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Abstract

In this study, we looked at the “Bianchi Type III stiff fluid cosmological model in
general relativity”. To get an inflationary solution we have used appropriate condition
between matric potential. Here n is non-negative integer and B and C are dependent function
of time “t”. The structure characteristics of model are also pointed. The behaviour of the
model under different physical conditions is also discussed.
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1. Introduction

In resent framework cosmology become an extraordinary subject to
understand the study about the universe. So, in order to examine the
inflationary universe, we take into account the general Bianchi type III
space-time.

The extraordinarily quick rapid enlargement of the universe’s early
stages is known as inflation by at least a factor of 10" in volume, driven by
a vacuum with negative pressure. The inflation hypothesis was proposed
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by Guth [1]. Afterward it was proposed by Sato [2] inflation significance is
crucial to the resolution of a variety of issues in cosmology like homogeneity,
isotropy, horizon, monopole in grand unified theory [3]. The Higgs field
with potential and the scalar field ¢ are central themes in cosmological
research. This paper has surveyed the extensive body of research dedicated
to these concepts, shedding light on their significance within the
inflationary scenario and their broader implications for our understanding
of the cosmos. Future investigations into these areas hold the promise of
unravelling the mysteries surrounding the origins and evolution of the
universe.

The Stiff Fluid cosmological model has attracted considerable interest
in the study of the universe. In this model, the speed of ray(light) is
equated to the speed of sound, and its governing equations exhibit
similarities with those describing gravitational fields [4]. Barrow has
delved into the significance of the stiff equation of state (p=p) in relation to
the early stages of the universe’s evolution [5]. Furthermore, researchers
such as Mark et al. [6], Bali and Ali [7], and Roy and Singh [8] have
investigated the stiff fluid cosmological model within the framework of
general relativity, each exploring different contexts. Additionally, Bianchi
Type Il models have been explored by Poonia and Sharma [9-17], albeit in
distinct contexts.

This paper presents an exploration of the “Bianchi Type III
cosmological model” incorporating stiff fluid within the realm of general
relativity. To obtain a determinate solution, we utilize the condition
C=B", wherenis anon-negative integer, and both B and C are dependent
functions of time. The paper also emphasizes the structural characteristics
of this model.

2. Field Equation and Metric:
The equation defining the space-time of Bianchi Type IIl is as follows
ds®* =—dt* + A’dx* + B’e?***dy* + C*dz’ (1)
In this context A, B, and C represent dependent functions solely

dependent on time ‘t’, while a remains a constant
We assume the coordinate to be commoving vectors so that

v=0v*=0v*=0,v" =1

When coupled minimally with a scalar field and accompanied by a
scalar field potential V (¢), the gravitational field are demonstrates
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L=[V=8 (R-V(0)- 1,009'p)a"x
Einstein Field Equation is given by
R, = %Rgff =T
With
T, =(p+ )0, + 3, ~0,00,0-| 10,690+ V(p)g,
And

Using matric (1) and field equation (3), we get

By ,Cu BG_ 1 2 _
st ot = 2go4+V((p) P

Ay Cu  AG 1 2 _
At et e T 2¢)4+V(go) P

Ay  ABy By 1 o
Rl + 2o =—_,+ -
A AB B 42 2Ps Vip)-P

ABy  BCy  AC, a® _1 2
AB T BC | AC ?_E%JFV((”)“J

o4

Where indices 4 represent differential with respect to t

3. Field equation with solution:
Using equation (10)
A=KB
Where K is constant. Taking K=1
A=B

Using equation (12) the field equation
(6)- (9) becomes
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By |, Cy | ByCy __1 2 —

et = tVie-P 13)

P Bod 1 o o (1)
B g B 27TV

B [ pBiCy_a® _1 24 V(p)+ (15)
a2 = =0l V() p

We are taking flat potential so

dv(p) _
el o (16)

Using equation (5) and (16) we obtain

By, C
0yt o, (25+% =0 (17)
Applying stiff fluid condition p=p we have
By Cu , Bi(By, C,) a* _
Rl s
We are taking
C=B" (19)
Bu (emyBi_ L _g (20)
B B2 1-npg?

We consider B, = f(B) then B,, = ff'
¢ d)
Where f :d%
2 _(dB : _ o? 1
f= (Ej T (1=n)? * pg2(1+n) (21)

Metric (1) leads to

ds? = _[(1(12)2 +Bz<§m]dT2 +T2dX? + T2 dY? + T*"dZ> (22)
-n

Taking suitable transformation
Sx=X, y=Y, z=Z B=T
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4. Physical and Geometrical Aspects

%:_(2@+gj
(21 B C

=7 yIsaconstant
o, B2C e

_ 7
¢4 - Bn+2

Tn+2

n+2 o? 1
=— + +
p==7 2(n+1) \/[(1_n)2T2(n+1) T4 "

The Volume scale factor is given by

R3 — V — BZC — Bn+2 — T‘VHZ

The expansion scalar 6 can be obtain form

_ A By Gy
O="3+%+¢

2
!
=n+2)—% +
0=(n )1—n)2T2 T4

And shear scalar ¢ can be obtain form

2 1
o' =-c o
2w

2 2 2 1
c’=Q2-4n+4n ){(1—:2)# + T4(1+n)}

And Hubble’s parameter is

H= Z;H[

— A4 — B4 — C4

Where H1_7sz—f/ =
H= (n+2) a? 1

3 \(nt)r2 | i

303

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)



o

V. MAHESHWARI, L. POONIA AND R. MATHUR

a0

0
[

The plot of proper volume V vs. T

7000

02 04 06 08 1 12 1.

Figure 1

3500

3000

2500

2000

1500

1000

500

\theta = (n+2) \sqr{\rac{alpha"2){(1-n)*2) TA2} + Wrac(I}(T4(1+n))}

0 —
0 02 04 06 08 1 12 14 16 18

Figure 2

The expansion scalar 0 vs. T
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The shear scalar 6 vs. T The Hubble parameter H vs. T

Figure 1: Represents Eq. 28. The spatial volume is zero at T = 0 and it
increases with the increase of T

Figure 2: Represents Eq. 30. The values of theta increase, the values of
T also tend to increase.

Figure 3: Represents Eq. 32. The values of sigma squared increase, the
values of T also tend to increase.

Figure 4: Represents Eq. 34. The value of Hubble Parameter H
increases, the value of T also increases.
4. Conclusion

Based on the presented results, it is evident that the spatial volume
(V) exhibits a value of zero at T=0 and progressively increase with the time
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progresses (T). This finding highlights the underscores the dynamic
nature of the universe’s development and evolution of the universe, which
initiates with a zero volume at T=0 and subsequently undergoes expansion
over cosmic time (T). Additionally, it is noteworthy that the shear scalar (o)
approaches zero as T approaches infinity (T — ), as evidenced by
equation (34). Furthermore, the Hubble parameter, which is also derived
from the same equation, exhibits a similar trend. It shows a tendency to
move towards a zero value as the time variable (T) approaches an infinite
value. This further complements our understanding of the evolving cosmic
parameters over an extended period towards infinity.

References

[1] A.H. Guth, Inflationary Universe: A Possible solution of the horizon
and flatness problem, Phys. Lett. B 91-99(1980).

[2] K. Sato, First-order phase transition of a vacuum and the expansion
of the Universe, Monthly Notices of the Royal Astronomical Society
pp. 467-479(1981).

[3] A.D.Linde, A New inflationary scenario: A Possible solution of hori-
zon, flatness, homogeneity, isotropy and primordial monopole prob-
lems Phys. Lett. B pp. 389-393 (1982).

[4] Ya Zel'dovich, The equation of state at ultra high densities and its
relativistic limitations, Phys. JETP 14,1147(1962).

[5] J.D. Barrow, Cosmic no hair theorems and inflation Phys. Lett. B
pp-12-16 (9187).

[6] M K. Mak. And T Harko, Full causal dissipative cosmologies with
stiff matter, nt. |. Mod. Phys. D 13,280 (2004).

[7]1 R.Bali,M. Ali, and V.C Jain, Magnetized stiff fluid cylindrically sym-
metric universe with two degrees of freedom in general relativity Int.
J. Theor. Phys. Pp. 22-29 (2008).

[8] S.RRoy, and J.P Singh, Bianchi Type I Cosmological Models with Per-
tect Fluid and Magnetic Field ]. Phys.pp. 239-48 (1985).

[9] L. Poonia, and S. Sharma, Bianchi - III inflationary universe for per-
fect fluid distribution using Cosmological constant in general relativ-
ity, IOP Conf. Ser.: Earth Environ. Sci. 785 012018 (2021).

[10] L.Poonia, and S. Sharma, Inhomogeneous cylindrically Bianchi Type
I space-time with flat potential Journal of Physics, Conference Series
Journal.1706 (2020).



306 V. MAHESHWARI, L. POONIA AND R. MATHUR

[11] L .Poonia, and S. Sharma, Inflationary Scenario in Bianchi Type II
Space with Bulk Viscosity in General Relativity, Annals of the Roma-
nian Society for Cell Biology 25 No. 2, 1223 (2021).

[12] A.Sharma, A .Tyagi and D. Chhajed, Inhomogeneous Bianchi Type
VIO string cosmological model for stiff perfect fluid distribution in
general relativity Prespacetime J. 7 pp. 615-622 (2016).

[13] S. Sharma, and L. Poonia, Cosmic inflation in Bianchi Type IX space
with bulk viscosity Advances in Mathematics: Scientific Journal, Pp.
527-534 (2021).

[14] S. Sharma, and L. Poonia, Cosmic Acceleration in LRS Bianchi Type
I Space-Time with Bulk Viscosity in General Relativity IOP Conf. Se-
ries: Mater. Sci. Eng. 1045, 012025 (2021).

[15] Kumar, Anil , Gupta, Amit Kumar, Panwar, Deepak , Chaurasia,
Sandeep & Goyal, Dinesh. Operating system security with discrete
mathematical structure for secure round robin scheduling method
with intelligent time quantum, Journal of Discrete Mathematical Sci-
ences and Cryptography, 26:5, 1519-1533 (2023).

[16] Kushwaha, Satpal Singh, Joshi, Sandeep & Gupta, Amit Kumar. An
efficient approach to secure smart contract of Ethereum blockchain
using hybrid security analysis approach, Journal of Discrete Mathemat-
ical Sciences and Cryptography, 26:5, 1499-1517 (2023), DOI: https://
doi.org/10.47974/JDMSC-1815.

[17] Joshi, Ruchi, Mathur, Priya, Gupta, Amit Kumar, Singh, Suyesha,
Paliwal, Vismita & Nayar, Sejal. Mathematical modeling of intelligent
system for predicting effectiveness of premenstrual syndrome, Jour-
nal of Interdisciplinary Mathematics, 26:3, 551-562 (2023).



