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ABSTRACT

Anisotropic Bianchi type —I cosmological modeltisdsed in General Theory of relativity with the nesitwet dark
3 a, . C

A B a
energy. To determine the model, we assume—'t&hat— :F and E =—nzwherea'l, a, are constant. Further
various solutions are obtained and some physicdlkinematical properties of the model have alsmlmiscussed.
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INTRODUCTION

Space-times admitting a three parameter group tfnaarphisms are important in discussing the cosgiotd
models. The case where the group is simply tramsibver the 3-dimensional, constant- time subspace
particularly useful for two reasons. First, Biandtas shown that there are only nine distinct sétstrmcture
constants for groups of this type. Therefore, we gse algebra to classify the homogeneous SpavestiThe
second reason for the importance of Bianchi typgc8ptimes is the simplicity of the field equations

When we study the Bianchi type models, we obsdraethe models contain isotropic special casestadpermit
arbitrarily small anisotropic levels at some instaihcosmic times.

Bianchi type cosmological models are importanthia sense that these models are homogeneous antt@pits
from which the process of isotropization of thewamnse is studied through the passage of time. Meredrom the
theoretical point of view, anisotropic universe laagreater generality than isotropic models. Thephcity of the
field equations made Bianchi space time usefulanstructing models of spatially homogeneous andaampic
cosmologies.

Hence, these models are to be known as very mutdbkumodels of our universe. Therefore, studythase
models create much more interest.

The cosmological constarft]) was introduced by Einstein in 1917 as the univergaulsion to make the universe
static in accordance with generally accepted pictirthe time. In absence of matter described bystress energy

tensor'l'ij , (0J) must be constant, Since the Bianchi identities siiing covariant divergence of the Einstein tensor

Gij;j =0, while g”;j =0 by definition. If Hubble parameter and age of timverse as measured from high red
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shift would be found to satisfy the bouridot0 >1(index zero labels today’s value), it would requaréerm in the
expansion rate equation that acts as a cosmolagpcatant.

Observational data like la supernovae suggestthigatiniverse is dominated by two dark componenigaioing
dark energy and dark matter. Dark energy with riegatressure is used to explain the present coangelerating
expansion while dark matter is used to explain@alaurves and large scale structure formation.

Origin of the dark energy and dark matter and tmaitures remains unknown and we hope that largeddad
Collider can gives us these hints.

The equation of state for wet Dark fluid Bype = V(Ouor — P
Where, the parametgr and P taken to be positive restrict ourselve®ts y < 1.

And we have energy conservation equatio®as: +3H (Pyor + Puwoe) = 0.

. : Vo .
Using equation of state ardH = V in the above equation, we get

_ v c
= o+
1+y V(@+y)

Pwor

Where, c is constant of integration and V is volusrpansion.

Wet dark fluid (WDF) has two components: - one heds as cosmological constant and other as stafidaravith
equation of stat¢ = )0 .

If we take ¢>0 then this fluid will not violet tretrong energy conditiop+ 0= 0;
( Pwor + IOWDF) =1+ y)IOWDF /L

(RNDF +pWDF) = (1+ y)ﬁ

The wet dark fluid has been used as dark enerdgyimogenous isotropic FRW model by Holman and N§&du
The Bianchi type —I universe with dark fluid hasbestudied by Singh and Chaubey [10]. And also BeD. [12]
studied Bianchi type —I universe with wet dark gyein Bimetric relativity. Deo and Singh [13] stad Bianchi
type — | Wet dark universe in Bimetric relativity.

In this paper, we have studied Bianchi type — Innol®gical models with Wet dark energy in generalotty of
relativity. Some physical and kinematical propexriid the model are also discussed.

1. THE METRIC AND FIELD EQUATION
We consider the spatially homogenous and anisam®jainchi type —I metric in the form
ds = df - KdX- B dy- C d (2.1)

Where A, B, and C are functions of t alone.

Tij is the energy momentum tensor of the source wételzrgy is denoted by

Tij = (Rwor * Puwor) uiuj - pNDFo_ij (2.2)

Where, B,peis the isotopic pressure and, o is the matter density and is the flow vector of the fluid. The flow
of the matter is taken orthogonal to the hyperaagfof the homogeneity, so that
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gyu =1
(2.3)

In a comoving system of coordinates, from (2.2)fivd
T =T =T = Ry Ad T, = Bor (2.4)

The Einstein field equation with time dependentr@ &l are

R’ —% Rg =-87GT +0 ¢ (2.5)

For the line element (2.1) and energy momentumote(&2) in comoving coordinate system, the fietphation
(2.5) proceeds a set of four independent equations

B C, BC
—+—=+—=871Gp,p + U 2.6
B ¢ BC Rwor (2.6)

A C AC
—+—+—=871Gp, + 2.7
A e A Puor 2.7)

A B AB

—+—+—=871Gp,r + U 2.8
A B AB Buor (2.8)
AB BC AC

—+—+—=-871G +0 2.9
AB BC AC Pwor (29)

An additional equation for time dependent of G ddds obtained by the divergence of Einstein tensor
. A B C : _

8776 RNDF + (IOWDF + pWDF)(Z +E +E) + 87T(3pWDF-|- D - O

(2.10)

The usual energy conservation equat'iﬁ);ﬁm =Ogives

, A B C
|:ANDF + (IOWDF + pWDF)(Z"'E +E)} =0 (2.12)

The expression for scalar expansi@nand shear scalay are

f=—+—+— (2.12)

A B C

, 1A B* C*| 1,

== —+—=|—=6 2.13
Z{AZ B> C*| 6 @19

And Hubble parameter H and volume expansion V afmed as

H=92-V (2.14)
3V
1
V = (ABC)E (2.15)
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2. SOLUTION OF FIELD EQUATIONS
We assume the solution of the system of the equatithe form

A _B_a C_a,

A B t'C
WhereQ, , &', are constant.

Integrating equation (3.1), we get

-n+1

at—ﬂ+l
C=aq,exp —2
: p{_m}

-n+l
A= B:chexp{a'l }

WhereQ',, 4, are constant of integration.

Thus the metric (2.1) reduces to

2at™™ 2.t | .
ds? = df —alexp| —2— |[ d¥+ dyf)-a/2ex 2 dz
; p{ —n+1}( y)-a, F{ _n+1}
(3.4)
Wheren#1

i. SPECIAL CASE: for NZ1
The Standard fluid with equation of state is expeesas

FLVDF ::yﬂkNDF
(3.5)

Using eq. (3.1), (3.5) in eq. (2.11), we get
Bwor :_(1"‘}/)[201 +0'2:|
Pwor t"

Integrating, we get

-n+l
Bwpr = s exp{_(l"' V)( 271"‘”2)%}

Differentiating eq. (3.7), we get

(1+9) (e + )| [ ~(2+p) (2, +a )t
e, |

-n+1

Puor = ~0s

Using eq. (3.7) in eq. (3.5), we get

t—n+l
RBuor = W exp{—(1+ y) (2 +a,) —n+1}

(3.1)

(3.2)

(3.3)

(3.6)

(3.7)

(3.8)

(3.9)

Hubble constant Hthe expansion scal&, shear scalao volume expansion V for the model (3.4) are given by
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e[zat_a} 310
We haveH, = H2=%, 3=% (3.11)
JZL[Z%:%} (3.12)
3Lt

V ( m ) t—n+l 3

=|1aa,ex +a,)—— 3.13

Aexp( 1+ a,) (3.13)

Using eq. (3.10) and (3.12) we get
o_1
— = —= =Constant 13)
6 3

The model (3.4) starts with a big-bang at t=0 whefl and the expansion scalé decreases at time t increases.
However, when n<0, the expansion in the model amee as the time increases.

As the time t increase, the special volume V desgea

ii. SPECIAL CASE: for n=1
For n=1, eq. (3.1) becomes,

A_B_a C_gq,

AB t'C t (319
Integrating, we get

A=B=ag,t", C=a,t" (3.16)
Therefore, the metric eq. (2.1) reduces to

ds’ = df a2t ( dé+ dy)-a/ 1" d? (3.17)
Using eq. (3.15), (3.5) in eq. (2.11), we get

M:—(u y)[—zaﬁaz} (3.18)
Buoe t

Integrating eq. (3.18) we get

Buoe = Qg EEmra) (3.19)
Using eq. (3.19) in eq. (3.5), we get

Por = gt Vearez) (3.20)

Hubble constant Hthe expansion scal&, shear scalao volume expansion V for the model (3.17) are givgn b
2a,+a
= — -2 (3.21)
t
a a,

We haveH, = H2=T1, HSzT
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J:i[Zaﬁaz} (3.22)
J3 t

1
V= (a4a5t2"1*"2 )3 (3.23)
Using eq. (3.22) and (3.21), we get
g = i = constant (3.24)
6 3 '

As shear scalar , expansion scald?, Hubble parameter H are inversely proportiondirte. Therefore as the time

t increases, shear scatar, expansion scal#, Hubble parameter H decreases. Volume of the S8V increases
as the time t increases.

g
Sinceg = constant therefore model not approach isotropyaige value of time t.

CONCLUSION

In this paper, Anisotropic Bianchi type —I cosmatag model is studied in General Theory of reldgiwivith the
matter wet dark energy. Here it is observed thamtimet — O, the special volum¥ — ©0. Also shear scalar
, expansion scald?, Hubble parameter H are inversely proportiondlrtee. Therefore as the time t increases, shear

g
scalatg , expansion scal#!, Hubble parameter H decreases. Siﬁ§e= constant therefore model not approach

isotropy for large value of time t. Finally the stibn presented in the paper are useful for bettelerstanding of
the evolution of the universe in bianchi type | modogical model with G andl.
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