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Abstract

In this paper, we have discussed on Bianchi type-11l space-time with bulk viscosity in the context of
Einstein theory. To study the model, we have considered some realistic plausible conditions and obtained
a physically acceptable model that indicates an accelerating expanding Universe. The physical and
geometrical significance of the model have been discussed.
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Introduction

Our universe is full of mysterious heavenly bodies. The heavenly bodies are still unable to
uncover after a huge number of findings with modern technology, only a little able to know
regarding our universe. To study the universe and its fates, researchers are developing different
types of cosmological models. The cosmological models are being developed and studied
using different theories such as Einstein theory, alternative theories, Weyl theory, Lyra
geometry, f(R,T) theory etc. Many authors studied the universe using verities of metric
space-time using string in different theories. RK Dabgar et al. investigated on five-
dimensional Bianchi type-lll string cosmological model using both power-law model and
exponential model that provide insights into the behaviour of the universe’s evolution and
expansion under the influence of dark energy . R. K. Tiwari et al. analysed Bianchi type Il
string cosmological model in f (R, T) modified theory of gravity by assuming f (R, T) =
R + 2f(T) which concluded with a note that the universe is in accelerating phase of
expansion [, Jiten B et al. studied Bianchi type-11I cosmological model with a cloud string
with particles connected to them in Lyra geometry and concluded that the present model starts
at t = 0 with zero volume and as time progresses it expands with accelerated rate and the
model shows that the present universe is particle dominated 1. Kandelkar et. al examined
Bianchi type-Ill string cosmological model in the presence of magnetic field. To get
determinate solutions, the Einstein’s field equations have been solved for two cases (i) Reddy
string and (ii) Nambu string ™. Swati et al. studied the behaviour of cosmological constant A
in Bianchi Type Il string cosmological model for dust fluid ). R. D. Upadhayaa et al. studied
Some Bianchi type Il cosmological models with magnetic field for massive string are
investigated . J.K singh et al. studied Spatially homogeneous and totally anisotropic Bianchi
type-1III cosmological models in the theory based on Lyra’s geometry in Gauss normal gauge
in the presence of an attractive massive scalar field, using the special law of variation for
Hubble’s parameter and concluded that one of the universe models approaches to isotropy
through the evolution of the universe, in some special cases [/ S.D deo et al. studied Bianchi
type -111 Cosmological model filled with a Magnetized Cosmic Strings is investigated in
general relativity ¥l KS Adhav et al. studied on Bianchi type-1l1l cosmological model in
General Relativity with linear equation of state (EoS) i.e p = ap — B, where @ and 8 are
constants . Priyanka Kumari et al. studied on anisotropic Bianchi type-IIl cosmological
model in the presence of a bulk viscous fluid within the framework of Lyra geometry with
time-dependent displacement vector 1291,
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Cosmic strings are the main source in rising density perturbations that are responsible for galaxy formation in the early universe
[11-171 - Also, the bulk viscosity mechanism in cosmology describes the present scenario of high entropy and accelerated expansion
of the universe. At an early stage, the coupling of neutrinos disappears, and matter distribution in the universe act as a bulk
viscous fluid. Cosmological models with bulk viscosity are important since bulk viscosity has a greater role in getting accelerated
expansion of the universe popularly known as inflationary. The modern findings in cosmology tells us that the universe is
expanding and accelerating [18-2%1. Observations from type-la Supernova -2, CMB radiation [?> 261 and LSS [?"] are the evidence
that the current universe is having an accelerated expansion, rather than slowing down as predicted by the big bang theory [,
Scientists are trying to solve this accelerating universe by assuming various probabilities. But till today, they could not arrive at a
satisfactory conclusion on such strange behaviour of the universe. The behaviour of late-time acceleration of the universe cannot
be satisfactorily described by the general theory of relativity, although it is considered as the most successful theory in describing
the early evolution of the universe. Cosmologists have arrived at two possible approaches to answer this cosmic accelerating
expansion. One of such approaches is to introduce dark energy which dominates the universe and has associated with negative
pressure. The second consideration is to modify Einstein's general theory of relativity. The Bianchi models explain the correct
matter distribution and helps in understanding the beginning phases of development of the universe. Several authors studied
spatially homogeneous anisotropic Bianchi models to get the relativistic picture of early universe. Moreover, many authors have
examined diverse Bianchi models with normal impeccable liquids [2%-34,

Inspired from the above researchers we have considered a Bianchi type-I11 cosmological model with cloud string in the presence
of Bulk viscosity. The plan of this research work is as follows: In Sect. 2, we present the Metric and the field equations for the
model assumed. In sect. 3 we perform the solution of the model. In sect. 4 we present the geometrical and physical significances
of the model. Finally, in sect. 5 we discuss on our results.

The metric and the field equations
Bianchi type 111 metric in the form

ds? = A? dx? + B%e™2°* dy? + C?dz? — dt? @

Where A, B and C are functions of cosmic time t only.
Using the variation AL principle, we derive the fundamental equations for the gravitational field

S(g,p) = [£,[gda )
With £ = L4, + Lyf

Where p is energy density of the viscous fluid, £ is an arbitrary integration region.

The energy momentum tensor for a cloud string dust with a bulk viscous fluid of string is given by,

Tij = puiuj — lxixj - f@(g,] + uiuj) (3)
Where u; and x; satisfying the conditions

wul= —x;x' =1, ux! =0 4)
Where p is the proper energy density for a cloud string with particles attached to them, A is a string tension density, u; is the four-

velocity vector of the particle, x is the unit space-like vector representing the direction of the string. In a comoving co-ordinate
system, we have

ut = (0,0,0,1), x' = (0,0,5,0) )
The particle density of the configuration is denoted by p,,,then we have

p=ppt4 ©)
The Einstein tensor:

Guv = Ryv =5 R 7

The Einstein field equation (in gravitational units C=1,87G=1)
1
Rij =5 Rgyj =Ty ©))

Einstein field equations are

E+§+é= f@ (9)

BC B c
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AC A  C
E+z+z=$9 (10)

LI N I (1)

AB A B A?

AB  BC  AC a?

T T m=P (12)
AB  BC AC A

ol-)- @

The particle density p,,, Expansion scalar ©, shear scalar g is given by

¢ A AC
Pp=c~at35% (14)
_,A C
0=25+2 (15)
L N2
21 _gj_1(c_4A
g _20-110-1]—3(C A) (16)

Solution of the field equation
We assume that the expansion 6 in the model is proportional to the shear scalar o. this condition leads to.

B=cCm, a7

Where n is the constant.
To obtain the determinate model of the universe, we assume that the co-efficient of the bulk viscosity is inversely proportional to
the expansion factor 6. This condition leads to

9 =K, (18)

where K is the proportionality constant.
Equation (13) leads to

A =mB, (19)

where m is the integrating constant.
Putting these values in the field equation we get.

o ()= 2

n+1
Let C = f(C)
Hence the equation (20) leads to.

n2 f2 K
:—C(f2)+——=—c (22)

n+1 C n+1
After integration

KC? L

fz_—+w (23)

T n24n+1
cn+1

Where L is integrating constant.
Thus, the given matric reduces to the form.

ds? = C¥ dx? + C2"e~2* dy? + C2dz? — (g) dc? (24)
After the transformation, the above metric reduces

2
ds? = T?" (dX? + e %X dy?) 4+ T2dz? — — (25)

—2n2

2
LIS T

nZ+n+1
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Some physical and geometrical features
The physical significance of p, 8,0, 4, p,, are given by.

_ (n?+2n)k | (n%+2n)L a?
T n24n+1 2(—"2+n+1> Cor2n (26)
(=T
, L
2 -2n2\2
0 = 2n+1( ZKT n LTW) @7)
T n+n+1
2 _ (n-1)2 K L
T3 nZ+n+1 2<n2+n+1> (28)
o\
_ (2n?+n)K n(n-1)L a?
A= n2+n+1 (n2+n+1) K (29)
m+yT \ "1
_ _ K(@2n+1) n(n?+2n+3)L
Pp =P~ A= n24+n+1 2n2+2n+3 (30)

(n+1)T n+1

The model is being studied for different values of n and the values of arbitrary constants are choosen as such the model describe a
realistic universe.

Proper Energy Density versus cosmic time
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Fig 1: Plot of proper energy density versus cosmic time for K=1.05, « = 0.56, L = 10.2

1e8 Particle Energy Density versus cosmic time
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Fig 2: Plot of particle energy density versus cosmic time for K=1.05, @ = 0.56, L = 10.2
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string tension density versus cosmic time
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Fig 3: Plot of string energy density versus cosmic time for K=1.05, « = 0.56, L = 10.2

The above figures describes the accelerating expansion of the universe which matches with the result [18-281,

Conclusion

In this paper we have studied on Bianchi type-Ill cosmological model with the help of Cloud string and Bulk viscosity in the
context of Einstein theory. The model being studied using plausible realistic conditions. The obtained model is isotropic in nature.
The proper energy density is diverging in nature initially and later it approaches to zero and it is positive throughout the entire life
span. The particle energy density is also obtained as diverging in nature initially which indicates the Big-Bang and later vanishes.
Lastly the string energy density is diverging initially on negative side and later it increases and approaches to zero. The results
obtained is acceptable as per the recent observational views.

References

1.

10.

11.

12.

13.

14,

15.

Dabgar RK, Baborj AK. Astrophys. Astr. 2023;44:78. Indian Academy of Sciences. Available from:
https://doi.org/10.1007/s12036-023-09971-7

Tiwari RK, Shukla BK, Mishra S. Prespacetime Journal. 2019;10(3):306-315.

Jiten B, Priyokumar SK, Alexander ST. Indian Journal of Science and Technology. 2021;14(1):46-54. Available from:
https://doi.org/10.17485/1JST/v14i1.1705

Kandalkar SP, Samdurkar SW, Gawande SP. International Journal of Scientific & Engineering Research.
2012;3(11):November-2012. ISSN 2229-5518.

Parikh S, Tyagi A, Tripathi BR. International Journal of Science and Research (IJSR). 2016;5(9):1243-1245. ISSN(Online):
2319-7064.

Upadhayaa RD, Dave S. Brazilian Journal of Physics. 2008;38(4):615-620.

Singh JK, Rani S. International Journal of Theoretical Physics. 2014. Int J Theor Phys. DOI 10.1007/s10773-014-2247-X.
Deo SD, Punwatkar GS, Patil UM. Archives of Applied Science Research. 2015;7(1):48-53. Available from:
http://scholarsresearchlibrary.com/archive.html

Adhav KS, Pawade ID, Bansod AS. Bulg. J. Phys. 2014;41:187-193.

Kumari P, Singh MK, Ram S. Advances in Mathematical Physics. 2013.

https://doi.org/10.1155/2013/416294.

Stachel J. Thickening the string. I. The string perfect dust. Physical Review D. 1980;21(8):2171-2181. Available from:
https://dx.doi.org/10.1103/physrevd.21.2171

Letelier PS. Clouds of strings in general relativity. Physical Review D. 1979;20(6):1294-1302. Available from:
https://dx.doi.org/10.1103/physrevd.20.1294

Letelier PS. String cosmologies. Physical Review D. 1983;28(10):2414-2419. Available from:
https://dx.doi.org/10.1103/physrevd.28.2414

Kibble TWB. Topology of cosmic domains and strings. Journal of Physics A: Mathematical and General. 1976;9(8):1387-
1398. Available from: https://dx.doi.org/10.1088/0305-4470/9/8/029

Kibble TWB. Some implications of a cosmological phase transition. Physics Reports. 1980;67(1):183-199. Available from:
https://dx.doi.org/10.1016/0370-1573(80)90091-5

~48~


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics https://www.mathsjournal.com

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.

26.
217.

28.

29.

30.

3L

32.

33.

34.

Zeldovich YB, Kobzarev Y1, LBO. Cosmological Consequences of the Spontaneous Breakdown of Discrete Symmetry. Zh
Eksp Teor Fiz. 1974;67:3-11. Available from:
http://ww-public.slac.stanford.edu/sciDoc/docMeta.aspx?slacPubNumber=SLAC-TRANS-0165

ZY B. Cosmological fluctuations produced near a singularity. Mon Not R AstronSoc. 1980;192(4):663-667. Available from:
https://doi.org/10.1093/mnras/192.4.663

Riess AG, et al. Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant. The
Astronomical Journal. 1998;116:1009-1038.

Permutter S. Discovery of a supernova explosion at half the age of the Universe. Nature. 1998;391:51-54.

Singh IN, Devi BY. Explaining the accelerated expansion of the Universe by particle creation, Astrophysics and Space
Science. 2016;361:131.

Riess AG. Type la Supernova Discoveries at z > 1 from the Hubble Space Telescope: Evidence for Past Deceleration and
Constraints on Dark Energy Evolution. The Astrophysical Journal. 2004;607:665-687.

Amanullah R. Spectra and Hubble Space Telescope Light Curves of Six Type Ia Supernovae at 0.511 <z < 1.12 and the
Union2 Compilation. The Astrophysical Journal. 2010;716:712-738.

Astier P. The Supernova Legacy Survey: Measurement of Fim, Fia and W from the first-year data set. Astronomy &
Astrophysics. 2006;447:31-48.

Suzuki N. The Hubble Space Telescope Cluster Supernova Survey. V. Improving the Dark-energy Constraints above z > 1
and Building an Early-type-hosted Supernova Sample. The Astrophysical Journal. 2012;746:85.

Spergel DN, et al. First-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Determination of
Cosmological Parameters. The Astrophysical Journal, Supplement Series. 2003;148:175-194.

Tegmark M, et al. Cosmological parameters from SDSS and WMAP. Physical Review D. 2004;69:103501.

Spergel DN, et al. Three-Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Implications for Cosmology.
The Astrophysical Journal Supplement Series. 2007;170:377-408.

Silk J. The Big Bang. The Creation and Evolution of the Universe. 1980;394.

Singh T, Chaubey R. Bianchi Type-I Universe with wet dark fluid, R. Pramana. 2008;71:447-458.

Saha B, Yadav AK. Dark energy model with variable q and ® in LRS Bianchi-1I space-time, Astrophysics and Space Science.
2012;341:651-656.

Adhav KS, et al. Bianchi type-VI0 cosmological models with anisotropic dark energy, Astrophysics and Space Science.
2012;332:497-502.

Akarsu O, Kilnic CB. de Sitter expansion with anisotropic fluid in Bianchi Type-1 space-time, Astrophysics and Space
Science. 2010;326:315-322.

Yadav AK, Yadav L. Bianchi Type Il Anisotropic Dark Energy Models with Constant Deceleration Parameter, arXiv:
1007.1411[gr-qc]

Pradhan A, et al. Dark energy models with anisotropic fluid in Bianchi Type-VI 0 space-time with time dependent
deceleration parameter, Astrophysics and Space Science. 2012;337:401-413.

~49~


https://www.mathsjournal.com/

