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Abstract A new class of spatially homogeneous and anisomorpic LRS 

binachi type-I cosmological model in f (R, T ) theory gravity. To solve 

Einstein field equation in f (R, T ) gravity, by taking f (R, T ) = R + 2f (T ) and 

Hubble param- eter H is a suitable function of cosmic time t which yields 

model is tranensition phase. The physical and kinematical parameters of the 

models are discussed. The models are found to be compatible with the result 

of recent observations. Keywords: LRS Binachi type-I,Hubble parameter H, 

anisotropy. 

1 Introduction

Modern cosmology provides the relevant experimental evidence about the 

accel- eration of our universe and has reached a new vision to establish 

revolutionary advancements on account of the current accelerated expansion. 

Resent observa- tional studies, including the supernovae cosmology project, 

have provided the main evidence for the cosmic acceleration of the 

universe[1,3] and several ob- servations like those of the distant 

supernovae[4,5], large scale structure (LSS), fluctuation of the cosmic 

microwave background radiation [6-7]. The Wilkinson microwave anisotropy 

probe [8], the sloan digital sky surve [SDSS] [9] and the Chandra x-ray 

observatory suggest that our universe is undergoing an acceler- ated 

expansion. The observation have indicated a change with time from an early 

deceleration the cosmic expansion of the universe. 

The first approach to explain the expanding universe is dominated by a nega- 

tive gravity like matter dubbed dark energy (DE), which is responsible for the 

accelerating rate of expansion of the universe [10]. Recently cosmological 

result indicate that the universe is embodied with 68.3%DE, 26.8% dark 

matter and 4.9% baryonic matter. The cosmological constant is a prime 

candidate for DE and there do exist other representation like as quintessence 

[11] , phantom [12], k-essence[13], techyons[14], and chaplygin gas [15]. 
The second approach is to generalize the Einstein gravity model of general 
rel-ativity, and consider more general actions to describe the gravitational 
field. For example, the standard Einstein Hilbert action is replaced by an 
arbitrary function of the Ricci scalar in one approach. A fundamental 
theoretical chal-lenge to gravitational theories is to explain the late time 
accelerations of the universe and the effective cause related to DE. On the 
basis of modification to the action, several alternative theories of gravity have 
come into existence such as f (R),f (G), f (T ) and f (R, T ) gravity. The 
cosmological evolution for DE models. were discussed by Sharif and Azeem 
[16] in f (T ) gravity. Both cosmic inflation and an explanation of DE
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R + 2f (T ), 

including the present cosmic acceleration 

[17] is produced by f (R) modified theory. The anisotropic cosmological

models

in f (R, T ) gravity with variable deceleration parameter have been investigated 

by Sahoo et al [18] recently. 

In this paper ,we deal with the basic formalism of the f (R, T ) gravity field equa- 

tions along with some essential review. The field equations in f (R, T ) gravity 

are solved by assuming that f (R, T ) = R + 2f (T ) and relation between Hubble 

parameter H and cosmic time t as[19] 

H = m + n coth t, (1) 

where m and n are positive constants. This from of Hubble’s parameter H as a 

function of cosmic time t, we propose is ad hoc in the sense that it is derived 

from the desired behavior of the universe, rather than from a known field theory. 

Berman [20] also studied cosmological models proposing a variation law for 

the Hubble parameter without specifying the physics behind such a choice 

which yields a constant value of deceleration parameter. 

2 Basic formulation of f (R, T ) gravity

The action of f (R, T ) gravity is given by Harko et al.[21] 

S = 
f (R, T ) 

+ S
16π m

\ 
√

−gdx4. (2) 

Here f (R, T ) is an arbitrary function of Ricci tensor R and trace energy mo- 

mentum tensor T . 

Harko et al.[21] explored the following conditions 

f (R, T ) = f1(R) + f2(T ) 


f1(R) + f2(R)f3(T ). 

(3) 

As in this particular paper, we assume the form of f (R, T ) = R + 2f (T ), and 

take f (T ) = λT , where λ is coupling constant of f (R, T ) gravity. 

We can write equation (1) in this condition as 

fR(R, T )Rij− 
2 
f (R, T )gij+(gijD−∇i∇j)fR(R, T ) = 8πTij−fT (R, T )Tij−fT (R, T )Θij , 

(4) 
where D is D’Alembertian operator and defined as (D = i j), and also Θij 

is defined as 

Θij 
= glm 

δTlm . (5) 
δgij

We take the matter content in the universe is perfect fluid,Θij becomes 

Θij = −2Tij − pgij , (6) 

here Tij is energy momentum tensor with perfect fluid defined as 

Tij = (ρ + p)uiuj − pgij , (7) 

Journal of Shanghai Jiaotong University ISSN: 1007-1172

Volume 17, Issue 2, February - 2021 Page No: 144



 

A B A B B 

where ρ and p are ED and cosmic pressure. ui is four velocity vector and 

satisfying the condition uiui = 1. 

The field equation attains the form 

1 
Rij − 

2 
Rgij = 8πTij + 2fT Tij + [f (T ) + 2pfT ]gij . (8) 

or 

 

 

where G = c = 

1. 

 
1 

Rij − 
2 

Rgij = (8π + 2λ)Tij + [T + 2p]λgij , (9) 

 

3 Line element and field equations 

The spatially homogeneous and anisotropic LRS Bianchi type-I universe is de- 

scribed by the line element 

ds2 = dt2 − A2dx2 − B2(dy2 + dz2),

 (10

) where A, B are functions of cosmic time t. 

Using equations (7) and (10) in the field equations(9), we get the following 

system of equations 

Ä B̈ ȦḂ 

A 
+ 

B 
+ 

AB 
= −(8π + 3λ)p + λρ, (11) 

B̈ Ḃ 2 
2 

B 
+ 

B2 = −(8π + 3λ)p + λρ, (12) 

ȦḂ Ḃ 2 
2 

AB 
+ 

B2 = (8π + 3λ)ρ − λp, (13) 

The average scale factor (a) for the Bianchi type-I space time is defined as 

a3 = AB2. (14) 

The Hubble parameter (H), shear scalar (σ), anisotropy parameter (Am) and 

deceleration parameter (q), defined as 

 

ȧ 
H = 

a 

σ2 = 
1 

σ 

2 ij 

 

, (15) 

 

σij , (16) 

2σ2 
Am = 

3H2 , (17) 

aä 
q = − 

ȧ2   = 

From  equations (11) and (12), we have 

d 
 
1 ( 

dt H 

) − 1. (18) 

Ä 
− 

B̈  
+ 

/ 
Ȧ  

− 
Ḃ 
\ 

Ḃ 
 

= 0. (19) 
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On integrating we get  
Ȧ Ḃ k 

A 
− 

B  
= 

a3 , (20) 

where k is a constant of integration. From equations (21) and (14), we get 

 

Ȧ ȧ 2k 

A  
=  

a 
+ 

3a3 , (21) 

Ḃ ȧ k 

B 
=  

a 
− 

3a3 . (22) 

4 Solution of the field equations 

For the assumption(1),the physical parameters , scalar factor (a), expansion 

scalar (θ), shear scalar (σ) and deceleration parameter (q) are given by 

 

a = emt(sinh t)n, (23) 

θ = 3(m + n coth t), (24) 

k 
σ = (25) 

e3mt(sinh t)3n 
n 

q = −1 + 
(m sinh t + n cosh t)2 . (26)

 

We observe that as t = 0, the scale factor is zero and expansion scalar θ and 

shear  scalar  σ are  infinity and t the scalar factor and shear scalar are 

infinity and expansion scalar is zero. The model is supporting with big- bang. 
The deceleration parameter q = −1 + 1  > 0, where 0 < n < 1 at t = 0 and 
for t = , q = 1. Thus the model represent initial deceleration phase and late 
time acceleration phase of expansion. 

For the model, expansion anisotropy 

o k 

θ 
= 

3(m + n coth t)e3mt(sinh t)2n . (27)
 

As t → ∞, the anisotropy  σ  →  0.  Therefore the model approches isotropy at 
late time. 

The pressure and energy density are given by 

p =
  −1  [(8π + 

3λ)2 − λ2] 
−2(8π + 3λ)ncosech t + (24π + 6λ)(m + n coth t) 

(8π + 4λ)k2 
+ 

3 sinh6n te6mt ,
 

(28) 

ρ =
  1  [(8π + 

3λ)2 − λ2] 
−2λncosech t + (24π + 6λ)(m + n coth t) 

(8π + 4λ)k2 
− 

3 sinh6n te6mt ,
 

(29) 

The pressure and energy density is decreasing function of cosmic time t. 

( 

( 

2 

2 

Journal of Shanghai Jiaotong University ISSN: 1007-1172

Volume 17, Issue 2, February - 2021 Page No: 146



 

≥ 

5 Conclusion 

In this paper, we have investigated the evolution of the f (R, T ) theory gravity 

field equations. To solved the modified field equation in f (R, T ) gravity , by 

assuming the Hubble parameter is a suitable function of cosmic time t. The 

universe is initially state is a singular state and Hubble parameter is positive 

and decreasing function of cosmic time t, which yields universe is 

expanding.The deceleration parameter is an early time deceleration phase and 

late time is accel- eration phase of expansion. The anisotropy parameter tends 

to zero as cosmic time tends to infinity, which show that the universe in 

model is isotropy.The pressure and energy density is positive and decreasing 

function of cosmic time 
t. This is in agreement with recent cosmological observations. 
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