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Abstract: We have considered Constant Ratio of bulk viscosity and matter density in FRW Cosmological Models
in general relativity. The deceleration parameter is assumed to be constant. The solution of Einstein field
equations has been obtained the best value for the Hubble parameter, energy density, isotropic pressure and
cosmological term at present and at recombination. The physical and kinematical parameter of the model is also
investigated.
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1. INTRODUCTION:

Friedmann [1] was first to obtain a general relativistic cosmological solution of Einstein's equation describing,
expanding, spatially homogeneous and isotropic universe. He first recognized that the expansion starts in a super
dense state viz. Big Bang and related these models to the redshift measurements (Hubble, [2]). Robertson and Walker
in a series of papers (Robertson [3, 4] walker [5, 6]) proved that the line-element depicting spatially homogeneous and
isotropic world models.

The distribution of matter can be satisfactorily described by a perfect fluid due to the large scale distribution
of galaxies in our universe. However, observed physical phenomena such as the large entropy per baryon and the
remarkable degree of isotropy of the cosmic microwave background radiation, suggest analysis of dissipative effects
in cosmology. Furthermore, there are several processes which are expected to give rise to viscous effects. These are
the decoupling of neutrinos during the radiation era and the decoupling of radiation and matter during the
recombination era. Bulk viscosity is associated with the GUT phase transition and string creation. Misner [7-9] and
Weinberg [10, 11] have studied the effect of viscosity on the evolution of cosmological models. Due to such
assumption, dissipative processes are supposed to play a fundamental role in the evolution of the early Universe. The
theory of relativistic dissipative fluids, created by Eckart [12] and Landau and Lifshitz [13] has many drawbacks, and
it is known that it is incorrect in several aspects mainly those concerning causality and stability. Israel [14] formulates
a new theory in order to solve these drawbacks. This theory was later developed by Israel and Stewart [15] into what
is called transient or extended irreversible thermodynamics. The best currently available theory for analyzing
dissipative processes in the Universe is the full causal thermodynamics developed by, Hiscock and Lindblom [16,17]
and Hiscock and Salmonson [18]. The full causal bulk viscous thermodynamics has been extensively used to study the
evolution of the early Universe and some astrophysical processes [19, 20]. However, due to the complicated nature of
the evolution equations, very few exact cosmological solutions of the gravitational field equations are known in the
framework of the full causal theory.

The paper paper, we start by reviewing the main components of a flat bulk viscous fluid FRW cosmological
model A, and introduce the assumptions. These assumptions bring us to study to origin and evolution of universe. The
model is found to be compatible with the results of recent cosmological observations.

2. Metric and Field Equation :
We consider homogeneous and isotropic spatially flat Rabertson-Walker line element of the form

ds? = —dt® + s?(t)(dx® + dy? +dz?) .. (1)

where S(t) is the scale factor.
The energy-momentum tensor for bulk viscous fluid is taken as

Tij :(p—|— p)ViVj + ﬁgu y (2)

where p is proper energy density and P is the effective pressure given by
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p=p-<¢v; . (3)
satisfying equation of state.
In the above equation p is the isotropic pressure and v' is the four-velocity vector satisfying VVi= _1. The

Einstein field equations (in gravitational units 8 = G = ¢ = 1) and varying cosmological constant A (t), in comoving
system of coordinates to

P-A=(2q-)H* (4
prA=3H" .. (5
In the above equation, H is the Hubble parameter and q is the deceleration parameter defined as

S
==, .. (6
5 (6)

H sS

=_1_F=_? .. (7)

where an overhead dot (.) represents ordinary derivative with respect to t. The vanishing divergence of Einstein tensor
gives rise to

pP+3(p+pPH+A=0 .. (8)

3. Solution and Discussion:

The equations (4) & (5) are two equation involving with five unknown terms S, p, n, p and &. Therefore, more
equation connecting these variables.

To describe the dynamics of universe, Hubble parameter H and deceleration parameter g are important
guantities. We choose

=——"—=n .. (9)

where n > 0 is constant.

For this choice, we get scale factor S, expansion scalar 0, spatial volume v
1

S=(S,T)rn . (10)
go_ S
@+mT . (11)

where Sg is constant of integration and set T =t + t.
Secondly, we assume

A=3pH* . (12)

where 3 is constant [21, 22].
3

V =8%=(S,T)tm

..(13)
Next, we consider
&=2%p .. (14)
where & is constant [23].
From equations (11) & (1), we get
2
ds® =—dt® + (S,T)¥"[dx* +dy?® +dz?] .. (15)

Matter density p, cosmological term A, isotropic pressure p, bulk viscosity & and the ratio Q = A / p for the model (15)

are given by
_ 30-p)
(1+n)?T? ... (16)

Available online on - WWW.IJIRMF.COM Page 61



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD

ISSN: 2455-0620 [ Impact Factor: 6.719 ]
Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value : 86.87
Volume - 8, Issue -4, APRIL - 2022 Publication Date: 30/04/2022
3
A= ﬂz 2
(@+n)°T . (17)
31—
p= 12 ; ( ﬂ)§°+(2n—1)
@+n) T Q+n)T (18)
_ 350 (1 - ﬂ)
(L+n)*T* .. (19)
=P
1-p .. (20)

We notice that the model start with big-bang at T = 0. The model of expansion decreases as time increases
whereas spatial volume increases as time increases. At T = 0, the physical parameter p, A, p and & are infinite. As T =
o, p, A, p and & become zero. We notice that Q and p / 6 are constant throughout the evaluation of the universe.

4. CONCLUSION:

In this paper, we have investigated FRW cosmological models with constant ratio of matter density and bulk
viscosity, and constant deceleration parameter both. For n > 0, the model describes a decelerating universe throughout
the evaluation of the universe. Let n = 0, we obtain H= T and q = 0, so that galaxy moves with constant speed. The
exact solution of Einstein field equation described for better understanding of origin and evolution of the universe.
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