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Abstract

This paper deals with a new spatially homogeneous Bianchi—I cosmological model
of the universe filled with a bulk viscous fluid in f(R, T) gravity theory. We obtain
exact solutions of the field equations by using a special law of variation of Hubble’s
parameter for the average scale factor that yields a negative constant value of the
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deceleration parameter, which correspond to the model of the universe with a big—

bang singularity at the initial time. The universe subsequently expands with power
law expansion and gives essentially an empty universe for large time. The physical
and dynamical properties of the model are discussed which are consistent with

cosmological scenario of the present—day accelerated universe.
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Introduction

A wide range of recent cosmological observations'? has suggested
that the universe in its present state is in the phase of accelerated
expansion. The cause of this acceleration is supposed to be some kind
of anti gravitational force. A large class of cosmological models has
explained the acceleration of the universe in terms of a component with
negative pressure, the so called dark energy (DE). The limitations of
general relativity in providing satisfactory explanation of this phase of
evolution have led cosmologists to adopt hypotheses and study their
implications in this context. The hypotheses include those assigning (1)
the time—dependence of the gravitational constant and cosmological
term (II) some other geometries or physical fields associated with the
universe and (I11) modified or alternative theories of gravity. Modified
gravity theories certainly provide a way of understanding the problem
of DE and the possibility to reconstruct the gravitational field theories
that would be capable to reproduce the late—time acceleration
of the universe. Among several modified theories, f(R) gravity
theory formulated by Nojiri et al.,’ is indeed a realistic alternative
to general relativity consistent with DE. In f(R) gravity theory, the
cosmic acceleration could be achieved by replacing Einstein—Hilbert
action of general relativity with a general function of Ricci scalar
R. Various attributes of cosmological models in f(R) gravity theory
depicting time inflation and late—time cosmic acceleration have been
investigated by a number of authors.* A further extension of f(R)
gravity theory is the f(R, T) gravity theory.® In this theory, an arbitrary
function of the Ricci scalar R and trace T of the energy momentum
tensor represents the gravitation Lagrangian. Since the inception of
this theory, its characteristics have been studied both with isotropic
and anisotropic Bianchi models by several cosmologists which
certainly promote understanding of many associated issues in respect
of the accelerated expansion of the present—day universe. Houndjo®
has developed the cosmological reconstruction of f(R, T) gravity
theory and discussed transaction of matter dominated phase to an
acceleration phase. Further, Houndjo et al.,” considered cosmological
scenario based on f(R, T) reconstructed numerically from Holographic
DE. The cosmic acceleration in this theory results not only from
the geometrical contribution but also from the matter content. The
role played by viscosity and the consequent dissipative mechanism
in cosmology have been studied by several cosmologists.®'? These

dissipative processes may indeed responsible for smoothing out of
initial anisotropy. Bulk viscosity is the only dissipative phenomena
occurring in FRW models and is significant in causing the accelerated
expansion of the universe known as inflationary phase as discussed
by Setare et al.!* Several cosmologists have discussed the role of bulk
viscosity in the early evolution of the universe in different physical
contexts. The cosmological and astrophysical implications of f(R, T)
gravity theory in the presence of perfects fluid and bulk viscous fluids
have been studied by several cosmologists. Adhav et al.,'* derived an
LRS Bianchi type-I model in f(R, T) gravity theory. Subsequently
Reddy et al.,'>!® Shamir et al.,'” Chaubey et al.,'* Shri Ram et al.,'*?
Chandel et al.,?! etc. have discussed Bianchi models in the presence of
perfect fluids in different physical contexts in the framework of f(R, T)
gravity theory. Kiran et al.,”> has shown the non—existence of Bianchi
type—III bulk viscous string cosmological model. Shri Ram et al.,
investigated Bianchi type-I and V bulk viscous fluid cosmological
models. Sahu et al.,** discussed cosmic transits and anisotropic models
of Bianchi type—TIII. Further, Sahoo et al,.” studied cosmological
models in f(R, T) theory with variable deceleration parameter. This
motivates the theorists to construct various models in different Bianchi
space—time in different contexts.’** Sahoo et al.,** has investigated
a locally rotationally symmetric Bianchi type-I cosmological
model in the presence of one—dimensional cosmic strings within the
framework of f(R, T) gravity theory. Recently, Sahoo et al.,*! have
studied homogeneous and anisotropic locally rotationally symmetric
(LRS) Bianchi type-I model with magnetized strange quark matter
distribution and cosmological constant in f(R, T ) gravity. It deserves
mention that Momeni et al.,*? have discussed cylindrically symmetric
solutions of cosmic strings in gravity rainbow scenario and calculated
the gravitational fields equations corresponding to energy dependent
background.

In this paper, we investigate a new exact spatially homogeneous
Bianchi type-I space-time in the presence of bulk viscous fluid in
f(R, T) gravity theory. The paper is organized as follows: In Section
2, we present the metric and field equations of f(R, T) gravity theory.
In Section 3, we obtain exact solution of the field equations by
utilizing the special law of variation for the average scale factor that
yields a negative constant value of the deceleration parameter. The
resulting cosmological model is continuously expanding, shearing

”IIII Submit Manuscript | http://medcraveonline.com

Phys Astron Int J. 2018;2(4):330-334.

330

© 2018 Ram et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
BY NC

permits unrestricted use, distribution, and build upon your work non-commercially.


https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/paij.2018.02.00106&domain=pdf

Bulk viscous Bianchi—I cosmological model in f(R, T) gravity theory

and accelerating universe which would essentially gives an empty
space at late time. The other physical and geometrical features of the
model are discussed in Section 4. Some concluding remarks are given
in Section 5.

Metric and field equations

We consider the Bianchi type—I space—time represented by the
metric

ds =dt’ —Aax’ —B'dy’ - C’d’ )
Where, A, B and C are functions of cosmic time t only.

We assume that the cosmic matter is represented by the energy—
momentum tensor of a bulk viscous fluid given by
ZZ'j :(p+ﬁ)uiuj_ﬁgij (2)

Where the effective pressure p is given by
p=p-éu, 3)
Here p is the isotropic pressure, p the energy density of matter, &

is the bulk viscous coefficient and u' the 4—velocity vector of the fluid
satisfying uiuj =1. A comma and semicolon denote ordinary and

covariant differentiation respectively. On thermodynamically reasons
the bulk viscosity coefficient is positive, assuring that the viscosity
pushes the dissipative pressure p towards negative values. However,
the correction applied to the thermodynamic pressure p due to bulk
viscosity is very small. Therefore, the dynamics of cosmic evolution
is not fundamentally influenced by the inclusion of viscous term in
energy—momentum tensor.

The field equations in f(R, T) gravity theory with the special
choice of the function

SR, T)=R+2f(T) “
Are given by Reddy:*
1 . .
R, —~ Rg, = 8T, + 2/ ()T, + 25/ (T) + f(D)]g, )
2

Where a dot denotes derivative with respect to7 . We further
choose

S(T)=AT, (6)

Where 1is a constant. This gravity theory is equivalent to
cosmological scenario with an effective cosmological term A ~ H :
, where H is the Hubble parameter.3* In commoving coordinates, the
field equation (5) together with (2), (4) and (6) for the metric (1) yield
the following system of equation:

B ¢ BC
4+ C = p-(87+34)p, 7
B C BC
i ¢ ac
S+ S = Ap-(87+34)p, (8)
4 C AC
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A B AB
T+ = Ap-(Br+34)7, ©9)
A B 4B

BC
+—— =87 +30)p-AP.
AB AC BC

(10

An over dot denotes derivation with respectto ¢ .

Now we define certain physical and kinematical parameters
associated with the metric (1). The spatial volume V' and the average
scale factor a is defined by

2

V=a,a = ABC. (11
The expansion scalar 8 and the shear scalar o are given by
,« B C
O=u,=—+—+— (12)
" 4 B C
AN\2 .\ 2 SN2
, 1[4 B C 1,
o =—||—| +—| + — -—0. (13)
2(\ 4 B C 6
The generalized mean Hubble’s parameter H is defined by
a 1
H=—=—(H +H,+H,) (14)
a 3
A B C o
where H = —,H, = —,H, = —are directional Hubble’s
A B

C

parameter in the direction of x , y and z respectively. The anisotropy
parameter A is given by

2
13(H -H
P ) Ay I (15)
3=l H
The deceleration parameter g has the usual definition
ad
=-—. (16)
a

The sign of ¢ indicates whether the model inflates or not. The
positive sign of g corresponds to a standard deceleration model
whereas the negative sign indicates inflation.

Exact solution

We obtain solution of the field equations (7)—(10) which are four
equations in six unknowns 4,B,C, p, P and & . Therefore to find a
deterministic solution we shall need two extra conditions on physical
ground of the problem or for simply for mathematical convenience.

Subtracting (7) from (8), (8) from (9) and (9) from (7) and
integrating the results, we obtain
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15k a7

A B 4

E_Ezki (18)
3

B C a

4 C kK o

e (19)

A C a

where k, , k, and k, are constants of integration . Using (17), (18),
(19) in (13) and simplifying, we find that

(20

k
o=
a

Where the constant & is given by K= k12 + k22 + k32 . Equations
(17), (18) and (19) suggest that

A" = BC, 1)
n is a positive constant. In view of (21), we can write
B=4A""D,c=4"D" (22)

Where D is a function of time. Substituting (22) in to (18), we
obtain

(23)

Sl

K
3
a

1
Where K = —k, . From (23) we can determine D(¢) if the average

scale a(t) is explicitly known. We assume that the Hubble parameter
H to be related to the average scale factor a by the relation

1/m

H=ma (24)

Where m > 0 is a constant.>* Combining (14) and (24) and solving
the resulting equation, we get

a(t) = (t +¢)", c=constant. (25)
This gives a constant value of the deceleration parameter as
1
q=-1+—. (26)
m

Since recent observational data indicates that the universe is
accelerating and the value of deceleration parameter lies somewhere in
the range —1 < g < 0, so we have m > 1 for the accelerating universe.

From (23) and (25), we obtain

1
(1-3m)

K
D=Mexpy—(t+c¢)
(1-3m)

@7

Where M is the constant of integration. Also, equation (11) and
(25) lead to
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3m

A=(t+c)"+l.

Substituting (27) in (22), we find that the solutions for the scale
function B and C as

(28)

3mn B

B =M (1+c)2m exp (1_K3m) (r+ c)H'" } (29)
3mn I

C =M (i +c)2m exp —(1_K3m)(t + c)H"’ } . (30)

1
provided m = —. Without lose of any generality we can take
m = 1. Hence, th metric of our solution can be written in the form

6m 3mn

2 2

=2 = 2K s
ds> =dr’ —T™\ax" -7 exp S, dy

(1-3m)
3mn
2K B
7" exp T g
(1-3m)
(3D
WhereT =t+c.

Physical features of the model

We discuss the physical and kinematical features of the
cosmological model represented by the line—element (31). The
expression for energy density and effective pressure as calculated
from (7)—(10) are

(87 +32) 9m2n(n +2) 3mk K’
p=———[B7+ -
@z +32)° -2 An+1’T (e T
om (n+2)  3mGBn+2) 2K° 3m
-4 PR T3 w2 8
dn+1)’T° 2+ D)’T T T
(32)
1 02 9m2n 9m2n2 K’
p - + - m
Br+31) -1 |m+1)’T° 4m+0)’T T°
S7430) 9m’ om’n®  2K° 3m :
-8z + + + -—
n+)’T* am+0’T T T
(33)

For the specification of £(¢) , we assume that the fluid obeys the

equation state
p=w (34)

Where 0 < y <1 is a constant. Then from (3), we obtain
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9m2n 9m2n2 K2
s =————— [r@r+31) ot iyt
3m[(87 +34) - A7] (n+D)'T 4n+DT T
) 9m? ) 9m*n® |2K2 3m B 9m* ) 9m*n? 2K
(m+1)?T 4@+ 7" T (+1)*T 4m+1)>T T
om’ om’'n’  2K° 3m
A7 +34) T+ Tt e T
(m+1)'T 4n+1)'T T T

(35
The physical and kinematical parameter has the values given by
the following expression:

V= T3m, (36)
3m
0=—, (37
T
k
o=—. (3%)
T

The directional Hubble’s parameters and the average Hubble
parameter are given by

3mn K
Hy=——1%—7, (40)
2n+ DT T
3mn K
Hy=———-— (@41)
2n+1)T T
And
m
H=—. (42)
T
The anisotropic parameter A has the value
2 2
1{n-2 2K
A=— - (43)
2\ n+1 3m'T

We observe that the spatial volume and the three scale factors are
zero atT = 0. At this epoch the energy density and thermodynamic
pressure assume infinite values. The expansion scalar and shear scalar
are infinite at 7 = 0

Therefore; this model describes a continuously expanding shearing
and accelerating universe with a big—bang start at 7 = 0 . The energy
density and pressure are infinite at 7 = 0 and are decreasing functions
with the passage of time, and ultimately tend to zero for large time. The
bulk viscosity coefficient decreases as time increases and tend to zero.
Thus, the model would essentially give an empty universe for large
time. The fluid is highly anisotropic near the initial singularity. The
anisotropy,in the model is maintained throughout the passage of time.
The ratio — tends to zero as T — oo, which indicates that the shear
scalar tendd to zero faster than the expansion scalar. The directional
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Hubble’s parameters are different in three spatial directions for finite
time and tend to zero for large time.

Conclusion

Evolution of spatially homogeneous Bianchi type—I cosmological
model is studied in the presence of a bulk viscous fluid within the
framework of f(R, T) gravity theory. We have obtained exact
solutions of the field equations by using the special law of variation
for Hubble’s parameter that yields a negative constant value of
the deceleration parameter. The resulting cosmological model
corresponds to continuously expanding, shearing and accelerating
universe which would essentially gives an empty space for large time.
The nature of the physical and kinematical parameters is discussed at
the initial singularity and at infinity. The effect of the bulk viscosity is
to produce a change in perfect fluid and hence exhibits the essential
influence on the character of the solution. This effect is clearly visible
in the expression of the isotropic pressure. Initially the fluid is highly
viscous and viscosity decreases monotonically as time increases and
becomes negligible for large time.
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