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ABSTRACT :  

In ݂(ܴ, ܶ) theory of gravity, we have studied the interacting scalar and electromagnetic fields in 
Bianchi types space-time, by considering the particular cases (ܴ, ܶ) = ܴ +  It is observed that, even . ܶߣ
though the line element of the space-time is distinct, the convergent and identical solution of metric functions 
can be evolved in each universe along with the components of vector potential.  
 
KEYWORDS : Bianchi types, symmetric line elements, scalar field, Electromagnetic field, isotropy,  
                    ݂(ܴ, ܶ) = ܴ +  ܶߣ
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         Einstein tensorܩ (6
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14) ݂(ܴ, ܶ)      Function of R and T 
 
1. INTRODUCTION 

Cosmological data from wide range of source have indicated that our universe is undergoing an 
accelerating expansion [2-8]. To explain this fact, two alternative theories are proposed: one concept of dark 
energy and other the amendment of general relativity leading to ݂(ܴ) and ݂(ܴ, ܶ) theories [7, 9, 11] where R 
stands for Ricci scalar  ܴ = ܴ݃, ܴ being Ricci tensor, ܶ stands for trace of energy momentum tensor and  
ܶ = ݃ 

ܶ , ܶ  being energy momentum tensor. The field equations of ݂(ܴ, ܶ) theories due to Harko [10] are 
deduced by varying the action  
ݏ                 = ∫ ݂(ܴ, ܶ)ඥ−݃݀ସ ݔ + ∫  (1.1)                                                                        , ݔඥ−݃݀ସܮ
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 where  ܮ is lagrangian and the other symbols have their usual meaning. Energy momentum tensor is given 
by  
 
                  ܶ = ܮ ݃ − 2 ఋ

ఋೕ  .                                                                                                     (1.2) 
 
Varying the action (1.1) with respect to  ݃,  which yields as  
 
ݏߜ                = ଵ

ଶఞ
∫ ቄ ோ݂(ܴ, ܶ) ఋோ

ఋೕ + ்݂ (ܴ, ܶ) ఋ்
ఋೕ + (ோ,்)

√ି
ఋ(√ି)

ఋೕ + ଶఞ
√ି

ቀఋ(√ି)
ఋೕ ቁቅ ඥ−݃ ݀ସ(1.3)   . ݔ 

 
Here we define     ߠ = ݃ఈఉ ఋ்ഀഁ

ఋೕ  .                                                                                                    (1.4)   
 

Defining the generalized kronecker symbol  ఋഀഁ

ఋೕ = ߜ
ఈ ߜ

ఉ  , we can reduce  
 

                   ఋഀഁ

ఋೕ ఈܶఉ = ߜ
ఈߜ

ఉ
ఈܶఉ   = ݃ఈ݃݃ఉ݃ ఈܶఉ = ܶ . 

 
Using above equations we can write  
 

                  ఋ்
ఋೕ =

ఋ(ഀഁ்ഀഁ)
ఋೕ = ఋഀഁ

ఋೕ ఈܶఉ + ݃ఈఉ ఋ்ഀഁ

ఋೕ = ܶ + ߠ  . 
 
Integrating (1.3), yield 
 
                  ோ݂(ܴ, ܶ)ܴ − ଵ

ଶ
݂(ܴ, ܶ) ݃ + ൫ ݃  − ൯ߘߘ ோ݂(ܴ, ܶ) = ߯ ܶ − ்݂ (ܴ, ܶ)ൣ ܶ +  ൧ .    (1.5)ߠ

 
Taking trace of (1.5),  we obtain  
 
                   ݂ ோ(ܴ, ܶ) = ଶ

ଷ
݂(ܴ, ܶ) − ଵ

ଷ ோ݂(ܴ, ܶ)ܴ + ఞ
ଷ

ܶ − ଵ
ଷ

்݂ (ܴ, ܶ)[ܶ +  (1.6)                                  .[ߠ
 

Since the expression of the Ricci tensor in (1.5) is complicated, the solutions of the field equations in 
general cannot be obtained. With this reality we take recourse to the particular case of the function ݂(ܴ, ܶ) 
and there upon try to obtain the solution. 

 
We consider the case (ܴ, ܶ) = ܴ +   ܶߣ
 
We follow the notations       ோ݂(ܴ, ܶ) = డ(ோ,் )

డோ
= 1 ,    ்݂ (ܴ, ܶ) = డ(ோ,்)

డ்
=  (1.7)                             . ߣ

 
Using (1.7), the field equation (1.5) reduces to  
 
                   ܴ − ଵ

ଶ
[ܴ + [ܶߣ = ߯ ܶ − ൣߣ ܶ +  ൧ .                                                                      (1.8a)ߠ

 
Using (1.7), the equation (1.6) reduces to 
 
                   ܴ + ܶߣ = ߠߣ − ߯ܶ .                                                                                                      (1.8b) 
Inserting (1.8b) in (1.8a) we obtain  
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                  ܴ
 = ߯ ቂ ܶ

 − ଵ
ଶ

ܶ ݃
 ቃ − ൣߣ ܶ

 + ߠ
൧ + ଵ

ଶ
ߠߣ ݃

                                                                     (1.9) 
 
Let us now calculate the tensor ߠ. Varying (1.2) with respect to metric tensor ݃  and using the definition 
(1.4),  we obtain 
 
ߠ                   = − ܶ + 2 ቂఋ

ఋೕ − ݃ఈఉ ఋమ
ఋೕఋഀഁቃ .                                                                          (1.10) 

 
2. Matter field Lagrangian ܮ  
The electromagnetic field tensor is given by       
           
ܨ                = డ

డ௫ೕ −
డೕ

డ௫ ,  
 
where  ܸ is electromagnetic four potential. 
The aforesaid the matter  Lagrangian  ܮ can be expressed as  
 
ܮ                = ቂଵ

ସ
ఎఛܨఎఛܨ − ଵ

ଶ ,߮ఎ߮,ఎ߰ቃ,                                                                                (2.1) 
 
where     ߰ = ܫ    ,(ܫ)߰ = ܸܸ.     
The function ߰ characterizes the interaction between the scalar ߮ and electromagnetic field [1]. 
Then the matter tensor in (1.2) can conveniently be expressed in the mixed form  
 
                 ܶ

 = ቀܨఈ
 ܨ

ఈ + ଵ
ସ

݃
 ఈఉቁܨఈఉܨ − ቂଵ

ଶ
߰ ݃

 − ܸ߰̇
ܸቃ ,߮ఎ߮,ఎ + ߰߮,߮,  .                               (2.2) 

 
Similarly (1.10) can be written as  
 
ߠ                  

 = − ܶ
 − ൫߰ − ൯߮,߮,̇߰ܫ + ̈߰ܫ ,߮ఎ߮,ఎܸ

ܸ .                                                               (2.3) 
 
The equations (2.2) and (2.3), after contraction yield  
 
                   ܶ = −(߰ − (̇߰ܫ ,߮ఎ߮,ఎ                                                                                                    (2.4) 
 
ߠ                    = ଶ߰̈ܫ ,߮ఎ߮,ఎ  .                                                                                                              (2.5) 
 
3. Bianchi type I cosmological model in ࡾ)ࢌ, (ࢀ = ࡾ +  ࢀࣅ
We consider the Bianchi type I metric  
 
ଶݏ݀                   = ଶݐ݀ − ܽଶ݀ݔଶ − ܾଶ݀ݕଶ − ܿଶ݀ݖଶ ,                                                                         (3.1) 
 
where ܽ, ܾ, ܿ are functions of t only. In this case non-zero Ricci tensors are  
 
                  ܴଵ

ଵ = ̈


+ ̇̇


+ ̇̇


  ,      ܴଶ
ଶ = ̈


+ ̇̇


+ ̇̇


  ,        ܴଷ

ଷ = ̈


+ ̇̇


+ ̇̇


  ,      ܴସ
ସ = ̈


+ ̈


+ ̈


   

 
Electromagnetic field tensor ࡲ 

To achieve the compatibility with the non-static space -time (3.1), we consider the electromagnetic 
vector potential in the form  
                  ܸ = [ ଵܸ(ݐ), ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] .                                                                                     (3.2) 
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Then it is easy to deduce  
 
ܫ                   = − ቂభ

మ

మ + మ
మ

మ + య
మ

మ − ସܸ
ଶቃ ,                                                                                         (3.3) 

 
ଵସܨ                   = ܸ̇ଵ ,     ܨଶସ = ܸ̇ଶ ,    ܨଷସ =  ܸ̇ଷ ,                                                                               (3.4) 
 

ܨܨ                   = −2 ̇భ
మ

మ + ̇మ
మ

మ + ̇య
మ

మ ൨ ,                                                                                         (3.5) 
 
                  ߮,߮, = ߮̇ଶ .                                                                                                                     (3.6) 
 
With these quantities at our disposal the components of energy momentum tensors in (2.2) becomes 
 

                  ଵܶ
ଵ = ଵ

ଶ
̇భ

మ

మ − ଵ
ଶ

̇మ
మ

మ − ଵ
ଶ

̇య
మ

మ − ଵ
ଶ

߰߮̇ଶ − ߰̇߮̇ଶ భ
మ

మ  ,                                                              (3.7a) 
 
                  ଶܶ

ଵ = ̇భ̇మ
మ − ߰̇߮̇ଶ భమ

మ  ,                                                                                                    (3.7b) 
 
                  ଷܶ

ଵ = ̇భ̇య
మ − ߰̇߮̇ଶ భయ 

మ  ,                                                                                                   (3.7c) 
 

                   ଶܶ
ଶ = − ଵ

ଶ
̇భ

మ

మ + ଵ
ଶ

̇మ
మ

మ − ଵ
ଶ

̇య
మ

మ − ଵ
ଶ

߰߮̇ଶ − ߰̇߮̇ଶ మ
మ

మ  ,                                                         (3.7d) 
 
                  ଷܶ

ଶ = ̇మ̇య
మ − ߰̇߮̇ଶ మయ 

మ  ,                                                                                                   (3.7e) 
 

                  ଷܶ
ଷ = − ଵ

ଶ
̇భ

మ

మ − ଵ
ଶ

̇మ
మ

మ + ଵ
ଶ

̇య
మ

మ − ଵ
ଶ

߰߮̇ଶ − ߰̇߮̇ଶ య
మ

మ  ,                                                           (3.7f) 
 

                   ଷܶ
ଷ = ଵ

ଶ
̇భ

మ

మ + ଵ
ଶ

̇మ
మ

మ + ଵ
ଶ

̇య
మ

మ + ଵ
ଶ

߰߮̇ଶ + ߰̇߮̇ଶ
ସܸ

ଶ,                                                              (3.7g) 
 
                   ܶ = −(߰ −  ଶ .                                                                                                      (3.7h)̇߮(̇߰ܫ
 
Similarly the components of tensor ߠ

 in (2.3) assume the values  
 
ଵߠ                  

ଵ = − ଵܶ
ଵ − ଶ̇߮̈߰ܫ భ

మ

మ  ,                                                                                                  (3.8a) 
 
ଶߠ                  

ଵ = − ଶܶ
ଵ − ଶ̇߮̈߰ܫ భమ

మ  ,                                                                                                 (3.8b) 
 
ଷߠ                   

ଵ = − ଷܶ
ଵ − ଶ̇߮̈߰ܫ భయ

మ  ,                                                                                                (3.8c) 
 
ଶߠ                  

ଶ = − ଶܶ
ଶ − ଶ̇߮̈߰ܫ మ

మ

మ  ,                                                                                                  (3.8d) 
 
ଷߠ                  

ଶ = − ଷܶ
ଶ − ଶ̇߮̈߰ܫ మయ

మ  ,                                                                                                (3.8e) 

ଷߠ                  
ଷ = − ଷܶ

ଷ − ଶ̇߮̈߰ܫ య
మ

మ  ,                                                                                                   (3.8f) 
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ସߠ                  
ସ = − ସܶ

ସ − (߰ − ଶ̇߮(̇߰ܫ + ଶ̇߮̈߰ܫ
ସܸ

ଶ,                                                                         (3.8g) 
 
ߠ                   =  ଶ߰̈߮̇ଶ .                                                                                                                   (3.8h)ܫ
 
Variation of lagrangian in (2.1) with respect to the electromagnetic field gives  
 
                 ଵ

√ି
డ

డ௫ೕ ൫ඥ−݃ܨ൯ − ൫߮,߮,൯߰̇ܣ = 0 ,           where    ߰̇ = డట
డூ

        
 

for    ݅ = 1, ݆ = 4 ⇒  ቀ̇భ
భ

ቁ
.
+ ̇భ

మ

భ
మ + ̇భ

భ
ቂ̇


+ ̇


− ̇


ቃ = ߰̇߮̇ଶ ,                                                              (3.9a)    

 

for       ݅ = 2, ݆ = 4 ⇒  ቀ̇మ
మ

ቁ
.
+ ̇మ

మ

మ
మ + ̇మ

మ
ቂ̇


+ ̇


− ̇


ቃ = ߰̇߮̇ଶ ,                                                           (3.9b) 

 

for         ݅ = 3, ݆ = 4 ⇒  ቀ̇య
య

ቁ
.
+ ̇య

మ

య
మ + ̇య

య
ቂ̇


+ ̇


− ̇


ቃ = ߰̇߮̇ଶ ,                                                         (3.9c) 

 
for       ݅ = 4, ݆ = 4 ⇒  ସܸ = 0 .                                                                                                       (3.9d) 
 
Since for the space-time (3.1) ܴଶ

ଵ = 0, ܴଷ
ଵ = 0, ܴଷ

ଶ = 0 the field equation (1.9), yield  
 
                ̇భ̇మ

భమ
= ߰̇߮̇ଶ − ఒ

ఞ
 ଶ,                                                                                                    (3.10a)̇߮̈߰ܫ

 
                 ̇భ̇య

భయ
= ߰̇߮̇ଶ − ఒ

ఞ
 ଶ ,                                                                                                  (3.10b)̇߮̈߰ܫ

 
                   ̇మ̇య

మయ
= ߰̇߮̇ଶ − ఒ

ఞ
 ଶ ,                                                                                                (3.10c)̇߮̈߰ܫ

 
From (3.10) we can write  
 
                   ̇భ̇మ

భమ
= ̇మ̇య

మయ
= ̇భ̇య

భయ
= ߰̇߮̇ଶ − ఒ

ఞ
 ଶ ,                                                                           (3.11)̇߮̈߰ܫ

 
or               ̇భ

భ
= ̇మ

మ
= ̇య

య
≡ ̇భ

భ
 , say                                                                                                   (3.12) 

 
where  ℎଵ  is some unknown function of t . 
Inserting (3.12) in (3.11) we get  
 

                  ቀ̇భ
భ

ቁ
ଶ

= ቀ̇భ
భ

ቁ
ଶ

= ቀ̇భ
భ

ቁ
ଶ

= ߰̇߮̇ଶ − ఒ
ఞ

 ଶ .                                                                   (3.13)̇߮̈߰ܫ
 
Integrating equations (3.12) with respect to t, yield  
 
                  ଵܸ = ݇ଵℎଵ ,      ଶܸ = ݇ଶℎଵ ,      3 = ݇ଷℎଵ ,                                                                     (3.14) 
 
where  ݇ଵ, ݇ଶ, ݇ଷ  are constants of integration 
Now our plan is to express the components of  ܶ

 in (3.7) in terms of ସܶ
ସ. For this we consider the expression  
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                   ̇భ
మ

మ + ̇మ
మ

మ + ̇య
మ

మ = ቀభ
మ

మ + మ
మ

మ + య
మ

మ ቁ ቀ̇భ
భ

ቁ
ଶ
     by (3.12) 

 

                                              = ܫ− ቀ̇భ
భ

ቁ
ଶ
     by (3.3) and (3.9d) 

 
                                              = ఒ

ఞ
ଶ߰̈߮̇ଶܫ −  ଶ   by (3.13) .                                                         (3.15)̇߮̇߰ܫ

 
We attempt to express the components of ܶ

 in (3.7) in terms of ସܶ
ସ by using (3.12) , (3.13) and  (3.15) 

 
                  ସܶ

ସ = ଵ
ଶ

߰߮̇ଶ − ଵ
ଶ

ଶ̇߮̇߰ܫ + ଵ
ଶ

ఒ
ఞ

 ଶ߰̈߮̇ଶ ,                                                                           (3.16a)ܫ
 
                  ଵܶ

ଵ = − ସܶ
ସ − ఒ

ఞ
ଶ̇߮̈߰ܫ భ

మ

మ  ,                                                                                             (3.16b) 
 
                  ଶܶ

ଶ = − ସܶ
ସ − ఒ

ఞ
ଶ̇߮̈߰ܫ మ

మ

మ  ,                                                                                             (3.16c) 
 
                  ଷܶ

ଷ = − ସܶ
ସ − ఒ

ఞ
ଶ̇߮̈߰ܫ య

మ

మ  ,                                                                                             (3.16d) 
 
                   ܶ = −(߰ −  ଶ ,                                                                                                    (3.16e)̇߮(̇߰ܫ
 
We consider the non-vanishing components of Ricci tensor ܩଵ

ଵ, ଶܩ
ଶ, ଷܩ

ଷ from (1.9) by using (3.16) and (3.8) 
 
                   ̈


+ ̇̇


+ ̇̇


+= 0 ,                                                                                                       (3.17a)  

 
                   ̈


+ ̇̇


+ ̇̇


= 0,                                                                                                          (3.17b) 

 
                   ̈


+ ̇̇


+ ̇̇


= 0 ,                                                                                                          (3.17c) 

 
With the help of (3.12) we can write equation (3.9) as  
 

                   ቀ̇భ
భ

ቁ
.
+ ̇భ

మ

భ
మ + ̇భ

భ
ቂ̇


+ ̇


− ̇


ቃ = ߰̇߮̇ଶ ,                                                                          (3.18a) 

 

                   ቀ̇భ
భ

ቁ
.
+ ̇భ

మ

భ
మ + ̇భ

భ
ቂ̇


+ ̇


− ̇


ቃ = ߰̇߮̇ଶ ,                                                                          (3.18b) 

 

                   ቀ̇భ
భ

ቁ
.
+ ̇భ

మ

భ
మ + ̇భ

భ
ቂ̇


+ ̇


− ̇


ቃ = ߰̇߮̇ଶ ,                                                                          (3.18c) 

 
Further this equation imply  
 
                   ̇


+ ̇


− ̇


= ̇


+ ̇


− ̇


= ̇


+ ̇


− ̇


            

or               ̇


= ̇


= ̇

  ,                                                                                                                     (3.19)     

 
Inserting (3.19) in (3.17) we obtain  
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                   ̈


+ 2 ቀ̇


ቁ
ଶ

= 0 ,                    ̈


+ 2 ቀ̇


ቁ
ଶ

= 0  ,           ̈


+ 2 ቀ̇

ቁ

ଶ
= 0 .                        (3.20) 

 
Upon integration of the equations in (3.20), yield  
 
                  ܽ = (3݇ସݐ + 3݇ହ)

భ
య ,             ܾ = (3݇ݐ + 3݇)

భ
య  ,         ܿ = ݐ3଼݇) + 3݇ଽ)

భ
య ,             (3.21) 

 
where ݇′ݏ are constant of integration.  
 
Since         ̇


= ̇


= ̇


      we get      ݇ସ = ݇ = ଼݇     and   ݇ହ = ݇ = ݇ଽ 

 
Let             ݇ସ = ݇ = ଼݇ = ݀ଵ, say       and    ݇ହ = ݇ = ݇ଽ = ݀ଶ , say       
 
                  ܽ = ܾ = ܿ = (3݀ଵݐ + 3݀ଶ)

భ
య                                                                                          (3.22) 

 
Inserting (3.22) in (3.18), we get  
 

                  ቀ̇భ
భ

ቁ
.
+ ̇భ

మ

భ
మ + ̇భ

భ
ቂ ௗభ

ଷௗభ௧ାଷௗమ
ቃ = ߰̇߮̇ଶ .                                                                              (3.23) 

 
But from (3.13) and (3.23) we have  
 

                   ቀ̇భ
భ

ቁ
.
+ ̇భ

మ

భ
మ + ̇భ

భ
ቂ ௗభ

ଷௗభ௧ାଷௗమ
ቃ = ఒ

ఞ
 ଶ.                                                                          (3.24)̇߮̈߰ܫ

 
If we confine ߰ as linear function ߰ (߰ = ݇ଵܫ + ݇ଵଵ or  ߰̈ = 0)  then (3.24) have perfect solution  
 

                  ℎଵ = ݇ଵଷ݁ݔ ቄ݇ଵସ(3݀ଵݐ + 3݀ଶ)
మ
యቅ .                                                                               (3.25) 

 
 With the help of (3.25) the equations in (3.14) convert into  
 
                  ଵܸ = ݇ଵହ݁ݔ ቄ݇ଵସ(3݀ଵݐ + 3݀ଶ)

మ
యቅ ,                                                                             (3.26a) 

 
                   ଶܸ = ݇ଵ݁ݔ ቄ݇ଵସ(3݀ଵݐ + 3݀ଶ)

మ
యቅ ,                                                                            (3.26b) 

 
                   ଷܸ = ݇ଵ݁ݔ ቄ݇ଵସ(3݀ଵݐ + 3݀ଶ)

మ
యቅ ,                                                                            (3.26c) 

 
From (3.13) and (3.25),  we get 
 
                   ߮ = ݇ଵ଼(3݀ଵݐ + 3݀ଶ)

మ
య + ݇ଵଽ , 

 
where ݀′ݏ and  ݇′ݏ are constants of integration. 
4. Bianchi type III cosmological model in ࡾ)ࢌ, (ࢀ = ࡾ +  ࢀࣅ
We consider the Bianchi type III metric   
 
ଶݏ݀                   = ଶݐ݀− + ଶݔଶ݀ܣ + ଶݕଶ݁ିଶ௫݀ܤ +  ଶ ,                                                          (4.1)ݖଶ݀ܥ
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where ܣ, ,ܤ  .functions of t and m is constant ܥ
In this case non-zero Ricci tensors are  
 
                  ܴଵ

ଵ = మ

మ − ̈


− ̇̇


− ̇̇


 ,      ܴସ

ଵ = ̇
య − ̇

మ
  ,     ܴଶ

ଶ = మ

మ − ̈


− ̇̇


− ̇̇


     

 
                  ܴଷ

ଷ = − ̈


− ̇̇


− ̇̇


 ,            ܴଵ
ସ = ̇


− ̇


 ,        ܴସ

ସ = − ̈


− ̈


− ̈

  

 
We assume the vector potential as  
 
ܣ                    = (ݔ)ݑ] ଵܸ(ݐ), ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] .                                                                         (4.2) 
 
By applying the same procedure as in section 3 we obtain metric functions as   
 
ܣ                   = ܤ = ܥ = (3݀ଷݐ + 3݀ସ)

భ
య .                                                                                        (4.3) 

 
And components of vector potential as  
 
(ݔ)ݑ                   = ݊ଵ݁௫  ,                                                                                                              (4.4a) 
 
                   ଵܸ = ݊ଵଽ݁ݔ ቄ݊ଵ଼(3݀ଷݐ + 3݀ସ)

మ
యቅ ,                                                                              (4.4b)    

                                        
                  ଶܸ = ݊ଶ݁ݔ ቄ݊ଵ଼(3݀ଷݐ + 3݀ସ)

మ
యቅ ,                                                                               (4.4c) 

                   ଷܸ = ݊ଶଵ݁ݔ ቄ݊ଵ଼(3݀ଷݐ + 3݀ସ)
మ
యቅ ,                                                                              (4.4d) 

 
                   ସܸ = 0,                                                                                                                          (4.4e) 
 
  and              ߮ = ݊ଶଶ(3݀ଷݐ + 3݀ସ)

మ
య + ݊ଶଷ ,                                                                                   (4.5) 

 
where ݀′ݏ and ݊′ݏ are constants of integration.  
 
5. Bianchi type VI0 cosmological model in ࡾ)ࢌ, (ࢀ = ࡾ +   ࢀࣅ
We consider the Bianchi type VI0 metric   
 
ଶݏ݀                   = ଶݐ݀ − ܽଵ

ଶ݀ݔଶ − ܽଶ
ଶ݁ିଶమ௫݀ݕଶ − ܽଷ

ଶ݁ଶమ௫݀ݖଶ .                                             (5.1) 
 
In this case non-zero Ricci tensors are  
 
                   ܴଵ

ଵ = − ଶర

భ మ + ̈భ
భ

+ ̇భ̇మ
భమ

+ ̇భ̇య
భయ

  ,    ܴସ
ଵ = మ

భమ ቂ̇మ
మ

− ̇య
య

ቃ ,      ܴଶ
ଶ = ̈మ

మ
+ ̇భ̇మ

భమ
+ ̇మ̇య

మయ
     

     
                  ܴଷ

ଷ = ̈య
య

+ ̇భ̇య
భయ

+ ̇మ̇య
మయ

 ,        ܴଵ
ସ = ݉ଶ ቂ̇య

య
− ̇మ

మ
ቃ ,           ܴସ

ସ = ̈భ
భ

+ ̈మ
మ

+ ̈య
య

               
We assume the electromagnetic vector potential in the from  
 
ܣ                   = (ݔ)ݑ] ଵܸ(ݐ), ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] .                                                                             (5.2) 
 
By applying the same procedure as in section 3 we obtain metric function as  
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                  ܽଵ = ܽଶ = ܽଷ = (3݀ହݐ + 3݀)

భ
య .                                                                                    (5.3)   

 
And components of vector potential as    
 
(ݔ)ݑ                   =  (5.4a)                                                                                                         , ݐ݊ܽݐݏ݊ܿ
 
                  ଵܸ = ݉ଵ݁ݔ ቄ݉ଵହ(3݀ହݐ + ݀)

మ
యቅ ,                                                                               (5.4b) 

 

                  ଶܸ = ݉ଵ଼݁ݔ ቄ݉ଵହ(3݀ହݐ + ݀)
మ
యቅ ,                                                                               (5.4c) 

 
                  ଷܸ = ݉ଵଽ݁ݔ ቄ݉ଵହ(3݀ହݐ + ݀)

మ
యቅ ,                                                                               (5.4d) 

 
                  ସܸ = 0,                                                                                                                            (5.4e) 
 
and           ߮ = ݉ଶଵ(3݀ହݐ + 3݀)

మ
య + ݉ଶ ,                                                                                     (5.5) 

 
where ݀′ݏ and ݉′ݏ are constants of integration.  
 
6. Spatially homogeneous and anisotropic Kantowaski-sachs cosmological model in 
 
,ࡾ)ࢌ       (ࢀ = ࡾ +   ࢀࣅ
 
We consider the spatially homogeneous and anisotropic Kantowaski-sachs metric   
 
ଶݏ݀                   = ଶݐ݀ − ଶݎଶ݀ܣ − ଶߠ݀)ଶܤ +  ଶ) ,                                                              (6.1)߶݀ ߠଶ݊݅ݏ
 
where ܣ,   .are functions of t ܤ
 
 In this case non-zero Ricci tensors are  
 

                  ܴଵ
ଵ = ̈


+ ̇̇


  ,                                    ܴଶ

ଶ = ̈


+ ቀ̇


ቁ
ଶ

+ ଵ
మ + ̇̇


  ,    

 

                 ܴଷ
ଷ = ̈


+ ቀ̇


ቁ

ଶ
+ ଵ

మ + ̇̇


  ,               ܴସ
ସ = ̈


+ 2 ̈


           

 
Electromagnetic field tensor ࡲ  
We assume the electromagnetic vector potential in the from  
 
ܣ                   = [ ଵܸ(ݐ), (ߠ)ݑ ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] .                                                                             (6.2) 
 
Applying the procedure similar in section 3 we obtain metric functions as  
ܣ                   = ܤ = (3݀ݐ + ଼݀)

భ
య                                                                                                  (6.3) 

 
and components of vector potential as  
 
(ߠ)ݑ                   = ݈ଵܿߠܿ݁ݏ ,                                                                                                          (6.4a) 
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                  ଵܸ = ݈ଵହ݁ݔ ቄ݈ଵଷ(3݀ݐ + ଼݀)

మ
యቅ ,                                                                                   (6.4b) 

 

                   ଶܸ = ݈ଵ݁ݔ ቄ݈ଵଷ(3݀ݐ + ଼݀)
మ
యቅ ,                                                                                  (6.4c)      

                            
                   ଷܸ = ݈ଵ݁ݔ ቄ݈ଵଷ(3݀ݐ + ଼݀)

మ
యቅ ,                                                                                  (6.4d) 

 
                  ସܸ = 0 ,                                                                                                                           (6.4e)  
      
                  ߮ = ݈ଵ଼(3݀ݐ + 3଼݀)

మ
య + ݈ଵଽ                                                                                           (6.5)     

                            
where ݀′ݏ and ݈′ݏ  are constants of integration. 
 
7. Robertson-walker universe cosmological model in ࡾ)ࢌ, (ࢀ = ࡾ +   ࢀࣅ
 
We consider the metric of universe given by Robertson-walker metric  
 
ଶݏ݀                   = ଶݐ݀ − ܽଶ(݀ݔଶ + ଶݕ݀ +  ଶ) ,                                                                             (7.1)ݖ݀
 
where ܽ is function of t. 
 
In this case non-zero Ricci tensors are  
 

                  ܴଵ
ଵ = ̈


+ 3 ቀ̇


ቁ

ଶ
,      ܴଶ

ଶ = ̈


+ 2 ቀ̇


ቁ
ଶ
 ,     ܴଷ

ଷ = ̈


+ 2 ቀ̇


ቁ
ଶ
 ,       ܴସ

ସ = 3 ̈

 .      

 
We consider the electromagnetic vector potential in the from  
 
ܣ                   = [ ଵܸ(ݐ), ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] .                                                                                     (7.2) 
 
Applying the procedure similar in section 3 we obtain metric functions as  
 

                  ܽ = ݐସݍ3) + (ହݍ3
భ
య                                                                                                           (7.3) 

 
and vector potential as  
 

                  ଵܸ = ݔଵ݁ݍ ቄݍ3)଼ݍସݐ + (ହݍ
మ
యቅ ,                                                                                    (7.4a) 

 
                  ଶܸ = ݔଵଵ݁ݍ ቄݍ3)଼ݍସݐ + (ହݍ

మ
యቅ ,                                                                                    (7.4b) 

 

                  ଷܸ = ݔଵଶ݁ݍ ቄݍ3)଼ݍସݐ + (ହݍ
మ
యቅ ,                                                                                    (7.4c) 

                  ସܸ = 0 ,                                                                                                                           (7.4d) 
 

and           ߮ = ݐସݍଵଷ(3ݍ + (ହݍ
మ
య +  ଵସ ,                                                                                           (7.5)ݍ

 
where ݏ′ݍ are constants of integration. 
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8. Bianchi type II cosmological model ࡾ)ࢌ, (ࢀ = ࡾ +   ࢀࣅ
 
We consider the Bianchi type II metric  
 
ଶݏ݀                   = ଶݐ݀− + ଶݔ݀)ଶܣ + (ଶݖ݀ + ݕ݀)ଶܤ −  ଶ,                                                        (8.1)(ݖ݀ݔ
 
where ܣ,  .are functions of t ܤ
 
 In this case non-zero Ricci tensors are  
 
                ܴଵ

ଵ = − ̈


− ̇మ

మ − ̇̇


+ మ

ଶర ,      ܴଶ
ଶ = − ̈


− ଶ̇̇


− మ

ଶర  ,     ܴଷ
ଶ = ̈௫


− ̈௫


− ̇మ௫

మ + ̇̇௫


+ మ௫
ర    

 
                ܴଷ

ଷ = − ̈


− ̇మ

మ − ̇̇


+ మ

ଶర ,       ܴସ
ସ = −2 ̈


− ̈


 

 
We consider the electromagnetic vector potential in the from  
 
ܣ                   = (ݔ)ݑ] ଵܸ(ݐ), ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] ,                                                                             (8.2) 
 
Applying the procedure similar in section 3 we obtain metric functions as  
 

ܣ                   = ܤ = (3݀ଽݐ + 3݀ଵ)
భ
య                                                                                                 (8.3)  

 
and vector potential as  
 
(ݔ)ݑ                   =         (8.4a)                                                                                                         , ݐ݊ܽݐݏ݊ܥ
                                                                        

                  ଵܸ = ݔଵଷ݁ ቄଵଶ(3݀ଽݐ + 3݀ଵ)
మ
యቅ ,                                                                              (8.4b) 

 
                  ଶܸ = ݔଵସ݁ ቄଵଶ(3݀ଽݐ + 3݀ଵ)

మ
యቅ ,                                                                              (8.4c) 

 
                  ଷܸ = ݔଵହ݁ ቄଵଶ(3݀ଽݐ + 3݀ଵ)

మ
యቅ ,                                                                              (8.4d) 

 
                 ସܸ = 0,                                                                                                                             (8.4e) 
 

and            ߮ = ݔଵ݁ ቄଵଶ(3݀ଽݐ + 3݀ଵ)
మ
యቅ +     , ଵ଼

 
where ݀′ݏ and ݏ′ are constant of integration.    
 
9. Bianchi type VIII cosmological model  
We consider the Bianchi type VIII metric  
ଶݏ݀                   = ଶݐ݀ − ଶݔଶ݀ܣ − ݔℎଶݏଶܿܣ] + ଶݕ݀[ݔℎଶ݊݅ݏଶܤ − ଶݖଶ݀ܤ −  (9.1)     , ݖ݀ݕ݀ݔℎ݊݅ݏଶܤ2
where ܣ,  .are functions of t ܤ
 In this case non-zero Ricci tensors are  
 
                 ܴଵ

ଵ = ̈


+ ̇మ

మ + ̇̇


− మ

ଶర − ଵ
మ + ర

ସల ସܴ      , ݔℎଶ݊ܽݐ
ଵ = − ̇

ଶర  ,  ݔℎ݊ܽݐ
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                  ܴଶ

ଶ = − ଵ
మ௦మ௫

+ ଶ௧మ௫
మ + ଶమ௧మ௫

ర + ̈


+ ̇మ

మ − ଵ
మ

௦௫
௦య௫

− మ

ర
௦௫

௦య௫
+ ̇̇


+   

 
ܤ̇ܤ2                            ̇

య ݔℎଶ݊ܽݐ − ܤ̇ܤ2 ̇
య ݔℎܿ݁ݏݔℎ݊ܽݐ − ଷ

ଶ
మ

ర ݔℎܿ݁ݏݔℎ݊ܽݐ − ర

ల  ݔℎܿ݁ݏݔℎ݊ܽݐ
 
                  ܴଷ

ଶ = ଷమ

ଶర
௦௫

௦మ௫
  ,       ܴଷ

ଷ = ̈


+ ଶ̇̇


+ మ

ర − ଷమ

ଶర ସܴ        , ݔℎଶ݊ܽݐ
ସ = 2 ̈


+ ̈


 

 
Electromagnetic field tensor ࡲ 
We consider the electromagnetic vector potential in the form 
 
ܣ                   = (ݔ)ݑ] ଵܸ(ݐ), ଶܸ(ݐ), ଷܸ(ݐ), ସܸ(ݐ)] .                                                                             (9.2) 
 
By applying the procedure similar in section 3 we obtain metric functions as  
 

ܣ                   = ܤ = ݐହݎ3) + (ݎ
భ
య                                                                                                     (9.3) 

 
And vector potential as 
 
(ݔ)ݑ                   =  (9.4a)                                                                                                            , ݔℎܿ݁ݏଵݎ
 

                  ଵܸ = ݔଵଶ݁ݎ ቄݎଵଵ(3ݎହݐ + (ݎ
మ
యቅ  ,                                                                                    (9.4b) 

 
                  ଶܸ = ݔଵଷ݁ݎ ቄݎଵଵ(3ݎହݐ + (ݎ

మ
యቅ ,                                                                                     (9.4c) 

 
                  ଷܸ = ݔଵସ݁ݎ ቄݎଵଵ(3ݎହݐ + (ݎ

మ
యቅ ,                                                                                     (9.4d) 

 
                  ସܸ = 0 ,                                                                                                                           (9.4e) 
 

and            ߮ = ݐହݎଵ(3ݎ + (ݎ
మ
య + ଵହݎ  ,                                                                                            (9.5) 

 
where ݏ′ݎ  are constants of integration.    
 
10. CONCLUSION 
1) In the present paper we have considered particular cases of ݂(ܴ, ܶ) theory of gravity  ݂(ܴ, ܶ) = ܴ +  ܶߣ
model in different Bianchi types and some symmetric metric.  
2) It is observed that, even though the line elements are distinct, the convergent, non-singular, isotropic 
solution can be evolved in each metric along with the components vector potential.  
3) we believe firmly that, due to the interacting scalar and electromagnetic field in ݂(ܴ, ܶ) theory, the metric 
functions and vector potentials convert into isotropic. 
4) Each models show that universe expand algebraically in ݂(ܴ, ܶ) = ܴ +   .theory of gravity  ܶߣ
5) The metric functions (scale factor) in each non-static space-time admits constant value at early time of the 
universe ( t o ) and after that metric functions start increasing with increase in cosmic time, and finally 
diverge to    as t  . This shows that universe expands and approaches to infinite volume.  
5) It is also interesting to note that the investigated models are free from singularity in each metric. 
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