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ABSTRACT 
Cylindrically Symmetric Inhomogeneous Bianchi Type I String Cosmological Model is 

investigated. To get the deterministic solution, we assume the condition A = B where B = f(x) 

g(t) and C = h(x) k(t) on metric potentials. In general the model represents expanding, 

shearing and non rotating universe. The physical and geometric aspects of the model are also 

discussed. 
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INTRODUCTION 
In the standard model the universe is assumed to be homogeneous and isotropic and the 

space-time is described by the FRW metric. But from observations we know that there are in 

homogeneities on scales less than 150 Mpc. In order to understand the influence of these in 

homogeneities on the expansion of the universe, it is important to study other solutions of   

Einstein equations that don’t assume the homogeneity such as the Lemaitre-Tolman-Bondi 

metric or a more general Szekeres metric. The Lemaitre-Tolman-Bondi metric is well 

understood and it has been used to model in homogeneity ever since it was discovered by 

Lemaitre [19]. The Szekeres metric was studied quite recently by Krasinski [15,16] and it 

was used by  Bolejko [7-10] to model structure formation. Since it has no symmetries it is 

possible to describe more structures within one model. If the universe is not homogeneous the 

cosmological data may depend on the position of the observer and it is important to perform 

proper averaging of physical quantities. 

Cylindrically symmetric space time play an important role in the study of the universe on a 

scale in which anisotropy and inhomogenity are not ignored. Inhomogeneous cylindrically 

symmetric cosmological models have significant contribution in understanding some 

essential features of the universe such as the formation of galaxies during the early stages of 

their evolution. Bali et al. [1,2 ] studied a Bianchi type VI magnetized bar tropic bulk viscose 

fluid massive string universe and some exact solutions for a homogeneous Bianchi type VI0 

space time filled with a magnetized bulk viscous fluid in the presence of a massive cosmic 

string. 
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Bali and Tyagi [3] and Pradhan et al. [20] have investigated cylindrically symmetric 

inhomogeneous cosmological models in presence of electromagnetic field. Barrow and 

Kunze [4,5] found a wide class of exact cylindrically symmetric flat and open 

inhomogeneous string universe. In their solutions all physical quantities depend on at most 

one space coordinate and the time. The case of cylindrical symmetry is natural because of the 

mathematical simplicity of the field equations whenever there exists a direction in which the 

pressure equal to energy density. 

 Cosmic strings play an important role in the study of the early universe. These strings arise 

during the phase transition after the big bang explosion as the temperature goes down below 

some critical temperature as predicted by grand unified theories [11,12,13, 25]. It is believed 

that cosmic strings give rise to density perturbation which leads to formation of galaxies [26]. 

These cosmic strings have stress energy and couple to the gravitational fluid. Therefore, it is 

interesting to study the gravitational effect which arises from strings. The general treatment 

of strings was initiated by Letelier [17,18] and Stachel [24].  

 Baysal et al. [6] , Kilinc and Yavuz [14] ,Pradhan et.al [21] have investigated some string 

cosmological models in cylindrically symmetric inhomogeneous universe. Ribeiso and 

Sanyal [23] studied Bianchi type VI0 models containing a viscous fluid in the presence of an 

axial magnetic field . Pradhan, Rai and Singh [22] have studied cylindrically symmetric 

inhomogeneous universe with electromagnetic field in string cosmology.  

In this chapter , we have obtained  Cylindrically Symmetric Inhomogeneous Bianchi Type I 

String Cosmological Model . To get the deterministic solution, we  assume  the condition A = 

B where B = f(x) g(t) and C = h(x) k(t) on metric potentials. In general the model represents 

expanding, shearing and non rotating universe. The physical and geometric aspects of the 

model are also discussed.  

 

THE METRIC AND FIELD EQUATIONS  
We consider the metric in the form 

22222222 )( dzCdyBdtdxAds                                              …(1) 

where A, B, and C are functions of x and t. The energy momentum tensor for   the string is of 

the form 
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Here  is the rest energy density of the cloud of strings,    is the tension density of the 

strings. The unit space like vector  x
i
  represents the string direction in the cloud, i.e the 

direction of anisotropy and the unit time like vector  u
i
  describes the four velocity vector of 

the matter satisfying the following conditions 
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we assume that the coordinates system is co-moving and so that 
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The Einstein's field equations  
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The Einstein’s field Equations (6) for the line element (1), lead to the following system of 

equations 
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Where the sub-indices 1 and 4 in A, B, C and elsewhere denote ordinary differentiation with 

respect to x and t respectively. 

 

SOLUTION OF FIELD EQUATIONS: 
The field equations 7-11 are five equations with five unknowns A, B, C, λ, ρ. We solve them 

in following ways. 

 By addition of equation (8) and (9)  

 

022 11441144

1

1

4

4 

















C

C

C

C

B

B

B

B

A

A

A

A
                                                          ... (12) 

Here to get a determinate solution , Let us consider 

A = B  where B = f(x) g(t) and  C = h(x) k (t)                                                           ... (13) 

Using equation (13) in equation (12) , we have 
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From equations (11) and (13),  we have  
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Using equation (13) in (16), we have 
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gk        ... (21) 

Here α and β are integrating constant and γ = 
𝑚+1

𝑚−1
. 
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From equation (14) , we have 
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Again From equation (14),  we have 
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where 1)( k                

and x0, C5,and  k are constants of integration. 

Hence, we obtain 
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Where Q = αβ C2
 m/ 1+δ

      C3
 γ/ 1+r

 ,  X = kx +x0 , T = bt +t0 

After using suitable transformation of co-ordinates metric (1) reduces to,
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Which may be considered as Bianchi Type I String Cosmological Model In Cylindrically 

Symmetric Inhomogeneous Universe.  

 

SOME PHYSICAL AND GEOMETRICAL FEATURES 
The physical and geometrical properties of the model are given as follows:  

String tension density  of the model is given by 
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The energy density ρ  of the model is given by 
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The Expansion scalar θ of the model is given by 
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The shear scalar σ of the model is given by
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The proper volume V  of the model is given by 
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The deceleration  parameter q of the model is given by 
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From equation (34) and (33) , we obtain 
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The magnitude of rotation  is  zero  i.e. 

 = 0 

 

CONCLUSION   
The model (30) starts with big bang at T = 0 and goes on expanding till T =   when  

becomes zero. It is clear that as T increases, the ratio of the shear scalar  and expansion  

tends to finite value i.e. 
 


→ constant. Hence the model does not approach isotropy for large 

value of  T. The fluid flow is irrotational and it is observed that as T→ 0 and X→0 , the 

energy density ρ→∞ and as T→∞ and X→∞ , ρ → 0.  As T→ 0 and X→0 , the string tension 

density λ → ∞ and as T→∞ and X→∞ , λ→0 therefore the string will be disappear from the 

universe at later time. Since the deceleration parameter q < 0, hence the model represents an 

accelerating universe. The model has point type singularity at T=0 as when T→0 , g11= g22 = 

g33 = 0. In general the model represents expanding, shearing and non rotating universe. 
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