. M. & Pawade J. L., Einstein Rosen Bulk Viscous Cosmological Solutions with Zero Mass
Scalar Field in Lyra Geometry

4. Some physical properties

The physical quantities that are important in cdsay are spatial volumé&, the expansion

scala®, shear scalaw®which have the following expressions for the mo(®4) as given
below:

Spatial volume=re™", : (32)

Scalar expansiof =U |,
= e_T . (33)

1 .
Shear scalav’® = EJ” gy,

o® = %e‘” : (34)

The model (24) has no finite singularity. The splatolume tends to zero 8 — «.The scalar

of expansion is always negative. Thus the space-{id4) gives a contracting model of the
2

. o o :
universe .Her{?jdoes not tend to zero for large valuesTafthich implies that the model is

anisotropic and does not approach isotropy.

5. Conclusion

Interacting bulk-viscous fluid and zero-mass scékdds play a vital role in understanding the
early stages of evolution of the universe. In thespnt work, we have investigated cylindrically
symmetric Einstein-Rosen cosmological models witlkdviscosity and zero-mass scalar field in
a scalar tensor theory of gravitation proposed &y @] based on Lyra geometry. While solving
the field equations in Lyra geometry, we have uspdcial law of variation for Hubble’'s
parameter proposed by Bermann [1]. We have disduee physical models corresponding to
Zel'dovich fluid, false vacuum model and radiatimgpdel. It is observed that the investigated
models are free from singularities and are expandiiere seems a good possibility of Lyra’s
manifold to provide a theoretical foundation forlatevistic gravitation, astrophysics and
cosmology. However, the importance of Lyra’s malifior astrophysical bodies is still an open
guestion. In fact, it needs a fair trial for expeent.
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