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ABSTRACT

In this paper, we will study   Z =
2 2 2

t
x y z

 
 
   

type higher five dimensional

    and n-dimensional plane gravitational wave with the matter cosmic strings in the context
of Rosen’s  Bimetric theory of relativity and observed that the cosmic strings does not exist
 in this theory.

AMS: 83C05 (General relativity)
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1. INTRODUCTION

The general theory of relativity is one of the most beautiful structures in all theoretical physics.
In an attempt to get rid of the singularities appear in the Einstein's General Theory of Relativity
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(GR), Rosen [1] [2] (1940, 1973) has proposed a  modified theory of gravitation within the frame
work of  general relativity which is called  Bimetric Theory of Relativity (BR).

In this theory he has proposed a new formulation of the general relativity by introducing a
background Euclidean metric tensor ij in addition to the usual Riemannian metric tensor ijg at
each point of  the four dimensional space-time. With the flat background metric ij  the physical
content of the theory is the same as that of the general relativity.

Thus, now the corresponding two line elements in a coordinate system xi are –

2 i j
ijds g dx dx                                                                      (1.1)

    And 2 i j
ijd dx dx                                                            (1.2)

Where ds is the interval between two neighboring events as measured by means of a clock and a
measuring rod. The interval d is an abstract or geometrical quantity not directly measurable. One
can regard it as describing the geometry that would exist if no matter were present.
 H Takeno (1961) [3] propounded a rigorous discussion of plane gravitational waves, defined
various terms by formulating a meaningful mathematical version and obtained numerous results.

A fairly general case of “plane" gravitational wave is represented by the metric

2 2 2 2 22ds Adx Ddxdy Bdy dz dt                                                                 (1.3)

both for weak field approximation and for exact solutions of Einstein field equations.

Reformulating Takeno’s (1961) [3] definition of plane wave, Z =
2 2 2

t
x y z

 
 
   

 type

 higher five dimensional and n-dimensional gravitational waves are defined by using the line
elements,

 
2

2 2 2 2 2 2 2 2 2
2 2 2 2

3
( )

A td s x d x y d y z d z B d u A d t
x y z


    
 

        (1.4)

  2
2 1

2 2 2 2 2 2 2 2
2 2 2 2

4

3 n
i

i

A td s x dx y dy z d z B du A d t
x y z






    

  ( )
     (1.5)

Mohseni, Tucker and Wang [4] have studied the motion of spinning test particles in plane
gravitational waves.  S Kessari, D Singh et al [5], analyzed the motion of electrically
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neutral massive spinning test particle in the plane gravitational and electromagnetic wave
background.
The theory of plane gravitational waves have been studied by many investigators ,
 H Takeno [6]; Pandey [7]; Lal and Shafiullah [8];Lu Hui qing [9];Bondi, H. et.al.[10],
Torre,C.G.[11]; Hogan, P.A.[12];Deo and Ronghe[13],[14] and they obtained the solutions .

In this paper,we will study    Z =
2 2 2

t
x y z

 
 
   

  type higher five dimensional and

n-dimensional plane gravitational wave with the matter cosmic strings  and will observe the result
 in the context of Bimetric theory of relativity.

2. FIELD EQUATIONS IN BIMETRIC RELATIVITY

Rosen N. has proposed the field equations of Bimetric Relativity from variation
principle as

1
2 8j j j j

i i i iK N Ng T                                                                 (2.1)

            where 1
2 | |j h j

i h iN g g 
      (2.2)

N N  g


                                                            (2.3)

          and ,ij ijg g                                                                       (2.4)

Where a vertical bar (|) denotes a covariant differentiation with respect to γij.

And , j
iT  the energy momentum tensor for cosmic cloud strings is given by

j
iT = j

iT strings=
j i j

iv v x x           (2.5)
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Here  is the rest energy density for a cloud with particle attached along the extension,

thus p     where p is the particle energy density,  is the tension density of the strings.

As pointed out by Letelier[15]   may be positive or negative and iv  is the flow vector of matter.

The flow of the matter is taken orthogonal to the hyper-surface of homogeneity so that
5

5 1v v   , 1n
nv v   for five and n-dimensional space and

ix representing the

direction vector of anisotropy ie 3
3 1x x  and 0i

iv x 

3. Z =
2 2 2

t
x y z

 
 
   

  type  higher  five  dimensional  plane  gravitational wave with

cosmic strings

     For Z =
2 2 2

t
x y z

 
 
   

 plane gravitational wave in higher five dimensions, we have the line

element as

 
2

2 2 2 2 2 2 2 2 2
2 2 2 2

3
( )

Atds x dx y dy z dz Bdu Adt
x y z


    
 

(3.1)

     Where ( )A A Z , B = B (Z) and   Z=
2 2 2

t
x y z

 
 
   

     Corresponding to the equation (3.1),we consider the line element for background metric

ij  as
2 2 2 2 2 2( )d dx dy dz du dt        (3.2)

    Since ij is the Lorentz metric i.e. (-1,-1,-1,-1, 1),therefore  γ- covariant derivative becomes

    the ordinary partial derivative.

 Using  equations (2.1) to (2.5) with (3.1) and (3.2), we get,

2 2

2 2

1 1 0
2 4

A A B B D
A A B B

                     (3.3)
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2 2

2 2

1 1 8
2 4
A A B B D
A A B B


                     

  (3.4)

2 2

2 2

1 0
4

A A B B D
A A B B

                    
 (3.5)

2 2

2 2

1 1 8
2 4
A A B B D
A A B B


                     

     (3.6)

       where
2 2 2 2

2 2 2 2

( )
( )
t x y zD
x y z

   
    

and
2

2,A AA A
Z Z
 
 
 

   Using equation (3.3) to (3.6) we have
0                                                                                                                                (3.7)

   It gives us nil contribution of cosmic cloud string in Z =
2 2 2

t
x y z

 
 
   

type higher

 five dimensional  plane gravitational wave in the theory of Bimetric relativity.
Hence for vacuum case 0     , the field equation reduced to

2

2

0A A D
AA

 
  
 
 

ie 2

2

0A A
AA

 
  
 
 

  (3.8)

Solving equations (3.8), we have

1
1
S ZA R e         (3.9)

Now using (3.8) in (3.3), we have
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2
2

S ZB R e (3.10)

where R1 , S1 and R2, S2 are the constants of integration.

Thus substituting the value of (3.9) and (3.10) in (3.1), we get the vacuum line element as

 
1

2 1

2
2 2 2 2 2 2 2 2 21

2 12 2 2 2

3
( )

S Z
S Z S ZR e tds x dx y dy z dz R e du R e dt

x y z


    
      (3.11)

4. Z =
2 2 2

t
x y z

 
 
   

 type  n-dimensional  plane  gravitational  wave

     with  Cosmic  strings

 For Z =
2 2 2

t
x y z

 
 
   

  plane gravitational waves in n-dimensions, we have the line

    element as

  2
2 1

2 2 2 2 2 2 2 2
2 2 2 2

4

3 n
i

i

Atds x dx y dy z dz Bdu Adt
x y z






    

  ( )        (4.1)

 Where ( )A A Z ,B=B (Z) and Z = 2 2 2

t
x y z

 
 
   

 Corresponding to the equation (4.1), we consider the line element for background metric ij  as

 2 2 2 2 21............( )d dx dy dz n term s dt        (4.2).

 Using equations (2.1) to (2.5) with (4.1) and (4.2),

   We get the field equations as

2

2 2

2

1 4 0
2 4
A A n B B D

A B BA

                       
(4.3)
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2

2 2

2

1 4 8
2 4
A A n B B D

A B BA


                        
(4.4)

2

2 2

2

6 0
4

A A n B B D
A B BA

                       
(4.5)

2

2 2

2

6 0
4

A A n B B D
A B BA

                       
(4.6)

2

2 2

2

1 4 8
2 4
A A n B B D

A B BA
  

                        
       (4.7)

         where
2 2 2 2

2 2 2 2

( )
( )
t x y zD
x y z

   
    

  and
2

2,A AA A
Z Z
 
 
 

Using equation (4.3) to (4.7), we get
0   (4.8)

 that is cosmic cloud string does not exist in  Z =
2 2 2

t
x y z

 
 
   

  plane gravitational

waves in Rosen’s Bimetric theory of relativity.

Hence for vacuum case 0     , we obtained the same result as defined in (3.9) and (3.10).

Thus substituting the value of (3.9) and (3.10) in (4.1), we get the vacuum line element as

 
1 2

2 1

2 1
2 2 2 2 2 2 2 21

2 12 2 2 2
4

3 S Z n
S Z S Zi

i

R e tds x dx y dy z dz R e du R e dt
x y z






    

  ( ) (4.9)
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5. CONCLUSION

In the study of Z =
2 2 2

t
x y z

 
 
   

   type higher five dimensional and n-dimensional plane

gravitational waves, there is no contribution of cosmic cloud strings in Bimetric theory of relativity
respectively.
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