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Cosmic inflation in LRS Bianchi Type I space-time under effect of the bulk viscosity and time dependent
cosmological constant in C-field cosmology is investigated. To find the deterministic result of the field equa-
tions, we assumed R~e*ot where Hois the Hubble parameter and t is cosmic time. It has been observed that
the C-field effect increases with cosmic time, and the obtained result resembles the evidence in HN theory.
The real singularity does not exist in the derived model and Particle horizon exists in the model. The spatial
volume increases in exponentially manner with proper time favorable to the expansion of the universe. The
negative deceleration (g < 0) indicates the accelerated phase of the universe and the de-sitter cosmos is in-
vestigated. The bulk viscosity coefficient is found to be constant and vacuum energy density found to be
negatively in exponential manner with cosmic time which shows that the decay of the energy component A
transfers energy in a continuous way to the material component.The volume of cosmos varies as exponen-
tially way to proper time along with hubble parameter. The geometrical and dynamical properties of physical
parameter are investigated in rigorous manner. The behavior of the model under different physical condi-

tions is also discussed.
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1. INTRODUCTION

Modern astrophysical evidence indicates that our pre-
sent universe is not purely symmetric in nature by Hin-
shaw [1]. The study of Bianchi identities plays an im-
portant role in understanding the origin and development
of the early cosmos better as compared to the standard
model of cosmology. The standard cosmological model is
based on the principles of cosmology (homogeneous and
isotropic universe) which leads to Friedmann-Robertson-
Walker models. These models are based on the predic-
tions that the universe starts with Big Bang and ex-
plained successfully the observable data as CMB and
Hubble law. Patridge and Winkinson [2] studied whether
FRW models are unstable near initial singularities.
Standard models of the universe help to provide succes-
sive explanations of the Big Bang and other phenomena
such as the Hubble principle, CMBT, etc. However, it has
been observed by cosmologists in various contexts that
cosmological singularities, the horizon problem, and flat-
ness are also challenged by standard cosmology. Bondi
and Gold [3] pointed out silent features of the theory of
steady-state to understanding the singularity with the
fact that the physical universe do not have the beginning
with a singular point nor an end on the cosmic time scale,
and the creation of matter is at a slow rate in context of
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standard cosmology, but this theory is not able to explain
matter creation continuously and the conservation of en-
ergy principle. In support of these aspects, Hoyle &
Narlikar [4] justified the theory of C-field, which explains
the possible features of the existing inflationary cosmos
having a constant density of matter.

To investigate the significance of bulk viscosity in cos-
mic matter helps us to understand many structural and
geometrical features in the dynamics of homogeneity in
the model of the universe. Sharma and Poonia [5-7] have
derived a viscous fluid model of the cosmos in framework
of bulk viscosity in various contexts.

Gron [8] studied a Bianchi-I model consisting of
shear, nonlinear bulk viscosity. The importance of the
presence of variable bulk viscosity in cosmic inflation is
concluded by many researchers, viz. Saha [9], Brevik et
al. [10]. The occurrence of suitable negative energy crea-
tion fields (in right side of EFE) provides constancy of
density of the matter. The negative energy factor pres-
ence helps to solve cosmological problems like horizon,
monopole and flatness. Hoyle and Narlikar [11] also ad-
mitted the possibilities of existing expanding space with
constant matter density; they chose the approaches to-
ward the field theory by modified EFE by adding the suit-
able term for creation of matter. The study of the
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universe's origin, structure, and evolution has long been
a cornerstone of cosmological research. Mathematical
cosmology provides a robust framework for understand-
ing these phenomena through theoretical models and
equations that describe the behavior of spacetime and
matter. Within this domain, Bianchi models, particularly
Bianchi Type I, have gained prominence due to their abil-
ity to capture the effects of anisotropy in the early uni-
verse. Unlike isotropic models, which assume uniformity
in all directions, anisotropic cosmological models allow
for directional dependencies, offering a more nuanced un-
derstanding of the universe's initial conditions and sub-
sequent evolution These models are particularly relevant
when studying inflation, a period of rapid exponential ex-
pansion believed to have smoothed out initial irregulari-
ties in the universe

Inflationary models within the framework of Bianchi
types not only enhance our understanding of the isotropi-
zation process but also address discrepancies between
theoretical predictions and observational data, such as
the cosmic microwave background (CMB) anisotropies
[17-20]. The integration of Einstein field equations and
inflationary potential provides a mathematical founda-
tion for exploring these dynamics. The focus on Bianchi
Type I, characterized by non-zero spatial curvature, adds
a critical layer of complexity to the study, making it a
compelling subject for advancing cosmological theories.
The solutions of the non-linear field equations admitting
radiation with changeless and massless C field is inves-
tigated by Narlikar and Padmnabhan [12]. Ghate et al.
[13] developed Bianchi type V in LRS in context of the
barotropic viscous fluid with time dependent cosmologi-
cal constant in HN theory. Bali et al. [14] investigated a
massive string model with bulk viscosity and vacuum en-
ergy density in Bianchi type I model. Malekolkalami and
Khalafi [15] constructed local rotationally symmetric
Bianchi I space-time with various aspects containing var-
ying cosmological term in creation field theory. Patil et
al. [16] constructed a dust-filled model in the existence of
perfect fluid distribution in creation field theory.

In this work, we have observed cosmic inflation in the
Bianchi- I dust-filled model with the presence of bulk vis-
cosity and an energy density in CF theory. To illustrate
the inflationary-like solution, we have taken the condi-
tion R~eflot where H, is the Hubble parameter where R
is the scale factor used in condition. It has tried to explain
to what extent the existence of bulk viscosity with varia-
ble energy density term (1) in creation field theory
matches with the results of Hoyle-Narlikar theory. It is
observed that the C-field increases in order with cosmic
time ¢ and follows the outcome of the HN theory. The real
singularity does not lie in the existing model. The Spatial
volume increases in exponential manner with proper
time, which is favorable to conditions of inflation. The
particle horizon exists, i.e. the observation is in the com-
municable section. The deceleration parameter (q) is neg-
ative show universe is undergoing in expansion state and
de-sitter universe is observed. The model approaches
isotropy at late time t. The physical and structural fea-
tures of the model are discussed.

2. HOYLE-NARLIKAR THEORY

The Einstein field equation in C-field cosmology
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containing variable A and the bulk viscosity (§) is given
as

L . . .
R, - Rgl=- [T’i(m) + T{.(C)] —-Ag. @1

Here T/

t(m)
mentum tensor corresponding to bulk viscosity and
creation n field is obtained as

and Tl.j © represents the Energy mo-

T/ oy = @+ P)Viv) —pg] = E0iv/ = g]) (2.2)
Here 872G =1, ¢ = 1 as geometric unit.

Where § denoted the bulk viscosity coefficient and
6 denotes the expansion parameter.

We have taken flow component v*

. o
T/ ——f(CiCl—Egi]CﬁCﬁ)

o= 2.3)

In the given equation p and p indicates the matter
density and pressure. Here f denotes a non-negative cou-
pling constant between matter and the C-field. Also,

Cp= % where Cis a scalar field with negative energy
factor and the stresses which is consider to be responsi-
ble for the inertial influence associated with the contin-
uously matter at a slow rate. Since, left side of eq. (2.1)
is divergence less.

The Energy conservation relation is given as

[(Tif(m) n Tij(c)) + AD)g! ],,- =0 (2.4)

Since Tij (C)< 0 indicates gravitational field of repul-

sive nature developed because of the negative energy
density of creation field which accountable for acceler-
ated inflation of the cosmos.

3. SOLUTIONS OF THE FIELD EQUATIONS
The Bianchi Type I can be describe by the metric
ds? = —dt? + A%(t)dx?® + B?(t)(dy? + dz?) (3.1)

Here A and B are coefficients of line element.

The comoving coordinates is taken as u! = (0,0,0,1).
The set of the field equations for the metric (3.1) can be
obtained as

B4? Bay _ 1,40
Boy2Bus (preo+irc?)+ a0

- (3.2)

A B. AyB. 1 .
faay By Do (pt g +5fC7)+ A (3.3)

B,? A4B,
== 2 a3
B2 AB

1 .
= (p-1fC?)+2® (3.4)
To investigated the deterministic solution, we sup-
posed &6 = .
The scale factor S for the metric is taken as

R3 = AB2 = g3Hot (3.5)
where H, represent the Hubble parameter.
Equation (3.2) and (3.3) provided

(%_ %)4 Ay By
i+ (Z+22)=0 (3.6)
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which provides

A B, K —
(_4_ _4) = K _ ke-3Hot
A B AB2

3.7
From equation (3.2-3.4) we obtained
(2422 ) +A 2 B = p 1 e 4 £C2 4 (D3

Equation (3.5) provides

Ay B, _
422 =3H, (3.9)
we obtained
As _ 2, —3Hgt
= 3 Ke™2"" + H, (3.10)
Bi_ _ 1 ge-3Hot 4 (3.11)
B 3
Finally we obtained results
A = D;eotexp [— (:—:;) e‘3”°f] (3.12)
B = D,eflotexp [— (%) e'3H0t] (3.13)
0

Here D; and D, are the constant of integration.
Since the metric (3.1) is obtained as

ds? = — dt*? + e?Hot exp[ ( :0) g~ 3Hot ]dx"2 +
g2Hot exp[ ( ) —3Hot ](dy"2 + dz** (3.14)
Taking transformation

t=t*, Dyx=x* D,y= y* and D,z = z* (3.15)

3.1 The Condition of Conservation
The equation for conservation (p = 0) is given by

[(T}(m) Tj(c)) + At)g] ],- =0 (3.16)

lead to
(p—rec)+(p—go—fc?)(2+2

Where A(f) indicated the vacuum energy density,
equation (3.17) shows the decay of the energy component
A transfers energy in a continuous way to the material
component. The variable cosmological constant is re-
garded as the second component of the fluid

By s
E)+ A=0 (3.17)

Pvacuum = A(t) (3.18)

where we have assumed the pressure zero in matter field
(P =0) by Hoyle-Narlikar

(3.19)

Here R be the scale factor and B is the arbitrary

constant.
The density of matter is obtained by relation

Br? A/B/
p= 2o,

“f-a (3.20)
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From equation (3.10-3.3.11) and (3.17) with € = 1 as
in HN theory we get

p= —%ne‘GHOt + 3H,% + %f (3.21)
Where
n = Ba + K?) and p = 2Hyne Mot (3.22)
3.2 Determination of C- Field
From equation of conservation
(p—fCC)+(p—&0—fC?)(3H,) — 6aHye Hot =0 (3.23)
Where AB? = e3#t and A = %.
Equation (3.3.18) leads to
£ (C2) + 6H(C?) = 2% e~0Hot (— + 2K%) + 18" +
3H, — 6%(50) (3.24)
which gives €? = w,?
(3.25)
Where

2
=3H%+ %+ ff—eand 2K2—n=0

Thus the C-field is directly proportional to time,
which matches with facts obtained in HN theory.

3.3 The Particle Horizon

The coordinate distance to the Horizon ry (t) is max-
imum distance; a null ray may have travel at proper
time t starting from past infinitely

dat
rH(t) = f_woo R3(t) = f_woo e

3D Plot of Particle Horizon

—3Hotqt = 3% = Finite(3.26)
0

w
=

Exp Factor
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The particle horizon ry (t) exist, which indicated an
existence of observers in communicable region.

4. THE PHYSICAL AND STRUCTURAL
FEATURES OF MODEL

The Homogenous matter density (o) is provided by
the relation
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p=—3ne oMot + 3H? + ~f (4.1)

Energy Density Evolution

Time 1t )G 8

<
10 %0«

The expansion scalar (6) is provided by the relation

 Asy 9Bi_
6 = 422 = 3H, (4.2)

The bulk viscosity coefficient is provided by the rela-
tion

(4.3)

-+
§= 3H,
The vacuum energy density is provided by relation

(4.4)

A = qe~6Hot

1.0
0.8
0.6
0.4
0.2.

o 8 0

The deceleration parameter (g) is provided by rela-
tion
q= -1
The matter density (o> 0) leads to
18H,? + 3f > 2ne~6Hot
At large time ¢, p > 0 we obtained
18H,2 +3f >0

At large time ¢, the density of matter becomes finite
with the occurrence of the C-Field, Thus in C-field the-
ory, there is neither beginning nor the end of the uni-
verse.

The spatial volume of the developed model is pro-
vided by relation

V = AB% = g3Hot (4.5)
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The shear scalar is provided by relation
(4.6)

1 _
o2 = nge 6Hot

Evolution of Scale Factors

— alt)
— b(t)
— c(t)

Time (,)6 8 . 0

The anisotropic condition is provided by the relation
we observe anisotropy decreases as the cosmic time t in-
creases and approaches to the finite for large t. The
model approaches isotropy at a late time t, i.e. the devel-
oped model isotropize at a late time

g _ 1 Ke~Hot

6 V3 3H,

4.7)

Impact of Inflationary Potentials

— Exponential Potential
= Power-Law Potential

6
e ) 8

5. CONCLUSION

The C-Field field is directly proportional to proper
time i.e. it increases with time, matches with observa-
tions obtained in Hoyle-Narlikar theory. The Energy
density term A(t) decreases with cosmic time in exponen-
tial way and approaches to zero as t approaches to infin-
ity. The Spatial volume V increases in exponential order
with time ¢, which agreed with inflationary criteria of
physical universe and represents accelerated phase of
the universe. There no real singularity exists initially in
the investigated model. The deceleration parameter (q)
is negative show universe is undergoing in expansion
state and de-sitter universe is observed.

In the current model, particle horizon exists i.e. the
observation is in the communicable section. The bulk
viscosity coefficient inversely proportional to scalar of
expansion, we have obtained a locally rotationally sym-
metric Bianchi-I dust-filled space time in creation field
theory which fulfilled astronomical observations in HN
theory.

01025-4



INFLATION IN CREATION FIELD COSMOLOGY WITH BULK VISCOSITY...

©

11.

REFERENCES

G. Hinshaw et al., Astrophys. J. Suppl. 180, 225 (2009).
R.B. Patridge et al., Phys. Rev. Lett. 18, 557 (1967).

H. Bondi, T. Gold, Mon. Not. Roy. Astron. Soc. 108, 252
(1948).

F. Hoyle, J.V. Narlikar, Proc. R. Soc. Lon. A 282,191 (1964).
S. Sharma, L. Poonia, Adv. Math. Sci. J. 10 No 1, 527
(2021).

L. Poonia, S. Sharma, J. Phys. Conf. Ser. 1706, 012042
(2020).

L. Poonia, S. Sharma, S. Kumawat, J. Nano- Electron. Phys.
13 No 3, 03022 (2021).

0. Gron, Astrophys. Space Sci. 173, 191 (1990).

B. Saha, Modern Phys. Lett. A 20, 2127 (2005).

. L. Brevik, O. Gron, Recent Advances in Cosmology (Nova

Science Publ.: New York: 2013).
J.V. Narlikar, Nature 242, 135 (1973).

12.

13.
14.

15.

16.

17.

18.
19.

20

JJ. NANO- ELECTRON. PHYS. 18, 01025 (2026)

J.V. Narlikar, T. Padmnabhan, Phys. Rev. D 32, 1928
(1985).

H.R. Ghate, S.A. Salve, Int. J. Sci. Eng. Res. 5, 254 (2014).
R. Bali, P. Singh, J. Singh, Astrophys. Space Sci. 341, 701
(2012).

B. Malekolkalami, G.H. Khalafi, Bulg. J. Phys. 45, 374
(2018).

V.R. Patil, P.A. Bolke, N.S. Bayaskar, Int. J. Theor. Phys.
53, 4244 (2014).

S. Cotsakis, A.P. Yefremov, Philos. Trans. A Math. Phys.
Eng. Sci. 380 No 2230, 20210171 (2022).

R. Bali, Modern Phys. Lett. A 33 No 40, 1850238 (2018).
I.S. Kohli, M.C Haslam, Phys. Rev. D 93 No 2, 023514
(2016).

. R. Bali, S. Saraf, Adv. High Energy Phys. 5901224 (2024).

Indaania B kocmoJI0rii M0JIs TBOPiHHA 3 06’€MHOI0 B’I3KiCTIO TAa 3MiHHOI0O KOCMOJIOTiYHOIO
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Hocmimsrero kocmiuny iHQIsio B mpocropi-yaci tumy I LRS Bianchi mix BrmBom 06'eMHo1 B'si3kocTi T
3AQJIEIKHOI BiJ] Yacy KOCMOJIOTIYHOI KoHcTaHTH B KocMoJtorii C-mons. [1lo6 sHaiitu merepMiHOBAHMIA pe3ysibTarT
piBHAHB moJisd, Mu npumyctum R~efot) ne Hy — mapamerp Xa66:7a, a ¢t — kocmivawmit uac. Byso momivero, 1mo
ederr C-mosia 3pocTae 3 KOCMIYHAM 4acoM, 1 OTPUMAHMI pe3ysabraT Haraaye gaHi Teopii HN. Peanbua cun-
T'yJISIPHICTH He iCHye B OTPMMAHIM MOJIeTi, ajie B MOJIeJIl iCHy€e TOPHU30HT YacTUHOK. [IpocTopoBuii 06’em 3pocTae
EKCIIOHEHIIAJIbHO 3 BJIACHUM YacoM, CIPUSTIUBHAM JJisi po3ruperHs Bceciry. HeratusHe yroBinbHeHHS
(¢ < 0) Brasye Ha npuckopeHy dasy Bcecsiry, 1 mocimryersest kocMoc fe-citrepa. BusisireHo, 1o koedirtieHT
00'eMHOI B'I3KOCTI € TIOCTIMHNM, a TYCTHHA eHeprii BAKyyMy — HETaTUBHO €KCIIOHEHITIAJbHO 3 KOCMIYHMM 4a-
COM, IO TTOKA3ye, IO PO3IIaJ] eHePreTHYHOI CKJIAJI0OBOI A Ge3repepBHO Iepejiae eHeprio MaTepiaibHIN CKa-
nmosiit. O0’eM KOCMOCY 3MIHIOETBCA €KCIIOHEHITIAJIbHO BIIHOCHO BJIACHOTO 4acy pasoM 3 mapamerpoM Xabouia.
T'eomeTpruHi Ta AUHAMIYHI BJIACTUBOCTI (DISUUHMX IIAPAMETPIB JOCTIIKYIOThCI peTesbHO. Takomk 00rosopio-
€ThCA MOBEJIHKA MOEJIl 3a PidHUX (PiI3UIHUX YMOB.

Kirouogi cmosa: Kocmoutoriss C-mmostsz, O6'emua B'siskicts, Kocmororiuna crana parasoro Beecsity, Teopis HN.
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