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Abstract—Bianchi type I bulk viscous fluid tilted 

cosmological model filled with disordered radiation and heat 

conduction is investigated. We assume that K (constant), 

where 
 
is the coefficient of bulk viscosity and 

 
is the 

expansion in the model. It has been assumed that the expansion 

in the model is only in two directions i.e. one of the component 

of
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is zero. The physical and 

geometrical aspects of the model in the presence and absence of 

bulk viscosity are also discussed.

 

 Index Terms—Tilted cosmological model,

 

bulk viscosity,

 Bianchi type-I universe.

 

 

I.
 

INTRODUCTION
 

Homogeneous and anisotropic cosmological models have 

been widely studied in classical general relativity in the 

search for a relativistic picture of the universe in its early 

stages because they can be explained a number of observed 

phenomena quite satisfactorily. So that in recent years, there 

has been a considerable interest in investigating spatially 

homogeneous and anisotropic cosmological models in which 

matter do not move orthogonally to the hyper surface of 

homogeneity. These types of models are called tilted 

cosmological models.  The general dynamics of tilted 

cosmological models have been studied by King and Ellis [1] 

and Ellis and King [2]. The cosmological models with heat 

flow have been also studied by Coley and Tupper ([3], [4]), 

Roy and Banerjee [5]. Ellis and Baldwin [6] have shown that 

we are likely to be living in a tilted universe and they have 

indicated how we may detect it.
 On the other hand, the matter distribution is satisfactorily 

described by perfect fluids due to the large scale distribution 

of galaxies in our universe. However, realistic treatment of 
 the problem requires the consideration of material 

distribution other than the perfect fluid. It is well known that 

when neutrino decoupling occurs, the matter behaves as a 

viscous fluid in an early stage of the universe. Viscous fluid 

cosmological models of early universe have been widely 

discussed in the literature. A realistic treatment of the 

problem requires the consideration of material distribution 

other than the perfect fluid.
 
Misner ([7], [8]) has studied the 

effect of viscosity on the evolution of cosmological models. 

The effect of bulk viscosity on the cosmological evolution 

has been investigated by a number of authors in framework 

of general theory of relativity (Padmanabhan and Chitre [9];
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Johri and Sudarshan [10]; Maartens [11]; Zimdahl [12]; 

Kalyani and Singh [13]; Singh, Beesham and Mbokazi 

[14].These motivate to study cosmological model with bulk 

viscosity.  

Also, general relativity describes the state in which 

radiation concentrates around a star. Klein [15] worked on it 

and obtained an approximate solution to Einstein’s field 

equation in spherical symmetry for a distribution of diffused 

radiation. Singh and Abdussattar [16] have obtained an exact 

static spherically symmetric solution of Einstein’s field 

equation for disordered radiation. Bagora [17-18] obtained 

tilted Bianchi type I and III cosmological model for 

disordered radiation and stiff fluid distribution. Motivated by 

these studies, in this paper we investigated Bianchi type I 

bulk viscous fluid tilted cosmological model filled with 

disordered radiation and heat conduction. It has been 

assumed that the expansion in the model is only in two 

directions i.e. one of the component of Hubble parameter is 

zero. The physical and geometrical aspects of the model in 

the presence and absence of bulk viscosity are also discussed. 

 

II. THE FIELD EQUATIONS 

We consider the Bianchi type-I metric in the form 

  (1) 

where B and C are functions of ‘t’ alone.  

The energy-momentum tensor for perfect fluid distribution 

with heat conduction given by Ellis [19] and for bulk 

viscosity given by Landau and Lifshitz [20] is given by 

 (2) 

together with 

 gijviv
j =  1 ,                 (3) 

 qiq
j > 0 ,             (4) 

 qiv
i = 0 ,                     (5) 

In the above, p is the isotropic pressure,   the matter 

density, qi the heat conduction vector orthogonal to vi. The 

fluid flow vector vi has the components (sinh  , 0, 0, cosh ) 

satisfying (3), being the tilt angle. 

The Einstein’s field equation 

The field equation for the line element (1) leads to  

(6)

 

           (7) 
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(8) 

(9) 

(10)

 

where the suffix ‘4’ stands for ordinary differentiation with 

respect to the cosmic time ‘t’ alone. 

 

III. SOLUTION OF FIELD EQUATIONS 

Equations from (6) to (10) are five equations in six 

unknown B, C,  , p, 
1

q  and  . For the complete 

determination of these quantities, we assume that the model 

is filled with disordered radiation which leads to 

(11) 

Also, we assume that         

      (12) 

The condition K  is due to the peculiar characteristic 

of the bulk viscosity. It acts like a negative energy field in an 

expanding universe (Johri and Sudharshan[21]) i.e K . 

According to that expansion is inversely proportional to bulk 

viscosity. 

From equations (6) and (9) with (11), we have 

    (13) 

Again using (8) in (13), we have 

(14) 

Let us assume that BC = ,  
C

B
  .                     (15) 

Equations (7) and (8), with (15) lead to 

         (16) 

where ‘a’ is constant of integration.  

Using (15) and (16) in equation (14), we have     

     (17) 

Equation (17) gives  

          (18) 

where ‘b’ is constant of integration and  )(f
4

 .   

Equation (16) leads to 

    (19) 

Hence the metric (1) reduces to the form 

  (20) 

By introducing the following transformations 

  = T, x = X, y = Y, z = Z. 

The metric (20) reduces to the form 

   (21) 

where  is determined by (19) when T .  

 

IV. SOME PHYSICAL AND GEOMETRICAL FEATURES 

The isotropic pressure p and matter density    for the 

model (21) are given by 

 (22) 

                (23) 

The tilt angle   is given by  

 (24) 

 (25) 

  The scalar of expansion   calculated for the flow 

vector vi for the model (21) is given by 

 (26)  

The flow vector vi and heat conduction vector qi for the 

model (21) are given by 

  (27) 

(28) 

 

 
(29)
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 (30) 

The non-vanishing components of shear tensor ( ij
 ) and 

rotation tensor ( ij) are given by 

(31) 

 

(32)

 

(33)

 

 Thus   

0)11()KT64b)(bTKT16b(a3
T)KT32b(4

)bKT80(b
= 232122

323

23
4
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1
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


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.(34) 

Similarly 

         (35)

 

In the absence of bulk viscosity, the above mentioned 

quantities lead to  

Again   

 

(36)
 

 

The physical significance of conditions (34), (35) and 

(36) are explained by Ellis [22]: The shear 

tensor )(
ij

 determines the distortion arising in the fluid flow, 

leaving the volume invariant. The direction of principal axis 

is unchanged by the distortion, but all other directions are 

changed. Thus we have 

which leads to  

 

Shear ( ) is given by ij

ij

2

2

1
 . 

Thus 02  and .00
ij
  

The vorticity tensor ( ij
 ) determines a rigid rotation of 

cluster of galaxies with respect to a local inertial rest frame. 

Thus, we have 

where ijk
 is pseudo tensor and 

Thus 

This leads to 

The magnitude of ij
  is   and is defined as  

 

V. CONCLUSION 

 

 

 
 

REFERENCES 

[1] A. R. King and G. F. R. Ellis, Comm. Math. Phys. 1973, vol. 31, no. 

209. 

[2] G. F. R. Ellis and A. R. King, Comm. Math. Phys. 1974, vol. 38, no. 

119. 

[3] A. A. Coley and B. O. J. Tupper, Phys. Lett. 1983, vol. A95, no. 357. 

[4] A. A. Coley and B. O. J. Tupper, Astrophys. J. 1984, vol. 280, no. 26. 

[5] S. R. Roy and S. K. Banerjee, Astrophys. Space Sci. 1988, vol. 150, no. 

213. 

[6] G. F. R. Ellis and J. E. Baldwin, Mon. Not. Roy. Astro. Soc. 1984, vol. 

206, no. 377 

[7] C. W. Misner, Nature. 1967, vol. 214, no. 40. 

[8] C. W. Misner, Astrophys. J. 1968, vol. 151, no. 431. 

[9] T.  Padmanabhan and S. M. Chitre, Phys. Lett. 1987, vol. A120, no. 

433. 

[10] V. B. Johri and R. Sudarshan, Phys. Lett. 1988, vol. A132, no. 316. 

[11] R.  Maartens, Class. Quantum Gravit. 1995, vol. 12, no. 455. 

[12] W. Zimdahl, Phys. Rev. 1996, vol. D53, no. 5483. 

[13] D. Kalyani and G. P. Singh, “In V. de Sabbata and T. Singh (eds.),” in 

New Direction in Relativity and Cosmology. 1997, Hartronic Press, 

U.S.A. 41. 

[14] T. Singh, A. Beesham, and W. S. Mbokazi, Gen. Relativ. Gravit. 1998, 

vol. 30, no. 537. 

[15] O. Klein, Ark. Mat. Astron. Frys. 1948, vol.  34A, no. 19. 

[16] K. P. Singh and A. Sattar, Ind. J. Pure Appl. Math. 1973, vol. 4, no. 

468.  

[17] A. Bagora, EJTP, vol. 4, no. 14, pp. 373-382, 2010. 

[18] A. Bagora, “Astrophys,” Space Sci, vol. 319, pp. 155-159, 2009. 

[19] G. F. R. Ellis, “General relativity and cosmology,” ed. R. K. Sachs, 

Academic Press; New York, vol. 116, 1971. 

International Journal of Applied Physics and Mathematics, Vol. 2, No. 5, September 2012

350

       
3 2

1 3/ 2 3 2

3b 64
64 2( 32 )

b KTq =
T b KT

π
π π
− +

−

3 2 2 2 1 2

11 3 2 5

b(80 ) 3 16 bT )
2T 2( 32 )

KT b b(a KTσ =
b KT

π π
π

− + +
−

3 2 2 2 1 2 3 2

14 3 2 5

b(80 ) 16 bT )( 64 )
2T 2( 32 )
KT b (a KT b KTσ =

b KT
π π π

π
− − + + +

−

2 2 1 2
3 2 3 2

14 3 2 3 2 5

16 bT )72 ( 32 )
2( 64 )( 32 )

(a KTKbT b KT
b KT b KT

π
ω π π

π π
+ +

= +
+ −

,

1 4
11 14 0ω ν ω ν+ =

3 28
8T

bπ p = , 3 2

38
8T

bπ =ρ  , 
2 1 21 3 bT )

T 2
(aθ = + , 

1 1
2

ν = , 4 3 ,
2

v = 1 3 2

3
64

bq =
Tπ

−  , 

12 2

11
1 3 bT )

2T 2
(aσ = − + ,

12 2

14
1 bT )

2T 2
(aσ = + , 14 0ω = . 

1 12 22 2
1 4

11 14
3 bT ) 3 bT ) 0

2T 2 2T 2
b (a b (a=σ ν σ ν

− + +
+ + =

0,j
ijσ ν =

1 4
11 14 0σ ν σ ν+ =     ( 1 40, 0ν ν≠ ≠∵ ) 

kω η ω ω= A
A

1
2

i
ijk j kω η ν ω= A A . 

0j
ijω ν = . 

1 4
11 14 0ω ν ω ν+ =  ( 1 40, 0ν ν≠ ≠∵ ) 

2 1
2

ij
ijω ω ω= . 
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The model (21) represents a tilted model as ∞→ρ  when 

T 0→ .The model starts with a big-bang at T=0 and the 
expansion in the model decreases as time increases. Also, 

0j
ijσ ν = and 0j

ijω ν = are satisfied as 1 4
11 14 0=σ ν σ ν+

and 1 4
11 14 0ω ν ω ν+ = .The model has point type singularity 

at T=0 (MacCallum, [23]). 
In the absence of bulk viscosity, ρ→∞  when T 0→ and 

0ρ→ when T ∞→ , therefore ρ is the decreasing function 
of time. The reality conditions pρ+ > 0, 3pρ+ > 0 given 

by Ellis [24] are satisfied when 3 2T > 0. In the absence of 
bulk viscosity there is no rotation in the model. In absence of 
bulk viscosity the velocity component v1 and v4 are constant 
hence in absence of bulk viscosity flow is uniform.  In 
general, the model is an expanding universe in which the 
lines of flow of matter are geodesic, shearing but 
non-rotating. 
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