Physics and Applied Sciences

TR

International Journal of Scientific Research in

Vol.10, Issue.6, pp.01-07, December (2022)

Research Paper

E-1SSN: 2348-3423

Anisotropic String Cosmological Model for Perfect Fluid Distribution in
f(T) Gravity

Kalpana Pawar’, A.K. Dabre**, N.T. Katre®

L2Department of Mathematics, Shri R. R. Lahoti Science College, Morshi, Dist. Amravati (M.S.), India
$Department of Mathematics, Nabira Mahavidyalaya, Katol, Dist. Nagpur (M.S.), India

“Corresponding Author: ankitdabre@live.com

Available online at: www.isroset.org | DOI: https://doi.org/10.26438/ijsrpas/v10i6.17
Received: 18/0ct/2022, Accepted: 21/Nov/2022, Online: 31/Dec/2022

Abstract—The present study deals with a spatially homogeneous and anisotropic Bianchi type VI, space-time in the
presence of string of clouds and perfect fluid distribution within the context of f(T) gravity. The analytic

relation B= A" and the hybrid exponential form of the average scale factor have been considered to obtain the exact
solutions of highly non-linear field equations. Some physical and kinematical parameters of the constructed model along
with the behavior of the equation of state parameter for string fluid are discussed and presented graphically.
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l. INTRODUCTION

The origin and evolution of the universe are one of the
oldest problems of modern cosmology, which has no
satisfactory explanations. The cosmic strings build
appreciable interest as these are believed to play an
important role during the early evolution and late-time
accelerated expansion of the universe [1],[2],[3].[4].[5].[6].
One cannot predict the count of visible cosmic strings in
the universe but their existence may play an important role
[71,[8]. The cosmic strings hold stress energy and coupled
gravitational field, which increases one's interest to study
the gravitational effect which originates from strings.
Letelier [9],[10], initiated the general relativistic operation
of strings and investigated the solution of Einstein’s field
equations for a cloud of string with spherical, plane, and
cylindrical symmetry along with the string cloud models.
Stachel [11], developed the model for the thickening of
string perfect dust, its generalization to null strings, and to
perfect fluid of strings. Vilenkin [12] studied some
observational effects of strings as well as some distinct
features of the string scenario like galaxy formations, the
baryon-dominated  universe, the neutrino-dominated
universe, and the axion-dominated universe, etc. Recently
various string-coupled, as well as perfect fluid-coupled
cosmological models [13],[14],[15],[16],[17],[18].[19],
[20],[21],[22],[23],[24], have been studied by researchers
which develop our interest in studying perfect fluid-
coupled string cosmology.

In recent years, modified theories of gravity have received
immense success to study the unknown and hidden aspects
of the universe theoretically. Modified theories of gravity
which are developed from Einstein’s — Hilbert action
principle are universally gaining more and more interest
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from researchers. The f(T) theory of gravitation which is
the generalization of the TEGR i.e. teleparallel equivalent
of general relativity is a widely accepted theory for
possible substitution that explains the early inflation and
late-time cosmic accelerated expansion. Ferraro [25],
concisely reviewed the f (R), and f (T) gravity theories and
showed some remarkable applications to cosmology and
cosmic strings. Bohmer et.al. [26], studied the entity of
relativistic stars and specifically constructed classes of
solutions for a static perfect fluid. Moreira et.al. [27], have
examined solutions for I =0vertex which yield thick-string-
like brane in f(T) gravity.

Many researchers have constructed several types of string
cosmological models for perfect fluid or pressureless
distribution (dust distribution). Chirde et al. [28], examined
perfect fluid coupled string cosmology using the Bianchi-
type | metric and constructed the accelerating, expanding,
and anisotropic cosmological model. Gaikwad et al. [29],
using the Bianchi-type | metric analyzed the massive string
magnetized barotropic perfect fluid cosmological model. A
string of clouds in presence of perfect fluid and decaying
vacuum energy density A have been analyzed by Pradhan
et al., [30]. Bali & Pareek as well as Rani et al. [31],[32],
have studied magnetized string cosmology for perfect fluid
distribution using Bianchi type Ill space-time. Taking
account of the above research work we have considered
Bianchi Type VI, Space-time to construct the string
cosmological model for perfect fluid distribution.

This paper is divided into several sections: Section Il deals
with elementary definitions and equations of motion in the
framework of f(T) gravity. In Section 1l considering
spatially homogeneous and anisotropic Bianchi type Vlg
metric, we have obtained the corresponding field equations
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in the framework of f(T) gravity. In Section IV, we
obtained the exact solution of the field equations along
with various physical and kinematical quantities and
discussed their properties through graphical representation.
Lastly, in Section V, we have concluded the investigations.

1.  METHODOLOGY AND EQUATION OF MOTION

In this section, we provide a concise explanation
of f(T) gravity and a thorough derivation of its field
equations.
The line element for a general space-time is defined as

ds? = g, dx“dx”, (1)
where §,, are the components of the metric tensor which

are symmetric. The above line element can be transformed
into the Minkowskian space-time (which represents the
dynamic fields of the theory) as

ds? = g, dx“dx"” =7;6'67, 2)

dx# :ei”Hi, 6 :eiﬂdx", (3)

in which #;j are metric tensors in Minkowskian space-time
such that 7 =diagll,-1-1-1] and e(‘ef, =5t or
e,/le)', =5l J~g =det[e},]=e and the dynamic fields of the
theory are represented by the tetrads matrix eg . The
Weitzenbocks connection components which have a zero
curvature but nonzero torsion for a manifold are defined as
re = ef*o, e}, =—e,0,e. 4

The components of the torsion tensor for a manifold are

defined by the anti-symmetric part of the Weitzenbocks
connection

Tayv = ra;lv _ravy =¢ (aye\l/ _ave}u). (5)
The con-torsion tensor components are defined by
1
MY _ _Z[THV _TVH  _THV
KA == (T4, =T T4 ) ©)

A new tensor, S, *" constructed from the components of

the torsion and con-torsion tensors for a better
understanding of the definition of the scalar equivalent to
the curvature scalar of Riemannian geometry as follows,

1
wv _ L epv ur By v fu
S, —2(K o HOLTPY s ﬁ). )
The torsion scalar is defined using the contraction which is
similar to the scalar curvature in GR as

T :T“ﬂvsa “v, (8)

The action is defined by generalizing the teleparallel
gravity, i.e, f(T) theory as

S =T (T) +Livatier Jed *x, ©
where f(T) denotes an algebraic function of the torsion

scalar T .
Equations of motion are obtained by functional variation of
the action (9) with respect to the tetrads as
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S (0,7 ) frr + {e*lei,a - (eei“ S, VP)+T“Msa M} fr

+%5)’,f =4xT);, (10)

where TﬂV is the energy-momentum tensor for string of

clouds with perfect fluid distribution, fr and fr7 denotes
respectively the first and second order derivatives
of f(T) with respect to T . For f(T)= constant, the
equations of motion in (10) reduce to the equations of
motion of the teleparallel gravity with a cosmological
constant, which is dynamically equivalent to general
relativity. These equations depend on the choice made for
the set of tetrads.

I11. METRIC AND FIELD EQUATIONS

We consider a spatially homogeneous and anisotropic
Bianchi type-VI, line element

ds? = dt? — A2(t)dx? — B2(t)e ZXdy? —C2(1)e®¥dz, (11)
where the scale factors A B, and C are functions of cosmic
time t only.
Consider the set of diagonal tetrads related to the metric
(11) as

[e},] = diag[L A,Be™,Ce*]. (12)
Then the determinant of the matrix (11) is
e=ABC. (13)
The torsion scalar from (8) is obtained as
T AB BC AC | (14)
AB  BC AC

Considering the energy-momentum tensor for string cloud
with perfect fluid distribution as

Ty, =(p+puu” - pgy, —Ax,x", (15)
in which u” denotes a four-velocity vector and x*
denotes a unit space-like vector of the cloud string
satisfying the conditions, u“u, =1=-x*x, and u“x, =0,
for u#v and p is the proper energy density of the
particle, p is the isotropic pressure, 4 is the strings

tension density.
In a co-moving coordinate system, we have

u“ =(0,001), x =(A™000), (16)

If the configuration of particle density is indicated by p, ,
then we assume
p=ppti (17)
We obtained the field equations for Bianchi type-Vlo
space-time (11), from (10) in the framework of f(T)
gravity as
f+4fp %+%+% =167p, (18)
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f+2fr E+22+£+E+S—2 +2 E+£ T.fTT
AB BC AC B C B C

=167 (A-p), (19)

f+2fr ﬂ+£+2£+A+E +2 A+E ffTT
AB BC AC A C A C

=-167p, (20)

foofp| 22D BE AC A B o A B =16
N AB BC AC A B A T P
(21)
B C
B Clioo 22
5 |T=0, (22)

where the overhead dot (.)denotes the derivative with
respect to cosmic time t. Here we have five highly non-
linear differential field equations with seven unknowns,
namely; f,AB,C,p,4, and p . Since f(T) is non-vanishing
in TEGR, from (22) one can get B=k C which vyields
B=C for k=1.Then we obtain

Y
AB B
f+4fr|2—+— |=162p, 23
T| 259tz [T (23)
e 2 e .
AB B? B B |:
f+afr| —+—5+—-1|+4| =|T fy7 =167(21-p), (24
T8 5278 5 [T frr =167(2-p).  (24)
f+2f 3£+B—2+é+E +2 A+ETf =-16zp. (25)
T"as g2 A B[ a8 T '

Finally, we have three non-linear differential equations
with six unknowns, namely f,A,B,p,4,p. The solution to

these equations is discussed in the next section.
IV. SOLUTIONS OF FIELD EQUATIONS

To solve the field equations completely to obtain the
exact solutions, we consider the linear f(T)=T gravity

and assume that the expansion scalar (6) is proportional to

the shear scalar (02) , which leads to an analytic relation as

B=A" (26)
We find some kinematical space-time quantities, as
follows:
The average scale factor (a) and the spatial volume

(V)are respectively defined as

a=3yB"2, v=ad (27)
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Also, the volumetric expansion rate of the universe is
described by the generalized mean Hubble’s parameter

(H) given by

H==Y Hizé(H1+ Hj +Hs), (28)
1=

in which Hy, H,, and H3 denotes the directional Hubble

parameters.

From Eqgns. (27) and (28), we get

v 13 a
=——==-3YHj=—. 29
3v 35 a (29)
To analyze, whether the model approaches isotropy or not,
we discuss the mean anisotropy parameter (Am )as

H

3/ N2
An=-% (—— j . (30)
The expansion scalar (¢) and the shear scalar (02) are

respectively defined as

6=uf, =3H, (32)
o2 =§A,nH2, (32)
The deceleration parameter is defined as
aa d(1
=20 14— = 33
a=-22 -1, 81 &
22

We have considered the hybrid exponential form of an
average scale factor as

a=met’, (34)
Then from (26), (27), and (34), we obtained the metric

coefficients A ,and B as
3n

A= (me“ttﬁ)(Znil), and B=C = (me“ttﬂ)m. (35)

Substituting A and B from (35) in (11), we get
6 6n

ds? = dt? - (me“ttﬁ)(znﬂ) X2 - (me“ttﬂ)(znﬂ) e 2Xgy?
6n
_(meattﬂ)(2n+l) ezxdzz_
(36)
From (14) we have obtained the Torsion scalar as
2(2n +1)2t2 -18n(n+2)(at + ﬂ)z
(2n +1)2t2 .
In the following, we have determined the spatial
volume (V) , the mean Hubble's parameter (H) , the
expansion scalar (¢), the mean anisotropy parameter (A, ),

@37)

and the shear scalar (02) respectively as.

v =(meattﬂ)3, (38)
H = “t%ﬂ, (39)
3
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H:M’ (40)
2(n-1)
An = (sz))2 ' “
3(n —1)2(at+ﬂ)2
0'2 :WY (42)

we observe from Fig.1 that at an initial epoch when t =0
the spatial volume is null. Thus initially the constructed
model is singularity free whereas with increasing time the
volume of the model starts increasing exponentially for
t > 2.467 which shows the cosmic expansion in later times.
Fig.2 shows that the mean Hubble’s parameter, the
expansion scalar, and the shear scalar were too large in the
early era but diminished instantly for the range 0<t<land
becomes finitely stable with time elevation. The mean
anisotropy parameter is constant throughout the expansion.

Also, the ratio 0%2 # 0shows that the constructed model

doesn't approach isotropy.

10000 1
2000 1
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.
4000
2000
D T T T T T T
0 1 2 3 4 5
t
Figure 1: Variation of V Vs.t
fora =0.6,8=1.075and m=0.2
14T
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!
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Figure 2: Variation of H, 6, and ol vs.t
fora =0.6, 4=1.075and n=0.2
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The deceleration parameter

_B 43)
(at+ﬂ)2

As depicted in Fig.3 we observe that the deceleration
parameter diminishes monotonically with an increase in
cosmic time and later it approaches —1 when t—oo ,
showing the accelerated cosmic evolution which is in good
agreement with recent observational data.

g=-1+

D_
-02
-04
q
-0.51
-0.84
-1+ T T T T T
0 2 4 6 3 10
t
Figure 3: Variation of 0 Vs.t
fora =0.6,and 8 =1.075
D.
-11
F
-2
| T T T T T T T T T T
0 2 4 ] 3 10

i
Figure 4: Variation of pVs.t
fora =0.6,=1.075and n=0.2

From (25), we have obtained the pressure as

|

—3(2n2+3n+1

(n2+n+l

92 +4)t2 +18aﬁt+9ﬂ2}

B3t

p=- 44
87T(2n+1)2t2 (44)

From Fig.4 we noticed that the pressure expands in

negative with an increase in cosmic time and approaches a

small constant value —0.1213 .
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Using (44) in (24), we have obtained tension density as

N {9a2(n ~1)-2(2n +1)}t2 +38(n-1){3(2at+ #)-1}

8z(2n+1)t?
(45)
From (23), we have obtained the value of energy density as

[(9012 + 4)t2 +18apt + QﬂZ}nz

{(180[2 + 4)t2 + 360t +18,82}n +12

p= , (46)

87 (2n+1)"12
Using (45) & (46) in (17) we have obtained particle
density as

[(3042 - 4)t2 +6apt+382 - 2ﬁ]n2
3 —[(9052 + 4)'[2 +18aft + 9% - ﬁ}n

—(3a2 +1)t2 —6apt-35%+

Pp=- (47)
P 87(2n +1)t2
2 4
[}
It
TR
o
My
N T em Papticle Density, ___
04 E}IL:’:,;_H?EIT - T T T T T -
Tenstion Density
- 1 4
-24 T T T T T
] 2 4 6 8 10

t

Figure 5: Variation of p, Pps and A Vs.t
fora =0.6,8=1.075and n=0.2

It is observed from Fig.5 that in the early era particle
density and energy density diminish from infinite positive

to small constant values p=0.069, and p, =0.254 with

an increase in cosmic time, while tension density evolves
in negative with an increase in cosmic time to approach a

constant ultimately. The comparative behavior * %| is

depicted in Fig.6. Letelier [33], presented the Satchel string
of cloud model and mentioned that if 4 <0 the string
phase disappears. The comparative physical behavior
of pp and 4 is not only positive throughout the evolution of

the universe but also '0%|>1 implies that p, >4,

attributing the particle-dominated phase which is supported
by [34].[35].[36].
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Figure 6: Representation of comparative behavior
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Figure 7: Variation of & Vs.t
fora =0.6,8=1.075and n=0.2

Now, the equation of state (EoS) for string fluid is given

by
p =&l (48)

From (45) and (46) in (48) we have obtained the EoS
parameter for the string fluid as

[(9052 + 4)t2 +18apt +9ﬂ2}n2

+[(18a2 + 4)t2 + 360t +18,82]n +12

(49)
[9a2(2n2 ~n-1)-2(2n +l)2}t2
+3p(2n ~n-1)[3(2at + §)-1]
Fig.7 shows that the EoS parameter increases

exponentially for 0 <t <1.87 and falls (forming a cluster)
in the small neighborhood of t=2 and again rises to
approach a constant negative value —0.44 .
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V. CONCLUDING

In this paper, we have obtained the exact solutions to field
equations of Bianchi type VI metric in the presence of a
string of clouds coupled with perfect fluid distribution
within the context of f(T) gravity. In our investigations, we
observed that from t>2.467 the spatial volume of the
universe increases exponentially which shows cosmic
expansion in later times but the decrease in mean Hubble’s
parameter, expansion scalar, and shear scalar with an
increase in cosmic time alongwith the mean anisotropy
parameter confirms that the rate of expansion is decreased
and model do not approach isotropy. Also from Fig.3, it is
observed that the universe is in an accelerating phase, thus
our constructed model behaves like a present universe
which is anisotropic, accelerating, and expanding. It is
observed that particle density and energy density are
always positive and are the decreasing functions of cosmic
time, while the tension density is always negative which
demonstrates the string phase disappears which is
supported by [33]. Also, the comparative physical behavior
attributing the particle-dominated phase which is in good
agreement with [34],[35],[36]. We have observed that the
pressure for this model is always negative and the EoS
parameter of the cosmic string is initially positive, i.e. it
gives the matter-dominated universe and later times
becomes negative which is in good agreement with the
recent observational data.

ACKNOWLEDGMENT

The authors would like to place on record their sincere
thanks to the Editor and anonymous Referees for their
valuable comments which have helped in improving the
quality of the paper.

REFERENCES

[1] G. Cognola, E. Elizalde, S. Nojiri, S. D. Odintsov, and S.
Zerbini, “String-inspired Gauss-Bonnet gravity reconstructed
from the universe expansion history and yielding the transition
from matter dominance to dark energy,” Phys. Rev. D - Part.
Fields, Gravit. Cosmol., vol. 75, no. 8, Apr. 2007.

[2] S. Nojiri, S. D. Odintsov, and M. Sami, “Dark energy
cosmology from higher-order, string-inspired gravity, and its
reconstruction,” vol. 74, no. 4, p. 046004, Aug. 2006.

[3] P.-M. Zhang, Y.-S. Duan, and L.-M. Cao, “The Order Parameter
Field For Cosmic String, Inflation And Dark Energy,” Mod.
Phys. Lett. A, vol. 18, no. 36, pp. 2587-2597, Nov. 2003.

[4] P.F.Gonzalez-Diaz and J. A. Jimenez Madrid, “Wiggly Cosmic
Strings Accrete Dark Energy,” Int. J. Mod. Phys. D, vol. 15, no.
04, pp. 603-613, Apr. 2006.

[5] Y. Cui and D. E. Morrissey, “Nonthermal dark matter from
cosmic strings,” Phys. Rev. D, vol. 79, no. 8, p. 083532, Apr.
20009.

[6] H. Bernardo, R. Brandenberger, and G. Franzmann, “String
cosmology backgrounds from classical string geometry,” Phys.
Rev. D, vol. 103, no. 4, p. 43540, 2021.

[7] T. Kibble, “Topology of cosmic domains and strings,” J. Phys.
A Gen. Phys., vol. 9, no. 8, pp. 1387-1398, 1976.

[8] N. Turok, “The evolution of cosmic density perturbations
around grand unified strings,” Phys. Lett. B, vol. 126, no. 6, pp.
437-440, Jul. 1983.

[9] P. S. Letelier, “Fluids of strings in general relativity,” Nuovo

© 2022, IJSRPAS All Rights Reserved

Vol.10, Issue.6, Dec 2022

Cim. B, vol. 63, no. 2, pp. 519-528, 1981.

[10] P. S. Letelier, “String cosmologies,” Phys. Rev. D, vol. 28, no.
10, pp. 2414-2419, Nov. 1983.

[11] J. Stachel, “Thickening the string. 1. The string perfect dust,”
Phys. Rev. D, vol. 21, no. 8, pp. 2171-2181, 1980.

[12] A. Vilenkin, “Cosmic strings and domain walls,” Phys. Rep.,
vol. 121, no. 5, pp. 263-315, 1985.

[13] B. Hartmann and F. Arbabzadah, “Cosmic strings interacting
with dark strings,” J. High Energy Phys., vol. 2009, no. 07, pp.
068-068, Jul. 2009.

[14] T. Vinutha, V. U. M. Rao, and M. Mengesha, “Anisotropic dark
energy cosmological model with cosmic strings,” Can. J. Phys.,
vol. 99, no. 3, pp. 168-175, Mar. 2021.

[15] R. Bali and D. K. Singh, “Bianchi type-V bulk viscous fluid
string dust cosmological model in general relativity,” Astrophys.
Space Sci., vol. 300, no. 4, pp. 387-394, 2005.

[16] S. P. Hatkar, S. V. Gore, and S. D. Katore, “Kasner type
magnetized string cosmological models in F(R, T) gravity,”
Serbian Astron. J., vol. 197, no. 197, pp. 1-11, 2018.

[17] T. Vinutha, V. U. M. Rao, B. Getaneh, and M. Mengesha, “Dark
energy cosmological models with cosmic string,” Astrophys.
Space Sci., vol. 363, no. 9, p. 188, Sep. 2018.

[18] D. R. K. Reddy, R. L. Naidu, K. Dasu Naidu, and T. Ram
Prasad, “Kaluza-Klein universe with cosmic strings and bulk
viscosity in f(R,T) gravity,” Astrophys. Space Sci., vol. 346, no.
1, pp. 261-265, 2013.

[19] P. Berglund, T. Hiibsch, and D. Mini¢, “Dark energy and string
theory,” Phys. Lett. B, vol. 798, p. 134950, Nov. 2019.

[20] M. Kiran and D. R. K. Reddy, “Non-existence of Bianchi type-
III bulk viscous string cosmological model in f(R,T) gravity,”
Astrophys. Space Sci., vol. 346, no. 2, pp. 521-524, Aug. 2013.

[21] B. Mishra, S. Tarai, and S. K. Tripathy, “Anisotropic
cosmological reconstruction in f (R, T) gravity,” Mod. Phys.
Lett. A, vol. 33, no. 29, 2018.

[22] R. Bali and Anjali, “Bianchi type I magnetized string
cosmological model in general relativity,” Astrophys. Space
Sci., vol. 302, no. 1-4, pp. 201-205, 2006.

[23] R. Bali and U. K. Pareek, “Bianchi Type I string dust
cosmological model with magnetic field in general relativity,”
Astrophys. Space Sci., vol. 312, no. 3—4, pp. 305-310, 2007.

[24] R. Bali and A. Pradhan, “Bianchi type-Ill string cosmological
models with time dependent bulk viscosity,” Chinese Phys.
Lett., vol. 24, no. 2, pp. 585-588, 2007.

[25] R. Ferraro, “f(R) and f(T) theories of modified gravity,” AIP
Conf. Proc., vol. 1471, no. 2012, pp. 103-110, 2012.

[26] C. G. Bohmer, A. Mussa, and N. Tamanini, “Existence of
relativistic stars in f(T) gravity,” Class. Quantum Gravity, vol.
28, no. 24, Dec. 2011.

[27] A. Moreira, J. Silva, D. Veras, and C. A. S. Almeida, “Thick
string-like braneworlds in f(T) gravity,” Int. J. Mod. Phys. D,
vol. 30, no. 07, p. 2150047, May 2021.

[28] V. R. Chirde, S. P. Hatkar, and S. D. Katore, “Bianchi type I
cosmological model with perfect fluid and string in f(T) theory
of gravitation,” Int. J. Mod. Phys. D, vol. 29, no. 08, p.
2050054, Jun. 2020.

[29] N. P. Gaikwad, M. S. Borkar, and S. S. Charjan, “Bianchi type-I
massive string magnetized barotropic perfect fluid cosmological
model in the bimetric theory of gravitation,” Chinese Phys.
Lett., vol. 28, no. 8, 2011.

[30] A. Pradhan, H. Amirhashchi, and H. Zainuddin, “Exact solution
of perfect fluid massive string cosmology in Bianchi type Ill
space-time with decaying vacuum energy density A,”
Astrophys. Space Sci., vol. 331, no. 2, pp. 679-687, Feb. 2011.

[31] S. Rani, J. K. Singh, and N. K. Sharma, “Bianchi Type-IlI
Magnetized String Cosmological Models for Perfect Fluid
Distribution in f (R, T) Gravity,” Int. J. Theor. Phys., vol. 54, no.
5, pp. 1698-1710, May 2015.

[32] R. Bali and U. K. Pareek, “Bianchi Type III magnetized massive
string cosmological model for perfect fluid distribution in
general relativity,” Astrophys. Space Sci., vol. 318, no. 3-4, pp.
237-242, Dec. 2008.



Int. J. Sci. Res. in Physics and Applied Sciences

[33] P. S. Letelier, “Clouds of strings in general relativity,” Phys.
Rev. D, vol. 20, no. 6, pp. 1294-1302, Sep. 1979.

[34] J. Baro and K. P. Singh, “Higher Dimensional Bianchi Type-lii
String Universe With Bulk Viscous Fluid And Constant
Deceleration Parameter,” Adv. Math. Sci. J., vol. 9, no. 10, pp.
8779-8787, Oct. 2020.

[35] A. Dixit, R. Zia, and A. Pradhan, “Anisotropic bulk viscous
string cosmological models of the Universe under a time-
dependent deceleration parameter,” Pramana, vol. 94, no. 1, p.
25, Dec. 2020.

[36] K. D. Krori, T. Chaudhury, C. R. Mahanta, and A. Mazumdar,
“Some exact solutions in string cosmology,” Gen. Relativ.
Gravit., vol. 22, no. 2, pp. 123-130, Feb. 1990.

© 2022, IJSRPAS All Rights Reserved

Vol.10, Issue.6, Dec 2022

AUTHORS PROFILE

Dr. Kalpana N. Pawar pursued M.Sc.
and Ph.D. in Mathematics from the
Institute of Science, Nagpur, in 1997
& 2003 respectively. She started her
teaching career as an Assistant —
Professor at Institute of Science, ‘
Nagpur, and currently working as \
Professor & Head, Department of k
Mathematics, Shri R. R. Lahoti Science College, Morshi
since 2013. She is a Ph.D. supervisor of RTM Nagpur
University, Nagpur since 2008 and SGB Amravati
University, Amravati since 2019. She had guided five
research scholars for award of M. Phil and Ph. D. and five
research scholars are prently working under her
supervision for the award of Ph.D. She had published
various research papers in reputed national and
international journals. Her main research area is General
Theory of Relativity and Cosmology, Alternating Theories
of Gravitation, Modified Theories of Gravitation, and
Fuzzy Controllers. She had in all 25 years of teaching
experience and 24 years of research experience.

Mr. A. K. Dabre pursued his M.Sc in
Mathematics from the Department of
Mathematics, Sant Gadge Baba
Amravati University, Amravati (M.S.),
India, and is currently pursuing a Ph.D.
He is an ardent learner of Cosmology.

Mr. N. T. Katre (M.Sc., B.Ed., SET) is
currently pursuing a Ph.D. and
working as an Assistant Professor and
Head, Department of Mathematics,
Nabira Mahavidyalaya, Katol, Dist.
Nagpur (M.S.), India. He has 23 years
of teaching experience at U.G., 12
years of teaching experience at P.G.,
and 6 years of Research Experience. He is a life member of
the Indian Mathematical Society since 2007. His main
research work focuses on Gravitation Theories/ General
Relativity/ Cosmology. He has published more than 15
Books and 8 research  papers in  reputed
national/international journals.




