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The homogeneous barotropic string cosmology model has been widely investigated in the context of string
theory and other quantum gravity theories. It has been shown that it leads to intriguing and non-trivial
predictions for the early universe, such as the development of cosmic strings and the generation of
gravitational waves. It is based on the Bianchi IVo homogeneous generalization of stress-energy-momentum,
density, and pressure may be employed to the goal of this study is to find a solution to the Einstein metric
field equations. The model is characterised by a collection of non-linear, coupled differential equations that
explain the development of the scale factor of the universe, in addition to the energy density and pressure of
the string fluid. The model is expanding, not rotating, non-shearing, and has an anisotropic structure. The
mathematical underpinnings and physical ramifications of the model of Bianchi Type IVo in General
Relativity are discussed in this study According to the authors, particle density (p) is less than half of the
rest energy density while string tension density is larger than half of the rest energy density. When the
cosmic time approaches infinity, the cosmic string disappears and the model transforms into a vacuum
universe. The results of this study provide insights into the behavior of a model, offering a deeper
understanding of the interplay between different physical and kinematical properties and their evolution

over time.
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1. INTRODUCTION

Cosmology is the branch of astronomy. One
important area of study in cosmology is the use of string
cosmology models to understand the early stages of the
universe, galaxy formation, and the accelerating
expansion of the universe. These models play a
significant role in our understanding of the universe,
providing a framework for exploring the early stages of
the universe and the formation of galaxies. By
continuing to study these models and refine our
understanding of the universe, cosmologists hope to gain
a deeper understanding of the evolution of the universe
and the role of strings in its development. String
cosmology models were first proposed by Kibble and
Vilenkin [1, 9], who demonstrated how small topological
flaws like vacuum domain walls, threads, walls bound
by strings, and monopoles coupled by strings might
result from phase transitions in the early cosmos. A dark
energy model in Bianchi Type VIo was discovered by
Pradhan et al. [2, 4]. Recent years have seen a number
of investigations on the General Relativity Bianchi Type
VIo cosmological model in a different field, Bali and
Poonia [5], with a time-dependent equation of state,
Tyagi et al. with a cosmological model for anti-stiff
perfect fluid [6-7]. We may learn about the large-scale
dynamics of the universe, including the rate of
expansion and the curvature of spacetime, by studying
the homogeneous barotropic string cosmology model of
Bianchi Type IVo in General Relativity. It also sheds
light on how the ideal fluid, which makes up the
majority of cosmological theories, behaves as the
universe expands. It is thought that the entire cosmos is
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made up of a perfect fluid, whose pressure and energy
density are related by a barotropic equation of state. The
results of this study provide insights into the behavior
of a Bianchi type VIo string cosmological model, offering
a deeper understanding of the interplay between
different physical variables and their evolution over
time. The model offers an interesting alternative to
traditional models and could provide a new framework
for further research in the field of cosmology.

2. SOLUTION OF FIELD EQUATIONS

We think about Bianchi type VIo inhomogeneous
metric.

ds? = —dt® + p*(t)dx® + ¥ > ()dy? + e = ri(t)dz? (1)

The Einstein field equation for a cloud string takes
the form

R~ Rl =-T) @
and
T/ = pvv’ — Axx’ 3

Where Unit flow vector is v, with satisfying the
condition v'.w; =1,x'.x; =—1 and vix, =0.

Here, rest-energy (o) and rest energy density (p,)
are p=p,+1

Where 1 denote the density of tension in the string.

The results were presented at the 3 International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2023)
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Considering the coordinates as

V= [0,0,0,1j
p(x,t)

The equidistant point (x')should be chosen so that it
is equidistant to the x-axis

xl = (1,0,0,0)
p(x,t)

A line-element (2) and (3) are induced by Einstein’s
field equation (1) for which the following equation can be
derived

au® n® a,On® 1
q)  r@®  q®r@® piE)
Py () +r44(t) +p4(t)r4(t) R ®)
p@t)  r@®)  pr@) pi)
Dy @) | quu(®) p4(t)Q4(t)_ 1 _ (6)
pt)  q@t)  pl)ql) pi@)
p4(t)(q4(t) +r4(t)]+q4(t)r4(t) 1 o
p® \ q@®) r@®)) q®r@®) p@)
@ _n® _ 0 ®)

a@®) @)
The suffices 4 after p, q, and r denote partial

differentiation concerning t respectively
By equation (8):

g, _ 1,0

9
q®) 1@ ®
By integration
qt) =kr@®) (10)
From equations (5) and (6) we have
qu®) _1a(0) an
q@®) 1@
Let p(t)=q"(®)
Then P _, 0O 12)
p(t) q(®)
From equation (4)
-9 94, (®) _[q4(t)]2 1 ) (13)
avy Lq® ) ¢
From eq (7)
2
I +1 (I4(t)J _ 1 _ 14
e )[qa) @ 7 o
Let A=y (15)
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04,(8) +(1+y(2n+1)](q4(t)J2 :[1+yj 1

q(t) 2 q(t) 2 )¢ @)
Let ky = 1+7@n+1) & ky= 1+y
2 2
24 () (%mfz 1 6
0 o) TR (49
d +1-2n
20" 06,0) = kg (an
Integrate both sides
k +2-2n ¢
A" a0 =k f e (18)
Let ky = R =0
k +2-2n
0, () = ky @* " (2)
Integrate both sides
q(t) = (@n—1kyt + C)znlfl 19)
r(t) = k((2n -1kyt + c)ﬁ (20)
p(t) = ((2n -1kt + C)ant 1)
By using equation (1) with (19), (20), & (21)
ds? =—dt? + ((Zn -1kt + C)% dx?
+e” ((2n—1)kyt + C)ﬁ dy? (22)

1
+e ¥k ((2n —Dkyt + C)ﬁ dz?

3. SOME PHYSICAL PROPERTIES

The following properties are determined by the
mathematical solutions to our model, which describe the
behavior of space-time in the presence of other physical
quantitate.

The universe is expanding in all three spatial
directions, but at different rates, resulting in a highly
anisotropic universe

_ (n+2)ky 23
@n-Dkt+C
Share
_(-D(q,®0)_ (n-Dh ,
B ( q(t) ] VB[@n -1kt +C] @9

Spatial volume
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n+2

V = kky ((2n—1)kyt + C) 201 (25)

Hubble parameter

(n+2)k,

T 3(@n-Dkyt+C) (26)

The universe is increase with an accelerating rate in
the Bianchi type VIO model.

q__l_n+2{

@27

k2(2n-1)
3

[(2n —1)kyt + CT?

string tension density

1= Q44 (®) | 1, (®) | q,(Or, @) 1
q@t) ) q®r@  p*e)
2k, +1 k.
= k) ——" | (28
g Z ozl ki)[(2n1)3k3t+CJ @9

(@n—1)kyt +C)znt
energy density

_p® [q4(t) . r4(t)J+ 2,Or,@®) 1
p® Lq®) r®)) qav)r@®) p*@®

2
p=(2n +1)[ ks J - ! s— (29)
(

(2n—1)k3t+C (2n—1)k3t+C)ﬁ

The ratio of string tension density and energy density

2
2k, +1 N ky
Jovlains
_ o @n-1Dkt+C
2 _l(@n-Dkt+0) 2 0
(2n+1)[ B CJ - S
@En=Dr+C) (@n-Dhg + C)ont
1im(’1J 40 (31)
t—o0o P

It was found that the particle density also differs
from the rest energy density eventually when the time
approaches infinity.

Graphical representation  of
geometrical parameters

physical and

4. CONCLUSION

In this study, a Bianchi type Vo string cosmological
model is introduced which is homogeneous in space and
has several unique characteristics. The model is
expanding, non-shearing, not rotating, and has an
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Fig. 1 — Graph Between time and expansion
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Fig. 2 — Graph Between time and Shear scalar
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Fig. 3 — Graph Between time & Deceleration Parameter
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Fig. 4 — Graph Between time and Spital Volume

anisotropic structure. Additionally, the model does not
have an initial singularity, which makes it even more
interesting. We investigated and verify with the graph
between 6, o, and H decrease with time (cosmic), and
volume (V) increases with time. It was found that the
ratio of string tension density (1) and the rest energy
density is great than one and the ratio of the particle
density and rest energy density is less than half. Over
time, both 4, p, and p» decrease, and eventually when the
time approaches infinity, the cosmic string disappears,
and the model becomes a vacuum universe.
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Kocmostoriuna mogenns romorenHoi 6aporpomnuoi crpyuu B’ auki Tuny I'Vo
B 3arajibHi# Teopii BimHOCHOCTI

Sunil Kumawat, Laxmi Poonia

Department of Mathematics and Statistics, Manipal University Jaipur, India

Kocmosoriyna mMojesb 0HOPiIHOI 6apOTPOIHOI CTPpYHH OyJia IMIMPOKO JOCIIMKeHa B KOHTEKCTI Teopil
CTPYH Ta 1HIIKX Teopiil KBaHTOBOI rpasiTarii. Byso mokasamo, o 1ie Beje 10 IHTPUTYIOUNX 1 HETPUBIATbHUX
IPOTHO3IB JJIsI PAHHBOTO BeecBiTy, TAKMX K PO3BUTOK KOCMIUHUX CTPYH 1 FeHepallis IpaBITAIlIMHAX XBUJIb.
Mogens 3acHOBaHa Ha OZHOPIAHOMY y3araJIbHeHHI HAIPYTHU-eHeprii-iMIIyJibCy, IIJIBHOCTI Ta THCKY Biamki
IVo, saxwmit mMoxke OyTH BUKOPHUCTAHUM I JOCATHEHHS METH IIbOTO IOCTIIKeHHS — PO3B’SI3Ky PIBHSIHB
MeTpUYHOTO 10Jis EftHmreiina. Momesb XapakTepuayeTbesa Ha00poM HeIIHIMHUX ardepeHIiaIbHIX PIBHAHD,
SIKI1 TIOSICHIOIOTH PO3BUTOK MacInTabHOro dpakTopa BeecBiTy, Ha J0IaTOK 10 MIIJIBHOCTI €HEepPril Ta TUCKY PIAUHA
crpyuu. Mogesab po3mIupioeThesi, He 00epTaeThbCsa, He 3CYBAETHCS 1 MA€ aHI30TPOIHY CTPYKTYPY. ¥ IIbOMY
OCJTIIPKEeHH] 00rOBOPIOIOTHCA MATEMATHYHI OCHOBH Ta (PISMYHI posrayyskeHHsa Mmomaeial Bsamwi Tumy IVo y
3araJibHI# Teopii BiHOCHOCTI. BifmoBiiHO 10 aBTOPIB, MIIBHICTh YACTHHOK (p) CTAHOBUTEH MEHIITE TIOJIOBUHH
IIIBHOCTI eHepril CIOKOI, TOAl SK IIJIBHICTH HATATY CTPYHU II€PEeBHINYE IIOJIOBHMHY IIIJIBHOCTI eHeprii
CIIOKOI0. IIIIIIBHICTD eHeprii crioko. Ko kocMiunmil yac HAGIMKAETHCS 10 HECKIHYEHHOCT], KOCMIYHA CTPyHA
3HUKAE, a MOJIeJIb IePEeTBOPIOETHCS HA BakyyMHHUN BcecBiT. PeaysbraTé 1b0ro JOCTIKEHHS Tal0Th 3MOTY
3pO3yMITH MOBEIIHKY MOZeJIl, IIPOIOHYIOYN IJIMOINe 3PO3yMITH B3a€MOII0 MK pI3HMMU (DISMYHUMHU Ta
KIHEMATUYHWMU BJIACTUBOCTSMU TA X €BOJIIOIIIO 3 UACOM.

Knrouoei ciosa: Bsiaki tun Vo, [Ipocrip-uac, 3aramapHa Teopist BIIHOCHOCTI.
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