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Abstract: In this paper, we have investigated the 
nature of non shearing, locally-rotationally symmetric 
Bianchi type-III string cosmological model in 
presence of bulk viscosity and magnetic flux. Here 
we make the assumption that the coefficient of 
viscosity is proportional to the expansion scalar i.e. 

  and we discuss the physical and geometrical 
properties of model in presence and absence of 
magnetic field.  
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INTRODUCTION  
To explain the formation of large scale structure of 
Universe is one of the basic problems of cosmology 
even today. The investigation of relativistic 
cosmological models usually has the energy 
momentum tensor of matter generated by perfect 
fluid. To consider the more relativistic models, one 
must take into account the viscosity mechanisms, 
which takes the attention of many researcher such as 
Misner [1] has suggested that strong dissipative due 
to neutrino viscosity may considerably reduce the 
anisotropy of the black body radiation. According to 
Weinberg [2] the viscosity mechanism in cosmology 
explains the anomalously high entropy per baryon in 
present universe. Exact solution of isotropic 
homogeneous cosmology for open closed and flat 
universe with bulk viscosity being a power function 
of energy density have been founded by Santos et al. 
[3]. The effect of bulk viscosity with time varying 
bulk viscous coefficient on the evolution of isotropic 
FRW models which was investigated in the context of 
open thermodynamic system was studied by Desikan 
[4], this study was further developed by Krori and 
Mukharji [5]. 

In recent years cosmic string have drawn 
considerable attention among researchers for various 
aspects such that the study of the early universe,  
these strings arise during phase transition after big 
bang explosion as temperature goes down below 
some critical temperature as predicted by grand 
unified theory [6]-[8], it is believed that cosmic string 
give rise to density perturbation which leads to the 
formation of galaxies [9], these cosmic string have 

stress energy and coupled to gravitational field, 
therefore it is interesting to study gravitational effect 
which arise from strings. The general treatment of 
strings was initiated by Letelier [10] and Stachel [11]. 
The occurrence of magnetic fields on galactic scale is 
well established fact today and their importance for a 
variety  of astrophysical phenomenon is generally 
acknowledge which was pointed out by Zel’dovich 
[12], Also, Harrison [13] has suggested that magnetic 
field could have a cosmological origin. As a natural 
consequence we should include magnetic field in 
energy momentum tensor of early universe. the 
choice of anisotropic cosmological models in Einstein 
system of field equations leads to the cosmological 
model more general than Robertson-Walker model 
[14],  A. Singh et al. [15] has examined Bianchi type 
III viscous massive string cosmological models with 
electromagnetic field. The presence of primordial 
magnetic fields in the early stage of evolution of the 
universe has been discussed by several authors Kim  
et al. [16], Barrow [17] and Melvin [18]., P. Soni et 
al. [19] have examined non shearing rotationally 
symmetric Bianchi type-III string cosmological 
model, V. R. Patil et al [20] have examined Bianchi 
type I cosmological model in the presence of viscous 
fluid and magnetic flux. We have motivated of above 
situation and think what happens, when we use bulk 
viscosity and electromagnetic field as a source of 
energy. In this paper, we have discussed the nature of 
non shearing LRS Bianchi type III string 
cosmological model in presence of bulk viscosity and 
magnetic flux with assumption that the coefficient of 
the viscosity is proportional to the expansion i.e. 

  . The physical and geometrical behaviors of 
model are discussed.   

II. Field Equations and Solution   
We consider locally-rotationally symmetric Bianchi 
type-III space time. 

 
          (1) 

in which )(),( tBtA  are cosmic scale functions of  
t.  
The Einstein field equations are 

                                              (2) 
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Where  is energy momentum tensor 
Here, we consider the source of energy as, 

         
 where,  
  

                                                (3) 

And the electromagnetic field  is,  

           (4) 

Where  is a constant characteristic of the medium 
and called the magnetic permeability, typically  
differs from unity only by a few parts in 105 

for paramagnetic substance 

and for diamagnetic substance) and  is 
magnetic flux vector defined by,                                                                  

,                                          (5) 

in which  is dual electromagnetic field tensor 
defined as, 

,                              (6) 

Here  is electromagnetic field tensor and  
is the totally antisymmetric Levi-Civita tensor with 

  , The co-moving co-ordinates are 

taken as, , , and 
choose the incident magnetic field in the direction of  
x-axis; so that the magnetic flux vector has only one 
nontrivial component, viz. . In view of 
aforementioned assumption from (5), one obtain 

  Also, we assume that the 
conductivity of the fluid is infinite. This leads to, 

                                        (7)                                    
We have only one non-trivial component of  

i.e. , then the set of Maxwell equations  

, one finds, 

                     (8) 
Using equations (6), (8) in (5) , We get                                                                                                                                        

                                                  (9) 

Finally, we obtain the electromagnetic field tensor 
  as, 

 
                                            (10) 

For simplification we take  
Equation (10) takes the following form 

 

                                           (11)                                            

From equation (3), we have 

   
,   

                                                            (12) 
Using equations (11) and (12) in equation (2) we 
obtained the field equations as, 

          (13) 

                                (14)  

 
                                               (15) 

                             (16) 

                                                           (17) 

Where the dots over the letters denote the ordinary 
derivative with respective to cosmic time t. 
Solving equation (17), we obtain  

                                                             (18) 

Where   is constant of integration.  
In order to obtain more general solution, we assume 
that the coefficient of bulk viscosity is proportional to 
the expansion scalar,  

                                                                 (19) 

Where    is positive constant and 

                             (20) 

Also, the Hubble parameter,    

                    (21) 

From equation (20) and (21)  

We have                                      (22) 

Using equation (20)  
we have                                          (23) 

Using equation (20) and (23) in equation (13), we 
obtain         
 

                                                    (24)                          

Where    

And                                         
From equation (18) and (24), we obtain  
                                        (25)  
 
Hence the geometry of the space time in the presence 
of electromagnetic field by using equation (25) and 
(24) in equation (1), we have  
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                                    (26) 
 
III. Geometrical And Physical Significance Of 
Model 
Energy density ( ), cloud string ( ), expansion scalar 

( ), coefficient of bulk viscosity ( ) and shear scalar 

( ) are obtained as follow; 
From equation (24), we have  

  And                  (27) 

Using values from equations (24), (25) and (27) in 
equation (16), we obtain 

  .                                                                                          

                                                           (28) 

Now, the scalar expansion,  
 

 .                                                     (29) 

                                                    (30) 

Using equations (24), (25) (27), (29) and (30) in 
equation (15), we obtain 

 
                                    (31) 

From equation (29), we obtain 

 ,                                               (32) 

And,                                    (33) 
 
IV. Discussion   
From equation (26)-(30), it is clear that, Energy 
density ( ), expansion scalar ( ), coefficient of bulk 

viscosity ( ), cloud string ( ) and Hubble parameter 
( ) are inversely proportional to that of cosmic time 
t. i.e. as t increases the above quantity decreases and 
as t increases, the model expand very large and as t 
decreases, Energy density ( ),expansion 

scalar( ),coefficient of bulk viscosity ( ) cloud string 
( ),and Hubble parameter( ) are increases, and as 
time t decreases then  model get shrink. Also, in the 
presence of electromagnetic field, the model expands 
and  , ,  increases and does not affect the  

and   decreases as time increases and  , 

therefore shear scalar not exist and ,  

hence model is isotropic for large value of t.  
 
V. Conclusion 
In present paper, we have investigated the locally 
rotationally symmetric Bianchi type-III string 
cosmological models in the presence of bulk viscosity 
and magnetic flux, in which   i.e. shear scalar 
is not exit, hence it represents non shearing 
cosmological model. Also in the presence of 
magnetic field the model  expand and in absence of 
magnetic field it shrink .Finally  

 
it 

represent the model is isotropic for large value of t. 
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