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ABSTRACT 
In this paper an attempt has been made to study the Bianchi type-VI0 cosmological model in )(Rf  gravity. We find 

solutions of field equations in vacuum. For this purpose we assume that expansion ( )θ  in the model is proportional to 

shear scalar ( )σ and the relation between scale factor and function of Ricci scalar .physical properties of these model 
are discussed. Jerk and Snap parameters are also obtained. 
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1. INTRODUCTION 
 
Several recent cosmological observations such as type Ia supernovae (SNe) [1], Cosmic microwave background (CMB) 
[2, 3] radiation indicate that universe is under expansion To explain nature of the universe various models are proposed. 
Among all theories GR has its own features and it fit to observational data. According to these observations universe is 
filled with dark matter and dark energy .The nature of this dark matter and dark energy is still unknown. To solve this 
problem various extensions are suggested to GR  
 
The )(Rf  gravity, where )(Rf  is a generic function of the Ricci scalar R , comes into the game as a straightforward 

extension of GR. It provides natural gravitational alternative to dark energy. The )(Rf  models can cover all the 

domains from the cosmological to the solar system scales [4].Hence )(Rf  gravity model is therefore very useful 

alternative to ΛCDM cosmology. Several eminent author have studied )(Rf  gravity [5,6,7,8,9,10,11,12] for various 

space time. Recently some new exact static spherically symmetric interior solutions of metric )(Rf  gravitational 
theories are obtained by Ali Shojai and Fatimah Shojai [27]. 
 
The pure Friedman-Lemaitre-Robertson-Walker (FLRW) cosmology could not explain all the properties of the 
universe. Naturally we consider anisotropic cosmological models that allow FLRW universe as special case. Among all 
space time, Bianchi type-VI0 space time seems to be one of the most convenient for testing different cosmological 
models. Many authors explored Bianchi type VI0 cosmological model in different contexts. [13, 18, 19, 20].T.Singh 
and R.Chaubey [14] investigated Bianchi I, V and VI0 models in modified generalized Scalar- Tensor Theory. Shri Ram 
[31] studied Bianchi type VI0 conformally invariant scalar field. S R Roy and A Prasad studied an algebraically special 
Bianchi type VIh cosmological model in GR.R Venkateswarlu and DRK Reddy investigated Bianchi type VIo in the 
presence of zero mass scalar field as well as in the presence of perfect fluid in Barber’s second self creation theory of 
gravitation [15, 17].Exact Bianchi type VI0 vacuum cosmological model in Brans-Dicke theory is evaluated by Shri. 
Ram and D K Singh [16] and found that the universe is anisotropic in nature. 
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The objective of this paper is to investigate Bianchi type VI0 cosmological model in )(Rf  gravity. The field equations 
are solved by assuming shear scalar is proportional to expansion scalar. Jerk and Snap parameter [22] are also obtained.  
The cosmological Jerk parameter is the third derivative of the scale factor with respect to time where as Snap parameter 
is the fourth derivative of scale factor with respect to time. The cubic term of Chiba and Nakamura [23] is identical to 
the jerk parameter as is the state finder variable called by Sahni et al. [24, 25]. The other state finder variable called s, 
different than Snap is a particular linear combination of the jerk and deceleration parameter. Snap is also sometimes 
called jounce. 
 
2. BASIC FIELD EQUATIONS  
 
The spatially homogeneous Bianchi type – VI metric is in the form  
 

2222222222 )()()( dzetCdyetBdxtAdtds mxmx +++−= −
,                                                         (2.1) 

 
where m  is the non zero constant. 
 
The Ricci scalar R  is given by 

2
4 44 44 44 4 4 4 4 4

22 A B C A B A C B CmR
A A B C AB AC BC

 −
= + + + + + + 

 
,                                                                       (2.2) 

 
The action of )(Rf gravity is given by 
 

( ) xdLRfgS m
4)( +−= ∫ ,                                                                                                                    (2.3) 

 
where )(Rf is general function of the Ricci scalar and mL is the matter Lagrangian.  
 
The resulting field equations from this action are obtained as  
 

( )1( ) ( ) ( ) ( )
2

mF R R f R g F R g F R Tµ
µν µν µ ν µν ν µν− − ∇ ∇ + ∇ ∇ = ,                                                                   (2.4) 

where µ∇= )),(()( Rf
dR
dRF is the covariant derivative and )(mTµν is the standard minimally coupled stress 

energy tensor derived from the Lagrangian mL . 

 
Now contracting the field equations, it follows that 
 

TRFRfRRF =∇∇+− )(3)(2)( ν
µ                                                                                                                (2.5) 

 
In vacuum it further reduces to   
 

0)(3)(2)( =∇∇+− RFRfRRF ν
µ                                                                                                                (2.6) 

 
This gives  
 

3 ( ) ( )( )
2

F R F R Rf R
µ

ν∇ ∇ +
= ,                                                                                                                           (2.7) 

 
Using (2.7) in (2.4) we get 
 

( ) ( ) ( ) ( )
4

F R R F R F R R F R
g

µ
µν µ ν ν

µν

−∇ ∇ −∇ ∇
=  ,                                                                                        (2.8) 



S.D. Katore1, M.M. Sancheti2, S.P. Hatkar3* and S. Bhaskar4/ Decelerating and Accelerating Bianchi Type–VI0 vacuum universe in 

)(Rf  Gravity/IJMA- 4(9), Sept.-2013. 

© 2013, IJMA. All Rights Reserved                                                                                                                                                                         54   

 
The combination obtained from (2.8) 
 

( ) ( )F R R F R
A

g
µµ µ µ

µ
µµ

− ∇ ∇
=  ,                                                                                                                            (2.9) 

µA Is free from index µ hence, we have 
 

0=− νµ AA ,                                                                                                                                                            (2.10) 
 
Thus 014 =− AA , 024 =− AA , 034 =− AA respectively gives, 
 

2
44 44 4 4 4 4 4 4 44

2

2 0,B C A B A C A F F m
B C AB AC AF F A

+ − − − + + =                                                         (2.11) 

 

44 44 4 4 4 4 4 4 44 0,A C A B B C B F F
A C AB BC BF F

+ − − − + =                                                                                                (2.12) 

 

44 44 4 4 4 4 4 4 44 0,A B A C B C C F F
A B AC BC CF F

+ − − − + =                                                                                                (2.13) 

 
where subscript four (4) denotes differentiation with respect to t . 
 
From equation (2.4) (the 41-component) we obtain the relation as 
 

CB =                                                                                                                                                                        (2.14)  
 
Using (2.14) we have equations (2.11)-(2.13) leads to  
 

0222 2

2
44444444 =++−−

A
m

F
F

AF
FA

AB
BA

B
B

                                                                                                     (2.15) 

 

04444
2

2
4444444 =+−−−+

F
F

BF
FB

B
B

AB
BA

B
B

A
A

                                                                                                 (2.16) 

 
We have two equations in three unknown A , B , F  so that we first assume that the expansion ( θ ) in the model is 

proportional to shear ( )σ  [21] i.e.    
 

,lσ θ=  where l is constant.                                                                           (2.17) 
 
The motive behind assuming this condition is explained with reference to Throne [21].The observational of the velocity 
red shift relation for extragalactic sources suggest that Hubble expansion of the universe is isotropic today within 

30≈ percent. Moreover for spatially homogeneous metric the normal congruence to the homogeneous expansion 

satisfies that the condition
θ
σ

 is constant.                 

 
We define the physical parameters as follows 
 
Spatial volume  ( )V ABC= ,                                                   (2.18) 

Hubble parameter 4 421
3

A BH
A B

 = + 
                 

                                                                                                   (2.19) 
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Mean Anisotropy parameter 
23

1

1 ,
3m

i

HA
H=

∆ =  
 

∑
                                                                                                    

(2.20) 

Expansion scalar 4 4 4 ,A B C
A B C

θ = + +                                                                                                                     (2.21) 

Shear scalar 2 21 ,
3 mA Hσ =

  
                                                                                                                                   (2.22) 

Deceleration parameter 
1 1dq

dt H
 = − 
  .

                                         (2.23) 

 
Using equations (2.21), (2.22) we yield  
 

nBA = ,                                                                                       (2.24) 

where  
31
321

l
ln

−
+

=    

 
3.  MODEL I 
 
Recently Kotubuddin et. al. have established a result in )(Rf gravity which shows that uaF α  Where u is an 

arbitrary constant and a  is scale factor defined by Va =3  
 

Therefore we get 3
)2( +

=
nu

BkF                                                                                                                                 (3.1) 
 
From equations (2.15), (2.16), (2.24), (3.1) we have  
 

2 2
2 14

44
42 2

1
nB mB B

B n
α − ++ =

−
, 1≠n                                                                                                                  (3.2) 

 

where 
3

)2()1(3 +++
=

nunα  

 
Let )(4 BfB = so that equation (3.2) reduces to  
 

 
2 2

1
2 1

42 2
( 1) n

f mf f
B n B

α −+ =
−

     ,                                                          (3.3) 

 
Above differential equation reduced to 

2 2
2 2 2

2 2

4
( 1)(2 2 2 )

n
n

dB mf NB
dt n n Bα

− +
−

 = = +  − − + 
 ,                                                                               (3.4) 

 
where N  is integrating constant taken to be zero.  
 
On integrating equation (3.4) we have   
  

2
( 1)(2 2 2 )

n nmB t nD
n n α

= +
− − + ,

                                                                                                   (3.5) 
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 where D  is integrating constant. Taking D  to be zero we obtain           
                                                      

2 ,
( 1)(2 2 2 )

nmA t
n n α

=
− − + ,

                                                                                                                  (3.6) 

 
Hence 

1
12

( 1)(2 2 2 )

n
nnmB C t

n n α

 
= =   − − +  ,

                                          (3.7) 

 
These are the solution for the value of u  as 
 

23(1 ) 9(1 ) 72
2( 2)

n n n
u

n
+ ± + +

=
+

  
The line element takes the form 
 

)( 222
22

22222 dzdyetbdxtbdtds mxnn +++−= −                                                                                               (3.8) 
 

where  
2

( 1)(2 2 2 )
nmb

n n α
=

− − +
,

 

 
SINGULARITY OF MODEL  
 
The singularity in )(Rf  gravity has been analyzed by many authors [11, 12] .To analyze the singularity we use 
Riemann tensor .If the curvature becomes infinite at a certain point then the singularity is essential. Using equations 
(3.5), (3.6), and (2.2) we obtain Ricci scalar as  
 

2 2

2 ( 1) ( 2) 24n n u nR
n t

+ − + − = −   
                                                                                                                        (3.9) 

 
It seems that when 0=t  and 0=n the Ricci scalar becomes infinite hence the model has singularity at 

0=t and 0=n . Also at 2−=n Ricci scalar has singularity. 
 
Physical parameters  
 
For the line element (3.8) we have                               
 

Spatial volume     n
n

n
n

tbABCV
22

)(
++

==

,

                                                   (3.10) 

Hubble parameter   4 421 1 2
3 3

A B nH
A B nt

+   = + =   
  

 ,                                                                                   (3.11) 

 

Expansion scalar    
23 ,nH

nt
θ +

= =                                                            (3.12) 

 

Shear scalar            22

2
22 )1(

3
1

3
2

tn
nHAm
−

==σ  ,                                        (3.13) 
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Deceleration parameter    
2
2211

+
−

=−





=

n
n

Hdt
dq

,
                                         (3.14)                             

Mean Anisotropy parameter 2

23

1

2

)2(
)1(2

3
1

+
−

=





 ∆= ∑

= n
n

H
HA

i
m

.
                                                                          (3.15) 

For 2=n  from the physical parameters we find that the ratio of shear and expansion 0144.0 ≠=
θ
σ

 which means 

that the universe is anisotropic in nature. The volume of the model is increasing indefinitely with increasing time. Thus 
we have found that the present universe is expanding. At the epoch 0=t , H,,θσ are singular which resembles to 
T.Singh and A K Agrawal [28].Also we find that the nature of the universe according to the parameter analogous to 
[11]. For value of n  greater than 2  the deceleration parameter q  is positive that is the universe is decelerating.  
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We can observe the nature of volume with increasing time in graph.      
 

Jerk parameter 444
3 2

(2 2 )(2 5 )
( 2)

a n n
aH n

− −
= =

+
                                                                                                      (3.16) 

 

Snap parameter 
( )( )( )

( )
4444

34

2 2 2 5 2 8

2

n n na
aH n

− − −
= =

+
                                                                                    (3.17)       

 
4. MODEL II 
 
For the constant curvature solution say 00 =R we have 4 0 4 40( ) ( )F R F R=  and equations (2.15) and (2.16) becomes. 
 

0222 2

2
4444 =+−

A
m

AB
BA

B
B

,                                                                                                                                 (4.1) 

 
2

44 44 4 4 4
2 0A B A B B

A B AB B
+ − − = ,                                                                                                                                 (4.2) 

 
To solve this non linear differential equation we assume that 1, 1A k k= is constant. In literature such types of tricks 
used by T.Singh and R.Chaubey in the expansion of Bianchi type I,III,V VI0 and Kantowski-Sachs universe in creation 
field theory[29].Thus we have solutions are  
 

1,A k= 0dtC B e d= = ≠           .                                                                                                                            (4.3) 
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These are solution of the system of equation for the condition 022

1
2 =+ mkd  

 
The line element takes the form                                        
 

)( 2222222
1

22 dzedyeedxkdtds mxmxdt +++−= −                                                                                            (4.4) 
 
We find that the model is free from singularity. 
 
Using equation (4.3) and (2.2) we obtain Ricci scalar as  
 

2
2

2
1

2 mR d
k

 
= − + 

 
,                                                                                                                                                   (4.5) 

 
PHYSICAL PARAMETERS  
 
For the line element (4.4) we have                               
 
Spatial volume  2

1
dtV k e=                                                      (4.6) 

 

Hubble paramete 
2
3

H d=  ,                                                                                                                                         (4.7) 

 

Expansion scalar   
23 nH

nt
θ +
= =         ,                                                     (4.8) 

 

Shear scalar 
2

2 2
2 2

2 1 ( 1)
3 3m

nA H
n t

σ −
= =  ,                                          (4.9) 

 

Deceleration parameter    
1 2 21

2
d nq
dt H n

− = − =  +  ,
                                         (4.10)          

Mean Anisotropy parameter   
1
2mA =             ,                                                                                                        (4.11) 

 

The ratio of shear and expansion 01547.1 ≠=
θ
σ

 that is the universe is anisotropic. The volume of the model 

increasing indefinitely with increasing time .The deceleration parameter is negative that is our model predicts the 
accelerating nature of the universe. In this model results are differ from T.Singh and A K Agrawal[28].   The graphic 
relation between volume and time also shows that the universe is expanding. 
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Jerk parameter 27=                                                                                                                                                 (4.12) 
 
Snap parameter 81=                                                                                                                                                 (4.13)   
 
The value of the jerk parameter is greater than 1that means that the universe is not near to the cold dark matter. 
 
5. CONCLUSION 
 
We have presented Bianchi type VI0 cosmological model. We have investigated this for function of Ricci scalar is 
proportional to scale factor. Purpose of our investigation is to discuss the nature of the universe in )(Rf  gravity which 

is expanding in present. In our investigation we pointed out that Universe has singularity at 0=t  and 0=n .The 
universe is anisotropic and expanding. The universe shows contradicting nature. Shear scalar, expansion scalar and 
Hubble parameter has initial singularity. The nature of these parameters is found to be similar to that of M.Farasat 
Shamir [11].  
 
In the second model that is for constant curvature solution the universe is found to be anisotropic and expanding, 
accelerating in nature. 
  
6. REFERENCES 

 
[1] Riess AG, Filippenko A V, Challis p, Clocchiatti A, Diercks A, Garnavich P M, Gilliland R L, Hogan C J, Jha 

S, Kirshner R P, Leibundgut B,Philips M, Reiss O, Schmidt B P, Schommer R A, Smith R C Spyromilio J, 
Stubbs C Suntze N B, Tonry : Astronomical Journal, 116: (1998) 1009-1038 

 
[2] Spergel D. N., et al. Astrophysics J Suppl, 148: (2003) 175-194. 
 
[3] Spergel D. N., et al., Astrophys J. Suppl., (2007), 170,375. 
 
[4] Chiba T, SmithT.L. Erickcek A.L., Phys. Rev D, 75, 12404 (2000). 
 
[5] Nojiri S., Odintsov S.D., Int. J. Geom. Math. Mod. Phys.115, 4. (2007). 
 
[6] Kanti.P.et.al. Phys.Rev.D. 59, 083512(1999). 
 
[7] Nojiri S., Odintsov S.D, Phys. Rev. D. 78, 046006(2008). 
 
[8] Multamaki T and Vilja T., Phys. Rev D. 74, 064022(2006). 
 
[9] Capozziello S, Stabile A and Troisi A, Class. Quantum. Grav. 24, 2153(2007). 
 
[10] Azadi A, Momeni D and Nouri-zonoz M, Phys. Lett. B670, 210(2008). 
 
[11] M Farasat Shamir, Astrophysics Space sci, 330(2010) 183-189. 



S.D. Katore1, M.M. Sancheti2, S.P. Hatkar3* and S. Bhaskar4/ Decelerating and Accelerating Bianchi Type–VI0 vacuum universe in 

)(Rf  Gravity/IJMA- 4(9), Sept.-2013. 

© 2013, IJMA. All Rights Reserved                                                                                                                                                                         60   

 
[12] M Sharif and M Farasat Shamir, arXiv: 09105.5787v1 [qr-qc] (2009). 

                
[13] B.Saha and M Visinescu, Rom. Journ. phys. Vol55No 9-10(2010) 1065-1075. 
 
[14] T.singh and R Chaubey, Pramana Journal of phys; vol. 69No.2 (2007) 159-166. 
 
[15] R Venkateswarlu and D.R.K. Reddy, Astrophysics and space sci. 153 (1989) 253-256. 
 
[16] Shri Ram and D.K Sing, Astrophysics and space sci.97 (1983) 45-48. 
 
[17] R Venkateswarlu and D.R.K. Reddy, Astrophysics and space sci. 155 (1989) 135-139. 
 
[18] A.Coley and K.Dunn, the Astrophysical journ.348: (1990) 26-32, 
 
[19] A Pradhan and Raj Bali, arXiv.0805.3469v1 [qr-qc] 22may2008. 
 
[20] Katore S.D, Adhav K.S. Shaikh A.Y, Sancheti, M.M, Astrophysics. Space Sci. (2011) doi; 10 .1007/s/o509-

011-0622-0. 
 
[21] Thorne K. S, Astrophysics J. 148, 51 (1967). 
 
[22] M.Visser, Class. Quant. Grav, 21, (2004) 1-13. 
 
[23] Chiba T and Nakamura T, Prog.Theor.Phys.100, 1077(1998). 
 
[24] Sahni V, Saini T D, Starobinsky AA, Alam U zh.EKSP. Theor. Fiz 77,249(2003a). 
 
[25] Sahni V ,Saini T D, Starobinsky A A, Alam U, JETP Lett. 77, 201(2003b) . 
 
[26] T.Singh and R Chaubey, Pramana Jurn of Phys.vol.71 no.3 (2008). 
 
[27] Ali Shojai and Fatimah Shojai, Gen. Rele. Gravity 44, (2012) 211-223. 
 
[28] T.Singh and A K Agrawal, Astrophysics and Space sci.179, (1991) 223-235. 
 
[29] T.Singh, R Chaubey, Astrophysics and Space sci.321, (2009) 5-18. 
 
[30] S R Roy and A Prasad, Ind. J pure appl.math.19 (1), (1988) 86-90. 
 
[31] Shri Ram, Astrophysics Space Sci.104, (1984) 151-155. 
 

Source of support: Nil, Conflict of interest: None Declared

 
 

 
 


