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Abstract: Five dimensional LRS Bianchi type-I string cosmological model is 

investigated in Lyra geometry. Considering the suitable form of the gauge function, 

which fit in observation, a cosmological model is obtained. Some physical and 

kinematical implications of model are also discussed. 
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INTRODUCTION 

The string theory was developed to describe the events of the universe at the early stages of its evaluation 

therefore the study of string theory is important in the evaluation of the universe. Lyra1, Brans-Dicke2, 

Weyl3 are some important scalar tensor alternative theories of gravitation who proposed modification of 

Riemannian manifold. Lyra introduced a gauge function into the structure less geometry. Further; Sen4, 

Sen and Dunn5, Halford6, 7 Beesham8, 9, Bhamra10, Soleng11 have investigated various cosmological 

models in a framework of Lyra’s manifold. Jeavons et al.12 pointed out that the Einstein field equations 

proposed by Sen and Dunn are very much useful based on Lyra’s manifold. Zel’dovich13, Kibble14, 

Everett15, Vilenkin16 investigated string cosmological models and described that cosmic strings act as 

gravitational lenses and may give rise to density perturbations leading to formation of galaxies. Krori et 

al.17 studied Bianchi type cosmologies in presence of cosmic strings and described the matter and strings 

coexist throughout the evaluation of the universe. Recently various authors Singh and Singh18, 19, Singh et 

al.20,  Rahaman et al.21-25,  Mohanty et al.26, 27,  Rahaman and Bera28,  Kalyanshetti and Waghmode29, 

Reddy and Rao30, 31,  Bali and Chandnani32, 33, Chakraborty and Ghosh34  , Benerjee et al.35,                  
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Pradhan et al.36-38, Bali et al.39-42, Tikeker and Patel43, Wang44, Ram and Zeyauddin45, have discussed 

various aspects of cosmological models in Lyra’s geometry. Venkateswarlu and Pavan Kumar46, Mohanty 

and Samanta47, Rathore and Mandawat48 have investigated higher dimensional string cosmological 

models in various alternative theories of gravitation and obtained exact solution of the field equations. 

Samanta et al.49 have investigated five dimensional Bianchi type-I cosmological models generated by a 

cloud of string with particles attached to them in Lyra’s manifold. Letelier50 discussed massive strings and 

obtain exact solution for Bianchi type I and Kantonwski-Sachs space time. 

In this chapter we have investigated five dimensional LRS Bianchi type-I string cosmological model in 

Lyra geometry. To get deterministic solution we have consider the gauge function β =
2

3t
  which is the 

best suitable form for fit in the observation. Some physical and kinematical parameters of the models are 

also discussed. 

THE METRIC AND FIELD EQUATIONS 

The Five dimensional LRS Bianchi type I metric is consider as          

ds2 = −dt2 + A2dx2 + B2(dy2 + dz2) + C2dξ2              

 (1)                                                                        

Where A, B, and C are functions of cosmic time ′t′ only. 

The field equations based on Lyra Manifold in normal gauge proposed by Sen and Sen and Dunn is 

written as 

 Rij −
1

2
gijR +

3

2
∅i∅j −

3

4
gij∅k∅k = −χTij                                                                (2) 

Where, Gij = Rij −
1

2
Rgij is Einstein tensor, Tijis the stress energy of matter, ∅iis the displacement vector 

which is given by 

∅i = (β(t), 0,0,0,0)
                                               (3)                                                                 

 

The energy momentum tensor Ti
j

 
for cosmic string is taken as 

          Ti
j

= ρuiu
j − λxixj                       (4) 

Where, ρ and λ are the rest energy density and the tension density of cloud of strings respectively, uj is 

the cloud velocity and xi is the direction of string i.e. direction of anisotropy satisfies the relation  

uiui = −xixi = −1  and  uixi = 0                                                                             (5) 

Let consider, ρ = ρp + λ  be the energy density of cloud of strings with particle attached to them, ρp be 

the rest energy density of particles. 

Here ρ and λ are functions of cosmic time t only.  

For the line element (1) the components of energy momentum tensor Ti
j
  are given as 

   T0
0 = −ρ , T1

1 = −λ , T2
2 = 0  , T3

3 = 0 , T4
4 = 0    

And      Ti
j

= 0          when i ≠ j          (6) 
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The trace of energy momentum tensor T is given by 

 T = T0
0 + T1

1 + T2
2 + T3

3 + T4
4 

 T = −(ρ + λ)                     (7) 

The Lyra Manifold’s field equations for the line element (1) by using equations (3) to (7) in equation (2) 

is obtained as 

2A4B4

AB
+

2B4C4

BC
+

A4C4

AC
+

B4
2

B
−

3

4
β2 = χρ                                 (8) 

2B44

B
+

C44

C
+

2B4C4

BC
+

B4
2

B
+

3

4
β2 = χ λ                        (9) 

A44

A
+

B44

B
+

C44

C
+

A4B4

AB
+

B4C4

BC
+

A4C4

AC
+

3

4
β2 = 0                                           (10) 

A44

A
+

2B44

B
+

2A4B4

AB
+

B4
2

B
+

3

4
β2 = 0                      (11) 

Here suffix ‘4’ denote the ordinary differentiation with respect to cosmic time ‘t’. 

SOLUTION OF THE FIELD EQUATIONS 

In the order to derive exact solutions of the field equations (8) to (11) we consider the following 

assumption  

             A = B = tn and C = tm                      (12)  

Where n and m
 
are arbitrary constants. 

Here we have four independent field equations in six unknowns.

 

And since for gauge function we have no independent field equation, therefore here we consider 

 β =
2

3t
                          (13) 

which is the best suitable form for fit in the observation. 

Now using equations (12) and (13) in the field equations (8) to (11), the field equations are reduces to 

 3n2 + 3nm −
1

3
= χρt2           (14) 

           3n2 + m2 + 2nm − 2n − m +
1

3
= χ λt2                                          (15)  

           3n2 + m2 + 2nm − 2n − m +
1

3
= 0                                         (16)  

 6n2 − 3n +
1

3
= 0                                                                (17) 

Solving equations (17) we obtain 

                        n =
1

3
 or n =

1

6
                                                          (18) 

Using n =
1

3
  in equation (16) we get 
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                      m = 0 or m =
1

3
                                             (19) 

And  

Using n =
1

6
  in equation (16) we get  

                      m =
1

2
 or m =

1

6
                                    (20) 

Equation (12) shows that the extra dimension contract to a Planckian length as t tends to ∞ if m < 0  and 

the universe expand indefinitely as t  increase if n > 0     . 

Hence to obtain a physically realistic string cosmological model, we consider 

                    n =
1

3
 and m = 0                           (21) 

Using equations (12) and (21) in equation (1),  

The metric (1) leads to the form 

ds2 = −dt2 + t
2

3
 (dx2 + dy2 + dz2) + dξ2                                     (22) 

SOME PHYSICAL AND KINEMATICAL PARAMETERS 
 

For model (22), Using equations (21) and (14), we obtain the rest energy density ρ as 

                            ρ = 0                                            (23) 

Using equations (21) and (15), we obtain the string tension density λ as   

                            λ = 0                                                             (24) 

The rest energy density of cloud of strings with particle attached to them ρp = ρ − λ is given by  

                            ρp = 0                                                                         (25) 

The scalar expansion (θ), spatial volume (V) and Deceleration parameter (q) for the model (22) are given 

by 

                          θ = u;μ
μ

 

                               θ =
1

t
                                       (26)                          

The spatial volume is given by 

                        V = √−g 

                             V = t                                      (27) 

   And the deceleration parameter is given by 

                      q = −
3

θ2 [θ;i
i +

1

3
θ2]  

                               q = 2                         (28) 
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The non vanishing components of shear tensor (σi
j
) and shear (σ) for the model (22) are given as  

                              σ1
1 = 0                             (29) 

                              σ2
2 = 0                             (30) 

                              σ3
3 = 0                             (31) 

                              σ4
4 = −

1

3t
                             (32) 

And                σ2 =
1

2
σμυσμυ 

                      σ2 =
1

2
[(σ1

1)2 + (σ2
2)2 + (σ3

3)2 + (σ4
4)2] 

                          σ2 =
1

18t2                             (33) 

And also we have 

                    Lim
σ2

θ2 ≠ 0                                                                                                     (34) 

CONCLUSION
 

In this Chapter we have investigated five dimensional LRS Bianchi type-I string cosmological model in 

the framework Lyra geometry. It is observed that the energy density  ρ and string tension density λ 

becomes zero therefore we obtained higher dimension vacuum model in Einstein’s theory. The spatial 

volume V becomes zero when t tends zero and volume becomes infinite when t tends to infinite for n > 0. 

The scalar of expansion θ tends to zero when t tends to infinite and it tends to infinite as t tends to zero. It 

indicates that the model starts with a big-bang and stops at t = ∞. Since q > 0, therefore model is not 

inflationary. Shear σ decreases as time increases. Since 
σ

θ
 ≠ 0  , therefore model is anisotropic. 
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