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ABSTRACT

Bianchi type-V cosmological model along with perfect fluid and
heat conduction have been discussed in the presence of Lyra’s
geometry. By using the law of variation for the mean Hubble
parameter the solution contains heat conduction and gauge

function for and , which is related to the average scale

factor of metric and gives decelerating parameter. We discussed
heat transmission stages from initial time to the late time of the
universe. The relation between density and pressure is discussed.
We obtain a constant decelerating parameter. Physical
interpretation and thermodynamic laws are discussed.

Keywords: Cosmological models; Perfect fluid; Heat flow; Thermodynamics;

Lyra geometry

INTRODUCTION

Since Einstein field equations contains cosmological constant

causes the universe is in static mode. To avoid static nature of the
universe in these field equations with zero density, general relativity
requies to modify the description of Riemannian geometry by
explaining flat space. In 1918 Wely has gave us a wonderful
generalized Riemannian geometry, it unify both electromagnetism
and gravitation of the universe. Due to no inerrability of transfer of
length these theories were not satisfied. In 1970 Follond again gave
us modification and formulation in Riemannian geometry called as

modified Wely’s manifold which verifies many basic ideas [1-2].

In 1951 Lyra came with new ideology in Riemannian geometry with a
wonderful toll named as gauge function in the low structure
manifold. It accepts inerrability and cosmological constant naturally
occurred in the geometry. Later many authors studied in different
ways like Sen and Dunn introduced a new scalar-tensor theory and
developed a clarification of the Einstein’s field equations with the
help of Lyra’s geometry. Halford predicts theory with observational

results which are same, as classical solar system tests are considered
and he introduced the constant displacement vector ¢, in Lyra’s

geometry [3-6]. It plays a vital role in the realistic treatment. Later
Soleng came with the constant displacement field in Lyra’s geometry
[7]. Tt will either include a creation field and be equal to Hoyle’s
creation field in cosmology by Authors or contain a special vacuum

field, it together with gauge vector and a cosmological term [8-10].

Several authors like were studied interacting scalar fields for

different space-times in Lyra geometry [11-27].

In 1989 Bianchi developed Bianchi type cosmological models which
are homogeneous and anisotropic. Bianchi models are less symmetric
as compared with FRW models. The study of Bianchi type V models

has considerable role in relativistic cosmology [28].

The author has an exact solution of the vacuum Brans-Dicke
field equations for a spatially homogeneous and anisotropic
metric. Author got FRW models in f(R) gravity and Authors have
studied the solutions of Bianchi type-1 and V space-times in the
framework of f(R) gravity [29-33]. Authors proposed Bianchi type-
III models with dark energy, Author has studied Bianchi type-l
and type-Il models, Authors has studied results of Bianchi type-V
models, which were describing early stages of evolution of the
universe [34-42]. The study of Bianchi type-V cosmological models
creats more enthusiasm as these models contain isotropic special
cases and permit arbitrarily small anisotropic levels at certain
stages. These properties make the models suitable as models of our

universe.

At present, the cosmological models are developed in general
relativity under the supposition of the matter content of the universe.
It can be described in a perfect fluid, While the supposition may be a
better approximation to the original content of the universe, which
effects such as heat conduction and magnetic fields may be

considerable at earlier epochs of the evolution of the universe. As the
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matter is not attempting thermal equilibrium in the early stage of
evolution of universe, it is evident to that the heat flow during
transition stages. The effect of heat flow in the structure formation of
the universe has been studied by several authors like has studied the
cosmological models with heat conduction and explained the

properties in the early stage of evaluation of universe [43-51].

From the motivation of above researchers, we studied Bianchi type -
V cosmological model along with perfect fluid and heat flow in the
frame work of Lyra’s geometry. The paper contains the following
contents. In Section I: Introduction. In Section 2: The Basic
Equations and Quadrature Solution. In Section 3: Solution of filed
equations. In section 4: The Thermodynamical Relation. In Section

5: Conclusions.

THE METRIC AND BASIC EQUATIONS
We Consider Bianchi Type-V model given by

(=2x) 2 (=2%)

2 2 2 2 2 2 2
ds” =dt- - A (DHdx -e B (tydy -C'e (t)dz (1)

Here the functions A(t), B(t) and C(t) are functions of t and
anisotropic directions of expansion in the normal 3-D space.

We define the following parameters to be used to solving Einstein’s
field equations for the metric (1)

The Hubble’s parameter H is

a 1
H=g=5(H,+H +H) (2)

, A B ¢
Here the directional Hubble’s parameters H = a-H =gH, =¢
are the in the direction of x, y and z respectively.
3
V = ABC = a(t) G)

1
a(t) = (ABC)® (4)

_l!_é_l[éﬁgj
Hence, the Hubbles parameter H = 3[\/]_[&)_3 Atete (5)

Now, we can see the most important scalar i.e., scalar expansion (8),
the shear scalar (62), and the mean anisotropy parameter (4,,)

defined as follows :

g:ui_:((§+5+gj A ©)
i A B CJ

2 1 i [ A, B, C,| 1 2

o =500 = 2((A) +(E) +(6) _69 %)
13 AH, 2

Ay =3 2 () ®

Where AH, = H, - H
Where u=the matter four velocity vector=(0,0,0,1), AHi=Hi-H,
1 k k

1
(i=1,2,3) and %ij =3 YikPj T Uik Pi —§0P|L where

PI] :glj _uiuj )

The field equations and their solutions
For Lyra’s geometry the field equation in normal gauge, by [4-5]

38

R —LgRi[24s —2g. 4 oK |=—87GT.
Gij -Rij 2gUR+(2¢I¢J 2gu¢k¢ )_ $7GT;; (10)

Here ¢; = the displacement vector = (0,0,0,B(t)) , and Tj is the energy
momentum tensor of the matter.
The energy momentum tensor for fluid with heat flow in presence

perfect fluid matter is considered by

Tij = (p+ p)uiuj _(p)g“ +hin +hjui (11)

Where p energy density, p pressure, u; fluid velocity, h; is the heat

flow vector, gj is the metric tensor and which satisfies
ij i
gijuu =1 and h u; =0
(12)
Now, we consider that the heat flow is in the x-direction such that h;

= (h;,0,0,0), where h; is function of time t.
Using Eqgs. (1), (11), and (12), the field equations are

AB BC CA 3 3
t t :(P*Z/sz

AB BC CA A2 13)

B C BC 1 3 5

—t—F————=— p+—

B'C BC A2 (p 4"”] (14)

CACA 1_( 32

C'ATCA a2 (‘”4/’ j (15)

ABLAB 1 [pi3p2

ABTAB A2 ( 2P ) (16)
A B C

ATB T (17)

The energy conservation equation T}_i =0 gives

WYY 3 A B C)_ 2h

s {(p “P)SA 2J(Z+E+EJZ_T2I (18)

Equations (13)(16) gives the following relation in terms of H,p,p,p
is
3H2_g2_3 352
p=3H o 2 4,8

2 2 1 3.2
=H~“(2 1 + >
o] ( q ) o s

SOLUTION OF FIELD EQUATIONS
In the evaluation of universe the matter density Q decelerating

parameter >0 did an extraordinary role. The universe decelerating
when q>0 and accelerating when g<0 . By counting magnitude
relation for galaxies to determining decelerating parameter q is so
complicated due to evaluating effect. By the author Schuecker et.al.
qy is observed in the range -127<qy<2 , from the redshift survey in
the study of galaxies count the value of g is observed as 0.1 withe
upper limit qy<0.75 . By the authors Riess et al, Permulater at al, they
concluded that at present the universe is in accelerated expansion
because they observed the range of decelerating parameter is ~1<q<0 .

It was identified that through the present observations of SNe I, and
CMB favour the accelerating model (g<0) .

Our aim is to solve the field equations (13)17) in the frame work
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Lyra geometry with creation matter and heat flow of the fluid. Since
equation (1) are completely eigenized by average Hubble’s parameter

H. Let us consider the parameter H is related to average scale factor
a(t).

By law of variation

(20)
4 a a . _n 4 a
Since H=Z, Eq. (20) reduces to Z=ka and - = (l—n)—
a a a a

(V2]

Eq. (21) the deceleration parameter g = — Z? = (nfl) = constant
(22)
Rewrite Eq. (22) as g + (n—l)g = 0 and solve for a(t)

Using Egs. (20)422) the law of the average scale factor is of the forms

knt
a(t) = (nkt+s)% for N # 0 and aft) = soe( 0) for n =0

23)

Where k, s, so, ko are constants of integration.

Depending on the value of “n”, here the model is two types, if k=0 in
eq. (20) the model represents static universe and hence we need not
pay any attention on it. When k>0 in eq. (20) consistently with
observation for which the universe is expanding mode. The sign of
decelerating parameter q represents the model is inflates of not. If
g>0 (when (n-1>0) relates to standard decelerating model whereas
0<0 i.e., —1<q<0 (when -1<(n-1)<0) relates to inflation . The present
day universe is Einstein-de Sitter universe with constant deceleration

=05 . Hence, we thought that the universe is in accelerated

expansion form now.

Subtracting Eq. (14) from Eq. (15)

¢ AS-AB  d(AB-BA) , ,
We have € =~ BAAE =~ AB_EBA by Integrating this
equation (24)
[as-8a]_5%(5)
We have (ABC) =a =c, (constant) (25)

)

( )
B
Again Integrating Eq (25)

dt
e 125 )
We have g:dle[ a3 (26)

Similarly subtract eq. (14) from eq. (16) and eq. (15) from eq. (16)

respectively we have

(c21%)
A:dze a3 27

(=15
o—dge a® (28)

Where c;,¢c,.c,.d;,d,, and d, are integration constants and

In explicit form for the metric functions are

)
A=k ae a® 29)
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dt
(13)
B=k,ae B (30)

d
C= k3.a.e[ssja;j (1)

% %
Where, k, = (dldz)% K, = [di] k, :( ! ] (32)

(32

G+t o G0 o _H%t%)

= S, = ,Sy=
and 91 3 2 3 3 3 (33)
The constants $;,S, ,S3 and Ky, K K3 satisfying the relations

3 3

_Zsi =0 and Hki =1 (34)
i=1 1=1

Case (i) when n=0

Since the universe under gone into a transition from early
decelerating expansion phase to the current accelerating expansion
phase, so the cosmological models represents transit cosmological

model Figure 1.

From Eq. (23)

The average scale factor a(t):soe( Kot) (35)

dt
Y
Knt 7
0 1
(k t) (soe ] {k0t+nl+ 3k t}
A =Ky se e =m.e € (36)
dt
szj 3
s e(kot) Kat+n,+
(kot) ° 02 gt
B = ky.5p¢ e =m,e ¢ 37
dt
e
t r.
0 3
(kot) [soe ] {kot+n3+ SKOt}
C = Kkq.5p€ e =mge € (38)
Iis; —=S;
Where M, =K;s,.n; = 5‘03-'} = Bkos® e constant  and

| =int.for i =1,2,3 respectively
By Eq. (35)-(38)

The Spatial Volume Sose(3k0t) 39)
The Hubbles parameter is given by

.
H =k, {1 3;‘&} (40)

e

The Scalar Expansion € = 3k |:1 fa } (41)

_e3k0t
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2
2 2 r
The Shear Scalar o :3(k) 14| -
0 3kot
e
(k )2 L 3r, 6y 27y )
0) ¥ 3kt T Bkt T Okt
e 00 ¢ 0 0
. 3r,
The mean anisotropy parameter A, = (43)

Where 4=Zi3=1ri 'r5=2:(3i¢j):l(rirj )'r6 -
ey 7 :(’1”2)2 +(r2”3)2+('1+’3)2

The required solution for heat conduction is h, = rgl:gt (44)
e

where Ig=—61r+3r,+3r;

time.vs heat

heat

Figure 1) Clearly the heat conduction is a decreasing function of t
and it heat is large at early universe stage of universe and cools down

in the accelerating universe.
By Eq. (22) for n=0

The decelerating parameter q(t)=-1 constant. (45
Clearly g<0 i.e., -1<q<0 (when n=0), the cosmological model
represents to the universe is inflation in this case.

Since the fluid is formed from particles, it satisfies an equation of
state of the form

p=(1-1)p, for 0<A<2

Using Eq. (19) and Eq.(40) the perfect pressure and density is given
by

A-1 2 4 A-1
p= 7(/1_2) (2q—4) H + "z = r—j(/i—Z)
.
, ) 2 z{kotmﬁesiot}
[2—4k0 } l_eS’TOt +4mye (46)

2 —2{k0t+nl+ 3Kk J
[24k02}{13kt} +ampe e 0 47

2-2#0, for 1—2 =0 Using Egs. (19), (41), (42), (46), and (47) the

expression for gauge function is obtained by

40

I
2 —2| Kty +—L—
2 40|, A oM e3kot}
Fo= o™ gt | e

4 2 3r 6r.  27r,
4 5 6
+ = | K It
3(0) { 3kat | 6Kt QKI}
e 0 g 0 70 i
2

2( 1 Iy
+2Kg (E—ZJ 1—83T0t Jfora-2=20,for 21-2%0 (48)

Physical interpretation of the model for (n=0)
By above observations here are three physical interpretations are

required to discuss for 1=0, 2, g of the equation of state given by the

equation.

False vaccum model

If 4=0in this model then the equation of state p=(-1)p , it represents
the ‘false or degenerate vaccum’ and the explicit form of pressure and

density are obtained in this model are

2 Z{kotmﬁ }
1 r kot
= [2_41(02]{1}3?0& +ampe (49)

2 kot+n +—
-1 2 { 3kot
P=— [2—4k0 }{1—%&} +4me e - (50)

Radiating model

If Z.:g in this model then the equation of state is p=§ , it represents

the matter distribution with radiation not ordered and a universe in
which most of the energy density in the form of radiation and hence
the model is called ‘Radiating model’. Here the explicit form of

pressure and density are obtained in this model are

r
- 12 —2| Koty i
1 2, 07T Bt .
p= [2—4k0 }1 A +ame L J (51)
- _ . -
r -2 -2 k0t+n1+W
S| PAPPRCY PR S e ? (52)
p‘?[7 0} 3k0t rame - )
Zel'dovich fluid Model
. (4-1) 2 4 . .
Since p:m(Zq—4)H e does not obtained when 1=2, so there is

no discussion about this case.

By the above results , at early stage of universe (t = 0) the metric
functions A(t), B(t), C(t) and spatial volume V(t), the physical

parameters ©,0,A,.02,p,pand heatlow(h) all becomes constant at
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initial epoch, so it indicates that the universe starts with the constant
parameters physically and geometrically. By observing at late time
universe i.e., t—00 , A(t), B(t), C(t) tends to infinity and p+p=0 causes
the universe is accelerating because of negative pressure. The men
anisotropic parameter and shear scalar vanish. The heat flow becomes
negligible means that the universe is cooling down. The spatial

volume and scale factor exponentially expanded for late time.

Case (ii) when n=0

Since the wuniverse undergone into a transition from early
decelerating expansion phase to the current accelerating expansion
phase, so the cosmological models represents transit cosmological

model Figure 2.

From Eq. (23)

The average scale factor at) = (nkt+s)% (53)
‘: { nkt+s _ +s4k(n—3)}
=k (nkt+s (54)
{ %2 }{ nkt+s 7 n +35k(n—3)}
B =k, (nkt+s (55)
53 _
nkt+s +sek(n—3)
= k3 (nkt+s (56)
By Eq. (35)38)
The spatial volume
3 3
v (1) —al)? - (nass) 57
The Hubbles parameter is given by
a 1
H=—= (58)
a  nk(nkt+s)
3
The Scalar Expansion & = 3H = TK(nkE+s) (59)
s s
The Shear Scalar 0' =H 2 + % ! -+ 7 5 (60)
(nk(nkt-+s)) (nkt+s)/n
The mean anisotropy parameter
(e )
2s 2s5(nk)~(nkt+s
A= || = |1 n (61)
m { 3H2a6} 3

Where,

k; .k, k, and S;,S,,8; , S; =$;S,S; are constant and s,, s, s, are

int.constants,
=3
The required solution of heat conduction is h =sg [nkt+s] n

(62)
Where, $= 28II._SZ —S3
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ume.vs neat

heat

" time

Figure 2) Clearly the heat conduction is a decreasing function of t
and it heat is large at early universe stage of universe and cools down
in the accelerating universe.

By Eq. (22) The decelerating parameter

q (t) = _ii = [(nk)z—l} = constant ©3)
a

2 2
If 0 < (nk)” <1,ie,~1<(nk)” —1<0it means that 1< q <0
Clearly, q<0 , so that the cosmological model represents to the
universe is inflation in this case .Since the fluid is formed from

particles, it satisfies an equation of state of the form
p=(A-1)p, for 0<A<2 and Using Eq. (19) and Eq. (58) the perfect

pressure and density is given by,

p=(2-1)p =[j lJ(Zq I’ +iz

(64)
2
= (oo )
4
. (65)
f (nkt+5) 7 .e[k(is)}{("kt+s)(n_%) +s4k(n_3)} 2
oe [ﬁ] [2[(nk)2 —1]74] [nk(nlmS)]Z
4 ; (66)

kl.(nkt+s)%.ik(:l3)}{(nkt+8)(n%) +s4k(n—3):‘

Using Eq. (19), (32), (33) and (56) the expression for gauge function
is obtained by

2
2 2 4 4o
B =KH - 7T 67)

4 2 3r, 6r.  27r
|k -4 . "5 .6 ||,
3( 0) { 3kat  Bkat  9knt
e 00 g 0 770
2
2( 1 Iy .
2k (E—z) [1—93%4 ,fori—2=0 (68)

Physical interpretation of the model for (n=0)
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By above observations here are three physical interpretations are
required to discuss for 1=0, 2, g of the equation of state given by the
equation.

False vaccum model

If 2=0 in this model then the equation of state is p=—p , it represents

the ‘false or degenerate vaccum’ and the explicit form of pressure and

density are obtained in this model are

2
o ]

4

il (") 7 (69)
kl.(nkt+s)%. ik(n_j’):l{(nkus) n +s4k(”*3):‘
-1 5 Y
p= 7(2[(nk) 71}4] [m] +
) (70)

il }{(nkt+s)("’%)+s4k(n-3)} i

Radiating model

4 . . . . .
If /1:5 in this model then the equation of state is p:§ , it represents
the matter distribution with radiation not ordered and a universe in
which most of the energy density in the form of radiation and hence

the model is called ‘Radiating model’. Here the explicit form of

pressure and density are obtained in this model are

2
P= ;(2q74){nk(n:<t+s)] *

4

(") >
il (nkt+s) ") +s k(n-3)
kl.(nkt+s)%.e{k(n_3)}{ 4 }
IEV
Pz san nk(nkt+s) *
! , @)

. .(nkt+s)%,ik(;13)}{(nkt+5)(n_%) +s4k(n—3)}

Zel'dovich fluid Model

If 2=2 in this model then p=p, But pressure and density are not

obtained for this case so there is no discussion about this case.

By the above results, at early stage of universe (t = 0) the metric

functions A(t), B(t), C(t), and spatial volume V(t), physical parameters

2
0,0,A,,0 ,p,pand heat low (hl) tends to infinity. By observing at

42

late time i.e., t— , the metric functions are A(t),B(t),C(t)
intermediate and p,p becomes zero .The physical parameters
7,0,An,0” also tends to zero ast— It represents that the universe is

expanding with cosmic time and the rate of expansion is decreasing

Jhence the model becomes isotropic for late time.

THE THERMODYNAMICAL RELATION
Baryon conservation law
Let N“=xu* be the particle flux and y is the particle density

We know that the standard cosmology, conservation of total particle

number is
udy
Ny =g +#0=0 (73)

Where 6 = u,’l:‘ is the expansion of the fluid

I _ ooy (74)
X

Integrate this equation and use Egs. (39),(43) (56) and (60) which

gives particle number density as

7= ;(Oe(fm (75)
=3/n
For n = 0 the solution is ¥ = bl (nkt+s) (76)
—3kot
Forn =0 the solution is ¥ = b,e 77
Here by and b, are constants
Clearly » oc h, (78)

In case of n = 0, at t=0 the particle density is constant, it indicates
that heat conduction is constant or disappear and hence it is uniform

in the early stage of evolution universe.

In case of n = 0, at t = O the particle density has play more influence

during early stage of evolution of universe.

Temperature gradient law

The heat conduction expression if given by

_ oV, . T
h, 71([5‘/ u uﬂJ(T,V Tuv) (79)
Where x>0 is the coefficient of heat conduction (thermal

conductivity), T is the temperature of the universe and u, =0 zero

acceleration flow vector. Since the heat flux is retained as x-

component, we have

hl = K'I';1 (80)

For case n = 0 the x-component of temperature gradient is
2b3(nkt+s)_3/n

T - — ®)

For n # 0 case the x-component of temperature gradient is
2b3ei3k0t

T = g (82)

On simplifications of Eq. (73) and (74) we get temperature
distributions as

For n # 0 case the temperature distribution is

-3/n
7, (nkt+s
T = u X+ (83)

K
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ne
T :‘37X+52 (84)

C'k

Where £ and &, are integration constants, these are arbitrary

functions of t or constants. At early stage of universe (t = 0) the

temperature distribution T is diverges and hence x becomes finite. As

time t tends to infinity T tends to ¢, and ¢, in both the cases of n

respectively. Hence the universe is at equilibrium stage at late

time state of universe.

CONCLUSION
In this paper, we studied Bianchi type-V cosmological model along
with perfect fluid and heat conduction in presence of Lyra’s
geometry. By using the law of variation for the mean Hubble
parameter the solution contains heat conduction and gauge function
for n = 0andn = 0 , which is related to the average scale factor of
metric and gives decelerating parameter. For , _ ¢, we observed at

early stage of universe (t = 0) the metric functions A(t), B(t), C(t) and

spatial volume V(1), the physical parameter
2 . .

0,0,A .0, p,pand heat Iow(hl) all becomes constant , so it indicates

that the universe starts with constant parameters physically and
geometrically. By observing at late time universe i.e.,t — o, A(t),
B(t), C(t) tends to infinity. The men anisotropic parameter and shear
scalar vanish. The heat flow becomes negligible means that the
universe is cooling down. The spatial volume and scale factor
exponentially expanded for late time. By the case n = 0, we observed
at early stage of universe (t = 0) the metric functions A(t), B(t), C(t),

and spatial volume V(t), physical parameters

2
0,0,A .0 ,p,pand heat Iow(hl) tends to infinity. By observing at late

time ie., t—>o , the metric functions are A(t), B(t), C(t)

intermediate , p,p becomes zero and the physical parameters

2 . .
0,0,A .0 also tends to zero. It represents that the universe is

expanding with cosmic time and the rate of expansion is decreasing,
hence the model becomes isotropic for late time. We discussed
transition states of heat flow from evaluation time to the late time of
the universe. We obtain gauge function in both cases and discussed
different stages of the universe using the relation between pand p .
We obtained a constant decelerating parameter. Physical

interpretation of thermodynamic laws was discussed.
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