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ABSTRACT 

In this paper, we study the spatially homogenous and anisotropic Bianchi type-VIh cosmological model in 𝑓(𝑅, 𝑇) 

modified theory with variable cosmological term Λ. Solutions are found by assuming forms of the function 

𝑓(𝑅, 𝑇) as 𝑓(𝑅, 𝑇) = 𝑓1(𝑅) + 𝑓2(𝑇)  and with a quadratic equation of state. It is found that some of which are 

decelerating and others accelerating. Here, the cosmological parameter is not constant, but it is taken as variable, 

which can solve the cosmological constant problem. 
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I. INTRODUCTION 

The most successful theory in application to cosmology 

is the theory of General  relativity (GR). Until recently, 

our mental picture of the universe was based more on 

our philosophical prejudices (or religious beliefs) than 

on observational data [1]. Cosmology refers  to study of 

the origin of the universe, it’s structure evolution, and 

future of the universe as a whole based upon the 

interpretations of astronomical observations at 

different wave-lengths through laws of physics. 

Relativistic cosmological models are described as the 

exact solutions of the EFEs that help in understanding 

the important features of our universe. Many 

generalizations of EFEs have been proposed in last few 

decades. Einstein’s general theory of relativity (GR) is 

considered as one of the most beautiful structures of 

theoretical physics. Among several theories of 

gravitation, GR has been designated as the most 

successful one. In fact, GR is regarded as a geometric 

theory of gravitation. Mathematical elegance and 

outstanding formal beauty using tools of Riemannian 

geometry are the characteristics of Einstein’s theory of 

gravitation. It leads to gravitational action. In 1917, 

Einstein introduced the cosmological constant L as the 

universal repulsion to make the universe static in 

accordance with a generally accepted picture of that 

time. 

For better understanding, researchers proposed various 

generalizations of general theory relativity, viz., 

bimetric theory, scalar tensor theory, 

𝑓(𝐺), 𝑓(𝑅, 𝐺), 𝑓(𝑅), 𝑓(𝑇) and 𝑓(𝑅, 𝑇)  gravitational 

theories. From these, some theories have been studied 

to learn the behavior of dark energy and its aspects 

related to the cosmological constant problem. One of 

the most popular alternatives to Einstein’s theory of 

gravitation is the 𝑓(𝑅, 𝑇) theory and was proposed by 
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Harko et al. (2011) [2]. He introduced an arbitrary 

function of the Ricci scalar R and the trace T of the 

energy-momentum tensor. The field equations are 

obtained from the Hilbert-Einstein type variational 

principle [3, 4]. In 𝑓(𝑅, 𝑇) theory it is assumed that the 

gravitational part of the action still depends on a 

generic function of the Ricci scalar R, but also presents 

a generic dependence on T [5]. This kind of dependence 

on T may come because of the consideration of 

quantum effects[6]. [7, 8] gave modifications in 

𝑓(𝑅, 𝑇) theory.The 𝑓(𝑅, 𝑇)  theory provides An 

alternative way is given in 𝑓(𝑅, 𝑇)  theory, which 

explains the cosmic acceleration as presented by 

current observations. In this theory there remains  no 

need to introduce either the existence of extra spatial 

dimension or a component like dark energy [9, 10]. 

Application of this theory will help in exploring 

various issues which are of current interests and may 

give rise to some good inferences [11].  

 

Generally many researchers  use a linear equation of 

state (EOS). which give a linear relation between  

pressure and energy density. But, recent studies shows 

that there is a accleratd expansion of the universe. To 

explain this, one can use a more general EOS’s. The 

generalization to the linear EOS is the quadratic EOS: 

𝑝 = 𝑝0 + 𝛽𝜌 + 𝛼𝜌2    (1.1) 

where 𝑝0, 𝛼  and 𝛽  are constants. Here, if we express 

pressure as a function of density 𝑝 = 𝑝(𝜌) in a Taylor’s 

series about   𝜌 = 0, this gives equation (1.1) to second 

order.  

In the present study, an attempt has been made to solve 

Binchi Type VIh cosmological model by considering  

the following quadratic EOS of the type 

𝑝 = 𝛼𝜌2 − 𝜌     (1.2) 

where 𝛼 ≠ 0. Here we consider variable cosmological 

parameter. In this paper, Section  2, briefly explains the 

𝑓(𝑅, 𝑇) theory, Section 3, gives the field equations and 

Section 4, discusses the solutions. Conclusion is 

presented in Section 5.  

II. THE BASIC EQUATIONS 

The 𝑓(𝑅, 𝑇)  theory is a modified theory of General 

Relativity. The field equations of 𝑓(𝑅, 𝑇) gravity are 

formulated from a Hilbert-Einstein type variational 

principle as follows 

𝑆 = ∫ (
𝑓(𝑅,𝑇)

16𝜋𝐺
+ 𝐿𝑚) √𝑔𝑑4𝑥   (2.1) 

where 𝑅 is the Ricci scalar and 𝑇 is the trace  of the 

energy momentum tensor 𝑇𝑎𝑏 .  Here 𝐿𝑚   is matter 

Lagrangian density. The energy-momentum tensor is: 

𝑇𝜇𝑣 =
−2

√𝑔

𝛿(√𝑔𝐿𝑚)

𝛿𝑔𝜇𝑣     (2.2) 

where,  𝐿𝑚 is the Lagrangian density of the matter and 

it depends only on 𝑔𝑎𝑏. Thus 

𝑇𝜇𝑣 = 𝐿𝑚𝑔𝜇𝑣 − 2
𝜕𝐿𝑚

𝜕𝑔𝜇𝑣    (2.3) 

Now, varying (2.1) with respect to 𝑔𝑎𝑏, the following 

field equations are obtained 

𝑓𝑅(𝑅, 𝑇)𝑅𝜇𝑣 −
1

2
𝑓(𝑅, 𝑇)𝑔𝜇𝑣 + (𝑔𝜇𝑣 ⊡

−∇𝜇∇𝑣)𝑓𝑅(𝑅, 𝑇) =  8𝜋 − 𝑓𝑇(𝑅, 𝑇)𝑇𝜇𝑣 − 𝑓𝑇(𝑅, 𝑇)Θ𝜇𝑣

      (2.4) 

Where 

Θ𝜇𝑣 = −2T𝜇𝑣 + 𝐿𝑚g𝜇𝑣 − 2𝑔𝑖𝑗 𝜕2𝐿𝑚

𝜕𝑔𝜇𝑣𝜕𝑔𝑖𝑗  (2.5) 

Here T𝜇𝑣  is the energy-momentum tensor associated 

with the Lagrangian 𝐿𝑚  and ⊡= ∇𝜇∇𝑣  is the d’ 

Alembert’s operator, 𝑓𝑇(𝑅, 𝑇) =
𝜕𝑓(𝑅,𝑇)

𝜕𝑇
, 𝑓𝑅(𝑅, 𝑇) =

𝜕𝑓(𝑅,𝑇)

𝜕𝑅
. Now, by contracting (2.4) leads to 

𝑓𝑅(𝑅, 𝑇)𝑅 + 3 ⊡ 𝑓𝑅(𝑅, 𝑇) − 2𝑓(𝑅, 𝑇) =  8𝜋𝑇 − (𝑇 +

Θ)𝑓𝑇(𝑅, 𝑇)  (2.6) 

where, Θ = 𝑔𝜇𝑣Θ𝜇𝑣 . Using equations (2.4) and (2.6),  

the gravitational equations can be derived as  

𝑓𝑅(𝑅, 𝑇) (𝑅𝜇𝑣 −
1

3
𝑅g𝜇𝑣) +

1

6
𝑓(𝑅, 𝑇)𝑔𝜇𝑣 

= (8𝜋−𝑓𝑇(𝑅, 𝑇)) (𝑇𝜇𝑣 −

1

3
𝑔𝜇𝑣) −𝑓𝑇(𝑅, 𝑇) (Θ𝜇𝑣 −

1

3
Θg𝜇𝑣) +∇𝜇∇𝑣𝑓𝑅(𝑅, 𝑇) (2.7) 

For perfect fluid 

T𝜇𝑣 = (𝜌 + 𝑝)𝑢𝜇𝑢𝑣 − 𝑝𝑔𝜇𝑣   (2.8) 

with 𝑢𝜇 = (1,0,0,0) being the four velocity for which 

𝑢𝜇𝑢𝜇 = 1, 𝑢𝜇∇𝑣𝑢𝜇 = 0. From equation (2.5), we get 

Θ𝜇𝑣 = −2T𝜇𝑣 − 𝑝g𝜇𝑣    (2.9) 
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There is freedom of choice for 𝑓(𝑅, 𝑇) , following, 

Harko et al. (2011) [4] to construct different kinds  

𝑓(𝑅, 𝑇)  modified cosmological models by specifying 

following three forms of 𝑓(𝑅, 𝑇)  as,  

 𝑓(𝑅, 𝑇) = {

𝑅 + 2𝑓(𝑇)

𝑓1(𝑅) + 𝑓2(𝑇)

𝑓1(𝑅) + 𝑓2(𝑅)𝑓3(𝑇)

 (2.10) 

In this paper, we choose 𝑓(𝑅, 𝑇) = 𝑓1(𝑅) + 𝑓2(𝑇) . 

Now, using equations (2.8) and (2.9) equation (2.4) 

becomes 

𝑓1
′(𝑅)𝑅𝜇𝑣 −

1

2
𝑓1(𝑅)𝑔𝜇𝑣 + (𝑔𝜇𝑣 ⊡ −∇𝜇∇𝑣)𝑓1

′(𝑅) 

                              =  (8𝜋 −

𝑓2
′(𝑇))𝑇𝜇𝑣 + (𝑓2

′(𝑇)𝑝 +
1

2
𝑓1(𝑇)) g𝜇𝑣 (2.11) 

 

III. METRIC AND FIELD EQUATIONS 

 

We consider generalized space metric which will cover 

spatially homogeneous Bianchi type VIh  represented by 

𝑑𝑠2 =  𝑑𝑡2 − 𝐴2 (𝑡)𝑑𝑥2 − 𝐵2(𝑡)𝑒2𝑥𝑑𝑦2 −

𝐶2(𝑡)𝑒2ℎ𝑥𝑑𝑧2
                                                    (3.1) 

Where ℎ  arbitrary constants and 𝐴 , 𝐵 , 𝐶  are metric 

functions of cosmic time. 

In equation (2.11) we take 𝑓1(𝑅) = 𝜆𝑅 and 𝑓2(𝑇) = 𝜆𝑇 

then the Einstein field equations take the form 

𝐺𝑖𝑗 = (
8𝜋+𝜆

𝜆
) 𝑇𝑖𝑗 + (

𝜌−𝑝+2Ʌ

2
) 𝑔𝑖𝑗                                                         

(3.2) 

where the symbols have their usual meaning. 

Einstein field equations (3.2) for the metric (3.1) can be 

written as 
𝐵̈

𝐵
+

𝐶̈

𝐶
+

𝐵̇𝐶̇

𝐵𝐶
−

ℎ

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                   

(3.3) 
𝐴̈

𝐴
+

𝐶̈

𝐶
+

𝐴̇𝐶̇

𝐴𝐶
−  

ℎ2

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                     

(3.4) 
𝐴̈

𝐴
+

𝐵̈

𝐵
+

𝐴̇𝐵̇

𝐴𝐵
−

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                      

(3.5) 
𝐴̇𝐵̇

𝐴𝐵
+

𝐵̇𝐶̇

𝐵𝐶
+

𝐴̇𝐶̇

𝐴𝐶
−

1+ℎ+ℎ2

𝐴2 = − (
16𝜋+3𝜆

2𝜆
) 𝜌 +

𝑝

2
− Ʌ                                                                       

(3.6) 

(1 + ℎ)
𝐴̇

𝐴
−  

𝐵̇

𝐵
− ℎ

𝐶̇

𝐶
= 0                                                                                                          

(3.7) 

The energy conservation equation is given by 𝑇𝑖𝑗 ; 𝑗 =

0 gives 

𝜌̇ + (𝜌 + 𝑝) (
𝐴̇

𝐴
+

𝐵̇

𝐵
+

𝐶̇

𝐶
) = 0                                                                                                   

(3.8)                                        

Where overhead dots denote differentiation with 

respect to time t . 

                                                                                                                                          

Now, the field equations (3.3) – (3.7) form a system of 

four independent equations with six unknown 

parameters  , 𝐵 , 𝐶, 𝑝 , 𝜌 , Ʌ  . Hence in order to find 

explicit solution of the system, two additional 

conditions are to be considered.    

So following (Yadav and Sharma 2013;Yadav 

2012;Pradhan et al.2013d  )first we consider the 

average scale factor is an increasing function of time as 

given below 

𝑎 =  (𝑡𝑛𝑒𝑡)
1

𝑘                                                                                                                          

(3.9) 

Where 𝑘 > 0  and n ≥ 0  are constants.    

Secondly we consider quadratic barotropic equation of 

state (EOS) relating pressure and density given as 

follows. 

𝑝 = 𝛼𝜌2 − 𝜌                                                                                                                             

(3.10) 

Where 𝛼 ≠ 0 

Spatial volume for the model (3.1) is written as  

𝑉 = 𝐴𝐵𝐶                                                                                                                                 

(3.11) 

We define average scale factor 𝑎  of anisotropic model 

as 

𝑎 =  𝑉
1

3 = (𝐴𝐵𝐶)
1

3                                                                                                                   

(3.12) 

Generalized mean Hubble parameter 𝐻 is given by 

𝐻 =
1

3
(𝐻1 + 𝐻2 + 𝐻3)                                                                                                             

(3.13) 

Where 𝐻1 =  
𝐴̇

𝐴
 , 𝐻2 =  

𝐵̇

𝐵
   , 𝐻3 =  

𝐶̇

𝐶
 are the directional 

Hubble parameters in the direction of 𝑥 , 𝑦 , 𝑧 resp. 
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Expansion scalar (𝜃) , anisotropy parameter (𝐴𝑚) and 

shear scalar (𝜎) are defined as usual as follows 

𝜃 =  3𝐻                                                                                                                                     

(3.14) 

𝐴𝑚 =  
1

3
∑ (

𝐻𝑖−𝐻

𝐻
)

2
3
𝑖=1                                                                                                                

(3.15) 

𝜎2 =
1

2
[(

𝐴̇

𝐴
)

2

+ (
𝐵̇

𝐵
)

2

+ (
𝐶̇

𝐶
)

2

] −
𝜃2

6
                                                                                           

(3.16) 

Deceleration parameter 𝑞 is defined as 

𝑞 =  −
𝑎𝑎̈

𝑎̇2 =  − (
𝐻̇+𝐻2

𝐻2 )            

                                                                                                  

(3.17) 

Case I)  𝒉 = 𝟏 

We consider  ℎ = 1 then the field eqns  (3.3) – (3.7) 

take the form  
𝐵̈

𝐵
+

𝐶̈

𝐶
+

𝐵̇𝐶̇

𝐵𝐶
−

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                    

(3.18) 
𝐴̈

𝐴
+

𝐶̈

𝐶
+

𝐴̇𝐶̇

𝐴𝐶
−  

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                    

(3.19) 
𝐴̈

𝐴
+

𝐵̈

𝐵
+

𝐴̇𝐵̇

𝐴𝐵
−

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                    

(3.20) 
𝐴̇𝐵̇

𝐴𝐵
+

𝐵̇𝐶̇

𝐵𝐶
+

𝐴̇𝐶̇

𝐴𝐶
−

3

𝐴2 = − (
16𝜋+3𝜆

2𝜆
) 𝜌 +

𝑝

2
− Ʌ                                                                             

(3.21) 

2
𝐴̇

𝐴
−  

𝐵̇

𝐵
−

𝐶̇

𝐶
= 0                                                                                                                       

(3.22)                                          

From (3.22) we obtain  

𝐴2 = 𝐵𝐶                                                                                                                                    

(3.23) 

Solving (3.18) – (3.21) by usual technique we obtain 
𝐴

𝐵
= 𝑑1 𝑒𝑥𝑝 (𝑞1 ∫

𝑑𝑡

𝑉
)                                                                                                                 

(3.24) 
𝐵

𝐶
= 𝑑2 𝑒𝑥𝑝 (𝑞2 ∫

𝑑𝑡

𝑉
)                                                                                                                 

(3.25) 
𝐴

𝐶
= 𝑑3 𝑒𝑥𝑝 (𝑞3 ∫

𝑑𝑡

𝑉
)                                                                                                                 

(3.26) 

Where 𝑑1, 𝑑2, 𝑑3  and 𝑞1, 𝑞2, 𝑞3  are constants of 

integration. 

From (3.23)-(3.25) and  (3.11)  we obtain 

𝐴(𝑡) = 𝐿1𝑎 𝑒𝑥𝑝(𝑄1 ∫ 𝑎−3𝑑𝑡)                                                                                                   

(3.27) 

𝐵(𝑡) = 𝐿2𝑎 𝑒𝑥𝑝(𝑄2 ∫ 𝑎−3𝑑𝑡)                                                                                                   

(3.28) 

𝐶(𝑡) = 𝐿3𝑎 𝑒𝑥𝑝(𝑄3 ∫ 𝑎−3𝑑𝑡)                                                                                                   

(3.29) 

Where 𝐿1𝐿2𝐿3 = 1 and 𝑄1 + 𝑄2 + 𝑄3 = 0                                                                                             

In particular 

𝐿1 = (
𝑙3

2

𝑙2
)

1

3
 , 𝐿2 = (

𝑙2

𝑙1
)

1

3
 , 𝐿3 = (

𝑙1

𝑙3
2)

1

3
                                                                                                     

And 

𝑄1 =
2𝑞3−𝑞2

3
  , 𝑄2 =

𝑞2−𝑞1

3
 , 𝑄3 =

𝑞1−2𝑞3

3
                                                                                                  

From eqn (3.26) – (3.28) and (3.8) we obtain 

𝐴(𝑡) = 𝐿1(𝑡𝑛𝑒𝑡)
1

𝑘 𝑒𝑥𝑝(𝑄1𝐹(𝑡))                                                                                              

(3.30) 

𝐵(𝑡) = 𝐿2(𝑡𝑛𝑒𝑡)
1

𝑘 𝑒𝑥𝑝(𝑄2𝐹(𝑡))                                                                                               

(3.31) 

𝐶(𝑡) = 𝐿3(𝑡𝑛𝑒𝑡)
1

𝑘 𝑒𝑥𝑝(𝑄3𝐹(𝑡))                                                                                               

(3.32)     

Where  

𝐹(𝑡) =  ∫(𝑡𝑛𝑒𝑡)− 
3

𝑘 𝑑𝑡   =  ∑
(−3)𝑖−1𝑡

𝑖−
3𝑛
𝑘

𝑛𝑖−2(𝑛𝑖−3𝑘)(𝑖−1)!
∞
𝑖=0                                                                       

(3.33)    

Hence from (3.29)-(3.31) the metric takes the form 

𝑑𝑠2 =  𝑑𝑡2 − 𝐿1
2(𝑡𝑛𝑒𝑡)

2

𝑘 𝑒𝑥𝑝(2𝑄1𝐹(𝑡))
 

𝑑𝑥2 −

𝑒2𝑥[𝐿2
2(𝑡𝑛𝑒𝑡)

2

𝑘 𝑒𝑥𝑝(2𝑄2𝐹(𝑡))
 

𝑑𝑦2 +

𝐿3
2(𝑡𝑛𝑒𝑡)

2

𝑘 𝑒𝑥𝑝(2𝑄3𝐹(𝑡))
 

𝑑𝑧2]                              (3.34)                

 

Case II)  𝒉 = −𝟏 

In this section we have considered  h = -1, then the set 

of field equations  (3.3) – (3.7) reduce to  
𝐵̈

𝐵
+

𝐶̈

𝐶
+

𝐵̇𝐶̇

𝐵𝐶
+

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                    

(3.46) 
𝐴̈

𝐴
+

𝐶̈

𝐶
+

𝐴̇𝐶̇

𝐴𝐶
−  

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                    

(3.47) 
𝐴̈

𝐴
+

𝐵̈

𝐵
+

𝐴̇𝐵̇

𝐴𝐵
−

1

𝐴2 = (
16𝜋+3𝜆

2𝜆
) 𝑝 −

𝜌

2
− Ʌ                                                                                    

(3.48) 
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𝐴̇𝐵̇

𝐴𝐵
+

𝐵̇𝐶̇

𝐵𝐶
+

𝐴̇𝐶̇

𝐴𝐶
−

1

𝐴2 = − (
16𝜋+3𝜆

2𝜆
) 𝜌 +

𝑝

2
− Ʌ                                                                            

(3.49) 
𝐶̇

𝐶
  −  

𝐵̇

𝐵
= 0                                                                                                                                

(3.50)    

From eqn (3.50) we obtain 

𝐵 = 𝐶                                                                                                                                        

(3.51) 

Eqn (3.46) – (3.49) with the use of eqn (3.50) form the 

system of 3 independent equations with five unknowns 

𝐴 𝐵, 𝑝 , 𝜌, 𝛬. So to find explicit solutions for the system 

we consider two conditions given by eqn (3.9) and 

(3.10)  . 

Solving eqn. (3.46)-(3.47) in usual way we obtain 
𝐴

𝐵
=  𝑐2𝑒𝑥𝑝  [𝑐1𝐹(𝑡)]                                                                                                                 

(3.52) 
𝐴

𝐶
=  𝑐4𝑒𝑥𝑝  [𝑐3𝐹(𝑡)]                                                                                                                 

(3.53) 

Where 

  𝐹 (𝑡) =  ∫
𝑒𝑡

𝑎3  𝑑𝑡 =  ∫ 𝑡− 
3𝑛

𝑘 𝑒
𝑡(1−

3

𝑘
)
𝑑𝑡 

   =    ∑
(𝑘−3)𝑖−1𝑡

𝑖−
3𝑛
𝑘

𝑘𝑖−2(𝑘𝑖−3𝑛)(𝑖−1)!
𝑛
𝑖=0                                                                                                              

And 𝑐1 , 𝑐2 , 𝑐3 , 𝑐4 are constant of integration. 

From (3.11) , (3.52) and (3.53) we obtain 

𝐴 = 𝑐2

2

3(𝑡𝑛𝑒𝑡)
1

𝑘  𝑒𝑥𝑝 [
2𝑐1

3
𝐹(𝑡)]                                                                                                 

(3.54) 

𝐵 = 𝐶 = 𝑐2
−

1

3(𝑡𝑛𝑒𝑡)
1

𝑘  𝑒𝑥𝑝 [−
𝑐1

3
𝐹(𝑡)]                                                                                     

(3.55)     

Now the metric (3.1) can be rewritten as 

𝑑𝑠2 =  𝑑𝑡2 − 𝑐2

4

3(𝑡𝑛𝑒𝑡)
2

𝑘  𝑒𝑥𝑝 [
4𝑐1

3
𝐹(𝑡)] 𝑑𝑥2 −

𝑐2
−

2

3(𝑡𝑛𝑒𝑡)
2

𝑘  𝑒𝑥𝑝 [−
2𝑐1

3
𝐹(𝑡)] (𝑒2𝑥𝑑𝑦2 + 𝑒−2𝑥𝑑𝑧2)  

(3.56) 

 

IV. RESULTS AND DISCUSSION 

For both the cases expression for energy density and 

pressure, Hubble parameter (𝐻), expansion scalar (𝜃) 

and deceleration parameter (𝑞) are obtained as  

𝜌 =  [
3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−1
                                                                                                                

(4.1) 

𝑝 = 𝛼 [
3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−2
− [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−1
                                                                             

(4.2)  

𝐻 =
1

𝑘
(

𝑛

𝑡
+ 1)                                                                                                                            

(4.3) 

𝜃 =
3

𝑘
(

𝑛

𝑡
+ 1)         

          (4.4) 

𝑞 = −1 +
𝑘𝑛

(𝑛+𝑡)2                                                                                                                         

(4.5)  

Other physical parameters such as cosmological 

parameter (Ʌ),  mean  shear scalar (𝜎) and an anisotropy 

parameter (𝐴𝑚) are obtained as 

For 𝒉 = 𝟏 

Ʌ = − (
16𝜋+3𝜆

2𝜆
) [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−1
+

1

2
{𝛼 [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−2
− [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−1
} −

3

𝑘2 (
𝑛

𝑡
+

1)
2

− 

                   𝑄4𝑡−
6𝑛

𝑘 𝑒
(−

6𝑡

𝑘
)

+

 
3

𝑙1
2 (𝑡𝑛𝑒𝑡)−

2

𝑘𝑒𝑥𝑝[−𝑄1𝐹(𝑡)]                                                           

(4.6) 

𝐴𝑚 = 𝑘2𝑄(𝑡𝑛𝑒𝑡)− 
6

𝑘 (
𝑛

𝑡
+ 1)

−2
                                                                                                

(4.7)  

where 𝑄 = 𝑄1
2 + 𝑄2

2 + 𝑄3
2 

𝜎2 =
𝑄

2
 (𝑡𝑛𝑒𝑡)− 

6

𝑘                                                                                                                      

(4.8) 

                                                                                                                     

For 𝒉 = −𝟏 

Ʌ = − (
16𝜋+3𝜆

2𝜆
) [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−1
+

1

2
{𝛼 [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−2
− [

3𝛼

𝑘
log(𝑡𝑛𝑒𝑡)]

−1
} −

3

𝑘2 (
𝑛

𝑡
+

1)
2

− 

                   𝑄4𝑡−
6𝑛

𝑘 𝑒
(−

6𝑡

𝑘
)

+

 
3

𝑙1
2 (𝑡𝑛𝑒𝑡)−

2

𝑘𝑒𝑥𝑝[−𝑄1𝐹(𝑡)]                                                           

(4.9) 

 

𝜎2 =
𝑐1

2

3
𝑡− 

6𝑛

𝑘 𝑒
2𝑡(1−

3

𝑘
)
                                                                                                               

(4.10) 
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𝐴𝑚 =  
2𝑐1

2

9(
1

𝑘
(

𝑛

𝑡
+1))

2  𝑡−
6𝑛

𝑘  𝑒
2𝑡(1−

3

𝑘
)
                                                                                                

(4.11) 

From the above result, we can note that the volume of 

the universe increases as there is an increase in cosmic 

time t. We observe that energy density (ρ) and 

barotropic pressure (𝑝) of the fluid is a decreasing 

function of time.From above eqns we can observe that 

at t = 0, the spatial volume scale factor (V) vanishes. 

While the parameters such as scalar of expansion (θ), 

mean Hubble parameter (H) and shear scalar (σ) are 

infinite, this is big bang scenario. As t → ∞, V diverges 

to ∞ whereas θ, H and σ approach to zero whenever 

𝑘 > 0 𝑎𝑛𝑑 𝑛 ∈ ℝ   

Anisotropy parameter 𝐴𝑚  is a decreasing function of 

time t and tends to 0 for large values of time t in both 

the cases whenever  𝑘 > 0 𝑎𝑛𝑑 𝑄 , 𝑛 ∈ ℝ . Hence, at 

late times, the Bianchi type VIh  model is isotropic  for 

positive values of k. 

The deceleration parameter for this model is positive if 

t< √𝑛𝑘 −  𝑛   which shows that the universe is in a 

decelerating phase and, and negative for t > √𝑛𝑘 −  𝑛  

which indicates that the universe is accelerating. 

V. CONCLUSION 

In this paper, we have presented new exact solutions of 

the Bianchi VIh cosmological model. The model a 

spatially homogenous and anisotropic in 𝑓(𝑅, 𝑇) 

gravitation theory along with variable cosmological 

parameter Λ. The solutions of the field equations in 

𝑓(𝑅, 𝑇)  are obtained by considering that 𝑓(𝑅, 𝑇) =

𝑓1(𝑅) + 𝑓2(𝑇), the quadratic equation of state. We have 

considered two variations of h, h = 1 and h = -1. For 

both the values we have obtained exact solutions of the 

field equations almost identical observations. 

 

VI. REFERENCES 

 

[1]. Cotsakis S., Papantonopoulos E.: Cosmological 

Crossroads: An Advanced Course in 

Mathematical, Physical and String Cosmology, 

Springer Sci. & Business Media, 2002. 

[2]. Harko T., Lobo F. S., Nojiri S., Odintsov S. D.: f 

(R,T) Gravity, Phys. Rev. D, 84(2) (2011), 

024020-1 to 024020-14.  

[3]. Harko T., Lobo F. S.: Generalized dark gravity, 

Int. J. of Modern Phys. D, 21(11) (2012), 

1242019-1 to 1242019-8, 

https://doi.org/10.1142/S0218-271812420199. 

[4]. Sahoo P.K., Mishra B., Reddy G. C.: Axially 

symmetric cosmological model in f (R;T) gravity, 

Eur. Phys. J. Plus, 129(3) (2014), 1-8, 

https://doi.org/10.1140/epjp/i2014-14049-7. 

[5]. Moraes P., Sahoo P.K.: The simplest non-minimal 

matter-geometry coupling in the f 

(R;T)cosmology, The Eur. Phys. J. C, 77(7) (2017), 

1-8, https://doi/10.1140/epjc/s10052-017-5062-8. 

[6]. Adhav K.S.: LRS Bianchi type-I cosmological 

model in f (R;T) theory of gravity, Astrophys. 

Space Sci., 339(2) (2012), 365-369, 

https://doi.org/10.10-07/s10509-011-09638. 

[7]. Agrawal P.K., Pawar D.D.: Plane symmetric 

cosmological model with quark and strange 

quark matter in f (R;T) theory of gravity, J. 

Astrophys. Astr., 38(2)(2017), 1-7, 

https://doi.org/10.1007/s12036-016-9420-y. 

[8]. Chaubey R., Shukla A.: A new class of Bianchi 

cosmological models in f (R;T) gravity, 

Astrophys. Space Sci., 343(1) (2013), 415-422, 

https://doi.org/10.1007/s10509-012-1204-5. 

[9]. Pawar D.D., Agrawal P.K.: Dark energy 

cosmological model in f (R;T) theory of gravity, 

Prespacetime J., 6(3) (2015), 719-732. 

[10]. Pawar D.D., Agrawal P.K.: Role of constant 

deceleration parameter in cosmological model 

filled with dark energy in f (R;T) theory, Bulg. J. 

of Phys., 43(2),(2016), 148-155. 

[11]. Pawar D.D., Bhuttampalle G., Agrawal P.K.: 

Kaluza-klein string cosmological model in f(R;T) 

theory of gravity, New Astronomy, 65 (2018), 1- 

6, https://doi.org/10.1016/j.newast.2018.05.002. 


