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Abstract
Anisotropic, homogeneous two-fluid cosmological misdusing Bianchi type-V space-time have

been presented. In the two-fluid models, one fl@presents the matter content of the universe
and another fluid is chosen to model the CMB raaitThe radiation and matter content of the
universe are in interactive phase. The behaviodluaf parameters and kinematical parameters
are also discussed.
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1. Introduction

The study of higher dimensional cosmological modelsiotivated mainly by the possibility of
geometrically unifying the fundamental interactiarighe universe. There has been considerable
interest in solutions of Einstein’s equation inheg dimensions in the context of physics of the
early universe both for cosmologists and practipalysicists. Indeed the present four-
dimensional stage of the universe could have beeneped by a higher-dimensional stage,
which at later times becomes effectively four-disienal in the sense that extra dimensions
became unobservable small due to dynamical cordracklso, the higher dimensional theory is
important at the early stages of the evolutionhef iniverse.Chodos A and Detweller S (1980),
Ibancz J and Verdaguer E (1986), Khadekar G.S aa#wad M (2001), Adhav K.&t al
(2008) have studied the multidimensional cosmolalgimodels in Einstein’s general relativity
theory.

The isotropic and homogeneous space-times due Yé &f® simple models of the present stage
of expanding universe. The discovery of 2.73 K rigoic cosmic microwave background
radiation (CMBR) motivated many authors to investtg FRW model with a two-fluid source
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[Coley A.A and Tupper B.O.J. (1986), Davidson W&28 Mcintosh C.B.G (1968)]. One fluid
represents the matter content of the universe aother fluid is chosen to model the CMB
radiation in the two-fluid model. The observed atrigpic of CMB at various angular scales
make a point of fresh look in the investigation oivo-fluid models, especially those which
exhibit anisotropy.

The conformation of the universe is expanding vatlpositive acceleration, that means the
existence of the total negative pressure for theeuse which is the observation of high red shift
type-la supernova and supernova cosmology profgatfavich P.Met al (1998), Perlumutter
S.etal (1997, 1998, 1999), Riess A.@.al (1998), Schmidt B.Fet al (1998)].As compared to
the homogeneous and isotropic FRW models, Biangbacestimes provide spatially
homogeneous and isotropic models of the univerke. Hianchi type cosmological models for
perfect fluid are studied by Beesham A. (1994), Kehdlaorty S. and Roy A. (1997). The
solutions of Einstein’s field equations with vanyie and/\ are obtained by Kalligas [t al
(1995), Arbab A.l. (2003), Beesham At al (2000) and Kilinc C.B. (2004). Vishwakarma
(2000) was investigated, Bianchi type-lI model wigtnying G andA.

The two-fluid source of Bianchi type-Vio model hbasen investigated by Coley and Dunn
(1990). Bianchi type-IlI space-time with a two-fluudsmological model has been examined by
Pant D.N. and Oli S. (2002).

In the presence and absence of vari&ébknd/\, two-fluid Bianchi type-I models are studied by
Oli S. (2008). Here we have investigated two-flambdels in Bianchi type-V space time in
higher dimensions. Motivating with this work, weveainvestigated two-fluid cosmological
model in higher dimensions. This work is the exiem®f Adhav K. Set al (2011).
2. Field Equations
Bianchi type — V space-time is given by

ds? = dt? - A2dx’ — e 2™(Bdy? + C2dZ? + Ddu?), 1)
whereA,B,C andD are functions of only anda is a constant.

Here the extra coordinate is taken to be space-like
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The Einstein’s field equations for a two fluid soerin natural unit (gravitational units) are
written as
1 o_
Rj _E 9; R= _8nTij (2)

The energy momentum tensor for a two fluid sousagiven by
T; :Tij(m) +Tij(r) (3)

where T\™ is the energy momentum tensor for matter field &fid is the energy momentum

tensor for radiation field [5] which are given by

Tij(m) = (pm + lom)uim u;n ~ PnG; (4)
r — 4 r r 1
Tij( : _Elorui u; _gprgij (5)
with
g'u"u’=1,  g'u u =1 (6)

the off diagonal equations of (2) together with rggeconditions imply that the matter and
radiation are both co-moving, we get,

u™ = (00007,  u” = (0000 )

Using (1), (3), (4), (5) and (6) the field equasd®) reduces to :

2
E+E+E BC BD CD 3a2 __8n(_pm_&) ®)
B C D BC BD CD A 3
. .. .. 2
A+C 2+AC+AD+CD_302:_8]{_pm_&j ©)
A C D AC AD CD A 3
. .. .. 2
A B, D, AB+AD+BD_302:_BH(_pm_&j (10)
A B D AB AD BD A 3
A B,C,AB AC BC 302——80(—p _&) (11)
A B C AB AC BC A "3
AB AC AD BC BD CD 60’
777777 12
AB AC AD BC BD CD A2 ﬂ(pm+p,) (12)
2888
Prespacetime Journal www.prespacetime.com

Published by QuantumDream, Inc.



Prespacetime Journal| February 2012 | Vol. 3 | Issue 2 | pp. 170-177
Mete, V. G., Umarkar, V. M. & Pund, A. M., Two-Fluid Cosmological Models in Bianchi Type-V

On integrating (13), we get
A’ =BCD

= (BCD)§

Using (14), the field equation (8) to (12) reduce t

4+ 4+ —_+
B C D BC BD CD

B,C,D,BC BD CD__3da° __Sﬂ(
=
E

(BCD
A C D AC AD CD__ 30 __SH(
A D AC AD CD 2"
C c’ap’c (BcD)*
A B, D ,AB AD BD_ _3a° __SH(
A B D A8 AD BD 2"
(BCD)?®
A B C AB AC BC 30° _
A B'c A Ac B 2 =787 -
(BCD):

AB AC AD BC BD CD 6a?
AB AC AD BC BD CD

(BCD)g

By comparing (15), (16), (17) and (18), we get

Solving (20), we get
A=B=C=D=at+k,

wherea is arbitrary constant aridis constant of integration.

Using above, the space-time (1) can be written as

oo|Z° oo|20 oo|10

oo|10

(14)
j (15)
j (16)
j (17)
j (18)

=-8rlp, +p,) (19)

(20)

(21)

ds? = dt® - (at +k)2dx® — ™ |(at + k) dy? + (at + k)?dz? + (at + k) du? .

With suitable choice of coordinatest +k =T and constant, the above metric become

dS? = dT2 -T?dX? +€2*(dY? +dz? +dU?) .
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3. Some Physical and Kinematical Properties

We assume the relation between pressure and emdngsity of matter fluid through the
“gamma-law” equation of state which is given by

Po=(-1p, 1lsys2
We get energy density of matter, energy densityadiation and total energy density as

_ 15‘0'2 -a’ } (22)

Pm = a=3))T?
~ (9—18y)(cr2 —a2)
" (43T &)
P=pu+D,
_ _(2a-18y) (0? - a?)
S T R &4

The generalized mean Hubble parameter H is given by

H =2 (H, +H, +H, +H,)

AL A
where ,Hi1 =7 Hz =Hs =H, =—

are the directional Hubble Parameter in the dioectifx, y, zandu-axes respectively.

Case |l : Dust model In order to investigate the physical behaviouthe fluid parameters we
consider the particular case of dust i.e. wiperl.

The scalar of expansion, shear scalar and dedelefzdrameter are given by

2
o = 32a (25)

The density parameters for matter and radiatiopa@s/ely are given by
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m 4a?
o = 9(a® - a?)
' 4a?
o 3la? -a?
° 2a’ '

where Q_ is the total density parameter.

Case Il : Radiation universe (when yng On substitutingy:%, we get, the scalar of

expansion, shear scalar and deceleration paraaeeter

2 _ 32a’ 26
7 ot (26)

q=0

and the density parameters using 4/3 in (22) and (23) are given by

0 =
0 =
Case Il : Hard universe (ym(%'zj Let y:gJ the scalar of expansion, shear scalar and

deceleration parameter in Hard universe are

g=an =22
T
, _ 32a?
9T 2
q=0

For y=§, (22) and (23) imply density parameters as
3

o = ~15(a? - a?)
" 4a®
Qrzéﬁggéﬂ (27)
a
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o = 3(0'2 —az) '
° 2a’

Here p,, is negative and total densigy whereasp, is positive.

Case IV: Zeldovich Universe (y=2). In this case, we get, the scalar of expansioearshcalar
and declaration parameter as

o = 32a’®
gT?
q=0

(28)

We get, the energy density of matter, energy dgnsitadiation and total energy density as

_ 2 _ .2
o = 15(;2 a?)
Qr:27!a822—a2!
a
a :3(a2—a2)
° 2a’

Here p,, is negative,p, and total density all are positive.

4. Conclusion

The sign of deceleration parametgndicates whether the model accelerates or nad.pdsitive
sign of q (> 1) corresponds to decelerating model wder¢he negative sign (-I 0)
indicates acceleration argl= 0 corresponds to expansion with constant vejotiere, in all
cases, we gef] = 0. This implies that these two fluid models @aeanding with constant

velocity. In all cases, we get, the rfttojz - 2, - Therefore, these models do not approach
6 9

isotropy for large value of. These models come out to be rotating as wellkparaling ones,
the rate of expansion decrease with time, whichbeathought of as realistic models.
In absence of fifth dimension our results resemtdablat of AdhavK. Set al (2011).
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