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Abstract:  

In this paper ,we have studied LRS Bianchi type-I cosmological model employing the quadratic equation 

of state and considering the influence of cosmological constant to understand the nature of universe in 

),( TRf gravity theory. We studied a class of functional form, )(),( TfRTRf   within the framework 

of ),( TRf gravity theory and used a quadratic equation of state to study the models behaviour. 

Key aspects: LRS Bianchi Type-I cosmological model, f (R, T) theory of gravity, Quadratic Equation of 

state, Cosmological Constant, Evolution of the universe. 

 

1. Introduction 

The study of cosmological models has been an active area of research in modern astrophysics and 

cosmology. One of the most popular and well-studied models is the Bianchi Type-I cosmological model, 

which is a spatially homogeneous and anisotropic model that describes the evolution of the universe. In 

recent years, there has been a growing interest in modifying the general theory of relativity to explain the 

observed phenomena of the universe, such as the accelerating expansion of the universe. 

Observations from diverse sources, including Supernovae type-Ia experiments [1,2,3,4,5,6], cosmic 

microwave background fluctuations [7], baryon acoustic oscillations [8,9,10], and PLANK collaborations 

[11], consistently indicate that the universe is expanding at an accelerating rate. To explain this 

phenomenon, researchers have proposed two main approaches: introducing a dark energy component or 

modifying the general theory of relativity. The simplest modification involves adding a cosmological 

constant Λ to Einstein's field equations, but this approach is plagued by fine-tuning and cosmic 

coincidence problems. As a result, alternative modifications have been explored, with the f(R, T) modified 

gravity theory gaining significant attention. 

 

The f (R, T) theory of gravity, proposed by Harko et al. [12], is one such modification of general relativity, 

where R is the Ricci scalar and T is the trace of the energy-momentum tensor. This theory has been widely 
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used to study various cosmological models, including the Bianchi Type-I model. Many researchers have 

considered many problems of the cosmology in this theory. Adhav [13] has developed LRS Bianchi Type-

I Space time filled with perfect fluid in f (R, T) gravity. The perfect fluid solutions of Bianchi type-I space 

time in scalar tensor theory have been explored by Kumar and Singh [14], In the framework of f(R; T) 

gravity, Sahoo, P.K. and Sivakumar, M.[15] explained LRS Bianchi type-I cosmological model in f(R, T) 

theory of gravity with Λ(T), P. Shukla et. al. [16] studied LRS Bianchi Type-I Cosmology with Gamma 

Law EoS in f(R, T) Gravity, Reddy, D. R. K., et. al. [17] have investigated Bianchi type-III Dark Energy 

Model in f(R, T) Gravity, Sahoo, P. et. al. [18] discussed the locally rotationally symmetric (LRS) Bianchi 

type-I cosmological model in f (R, T) gravity with bulk viscous fluid as matter content. Ladke, L. S., et. 

al.[19] studied Bianchi type-III cosmological model with ),( TRf  gravity in the presence of perfect fluid 

based on Lyra geometry. Bhardwaj et. al. [20] investigated the cosmological bouncing solution in LRS 

Bianchi-I space-time in framework of ),( TRf  gravity,  Locally rotational symmetric Bianchi Type-II 

cosmological model is studied using the framework of f (R, T ) gravity with a non-linear form of f (R, T ) 

function analyzed by Nisha Godani [21]. R. K. Tiwari, et. al. [22] explored Bianchi Type III String 

Cosmological Model in ),( TRf  Modified Gravity Theory. D.T. Solanke et. al.[23] presented the 

interacting scalar and electromagnetic fields in Bianchi type I space–time in ),( TRf  theory of gravity. 

Mahanta et. al. [24] have explored Bianchi Type-V Universe with time varying cosmological constant and 

quadratic equation of state in ),( TRf  theory of gravity. S. Ayugun et. al. [25] have investigated Quadratic 

equation of state solutions with in ),( TRf  gravitation theory. The perfect fluid matter distribution using 

three Quadratic equation of states for plane symmetric space time in ),( TRf  gravity have been studied by 

Ladke, L. S., et. al. [26] 

Recently, Rej, Pramit et. al. [27] studied "Traversable dark energy wormholes in a quadratic f ),( TRf

gravity, K.Pawar, N.T. Katre [28] observes Anisotropic Bianchi Type-V Perfect Fluid Cosmological 

Models in the frame work of ),( TRf  Gravity. Rishi Kumar Tiwari et. al. [29] examined the  Time Varying 

Deceleration Parameter in f(R, T) Gravity.A spatially homogeneous and anisotropic locally-rotationally-

symmetric Bianchi type-I spacetime model with strange quark matter (SQM) and a variable cosmological 

term Λ(t) and with constant expansion rate is studied in ),( TRf theory by Singh, Vijay, and Aroonkumar 

Beesham [30,31], V. A. Thakare, R. V. Mapari, and S. S. Thakre.[32] obtained "Five-Dimensional Plane 

Symmetric Cosmological Model with Quadratic Equation of State in ),( TRf  Theory of Gravity. Ladke, 

L. S., et. al. [33] obtained Five-dimensional exact solutions of Bianchi type-I space-time in ),( TRf theory 

of gravity. 

In this context, we investigate the LRS Bianchi Type-I cosmological model in the presence of a quadratic 

equation of state with a cosmological parameter in the ),( TRf  theory of gravity. The quadratic equation 

of state is a more general form of the equation of state, which can describe a wide range of cosmic fluids, 

including dark energy and dark matter. 

Our study aims to explore the cosmological implications of the LRS Bianchi Type-I model in the ),( TRf  

theory of gravity, with a focus on the effects of the quadratic equation of state and the cosmological 

parameter on the evolution of the universe. This paper organized as follows: In section (2), we consider 

the Bianchi Type-I space time and developed a Einstein’s field equations in f (R, T) theory of gravity. 

http://www.aijfr.com/
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javascript:;
https://inspirehep.net/authors/2525370
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https://www.researchgate.net/profile/Narendrakumar-Katre/publication/373953701_Anisotropic_Bianchi_Type-V_Perfect_Fluid_Cosmological_Models_In_FRT_Gravity/links/65057d0c9fdf0c69dfd0859c/Anisotropic-Bianchi-Type-V-Perfect-Fluid-Cosmological-Models-In-FR-T-Gravity.pdf
https://www.researchgate.net/profile/Narendrakumar-Katre/publication/373953701_Anisotropic_Bianchi_Type-V_Perfect_Fluid_Cosmological_Models_In_FRT_Gravity/links/65057d0c9fdf0c69dfd0859c/Anisotropic-Bianchi-Type-V-Perfect-Fluid-Cosmological-Models-In-FR-T-Gravity.pdf
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Sections (3) and (4) is used to find solution of anisotropic Bianchi Type-I space time filled with perfect 

fluid along with some physical quantities. In last section we discuss the conclusion. 

 

Gravitational Field Equations of ),( TRf Gravity 

The action of the modified ),( TRf  gravity can be given as 

xdgLxdg
G

TRf
S m

44

16

),(
  

     (1) 

Where R is the Ricci scalar,T  is the trace of energy momentum tensor and ),( TRf is an arbitrary function 

of R  and T . mL  is the matter Lagrangian density.  

We are interesting to study the problem with the inclusion of the cosmological parameter  of its physical 

importance in the discussions of DE and DM. 

Hence varying the action S  with respect to the metric tensor ,g the field equations of ),( TRf  gravity 

with cosmological parameter   are given by                                    

 ggTRfRTRRf    (),(

2

1
),( □  gTRTfTTRTfTTRRf  ),(),(8),()

      
(2) 

Where □
i

i   is the De Alembert’s operator,
R

f  and Tf   are the ordinary derivatives with respect to 

Ricci scalar R and trace of energy momentum tensor T  respectively. 

Contraction of equation (2) gives                                                                                           

3),( RTRf R □  ),(),(8),(2),( TRfTRTfTTRfTRf TTR                (3) 

Where .i

iij

ijg 
 

The stress-energy tensor of the matter Lagrangian is 
 

  pguupT  )(
                                                            

(4)  

 The perfect fluids described by an energy density   and pressure p . The four velocity )0,0,0,1(iu in 

co-moving co-ordinates satisfying the condition 1i

iuu  and 0 i

ji uu  . Thus we can assume ,pLm   

which yields 

 gT p 2
                                                                       

(5) 

Singh and Bishi [34] have discussed Bianchi I transit space–time for  ),( TRf  theory with cosmological 

constant  and Reddy et al. [35 ] have obtained quadratic EoS solutions in GR for Bianchi-I universe in 

the following form of quadratic EoS                     

http://www.aijfr.com/
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  2p              (6) 

Here 0 is constant   

Using equations (5), the field equations (2) can be written as                                  

 ggTRfRTRRf    (),(

2

1
),( □  ggTRTpfTTRTfTTRRf  ),(),(8),()

    
(7)  Using the 

functional form of field equations 

)(2),( TfRTRf  .             (8) 

Where )(Tf  is an arbitrary function of stress energy tensor of matter. 

Here we consider 
dT

df
TfandTTf  )()(                         

Where  is a constant. 

With help of Eqns (8), the gravitational field equations of ),( TRf  gravity with cosmological parameter 

  can be expressed as 

 gTfpTfTTfTRgRG )](2)([)(28
2

1


             
(9) 

Metric and Field Equations for )(2),( TfRTRf  with cosmological  

                                       Parameter   

Considering the line element of LRS Bianchi type-I space-time  

)( 2222222 dzdyBdxAdtds       (10) 

Where BandA  cosmic scale factors are function of t only. 

The corresponding Ricci scalar is obtained as 




















A

A

B

B

AB

BA

B

B
R


2

2

24      (11) 

Where overhead (.) denotes derivative with respect to time t. 

Now we define spatial volume  

2ABV           (12) 

The directional Hubble’s parameters 

B

B
HHand

A

A
H


 231  in the x. y and z axes direction respectively. 
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The generalized mean Hubble’s parameter is given as  











B

B

A

A
H

 2

3

1
       (13) 

The expansion scalar is given by  











B

B

A

A  2
         (14) 

The shear scalar and the mean anisotropic parameter is define as  

2

2

3

1












B

B

A

A 
        (15) 

and 









 



3

1

22

2
3

3

1

i

im HH
H

A       (16) 

Deceleration parameter is given by  

1
1











Hdt

d
q        (17) 

Now using field equations (9) with the help of equation (4) for the metric (10), it gives 

  38
2

2

2

p
B

B

AB

BA 
     (18) 

  pp
B

B

B

B
38

2
2

2
     (19) 

  pp
B

B

AB

BA

A

A
38


    (20) 

These are the three non-linear independent equations with five unknowns namely   .,,, andpBA                            

                                                                                                                                     

Solutions of the Field Equations 

Equations (18)-(20), reduce to two independent field equations 

 2)(4)(8
222

2

2

pp
B

B

AB

BA

B

B



   (21) 

 2)(4)(8
3

2

2

pp
B

B

AB

BA

B

B

A

A



  (22) 
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Subtracting equation (22) from equation (21) 

0
2

2


B

B

AB

BA

B

B

A

A 
      (23) 

Solving equation (23), we get 




dt
a

d

ed
B

A 3
1

2
       (24) 

Where 
1

d and 
2

d are constants of integration. 

Subtract equation (21) from equations (22) 

0
2

2


B

B

AB

BA

A

A

B

B 
      (25) 

Solving this equation 




dt
a

d

ed
A

B 3
3

4
       (26) 

Where 
3

d and 
4

d are constants of integration. 

Solving equations (24) & (26), we can write the metric functions explicitly as  




dt
a

q

epaA
3
1

1
       (27) 




dt
a

q

epaB
3
2

2
       (28) 

Where 3
1

)4
4

2
2

(
1


 ddp , 3

1
)2

42
(

2
ddp   and 

3

)42( 31

1

dd
q


 ,

3

2 31

2

dd
q


  

The deceleration parameter q in cosmology is the measure of the cosmic acceleration of the universe 

expansion & is defined as  

1 mlaa          122 )1(  mamla  

Substituting the values of a & a  in equations (17), we get 

1 mq                  , 1 qm       (29) 

We also use well known relation between the average Hubble parameter H and average scale factor a

given as  
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mlaH             (30) 

Where 0l & 0m are constant. 

Solving equations (30) we get values of average scale factor 

mcmlta

1

)(                      (31) 

Where c are integration constant. 

Using equations (31) in equations (27) and (28), we obtained 

The relation between cosmic scale factor and average scale factor 

mcmltaAB

3

)(32         (32) 

This satisfy the relations 

12

21 pp   02 21  qq  

 Using equations (31), we get values of BandA  






dt

mcmlt

q

epmcmltA

3
)(

1

1

1

)(       (33) 






dt

mcmlt

q

epmcmltB

3
)(

2

2

1

)(       (34) 

After simplifying, equations (33) and (34), turn out as 

)3(

3
)(

1

1

1

)(






ml

m
m

cmltq

epmcmltA      (35) 

)3(

3
)(

2

2

1

)(






ml

m
m

cmltq

epmcmltB      (36) 

    

Physical Characteristics of the universe 

Using equations (18) and (19) with the help of Eos parameters given in equations (6), we get energy 

density of the fluid as  
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


































mm
cmlt

ml

cmlt

l

mm
cmlt

lq

m
cmlt

qq

m
cmlt

q

/22
)(

)1(
2

2
)(

2

/3
)(

1
/3

)(

)21(

/6
)(

2
2

)24(

12


 (37) 

From equations (21) and equations (37), we get cosmological constant  is 
























mm

cmlt

ml

cmlt

l

mm
cmlt

lq

/22
)(

)1(
2

2
)(

2

/3
)(

23
    (38) 

Using equations (37) and (38) in equations (21), we get pressure of the fluid 
























mm
cmlt

ml

cmlt

l

mm
cmlt

lq
p

/22
)(

)1(
2

2
)(

2

/3
)(

23

)24(

1


   (39) 

The spatial volume of the universe is 

mcmltV

3

)(          (40) 

The generalising mean Hubble parameter H is given as 

)( cmlt

l
H


          (41) 

The expansion scalar is found to be  

)(

3

cmlt

l


          (42) 

The shear scalar and the mean anisotropic parameter is given as  

2/6
)(3

2
)21(

2







m
cmlt

qq
         (43) 

and 

2/6
)(

2
9

2
)21(2







m
cmltl

qq

mA        (44) 
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Conclusion:  

Here we have studied LRS Bianchi type-I cosmological model employing the quadratic EOS and 

considering the influence of cosmological constant to understand the nature of universe in ),( TRf  gravity 

theory. We studied a class of functional form )(),( TfRTRf  within the ),( TRf gravity framework 

and used a quadratic EOS to study the models behaviour, we have following result. 

Expansion scalar   which measure the rate of expansion is finite at 0t  and decreasing when t  increases. 

It indicates that expansion diminishes as time passes. From the equation of spatial volume it is observed 

that universe expanding. Generalizing mean Hubble parameter has finite positive value, this shows an 

expanding universe and as time tends to infinity, it slows and tends to zero. This shows that expansion of 

the universe is fast during early period and slowing as time increases. From the equation of shear scalar, 

it is observed that, shear scalar is finite at initial stage, while shear scalar tending to zero as time approaches 

to infinity i.e. 02   as t .This indicates that anisotropy of the universe tending towards isotropy 

over time. Anisotropy parameter shows that as time passes it diminishes. This shows that the universe was 

in anisotropic phase and moves towards isotropy when time increases our results are same as that of current 

observational data about the universe behaviour. 
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