
Aayushi International Interdisciplinary Research Journal (AIIRJ) 
Vol - VI Issue - I JANUARY 2019 Peer Review e-Journal Impact Factor 5.707 ISSN 2349-638x 

 

Email id’s:- aiirjpramod@gmail.com,aayushijournal@gmail.com I Mob.08999250451 
website :- www.aiirjournal.com 

Page No. 
 135 

 

LRS Bianchi type-I Universe in F(T) Theory of Gravity-II 

 

M.V. Dawande
1
,  S. S. Nerkar

2
 

1
Bharatiya Mahavidyalaya, Amravati. 

2
P.R.Pote (Patil) College of Engineering and Management, Amravati. 

 

 

Abstract:  

 In this paper, we have investigated the spatially homogeneous and anisotropic Locally Rotationally Symmetric 

(LRS) Bianchi type-I universe in F(T) theory of gravity. We have examined some models corresponding to the study of 

equation of state parameter representing the different phases of the universe. For this, we have considered matter, 

radiation and dark energy. An attempt has been made to retain Sharif and Rani’s (2011) forms of the various quantities. 

Our results are analogous to the result obtained by Sharif and Rani (2011).   
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1 Introduction : 

The most recent observational data states that our 

universe is in an accelerated expansion phase and 

further such expansion is driven by mysterious 

energy having negative pressure known as Dark 

Energy (DE). The Supernova Iaexperiment 

[Perlmutteret al. (1997),(1998), (1999), Riesset al. 

(1998)] provides basic stand for the accelerating 

expansion of the universe. Other observations of 

anisotropies in the cosmic microwave background 

(CMB) radiation are studied with the data obtained 

from WMAP satellite[Bennett et.al. (2003)] and 

large scale structure [Verde etal. (2002)]. It is 

observed that most of the part of universe isoccupied 

by dark matter and dark energy. The cosmological 

constant is considered as one of the candidate that is 

responsible for dark energy. Einstein introduced the 

concept of dark energy by the introduction of the 

cosmological constant. 

 An alternate approachfor the study of the 

universe has been provided by the modified theories 

of gravity.Some authors use theidea of the existence 

of a dark energy while others believe in modification 

of General Relativity. Interesting alternative to 

General Relativity isF(T) gravitywhich gathers 

considerable attention to give good explanation of 

late time acceleration [Ferraro and Fiorini (2007), 

Bengochea and Ferraro (2009), Linder 

(2010)].Without the introduction of any DE 

component,F(T) gravity can explain the accelerated 

expansion of the universe [ Myrzakulov (2011), Dent 

et al. (2011)]. This model utilizes the Weitzenböck 

connection, which has only torsion which is 

responsible for accelerating expansion of the 

universe [ Myrzakulov (2011)]. The F(T) theory of 

gravityproduces equations of order two in field 

derivatives [Abbas et al. (2015), Nassuret al. (2015), 

Genget al. (2015), Das et al. (2015)]. 

In the presence of anisotropic DE, many authors 

have studied the Bianchi Type-I (B-I) model. A 

Bianchi Type-I CDM cosmological model where 

DE component preserves non-dynamical character, 

but yield anistropicvaccume pressure has been 

constructed by Rodringues (2008). Many 

Researchers worked on this model using various 

parameters and theories [Bali and Kumawat (2008), 

Amirhashchi (2011), Yadav and Saha (2012), 

Adhav(2011a), Adhav(2011b), Adhav (2012), 

Adhavat el. (2011)]. 

In this paper, we have  investigatedF(T) 

models by using LRS B-I space time. The paper has 

been arranged as follows: In section 2,we have 

presented some basics of tele-parallel gravity. In 

section 3, formulation of field equations for LRS B-I 

has been done. By using EoS parameter, the 

construction of some F(T) models with different 

cases of perfect fluid has been examined  in section 

4. Finally, in section 5, we have summarized and 

with the conclusion.  
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2. F(T) gravity : 

The F(T) theory of gravity is defined in 

Weitzenböck space time with line element as 

specified by  

 


 dxdxgds 2
  ,(1) 

where g  are the symmetric components having 10 

degrees of freedom. 

The theory can be described in space-time or 

in tangent space through the matrix called tetrad as 

follows 
ji

jidxdxgds 
 2

,         (2) 




  dxeedx iii

i
 , ,  (3) 

where ijji nee  , where  

 1,1,1,1  diagnij  is the Minkowski metric 

The square root of the metric determinant is given by 

  eeg i  det  and the metric 

ae are called 

tetrad representing the dynamic fields of theory. 

The Weitzenböck connection is defined by using 

these fields as 





 i

ii

i eeee         .(4) 

By using this connection the main geometrical 

objects of space-time are constructed.  

Thecomponents of the tensor torsion are defined by 

the antisymmetric part of this connection as 

 ii

i eeeT 







      . (5) 

We can define two tensor in this gravity, the 

contorsion tensor and antisymmetric tensor as 

 









 TTTK 

2

1
,     (6) 

 















  TTKS 

2

1
  (7) 

From equations (5) - (7) the torsion scalar is defined 

as 




STT  .                           (8)   

The action of the F(T) gravity is defined by 

generalising the teleparallel theory as  

   xdLTFeS Matter

4

   ,              (9)   

whereF(T) is an algebraic function of torsion 

scalar T. 

The field equations of F(T)  theory of gravity 

for the action (9)reads 

     

















 TekFeFTSFSTeeSe iiTTiTii

21

2

1

4

1
   , (10) 

where 
dT

dF
FGk T  ,82   .  

In this case, the energy momentum tensor which is 

contribution of the interaction with the matter fields 

is defined as 

 mmmm pppdiagT  ,,,
 ,    (11) 

where m and mp are  energy density and pressure of 

matter. 

3. The Field Equations: 

The line element for spatially homogenous and 

anisotropic LRS Bianchi type-I space-time is 

described by [Sharif and Zubair (2010)] 

    2222222 dzdytBdxtAdtds  ,   (12) 

where A and B are the function of cosmic time t 

only. 

 For this metric 

   111 ,,,1,,,,1  BBAdiageBBAdiage i

i 


(13) 

The Hubble parameter iH  in the direction of 

x , y and z axes respectively are given as  

B

B
HH

A

A
H


 321 , .             (14) 

By using equations (5) - (7), the torsion tensor in 

equation (8)has the form  













2

2

22
B

B

AB

BA
T


.      (15) 

By using equations (12) – (15), for  0i  and   

1i  , the above field equations (10)  ofF(T) 

theory of gravity are obtained as 
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The conservation equation can be written as 

  02 









 mmm p

B

B

A
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                  (18) 

For LRS Bianchi type-I we define the average scale 

factor R , the mean Hubble parameter H and the 

anisotropy parameter  as 

  3
1

2ABR  ,                       (19) 
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It is observed that the isotropic expansion of 

the universe is obtained for 0 , which depends on 

the values of unknown scale factors and parameters 

that are involved in the corresponding model [Sharif 

&Zubair (2010), Sharif & Kausar (2011), Tiwari 

(2010)]. 

Using equation (19), equation (15) can be 

written as 

,9 2 JHT  with

2

2

2

2

2
B

B

A

A
J


  ,                              (22) 

which can be written as 

TJH 
3

1
.                       (23) 

Also, for   ,1,  TFTTF equations(16) and 

(17) will reduce to 
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where 
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are the torsion contribution to the energy density and 

pressure. 

The EoS parameter 



p

   has different values for 

relativistic and non-relativistic matters.  

From equations (16) and (17), the EoS parameter  

takes the form 

 
FF

FF

T
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 .                      (32) 

4.Construction of some F(T) Models using EoS 

Parameter : 

Now we construct F(T) models in a different 

way. Consider equation (28) in the following form 

     01441416  FFF TTT  .   (33) 
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By using different values of EoS parameter   in 

equation (33), we consider the following cases and 

construct different F(T) models. 

Case-1: 

For EoS parameter
3

1
 , equation (33) gives 

0
3

4

3

16
4416 








 FFF TTT             (34) 

The above equation gives the following general 

solution 
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,(35)

where 1d  and 2d  are constants. 

Case-2: 

In this case we consider 0 , equation (33) takes 

the form     

  044416  FFF TTT  .    (36) 

which gives the general solution in the form 
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where 3d and 4d  are other constants . 

Case-3 : 

Now for 1  , equation (33) gives  

  04416  TTT FF  .      (38) 

The above equation has two solutions.   5dTF 
 
is 

the first solution and the second solution becomes 

  














 
 TdTF





4
exp6 , (39) 

where 5d  and 6d  are the arbitrary constants. 

 

 

Conclusion: 

             In the present paper, we have investigated 

different types of DE cosmology in F(T) gravity. By 

using EoS parameter we have discussed LRS Bianchi 

type-I models inF(T) gravity.These F(T) gravity 

models represents three different phases such as 

matter, radiation and DE respectively  corresponding  

to 0  , 
3

1 and 1 . The equations (35), 

(37) and (39) represents consecutivethree F(T) 

models  corresponding to the three phases i.e., 

radiation, matter and DE respectively. It is found that 

the universe takes a transition between phantom and 

non -phantom phases for the exponential form of 

F(T) models[Bambaet al. (2011)]. An attempt has 

been made for the revival of the forms used by Sharif 

& Rani (2011).Our results are analogous to the 

results obtained by Sharif and Rani (2011). 
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