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Abstract: Cosmological models with variable bulk viscosity and gravitational constant in 

C-field cosmology for FRW space-time are investigated. To find the deterministic model 

of the universe, we assume that G = R
n
 and discussed for n = -1, -2, R being scalar factor. 

In both the cases, creation field (C) increases with time, G (gravitational constant) 

decreases with time. For n = -1,  (matter density) decreases with time and for n = -2, 

 (matter density) is constant. These results match with the astronomical observations 

and explained 
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1. Introduction 

In the early stage of cosmic expansion, it has been argued for a long time that the 

different picture of the universe at the initial stage of cosmological evolution may appear 

due to dissipative process caused by viscosity as viscosity counteracts the cosmological 

collapse. The effect of bulk viscosity on the evolution of cosmological models has been 

studied by number of authors viz. Misner [20,21], Banerjee and Santos [8], Banerjee et al. 

[7], Bali and Jain [3], Sahni and Starobinski [26], Bali and Pradhan [5], Bali and 

Kumawat [4], Bali et al. [6], Brevik and Gron [12]. On the basis of large number of 

hypothesis, Dirac [15] suggested the variation of G with time. Therefore, in an evolving 

universe, it is natural to consider G = G(t) as G couples geometry to matter. Brans and 

Dicke [11], Canuto et al. [13] proposed an alternative theory of gravitation for the 

possible extension of general relativity with time variation of G. Pochoda and 

Schwarzschild [25], Gamow [16] studied the solar evolution in the presence of time 

varying gravitational constant. Demarque et al. [14] and Barrow [9] assumed the ansatz G 

 t
-n

 where n is a constant. 

The big-bang model based on Einstein‟s field equations successfully explains the three 

important observations in Astronomy: (i) the phenomena of expanding universe, (ii) 

primordial nucleosynthesis, (iii) the observed isotropy of the cosmic back ground 

radiation. However, the big-bang model is known to have the short coming in the 
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following aspects: (i) the model has singularity in the past and possible one in future, (ii) 

the conservation of energy is violated, (iii) it leads to a very small particle horizon, (iv) no 

consistent scenario exists that explains the origin, evolution and characteristic of 

structures in the universe at small scale, (v) flatness problem. 

Therefore, it is natural to replace the simple „big-bang‟ model and consideration of 

relevant improvement which may take care of the difficulties mentioned above. The 

attempts to improve upon the big-bang model may be classified into two models (i) 

quantum cosmological models (ii) inflationary models. 

It is unfortunate fact that we do not have a complete quantum theory of gravity. The 

inflationary models (Linde[19]) are also not without serious drawbacks of their own and 

does not solve the problem of singularity. Therefore, it is interesting to consider the fact 

that if a model successfully explains creation of positive energy then it is necessary to 

have some degree of freedom which acts as a negative energy mode. All quantum 

gravitational models which describe the creation consistently (Atkatz and Pagels [1], 

Padmanabhan [24]) use such a energy mode arising from the scale degree of freedom of 

gravity. Thus introducing a negative-energy field may provide a natural way for creating 

the matter. Hoyle and Narlikar [18] adopted a field theoretic approach introducing a 

massless and chargeless scalar field in the Einstein-Hilbert action to account for creation 

of matter. In C-field (creation field), there is no big-bang type singularity as in the steady 

state theory of Bondi and Gold [10]. Narlikar [22] has pointed out that the proper 

consideration of matter creation can resolve the problem of singularity. Narlikar and 

Padmanabhan [23] have discussed the importance of creation field cosmology and have 

explained that it is the possible solution to singularity, horizon and flatness problems. 

Vishwakarma and Narilikar [27] emphasized that creation of matter plays a very crucial 

role in cosmology and provides a natural explanation to the various explosive phenomena 

occurring in local and extra galactic universe. Bali [2] investigated barotropic field model 

in creation field cosmology with variable G using FRW space-time. 

In this paper, we have investigated C-field cosmological model with variable bulk viscosity 

and gravitational constant in the frame work of FRW model for positive and negative 

curvature. To get the deterministic solution in terms of cosmic time t,, we have assumed  

G = R
n
 where n = -1, -2 and R is the scale factor and n is a constant. The physical aspects of 

the model have been discussed and results match with the astronomical observations. 

2. Metric and Field Equations 

We consider the FRW space-time as 

 d sinrdr
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Einstein‟s modified field equations by the introduction of C-field are given by 
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C and 0  f  . We assume that the coefficient of bulk viscosity () is 

inversely proportional to expansion () i.e.  =  (constant). Now the field equations (2) 

for metric (1) lead to 
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3. Solution of Field Equations 

The conservation equation 
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which yields 1C  when used in source equation. 

Equation (5) and (6) lead to 
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Using 1C  in equation (6), we have 
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To get the deterministic solution in terms of cosmic time t, we assume 

nRG   …(11) 

where n is a constant and R the scale factor. 

Equations (10) and (11) lead to 
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Where   2f4A   …(13) 

To get the solution of equation (12), we assume F(R).R  This leads to 
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where )]2f[4 A   and constant of integration has been taken zero for simplicity. 

From equation (15), we have 
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To obtain the deterministic value of R in terms of cosmic time t, we consider two cases 

Case I: n = -1 

Equation (16) for n = -1leads to 
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From equation (17), we have 
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where N is a constant of integration. Thus, we have 
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From equations (9), (18) and (21), we have 
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After using the value of R given by (18), the metric (1) lead to 
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To find deterministic value of C , we assume a = 1, b = 0. Thus (25) leads to 
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Equation (26) leads to 
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We find 1C  which agree with the value used in the source equation.  

The metric (1) for a = 1, b = 0 leads to 
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The homogeneous mass density , gravitational constant G, and deceleration parameter 

(q) for the model (23) are given by 
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Case II: n = -2 

For n = -2 equation (16) leads to 
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Hence we find 1C  which agree with the value used in the source equation. Thus 

creation field C is proportional to time t and the metric (1) for the constraints mentioned 

above, leading to 
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The homogeneous mass density , gravitational constant G, and deceleration parameter 

(q) for the model (44) are given by 
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4. Conclusion 

For model (23), the spatial volume increases as time increases. Thus inflationary scenario 

exists. The matter density decreases as time increases. The deceleration parameter q < 0 

indicating accelerating universe. The creation field (C) increases with time and 1C  . 

The gravitational constant decreases with time. Setting a = 1, b = 0 we find that matter 

density () is constant, creation field increases with time and gravitation constant 

decreases with time. The spatial volume increases with time. The deceleration parameter 

q < 0 indicates accelerating universe. 

For model (38), the spatial volume increases as time increases. Thus inflationary scenario 

exists. The creation field (C) increases with time .The matter density  is constant. This can 

be interpreted as the matter is supposed to move along the geodesic normal to the surface  

(t = constant). When matter moves further apart, it is assumed that more matter is created 

continuously to maintain the density at constant value (Hoyle and Narlikar[18], Hawking and 

Ellis[17]). The gravitational constant decreases with time. The deceleration parameter q = 0 

gives Milne universe as mentioned in Narlikar's book Introduction to Cosmology. 
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