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Abstract

In this paper, we have investigated tilted LRS Bianchi Type Il cosmological
model for stiff fluid distribution with heat conduction in General Relativity.
To get the deterministic solution in terms of cosmic time t, we have also
assume a supplementary conditions R = S" metric potential R and S, n being a
constant. The physical and geometrical aspects of the model are also
discussed.
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Introduction
Spatially homogeneous and anisotropic cosmological models in which the fluid flow
is not normal to the hyper-space of homogeneity create a more interest in the study.
These models are called Tilted models. King and Ellis [1], Ellis and King [2] have
studied the general dynamics of tilted universe. Bradley and Sviestine [3] have shown
that heat flow is expected for tilted cosmological models with heat flux have been
investigated by number of authors like Roy and Banerjee [4], Banerjee and Santos [5],
Coley andTupper [6], Bali and Sharma [7], Bali and Meena [8]. Recently Bali and
Banerjee [9] have investigated spatially homogeneous and LRS (Locally Rotationally
Symmetric) Bianchi Type Il space-time for perfect fluid distribution in General
Relativity.

To get the deterministic solution in terms of cosmic time t, we have also assumed
a condition o o 6 where o is the shear and 6 the expansion in the model.

We consider the Bianchi Type Il metric in the form

ds? = —dt? + R2dx? + S?(dy — x dz)? + R ?dz? ..(1)
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where R and S are functions of t alone.
The energy momentum tensor for perfect fluid distribution with heat conduction is
taken into the form given by Ellis [10] as

T) =(e+p)v.v +pg! +g.v! +v.q’ ..(2)
together with

g; vivi=-1 ...(3)

q,9'>0 ..(5)
where p is the isotropic pressure, € density and g; the heat conduction vector
orthogonal to V' (smhx ,0,0,coshkj .

Einstein’s field equations
ri-1R g} =—8n T
I 2 I I
For the metric (1) leads to
R S R S S2
44 4 4444 =—87[(e +p)sinh?L + p + 2Rg*sinhA ..(6
e RS T [(e+p) p-+2Rq'sinhi] (6)

2
2R44+R4_352

__g (7
R Tnt Rt np (7
2RS R? g2
474 4 = —8n[—(e +p)cosh®A + p — 2Rq'sinhi ..(8
RS TR? Rt (€ +p) p—2Rq ] (8)

1 Cosh2A 0

cosh
where the suffix ‘4’ after R and S denotes differentiation with respect to ‘t’.
Equation (6) — (9) are four equations in six unknowns R, S, €, p, gand A.
For the complete determination of these quantities, we assume two extra
conditions. We assume the model is filled with stiff fluid which leads to
e=p ...(10)
and
Equations (6) and (8) lead to
2
R +844 +3R484 + R, =—8n(p-€) ...(12)
R S RS R?
for stiff fluid € = p

(e +p)R sinhA coshi +R %q ..(9)
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44

2
R S 3RS, R4_0

444 4+ 4_ ...(13
R S RS R? (13)
(11) and (13) lead to
g2
24 on—24=0 ...(14)
S S?
which leads to
ff1+2§nf2=0 ...(15)
where
s,=f,  fl=dffds
(15) leads to
1
S=(at+h)2+ ...(16)
From (11) and (16)
n
R =(at + b)2n+1 ..(17)
where
1
a=
2n+1
Hence metric (1) reduces to the form

2n 2 2n
ds? =—/(2n+1)dT +T2+1dX? + T2+ (dY?2 - XdZ)? + T2n1dZ®  ...(18)
where { is the constant of integration.

Some Physical and Geometrical Features
From equations (7), (16), (17), we have
4

4ne? 43T 204

167p = ...(19)
2T?
4
2 2n+1
et +3T2 ..(20)
32nT
1 __2psinhi cosh®A
R cosh?\
and
cosh2i= _ 16mp 2 ..(21)
R 484 R 4 R 44 S44 S

+ —_— —_— —_—
RS R2 R S 2r*
where
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4
) 4
RS, +R4 _R44 _844 _ s :4nfz(n+2)—T2n+1
RS R* R S 2R* 2T?
Equations (20) and (22) lead to
4

..(22)

4n¢? 437 20+

cosh2\ = Z ...(23)

4an(n +2)¢% T2
4
2n(n+3)¢? + T2+

cosh?r= ) ..(24)
4an(n+2)¢? —T 2+
4
sinhzkz_zn(nﬂ)g2 +2Tjn+1 ...(25)
4n0?(n+2) -T2
2 i 2 i
2n+1 2n+1
q, = {2n(n+ 3)€3n:r2T 2n(n+1)/° + 2'I'4 .(26)
167 T 2+ 4n(n +2)0? -T2+
4
. 1n —2n(n +1)¢? +2Tj”+1 e
T2 | 4n(n+2)r2 -T2
4
J4_ |2n(n +3)€2+T22+1 (28)
4n(n +2)0? — T2
4 4
:—2n(n+1)€2+2Tm 2n(n +3)¢% + T2 29)
4 167 T? i
4n(n +2)0? -T2+

We know

qVv +q,v* =0
Using (26), (27), (28) and (29), we have
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4 4
2n(n+3)¢2 + T2+ | |—2n(n+1)¢% + 2T 20+
3n+2 4
16m T 204 4n(n +2)¢? —T2n+
4 4
o1 |=2n(n +1)0% 42T L ]=2n(n +1)0% + 2T 2041
o ) 4 167 T2
T2+ | 4An(n+2)¢c -T2n
4 4
L [2n(n +3)02 + T2+ || |2n(n+3)¢% + T2+
4 4
4n(n+2)0? -T2+ 4n(n+2)0? -T2
=0

2

(R, S
o =R coshi|| 424 |cosh2 + 2coshxi(coshx)
3 R S ot

4 1/2

2n(n +3)¢2 + T2+t
4

4n(n +2)¢% — T2+

1/2

g{coshx} :é
ot ot

4
0 J2n(n+3)¢° +(at+b) 2+

ot , 4
An(n+2)¢° —(at+b)2"+1

|since T=at+b

3-2n

i 2_+1
{4n(n + 2)52 —(at+h) 2n+1} 2a(at +b) 2

2n+1

{4n(n +2)¢? -

2\ _, 3-2n
{Zn(n +3)(% +(at + b) 201 H a(at + b) 2““}
2n+1

4
(at+b)2ly”

167

...(30)
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..(31)

168
1
4 ]2
L1]2n(n+3)¢° + (at+b) 2t
4
4n(n + 2)(2 —(at+b)2n+1
3-2n T
2n+1 2 2 _ 2n+1
9 (coshy,) = 2(at+b) ™1 {2n@n +1)¢7  An(n +2)¢” —(at +b) 4
4 In | 2n(n +3)¢2 +(at + b) 2+
{4n(n +2)(? —(at+b) 2n+1} (n+3)¢° +(at+b)
3-2n K
2n+1 2 2 T2n41
%coshk: 20T 2n+12n(3n +47)€ ann+2)¢°T :
(4n(n +2)¢2T20132 | 2n(n 4-3)2 + T2+t
Since

11

2 R S
o :R_coshx —4_ "4 lcosh? +2coshx@
3 R S ot

Using equations (16), (17), (24) and (31), we have

2 4
T20 | 2n(n +3)¢? + T2+
c =
11 3 4

4n(n +2)¢% T2

4
(n—1)¢ |2n(n+3)¢? + T 20+ .\

3-2n

8¢%(3n +7)T 20+

4
4n(n +2)¢? T 20+

X
4
2n(n +3)¢? + T2+
2n 4 3/2
T20+1 | 2n(n +3)/% + T 204
(e) =
11 3 4

an(n +2)¢% — T4

T 4 4
4An(n+2)¢% -T2 {4n(n +2)0? —T2”+1}
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3-2n
(n-1¢ 8/3n(3n +7) T 2+

T 4 4
{4n(n +2)0? —T2”+1H2n(n +3)/? +T2”+1}

4

.1 |=2n(n+1)e?+2T24
vi=—o .

T | 4n(n+2)r2 —T2n+t

4 4

n {— 2n(n +1)K2 +2T 2““}{2n(n + 3)(2 + -|-2n+1}
T2n+1

1_

u’ T3 T
{4n(n +2)02 -T2+

4 3-2n
(n—=1)¢ | 2n(n +3)¢? + T 20+ . 8/3n(3n + 7)T 20+

T 4 4 2
an(n +2)¢? - T 24 {4n(n +2)02 —Tm}

R S
o =—Rsinhncoshi|| —&—>4 |coshi+ 2§(coshx
14 3 R S ot

Putting values of (16), (17), (24), (25) and (31), we have

4
. {— 2n(n+1)¢2 +3T 2““} 7
2
— _T2nd 2n(n +3)¢? + T 20+

14 i i
4nr%(n +2) —T2“+1} 4n(n +2)¢? -T2+

(¢

4 3-2n
(n-1)¢ |2n(n+3)¢* + T2 8¢°n(3n +7)T 204

T 4 4 2
4n(n+2)¢* -T2 {4n(n +2)0? —TZ"“}

169

..(32)

...(33)
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4
4n(n+2)¢* -T2+
4
2n(n+3)¢% + T2
4
n {_ 2n(n+1)¢% +2T 2n+1}
T2n+l
T, 4
4n 1?(n+2) -T2+
i 3-2n
B 2 2N+l 3 2n+1
| (=D 2n(n+3)0% + T . 80n@n+7)T ..(34)
T 4 4
4n(n +2)¢% -T2+ {4n(n +2)0? —T2”+1}
) RN _
4 2n(n+3) + T2+
vV = 4
an(n +2)¢% -T2+
4 4
0 [{-2n(n+1)¢? +2T 24142 2n(n +3) + T 204l
4 T2n+l
OV =73 4
an Kz(n + 2) _T2n+1
i 3-2n
B 2 N+l 3 2n+1
y (n=1)¢ | 2n(n+3)/* +T 8°n(Bn+7)T ...(35)

T 4
4n(n +2)¢% —T 24

When adding (33) and (35), we have
1 4 _
o,V +o,V = 0

we know

0 2R S
0=——(cosh)) +coshi| —& +—2%
ot R S

]

4
4n(n +2)¢% -T2+

|




Bianchi Type |1 Stiff Fluid Tilted Cosmological Model in General Relativity 171

From (24), (31) and (16), (17), we have

3-2n 7
0= 40°n(3n+7) T2 |4An(n+2)¢? — T 201
: 4 1° 4
{4n(n +2)0? _T2n+1} 2n(n +3)¢% + T2+
4
/(2n+1) |2n(n+3)¢? -T2+
T 4
An(n +2)¢? -T2+
4
2n(n +3)¢% + T2+
0= ;
4n(n +2)¢2 _ T2l
3-2n
3 2n+1
y 4°n(Bn+7)T (2n+1)¢ 3

4 4 T
{4n(n +2)0? T2 HZn(n +3)0% + T2”+1}

Discussion

The model (18) starts with a big bang at T = 0 and expansion in the model decreases

as time increases where 2n+1 > 0. _
The matter density € — 0 when T— o and 2n+1 > 0. The fluid velocity V'

satisfies trace free condition oj; V' = 0 and wj; V'= 0. The model in general represents

tilted, shearing and non-rotating universe. The model (18) has Point Type singularity

at T =0 (MacCallum [1971][11].
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