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ABSTRACT 

In this paper we have constructed five dimensional Bianchi type-I cosmological model generated by a cloud of string 
with particles attached to them in Lyra manifold. Out of the two different cases, we obtained one case leads to the five 
dimensional vacuum universe in Lyra manifold while the other case yields a string cosmological model in Lyra mani- 
fold. Some physical and geometrical properties of the models are briefly discussed. 
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1. Introduction 

Now a day cosmologists are interested to study cosmic 
strings in the framework of general theory of relativity as 
well as in alternative theory. Since the discovery of gen- 
eral theory of relativity by Einstein, there has been nu- 
merous modification of it. Lyra [1] proposed a modifica- 
tion of Riemannian geometry by introducing a gauge func- 
tion in to the structure less manifold that bears close re- 
semblances to Weyl’s [2] geometry. Subsequent investi- 
gations were done by several authors Sen [3], Sen and 
Dunn [4], Halford [5], Bhamra [6], Beesham [7], Soleng 
[8], Pradhan et al. [9], Agarwal et al. [10] in scalar tensor 
theory and cosmology within the framework of Lyra geo- 
metry. Singh and Singh [11-13] and Singh and Desickan 
[14] have studied Bianchi type-I, III, Kantowski-Sachs 
cosmological models with time dependent displacement 
field in the cosmological theory based on Lyra’s mani- 
fold. Soleng [8] has pointed out that the cosmologies 
based on Lyra’s geometry based with constant gauge 
vector i  will either introduce creation field and be 
equal to Holy’s creation field cosmology or contain a 
special vacuum field which together with the gauge vector 
term may be considered as a cosmological term. 

φ

The concept of string theory was developed to de- 
scribe events at the early stages of the evolution of the 
universe. So strings are important in the early stages of 
evolution of the universe before the particle creation. The 
present day observations do not rule out the possible ex- 
istence of large scale networks of string in the early uni- 
verse. Gauge theories with spontaneous symmetry break- 
ing in elementary particle physics have given rise to anop- 

ontensive study of cosmic strings. It appears that after big 
bang the universe may have experienced a number of 
phase transitions Linde [15]. These phase transitions can 
produce vacuum domain structures such as domain walls, 
string and monopoles Kibble [16], Zel’dovich [17] of all 
these cosmological structures, cosmic strings have ex- 
cited perhaps the most interest. Cosmic strings may act 
as gravitational lenses Vilenkin [18,19] and may give rise 
to density perturbations leading to formation of galaxies. 
Kibble [20] mentioned that the presence of strings in the 
early universe can be explained using grand unified theo- 
ries. These are two major fields that the string theory ought 
to illuminate some day; particle physics and cosmology. 
Particle physics addresses the microscopic extreme while 
cosmology the microscopic extreme. Relativists and par- 
ticle theorists have both identified the important problem 
of reconciling quantum theory with general relativity. The 
prospect of achieving this attracts both of them to string 
theory. 

The unification of gravitational forces with other 
forces in nature is not possible in the usual four dimen-
sional space times. So higher dimensional theory might 
be useful at very early stages of the evolution of the uni- 
verse. In fact, as time evolves, the standard dimensions 
expand while the extra dimensions shrink to the Planckian 
dimension, which is beyond our ability to detect with the 
currently available experimental facilities Chatterjee et al. 
[21]. This fact has attracted many researchers to investi- 
gate the problems in the field of higher dimensions Ap- 
pelquist et al. [22], Chodos and Detweller [23] con- 
structed massive string cosmological model in higher di- 
mensional homogeneous space time in general relativity. 

Copyright © 2012 SciRes.                                                                                 JMP 



G. C. SAMANTA  ET  AL. 181

Krori et al. [24] constructed a Bianchi type-I string cos- 
mological model in higher dimensional space time and 
obtained that matter and string coexist throughout the 
evolution of the universe. Venkateswarlu and Pavan 
Kumar [25] constructed higher dimensional string cos- 
mological model in scale covariant theory of gravitation. 
Rahaman et al. [26] obtained exact solutions of the field 
equations for five dimensional space time in Lyra mani- 
fold when the source of gravitation is a massive string. 
Moanty and Samanta [27] constructed five dimensional 
axially symmetry string cosmological models with bulk 
viscous fluid In general theory of relativity. Recently 
Khadekar and Shelote [28] studied five dimensional FRW 
cosmological models with quark and strange quark mat- 
ter. In this paper we constructed five dimensional Bianchi 
type-I string cosmological models in Lyra manifold. 

2. The Metric and Field Equations 

The five dimensional Bianchi type-I metric can be writ-
ten as 

2 2 2 2 2 2d d d d 2 2 2 2d ds t A x B y C      z D m   (1) 

where A, B, C and D are function of cosmic time “t” only. 
Here the extra co-ordinate is taken to be space like. 

The Einstein’s field equations based on Lyra manifold 
is proposed by Sen [3] and Sen and Dunn [4] in normal 
gauge may be written as 

1 3

2 2ij ij j ijR g R
3

4
a

a ijg T     iφ  

φ

iφ

  , 0, 0, 0, 0t

i j i jT u u x x

  (2) 

where i  is the displacement vector and other symbols 
have their usual meanings as in the Riemannian geome-
try. The displacement vector  is taken in the form 

iφ                  (3) 

The energy momentum tensor for a cosmic string is 
taken as 

ij                        (4) 

where p     is the rest energy density of cloud of 
strings with particle attached to them,   is the tension 
density of strings, p is the rest energy density of the 
particles, is the five velocity of particles and iu

 1, , 0, 0, 0,x A

  0i
i 

0i                     (5) 

the direction of the string satisfies 

1i i
i ix x u u  and u x           (6) 

The field Equation (2) together with Equations (3)-(6) 
for the metric (1) yield the following equations 

23

4

A B B C A C D A B C

AB BC AC D A B C
   

               
 

 (7) 

23

4

B C D B C D B C

B C D BC D B C
 

                
 

 (8) 

23
0

4

A C D A C D C D

A C D AC D C D


               
 

   (9) 

23

4

A B D A B D A B

A B D AB D A B


              
 

      (10) 

23
0

4

A B C A B A C B C

A B C AB AC BC


        
          (11) 

where dash denotes the differentiation with respect to “t”. 

3. Cosmological Solutions 

In this section we find physically meaningful solutions of 
the field Equations (7)-(11) by taking some simplifying 
assumptions. 

As there is no independent equation for the gauge 
function  , so here we consider 

2

3t
                    (12) 

is the most suitable form to fit the observations. 

3.1. Case-I (Isotropic Model) 

nA B C tLet               
1nD t

              (13) 

and                                  (14) 
where n and 1 are arbitrary constants. By making use of 
Equations (12)-(14) in the field Equations (7)-(11) we 
get 
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3
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t
    
 

                  (19) 

From Equation (19) we get 
n = 1/3 or n = 1/6 
For  n = 1/3 
Using n = 1/3 in Equation (18) we obtained 
n1 = 0 or n1 = 1/3 
For  n = 1/6 
Using n = 1/6 in Equation (18) we obtained 
n1 = 1/2 or n1 = 1/6 
Equations (13) and (14) show that the universe expand 
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indefinitely as t increases if n > 0 and the extra dimen-
sion contract to a Planckian length as  if 1nt  0 . 
Hence to get a physically realistic string cosmological 
model, we take 

n = 1/3 and n1 = 0. 
The geometry of the model described by the metric 


2

2 2 23d d d d 2 2 2d ds t t x y    z k m 

0

        (20) 

Now using n = 1/3 and n1 = 0 in Equations (15) and (16) 
we get 

 

0

                      (21) 

                        (22) 

This shows that string does not survive for isotropic 
model in Lyra geometry. 

The scalar expansion   is obtained as 

1 t                        (23) 

At initial epoch t = 0,     and 0 as t   . 
The shear scalar is obtained as 

2
2 1 1

1
6 t
   
 

3 4n

                 (24) 

The spatial volume of the universe is obtained as 

V = kt                      (25) 

The deceleration parameter (q) is obtained as 

q = 0                       (26) 

It is observed that the deceleration parameter “q” is 
identically equal to zero, earlier discussed by Venkates-
warlu and Pavan Kumar [25]. 

3.2. Case-II (Anisotropic Model) 

In this case we take 

1 2, , nn nA t B t C t  and D t 

, ,n n and n

            (27) 

where  are arbitrary constants. 1 2 3 4

Now from Equations (7) and (8), by the use of Equa-
tions (12) and (27) we find 
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The rest energy density (  ) is given by Equation (28). 
It is observed that at initial epoch i.e. t = 0,   

0 a
, 

s t    and  satisfies the reality condition 
when 

 4 2 3 2 3 1 4 1 2 3

1

4
n n n n n n n n n n       

The string tension density (  ) given by Equation (29) 
tends to zero as t tends to infinity. The particle density 
( p ) given by Equation (30) satisfy the reality condition 
when 

2 2 2
2 3 4 1 3 1 4 2 4 2 3 47 12 n n n n n n n n n n n n        

t  , andn n n
t  0n

 

We observe that, the anisotropic three space will ex-
pand as  when 1 2 3 are all positive and 
the extra dimension will contract as if 4  . 
By making use of the solutions given by Equations (27)- 
(29) in the field Equations (9)-(11), we conclude that 

1 2 3 4 1n n n n   

31 2 422 2 22 2 2 2 2 2d d d d d dnn n n

 

The geometry of the model described by the metric 

s t t x t y t z t m        (31) 

The scalar expansion ( ), the shear ( ), the spatial 
volume (V) and the deceleration parameter (q) for the 
model (31) are obtained as 

1 t                                    (32)  

22 2 2
2 31 2 41 1 1 1 1

2 3 3 3 3

nn n n

t t t t


                     
        

 

t 

 (33) 

V = t                                    (34) 

q = 0 (Venkateswarlu and Pavan Kumar [25])    (35) 

4. Conclusions 

In this paper we constructed five dimensional Bianchi 
type-I cosmological models in the framework of Lyra 
geometry in the context of cosmic strings. From Case-I it 
is observed that, the isotropic Bianchi type-I higher di-
mensional cosmic strings do not survive. Hence we ob- 
tained higher dimensional vacuum isotropic Bianchi type-I 
string cosmological model in Lyra geometry. Further we 
observed that, the three spatial co-ordinates expand in- 
definitely as t  while the extra dimension remains 
constant. It is also interesting to note that, the decelera- 
tion parameter (q) is identically equal to zero. Although 
the solutions obtained are special in nature. 

From Case-II we obtained five dimensional anisotro- 
pic Bianchi type-I string cosmological model. At initial 
epoch i.e. t = 0, the rest energy density, tension density, 
particle density, scalar expansion and shear become in- 
finity. Therefore we can say that, the model admit initial 
singularity. The spatial volume (V) becomes zero at t = 0 
and this shows the expansion of the model with time 

. It is also interesting to note that, the deceleration 
parameter (q) is identically equal to zero. 
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