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Abstract: Bianchi Type II stiff fluid model in presence of bulk viscosity is 

investigated. To get the deterministic model of the universe, we assumed that 

shear () is Proportional to expansion () which leads to R = S
n
 where R and S 

are metric potentials and n  is a constant. We find that bulk viscosity prevents the 

matter density to vanish. The spatial volume increases exponentially representing 

inflationary scenario. The model represents decelerating and accelerating phases 

of universe which matches with the result of Astronomical observations. 

Key Words: Bianchi II, Stiff fluid, Bulk viscosity 

2010 Mathematics Subject classification : 83 Cxx, 83 Fxx 

 
1. Introduction                                                                                       

It has been argued for long time that dissipative process may well account for the high 

degree of isotropy, we observe today (Misner [1]). Dissipative effects including bulk 

viscosity play a significant role in the study of early evolution of universe. Eckart [2] first 

developed the relativistic theory of non-equilibrium thermodynamics to study the effect 

of viscosity. Padmanabhan and Chitre [3] have discussed that the presence of bulk 

viscosity leads to inflationary like solution in general relativity. The effect of bulk 

viscosity on cosmological evolution has been investigated by many authors viz. Sahni 

and Starobinsky [4], Mak and Harko [5,6], Peebles [7], Saha [8], Hu and Meng [9],             

Ren and Meng [10], Singh et al. [11], Bali and Singh [12], Gagnon and Legoulrgues [13]. 

2. Metric and Field Equations 

We consider Bianchi Type II metric in the form 

 

2222222 dz)x dySdzdxRdtds   (1) 

where R and S are functions of t alone. 

Energy momentum tensor in presence of bulk viscosity is given by 
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We assume the coordinates to be comoving so that v
1
 = 0 = v

2
 = v

3
, v

4
 = 1 where  the 

matter density, p the isotropic pressure,  the coefficient of bulk viscosity and  the 

expansion in the model, v
i
 the flow vector satisfying (3). 

Now 
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The Einstein field equations 
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 (In geometrized units G = 1, c = 1 and taking  = 0) 

for the line element (1) leads to 
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where subscript 4 denotes differentiation with respect to t and 

we assume                                                           

  = k (9)  

3. Solution of Field Equations 

Equations (6) and (8) lead to 
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To get determinate solution, we assume 

(i) stiff fluid condition  = p (11) 

(ii)    which leads to R = S
n
 (12) 

Now after using (11) and (12) in (10), We have 
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which leads to 
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Let S4 =f(S) 
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where  is constant of integration. Thus 
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which leads to 
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To get determinate solution, we assume 

 n=1/2 (18)  

Using (17), (18) in (16), we have 
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Equation (19) leads to 
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which leads to 

  =  sinh (at+b) 

Thus we have 
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where 

   a  

Therefore 
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The metric (1) leads to  
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4. Some Physical and Geometrical Features 

 We have 
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The matter density from equation (8) is given by 
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The expansion (), the shear (), the spatial volume (V
3
), the deceleration parameter (q) 

are given by 
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Particle horizon 
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5. Discussion and Conclusion 

 The reality condition  > 0 leads to 
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The equation (24) indicates that bulk viscosity prevents the matter density to vanish. The 

model (23) starts with a big-bang at t = -b/a and the expansion decreases with time. Since 





0, hence anisotropy is maintained throughout. The spatial volume increases 

exponentially with time. Thus the model represents inflationary scenario. The model also 

represents accelerating and decelerating phases of universe matching with recent 

astronomical observations. Also the particle horizon is finite, hence the particles are in 

communicable region. The model in general represents realistic model of the universe. 
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