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Our goal in the current paper is to develop Bianchi Type V space time undertaken in framework of
massless scalar field with flat potential. Model produces an inflationary universe scenario provided bulk
viscosity is present. The Bianchi Type V cosmological model is a homogeneous and anisotropic solution of
the Einstein field equations, which describes the evolution of the universe. In this model, the geometry of
the universe is characterized by three mutually orthogonal spatial directions, and the time evolution is
determined by the matter content of the universe an appropriate transformation is used to solve the
Einstein field equations. In order to develop a physical universe model we consider 6 = a (constant) and
we have assumed a supplementary condition BC = x and B/C = v between metric potential. We investigate
the geometrical and physical aspects of the model with in presence of bulk viscosity. The model isotropies
under specific conditions and the increase in spatial volume over time describe the inflationary phase of
the universe. The model in general represents anisotropic space-time but isotropies at late time. The
Hubble parameter decreases with time. At time 7'= 0, the model possesses a Point Type singularity.
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1. INTRODUCTION

In recent literature, Einstein theory becomes an
intriguing topic due to its efficacy in explaining the
physical universe's rapid cosmic expansion. The early
cosmos's extremely rapid exponential expansion, which
increased its volume by at least 1078, which is produced
by a negative pressure vacuum energy density, is
described as inflation. The cosmos continued to expand
after the inflationary epoch, although at a significantly
slower rate. Guth [1] was the first to put forth the
inflationary hypothesis. Inflationary theory is capable
of providing a comprehensive solution to a multitude of
cosmological issues, including isotropy, homogeneity,
monopoles, and flatness there are numerous
inflationary situations that can be found in the
physical cosmos as studied by Linde [2]. The roles of
Higg's field with a flat potential have importance in
this discussion. Many authors [3-9] have focused on
different features of inflation theory and scalar field in
various aspects. Weinberg [10] looked at the standard
equation for bulk and shear viscosity to explain
cosmological rate production.

Poonia and Sharma [11-13] discussed the cosmic
phenomenon while taking bulk viscosity into account
and looked at how it can affect evolution to understand
inflation and the early universe's structure, Reddy [14]
have developed spatially, anisotropic, and
homogeneous Bianchi Type V space time. When
examining the FRW model, Khalatnikov and Belinskii
[15] used bulk viscosity as a function of energy
density.In resent paper, to address the inflationary
scenario of the universe and cosmic acceleration, we
have presented a Bianchi Type V inflationary space
time with bulk viscosity in the presence of flat
potential. The growth of the spatial volume over time
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indicates the wuniverse's accelerating phase. The
model's geometrical and physical behaviour likewise
discussed.

2. METRIC AND FIELD EQUATIONS
ds? = —dt? + A%dx? + e?*(B?dy? + C?dz?) (2.1)

Where A, B and C are only a cosmic time ¢ function
given by, the gravitational field action is given as a
minimally coupled scalar field with potential V(¢):

L=[-Jg|R-3970i00;0 - V(p)]d*x (2.2)

The Einstein field equation can be referenced as
Rij — %R.gij =—T;j 2.3)

With

Tij = 0;90;0 — E 0,p0'p + V(‘P)] 9ij — 0§(gij + viv(2.4)

And

1 av
ﬁau(\/ —gotp) = ) (2.5)
Field equation is
Baa 4 Cas  BaCy 1 _ 1 2
ey fa BB = 024 V(p)+E0 (2.6)
Asa 4 Cas  AsC 1 1 2
eyl Bt = SV +E (2
Bas  Baa (ABy 1 1 2
Sttt o= el V(@) +88 (2.8)
AdBa | AsCy | BaG 3 1 o
AB + AC BC A2—2q)4+V(<p)+ZEG 2.9)
2 B _L_g (2.10)
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In order to develop a physical universe model we

consider é0 = a (constant) from Brevik et al. [16].

From equation (2.10)

A% =BC (2.11)
For scalar field equation (2.5) leads to
Ay | By | Cy _av
¢44+(7+E+F)(p4—d¢ (2.12)
Consider flat potential
V(p) = constant = k
Ay | By, C
<p44+(7“+;"+?")<p4=0 (2.13)
=k
P4 =oC (2.19)
The scalar factor line element (2.1) leads to
R3 = ABC (2.15)
From equation (2.11)
R3 =43 (2.16)
From equation (2.7) and (2.8)
B44 C44 A4 B4 C4 —
P f (B -9 =0 (2.17)
Which provide
(CB4—BCy)y _ _1(By , Cy
(CB4—BC,) 2(3 + c) (2.18)
Which provide to
2(B) _ _ke
¢ (C)4 (BC)l/z (219)
k, is a constant of integration.
For solution of equation (2.18), we consider
BC:yAmi§=v
Equation (2.19) provides to
ve _ ko
Y = (2.20)
From equation (2.6) and (2.9)
Baa | Cas | 2BaCy | A4By | AsCy 4 _
?+T+?+ B + e 2k + 3a (2.21)
Taken 2k + 3a = 2L
2
Buplag 1Ry o) G221 (229
B ' ¢ '2\B ¢ BC A
Equation (22) provides to
zuﬂ+iuz=4up+8 (2.23)
Consider p, = f(), tgs = f'f
1= 9f
Where f' = »
This provides to
fr=u At (2.24)

After suitable Transformation metric (2.1) leads to
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dT? + TdX? +

- Kk
4L 5 o
dY2 4+ TNETIHTHm

2 _ T
ds e y——
3 +4T4*+n4

k1 AT+N

I
T [ T3+4T2+
eZXT e 3 ny

dT+N

dz?

Where u=T

k1 dT+N

v = efT %LT3+4T2+n1
Where N is a constant of integration
A2=BC=u=T

k1 dT+N

[—a
B2 = uv="Te T, %LT3+4T2+111
k1

c? ,U/ T _fT AL73 4 aT24ny
= v=1le 3

Particular Case

dT+N

Put n; = 0 in equation (2.24)
f2=Fu + 4
du
———— = fdt
(wr) ()’

Where

Equation (2.31) provides
_ 4 op2 (Btty
/J—ﬁzsmh ( 2 )
From equation (2.19)

Vy _ k.B3

v 85inh3(@)

Which provides to?

v=aexpb {—cosec h (@) coth (m

log [cosech (@) + coth (@)]}

)+

+

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

2
Where b = % and a is the integration's constant

As aresult % =T

And

_ 4

dS? = ——dT? + sinh®TdX? +

eﬁxsinhZT{eb [-cosechTcothT +log(cosechT+cothT)] jy 2 +
e—b[—cosecthothT+log(cosecht+cothT)) dZZ}
Where

2 2va 2

Zx=X2y=y 2 z=2Z

R I A
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3. GEOMETRICAL AND PHYSICAL
CHARACTERISTICS OF THE MODEL

From equation (2.15)
The appropriate volume is provided by

3
R3=A3=T: 3.1)

The rate of the higs’s field is given by

Ki _Ki _ Ki

Pa=pc=m = = (3.2)
The expansion
g=Loyl b (3.3)
A B ¢
6 = 3l
2 pn
rsiar2in,
6=3 3—3/ (3.4)
217/2
Shear
_1(B_ G
=3 (B C)
REFERENCES
1. A.H. Guth, Phys. Lett. B 91, 99 (1980).
2. A.D. Linde, Phys. Lett. B 108, 393 (1982).
3. A. Albrecht, P.J. Steinhardt, Phys. Rev. Lett. 4, 1220
(1982).
4. L.F. Abbott, Mark B. Wise, Nuclear Physics B 224, 541
(1984).
5. S.R. Roy, J.P Singh, /. Phys. 38, 763 (1985).
6. R. Bali, V.C Jain, Pramana 59, 1 (2002).
7. S.Ram, S. Chandel, Afr. Rev. Phys. 9, 0040 (2014).
8. R. Bali, R. Goyal, Int. J. Phys. Sci. 21, 181 (2009).
9. R. Bali, L. Poonia, JUSPS 28, 361(2016).

JJ. NANO- ELECTRON. PHYS. 15, 04029 (2023)

1l __L
0=: = (3.5)
And

o Ky

L - B (3.6)

o 3 Lr3sar2en,

Hubble parameter is given by

R
H="2
R

43—LT3+4T2+n1
H="“"—>— 3.7

212
4. DISCUSSION AND CONCLUSION

We have looked at the Bianchi Type V Inflationary
Universe with Bulk Viscosity in this discussion the
universe's stages of acceleration and deceleration are
represented in this model. The spatial volume
increases with time, illustrating an inflationary
scenario. With time, decreasing the Hubble parameter
.Higgs field rate decreases over time and A Point Type
singularity exists in the model at 7'= 0.
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Indaaniiina kocmonoriuaa mogens bianki Tuny V 3 06’eMHOI0 B’A3KiCTIO B 3arajibHii
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V crarri mpesncraBiieHa po3pobKa MmPOCTOPOBO-4acoBol mozeni bBiamki tunmy V B pamirax
6e3MacoBOr0 CKAJISAPHOIO IOJIA 3 IJIOCKUM IIOTeHIIiasaoM. Momesas cTBOpIoe ClieHapii 1HQIAIINHOrO
BCeCBITY 3a yMoBHM HasiBHOCcTi 00emmOi B’sizakocti. Kocmosoriuaa wmogens Biamki tumy V e
OJTHOPITHUM 1 aHI30TPOITHUM DIIIeHHSIM PIBHSHG oJis1 EifHinreiina, ske omnwmcye eBostorio Beecsity.
Y it wmomem reomerpis BcecBiTy xapakrepmayerbcs TphOMa B32€EMHO OPTOTOHAJIBHUMIN
IPOCTOPOBMMH HAIPSMKAME, 4 YacoBa €BOJIIOIS BHU3HAYAETHCI BMIicToM Matepii y BeecsiTi,
BIJIIIOBI/IHE II€PETBOPEHHS BUKOPUCTOBYETHCS JIJIsI BUPIIIEHHS PIBHAHB mosist Eitamreiina. 11106
po3pobutu QismuHy Momesb BeecBity, mMm poarysamaemo 6=« (KOHCTaHTa) 1 IIPHUITYCKAEMO
nonxarroBy ymoBy BC = u1 B/C = v Misk MeTpUYHHAM [OTEHITIAI0OM. Byin mocstixeHi reoMmeTpryHi ta
ismuHl acmexkTr Mozesi 3a HasBHOCTI 00'eMHOI B'si3kocTi. MozjesnbHi 130Tporii 3a meBHUX yMOB i
30L/IBIITEHHST IIPOCTOPOBOTO 00’eMy 3 YacOoM OIMUCYIOTH 1HQUIAIINHY a3y Beecsity. Momesnb 3arasom
IIpeJICTABJIsIE aHI30TPOIIHUIM IIpOCTip-yac, ajie izorpomil B misHii dac. Ilapamerp Xa66sa 3 gacom
3meHIIyeTbest. ¥ MomeHT yacy 1 = 0 Mojesib Mae CHHTYJISIpHICTE Tuiry Point.

Kmrouori ciosa: O6'emua B'siaricts, B'suki tuny V, Iudursiris.
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