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Abstract

We study the maximum symmetric, Anisotropic, inhomogeneity string theory of Bianchi type I in general relativity. We
assume Einstein string space metric depends on two variable expansion, Our four directions and these variable functions are
related to the condition, a[x, t] = [b(x, )]" where c[x, ] = h(x) X k(t) & b[x, t] = f(x) X g(¢) metric potential and shear tension
are directly proportional to scalar expansion, Our analysis carefully incorporates a condition that links these variable func-
tions to find the deterministic solution. The higher and varied dimensions models’ geometrical and physical characteristics

are also looked at.

Keywords Cylindrically symmetric - The inhomogeneous universe - Cosmic string - Cosmos with a cylinder-shaped

inhomogeneity

Introduction

Cosmic strings have garnered considerable interest in the
field of string cosmology due to their significance in under-
standing the early universe. The study of string cosmology
has attracted a substantial amount of attention in recent
years. When the temperature falls below a specific thresh-
old point, the phase shift that follows the explosive event of
the Big Bang causes the appearance of these cosmic threads.
Because of this, the discovery of compactness perturbations
may be traced back to the investigation of cosmic strings and
the physical features they possess. The existence of cosmic
strings is thought to have caused these disturbances, which
are responsible for the creation of galaxies. Cosmic strings,
with both their gravitational field and the stress energy that
is associated with them, offer an exciting new way to inves-
tigate gravitational impact by making use of Einstein’s field
equations. Aditya et al. (2021) gives the relation of Bianchi
type VI, cosmological model with dark energy fluid and
massive scalar field and Krori (Bali and Upadhaya 2023)
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gives the exact solution of string cosmology. Kumawat et al.
(2021) discusses the physical properties of the Bianchi-III
inflationary universe with flat potential in general relativ-
ity. Exploring the scenario of an inflationary universe gives
prospective solutions for unresolved conceptual difficulties
in cosmology that are not effectively addressed by the Big
Bang theory. These problems have been brought to light as
a result of the exploration of the Big Bang hypothesis. In
particular, the inflationary scenario helps to shed light on
concerns about the homogeneity, isotropy, and flatness of
the visible cosmos. An exhaustive investigation of the uni-
verse, on the other hand, would be lacking in its scope if
it did not consider anisotropy, inhomogeneity, and a three-
dimensional space—time that is cylindrically symmetric (Bali
and Upadhaya 2023; Poonia et al. 2021; Poonia and Sharma
2020). Mohanty and Mishra (2002) relates the scale-invar-
iant Theory with Bianchi Type VI,. Our comprehension of
basic parts of the universe, such as the creation of galaxies
during the early stages of their history, is greatly aided by
inhomogeneous, three-dimensional, cylindrically symmetric
cosmological models. Maharaj et al. (1995) suggests models
which play an essential role in this understanding. Sharma
and Sharma (2016) gives Inhomogeneous cosmological
models with cylindrically symmetric inhomogeneities and
an electromagnetic field that have been investigated by
researchers Bali and Poonia (2013) and Bali and Upadhaya
(2023) and Singh and Tiwari (2008). Sharma et al. (2021a,
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b) have conducted research into a broad variety of open,
inhomogeneous strings as well as exact cylindrically sym-
metric flat universe models. Because of the mathematical
representation of the field equations, the work that Baner-
jee etal. (1990) did reveals that diverse physical quantities
depend on a maximum of one space coordinate in conjunc-
tion with time. This is the case because of the way the field
equations are written. This property manifests itself anytime
there is a direction in which the ratio of pressure to energy
compactness can maintain its status quo.

The core concept behind inhomogeneous cosmology is
the investigation of the techniques used to average either
space or time to better understand the structure of the cos-
mos. In this study work, our objective is to expand upon the
results of earlier researchers and investigate a variety of dif-
ferent scenarios to develop answers. This article is broken up
into four sections, each of which expands on our prior under-
standing of maximum symmetric inhomogeneity in models
with variable dimensions, metric potential, and shear stress
that is directly connected to scalar expansion. Following the
presentation of the metric and field equations in the second
part, the discussion of the solutions to these equations may
be found in the third section. In the fourth and last section,
we analyze the findings, focusing on the one-of-a-kind and
one-of-a-kind-only solutions that we have found for a variety
of dimensional models, differentiating them from the recom-
mendations that have been put out by other researchers. In
addition to this, we look into the characteristics of the model
that was suggested.

In this piece of work, we have examined the answer that
was found by other researchers and obtained a variety of
circumstances for finding solutions. Our previous knowl-
edge of maximal symmetric inhomogeneity in different
dimensions models with metric potential and shear tension
directly related to scalar expansion is expanded upon in this
article. This article is broken up into four sections: the sec-
ond portion contains the metric and field equations, and the
third section discusses the solution to those equations. In
the fourth and last part, the findings are analyzed, and all of
the different solutions that were found to work for the vari-
ous dimensional models are shown to be unique and distinct
from the answers that were suggested by other writers. In
addition to that, the model’s attributes are investigated as
well.

The metric and field equation

We consider the metric,

ds® = [a(x, )]* (dx* — di?) + [b(x, )] dy? + [c(x, )] d2*
)
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where a(x, 1), c(x, t) & b(x, t) are the function of ‘x” and ‘t’.
Einstein’s field equation for a cloud of the string is

R —IRg, =T, @)
where
T{ =—pu;W + Ax; ¥ 3)

With the condition of i; and x; is

W = —x; ¥ =-1 C))
And
xu' =0 5)

The energy of the string is
p=p,+4 (6)

Being the particle’s rest energy compactness in the string
and A the compactness tension of the string.
The direction of anisotropy with a unit-like vector is.

g = —1 (7)
Equations (1) and (2) is
A fbas o daby ducy by e hie b))
at| b c ba ca ba ca chb ch
®)
a a\2 a a\2 ¢ c
ﬁ+(_4>__“+<_1>+ﬁ_i=o )
a a a a c c
a a\2 a a\2 b b
ﬁ+(_4>_i+<_1>+ﬁ_£=o (10)
a a a a b b
1 b, ¢y ab ac aby ascy bicy  bycy _
az[ b c ba "ca "ba  ca b T |77
(1)
b c a,b a,c a b a,c
Tt St A te el At o A e gy o' (12)
b c ab ac ab ac

While in a, b, and c, the sub-indices 1 and 4 stand for partial
differentiation for x and t, respectively.

The proper shear scalar acceleration vector, scalar expan-
sion, and spital volume are expressed as

1f{ay by ¢
6=-2+=2+=2
a<a b c> 3)
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('u) _ (a_l’ 0.0, 0) (15) By Eq. (.17), we obtain Using b = f(x).g(?).

i a We obtain,

S(o)? = N
V? = /=g = d’bc (16) 88u+ (89" = G- l)g (26)
Which leads to
. . e %
Solution of field equation g = CI (sinh(Bt + 1,)) " 27)

The string cosmic equation enhances mathematical difficulty
by necessitating the solution of non-linear partial differential
equations. we use the assumed condition to decrease the num-
ber of degrees for solving inhomogeneities conditions. For the
sake of obtaining a clear answer,

Equations (9) and (10)
biy by _cu cum a17)

ab b c c
Equation (17) leads to
alx, t] = (b[x, t])" where n is an integer (18)

By Egs. (12) and (18), We have

by cu byby  bicy  biby  cyb
e Y .t NI e ATl e A Tate et )
b T TN T e T T e (19
where blx,t] = f(x) X g(t) and c[x, t] = h(x) X k(?).
Equation (19) reduces to
h k k, h
fige (mk_ (8 KN 20)
fe hk g k f h
Which leads to
h g k
zl _;4+(n—1)7“_l o
h k 1% m
f p +(n l)g
Iy
w1 m
i m f=ah (22)
f
(=D S
-——=— k= 23
- D& Ps (23)
g
mn—1)+1
Where 6 = ——————
ere n—1)+m 24
From Eq. (17)
b b
2u_ Qs _tun_ fa_ N(constant) 25)

b b c c

where C, and t, are integration constants and B = 4/6(6 + 1)

From the Eq. (23)

k= pg’

L N
k= BCJ* cosh™ (Bt + 1) (28)
Again from Egs. (22) and (25)

byy by e cy
_——_——_— = — = — :N
b b c c

blx,t] =f(x) X g(¢) and c[x, ] = h(x) X k(1)

kyy 844 _ hy, Jin

—_ — —— =N
k¢ b f
f=ah"
a=>b"
We obtain,
N
hhyy + m(h)* = ——h? (29)
m—1
Which leads to
L 1
h=Cr cosh”"" (Kx + x;) (30)
where (5 and x, are integration constants and

K =+vm@m+1).
Hence from Eq. (22)

1

1
f=aC* cosh" (Kx + x;) (31

SO

_m_ L
o+1

b(x, 1) = f(0)g(t) = Q(cosh(Kx +x)) """ (cosh(Bt + 1,))
(32)
m (cosh(Bt + to)) o
(33)

c(x,t) = h(x) X k(t) = R(cosh(Kx + xo))

and
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a(x,1) = b"(x, 1) = M cosh™™ (Kx + x,) cosh™ (Bt + 1,)
(34)

RS IR
where Q = aC;*' C"'; R = pC*' C)"'s M = Q"
Hence Eq. (1)

2nm

o+

on
ds* = M*(cosh(Kx +x,)) " (cosh(Br +15)) " [dx® — di*]

5 j_ : tanh?(Bt + t,) + sceh*(Bt + t,)
[62 =6 —n+ (1 —n)s]

.tanh*(Bt + 1) —

6+ 1)?
Kn(1 +k) + 1]

ﬁ tanhZ(Kx + xo)

(38)
2m 2
+Q? (cosh(Kx + xo)) " (cosh(Bt + to)) " Energy compactness
T #r +1)ps
+ R*(cosh(Kx + x;)) ] (cosh(Br + 1,)) 8 % tanh(Bt + 1,)
(35) 1 (n— Dm? + 2nm?* + mn —m?
p= 4 _
By transformation b2 +{ (m+ 1) } tanh”(Kx +x,)
2K (tanh(kx + xg)scch? (kx + X))
(39)
Scalar of enlargement Enlargement
n+ o +1
0 =————tanh(Bt +¢ _ —
(S +1)b" (Br+14,) 5
With
3
n=— ,b=0.8
2
0=1.6 0 Time 10
B=03125
Fig: Graph between enlargement and time
shear tensor (o)
X =Kx+x,
2
o= — 1 . [(" OB | 1yps - n] tanh?(Bt + 1)
T =Bt+ L (36) b>(6m) 3

2nm

ds? = M*(cosh(KX))"™" (cosh(BT))"™" [dx® — df*]

25
S+1

+Q2(cosh(KX))'"% (cosh(BT))"% + Rz(cosh(KX))mZT (cosh(BT))
(37)

Physical properties

The physical for the model (37) is String tension
compactness
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(2)2_ (6+1)7? [(n+5ﬁf+1)2
0/ GmP(n+68p+ 1) 3

+(+ 1)ps — n]
(40)

Conclusion

The model (37) represents enlargement, Shearing, and the
universe’s lack of rotation. If we select the appropriate value
for constants, Poonia and Sharma (2020) calculates energy
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requirements p > 0, Py = 0 that are met. The model does not
reach isotropy since the ratio of ¢ and 6 is % — constant,
hence the model fails to exhibit isotropy. The finite flow
is irrotational and it is observed that as 7 — 0 and X — O,
the energy density p > ocoas7T - coand X - o0, p — 0
As T — 0 and X — 0, the tension density 4 — oo and as
T - ooand X — oo, A — 0 therefore the time is increasing
continuously then the string will vanish from existence. The
model expresses an accelerating universe since the decelera-
tion parameter’s value is smaller than zero.

Data availability This paper is original one not depend on any data.
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