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ABSTRACT 

 In this paper, we investigate variation law for cosmological constant in the background of 

anisotropic Banchi type I space-time. We consider a particular form of cosmological term  as  

= RR / , where R is a average scale factor of the universe and  is a constant. The model 

obtained approaches isotropy at late times. For  = 1 model represent static universe. Physical and 

kinematical behavior of the model has been discussed. 
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The present study deals with a spatially homogeneous and anisotropic Bianchi-I cosmological 

models with decaying cosmological constant . The cosmological constant () was introduced by 

Einstein in 1917 as the universal repulsion to make the universe static in accordance with 

generally accepted picture of that time but  can not explain why the calculated value of vacuum 

energy density at plank epoch is larger than its value as observed by standard cosmology at the 

present epoch (Weinberg, 1989). In attempt to solve this problem variable  was introduced such 

that  was larger in the early universe and then decayed with the evolution (Dolgov, 1983). The 

idea that  might be variable have been studied for more than two decades (Alder, 1982; 

Weinberg, 1967). Linde (1974) has suggested that  is a function of time. A dynamic 

cosmological cosmological term  (t) remains a focal point of interest in modern cosmological 

theories in a natural way. Liu and Wesson (2001) have studied universe models with variable 

cosmological constant. The mechanism of the decaying cosmological term is usually formulated 

in terms of a scalar field (Weinberg, 1972). The generalized scalar tensor theory (Nordtvedt, 

1970) has been revived recently and used to solve the cosmological constant problem (Ratra and 

Peebles, 1988; 2003). 

 The simplest homogeneous and anisotropic models are Bianchi type-I whose optical 

sections are that but the expansion or contraction rate is directional dependent. The advantages of 

these anisotropic models are that they have a significant role in the description  of the evolution of 

the early phase of the universe and they help in finding move general cosmological models than 

the isotropic Friedman- Robertson Walker models. The isotropy of the present day universe 

makes the Bianchi-I model a prime for studying the possible effects of an anisotropy in the early 

universe on modern day data observations. 

 In this paper we study Bianchi type-I model with decaying cosmological constants. This 

work is organized as follows. The model and field evaluation are given in sect ion-2. The field 

equation are solved in section-3. The physical behavior of the model is discussed in detail is last 

section. 

 

Metric and field equation : 

 We consider the Bianchi type-I space time described by the line-element 

2222 )( dxtAdtds  2222 )()( dztCdytB 
                                         ... (1) 
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We assume the cosmic matter consisting of perfect fluid represented by the energy -momentum 

tensor 

ijjiij pgvpT   )(
                                                                         ... (2) 

satisfying linear equation of state 

wp 
, 10  w                                                                                   ... (3) 

Where  and p are energy density and isotropic pressure respectively and v
i
 the four velocity 

vector of the fluid satisfying vi v
i
 = -1. The Einstein’s field equations (in gravitational units 8G = 

c = 1) with time-dependent cosmological term  (t) are 
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For the line-element (1), the above field equations in comoving system of coordinates lead to 
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In the above and elsewhere an overhead dot (.) stands for ordinary time-derivative of the 

concerned quantity. Covariant divergence of (4) leads to 
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We define average scale factor R as R
3
 = ABC and introduce volume expansion  and shear scalar 

as usual 
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12                                                                         …(10) 
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ij being shear tensor. In the above semicolon stands for covariant differentiation. From (5) – (7) 

in view of R
3
 = ABC we obtain 

3
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where k1 and k2 are integration constants. 

For the Bianchi type-I metric expressions of (10) come not to be 

R

R3


                                                                          ... (14) 

3R

k


                                                                          ... (15) 

Where 21

2

2

2

1

23 kkkkk  . In analogy with the FRW universe, we define a generalized Hubble 

parameter H and the generalized deceleration parameter q as  

RRH /                                                                           ... (16) 

2RH

R
q


                                                                            ... (17) 

Equations (5) – (8) can be expressed in terms of H,  and q as 

22)12(  Hqp
                                                                        ... (18) 

223   H
                                                                         ... (19) 
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Solution of the field equations : 

From equations (3), (18) and (19) we obtain 
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Thus, we have one equation with three unknowns R,  and . We require two more relations to 

close the system. We assume that w = 1 (stiff fluid) and  

R
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                                                                       ... (21) 

where  is a constant. Therefore, equation (20) becomes 
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Integrating (22), we get 
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where a and b are integration constant. 

For this solution metric (1) assumes the following form 
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Discussion : 

 Matter density  and cosmological term  for the model (24) are given by 
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Average scale factor R, Hubble parameter H, deceleration parameter q, shear scalar  for the 

model come out to be 
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We observe that  > 1 and  < 3 i.e. 1 <  < 3. For  = 1, R = a, therefore model represent static 

universe. The model has initial singularity at t = -b. The model starts with a big bang at t = -b 

with , , ,  all infinite and q < 0. In the limit t  , , , ,  all become zero. In this model, 

we have a accelerating expansion throughout. Also 
0/lim 




t . Thus, model approaches 

isotropy at late times. 
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