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composition of the universe.

In view of this, it is now believed that the energy composition of the universe has

4% ordinary matter, 20% dark matter and 76% dark energy amongst which dark

energy (DE) is one of the main components which is responsible for this cosmic

acceleration of the universe. The negative pressure (i.e. positive energy density)

has sufficient power to work against gravity and it may provide the accelerated

expansion of the universe. Though dark energy is said to be main cause for cosmic

acceleration issue, its nature is still changing. In order to understand the exotic

nature of the dark energy and the consequent the late time cosmic acceleration of

the universe, in recent years two different approaches in GR have gain more im-

portance. GR can be modified in two different ways: either the matter source can

be modified or the underlying geometry can be modified. The later approach has

attracted more and more attention. In particular, Nojiri S. and Odintsov S. [22]

formulated F (R) theory of gravity and [8, 12, 21, 23, 24] are some of the author

who discussed various aspects of F (R) theory of gravity. [7, 31, 37, 38] developed

the scalar-tensor theory of gravitation. Very recently, Harko T. [14] have proposed

a modified F (R, T ) theory of gravity in where the gravitational lagarangian Lm is

given by an arbitrary function of the Ricci scalar R and of the trace T of the stress

energy tensor. There are so many authors who have widely investigated various

cosmological models in F (R, T ) theory of gravity. Some of them are [33, 34, 35,

36, 39, 41, 46]. Adhav K. S. [1] studied LRS Bianchi type-I cosmological model in

F (R, T ) theory of gravity. Dynamics of Non-Adiabatic charged spherical gravita-

tional collapse in F (R, T ) gravity has been discussed by Ahmed R. and Abbas G.

[2]. Chaubey R. and Shukla A. K. [10] have investigated a new class of Bianchi

cosmological models in F (R, T ) gravity. Reddy D. R. K., Naidu R. L. and Satya-

narayana B. [29] derived the Kaluza-Klein cosmological model in F (R, T ) gravity.

The anisotropic cosmological models in F (R, T ) gravity with Λ(T ) have been inves-

tigated by Shukla A. K. and Chaubey R. [11]. Katore S. D., Sancheti M. M. and

Hatkar S. P. [15] explained the magnetized anisotropic dark energy cosmological

models in scale covariant theory of gravitation. In the presence of massive scalar

field, Bianchi type-V dark energy cosmological model in general relativity, have

been thoroughly explained by Naidu R. L., Aditya Y. and Reddy D. R. K. [20].

Singh V. and Singh C. [43] have studied the modified F (R, T ) theory and scalar
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field cosmology. Ladke L. S., Hiwarkar R. A. and Jaiswal V. K. [16] have extensively

investigated Cosmological model with Λ decaying in F (R, T ) gravity.

Moreover, as the viscosity plays an important role in cosmology, therefore in the

recent years there have been an immense interest to investigate the cosmological

model with viscous fluid. On the evolution of cosmological models, the effect of

viscosity has been studied by Misner C. W. [18]. On the nature of initial singular-

ity, its effect has been studied by Murphy G. L. [19]. In order to evaluate rate of

cosmological entropy production, Weinberg S. [49] derived general formula for shear

and bulk viscosity and used it. Some other authors like [3, 9, 13, 17, 27, 28, 32,

40, 42, 48, 50] also studied several different cosmological models in the presence of

viscous fluid.

Motivated by the above investigations in this paper we have constructed axially

symmetric bulk viscous cosmological model in the framework of F (R, T ) theory of

gravity. The paper is organized as follows: in section 2, Metric and field equations

have been considered. In section 3, we obtained the corresponding field equations

and in section 4, some physical and kinematical parameters are analyzed with the

help of graphical representation. The last section 5 contains some conclusions.

2. Metric and Field Equations

We consider the axially symmetric metric given by,

ds2 = dt2 −A2(t)[dχ2 + f2(χ)dφ2]−B2(t)dz2,(1)

where A and B are functions of cosmic time t alone while f is a function of the

co-ordinate χ .

The field equations in F (R, T ) theory of gravity for the function F (R, T ) = R +

2f(T ) [14] are

Rij −
1

2
Rgij = 8πTij + 2f ′(T )Tij + [2pf ′(T ) + f(T )]gij .(2)

where f(T ) is an arbitrary function of trace of the stress energy tensor of matter,
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and overhead prime indicates differentiation with respect to argument.

The energy momentum tensor for perfect fluid with viscous fluid is given by,

T ji = (p′ + ρ)uiu
j − p′δji + ηgjβ [ui;β + uβ;i − uiuαuβ;α − uβuαui;α],(3)

where p′ = p− (ξ − 2

3
η)ui;i,(4)

and ui is four velocity vector satisfying the condition

giju
iuj = 1.(5)

Here ρ is energy density, p is the pressure, η and ξ are the coefficients of shear and

bulk viscosity respectively.

where,

η > 0, ξ > 0(6)

We have taken them as constant.

Using co-moving co-ordinate and a particular choice of function given by,

f(T ) = µT,(7)

where µ is constant.

With the help of equation (3) to (7), the field equations (2) for the metric (1) yield

the set of independent equations as:
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(8)
A′′

A
+
A′B′

AB
+
B′′

B
= (3µ+ 8π)p− ρµ− [(5µ+ 8π)ξ

+ (
14

3
µ+

32

3
π)η]

A′

A
− 2µη

B′

B
.

(9)
2A′′

A
+
A′2

A2
− f ′′

fA2
= (3µ+ 8π)p− ρµ− [(5µ+ 8π)ξ

+ (
8

3
µ+

32

3
π)η]

B′

B
− 4µη

A′

A
.

A′2

A2
+

2A′B′

AB
− f ′′

fA2
= −(3µ+ 8π)ρ+ pµ− (

4A′

A
+

2B′

B
)µη.(10)

Now, the functional dependence of the metric imply

f ′′

f
= k2 and k2 = constant.(11)

Now, if k = 0, then f(χ) = k1χ + k2, 0 < χ < ∞, where k1 and k2 are constant of

integration.

Without any loss of generality, we take k1 = 1 and k2 = 0, so that we have f(χ) = χ

resulting in flat model of the universe.

Hence, field equations (8)-(10) reduces to,

(12)
A′′

A
+
A′B′

AB
+
B′′

B
= (3µ+ 8π)p− ρµ− [(5µ+ 8π)ξ

+ (
14

3
µ+

32

3
π)η]

A′

A
− 2µη

B′

B
.
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(13)
2A′′

A
+
A′2

A2
= (3µ+ 8π)p− ρµ− [(5µ+ 8π)ξ

+ (
8

3
µ+

32

3
π)η]

B′

B
− 4µη

A′

A
.

A′2

A2
+

2A′B′

AB
= −(3µ+ 8π)ρ+ pµ− (

4A′

A
+

2B′

B
)µη.(14)

3. Solution of the Field Equations

The field equations, we obtained, is a system of three independent equations with

four unknowns A, B, p and ρ. Therefore to obtain the determinate solution of the

system, we need one more physical assumption amongst the unknown parameters.

We assume the condition that the expansion scalar (θ) is proportional to the com-

ponent of shear tensor (σ) which also represents anisotropy of the universe. This

lead to a polynomial relation between the metric coefficients

A = Bm,(15)

where m 6= 0 is proportionality constant.

Here, we take help of special law of variation proposed by [5] for the Hubble pa-

rameter that yield constant value of deceleration parameter. We consider constant

deceleration parameter model defined by

q = −RR
′′

R′2 = constant,(16)

where R is scale factor given by
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R = (A2B)
1
3 .(17)

Solving equation (16), we obtain

R = (at+ b)
1

1+q .(18)

where (a 6= 0) and b are constant of integration, and the equation implies condition

for expansion of the universe i.e. 1 + q > 0.

With the help of (17) and (18), we get

A = (at+ b)
3(β−1)
2αβ .(19)

and

B = (at+ b)
3
αβ .(20)

where α = (q+1) and β = (2m+1) are constants and a, b are integrating constants.

Without any loss of generality, we take a = 1 and b = 0, then equation (1) becomes

ds2 = dt2 − t
3(β−1)
αβ [dχ2 + f2(χ)dφ2]− t

6
αβ dz2.(21)

Also, the field equations (12)-(14) reduces to,

(22) (3µ+ 8π)p− ρµ =
6µη

tαβ
+ [(5µ+ 8π)ξ

+ (
14

3
µ+

32

3
π)η]

3(β − 1)

2tαβ
+

3(3β2 − 2αβ2 − 2αβ + 9)

4t2α2β2
.
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(23) (3µ+ 8π)p− ρµ =
(6µη)(β − 1)

tαβ
+ [(5µ+ 8π)ξ

+ (
8

3
µ+

32

3
π)η]

3

tαβ
+

3(9β2 − 4αβ2 + 4αβ − 18β + 9)

4t2α2β2
.

(3µ+ 8π)ρ− pµ = −9(β2 − 6β + 5)

4t2α2β2
− 6µη

tα
.(24)

4. Some Physical and Kinematical properties of the model

Equation (21) represents axially symmetric bulk viscous cosmological model in

F (R, T ) theory of gravity which is physically significant for discussion of various

stages of the universe. The physical and kinematical parameters which are impor-

tant to discuss the physics of the cosmological model (21) are obtained with the

help of equations (22)-(24) as:

Proper energy density is given by,

(25) ρ =
µ

(8π + 2µ)(tαβ)(4µ+ 8π)
[6µη +

3(β − 1)

2
[(5µ+ 8π)ξ + (

14µ

3
+

32π

3
)η]]

+
1

4(t2α2β2)(8π + 2µ)
[
3µ(15β2 − 2αβ2 − 2αβ − 72β + 69)

4µ+ 8π
− 9(β2 − 6β + 5)]

+
6µη

(tα)(8π + 2µ)
[

µ

4µ+ 8π
− 1].

Figure-1 represents the graph of density (ρ) verses time (t). It is observed that

density ρ > 0 throughout, and tends to zero as time t tends to ∞ which implies
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Figure 1. The plot of density (ρ) verses time (t),α = 1, β = 5

accelerated expansion of the universe.

An Isotropic pressure is obtain as,

(26)

p =
1

4µ+ 8π
(

µ

8π + 2µ
+ 1)[

1

(tαβ)
[6µη +

3(β − 1)

2
[(5µ+ 8π)ξ + (

14µ

3
+

32π

3
)η]]

+
6µη

tα
+

3(15β2 − 2αβ2 − 2αβ − 72β + 69)

4t2α2β2
]+[
−9(β2 − 6β + 5)

4t2α2β2
− 6µη

(tα)
]

1

(8π + 2µ)
.

Figure-2 shows that pressure decreases exponentially with increase in time t, and

finally tends to 0 as t tends to ∞ which depicts expansion of the universe. Also, at

an initial epoch, it gets diverges, and finally vanishes at infinity.

Spatial Volume V is given by,

V = A2B = t
3
α .(27)
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Figure 2. The plot of pressure (p) verses time (t),α = 1, β = 5

Figure 3. The plot of volume (V ) verses time (t),α = 1, β = 5

From figure-3, we observed that the volume increases exponentially with increase

in time, and attains infinity at t = ∞, which indicates that universe represented

by our model is expanding, and showing late time acceleration which resembles the

present scenario of modern cosmology.

Expansion scalar is given by,

θ =
3

tα
.(28)
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Figure 4. The plot of expansion scalar (θ) verses time (t),α = 1

From figure-4, we observe that as time t increases, expansion scalar decreases, and

finally vanishes at t tends to infinity. Also, the expansion scalar shows epoch at an

initial phase but later on it decreases exponentially, and converges to zero. It shows

that universe has nonzero or infinite rate of expansion [15] at an initial phase which

resembles with big bang model of universe. This rate of expansion get slows down

with time.

Shear Scalar is obtain as,

σ2 =
3(m− 1)2

t2α2β2
.(29)

In figure-5, we can see that at an initial epoch shear scalar diverges. It can also

be depict that as time t increases, shear scalar decreases, and finally vanishes at

t→∞. Hence, at large time anisotropic universe will turn completely to isotropic

[15, 26].

The Mean Anisotropic Parameter is given by,

Am =
2(m− 1)2

β2
.(30)
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Figure 5. The plot of shear scalar (σ) verses time (t),α = 1, β =

5,m = 20

and the ratio of anisotropy is obtain as,

σ2

θ2
=

(m− 1)2

3(2m+ 1)2
6= 0,m 6= 1.(31)

From the above equation, it can be observed that for m = 1, the ratio becomes zero,

hence implies that the universe becomes isotropic. For m = 0, the ratio becomes

constant, in this case also, universe becomes isotropic. For m = − 1
2 , the ratio

becomes infinite. Thus, we can say that for m 6= − 1
2 , σ

2

θ2 becomes constant or zero,

indicating that universe approaches isotropy.

5. Conclusion

From the recent cosmological observations, it has been noted that the modified

theory of gravity especially F (R, T ), attracted much attention. Hence, we have

studied axially symmetric bulk viscous cosmological model in framework of F (R, T )

theory of gravity. It is observed that universe is expanding and accelerating which

resembles the present scenario of modern cosmology. The physical parameters,

energy density and pressure tends to zero as time t tends to infinity, and while

both get diverge at an initial epoch. However, the volume increases exponentially

with increase in the time showing the late time acceleration of the universe. The

kinematical parameters, expansion scalar and shear both converges to zero. It can
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be concluded that our model is anisotropic. From the ratio of anisotropy, it is to be

noted that for m 6= − 1
2 the universe represented by our model becomes isotropic.
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