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Abstract 

Bianchi Type III inflationary cosmological model with bulk viscosity and flat potential is 

investigated. To get the deterministic model of the universe, we assume the condition that shear 

() is proportional to expansion () which leads to B = C
n
 where B and C are metric potentials 

and n is a constant. We find that spatial volume increases with time exponentially, hence 

represents inflationary scenario of the universe. The deceleration parameter q < 0, thus the model 

represents accelerating universe. The model in special case, isotropizes. The presence of bulk 

viscosity leads to inflationary like solution. The Hubble parameter is initially large but tends to 

finite limit for large values of t. The model has Point Type singularity. The Higgs field () 

evolves slowly but the universe expands in an exponential way due to vacuum field energy. 
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1. Introduction 
 

Bianchi Type I models are very special subset of spatially homogeneous cosmological models. 

We, therefore, consider more general Bianchi Type III space-time for the study of inflationary 

scenario of universe. Inflation means that universe has gone a period of exponential expansion in 

its early stage of evolution. In modern cosmology, inflation is an essential ingredient. During the 

inflationary epoch, the scale factor of the universe grows exponentially allowing a small causally 

coherent region big enough to be identified with the present observable universe. Therefore, the 

inflationary scenario is the satisfactory solution to some of the conceptual issues in cosmology 

and is not understood in the standard big bang theory. The inflationary scenario explains several 

mysteries of modern cosmology like homogeneity, the isotropy and flatness of observed 

universe. Guth
[1]

 introduced the idea of early inflationary phase in context of grand unified field 

theories. Wald
[2]

, Gron
[3]

, Barrow
[4]

 discussed inflationary scenario in Friedmann-Robertson-

Walker (FRW) model which is already homogeneous and isotropic. Rothman, and Ellis
[5]

 

pointed out that we could have the solution of isotropy problem if we work with anisotropic 
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metric and show that these models can be isotropized. Stein-Schabes
[6]

 has shown that 

inflationary scenario is possible when potential V() has flat region and Higgs field () evolves 

slowly but the universe expands in an exponential way due to vacuum field energy. Several 

authors viz. Bhattacharjee and Barua
[7]

, Bali and Jain
[8]

, Reddy et al.
[9]

, Bali
[10,11]

 have studied the 

role of self interacting scalar fields with flat potential in inflationary cosmology. Recently Bali 

and Singh
[12]

 have investigated LRS Bianchi Type I stiff fluid inflationary universe with variable 

bulk viscosity. 

 

In early stage of evolution of universe, the dissipative process play a significant role for the high 

degree of isotropy, we observe today. Misner
[13]

 has studied the effect of bulk viscosity on the 

evolution of cosmological models. Heller and Klimek
[14]

 investigated viscous fluid cosmological 

models without initial singularity in which they have shown that the introduction of bulk 

viscosity removes the initial singularity effectively. Belinski and Khalatnikov
[15]

 studied the 

effect of viscosity in FRW model in which the coefficient of viscosity is assumed as function of 

energy density. The effect of bulk viscosity in the early stage of evolution of universe has been 

studied by Murphy
[16]

. Roy and Prakash
[17,18]

 have investigated some viscous fluid cosmological 

models in Bianchi Type I space-time in which coefficients of bulk viscosity is assumed as 

constant. Padmanabhan and Chitre
[19]

 investigated that the presence of bulk viscosity, leads to 

inflationary like solutions. The effect of bulk viscosity on cosmological evolution has been 

studied by Zimdahl
[20] 

Sahni and Starobinski
[21]

, Saha
[22,23]

, Singh et al.
[24]

, Peebles
[25]

, Bali et 

al.
[26, 27, 28, 29]

. 

Motivated by the above mentioned studies, we investigate Bianchi Type III inflationary 

cosmological model with variable bulk viscosity and flat potential. To get the deterministic 

scenario, we assume that  = constant as supposed by Brevik et al.
 [30]

. The physical aspects of 

the model related with inflationary scenario are also discussed. 

 

 

2. Metric and Field Equations 
 

We consider Bianchi Type III space-time in the form 

 
222x222222 dzCdyeBdxAdtds  

    (1) 

where A, B, C are metric potentials and are functions of t-alone,  is constant. 

 

In case of gravity minimally coupled to a scalar field V(), we have 

 xd)V(g 
2

1
Rg  S 4

ji

ij









        (2) 
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which on variation of S with respect to dynamical fields leads to Einstein field equation 

 ijijij T8g R
2

1
R          (3) 

where energy momentum tensor (Tij) for scalar field is given by Guth
[1]

 in presence of viscosity 

is given by 

 









jiijijjiij
vvggV(

2

1
T 


   (4) 

and 

 



d

dV
]g[

g

1
i 



i        (5) 

where V is the effective potential,  the Higgs field,  the coefficient of bulk viscosity and  the 

expansion in the model. We assume the coordinates to be comoving so that 

  1vvv0v 4321
  

The Einstein field equation (3) for the metric (1) leads to 

 










 K

2
8

BC

CB

C

C

B

B 2
444444


     (6) 

 










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2
8

AC

CA

C

C

A

A 2
444444


     (7) 

 










 K

2

1
8

AAB

BA

B

B

A

A
2

2

2
444444      (8) 

 













 K

2
8

AAC

CA

BC

CB

AB

BA 2

2

2
444444


    (9) 

 0
A

A

B

B
44 













         (10) 

For deterministic model of inflationary universe, we have assumed that 

constant) and (constant)K V(   

We use the ansatz  = constant because it has significant role to connect with occurrence of 

Little Rip (LR) cosmology using FRW metric as given by Brevik et al.
 [30]

 

Equations (5) and (10) lead to 

 0
C

CB
2 44 

















         (11) 
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and 

 A =k B         (12) 

Equation (11) leads to 

 
CB2


          (13) 

where  is a constant. Equations (13) and (6) lead to 

 










 K  

C2B
8

BC

CB

C

C

B

B

24

2
444444     (14) 

Equation (14) is one equation in two unknown B and C. To get the deterministic solution, we 

assume that shear () is proportional to expansion () which leads to 

 B = C
n
          (15) 

where n is a constant. Equation (14) and (15) lead to 

















K
1n

C8

1)2(n

C8

C

C

1n

n
C

12)4n22

4
2

44
   (16) 

which leads to 

 


  C(K 2C 
C

C

1n

2n
2C 1)4n2

2

4
2

44
    (17) 

where 

 constant)
1n

8





        (18) 

Equation (17) leads to 

 
24n2 C bC af  

        (19) 

where 

2)2n2n

1)(Kn2
  b 

2)2n(n

1)n
  a f(C),C

2

2

4 







  

 

Now equation (19) leads to 

 dt
Cba

dCC

1)2(2n

2n


 

        (20) 

which leads to 

 sinhmTC 12n          (21) 

where 
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 Tt tm,b1)2n
b

a
0
       (22) 

Thus 

 mTsinhC  B 12n

n

12n

n

n          (23) 

 mT sinhk   kB A 12n

n

12n

n

        (24) 

 

Therefore, the metric (1) leads to 

2x212n

2n

12n

2n

212n

2n

12n

2n

222 dyemT)sinhdx mT)sinhkdTds     

 
212n

2

12n

2

dz mTsinh         (25) 

 

 

3. Some Physical and Geometrical Aspects 

 

Equation (13) leads to 

 N
2

mT
 tanh log 











       (26) 

The spatial volume (R
3
), the expansion (), the shear () the decelerating parameter (q), the 

Hubble parameter (H) for the model (25) are given by 

 mTsinh k  ABCR3         (27) 

 mTcoth  m
C

C

B

B

A

A
444        (28) 

 T mcoth 
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C

3
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















    (29) 

 mThtan 32
RR

/RR
  q 2

22








      (30) 

 mTcoth 
3

m
  H          (31) 

 

The spatial volume (R
3
) for the model (25) increases with time exponentially, hence inflationary 

scenario exists in the model. The deceleration parameter q < 0, thus the model represents 
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accelerating universe. Since 



0, thus the model in general represents anisotropic phase of the 

universe. However, the model isotropizes for n = 1. The Hubble parameter (H) is initially large 

but tends to a finite limit for large values of T. The model has Point Type singularity at T = 0 

(MacCallum
[31]

). Equation (27) shows that presence of bulk viscosity leads to inflationary like 

solution. Higgs field evolves slowly but the universe expands in an exponential way due to 

vacuum field energy. 
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