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In our study of the Bianchi Type-III cosmological model with cloud strings and bulk viscosity in General
Relativity, we explore its physical and geometric properties by considering a generalized equation of
state p = kA, p is the energy density and A is the string tension density. The influence of bulk viscosity is

examined through the relation ¢ « p%, which helps understand its effects on the model's evolution. Bulk
viscosity plays a significant role in the dynamics of the early universe by modifying the expansion rate and
entropy production. The assumed power-law dependence provides insights into dissipative processes affect-
ing cosmic fluid evolution. The study also includes the calculation of the shear scalar and expansion scalar
to examine the model’s kinematic properties. This cosmological model represents a shearing, non-rotational,
and continuously expanding universe, beginning from a big-bang state. However, since }1_&10 % # Othe model

does not become isotropic for large values of T. These quantities provide insight into the anisotropic behav-
iour and dissipation effects in the universe. The obtained solutions highlight the impact of viscosity on struc-

ture formation and cosmic evolution.
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1. INTRODUCTION

String cosmology has attracted a lot of interest
lately. Stable topological objects known as cosmic
strings may have been created during an early universe
symmetry-breaking phase transition [1]. According to
grand unified theories, they are thought to have origi-
nated during the phase transition following the big bang
when the temperature dropped below a particular
threshold [2-4] and are quite important for early uni-
verse cosmology. It follows that these superstrings may
be responsible for the formation of density fluctuations
that occur at a time when galaxies are assumed to have
been formed [5]. Finally, it is interesting to explore the
gravitational impacts of cosmic strings since they have
stress-energy and are related to the gravitational field.
The Einstein field equations for a cloud of strings with
spherical, planar, and cylindrical symmetries are solved
by Letelier [6]. He finds cosmological answers in the
Bianchi I context in 1983 by solving Einstein's field
equations for the cloud of massive strings.

On the other hand, the large-scale distribution of gal-
axies in our universe is often effectively modelled by a
perfect fluid. Nonetheless, a more accurate approach to
this problem requires considering material distributions
beyond the perfect fluid model. It's well established that
after neutrino decoupling, matter behaves as a viscous
fluid in the early universe.

Viscous fluid cosmological models for this period
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have been extensively studied .Bali and Dave [7] pro-
posed a Bianchi type III string cosmological model incor-
porating bulk viscosity, where they assumed a constant
coefficient for bulk viscosity.

However, it's recognized that this coefficient actually
decreases as the universe expands. Additionally, Bian-
chi Type III models have been explored by Poonia and
Sharma [8, 9]. Bianchi type III with stiff fluid explore by
Maheshwari and Poonia [10]. Bianchi type model ex-
plore by [11-14].

In this paper, we have investigated the Bianchi
Type-III cosmological model of cloud strings with bulk
viscous fluid in general relativity, in which we assumed
the equation of state p = kA. Discussion also covers the
physical and geometric characteristics of the model.

2. METRIC AND FIELD EQUATION

We consider general Bianchi — III type space-time
metric

ds? = —dt+A2dx? + B2e~2dy? + C2dz2  (2.1)

In this context, a is treated as a constant. The en-
ergy-momentum tensor corresponding to a cloud of
strings, incorporating the effects of bulk viscosity, is ex-
pressed as follows

1) = powl —d —g6(a] + i) (2
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Here, the rest energy density (p) is given by

p=p,+24 (2.3)

Where A represents the tension density of the string
cloud. 6 represents the scalar of expansion, and ¢ is the
bulk viscosity coefficient. For the coupled system, the en-
ergy density p and tension density A satisfy p+1=0,
while A can be either positive or negative. The symbol
v! denotes the velocity, and x* represents the direction of
the string, as given by the standard relation.

vivt=—xxt= -1 and xv'=0 (2.4
The Einstein’s field equations is
RJ —%Rgif =-T/ (2.5)

In a co-moving co-ordinate system, the following holds

vl = (0001, x'=(007%0) 2.6)

The system of equations that follows can be derived
from the field equations in expression (2.5) together with
equation (2.2)

ByCy

Baa  Cas 4 - =¢6 2.7
%+%+%—%=A+59 (2.9)
bs p Bl ML =p (2.10)
(-4)=c e

For the variables A, B, and C, the subscript '4' indi-
cates the derivative of the variable with respect to time.

The expansion () and components of shear tensor
(o) are given by

g ="t+ b+ (2.12)
0% =>0;0Y (2.13)

2 _1[Af B | CI_ ABa_ BaCi _ ACy
o T3 A2+B +cz AB BC AC] (2.14)

3. SOLUTIONS OF THE FIELD EQUATIONS

From equation (2.11) we obtain

A=mB (3.1)
Where m is constant.
Equation of state Takabayasi’s [12 ]

p =k 3.2
Equations (2.7), (2.9), (2.10), and (3.2) yielded

A44 b k- 1)A4B4 644 C (k4 1)6464 A4c4 C (k-
1)Al2 = 0 (3.3)
Using (3.1) and (3.3)
K2 (- )2 -k (k)28 - D g3.9)
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In this model, if the expansion 6 is proportional to
the shear o, we obtain
=[c" (3.5)

[ is constant.
Using (3.5) in (3.4)

[kn(n—1)+(k—1)n2—(k+2)n]ﬁ_ (k=1) ~1—2n _
Cyy + P iy Cc = 0(3.6)
To solve this equation C, = f(C) then
e
Cos =15 3.7
Using (3.7) equation (3.6) reduce to
af L pf — k=D ~1-2np-1
dc ﬂc T k(n-1)12m? ¢ f 3-8)
Where
_ [kn(n—-1)+(k—-1)n?—(k+2)n]
B = D) (3.9
_ (k=1)C*72" 2812
f - {k(n—l)(ﬁ—n+1)l2m2 +1LC } (3'10)
L is constant.
_ (k—1)c272n -28 ‘%
dt = {[k e+ LC }rac @1y
G Ge-nyc™>n ~2(6+1))?
c {[k(nz—1)—n(n+2)]m212 +1LC } (3.12)
As a result, the metric (2.1) becomes
2 _ _ (k—l)Tzizn -2 -1 2
ds® = {[k(nz—1)—n(n+2)]m2l2 +IT } dT* +
m2T2ndX? + [2T2ne2Xqdy2 + T2dZ2 (3.13)
Under suitable transformation
x=X,y=Y,z2=2Z,C=T (3.14)

4. SOME PHYSICAL AND GEOMETRICAL
FEATURES

From equation (2.12)

0=(02n+ 1)% (3.15)

1

G-DTR LT‘Z(ﬁH)}E(S.lG)

[k(n2—-1)—-n(n+2)lm212

9=(2n+1){

From equation (2.14)

o =

(k—1)T~2"
[k(n2—-1)—n(n+2)|m212

+ LT—Z(ﬁ“)} (3.17)

k(2n+1)T~2"
[k(n2-1)—-n(n+2)m212

+n(n+2)LT26B+D (3.18)

p =
From equation (3.2)

pp=p—/1=(1—%)p (3.19)

1
e+ LT 2D ) 4

[k(n2-1)—-n(n+2)m212

f=§[(n+1)(
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([ Gt L (3.20)

—2(B+1)
k(n2-1)-n(n+2)m212 +1IT )]

Clearly the energy criteria p> 0 and p > 0 are met by
equations (3.18) and (3.19).

For cases n > 1 where and either k > 2242

i, Or k<0,
it is clear  + 1 > 0. Consequently, equation (3.16) im-
plies that the expansion scalar 6 grows unbounded as T
— 0, while it tends towards zero as T'—

Additionally, as T'— 0 the energy density p becomes
infinitely large. Conversely, as, T'— o p diminishes to
zero. This behaviour suggests that the cosmological
model represents a shearing, non-rotational, and contin-
uously expanding universe, beginning from a big-bang
state.

Since 74% % # 0, the model does not achieve isotropy

even as T grows very large.

5. PARTICULAR CASE

We choose L =0 and k& # 1 equation (3.13) reduce to

2 _ _ [k@*-1D)-nm+2)jm?1?
dS (k=1)T2-2n

= dT? + m?T?"dX? +
12T21e2Xdy? + T2dZ?

(3.21)
_ (k-1)T~2" i
0=Cn+ D)) (3.22)
2 _ (n-1)?2 (k-1)T~2"
o= 3 [k(n2-1)—-n(n+2)m212 (323)
— k(2n+1)T"%"
p= [k(n2—1)—n(n+2)m212 (3.29)
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Kocmouoriyaa momens xmapHux crpyd biauki Il Tuny 3 06'emuor0 B'A3KiCTIO
y 3araJibHi¥ Teopii BigHOCHOCTI

Varsha Maheshwari, Laxmi Poonia

Department of Mathematics and Statistics, Manipal University Jaipur, Jaipur, Rajasthan-303007, India

V¥V mamromy mociimkeHH] Kocmostoriyaoi mogesti Biauki 111 tumy 3 xMapHUME cTpyHAMu Ta 00'€éMHOIO B's13-
KICTIO B 3araJIbHii Teopil BIIIHOCHOCTI MU JTOCIIKY€EMO 1i (DI3UUYHI Ta TeOMEeTPUYHI BJIACTHBOCTI, PO3TJIAIA0YN
ya3arajbHeHe PIBHAHHS CTaHy p = kA, e p — I'yCTHHA eHepril, a A — I'yCTHHA HATATY CTPYHHU. BIumms 06'eMHO1

1

B'SI3KOCTI POSTJISIIAETHCS Yepe3d CIIBBIHONIEHHS ¢ X pz, [0 IOIOMArae 3p03yMITH il BILZIMB HA €BOJIOII0 MO-
nemi. O6'eMHa B'I3KICTD Bifirpae 3HAYHY pOJIb y IWHAMIII PAaHHBOTO BeecBiTy, 3MIHIOI0YN MIBUAKICTD POSIIN-
peHHs Ta BUpoOHUIITBO eHTpomii. [lepenbauyBana cremeHeBa 3aJIeKHICTh J1a€ YABJIEHHS IIPO JTUCUIATHBHI
HPOIIECH, 0 BILIUBAIOTH HA €BOJIIII KOCMIUHOI pinmuHu. JloC/IIsKeHHS TaKOK BKJIIOUAE PO3PAXyHOK CKa-
JISpa 3CyBY Ta CKaJIsipa PO3IIMPEHHS JIJIS BUBYEHHS KiHeMaTHYHHUX BiactuBoctei mogesi. [l Kocmostoriuaa
MOJeJIb IIpejicTaBsie BeecBiT, 110 3MIHIOETBCS, He 00epTAaeThC Ta 0e3MePEePBHO POSIIUPIOETHCS, IIOUNHAKYH

. . . o .
3l crany Besmkoro Bubyxy. OmgHak, ockiibku lim rha 0, Mo/IeJIb He cTae 130TPOITHOIO [JIsT BeJINKUX 3HAYEHDb 1.
T—-oo

Ili BetMumHY AAIOTH YABJIICEHHS IIPO AHI30TPOIIHY MOBEOIHKY Ta ederTu aucumnaiiii y Beecsiri. Orpumasni pos-
B'SI3KM HIJKPECIIOITH BIJIUB B'I3KOCTI Ha POPMYyBaAHHS CTPYKTYPH Ta KOCMIUYHY €BOJIOIIIO.

Knrouosi ciosa: Biauxi tumny 111, Crpyna, Kocmosorist, O6'emua B'si3KiCTB.
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