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BULK VISCOUS FLUID BIANCHI TYPE-I STRING COSMOLOGICAL MODEL
WITH NEGATIVE CONSTANT DECELERATION PARAMETER

KANGUJAM PRIYOKUMAR SINGH AND JITEN BARO1

ABSTRACT. Here we have studied a Bianchi Type-I string cosmological model
with bulk viscous fluid and negative constant deceleration parameter in gen-
eral relativity. To solve the survival field equations here we assumed that the
shear scalar and scalar expansion are directly proportional to each other σ∞θ.
The geometrical as well as physical features of the model are obtained and dis-
cussed. The model universe starts at initial epoch t = 0 with 0 volume and
then expand with accelerated rate. The model universe obtained here is non
shearing. The coefficient of bulk viscosity plays an important role in the cos-
mological consequences.The tension density diminishes with faster rate than
particle density in the evolution of universe which shows that the present day
universe is particle dominated.

1. INTRODUCTION

One of the tough problem for the researcher is to obtained the actual physical
state of the universe at the very early days of its formation. Strings cosmolog-
ical models are studied widely in present days due to their major contribution
in the study of the evolution of the universe in early stages after the big bang.
According to the grand unified theories (Everett [1], Vilenkin [2]), those strings
was formed during the transition of phases when the temperature went down
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beneath some critical temperature soon after the explosion of big-bang . Lete-
lier [3] and Stachel [4] are the two prominent authors who initiated to study
about the strings. Letelier solved the Einstein’s field equation and obtained the
solutions for a cloud of strings with the plane, spherical, and cylindrical sym-
metry. He also solved the same equation for the cloud of massive strings in
the year 1983, and constructed the cosmological models in the Bianchi Type-I
Space-time.

In the evolution of the universe the bulk viscosity contribute a significance
role. It can arise in different circumstances and can lead to constructive mech-
anism of the formation of galaxies. The amplitude of the bulk viscous stress
with respect to the expansion can be determined by means of the coefficients
of bulk viscosity. The homogeneous and anisotropic Bianchi type-I cosmolog-
ical models are considered to understand the evolution in the early stages of
the universe. Many authors have tried to find the precise solutions of field
equations by the way of considering viscous consequences in general relativ-
ity in isotropic as well as anisotropic cosmological model. Misner [5, 6], stud-
ied about the consequences of bulk viscosity in the evolution of cosmological
model. Nightingale [7] has obtained the importance of viscosity in cosmology
within the evolution from the early epoch of the universe. Wang [8] constructed
a Bianchi type-III cosmological models with string within the framework of gen-
eral relativity considering the bulk viscous fluid. The behavior of the Bianchi
type-III cosmological models with strings in general relativity with and without
bulk viscosity are discussed by Bali and Pradhan [9]. Kandalkar et al. [10] con-
structed cosmic string in Bianchi type-I cosmological model with bulk viscosity.
Also, Kandalkar et al. [11] investigated a Bianchi-V cosmological models in gen-
eral relativity with constant deceleration parameter and viscous fluid. Humad
et al [12] constructed a string cosmological model in Bianchi type-I space time
with the help of Bulk viscosity in context of general relativity. Rao et al. [13],
Singh [14], Tripathi et al. [15], Pradhan and Jaiswal [16], Dubey et al. [17],
Singh and Daimary [18], are some of the prominent authors who have inves-
tigated various string cosmology in the Bianchi models with bulk viscosity in
different space-time.

Here we have attempted to find a model in cosmology with string with Bianchi
type-I space-time by considering the deceleration parameter(q) as a constant
quantity in general relativity with bulk viscous fluid. In the first Section of
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this paper we discussed a brief introduction of Bianchi type string cosmologi-
cal models, In second Section a Bianchi type-I metric is presented and the field
equations in general relativity are derived. We determined the solutions of the
survival field equations in the Section 3. In Section 4, physical and geometri-
cal behavior of our model are discussed and then conclusions are given in last
Section.

2. METRIC AND FIELD EQUATIONS

Here we take the Bianchi type-I metric as

(2.1) ds2 = −dt2 + a2(dx2 + dy2) + b2dz2 ,

where a(t) and b(t) are the metric functions of ‘t’.
The Einstein’s field equation (8πG = 1, C = 1)in general relativity is given by

(2.2) Rij −
1

2
Rgij = −Tij .

For a cloud string with bulk viscous fluid, the energy-momentum tensor is taken
as

(2.3) Tij = ρuiuj − λxixj − ξθ(gij + uiuj) .

Here, λ = ρ− ρp is tension density, ρ is energy density and ρp is particle density,
ui is four velocity vector of particles and xi is unit space-like vector which gives
the direction of string, given by

(2.4) ui = (0, 0, 0, 1) and xi = (a−10, 0, 0)

such that,

(2.5) uiu
j = −1 = −xixj and uixi = 0 .

The spatial volume, scalar expansion, Hubble parameter, shear scalar and mean
anisotropy parameter are respectively given by

(2.6) V = a2b = R3
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where, Hi (i=x,y,z)are defined as Hx = Hy = ȧ
a
, and Hz = ḃ

b
for the metric (2.1).

Using (2.3)-(2.5) in (2.2) yields

ä

a
+
b̈

b
+
ȧḃ

ab
= ξθ(2.7)

2
ä

a
+
ȧ2

a2
= λ+ ξθ(2.8)

ȧ2

a2
+ 2

ȧḃ

ab
= ρ ,(2.9)

where the overhead dots denotes the order of derivative w.r.t. time ‘t’.

3. SOLUTION OF THE FIELD EQUATIONS

We have 3 highly nonlinear independent differential equations (2.7)-(2.9)
with five unknowns variables a, b,ρ, λ and ξ. So to find exact solution we must
used two extra plausible conditions. So here we used the following assumptions:

The shear scalar and scalar expansion are directly proportional to each other,
σ∞θ leading to the equation:

(3.1) a = bn ,

where n 6=0 is a constant.
The above assumption is based on observations of velocity and red-shift re-

lation for an extragalactic source which predicted that the Hubble expansion
is 30 percent isotropic, which is supported by the works of Thorne [19], Kan-
towski and Sachs [20], Kristian and Sachs [21]. In particular, it can be said
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that
σ

H
≥ 0.30, where σ and H are respectively shear scalar and Hubble con-

stant. Also, Collins et al. [22] has shown that if the normal to the spatially ho-
mogeneous line element is congruent to the homogeneous hyper-surface then
σ

θ
=constant, θ being the expansion factor.

Also, Berman’s [23] suggestion regarding variation of Hubble’s parameter H
provides us a model universe that expands with constant deceleration parame-
ter. So for the determinate solution, let us take deceleration parameter to be a
negative constant-

(3.2) q = −RR̈
Ṙ2

= h (constant) .

It is well known that when q is negative then the model universe expand with
acceleration, and when q is positive then it explains a decelerating(contracting)
universe. Although the present observations like CMBR and SNe Ia suggested
the negative value of q but it can be remarkably state that they are not able to
deny about the decelerating expansion(positive q) of universe.

Solving (3.2), we get

(3.3) R(t) = (lt+m)
1

1+h h 6= −1 ,

where l, m, are constants of integration.
Using (2.6), (3.1) and (3.3) we get,

a = (lt+m)
3n

(1+h)(2n+1) , b = (lt+m)
3

(1+h)(2n+1) .

With the suitable choice of coordinates and constant we can take (l=1 and
m=0) and then

a = t
3n

(1+h)(2n+1) , b = t
3

(1+h)(2n+1) .

The metric (2.1) reduces to

(3.4) ds2 = −dt2 + t
6n

(1+h)(2n+1) (dx2 + dy2) + t
6

(1+h)(2n+1)dz2 ,

which gives the geometry of the metric (2.1).
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4. PHYSICAL AND GEOMETRIC PARAMETERS

The tension density, energy density and particle density of the model (3.4)
are obtained as-

λ =
3(2− h)(n− 1)

(1 + h)2(2n+ 1)t2
,

ρ =
9n(n+ 2)

(1 + h)2(2n+ 1)2t2
,

ρp =
3[h(2n2 − n− 1)− (n2 − 8n− 2)]

(1 + h)2(2n+ 1)2t2
.

The spatial volume is

V = t
3

(1+h) .

The expansion scalar is

θ =
3

(1 + h)t
.

Hubble parameter is

H =
1

(1 + h)t
.

The bulk viscosity of the model is

ξ =
−h(2n2 + 3n+ 1) + 2

(1 + h)(2n+ 1)2t
.

The shear scalar of the model is

(4.1) σ =

√
3(n− 1)

(1 + h)(2n+ 1)t
.

The mean anisotropy parameter is

(4.2) ∆ =
2(n− 1)2

(2n+ 1)2
= Constant.

5. PHYSICAL INTERPRETATIONS

The model given by the equation (3.4) is a Bianchi type-I cosmological model
with string in general relativity with constant deceleration parameter(q=constant)
and bulk viscosity. The variation of some of the features with time for the model
are shown below by taking n = 2, h = −0.5.
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FIGURE 1. Variation of
ρ, λ, ρp, ξ vs. t.
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FIGURE 2. Variation of
θ, H, σ, V vs. t.

The geometrical and physical behaviors of the model universe for (1 + h > 0)

are discussed as

(i) The tension density (λ), energy density (ρ) and particle density (ρp) all
are infinite as t = 0, and are decreasing functions of time t and they
all become 0 as t → ∞ , Figure 1 , which indicates that the universe
starts at t = 0 and expand with time. Hence the model admits initial
singularity at t = 0. This model satisfies the energy density conditions
ρ ≥ 0 and ρp ≥ 0. It is also observed that

ρp
|λ|

> 1 which shows that

tension density of string diminishes more quickly than particle density,
so the late universe is particle dominated.

(ii) The bulk viscosity ξ →∞ when t=0 and it decreases with the increasers
of time and finally when t→∞ bulk viscosity ξ vanishes, Figure 1.

(iii) Initially at t = 0 the spatial volume is 0 for this model and as time in-
creases the volume also increases, Figure 2. It reaches to infinite value at
t→∞ and so the model represents an expanding universe with respect
to time.

(iv) At the initial epoch t = 0, the scalar expansion θ as well as Hubble
parameter H both are infinite and as the time progresses gradually they
decreases and finally they become 0 when t → ∞ , Figure 2. Hence the
model shows that the universe is expanding with time but the rate of
expansion become slow with the increases of time and the expansion

end at t → ∞. Since
dH

dt
is negative quantity which also explained that

our model universe is expanding with acceleration.
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(v) From equation (4.1) and Figure 2 it seen that the value of the shear
scalar σ is infinite at initial epoch and decreases with time and become
zero at late universe showing that the universe obtained here is shear
free in the late time.

(vi) From (4.2) the mean anisotropy parameter ∆ = constant 6= 0 for n 6= 1

and ∆ = 0 for n = 1. Also as t → ∞ the value of
σ2

θ2
= constant 6= 0

for n 6= 1 and
σ2

θ2
= 0 for n = 1. From both statements we can conclude

at late time the universe is anisotropic, when n 6= 1 but it is isotropic for
n = 1 throughout evolution.

6. CONCLUSION

Here, we have constructed a Bianchi type-I string cosmological models with
the help of bulk viscosity and constant deceleration parameter in general rel-
ativity. The parameters which are very important in the study of cosmologi-
cal models are obtained and discussed. The model is expanding,non shearing,
anisotropic for n 6= 1 and isotropic for n = 1. The present universe starts at
initial epoch at t = 0 with 0 volume and then expand with accelerated rate and
the rate of expansion becomes slow with increase of time. The bulk viscosity co-
efficient plays a significance role in the cosmological consequences. The tension
density diminishes with the faster rate than particle density which shows that
present day universe is dominated by particles.
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